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Foreword 

Periodically in the evolution of an important branch of clinical medicine 
there develops a critical need for a textbook which combines with the 
clinical aspects of disease syndromes an in-depth review of the sciences 
basic to the disorders discussed, as well as a carefully selected but com
prehensive review of pertinent literature. LABHART'S Clinical Endo
crinology revised and translated into English provides for this need 
in the field of endocrinology in an exemplary manner. 

Prof. LABHART has selected his individual authors with great care, 
and they in turn have provided authoritative monographs. An interesting, 
useful and informative introduction to each chapter is provided by a 
tabulation of the dates of important or significant contributions to the 
field. The chapter subdivisions present in great detail a wide variety of 
subjects such as embryology, anatomy, biochemistry, physiology, indi
vidual hormones and their analogues, biosynthesis, metabolism and 
regulation of hormone release as well as a full discussion of the clinico
pathological correlations. The bibliography is unusually extensive and 
will provide an important source book for all investigators and students 
in the field. 

It is a tremendous accomplishment that a work of this magnitude, 
so broad and so extensive, could be brought up to date in its English 
translation with such a relatively short lag period between the author's 
revision and the date of publication. This volume will fill an important 
place in medical libraries as well as providing experts in the field with 
authoritative source material. Furthermore, in these days of shortened 
medical school curriculum in the basic sciences the sections in the book 
concerned with such areas as anatomy, biochemistry and physiology 
will provide students with an excellent background for their clinical 
responsibilities. 

The translation of a textbook of this magnitude presents a formidable 
undertaking. Prof. LABHART and his co-authors are to be congratulated 
for making available to the English literature this updated version of 
their classic. 

Boston, April 1974 GEORGE W. THORN 



Preface to the 2nd German Edition 

There has been such rapid development in the background knowledge 
basic to clinical endocrinology that for the second edition everything ex
cept the clinical descriptions had to be completely rewritten. Two of 
the authors involved in the first edition, Prof. K. G. OBER and Prof. T. 
ZANDER, were unable to contribute to this edition due to new commit
ments. Our gratitude is due to Prof. W. E. SCHREINER and Dr. P. J. KELLER, 
under Prof. E. HELD at the Zurich School of obstetrics and gynecology, 
who took over and rewrote the chapters on ovary and pregnancy. 

Despite the enormous increase in the content, it has been possible 
to keep the number of pages about the same as in the first edition and 
avoid the necessity of a two-volume work by using a larger format 
and omitting many illustrations we had planned to include. We had 
intended to reproduce a large number of electron micrographs but have 
had to content ourselves with citing the original papers. 

Where it was only possible to refer very briefly to newly discovered 
facts the original papers are cited. They are quoted in the text by first 
author and year of publication only, to save space. The lists of references 
for each chapter have again been divided up into subsections, and they 
also contain publications not referred to in the text. They can thus be 
used independently. The publications in the list are a personal selection; 
preference is given to the most recent reviews and we lay no claim to 
completeness or citation of first descriptions. Early papers of outstanding 
significance have been retained in the lists of references alongside the 
most recent publications on the same subjects. 

Almost 20 years ago, when I asked my clinical teacher Prof. SCHUP
BACH, whether he thought I might venture to write a textbook on the 
total field of endocrinology, he thought for some time before answering 
in the affirmative, and followed up this reply with the observation that 
the second edition might be successful. It is not for us to judge whether 
this has been borne out. However, if we succeed in providing endocrin
ologists and other specialists with a useful survey of the whole field 
of clinical endocrinology and the nonclinical disciplines essential to 
its comprehension before it is broken down into subspecialties, we shall 
feel we have attained the goal of the second edition. 

We are much indebted to Springer-Verlag, to Dr. H. GOTZE for his 
kindly advice and unfailing help in the work of planning, and to Mrs. 
T. DEIGMOLLER for her tireless help in the meticulous work involved 
in the production of the second edition. We should like to thank 
our secretaries, Mrs. WXCHTER-BRANDENBERG, Miss L. WAGNER, Miss 
M. SCHITTENHELM, and Miss M. WALDVOGEL, and the librarians Miss 
F. BELART and Miss S. DOMEISEN for their help, our scientific assistant 
Dr. K. BAUMANN for the compilation of the subject index, Dr. J. ZAPF 
and Dr. U. KELLER for correction of the proofs, and numerous of our 
colleagues for constructive criticism and advice. 

Zurich, April 1971 A. LABHART 



Preface to the 1st German Edition 

There has been substantial progress in endocrinology over the past 
20 years, and the specialty's position within medicine as a whole has 
changed radically. 

The science referred to as endocrinology 20 years ago was concerned 
predominantly with description and morphology; with the realization 
that hormones were involved in the regulation of metabolism it has 
become an integral element of our knowledge of metabolic disorders, 
and as a result of the discovery of the effects of adrenal hormones 
on inflammation and the involvement of the pituitary-adrenal axis in 
resistance mechanisms there is now hardly a single field of medicine 
that is not bound up with the problems of endocrinology. 

During the war years and the period immediately after the war, 
progress was particularly rapid. Biochemically oriented medicine was 
undeniably more advanced in the United States than in Europe, where 
the tradition of medicine based on morphology and bedside observation 
prevailed; we have attempted to achieve a blend of both these elements 
in this book. 

We were fortunate to have the opportunity of observing Ameri
can methods of clinical medicine and research during extended stages 
of study at clinical endocrinology centers in the United States Peter 
Bent Brigham Hospital, Boston (G. W. THORN), Johns Hopkins Hospital, 
Baltimore (L. WILKINS), Mayo Clinic, Rochester (R. M. WILDER), Uni
versity of California medical school (H. D. MOON), and we have kept 
in close contact and followed developments in America ever since. 

Four of the authors (COURVOISIER, HEDINGER, LABHART, and WERNLY) 
are former students of the late Prof. SCHUPBACH (Berne), who always 
kept up to date with the latest developments in endocrinology and 
had the ability to introduce them into bedside medicine. It was he who 
first aroused our interest in endocrinology. He took a lively interest in the 
progress of this book right up to his death. 

The idea of writing a textbook on endocrinology was initially pro
posed by Prof. P. H. ROSSlER. His medical clinic in Zurich, as a site 
of both day-to-day medical activity and experimental medicine, was 
well suited to the blend of theory and practice we have tried to achieve. 
We have tried to adopt the same functional approach to medicine as 
Prof. ROSSlER. We would not have ventured to embark on this work 
without his initiative and encouragement. 

The kindness of Prof. G. FRANCONI and Prof. C. KAUFMANN made it 
possible to include pediatric and gynecological endocrinology, without 
which the work would have been incomplete. We are indebted to 
Prof. UEHLINGER of Zurich for his valued and unstinting advice and 
his untiring help in the selection and acquisition of the illustrations, 
and no less to Springer-Verlag, Heidelberg, for their unfailing help in the 
planning and production of our textbook. 

Zurich, December 1956 A. LABHART 
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I. General Aspects of Endocrinology 

HANS BURGI 

A. Introduction 

Hormones are chemical messengers which are 
dissolved in extracellular fluid and carry in
formation between cells *. Within any single 
cell, information is transmitted through chemi
cal compounds in a similar manner. Such in
tracellular messengers include enzymes, allosteric 
ligands and proteins, certain ribonucleic acids 
and deoxyribonucleic acids. It is noteworthy 
that deoxyribonucleic acids can also store 
information, a feature which is lacking in the 
endocrine system. The function of hormones 
might be compared to that of nerves, which 
also convey information from one cell to another. 

Intercellular communication cannot always 
be definitely assigned to either the neural or 
the hormonal pathway. There are certain cases 
where the secretion of hormones is influenced 
by neural stimuli, and other cases where 
hormones can become direct transmitters of 
neural information, e.g. norepinephrine, which 
is secreted at the nerve endings of the sympa
thetic nervous system. The neurosecretion of 
the supraoptic and paraventricular nuclei of the 
diencephalon is a mechanism having characteris
tics of both neural and hormonal communica
tion. In this case, information flows along the 
axis cylinder of a nerve cell in the form of 
discontinuous signals. These signals are not 
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Fig. 1. Schematic representation of the flow of information within an endocrine cell and from there to the receptor cell. 
The dashes indicate a feedback loop. Abbreviations: RNA: ribonucleic acid; DNA: deoxyribonucleic acid 

In contrast to the endocrine system but like 
the intracellular genetic system, the nervous 
system is also capable of storing information. 

* This definition is based on physiological considerations 
and does not include hormones or their pharmacological 
derivatives as used for therapeutic or diagnostic purposes. 
A similar "operational" definition of hormones has recently 
been exhaustively discussed by VALLOTTON (1969). 

variations in electrical potential but rather 
hormone-containing particles which are convert
ed to soluble hormones in the posterior lobe 
of the pituitary gland. Hormone molecules are 
dissolved in the extracellular fluid and travel 
from their endocrine cell of origin to their 
appropriate receptor or target cells. Usually 
they are carried by the bloodstream and quickly 
reach their target cells, which may be quite 
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distant. Hormones which diffuse only locally 
in the interstitial fluid surrounding an endocrine 
cell are called tissue hormones. 

Hormone molecules transfer their infor
mation through contact with a receptor at the 
target cell. They thereby regulate certain chemi
calor physical processes within the receptor 
cell which finally result in known biochemical 
and clinically evident hormonal actions. In 
many cases the information contained in the 
hormone is reconverted at the cell membrane 
into an intracellular second messenger which 
in tum controls a process within the cell. In 
this manner information issued by the endocrine 
cell eventually reaches its destination. However, 
the flow of information in the organism does 
not cease at this point. Processes may be 
triggered in the target cell which lead to the 
formation of feedback loops. Under the in
fluence of a hormone a receptor cell may release 
greater or smaller amounts of a chemical 
compound (e.g. a metabolite or another hor
mone) into the extracellular fluid, hereby in
forming the original endocrine cell that it has 
received and executed the instruction. Fre
quently, in a negative feedback, this will inhibit 
the endocrine cell from issuing the same in
formation, i.e. from secreting more hormone. 
Fig. 1 shows a simplified representation of 
the flow of information from the endocrine 
cell to its receptor and back to the endocrine 
cell of origin. The individual steps in the transfer 
of information by hormones will now be 
discussed in detail and illustrated by typical 
examples. 

B. Endocrine Genetics 

Hormones are of great interest to the geneticist 
primarily because certain diseases are known 
to be caused by inherited deficiencies of specific 
hormones. Examples among the protein and 
peptide hormones are the inherited deficiencies 
of antidiuretic hormone and of growth hormone. 
Whether diabetes mellitus is due to an inherited 
disorder of insulin biosynthesis is still contro
versial. In addition, several endocrine disorders 
are caused by an inherited deficiency of the 
enzymes necessary for the biosynthesis of non
protein hormones. Examples are the various 
adrenogenital syndromes and certain forms of 
congenital hypothyroidism. Inherited failure 
of the target organ to respond to its corre
sponding hormone is the cause of pseudo
hypoparathyroidism and renal diabetes insipidus. 

Patients with the syndrome of multiple 
endocrine adenomata suffer from an inherited 
tendency to develop tumors in various endo-
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crine glands. Certain disorders of the thyroid 
gland, such as thyrotoxicosis, Hashimoto's 
thryoiditis, and primary myxedema, all of which 
appear to be associated with autoimmune 
processes, show a familial incidence without 
clear-cut genetic transmission. 

Other endocrine diseases, for example, Tur
ner's syndrome and Klinefelter's syndrome, 
are due to chromosomal disorders. These syn
dromes have provided important information 
regarding the function of sex chromosomes. 

It may be of interest to the biochemically 
oriented geneticist to know that hormones 
were among the first proteins to have their 
amino acid sequences fully elucidated. Sur
prisingly, certain hormones with very different 
actions were found to be chemically closely 
related. Thus, large parts of the ACTH molecule 
are identical to the oc-MSH molecule and a 
whole subunit of the TSH molecule is identical 
with a subunit of the LH molecule. Such close 
similarity between two proteins is probably the 
end result of gene duplication, an important 
mechanism by which new proteins are acquired 
in the course of evolution. 

c. Biosynthesis of Hormones 

Research on the biosynthesis of protein hormones 
has long been hampered by the lack of suitable 
isolated tissue preparations and, in particular, 
of corresponding cell-free systems. However, 
one may assume that protein hormones are 
synthesized at the ribosomes according to the 
"classic" concepts of molecular biochemistry. 
Insulin is the protein hormone whose biosynthesis 
has been most fully studied. The linkage of the 
two peptide chains of insulin by two disulfide 
bridges represents a particular biochemical 
problem. The earlier view that the two protein 
chains were separately synthesized and sub
sequently joined by the disulfide bridges no 
longer seems tenable. The investigations of 
STEINER (1967) in both man and rat demonstrated 
a single-chained insulin precursor - proinsu
lin - containing both the A and the B chains 
of insulin. The amino acid sequence of pro
insulin has been worked out recently by CHANCE 
(1968). The two-chained insulin molecule arises 
through enzymatic removal of a peptide, the 
connecting or C-peptide, from the pro insulin 
molecule. The mechanism suggested by STEINER 
and CHANCE for the biosynthesis of insulin is 
shown in Fig. 2. Whether analogous "pro
hormones" also exist for other protein hormones 
remains to be investigated. Strictly speaking, 
thyroglobulin could be considered the pro
hormone of thyroxine, since thyroxine is an 
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amino acid which is synthesized as a component 
of the large protein thyroglobulin. Hormone 
secretion involves the splitting off of thyroxine 
from thyroglobulin by proteolysis. It is not 
known whether the low molecular weight peptide 
hormones of the posterior pituitary lobe are 
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Fig. 2. Biosynthesis of insulin according to D. F. STEINER 
(1967). The dashed portion of pro-insulin, the so-called 
connecting peptide, is split off enzymatically at the points 
indicated by arrows 

also synthesized via a pro hormone at the 
ribosomes. It is theoretically conceivable that, 
like certain bacterial peptides, they are synthesiz
ed via an enzymatic non-ribosomal pathway 
(MACH, 1963), or they may be split off from 
larger prohormone molecules. The biosynthetic 
mechanisms for the nonprotein hormones (stero
ids, catecholamines) have been fully elucidated 
and will be discussed in the appropriate sections. 

D. Storage and Release of Hormones 

Hormones of the pancreatic islets, anterior 
and posterior pituitary gland, adrenal medulla, 
and thyroid gland are not only synthesized but 
may also be stored in considerable amounts 
within the endocrine organ. In contrast, steroid 
hormones of the adrenal cortex and gonads 
are not stored in any significant amount. 
Granules surrounded by membranes can be 
detected in most of the endocrine cells which 
do store hormones by light and electron micro
scopy. There is good evidence, sometimes in
direct, that the granules contain stored hormone. 
Catecholamines can be chemically identified 
in the granules of the adrenal medulla (WURT-
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MAN, 1965), and insulin has been demonstrated 
by immunofluorescence in the B-cell granules 
of the pancreatic islets. Few data are available 
on the physicochemical state of stored hor
mones. Adrenaline and A TP are found in a 
fixed molar ratio of 4 : 1 in the granules of the 
adrenal medulla (WURTMAN, 1965), However, 
the nature of a possible chemical bond between 
these two substances is not known. Thyroid 
hormones are stored in an unusual manner, 
namely extracellularly in the colloid as com
ponents of thyroglobulin. Thyroxine and tri
iodothyronine are probably bound by peptide 
bonds to this large glycoprotein molecule. 

Release implies the expulsion of the hormone 
from its endocrine cell into the extracellular 
fluid. We have at present only limited informa
tion about the complex process by which 
hormones, which are often poorly fat-soluble, 
are transferred through the lipid-rich cell mem
brane. LACY (1967) was able to show by electron 

Fig. 3. Biosynthesis and release of insulin. Hormone syn
thesis begins in the endoplasmic reticulum. The hormone 
precursor, which is at first stilI amorphous and biologically 
inactive, is surrounded by a membrane and is converted 
into crystalline insulin or pro-insulin. The granular content 
is forced by emeiocytosis into the interstitial fluid where 
insulin is dissolved. Finally, the dissolved insulin diffuses 
into the capillaries. (From P. E. LACY, 1967) 

microscopy that insulin granules migrate from 
the center of the pancreatic B-islet cells toward 
the periphery in the course of insulin secretion 
(Fig. 3). The granular membrane then fuses 
with the cell membrane and the granular content 
is ejected into the extracellular fluid by a process 
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termed emeiocytosis. According to recent in
vestigations, the granules in the cell move along 
microtubular structures which may be surround
ed by contractile filaments (LACY, 1968). There 
is now good evidence that adenosine 3' ,5' -mono
phosphate (cyclic AMP) is involved in the 
mechanism for the release of insulin (MALAISSE, 
1967; LAMBERT, 1967). The secretory granules 
of the anterior pituitary have recently been 
isolated by differential centrifugation and found 
to be rich in a protein kinase which, under 
certain conditions, is dependent upon cyclic 
AMP and phosphorylates structural proteins 
of the granule (LABRIE, 1971). This again 
suggests that cyclic AMP has a role in hormone 
release. 

The process of hormone release must occupy 
a central position in the transfer of information 
by hormones, as underscored by the following 
reasoning: Most hormones have a fixed pe
ripheral disposal rate, or half-life, once they 
have left the endocrine cell. Therefore, a given 
hormone concentration in the extracellular fluid 
which is crucial for the information to be 
conveyed can only be achieved and main
tained by adjusting the rate of hormone release. 
Consequently, hormone release must be a 
delicately controlled process. 

E. Hormone Transport 

As stated initially, hormone molecules travel 
in the extracellular fluid from their endocrine 
cell of origin to their receptor cell. In most cases, 
hormones diffuse from the interstitial fluid 
surrounding the endocrine cell into the blood, 
which assures rapid transport to the receptor 
cell. Tissue hormones are an exception. They 
diffuse only locally in the interstitial fluid and 
thus reach only neighbouring cells. Often the 
concentration of a hormone is not uniform 
in all parts of the circulation, i.e. the circulating 
blood is subdivided into hormonal compart
ments. Such a process is probably of great 
importance for hypothalamic releasing factors. 
These factors attain an effective concentration 
only in the very small pituitary portal veinous 
system. The effects of glucagon and insulin 
on the liver are probably influenced by the 
fact that their concentration is significantly 
higher in the portal system than in the arterial 
blood. 

Certain hormones are bound to specific 
proteins in the blood. This is true of thyro
xine and cortisol, and probably also of 
estradiol, progesterone and testosterone. Wheth
er insulin circulates bound to a protein is con
troversial. Assuming that only one single protein 
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with only one binding site per molecule combines 
with the hormone, the reaction occurs according 
to the general formula: 

h + p ~ hp 

h = free hormone, p = carrier protein, h p 
hormone-carrier protein complex. 

Experiments with isotopically labeled hor
mones have shown that the free hormone is 
in general fully exchangeable with the protein
bound hormone. This suggests that the hormone 
binds to the protein by noncovalent bonds and 
that the free and the bound hormone are in an 
equilibrium governed by the law of mass action. 
In the case of thyroxine, peripheral hormone 
action correlates better with the concentration 
of free hormone in the plasma than with the 
concentration of the protein-bound hormone. 
It has been generally held, therefore, that only 
free hormone molecules can diffuse from the 
blood into the interstitial fluid and reach their 
receptor cells (ROBBINS, 1960). It follows that 
appropriate clinical assessment of thyroid func
tion would theoretically require the measure
ment of the free hormone concentration. Un
fortunately, in the case of both cortisol and 
thyroxine, measurements of the free hormone 
in the plasma - though feasible - are still techni
cally laborious. For both hormones the clinician 
must generally be satisfied with an estimate 
of the total hormone. Understanding of the 
mathematical relationship between the value 
of total hormone supplied by the routine chemical 
laboratory and the physiologically important 
free hormone concentrations is therefore of 
theoretical as well as clinical importance. 

The following derivations can be made from 
the general formula above: 

K= [h].[p] 
[hpJ 

(law of mass 
action). 

K = dissociation constant of hormone
carrier complex. 

[P] = [p] + [hpJ 

= total concentration of carrier protein 
(free plus bound), 

[p] = [P] - [hp] , 

(by substitu-

(1) 

(2) 

(3) 

K = ([P] - [hp])·[h] 
[hpJ 

tion of (3) (4) 
into (1», 

[P] . [h] _ [h] 
[hpJ , (5) 

[h ] = [P]·[h] 
p K + [h] , (6) 
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[H] = [h] + [hp] , 

[H] - [P] [h] + [h] 
- K + [h] . 

(by definition 
total amount 
of hormone: (7) 
free plus 
bound), 

(by substitu-
tion of (7) (8) 
into (6». 

It becomes clear from Eq. (8) that the measured 
total hormone concentration [H] is not a simple 
straightforward function of the physiologically 
important free hormone concentration [h]. On 
the other hand provided the free hormone re
mains constant, [H] is a strict linear measure ofthe 
concentration of carrier protein [P]. The curves 
in Fig. 4 illustrate the mathematical relationships 
derived from Eq. (8). Although the calculations 
above are based on simplifying assumptions 
(see below), the curve shown in Fig. 4 resembles 
that obtained from actual measurements of· 
total and free thyroxine (REICHLIN, 1967). 
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The assumption that there is only one species 
of carrier protein for every hormone is probably 
an oversimplification. Thus, Eq. (8) and the 
corresponding curves only approximate the 
actual conditions. Mathematical derivations 
with more general validity can be found in 
ROBBINS (1960) and SANDBERG (1966). In fact, 
thyroxine is bound to three proteins in the 
plasma, thyroxine-binding globulin (TBG), thy
roxine-binding pre-albumin (TBPA) and albumin 
itself (OPPENHEIMER, 1968). TBG and TBPA 
have been isolated from the plasma and exten
·sively analyzed. Cortisol is bound to cortisol
binding globulin which has also been termed 
transcortin. This protein has also been isolated 
(SANDBERG, 1966). All three hormone-binding 
proteins so far investigated appear to bind one 
hormone molecule per protein molecule. 

The importance and function of hormone
binding plasma proteins are far from clear. 
These proteins do not appear to serve the 
purpose of improving solubility of hormones 
in the plasma, since cortisol and thyroxine 

Total Hormone [H] 

Fig. 4. Theoretic curves of [h] and [P] as functions of [H] in Eq. (6) p. 4. In the curve on the left, [P], the total carrier con
centration, is taken to be constant. In the curve on the right, [h], the concentration of free hormone, is taken as a constant. 
[H] may be considered representative of the total serum hormone (e.g. cortisol or thyroxine) 

From Eq. (8) it follows that, in order to 
calculate the level of free hormone from the 
measured total hormone, one must also know 
the concentration of carrier protein [P] and the 
dissociation constant [K]. However, these two 
parameters are still not generally available to 
the clinician, and he therefore assumes that 
both are constant values. This simplification is 
only justified by the lack of suitable practical 
methods of measuring the free hormone con
centration. One must be aware that, for example, 
in patients with a low plasma protein level, as in 
cirrhosis of the liver or the nephrotic syndrome, 
low plasma cortisol and serum thyroxine con
centrations may be measured yet the level of 
free hormone can be quite normal. The reverse 
can, of course, be true when the proteins 
binding cortisol and thyroxine are elevated, 
a condition frequently encountered today in 
women taking oral contraceptives. 

would be easily soluble in water in the physio
logically required concentrations. The possibility 
that hormone-binding proteins may regulate 
hormone release to tissues is conjectural. For 
this to occur, concentrations and dissociation 
constants of hormone-binding proteins would 
have to adjust rapidly to different metabolic 
situations. There is no reliable evidence for 
such rapid adaptations so far, except perhaps 
in the case of TBPA, the concentration of which 
falls in acute inflammatory processes, resulting 
in a temporary rise of free hormone in the 
plasma (lNGBAR, 1960; OPPENHEIMER, 1963). 
An important regulatory function of these 
proteins is refuted by the fact that people 
with an inherited deficiency of TBG are ab
solutely healthy and have normal thyroid func
tion. Alternatively, the possibility has often 
been considered that hormone-binding proteins 
may prevent or slow down disposal and excre-



6 

tion of their corresponding hormone, thus 
resulting in more economical hormone secretion. 
This view is contradicted by the observation 
that people with inherited TBG deficiency 
have a normal secretion rate of thyroxine 
(NICOLOFF, 1964). In conclusion, therefore, we 
agree with DE MOOR (1968) that the physio
logical significance of hormone-binding pro
teins in the plasma is not known. 

F. Transfer of "Hormonal" Information 
to the Receptor Cell 

"Hormonal" information in the plasma and 
interstitial fluid exists in the form of the hormone 
concentration which may be zero or any chosen 
positive value. In most cases the receptor cells 
seem to be sensitive to the hormone concentra
tion in the surrounding extracellular fluid. In 
many cases the mathematical relationship be
tween hormone concentration and hormone 
effect obtains according to ARIENS (1956), 
making the following two assumptions: 

1. Hormones act by combining reversibly 
with cell receptors (see p. 7) according to the 
general formula: 

r+h-.=!-rh, (9) 

where r = receptor, h = hormone and r h = 
receptor-hormone complex. 

In at least one system, the binding of 
insulin to fat-cell receptors, this assumption 
has been verified, since both the association 
and dissociation reaction followed the expected 
kinetics (CUATRECASAS, 1971 a). 

2. Hormone effect is directly (linearly) pro
portional to the concentration of the hormone
receptor complex: 

Eh = a[rh] , (10) 

where Eh = action of hormone h, [rh) = con
centration of receptor-hormone complex, r:t is 
a constant, (proportionality constant). 

If [R) = [r) + [rh), the total concentration 
of receptor (i.e. free receptors plus those bound 
to hormone), according to the law of mass 
action, the dissociation constant (K) of the 
hormone-receptor complex is: 

K = [r]· [h] = ([R] - [rh])[h]. (11) 
[rh] [rh] 

From this, the concentration of hormone
receptor complex can be calculated as follows: 

[r h] = ----=[~R]"___ 
K 
[h] + 1 

(12) 
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Through substitution in Eq. (10): 

(13) 

The maximum effect (Eh max) is achieved if 
all receptors are saturated with hormone, thus if 

[rh] --+ [R] 

then 

Substitution of Eq. (14) in Eq. (13) gives: 

Ehmax 

Kh 
[h] + 1 

(14) 

(15) 

From this equation, which is formally identical 
with that of MICHAELIS-MENTEN for enzyme ki
netics, theoretic concentration-response curves 
can be drawn. Such a theoretic curve is 
shown in Fig. 5. It demonstrates that hormone 
action should be linearly proportional to the 
logarithm of hormone concentration in the 
middle part of the S-shaped curve. 

13 
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Fig. 5. Relationship between hormone concentration and 
hormone action. Theoretic curve calculated according to 
formula 15 on p. 6. (From E. J. ARIENS, 1956) 
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Fig. 6. CO2 production from glucose in isolated fat cells 
incubated in vitro in the presence of different concentrations 
of insulin. (From J. GLiEMAN, 1965) 
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In practical experiments, hormonal effects 
often do follow curves similar in shape to those 
calculated theoretically, as seen in Fig. 6. The 
relationship between hormone concentration 
and effect derived from Eq. (7) may well be 
an oversimplification of the actual state of 
affairs. Recent experiments by RODBELL (1971 a, 
1971 c) have shown that in the case of glucagon 
neither assumption (1) nor assumption (2) 
strictly hold. Thus, hormone-target cell inter
actions may be vastly more complicated than 
outlined above. 

Occasionally, the effector cells do not seem 
to respond to the surrounding hormone con
centration but rather to the velocity at which 
this hormone concentration changes. In mathe
matical terms, therefore, these effector cells are 
sensitive to the first differential of hormone 
concentration against time. CLYNES (1961) show
ed that a "differential" sensitivity of this kind 
existed in the pupillary reaction to light stimuli. 
DALLMAN (1969) found evidence of an analogous 
phenomenon in an endocrine system, namely 
the action of corticosteroids on hypothalamic 
centers. 

G. Receptors 

For a hormone molecule to produce an effect 
it must come into direct physical contact with 
the target cell. It must therefore be accepted 
that the target cell possesses certain structures 
termed receptors or discriminators which "rec
ognize" a hormone and convert the information 
contained in the dissolved hormone into bio
chemical processes within the cell. During this 
process of recognition a physical or chemical 
reaction must take place between the hormone 
molecule and its receptor. It is likely that this 
reaction consists of the binding of the hormone 
molecule to its receptor. The three-dimensional 
shape of the receptor molecule is probably such 
that it is complementary to the shape of the 
hormone molecule or of parts of it, in which 
case the hormone and the receptor would fit 
together like pieces of a jigsaw puzzle. Since 
receptors transmit information from the extra
cellular fluid into the cell, it is logical to assume 
that they are located in the cell membrane 
facing outwards. Experimental support for this 
view has come from ingenious studies by 
CUATRECASAS (1969). He incubated isolated fat 
cells in the presence of insulin which was bound 
chemically to beads of agarose (a carbohydrate 
polymer), and found that insulin still exerted 
its biological effect on glucose transport. Since it 
is practically inconceivable that the agarose par
ticles penetrated into the cells, the interaction be-

7 

tween hormone and receptor must have taken 
place at the outer face of the cell membrane. 

Some very relevant information about the 
nature of the bonds between hormones and 
receptors has accumulated in the past 10 
years. If it is assumed that the combination 
is reversible (which is probable but remains to 
be proven for many hormone-receptor inter
actions), then noncovalent bonds are the most 
likely to be involved. On the basis of extensive 
comparisons of the activity of steroid hormones 
and their numerous chemical analogues, BUSH 
(1962) was able to identify certain parts of the 
steroid molecules which must participate in the 
attachment to the receptor. One conclusion he 
reached was that one way glucocorticoids were 
bound to their receptors was through a hydrogen 
bond involving the 11 ~-hydroxyl group of the 
hormone. Ionic and hydrophobic interactions 
produce other types of bonds. Hydrophobic 
bonds develop through the tendency of hydro
phobic (uncharged, apolar) groups of molecules 
to associate in aqueous solution. Such apolar 
groups are found in abundance in the hydrocar
bon side chains of certain amino acids of proteins. 
The bonds developed in this way are weak, but are 
of eminent importance, e.g. for the maintenance 
of the tertiary and quarternary structure of 
proteins, because of their large number. RODBELL 
(1971 d) demonstrated that a region rich in 
hydrophobic amino acid side chains of the glu
cagon molecule is involved in the binding to liver
cell membranes. The binding can be reversed by 
0.4 M urea. Both observations strongly implicate 
hydrophobic interactions between hormone and 
receptor. In the case of protein and peptide 
hormones which contain disulfide bridges (in
sulin, antidiuretic hormone), the possibility has 
been considered that covalent bonds may occur 
with sulfhydryl groups of the receptors through 
the formation of a mixed disulfide between 
receptor and hormone. The in-vitro action of 
insulin upon adipose or muscle tissue can in 
fact be prevented by the use of sulfhydryl
blocking agents such as N-ethyl maleimide 
(OTT, 1963). However, the conclusion that this 
proves the formation of a mixed disulfide 
between insulin and its receptor has been seriously 
challenged, and excellent evidence has been 
produced that a disulfide-sulfhydryl exchange 
is not involved in the action of antidiuretic 
hormone (WALTER, 1967) or in that of insulin 
(CUATRECASAS, 1971). 

BUTCHER (1965) and GRAHAME-SMITH (1967) 
observed that the maximal effects of epinephrine 
on adipose tissue and of ACTH on the adrenal 
cortex were not limited by the number of 
receptors, as might have been deduced from 
Eqs. (14) and (15) in the previous section; in 
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fact these tissues appeared to have an excess 
of hormone receptors and the maximal hor
mone effect is limited by secondary processes 
triggered in the target cell by the hormone. 
Usually, these secondary processes are chemical 
reactions where the amount of an enzyme or 
substrate can be rate limiting factors. ARffiNS 
(1966) gives a full discussion -of the kinetic 
implications of such spare receptors. 

The attachment of a hormone to the target 
cell can be quantitatively demonstrated by the 
fact that the concentration of hormone is greater 
in the cell than in the surrounding fluid. Such 
an accumulation of hormone in the target cell 
has been demonstrated for the non-protein hor
mones aldosterone (SHARP, 1966), estradiol (JEN
SEN, 1962), thyroxine (HOCH, 1967) and possibly 
also for cortisol (SEKERIS, 1967). In vitro, 
aldosterone is rapidly and completely bound 
to toad bladder mucosa within 30 min. It is 
interesting that hormonal effects become evident 
only after 40--120 min. The binding occurs at two 
different receptors with very different affinity 
constants of 1.4 x 1014 and 4 x 1012 Mol-1 
(SHARP, 1966). The attachment of aldosterone 
to the receptors is reversible and 96% of the 
bound hormone can be eluted from the mucosa 
in chemically unaltered form. This strongly 
implies that the bonds between the hormone 
and its receptors are noncovalent. 

JENSEN (1962) injected estradiol labeled with 
tritium into female ovarectomized rats, and 
found that the hormone accumulated in the 
uterus, vagina and anterior pituitary lobe. 
Fractionation of cells and autoradiographic 
investigations showed that estradiol was bound 
predominantly to the cell nuclei (STUMPF, 1966). 
TOFT (1966) isolated a protein from rat uterus, 
whose properties fulfilled the criteria of a 
specific estrogen receptor. JENSEN (1972) found 
two different estrogen receptors in rat uterus: 
one was a cytoplasmic protein with a sedimenta
tion constant of 4 S, and the other, present 
in rate-limiting amounts, a nuclear protein with 
a sedimentation constant of 5 S. There is good 
evidence that estrogen binding converts the 
cytoplasmic receptor from its 4 S to a 5 S form, 
which then migrates to the nucleus. 

Hypothyroid rats bind large amounts of 
injected thyroxine to their liver mitochondria. 
Between 1 and 5 molecules of thyroxine per 
respiratory chain unit are bound during this 
process (HOCH, 1967). 

Injected cortisol is very quickly absorbed 
into liver cells. A part is metabolized there, 
whereas a smaller part remains bound to the 
cell nuclei as unchanged cortisol (SEKERIS, 1967). 
BAXTER (1972) has shown that in the cytosol 
of liver cells, cortisol or other steroids with 
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glucocorticoid activity first bind reversibly to a 
cytoplasmic soluble receptor protein and thereby 
produce some change in shape (conformation) 
of this receptor molecule. The protein-steroid 
complex travels to the nucleus, and, thanks to 
the small conformational change produced by 
the binding of the steroid, it can now bind to 
nuclear DNA and exert control over the tran
scription of certain genes. The protein receptor 
alone without steroid hormone cannot bind to 
DNA because its shape is slightly different and it 
does not fit the DNA receptor. The details of the 
following reaction, the selective transcription 
of certain DNA strands, has not been fully 
worked out, but the end result appears to be 
the production of more of the enzyme tyrosine 
aminotransferase. The complex sequence of 
events is depicted schematically in Fig. 11 
(p. 15). For a better understanding the reader is 
also referred to the section on protein synthesis 
(p. 15 and Fig. 10). 

Reversible binding of peptide hormones to 
their target cells has been controversial until 
recently. Thus CROFFORD (1968) found that 
insulin disappeared in vitro from an incubation 
medium containing adipose tissue cells. He 
attributed this to destruction of insulin and he 
was unable to detect reversible binding to the 
fat cells. However, in the past two years excellent 
evidence has emerged in support of reversible 
binding of insulin, ACTH and glucagon. CUA
TRECASAS (1971 c) has shown that 125I-Iabeled 
insulin binds reversibly to fat cells. The insulin 
could be recovered unchanged from the cells 
by elution. One single fat cell bound up to 10000 
insulin molecules and the effect on glucose 
oxidation was linearly proportional to the 
amount of insulin bound, an observation which 
supports assumption (2), used in the preceding 
section for the calculation of dose-response 
curves. The equilibrium (dissociation) constant 
of the insulin-receptor complex was 5.0 x 10-11 

M. The controversy over hormone binding 
versus hormone destruction has recently been 
settled by FREYCHET (1972). He showed that 
liver-cell membranes actually did destroy in
sulin in vitro but that this destruction was not 
linked with the binding of the hormone to the 
receptor. The two processes, binding and de
struction, were shown to be entirely independent. 
Analogous results were reported for the binding 
of ACTH to adrenal membranes (LEFKOWITZ, 
1970) and for several other polypeptide hormones 
(see short review in CUATRECASAS, 1971 b). 
RODBELL (1971 a) reported that 125I-Iabeled 
glucagon binds to isolated liver-plasma mem
branes. Again the binding was reversible and the 
biologic effect, namely the activation of the 
membrane-bound enzyme adenyl cyclase was 
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proportional to the amount of bound hormone. 
Some unexpected observations were made, 
however, in the glucagon-liver membrane system. 
Firstly, under certain conditions, the response 
of the target (the membrane-bound adenyl 
cyclase) is not only a function of the surround
ing hormone concentration. Rather, nucleotides, 
in particular guanosine triphosphate (GTP), 
greatly influence the response to a given hor
mone concentration (RODBELL, 1971 b, 1971 c). 
Secondly, the binding of labeled hormone is 
not entirely reversible even by a 1000-fold 
excess of unlabeled hormone and the dissocia
tion of the hormone-receptor complex does 
not obey simple first-order kinetics (RODBELL, 
1971 a). Both findings are contrary to con
ventional theory about action of hormones. 

Interesting compounds have been studied 
which specifically inhibit the response of the 
target organ to a number of hormones. Kinetic 
analysis has shown that in many cases the in
hibition is of the competitive type. In physico
chemical terms this means that the inhibitor 
binds to the hormone receptor, thereby blocking 
attachment of the hormone. Competitive antag
onists usually show some chemical similarity 
to the corresponding hormone. Sometimes, 
however, competitive antagonists may be struc
turally quite different, which has led ARIENS 
(1966) to conclude that they do not always 
interact with the same chemical groups of the 
receptors as the corresponding hormones but 
attach themselves to some neighbouring groups 
of the receptor at so-called accessory binding 
sites with part of their molecule extending 
into the region where the hormone should be 
bound. Thus, steric hindrance will prevent 
attachment of the hormone molecule. Spirono
lactone, which displaces aldosterone from its 
receptors, is a typical example of a competitive 
hormone antagonist (SHARP, 1966). Clomiphene 
and ethamoxytriphetol are hormones antagonis
tic to estrogens (LERNER, 1964), and cyproteron 
is an antagonist to androgens (NEUMANN, 1967). 
A glucagon derivative lacking the amino-terminal 
histidine has been found to act as a specific 
glucagon antagonist (RODBELL, 1971 d) and an 
ACTH-analogue may act as an ACTH antagonist 
(SEELIG, 1971). The antagonists mentioned so 
far are pharmacological substances which do 
not occur in nature. Naturally-occurring antag
onists to insulin have been found in plasma 
by various authors who claim they are the cause 
of diabetes mellitus, but the significance of these 
substances is still debated. For completeness 
we must also mention here that immunological 
antibodies can arise to peptide hormones given 
by injection. Such antibodies can, for example, 
neutralize the action of insulin and may very 
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well explain the insulin resistance found III 

some diabetics. 
The chemical nature of receptors has been 

studied mainly by indirect means. ROD BELL 
(1971 a, 1971 c) found that trypsin, phospholipase 
A and digitonin destroyed the glucagon-binding 
sites of liver membranes. He concluded that 
glucagon receptors were lipoproteins and the 
lipid and the protein moieties were both essential 
for proper receptor function. By contrast, in
sulin receptors in fat and liver cells seem resistant 
to the action of phospholipase, which suggests 
that they are chemically different compounds 
(CUATRECASAS, 1971 A). The receptors for both 
glucagon and insulin are firmly bound to 
particulate cell matter, most probably to the 
cell membrane. This has complicated the study 
of their chemical nature, but recently CUATRE
CASAS (1972) has succeeded in rendering insulin 
receptors of fat and liver cells soluble simply 
by treating the membranes with an non-ionic 
detergent. The soluble receptor turned out to be 
a protein, as had been predicted on the basis 
of the more indirect studies. Lipids are probably 
not an essential part in the function of this 
receptor. The estimated molecular weight was 
300000. 

Proteins seem particularly suited to the task 
of receptors since they are capable of binding 
a great variety of substances ranging from 
simple ions to large macromolecules. This prop
erty of proteins was extensively analyzed by 
SCATCHARD as early as 1949. MONOD (1966) 
discussed the possibility that hormones might 
be allosteric ligands, and hormone receptors 
allosteric proteins. Allosteric proteins are com
posed of two or more peptide chains (subunits) 
interconnected noncovalently by an incomplete 
fit. This incomplete fit gives rise to strain or 
tension in the folding of the protein chains. 
If a small molecular ligand now binds to a 
specific site of such a molecule, the strain will 
change, e.g. by a different electron or charge 
distribution, and the molecule will assume a 
slightly different shape (conformation). This 
change of shape is called an allosteric transition. 
Since the transition involves the whole pro
tein molecule, sites quite distant from the original 
ligand-binding site may be affected, e.g. the 
catalytic site of an enzyme (MONOD, 1965). 
The concept that receptors are allosteric proteins 
is appealing. Thus, allosteric proteins can receive 
signals, transmit them along the protein-chain 
and translate them into another signal. According 
to SCHWARTZ (1966) these are exactly the 
properties which are required of receptors. 
Furthermore, allosteric proteins are also capable 
of greatly amplifying signals (MONOD, 1965)
they act, so to speak, as molecular amplifiers 
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and relay stations. BOWNESS (1966) and GRA
HAME-SMITII et al. (1967) were actually able to 
demonstrate that adenyl cyclase, a possible 
component of the receptor for several hormones, 
functions as an amplifier for hormonal signals. 
In spite of this evidence MONOD was reluctant 
to support the view that hormone receptors, 
especially in the case of steroid hormones, are 
allosteric proteins. Our knowledge of the chemi
cal nature of receptors is still so inadequate 
that the question must remain unsettled, but 
very recently BAXTER (1972) has provided good 
evidence that the so-called cytoplasmic receptors 
for glucocorticoid hormones are in fact allo
steric proteins. 

H. Events Following the Binding 
of Hormones to Receptors 

Well-defined biochemical effects for practically 
every hormone have been described and quan
titatively measured in a great variety of in-vivo 
and in-vitro test systems using the corresponding 
target organ. These well-known hormone effects 
are, however, not necessarily the direct con
sequence of the first step of hormone action, 
the attachment to the receptor. Thus it is not 
known, for example, which of the physicochemi
cal events ultimately leading to acceleration of 
glucose transport occur after binding of insulin 
to the fat-cell membrane. The almost complete 
chain of events linking binding at the receptor 
site to the biochemically evident hormone effect 
has so far only been established for the action 
of glucagon and epinephrine on the breakdown 
of liver glycogen (see cyclic AMP, below). For 
most other hormones, virtually nothing is known 
of the reaction after the receptor site has been 
occupied, a step that has sometimes been referred 
to as the primary action of a hormone. In view 
of the facts now available on the glucagon
adenyl cyclase-cyclic AMP system this term is 
hardly appropriate, since this "primary action" 
may in fact be a cascade of several chemical 
events. Despite the gaps in our understanding 
of the precise chemical actions of hormones a 
classification according to their effects on 
cellular processes will be presented below. Such 
a classification will of course remain tentative 
and will have to be modified as more facts 
emerge. 

1. Effects of Hormones on Membranes 

Classically, membrane effects imply actions of 
hormones upon the permeability of membranes 
(usually the cell membrane) to small molecules 
or upon transport mechanisms within such 
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membranes. Certain hormones which activate 
enzymes bound to the cell membrane (e.g. 
adenyl cyclase) without necessarily influencing 
permeability or transport mechanisms may also 
be included at this point. Insulin can be con
sidered as the prototype of a hormone which 
acts on membrane properties. As was shown 
by LEVINE (1955), the main action of this hor
mone is to increase the transport of glucose 
from the extracellular into the intracellular 
fluid. This effect has been demonstrated in 
both muscle and adipose tissue (PARK, 1959; 
CROFFORD, 1965). In both tissues, glucose is 
transported through the cell membrane by 
means of a carrier (not yet identified) which is 
thought to bind glucose on one side of the 
membrane and release it into the cell on the 
other side. The following properties are char
acteristic of this type of carrier transport: 
1. There is strict stereochemical specificity of 
the carrier to the substrate. For example, 
D-glucose is transported via the carrier mech
anism whereas L-glucose is not. 2. Carrier 
transport obeys saturation kinetics and by this 
means differs from transport via simple dif
fusion. 3. Carrier transport does not require 
energy (so-called "facilitated diffusion") unless 
the substrate is transported against an energy 
or concentration gradient, in which case the 
carrier transport must be coupled to an energy
producing process. In the latter case the term 
"pump mechanism" has been applied. 4. Under 
suitable experimental conditions, counter-trans
port may be observed, i.e. the substrate is trans
ported against a concentration gradient but 
not against an energy gradient. In erythrocytes, 
muscle and adipose tissue, glucose transport 
fulfills these criteria (WILBRANDT, 1961; PARKS, 
1959; CROFFORD, 1965). In the last two tissues 
insulin appears to produce an increase in 
"carrier places" or in the affinity of the carrier 
for glucose (CROFFORD, 1965). For the sake 
of completeness it must be mentioned here 
that insulin has other effects which seem 
to be independent of glucose transport. It affects 
uptake of amino acids, lipolysis and protein 
synthesis in several tissues. 

Aldosterone increases the transport of sodium 
ions from the tubular lumen across the renal 
tubular cells. SHARP (1966), using the toad 
bladder as an experimental model for the renal 
tubule, showed that aldosterone promoted the 
transport of sodium ions through the apical 
cell membrane. This effect appears only with 
a latent period of 45-120 min after the hormone 
has been added. Aldosterone has no effect if 
protein synthesis is blocked with puromycin 
or if energy production is inhibited in the toad 
bladder by the omission of substrate (glucose 
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or pyruvate). The transport of sodium ions 
which is induced by alosterone is thus coupled 
with an energy-providing process, not an un
expected finding since sodium ions are trans
ported against a concentration gradient. 

2. Cyclic AMP and the Concept of the Second 
Messenger 

Parathormone and vasopressin are two other hor
mones which act upon transport mechanisms 
within the kidney. The former inhibits phosphate 
transport and the latter increases water per
meability across the cells of the renal tubules. 
It is likely that both hormones exert their 
effect by increasing the conversion of adenosine 
triphosphate (ATP) to 31,5'-adenylic acid (cyclic 
AMP), a reaction catalyzed by the membrane
bound enzyme adenyl cyclase. This fundamental 
mode of hormone action was discovered by 
SUTHERLAND in 1958 during studies on the 
glycogenolysis induced by glucagon and epine
phrine in liver tissue. At that time it was known 
that glucose-1-phosphate was split off from 
glycogen by an enzyme, phosphorylase, and 
that this enzyme existed in the inactive b form 
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and the active a form. SUTHERLAND stimulated 
glycogenolysis by incubating liver tissue in a 
medium containing glucagon. From homo
genates of this stimulated tissue he recovered 
a heat-stable substance which was capable of 
activating phosphorylase in homogenates of 
untreated liver tissue. This small molecular 

Fig. 7. Formula of 3',5'-adenylic acid (cyclic AMP) 

substance was isolated and rapidly identified 
as 31,5'-adenylic acid (cyclic adenosine mono
phosphate, cyclic AMP). Fig. 7 shows the 
structural formula of this interesting nucleotide. 

Phosphodiesterase 

I 
I 
I 
I 
I 
I 
I 

• AMP------- AMP 

G 

Regulatory 
Subunit 

Phosphorylase Kinase 
(inactive) 

Phosphorylase b 
( Inactive) 

Glycogen 

Fig. 8. Cascade of events leading to the activation of glycogen breakdown by glucagon or epinephrine in the liver. Most 
steps can now be exactly defined in physicochemical terms. 1. Binding of hormone to the receptor and activation of adenyl 
cyclase. This process is still poorly understood. Guanosine triphosphate (GTP) interferes with this process in a complex 
manner. 2. Formation of cyclic AMP from ATP. 2a. Enzymatic degradation of cyclic AMP. 3. Cyclic AMP binds to a 
regulatory subunit of the protein kinase. This leads to dissociation of the regulatory subunit from the catalytic subunit, 
the latter becoming active. 4. Phosphorylation of the inactive phosphorylase kinase. 5. Phosphorylation of the inactive 
phosphorylase. 6. Removal of glucose-1-phosphate from glycogen by phosphorolysis. Abbreviations: ATP: Adenosine 
triphosphate; ADP (AMP): Adenosine-di-(mono) phosphate; GTP: Guanosine triphosphate; Pi: Inorganic phosphate 
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Cyclic AMP is produced from adenosine tri
phosphate (ATP) through the enzyme adenyl 
cyclase. Cyclic AMP in tum is degraded into 
5' -AMP by a specific enzyme termed phos
phodiesterase. Phosphodiesterase is inhibited by 
methyl xanthines, such as caffeine and theo
phylline, a phenomenon which may explain 
some of the pharmacological effects of these 
substances. The exact mechanism by which 
cyclic AMP finally leads to the activation of 
the enzyme phosphorylase in muscle has been 
unravelled quite recently. The first step consists 
in the binding of cyclic AMP to a regulatory 
subunit of an inactive enzyme, protein kinase. 
This causes the dissociation of the regulatory 
from the catalytic subunit of this enzyme, which 
thereby becomes active (GILL, 1971). The active 
protein kinase phosphorylates (and thereby 
activates) the phosphorylase kinase which in 
tum activates phosphorylase (WALSH, 1971). 
The complete sequence of events is shown in 
Fig. 8, which shows that nearly every chemical 
step, from the attachment of the hormone at 
the receptor to the final hormonal effect, 
glycogenolysis, can be exactly defined. The 
only remaining uncertainty is how the binding 
of the hormone will activate adenyl cyclase, a 
question that seems particularly difficult to 
solve because both receptors and adenyl cyclase 
are firmly bound to the cell membrane and 
have not been obtained in soluble form yet. 
As will be discussed below, some authors have 
postulated that adenyl cyclase and receptor are 
identical. 

In the few years since cyclic AMP was 
discovered in the liver this nucleotide has also 
been identified in many other tissues. The con
centration of cyclic AMP in other tissues is 
also under hormonal control. The list of hor
mones whose actions may be transmitted through 
cyclic AMP is now long (Table 1) and several 
extensive reviews dealing with this subject have 
already been published (SUTHERLAND, 1966; 
ROBISON, 1968). Cyclic AMP appears to transmit 
the actions of so many hormones that SUTHER
LAND has called it a "second messenger". 
According to SUTHERLAND'S concept, the hor
mone in extracellular fluid represents the "first 
messenger". The contact between hormone and 
adenyl cyclase leads to activation of the latter 
with the formation of cyclic AMP which 
transmits the hormone effects intracellularly by 
virtue of its activity as the second messenger. 
Fig. 9 is a schematic representation of the 
function of the second messenger. In this diagram 
adenyl cyclase is identical to the hormone 
receptor, an interpretation which may be an 
oversimplification, but has received the follow
ing indirect experimental support: 1. ~-adrener-
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gic receptor-blocking agents inhibit the catechol
amine activation of adenyl cyclase in different 
tissues. The similarity between adenyl cyclase 
and ~-receptors is so striking that ROBISON 
(1967) has postulated that p-receptors are 
identical to adenyl cyclase. 2. All hormones 
whose effects are based on an increase of 
cyclic AMP cause adenyl cyclase to be con
verted from an inactive into an active form. 
The de-novo synthesis of adenyl cyclase under 
the influence of hormones (which would be 
incompatible with a receptor function of this 
enzyme) has been excluded experimentally. 
Thyroxine may represent a possible exception 
to this statement, since in adipose tissue it has 
been reported to induce de-novo synthesis of 
adenyl cyclase (KRISHNA, 1968), whereas in 
myocardial tissue it appears to act like other 
hormones by causing the activation of the 
enzyme (LEVEY, 1969). 3. Adenyl cyclase appears 
to be firmly bound to membrane structures, 
probably the cell membrane, in all tissues in
vestigated so far. In fact, an active hormone
sensitive enzyme has not yet been obtained in 
soluble form. 

Catecol- fJ -Blocking 
amines agents 

i/~ 
~-...... 

ATP~CYCI1C 
AMP 

Cytosol 

Fig. 9. Adipose-tissue cell with three different regulatory 
subunits that serve as hormone-specific receptors. There 
is a single catalytic subunit pointing toward the interior 
of the cell. Hormones or antagonists bind to the regulatory 
subunits. This simplified representation is based largely on 
experiments ofBIRNBAUMER (1969). The exact mode whereby 
the binding of the hormone activates the catalytic subunit 
is still poorly understood. 

One of the fundamentals of endocrine control 
is that each hormone exerts a specific action 
on a particular tissue. The numerous hormones 
listed in Table 1 which activate adenyl cyclase, 
and the large number of actions which are 
initiated by cyclic AMP appear to contradict 
this concept of hormone specificity. In other 
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Table I. Survey of hormones whose action presumably involves 3',5'-adenylic acid (cyclic adenosine monophosphate) as 
" second messenger" 

Hormone Organ Level Enzymes or chemical steps, End effect 
or of influenced by cyclic AMP 
tissue cyclic 

AMP 

Catechol- Liver + Glycogen-Synthetase Glycogen synthesis 
amines Phosphorylase + Glycogenolysis 

Pyruvate -. Phosphoenolpyruvate + Gluconeogenesis 
Adipose tissue + Triglyceride-Lipase + Lipolysis 
Myocardium + Phosphorylase + Glycogenolysis 

unknown Inotropism 
Skeletal muscle + Phosphorylase + Glycogenolysis 

Glucagon Liver + } } As for catecholamines Adipose tissue + As for cat echola mines 
Myocardium + 
Pancreas (j3-cell) (+ ) Unknown Insulin-Release 

Insulin Adipose tissue' Triglyceride lipase Lipolysis 
Skeletal muscle Phosphorylase Glycogenolysis 

Glycogen synthetase + Glycogen synthesis 
Liver' Glycogen synthetase + Glycogen synthesis 

Phosphorylase Glycogenolysis 
Pyruvate -. Phosphoenolpyruvate - Gluconeogenesis 

ACTH Adrenal cortex + Cholesterol -+ Pregnenolone + Glucocorticoid synthesis 
Adipose tissue + Triglyceride lipase + Lipolysis 

TSH Thyroid gland + Phosphorylase + Glycogenolysis 
Unknown Uptake and organifica-

tion of iodine, hormone 
release 

Adipose tissue + Triglyceride lipase + Lipolysis 

LH (ICSH) Corpus luteum + Cholesterol -+ Pregnenolone + Progesterone synthesis 
Testis (+) Cholesterol -+ Pregnenolone + Testosterone synthesis 

MSH Frog skin + Unknown Melanophore dispersion 

Vasopressin Kidney + Unknown Tubular water 
reabsorption 

Parathormone Kidney + Unknown Tubular reabsorption 
of phosphate 

Bone + Unknown Resorption of bone 

Thyroxine Adipose tissue +c Neoformation of Adenyl cyclase Sensitivity to catechol-
amines 

Myocardium + As for catecholamines As for catecholamines 

Key: + increase; - decrease; (?) probable increase, but not proven directly; ? unknown type of action. 
, Action of insulin on adipose tissue and liver is only definitely measurable when adenyl cyclase is previously activated, 
e.g. by glucagon. 
b Action of insulin on the level of cyclic AMP in skeletal muscle is controversial. 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 

C In contrast to all other hormones, thyroxine does not seem to lead to activation of adenyl cyclase but rather to a neo
formation of this enzyme (see text) in adipose tissue. 
References can be found in the reviews by E. W. SUTHERLAND (1966) and G. A. ROBISON (1968). 
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words, if all tissues were to possess an identical 
adenyl cyclase then catecholamines, glucagon, 
ACTH and several other hormones would have 
exactly the same effects upon them. This, of 
course, is not so. ROBISON and co-workers (1967) 
have therefore suggested that adenyl cyclase 
consists of at least two subunits, one being 
regulatory and varying from tissue to tissue 
and the other being catalytic and possibly 
identical in all tissues. The regulatory subunit 
would function as the true receptor which 
binds only with the specific hormone, thereby 
activating the catalytic subunit. This inter
pretation is supported by several different ex
perimental results. For example, ACTH, gluca
gon and catecholamines promote lipolysis in 
adipose tissue through the activation of adenyl 
cyclase. The action of catecholamines, but not 
that of ACTH and glucagon can be inhibited 
through ~-receptor blocking agents. This indi
cates at least two different regulatory subunits 
(receptors) of adenyl cyclase. Furthermore, data 
published by BALLY (1968) suggest that there 
are probably two separate receptors for ACTH 
and glucagon. According to this concept,adipose 
tissue adenyl cyclase would therefore have a 

Nucleus 
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specific receptor for each of the three hormones 
considered. as is shown in Fig. 9. 

Cyclic AMP has not been accepted without 
reservations as the almost universal second 
messenger of hormones and some questions 
remain unsolved. For example, it is disturbing 
that the concentration of cyclic AMP is many 
times higher even without hormonal stimulation 
in adipose tissue and in the liver than is necessary 
for full activation of the triglyceride lipase and 
phosphorylase in tissue homogenates. In order 
to explain this discrepancy, it has been postulated 
that the major part of cyclic AMP is compart
mentalized within the cell segregated from the 
protein kinase. This speculation awaits ex
perimental verification. Another still unexplained 
observation has been made in studies on the 
effect of insulin on glycogen synthetase of 
muscle. As in liver and adipose tissue insulin 
stimulates this enzyme; however, in muscle 
insulin produces a rise in cyclic AMP instead 
of the expected fall (GOLDBERG, 1967). Never
theless, despite the objections that may be 
raised, the concept of the second messenger 
must be considered an important contribution 
to our understanding of the action of hormones. 

DNA 

V 
~ 
tRNA 

DNA DNA 

~ ""'" ~ ~ 
rRNA mRNA 

+ . 
£>h,. Ribosomes 
~ (r RNA+Protein) 

• 49 Amino acids 

Cytoplasm 

Transcription 
( DNA-RNA) 

Translation 
(m RNA-- protein) 

8 indlng of activated 
amino acids 
to tRNA 

Activati on of 
amino acids 
by ATP 

Fig. 10. Schematic representation of protein synthesis in a cell. Abbreviations: DNA: deoxyribonucleic acid; tRNA: transfer 
ribonucleic acid; rRNA: ribosomal ribonucleic acids; mRNA: messenger ribonucleic acid; ATP: adenosine triphosphate 
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3. Effects of Hormones on Protein Synthesis 

CLEVER (1960) described that ecdyson, an insect 
hormone, led to swelling, so called "puff' 
formation, at specific locations on the giant 
chromosomes of the midge Chironomus tentans. 
In the larvae of these insects ecdyson induces 
enzymes that alter cuticular proteins and produce 
pupation. Since it was already known from 
other studies that chromosome "puffs" cor
responded to active genes, CLEVER came to the 
exciting conclusion that ecdyson exerted its 
effect directly on the cell nucleus, where it 
activated a specific gene and thereby caused 
the induction of an enzyme protein. Since this 
discovery, the actions of many hormones on 
protein synthesis have been intensively in
vestigated, an area of research that TATA (1968) 
and KORNER (1970) have briefly reviewed. For 
the understanding of the actions of hormones 
upon protein synthesis we shall first summarize 
the biochemical steps needed for building pro
teins (Fig. 10). Most of the knowledge in this 
field has been gained within the last 20 years 
from work on bacteria. However, the results 
can also be applied to mammalian cells with 
few modifications. We shall limit the discussion 
to those steps in protein synthesis which are 
essential for the understanding of the actions 
of hormones. For more detailed descriptions 
the reader is referred to standard biochemistry 

Cytoplasm 

Cytoplasmic 
receptor 
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textbooks. The information for the production 
of all proteins required is stored in the form 
of genes within chromosomes in the nucleus 
of every cell. Chemically, genes are long strands 
of deoxyribonucleic acids (DNA) which contain 
the information for protein synthesis in the 
form of a variable sequence of four bases, 
adenine, thymine, cystosine and guanine. If a 
particular protein is to be produced, a negative 
copy with a complementary base sequence is 
first 0 btained from the DNA of the corresponding 
gene in the form of a strand of ribonucleic 
acid (messenger RNA = mRNA). This process 
is called transcription. mRNA migrates from 
the nucleus into the cytoplasm and comes into 
contact with the ribosomes. The ribosomes are 
small particles which move along the strands 
of mRNA and read the sequence of bases and 
put together the correct amino acids to form 
a peptide chain. In this process, the base se
quence is translated into an amino-acid sequence 
(translation) according to the specific genetic 
code. Ribosomes themselves consist partly of 
ribonucleic acids, so-called rRNA. A specific 
transport RNA (tRNA), a third type of ribo
nucleic acid, combines with each of the 20 
individual amino acids in the cytoplasm and 
facilitates their contact with and recognition by 
the ribosomes. rRNA and tRNA are both 
produced in the nucleus through transcription 
from DNA. It is easy to imagine from Fig. 10 
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Fig. 11. Schematic representation of the mode of action of corticosteroid hormones. The stages are: 1. The steroid hormone 
oenetrates into the cell. 2. In the cell cytoplasm it binds reversibly to the binding site (a) of a soluble receptor protein. Thereby 
it induces a slight change in shape of this molecule, notably in the region (b). 3. The hormone-receptor complex travels to 
the nucleus, and thanks to the slight alteration the region (b) fits on to nuclear DNA. 4. The binding of the complex to DNA 
causes the transcription of messenger RNA. 5. This ultimately leads to the production of a new protein, e.g. the enzyme 
tyrosine aminotransferase, on the ribosomes. This simplified representation is based on results by BAXTER et al. (1972). 
Similar mechanisms of action have been described for many other steroid hormones 
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that hormones may theoretically control dif
ferent steps of protein synthesis, e.g. transcrip
tion from DNA into mRNA, rRNA and tRNA, 
or translation of mRNA into protein, not to 
mention the uptake of amino acids from the 
extracellular fluid. 

So far, effects on protein synthesis have 
only been seen when intact cells (in vivo or in 
vitro) have been exposed to a hormone. Cell
free protein-synthesizing systems do not seem 
to be hormone-sensitive. For this reason there 
has been difficulty in identifying the exact 
mechanism of hormonal effects on protein 
synthesis. Nevertheless, experiments performed 
with chemical inhibitors of specific steps of 
protein biosynthesis have provided indirect 
evidence of the site of action. The most important 
conclusion to be drawn from the available data 
is that the mode and site of action may vary 
from one hormone to another, as will be seen 
from the following discussion and the summary 
in Table 2. 

KORNER (1965) noted that growth hormone 
injections into rats produced an increase in 
protein synthesis in the liver. The hormone effect 
was demonstrable in cell-free liver homogenates, 
provided the hormone had been injected into 
the rats in vivo. Comparison of the activity 
of ribosomes from treated and untreated animals 
suggested that growth hormone primarily in
creased the concentration of mRNA in the 
cytoplasm. Since actinomycin D (an antibiotic 
which inhibits transcription of DNA in the 
nucleus) prevented the action of growth hor
mone, KORNER concluded that growth hormone 
promoted mRNA synthesis, i.e. transcription. 
It is probable that growth hormone also causes 
increased synthesis of rRNA. HAMILTON (1968) 
studied the action of a single injection of estra
diol on protein synthesis in the uterus of 
ovarectomized rats. The results are summarized 
in Fig. 12. It can be seen that estradiol produces 
maximal stimulation of RNA synthesis in the 
nucleus within a few minutes. An increase in 
ribosomes and newly formed proteins could 
only be demonstrated after several hours. Analo
gous effects with slightly different timing are 
produced by testosterone on the prostate and 
seminal vesicles, and by corticosteroids and 
triiodothyronine on the liver (see TATA'S review, 
1968). Matters are rather more complicated in 
the case of triiodothyronine than in that of 
the other hormones mentioned, since triiodo
thyronine causes stimulation of protein syn
thesis very rapidly, before RNA synthesis is 
increased. This effect is dependent upon the 
presence of mitochondria, for if mitochondria 
are absent in vitro, this early effect is not 
observed (SOKOLOF, 1968). The early triiodo-
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thyronine effect is probably related to the 
stimulation of mitochondrial respiration. Only 
in a later phase does triiodothyronine stimulate 
mRNA and ribosomal protein synthesis in
dependently of mitochondria. 
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Fig. 12. Effect of a single injection of estradiol on protein 
synthesis in the uterus of ovarectomized rats. Tritium
labeled uridine was injected at the same time as estradiol 
• - • specific activity of RNA in the nucleus; • - • activ
ity of RNA polymerase; 0 - 0 ribosome concentration 
in the cytoplasm; 0 - 0 total tissue protein (per mg DNA} 
Abbreviations as in Fig. 10. (Simplified from T. H. HAMIL
TON, 1968) 

In summary, growth hormone, estradiol, 
testosterone, glucocorticoids and thyroid hor
mone (with the exception of the "early" effect 
of the last) can be said to control protein 
synthesis at the stage of transcription. This inter
pretation also appears to be valid when the 
hormone does not stimulate but rather inhibits 
protein synthesis as in the action of cortisol in 
lymphocytes (MAKMANN, 1967). 

Insulin enhances protein synthesis in muscle. 
This effect is independent of the well-known 
stimulation of glucose transport across the cell 
membrane. Insulin appears to increase RNA 
synthesis by stimulating transcription. However, 
it can also stimulate protein synthesis even 
when RNA synthesis is fully blocked with 
antibiotics. WOOL (1966) therefore concluded 
that insulin may also enhance protein synthesis 
at the ribosomal stage (translation). Subsequent 
experiments by A. G. SCHWARTZ and AMOS 
(1968) have confirmed the action of insulin on 
ribosomes and have demonstrated that ribosomes 
from fibroblasts cultured in a medium con
taining insulin synthesize more protein than 
ribosomes from fibroblasts cultured without 
insulin. In cell cultures of liver tumors cortisol 
does not stimulate global protein synthesis. 
Rather it causes a specific enzyme (tyrosine 
transaminase) to be synthesized. THOMPSON'S 
(1966) experiments have suggested that in this 
instance cortisol acts at the stage of translation 
rather than that of transcription. However, in 
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a different liver tumor-cell line the gluco
corticoid effect has recently been located to 
transcription again (BARNETT, 1971). Moreover, 
cyclic AMP has been found to have a permissive 
effect on the enzyme induction (SAHIB, 1971). 

Other hormonal effects on protein synthesis 
are summarized in Table 2. In general, the 
available evidence points to the fact that endo
crine control of protein synthesis is not exerted 
at one metabolic step identical for all hormones. 
The site of action seems to vary from hormone to 
hormone and from tissue to tissue. Several 
hormones, e.g. insulin and cortisol, appear to 
act at several steps of protein synthesis. It has 
been said that all gonadal and adrenal steroid 
hormones act on the transcription of DNA into 
RNA in the cell nucleus. Table 2 confirms this 
impression, but it is wise to remember KARLSON'S 
warning (1961) against simplifying generaliza
tions in this field. 

The exact molecular or chemical mode of 
action of hormones on the cell nucleus and on 
ribosomes remains unsolved. The opinion has 
been expressed that hormone receptors in the 
cell nucleus are identical with so-called gene 
repressors. These are proteins which combine 
reversibly with DNA strands and prevent tran
scription (BRETSCHER, 1968). Repressors can 
combine with derepressors at a second binding 
site. Attachment of the derepressor slightly 
distorts the shape of the repressor molecule 
which thereby loses its affinity for DNA. The 
repressor then dissociates from DNA which is 
cleared for transcription. Recent evidence sug
gests that a sequence of events roughly resem
bling the one postulated in this hypothesis 
actually takes place in the case of steroid hor
mones. The mechanism suggested by BAXTER 
(1972) has been outlined in more detail on 
p. 8 and in Fig. 11. 

Many of the biochemical observations dis
cussed above may be disappointing to both 
clinicians and physiologists, partly because they 
deviate widely from known clinical hormone 
actions and partly because they appear to 
contradict the concept of specificity of hormone 
action. For example, the observation that 
cortisol increases global protein synthesis instead 
of exerting its expected catabolic effect upon the 
liver is disturbing. On the other hand, it must 
be appreciated that the results of biochemical 
experiments are reasonably consistent with 
clinical and physiological observations in the 
case of the effects of testosterone on the prostate, 
estradiol on the uterus, and possibly growth 
hormone upon the liver, and agreement is 
excellent in the effects of cortisol on hepatoma 
cells in tissue culture and of prolactin on 
mammary tissue in organ culture. In both cases 
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the synthesis of a single specific enzymic protein 
is induced without stimulation of global protein 
synthesis, and the enzyme induced explains 
some of the clinical effects of the hormone 
(Table 2). 

4. Direct Effects of Hormones on Enzyme 
Activities 

We shall discuss here the ability of hormones 
to activate or inactivate enzymes without the 
formation of new enzyme protein. It is important 
to appreciate that this process is separate from 
the induction of enzyme synthesis (e.g. of 
tyrosine transaminase under the influence of 
cortisol which necessitates synthesis of new 
enzyme protein and which has been discussed 
in the previous section). 

A classic example of an enzyme whose 
activity can be increased or inhibited by different 
hormones is that of adenyl cyclase (see section 
on cyclic AMP). Despite concerted efforts to 
reveal other enzymes which serve as· hormone 
receptors, few analogous hormone-enzyme inter
actions have been described to which one can 
attribute physiological significance. The earlier 
hypothesis that the action of insulin on glucose 
metabolism may be due to activation of hexo
kinase is no longer generally accepted. TOMKINS 
(1963) has surveyed the action of steroids on 
isolated enzymes and has distinguished two 
mechanisms of interaction. In one case the 
hormone acts as a co-factor on enzymatic 
reactions. The transhydrogenase function of 
estradiol may serve as an example. In the second 
case the steroid hormone can influence the 
activity of an enzyme by reversibly altering the 
enzyme's tertiary and quaternary structure. 
Glutamate dehydrogenase and pyruvate kinase 
are examples of two enzymes controlled by 
steroids in this way. Thyroxine leads to dissocia
tion of glutamate dehydrogenase into subunits 
(WOLFF, 1962) and to inactivation of alcohol 
dehydrogenase (MCCARTHY, 1968), the latter 
probably through an allosteric effect. It is 
difficult to attribute physiological significance 
to these actions of steroid and thyroid hormones. 
The phenomena described above may well be 
test-tube effects unrelated to the physiological 
function of the hormones in the intact cells. 
The actions of thyroxine and triiodothyronine 
on the metabolism of mitochondria must be 
discussed in this context. In this case the thyroid 
hormones are assumed to influence oxygen con
sumption and oxidative phosphorylation in a 
complex multi-enzyme system involved in elec
tron transport. For detailed discussion of these 
processes the reader is referred to reviews 
compiled by HOCH (1962) and TAPLEY (1967). 
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Table 2. Hormones which presumably act on protein synthesis, or which are dependent on protein synthesis for their action 

Hormone Organ Effect of hormone on Presumed site References 
or tissue of action 

Tran- Trans-
scription lation 

Cortisol Liver Incorporation of phosphate into + W. D. WICKS (1965) 
tRNA in vivo 

Liver Incorporation of phosphate into + D. L. GREENMAN (1965) 
rRNA in vivo 

Liver tumor Synthesis of tyrosine transaminase + E. B. THOMPSON (1965) 
in cell cultures 

Liver tumor Synthesis of phosphoenolpyruvate + C. A. BARNETT (1971) 
carboxykinase and tyrosine trans- M. K. SAHIB (1971) 
aminase in cell cultures 

Lymphocytes Incorporation of amino acids into A. PENA (1966) 
microsomal protein in vivo and in 
vitro. Complex mode of action, 

M. H. MAKMAN (1968) 

partly involving transport into the 
cells of amino acids 

Testosterone Prostate Activity of mRNA in nucleus and + S. LIAO (1965) 
ribosomes after hormone injection 
in vivo 

Seminal vesicle Incorporation of phosphate into + W. D. WICKS (1965) 
tRNA in vivo 

Seminal vesicle Incorporation of phosphate into + D. L. GREENMAN (1965) 
rRNA in vivo 

Estradiol Oviduct (chick) Activity of RNA-polymerase, + B. W. O'MALLEY (1969, 
(and other estrogens) synthesis of mRNA coding 1972) 

for ovalbumin 

Uterus Incorporation of uridine into + T. H. HAMILTON (1965) 
nuclear DNA in vivo 

Uterus Synthesis of "induced protein " + B. S. KATZENELLENBOGEN 
(1972) 
E. E. BAULIEU (1972) 

Progesterone Oviduct (chick) Activity of RNA-polymerase, + B. W. O'MALLEY (1969, 
synthesis of avidin 1972) 

Aldosterone Toad bladder Hormone effect on Na + transport + I. S. EDELMAN (1963) 
in vitro dependent upon RNA 
synthesis 

Insulin Muscle Incorporation of adenine into + I. G. WOOL (1963) 
(The main action of RNA in vitro 
this hormone is to Muscle Protein synthesis by ribosomes in + I. G. WOOL (1966) 
promote glucose a cell-free system (hormone 
transport into cells) administered in vivo) 

Liver tumor Synthesis of tyrosine transaminase + T. D. GELEHRTER (1970) 
in cell culture (presence of gluco-
corticoid required) 

Fibroblasts Protein synthesis in a cell-free sys- +? A. G. SCHWARTZ (1968) 
tern by ribosomes derived from 
fibroblasts cultured in the presence 
of insulin 

Growth hormone Liver Protein synthesis in a cell-free sys- + A. KORNER (1965) 
tern (hormone administered in vivo) 

Prolactin Mammary Synthesis of lactose synthetase in + R. W. TURKINGTON 
gland organ culture (I 968 a) 
Mammary Synthesis of casein in organ + R. W. TURKINGTON 
gland culture (1968 b) 
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Table 2 (continued) 

Hormone Organ 
or tissue 

Effect of hormone on Presumed site 
of action 

References 

Tran- Trans
scription lation 

Thyrotropic 
hormone 

Thyroid gland Incorporation of adenine into + 
RNA by isolated cell nuclei in vitro 

D. 1. BEGG (1965) 

Thyroid gland Incorporation of adenine into + 
RNA by tissue slices in vitro. Effect 
possibly secondary to an enhance
ment of carbohydrate metabolism 

R. HALL (1968) 

Triiodothyronine Liver Incorporation of uridine into + 1. R. TATA (1968) 
nuclear RNA and activity of RNA 
polymerase in vivo 

Liver Protein synthesis in a cell-free sys
tem (hormone administered in 
vivo). Effect partly dependent on 
the presence of mitochondria. 

+ L. SOKOLOFF (1968) 

Key: + stimulation; - inhibition. There is no claim that the table is complete. 

5. Effects of Hormones on Cellular Differentiation 

It has long been known that certain hormones 
exert impressive effects on the differentiation 
of cells and organs. The study of organ differ
entiation has moved a long way in the past ten 
years from the classic morphologic description 
of embryogenesis to a biochemical understanding 
of the processes involved. The differentiation 
of a cell depends ultimately on the type and 
amount of enzymes it contains. The enzymes 
and structural proteins present in a cell will 
determine largely what metabolic functions the 
cell can perform, what substances it will take 
up, metabolize, store or secrete, and also what 
shape the cell will assume. Every nucleated cell 
of a given organism contains the identical full 
set of genes and is theoretically capable of 
synthesizing all the enzymes or proteins that 
any other cell in the same body produces. Cell 
differentiation therefore depends entirely on the 
fact that only some of the possible proteins are 
synthesized, while the expression of other genes 
is inhibited. It was therefore a safe prediction 
that differentiation could only be controlled 
by modulation of the expression of genes. 

This prediction has now been largely con
firmed by experiments in two interesting model 
systems, differentiation of the oviduct of im
mature chicks and metamorphosis of anurae. 
The former system has been extensively studied 
byO'MALLEY (1969). He found that the oviduct of 
immature chicks, which is lined with a flat un
differentiated epithelium, rapidly differentiates 

and starts to produce the protein ovalbumin 
when estrogenic hormones are injected. When 
progesterone is given after several days of 
estrogen treatment another very specific protein, 
avidin, is synthesized. The following facts, 
among others, suggest that hormones exert 
their control at the transcription stage (see 
Fig. 10): 1. The enzyme DNA-dependent RNA 
polymerase, which is necessary for transcrip
tion, is present in much larger quantities in 
the nuclei of estrogen-treated animals than in 
those of nontreated animals. 2. Estrogen treat
ment leads to the synthesis of large amounts of 
novel RNA which is not present in the untreated 
oviduct (probably mRNA). 3. Actinomycin D, 
a drug which selectively inhibits the process of 
transcription, abolishes hormonal effects on 
differentiation. The fact that estrogens also 
cause an increase in the amount of available 
tRNA (see Fig. 10) points to an additional 
control of differentiation at the stage of transla
tion. 

Biochemical studies on anuran metamor
phosis have shown that the morphological 
changes are accompanied by numerous changes 
in the enzyme patterns of many organs (FRIEDEN, 
1967). COHEN (1970) and GRISWOLD (1972) 
have focused their attention on the appearance 
of enzymes necessary for the production of 
urea. These enzymes are lacking in the tadpole, 
which excretes ammonia, but are present in 
the frog, which excretes urea. The level of some 
of these enzymes, e.g. carbamyl phosphate 
synthetase, increases 30-fold during metamor-
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phosis. Injection of thyroxine greatly accelerates 
this change of enzyme. It has been clearly 
demonstrated that thyroxine does not produce 
activation of an enzyme protein already present 
but rather induces the production of new enzyme 
protein. As in the case of estrogen action in the 
chick oviduct, thyroxine produced a manifold 
rise in the enzyme DNA-dependent RNA 
polymerase. Thus the hormone affected tran
scription, but again additional points of control 
were identified at the stage of translation 
(COHEN, 1970). 

In summary, all available data suggest that 
hormonal effects on differentiation must be 
considered in the more general context of the 
hormonal control of protein synthesis, which 
has been dealt with in the previous section. 
Many questions still remain unsolved in this 
field. For example the attentive reader will 
immediately point out that in the system 
mentioned above the chick oviduct must have 
undergone some differentiation' before it was 
exposed to estrogen, since it appears to be one 
of the few tissues that responds to estrogens, 
while many other primitive epithelia, e.g. in 
the gut, do not change upon estrogen treatment. 

I. Hormones as Components of 
Physiological Control Systems * 
The previous sections have shown that endocrine 
systems are involved in the transfer of informa
tion by means of chemical signals with the 
ultimate goal of controlling biological processes. 
It is therefore possible to analyze endocrine 
processes with the aid of the theory of control 
systems. 

In order to get acquainted with a simple 
control system we shall first analyze the problem 
of blood-sugar regulation in eviscerated rats. 
These rats lack both the hormones necessary for 
the control of the blood sugar (insulin, glucagon, 
adrenaline) and the organs supplying glucose 
(liver, kidneys, intestines). Since various tissues 
are in constant need of glucose, we must keep the 
rats alive by supplying them with external 
glucose in the form of an infusion. This is 
presented schematically in Fig. 13. We first 
select an infusion rate i which is equal to the 
consumption rate of glucose c, and the blood 
sugar level will remain constant. If we now 
double the infusion rate the blood sugar will 
rise. If the consumption rate c remained constant, 
the blood sugar would slowly rise to an infinite' 
value. In actual fact however, after a certain 

• I am grateful to Dr. ROLF ARNDT, Zurich, for his help 
in preparing this section. 
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Fig. 13. Schematic representation of blood sugar control 
in an eviscerated rat infused with glucose 

time the blood sugar adjusts itself to a new 
constant level (SosKIN, 1937), because the rise 
in the blood-sugar level accelerates the reversible 
reaction 

Glucose Glucose-
+ +:t carrier --+ 

membrane complex 
carrier 

intra
cellular 
glucose 

from left to right, causing more glucose to be 
removed from the blood by the tissues. This 
simple control mechanism is due entirely to 
the law of mass action and is therefore named 
passive control. It can assure only incomplete 
homeostasis. To compensate for gross disturb
ances in a system, more sophisticated, active 
control mechanisms must be provided. These 
take the form of so-called feedback loops, which 
are of equal importance in electrical engineering 
and in the physiology of all living beings, 
including unicellular organisms. Fig. 14 shows 

Energy 

[H] 

Summation 
element 

Fig. 14. Hypothetical endocrine system with negative 
feedback. The arrows indicate the direction of the signal 
flow. The symbols are explained in the text 

a greatly simplified endocrine system with feed
back control. Like all subsequent examples of 
physiological control systems, it is purely hypo
thetical and represents a simplification of the 
true conditions. This will apply in particular 
to the transfer functions that we shall assume 
to be linear, which is, however, only exceptionally 
true of physiological systems. The following 
symbols apply to Fig. 14: 
Hsecr = hormone secretion rate; 
H dist = external disturbance of system e.g. in

jection of exogenous hormone; 
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[H] = feedback signal, in this case hormone 
concentration which is a simple function 
of Hsecr + H dist ; 

R = reference input; 
E = error signal. 

We now apply the transfer functions of Fig. 15 
to the control system of Fig. 14. The transfer 
function on the left indicates that simple sub
traction of the feedback signal [H] from the 
reference value R occurs at the comparator. 
The resulting signal E is converted into hormone 
secretion in the endocrine gland according to 
the transfer function on the right. Thus we have 
built a simple system with negative feedback 
and the hormone level in the blood will become 
stabilized at the reference value. Most endocrine 
systems are of course more complicated. In the 
control of the thyroid gland the error signal E 
acts on pituitary thyrotropin release. The latter 
process, however, is also under hypothalamic 
control by thyrotropin releasing hormone. We 

E=R-[H] 
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therefore have an additional transfer func
tion in this system. Such complex systems 
retain negative feedback characteristics, provid
ed the error signal abolishes or diminishes the 
effect of an external disturbance. Physiological 
feedback systems often function without ap
parent comparator elements and without ref
erence values. We can cite the control of blood 
sugar by insulin as an example symbolized by 
the simple feedback loop of Fig. 16a. Despite 
the fact that comparator and reference values 
appear to be absent, the system possesses a 
functioning negative feedback. The desired 
blood levels of sugar and insulin are not deter
mined by a reference input fed in from an 
external source, but derived from the equilibrium 
point of the entire system. This point corresponds 
to the point of intersection of the transfer function 
curves presented in a single diagram (Fig. 16b). 
In this example, the reference input is im
plicitly contained in the transfer functions. 

H secr = oe· E 

~ E 

Fig. 15. Transfer functions of the system in Fig. 14. Left, transfer function of the comparator, and right, transfer function 
of the endocrine gland. ex = constant. Meaning of remaining symbols as in Fig. 14 
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Fig. 16a and b. Control of blood-sugar level by insulin. a Diagram of a simple system with negative feedback. The transfer 
functions are indicated in the elements of the system. b Transfer functions of Fig. 16a drawn into a single system of 
coordinates. The point of intersection of the transfer functions gives the point of equilibrium of the control system. It corre
sponds to and replaces the reference value 
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Displacement of one transfer function also 
results in a change of the set-point of the 
system. 

External energy must be supplied to any 
control system at least at one point of the 
feedback loop (see Fig. 14). Tbis energy is 
required to amplify signals passing through the 
loop at one or several sites. Without this am
plification of signals the feedback would be 
inoperative and the system would react to a 
disturbance like a system with passive control. 
To illustrate this statement we shall return to 
the example of blood-sugar regulation by insulin 
(Fig. 16), and disturb the system by infusing 
glucose. The blood-sugar level will change as 
shown in Fig. 17, where the following symbols 
are used: 
ABS = theoretic elevation of blood sugar in 

the absence of feedback, e.g. following 
interruption of the feedback loop. 

Abs = actual elevation of blood sugar in the 
presence of functioning feedback, so
called residual disturbance. 

Th . A bs. 11 d ··fi . I· e ratio B S IS ca e mml lcatlOn. t IS a 

good measure of the efficiency of a control 
system, since it indicates to what degree an 
external disturbance is compensated for by the 
feedback. The following relation is then valid: 

Minification = A;; 
-:--=1:....-.,- * 
1+A 

where A = signal amplification during passage 
through the whole loop; 

= homeostatic index. 
If A = 0, then the minification is 1. Any 

disturbance is therefore able to exert its full 
effect and the system behaves like a passive 
system without feedback. 

If A = 00, the minification is 0, and a 
disturbance is completely compensated for in 
the control system. 

All the feedback systems mentioned so far 
have a negative feedback, i.e. the error signal 
works the opposite way to an external disturb
ance and diminishes its effects. For the sake 
of completeness, it must be mentioned here that 
systems with positive feedback are known to 
occur in electrical engineering as well as in 
physiology. They can be defined as unstable 
systems, since an external disturbance is ampli
fied by the feedback and in theory grows 
infinitely. Infinite amplification of the disturb
ance is of course limited in fact by the amount 

* Refer to textbooks on control theory for the derivation 
of this formula. 
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of energy supplied externally and by other 
physiological factors of the system. 

Systems with negative feedback can also 
become unstable when they begin to oscillate 
under certain conditions. Usually such oscilla
tions are quickly attenuated, as is indicated for 
the blood-sugar curve shown in Fig. 17. Such 
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Fig. 17. Behavior of the blood-sugar level during an infusion 
of glucose, in the system shown in Fig. 16. The full line 
shows the behavior with functioning feedback, the dashed 
line shows the behavior with interrupted feedback, e.g. 
due to pancreatectomy. In the latter case the system reacts 
like one with passive control. See text for meaning of 
symbols 

.oscillations are due mainly to the inertia or 
time delay of a system. This delay is defined 
as the time needed for a signal to pass along 
the whole of the feedback loop. Returning to 
Fig. 14, we now postulate that in the endocrine 
gland the error signal E is converted into 
hormone release only after a delay of t seconds, 
because hormone biosynthesis requires a certain 
finite time. Hormone concentration [H] will 
now always lag behind the error signal E by t 
seconds, as can be seen in Fig. 18 (two lower 
curves). Since the comparator element still 
executes the operation E = R - (H) [or R = 
E + (H)), the system can start oscillating as 
shown in Fig. 18, where E and [H] show a phase 
difference of 1800

• The mathematical operation 
E + [H] performed by the comparator always 
gives the required reference value R at any 
given time. In spite of the constant reference 
input our endocrine system now oscillates due 
to the postulated inertia of the endocrine cell *. 
Such oscillations arise in various physiological 
systems and even in unicellular organisms and 
in cell-free extracts. The phenomenon may be 
of importance in endocrinology since it may 
explain the female menstrual cycle. Although 
it is generally assumed that the periodicity of 
menstruation is controlled through a "clock" 
mechanism of the central nervous system, 
MILHORN (1966) put forward the idea that 
the menstrual cycle is the result of slow oscilla
tions of a feedback system. ODELL'S (1968) 

* A more detailed analysis of conditions leading to oscilla
tions of a system can be round in J. H. MILSUM (1966). 



References 

,......, 
6 

+ 
w 
" 0::: 

E 

[H] 

Fig. 18. Oscillations in the control system shown in Fig. 14. 
It has been postulated that the error signal E is converted 
into hormone secretion in the endocrine gland only after 
a latent period of t seconds. Thus, hormone release always 
lags behind the error signal E by t seconds, as can be seen 
in the two lower curves. The comparator executes the 
operation E = R - [H] (or R = E + [H]), which gives 
the required constant reference input for any chosen time 
(upper curve). Meaning of symbols as in Fig. 14 

experiments provide a good argument for this. 
He demonstrated that the periodicity of gonado
tropin secretion disappears completely in cas
trated women. This may be taken to indicate 
that there is no central "clock" mechanism. 
Loss of the ovaries corresponds to interruption 
of the feedback loop. If the loop was artificially 
closed by administration of estradiol and pro
gesterone in ODELL'S experiments periodic release 
of gonadotropins recurred, indicating that the 
system had begun to oscillate again. 

A number of endocrine control systems 
have now been mathematically analyzed and 
the corresponding model systems have been 
designed. The model of YATES (1968) for ACTH 
and corticosteroid secretion, which contains 
several feedback loops, has been tested in an 
analog computer and its performance so far 
has shown very good agreement to the phys
iologic system. Models of the control of ovula
tion in women (N. B. SCHWARTZ, 1969) and 
in rats (VAN DE WIELE, 1970) have also been 
published. It may be argued that these models 
are of no great practical value except for the 
amusement of the investigator. However N. B. 
SCHWARTZ (1969) has correctly pointed out 
that the mathematical formulation of the pro
cesses of endocrine feedback control has forced 
experimental endocrinologists to treat their 
data on a more exact and rational basis, instead 
of adopting the old semiquantitative and intuitive 
approach. The models have also helped in the 
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planning of specific experiments to test assump
tions made in the course of the model building. 
Although endocrine feedback model systems 
have so far had few consequences for the field 
of clinical endocrinology, any clinician looking 
at the models mentioned above will concede 
that endocrine feedback control is vastly more 
complicated than is usually thought. There is 
no doubt that the knowledge gained by these 
models will one day influence clinical endo
crinology. 
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II. The Hypothalamus 

A. LABHART 

With Contributions by 

CHR. HEDINGER, G. TONDURY, and G. KISTLER 

A. Definition 

The hypothalamus has a diameter of only 
2.5 cm and makes up 1/300th of the weight of 
the brain. Nevertheless, this tiny organ co
ordinates and regulates most of the vital pro
cesses of life. Modulations are effected through 
neural and neuro-endocrine routes. The schema 
of HARRIS (Fig. 1) shows how the humoral 
substances secreted by neurons can affect the 
endorgans, with or without intervention of the 
endocrine system. The physiologic and clinical 
aspects of the hypothalamus will only be dis
cussed in relation to their influence on the endo
crine system, as befits a textbook of endo
crinology. 

The hypothalamus controls the endocrine 
system primarily through neurosecretions acting 
on the anterior pituitary. These are usually of a 
stimulatory nature (releasing factors), but may 
occasionally be of an inhibitory nature (in
hibitory factors). However, in contrast to the 
neurohypophysis, there is only a conditioned 
dependence between the anterior pituitary and 
the hypothalamus, since the anterior pituitary 
can also produce hormones independently of 
the hypothalamus. It is probable that the 
anterior pituitary is also capable of certain 
autonomic control. On the other hand, the 

hypothalamo-neurohypophyseal system forms 
a uniform endocrine organ which is concerned 
with the regulation of the osmosis and volume 
of the body fluids. This system is discussed in a 
separate chapter. 

B. Embryology and Gross Anatomy 
G. TONDURY and G. KISTLER 

In the human embryo, the anlagen of the 
forebrain (prosencephalon), midbrain (mesence
phalon) and hindbrain (rhombencephalon) be
come distinguishable even before closure of the 
rostral end of the neural groove. When the 
brain becomes a closed tube, these three sub
divisions develop into the primary brain ves
icles. Early in the fourth week (when the length 
of the embryo is approximately 3 mm) a dorsal 
groove forms in the prosencephalic vesicle 
subdividing it into the telencephalon, with the 
primitive cerebral hemispheres, and the dien
cephalon, with the anlage of the eyes, i.e., the 
optic vesicles. In embryos 7-8 mm in length, the 
anlagen of the pineal gland (epiphysis) and the 
neurohypophysis appear as small outgrowths of 
the roof and the floor of the diencephalon, 
respectively. 

J-
Releasing 
factors 

~portal r vessels 

o 

General 
circulation 

o ! 0 

::::~"le 0 Acetylcholine 

and Epinephnne ACTH,TSH 
FSH,LH 
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:::;;;;;; c~ 
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Fig. 1. Five situations in which humoral substances are secreted by neurons_ The substances liberated in each case are indicated 
beside the nerve endings. (After HARRIS, from GANONG, in MARTINI and GANONG, 1966) 
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The Diencephalon can be divided into four more 
or less distinct major parts. The dorsally situated 
epithalamus (1) comprises the epithelial roof of 
the third ventricle, the striae medullares thalami, 
the habenular trigones and the pineal gland. 
The thalamus (2) extends basally to the sulcus 
hypothalamicus Monroi (sulcus diencephalicus 
ventralis). Its medial and lateral portions are 
separated from each other by the internal 
medullary lamina. Both contain a number of 
morphologically distinct nuclear masses. The 
subthalamus (3) or ventral thalamus is bounded 
dorsally by the thalamus, ventrally and laterally 
by the pars peduncularis of the internal capsule, 
and medially and rostrally by the hypothalamus. 
It includes the subthalamic nucleus, the zona 
incerta, the nucleus of the tegmental field of 
Fore~ and, caudally, the rostral parts of both 
the substantia nigra and the red nucleus. The 
subthalamus is continuous with the tegmentum 
and the basilar portions of the mesencephalon 
and must therefore be considered as part of the 
extrapyramidal motor system. Because of its 
abundance of myelinated nerve fibers, the 
subthalamus can easily be distinguished from 
the hypothalamus (4) which contains mainly 
nonmyelinated nerve fibers and a much richer 
vascular network. The mamillary bodies, al
though usually considered as part of the hypo
thalamus, belong to the subthalamus. They 
receive myelinated fibers from the fornix. 

The Hypothalamus comprises the lower parts of 
the ventral walls of the third ventricle as well 
as the structures of the ventricular floor (chiasma 
opticum, tuber cinereum and infundibulum). It 
is separated from the pars telencephalica of 
the third ventricle by a line connecting the 
optic chiasm with the posterior edge of the 
anterior commissure. Caudal and lateral to the 
hypothalamus is the subthalamus. An inferior 
view of the brain shows that the hypothalamus 
is bounded anteriorly by the optic chiasma; 
laterally by the optic tracts and posteriorly by 
the mamillary bodies. 

The hypothalamus consists of a diffuse 
matrix of rather small cells which form the 
central gray substance. Within this matrix, a 
number of more or less well distinguishable 
nuclear masses (= nuclei) permit the hypo
thalamus to be divided morphologically into 
three regions: The supraoptic region (1) lies 
directly above the optic chiasma. It contains the 
supraoptic and paraventricular nuclei which 
are bridged by small groups of cells. Both these 
nuclei consist of large, often bipolar and dark
staining neurons which show cytoplasmic in
clusions of colloidal material and peripherally 
distributed Nissl substance. The majority of 
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their efferent nerve fibers make up the supra
optico-hypophyseal tract, which extends to the 
posterior lobe of the hypophysis. A minority of 
the axons, however, terminate within the nuclei 
themselves or within the infundibulum. 

The central gray substance of the tuberal 
region (2) contains the nucleus tuberis in
fundibularis, the nucleus hypothalamicus ventro
medialis and the so-called periventricular area. 
These nuclear masses consist of small, ovoid 
cells intermingled with some larger elements. 
They are the site of origin of the tubero-hypo
physeal tract, most of whose nerve fibers 
terminate in close proximity to the specialized 
blood vessels of the hypophyseal portal system. 
This in tum extends to the sinusoidal capillary 
network of the anterior lobe of the hypophysis 
(see p. 81). Finally, a lateral area (3) of the 
tuber cinereum contains the tubero-mamillary 
nucleus and the lateral tuberal nuclei. Little 
is known about their nerve fiber connections. 

The Blood Supply of the hypothalamus is en
sured mamly by the anterior cerebral artery 
and the posterior communicating artery. Small 
branches extend from these vessels to form an 
intricate network within the nervous paren
chyma. The supraoptic and paraventricular 
areas are characterized by a particularly dense 
capillary network which is supplied by branches 
of the anterior cerebral artery, more specifically 
the supraoptic-paraventricular arteries. The 
supraoptic nucleus also receives small branches 
from the superior hypophyseal artery. 

The nuclear masses of the tuber cinereum 
share the general, less dense vascular network 
of the hypothalamus which is supplied partly 
by the anterior cerebral arteries and partly by 
the posterior communicating arteries. The blood 
supply of this region is therefore ensured by at 
least two large pairs of arteries which also 
supply the mamillary bodies. 

The hypophysis itself receives its blood 
supply from the superior and inferior hypo
physeal arteries which are branches of the 
internal carotid (see also p.40). There are no 
direct connections between the vascular net
works of the various hypothalamic nuclei and 
the hypophysis. The hypothalamic mechanisms 
controlling the activity of the hypophyseal 
anterior lobe are discussed on p. 81. 

C. Pbysiology 

Exogenous stimuli mediated by the sense organs, 
such as light and temperature, and endogenous 
signals from the autonomic nervous system and 
the psyche, are all received in the hypo-
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thalamus by way of brain formations whose 
functions have been under investigation for the 
past few years. Complex connections exist 
between the hypothalamus and phylogenetically 
older parts of the brain (pyriform cortex, hip
pocampus, amygdala) and between the hypo
thalamus and phylogenetically newer parts of 
the brain (thalamus, mesencephalon) (NAUTA, 
1963; DE GROOT, 1966). The pineal body prob
ably also plays a part in this relationship (see 
p.73f.). Intracerebral signals are transmitted 
neurohumorally via many carrier substances. 
These substances include acetylcholine (cholin
esterase), noradrenaline, dopamine, serotonin, 
and melatonin, all of which are found in varying 
concentrations (see SHUTE, 1966; MARTINI, 1970; 
YATES, 1971). These neurotransmitter substances 
act on the releasing or inhibiting hormone
producing neurons, the "transducer" neurons, 
which reside in the "hypophysiotropic" area in 
the ventral hypothalamus. They extend their 
axons into the median eminence, where the 
releasing factors are secreted into the capillaries 
of the primary portal plexus. The neuro
secreting neurotransmitters can be influenced 
by a variety of pharmacologic agents, such as 
reserpine, phenothiazines, tricyclics and am
phetamines, in a complex manner which has not 
yet been fully explained, so that the releasing 
hormones and endocrine functions can be 
manipulated by these drugs (FROHMAN, 1972). 

The blood levels of cortisone, thyroxine, 
triiodothyronine and the gonadal hormones 
also act as proprioceptive stimuli. They are 
perceived by the hypothalamus as a negative 
"feedback" mechanism, and form a connecting 
link in the controlling system: hypothalanius
anterior pituitary-peripheral endocrine glands. 

The precise site of this registration of blood 
level in the brain has not yet been localized, 
although stereotaxic lesions and implantations 
of hormone crystals have been used in attempts 
at more exact definition. RUF and STEINER have 
succeeded in using a microelectrophoretic 
technique to place minute amounts of hormone 
in the immediate extracellular surroundings of 
single neurons in the rat's brain. Action currents 
were registered by microelectrodes with a dia
meter of 1-3 !lm. Injections in the cortex, hippo
campus, and thalamus had no effect. On the 
other hand, neurons in the upper central gray 
matter around the 3rd ventricle reacted im
mediately with cessation of activity. The neurons 
registering the cortisol concentration either 
produced CRF or functioned as collators con
trolling other effector neurons (RUF, 1967) (see 
Chap. VII, p. 299). The feedback mechanism 
of the individual peripheral hormones is dis
cussed in the chapters dealing with the endocrine 
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organs (see p. 148, 299, 452). It is possible 
(MARTINI, 1968), but still not certain (MCCANN, 
1969), that the pituitary adenotropic hormones 
also exert a direct "feedback" effect ("short 
loop") on the hypothalamus (SZENTOGATHAI, 
1961). 

The hypothalamus receives the exteroceptive 
and proprioceptive stimuli, registers metabolic 
processes (osmolality, glucose concentration, 
the "feedback" mechanism of hormones), in
tegrates and coordinates these factors, and 
controls seven vital functions via neural and 
endocrine routes. The functions are: 

1. Energy balance, 
2. Fluid balance, 
3. Heat regulation, 
4. Activity and sleep, 
5. Circulation and breathing, 
6. Growth and maturation, 
7. Reproduction. 

On one hand, the hypothalamus regulates 
homeostasis by means of these functions. On 
the other hand, simple neuroendocrine reflexes 
(stress-ACTH, suckling reflex-milk ejection, re
flex ovulation in certain mammals and birds), 
or complex neuroendocrine responses to rhythms 
of long or short duration (day-night, seasonal) 
also take place within the hypothalamus (ROTH
BALLER, 1966). 

W. R. HESS has ascribed individual functions 
to certain areas in the hypothalamus. Thus, 
destruction of certain regions can cause loss of 
individual functions, and correspondingly, al
though rarely, other functions may be stim
ulated. However, electric, physical and chemical 
stimuli induce different functions and seldom 
inhibit them. Atlases are available giving the 
localization of such experimentally defined 
areas. 

Energy balance and the nutritional intake 
are regulated by an appetite and satiation center. 
It is still not certain if these centers respond 
directly to the arteriovenous difference in blood 
sugar, to the concentration of free fatty acids, 
to the insulin content, or to the content of growth 
hormone in the blood. 

Growth and maturation are closely con
nected with the regulation of energy exchange. 
Fluid intake and output are closely related to 
osmoregulation and volume regulation and are 
controlled by the thirst and osmoregulation 
centers (FITZSIMONS, 1972). There are areas 
which can influence sleep, circulation, breath
ing and body temperature. Finally, maturation, 
ovarian and testicular function and lactation. 
which are functions connected with reproduction, 
are regulated by different areas depending on 
the animal species. Experimentally-produced 
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lesions of certain areas can give rise to charac
teristic syndromes. A summary of these, taken 
from AKERT, is given in Table 1. 

These experimentally definable areas coin
cide to some extent with morphologically demon
strable formations, but there is a great degree 
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(Fig. 2). Fig. 1 (by HARRIS from GANONG, 1969) 
demonstrates how information from neurons 
can be transmitted to the endorgans with or 
without involvement of the endocrine system. 

The neurosecretions of the hypothalamo
neurohypophyseal system have been chemically 

Table I. Experimentally produced hypothalamic syndromes. (After AKERT, 1959) 

Syndrome Histological localization Nature of 
manifestations 
I = failure 
2 = stimulation 

Anterior 
hypothalamus 

I. Diabetes insipidus 
2. Failure of temperature regulation, 

hyperthermia 

Supraoptical and para ventricular nuclei 
Region of the anterior hypothalamic 
nucleus 

I and 2 

3. Hemorrhagic pulmonary edema 
4. lnsomnia, hyperactivity. excitability 

and manic states 

Preoptical medio-ventral area 
Suprachiasmatic area (?) 

2 
2 

Tuber cinereum I. Obesity (hyperphagia) Region of the ventro-medial hypothalamiC 
nucleus 

2 

2. Genital dystrophy Ventral nucleus of the tuber, infundibular 
nucleus (?) 

Posterior 
hypothalamus 

Ill-defined 
areas 

3. Pathological inclination to out
bursts of temper 

I. Hypersomnia, coma 
2. Poikilothermia 
3. Anorexia 

4. Pubertas praecox 

I. Gastro-intestinal ulcers 

of overlap. HESS denies the concept of single 
regulation centers. It is not by chance that heat 
regulation, thyroid function, onset of puberty 
and ovulation are all controlled by the same 
area. Endocrine functions are controlled by 
zones or functional units in the sense of a 
syncytium rather than by individual neurons each 
with certain specific actions. 

The hypothalamus exerts its control on the 
functions, on the one hand by neurosecretions, 
and on the other by way of the autonomic 
nervous system, which also affects the motor 
nervous system indirectly. Two types of hypo
thalamic neurosecretion can be differentiated. 
The paraventricular and supraoptic nuclei pro
duce vasopressin and oxytocin together with 
a carrier substance, and they are released through 
the neurohypophysis into the blood of the 
greater circulation. In addition, polypeptide 
neurohormones formed or stored in the emi
nentia mediana reach the blood stream of the 
pituitary portal system and arrive in the anterior 
pituitary where they exert a limited local effect 

Region of the ventro-medial hypothalamic 
nucleus, and somewhat rostral to this 

Latero-dorsal zone 
Latero-dorsal zone 
Lateral hypothalamus adjacent to the 
cerebral peduncle 
Infundibular-mammillary region 

Medial basal hypothalamus with extensive 
longitudinal diffusion 

2 

2 (?) 

? 

identified and synthesized, and their mode of 
release is largely known, but we are only 
beginning to understand the process of hypo
thalamic regulation of the anterior pituitary by 
means of neurohormones. It is currently as
sumed that eight different specifically acting 
neurohormones are formed within an area of 
nervous tissue only a few mm in diameter. 
The existence of other hypothalamic hormones 
has been suggested but is still not proven. 
Release of TSH, ACTH, STH, FSH, and LH 
is stimulated, whereas release of the melanocyte
stimulating hormones (MSH) and prolactin is 
inhibited. The structures of the thyrotropin
releasing hormone (TRH), luteinizing-hormone 
releasing hormone (LRH), growth-hormone
releasing hormone (GRH), and melanocyte
stimulating hormone release-inhibiting hormone 
(MIH) are already known and their synthesis 
has been accomplished. The existence of a 
prolactin-inhibiting factor (PIF) is well docu
mented; its nature, however, is not yet known. 
The existence of GIF (growth-hormone in-
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Afferent tracts 

Efferent. 
autonomIC 
nerve racts 

General CirculatIOn 

Proprioceptive stimuli 

H = Hypothalamus 
A H = Anterior p,tuitary 
N H = Neurohypophysis 

Neurohormone 
000 . 0"00 Hormo ne 

Fig. 2. The hypothalamus as a nervous and neuroendocrine coordination and regulating centre 

hi biting factor) *, MRF (melanocyte-stimulating 
hormone-releasing factor) (MCCANN, 1969) and 
PRF (prolactin-releasing factor) has still to 
be confirmed (Table 2). 

Table 2. Neurohormones of the hypothalamus (1973) 

Circulating in the anterior pituitary 
portal system 
Local actions 

Structure known. compound synthesized 

TRH Thyrotropin-releasing 
hormone 

LRH Luteinizing hormone
releasing hormone 

Circulating in the 
greater circulation 
Distal organic effect 

MIH Melanocyte-stimulating Vasopressin 
hormone release 
inhibiting hormone 
release-inhibiting hormone Oxytocin 

GRH Growth hormone-releasing 
hormone 

GIF Growth hormone release-
(GRIH) inhibiting factor 

Existence proven or very probable 
CRF Corticotropin releasing factor 
FRH Follicle-stimulating hormone-

releasing hormone 
PIF Prolactin-inhibiting factor 

Existence to he confirmed 

MRF Melanocyte-stimulating 
hormone-releasing factor 

PRF Prolactin-releasing factor 

For more details on the biochemistry, phys
iology, and pathophysiology of the various 

* In 1973 GIF (GRIH, Somatostatin) has been found to be 
a decapeptide and has since been synthetized (SCHALLY, 
1973; BRAZEAU, 1973). 

hypothalamic releasing hormones see chapters 
dealing with the different endocrine glands. 
Whereas the isolation of CRF has not yet been 
accomplished despite a decade of research (it 
is still an open question whether the highly 
purified Ctl-CRF, Ct2-CRF and ~-CRF isolated 
from neurohypophyses are identical to hypo
thalamic CRF) (GUILLEMIN, 1964), in 1969 
there was a breakthrough in the field of TRH. 
Out of hundreds of thousands of ovine and 
porcine hypothalami, it proved possible to ex
tract a few mg of a substance which had a specific 
TRH-activity in vivo in the nanogram range, 
and in vitro in the picogram range. Pyroglu
his-pro-NH2 (GILLESSEN, 1970) (Fig.3) has 

H 2C--CH2 0 0 CH2-CH2 

I I II II / I o=c CH-C-NH-CH-C-N: 
'N' I '\ 

I CH2 0I-CH 2 
H I I 

H?===? CONH 2 

N.::::- ,/NH 
C 
H 

Fig. 3. The thyrotropin releasing hormone 

been synthesized; it has practically the same 
effects and the same physicochemical prop
erties as the purest preparations of TRH 
from ovine (BuRGus, 1970) and porcine (BOWLER, 
1969) hypothalami, and is apparently identical 
to TRH. Pyroglutamilhistidylproline-amide is 
effective when given by the i.v. and i.p. routes 
in mice and rats, and by the oral and i.v. routes 
in man, causing a rapid increase in TSH (HALL, 
1970). It is inactivated in human plasma at 
3r C and is inhibited in vivo by triiodothyronine. 

Besides nausea, flushing, and a desire to 
micturate after rapid intravenous injection, no 
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serious side effects have been observed. TRH 
acts specifically on the release of TSH, with the 
exception of an occasional increase in output 
of luteinizing hormone and prolactin. TRH 
allows measurement of the TSH reserve of the 
pituitary (for different tests and possible ther
apeutic uses see Chap. VI, p. 242). 

LRH is a decapeptide (BABA, 1971) causing 
a rapid release of LH in animal and man, and 
to a lesser extent, FSH. Its structure is Pyro
Glu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro
Gly-NH2 • For tests and therapeutic implications 
see Chap. IX and X. 

GRH has very recently also been shown to 
be a decapeptide (SCHALLY, 1972) and has 
already been synthesized (VEBER, 1971). Its 
diagnostic and therapeutic use has yet to be 
investigated. 

Finally, the structure of MIH has been 
revealed as tripeptide with the identical amino 
acids of the C-terminal of oxytocin 1-pro-1-
leu-gly-NH2 (NAIR, 1971). 

The neurosecretions controlling the anterior 
pituitary seem to be formed or accumulated 
(MARTINI, 1968) in the median eminence, which 
has led to the suggestion of the term "median 
eminence-gland" (REICHLIN; 1966). 

Receptors regulating the release of pituitary 
hormones seem to be situated within this small 
tissue area (MARTINI, 1969). There is evidence 
that these neurohormones are not only releasing 
factors, but are also concerned with the for
mation of hormones in the hypophyseal cells 
and the growth of these cells. TRH and LRH 
do not need protein formation for their effect, 
and it is not blocked by inhibition of RNA or 
protein synthesis. They act rapidly, mainly by 
depolarization of the cellular membrane with 
subsequent Ca + + uptake (MCCANN, 1969). 
There is always a basal secretion of growth 
hormone, and only its additional release is 
controlled by the hypothalamus. In contrast, 
however, the gonadotropic hormones dry up 
completely in the absence of hypothalamic 
stimulation. It is assumed that prolactin is 
regulated through a special mechanism. After 
section of the hypophyseal stalk, secretion of 
all the pituitary hormones decreases, with the 
exception of prolactin which increases and 
results in galactorrhea. Drugs such as chlor
promazine, which exert an inhibitory effect on 
the brain stem can also result in the secretion 
of milk. It is assumed that there is a hypo
thalamic inhibitory factor "PIF" (prolactin 
inhibitory factor) (SCHALLY, 1968) whose remov
al results in a release of prolactin and secretion 
of milk. It has been stated that there is a pro
lactin-releasing factor in birds (SCHALLY, 1968). 
An interesting phylogenetic interpretation is 
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that the hypothalamic releasing factors were 
originally hormones and regulated the original 
primitive gut from which the anterior pituitary 
has developed (HAMMERSCHLAG, 1966). 

The hypothalamus forms part of the endo
crine system. The anterior pituitary was formerly 
considered the conductor of the endocrine 
orchestra but the hypothalamus has now taken 
over the baton and the anterior pituitary has 
been relegated to the position of first violin. The 
hypothalamus regulates four important endo
crine organic systems - the adrenals, the thyroid 
gland, the gonads, and the growth hormone. 
This is discussed separately in the appropriate 
chapters. Only a survey of hypothalamic function 
within the endocrine system is intended here. The 
subject of neuroendocrinology is in a state of 
rapid development and has become an in
dependent specialty beyond the scope of a 
textbook of endocrinology. 

D. Pathology and Clinical Features 
of Endocrinopathies due 
to Hypothalamic Involvement 
Lesions in the region of the hypothalamus 
and in neighboring areas can lead to endocrine 
disorders and syndromes when the hypophysis 
is not destroyed, as can dysfunction with no 
morphological substrate. 

The diagnosis is difficult and can only 
seldom be made during life. The lesions may be 
small and clinically undetectable, or the de
struction may be so extensive that neurological 
symptoms dominate the clinical picture. Further
more, it is usually only symmetrical lesions that 
lead to endocrine failure. The early stages of 
the hypothalamic diseases are better suited to 
endocrine evaluation, and sometimes only the 
history indicates that the illness has arisen in 
the hypothalamus. 

The neuroendocrine diseases are most often 
caused by tumors, such as various types of 
gliomas, astrocytomas, craniopharyngiomas, 
ectopic pinealomas, and sometimes supra
sellar pituitary adenomas and meningiomas. 
Inflammatory changes due to basal meningitis 
and in particular to tuberculosis (COURVOISIER, 
1960) and syphilis are now extremely rare. 
Chronic inflammations, such as granulomas in 
sarcoidosis, lymphgranulomas, leukemia or the
saurismosis, are also uncommon causes. Damage 
to the hypothalamus resulting from accidents 
or vascular aneurysms is also rare. 

The symptoms are determined by the lo
calization and the extent of the lesion. 

Suprasellar lesions of the infundibulum 
and the stalk interrupt the hypothalamic control 
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of the anterior pituitary. See Chap. III, p. 50f. 
for the disorders of vasopressin and oxytocin 
secretion. Secretion of the gonadotropins fails 
completely with the exception of prolactin, 
which is secreted in increased amounts (failure 
of PIF, see p. 106). A basal secretion of growth 
hormone, ACTH, and TSH is retained but is 
usually uninfluenced by hypothalamic stimuli 
such as hypo- and hyperglycemia, stress, and 
variations in the hormonal "feedback" mech
anism (inhibition test, methyrapone test). 

The clinical picture corresponds to complete 
or, more frequently, to partial hypopituitarism. 

If the lesions are situated high up, as in the 
case of an ectopic pinealoma, all the axons are 
interrupted, and their nuclei of origin may be 
destroyed [B in Fig. 4 (ROTHBALLER)]. All the 

sagittal 

and hypoglycemia can be retained, even when 
regeneration is hindered by the insertion of 
metal plates (V AN WYK, 1960). 

Partial hypopituitarism, especially second
ary hypogonadism, develops in the presence of 
incomplete lesions [D in Fig. 4 (ROTHBALLER)]. 
The circadian rhythm of the adrenal cortex 
may be retained or lost. The methyrapone test 
is sometimes normal and sometimes pathologic. 

Galactorrhea, often associated with amenor
rhea and uterine atrophy (the Chiari-Frommel 
syndrome, see p. 592), is characteristic of 
incomplete infundibular lesions. Failure of the 
PIF (prolactin inhibiting factor, see p. 106) leads 
to increased prolactin secretion. A certain 
basal secretion of growth hormone, ACTH, 
and gonadotropins must, however, be present 

coronal 

Fig. 4. Lesions of the eNS resulting in endocrinopathies. (After ROTHBALLER, Bull. N. Y. Acad. Med. 42, 258) 

releasing factors are lost. This leads to complete 
hypogonadism, partial adrenal, thyroid and 
growth hormone failure, and usually to diabetes 
insipidus. possibly associated with a simul
taneous disturbance of the thirst center. 

Deeper-lying lesions such as occur partic
ularly after surgical section of the stalk or with 
a craniopharyngioma, and occasionally after 
traumatic lesion of the hypophyseal stalk lead 
predominantly to destruction of the portal 
venous system. This usually results in more or 
less extensive infarction of the anterior pituitary. 
The releasing factors are still produced, but 
their relay system is interrupted. The portal 
system is, however, capable of regeneration 
providing no foreign bodies are inserted. Neu
rosecretions continue to be produced. Diabetes 
insipidus is usually mild, and may be only 
temporary. The hypopituitarism is of varying 
severity, usually not very marked, and can 
regress. The adrenocortical reaction to fever 

for lactation to occur. Galactorrhea typically 
arises with the introduction of substitution 
therapy after surgical division of the stalk. 

Pressure effects due to the neighboring 
structures without interruption of the infundibu
lar tracts result in para-infundibular lesions 
(ROTHBALLER, 1966) [C in Fig. 4 (ROTHBALLER)]. 
This lesion leads to failure of the "feedback" 
mechanism and loss of homeostasis. Pubertas 
praecox may then develop (Chap. XIX). These 
lesions are caused particularly frequently by 
hamartomas, but any space-occupying proc
esses, including hydrocephalus of the third 
ventricle, may be causal factors. 

The neuroendocrine reflex mechanisms are 
disturbed in intrahypothalamic lesions. Men
struation becomes disorganized in the presence 
of ovarian secretion. The gonadotropins are 
reduced to the greatest extent, TSH to a lesser 
extent, and ACTH least of all. There is a 
characteristic combination with disturbances of 
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emotions, consciousness, energy balance, wak
ing-sleeping rhythm and temperature regulation 
[E in Fig. 4 (ROTHBALLER)]. Lesions outside the 
hypothalamus, such as lesions of the limbic 
system or of the brain stem and in the temporal 
lobes, can also inhibit the circadian rhythm of 
the adrenocortical secretions. These lesions 
are often accompanied by epileptic fits. The 
dexamethasone inhibition test and the meth
yrapone test are often pathologic. The response 
of the pituitary-adreno-cortical system to stress 
is lost in lesions of the afferent nerve tracts 
or of the stalk, and in particular, in lesions 
of the reticular formation. 

But recently, endocrinopathies with none 
of the lesions detectable by the morphological 
methods currently available have become known. 
Most congenital cases of partial or complete 
hypopituitarism are probably of hypothalamic 
origin due to a deficiency of different releasing 
hormones. Growth-hormone deficiency causing 
dwarfism (see Chap. V, p.98) is the most 
common of this group and ACTH deficiency 
the rarest. Hypothalamic rather than pituitary 
origin has to be postulated for many forms of 
hypgonadotropic hypogonadism (MARTIN, 1972; 
editorial 1972). 

Conversely, as soon as sensitive assays 
sufficiently sensitive for releasing hormones 
become available, it will be possible to test the 
hypothesis that diseases of pituitary hyper
function, such as certain types of Cushing's 
syndrome or acromegaly, may result from a 
primary hypothalamic disturbance. 

E. Diagnosis of Hypothalamic 
Endocrinopathies 
Endocrinopathies occurring together with cer
tain neurological manifestations suggest a hypo
thalamic cause. Homonymous or temporal loss 
of vision occurs in a third of cases. Atrophy 
of the optic nerve with central scotomas and 
damage of the abducens and oculomotor nerves 
may also occur. Lesions in the anterior hypo
thalamic region may give rise to the Foster
Kennedy syndrome, characterized by homo
lateral papillary atrophy, anosmia, and con
tralateral papilledema. Cranial growth may 
give rise to impairment. of thalamic sensation 
or even to pyramidal signs. Pleocytosis in the 
cerebrospinal fluid is suggestive of a pinealoma. 
Confirmation of the diagnosis is possible by 
stereotaxic tumor puncture. A series of obser
vations of 100 patients gives an indication of the 
incidence of neurological disorders of this kind 
occurring in association with endocrinopathies 
due to hypothalamic lesions verified at post 
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mortem (BAUER, 1959). Lesions of the hypo
thalamus are indicated particularly by the 
following nine symptoms or groups of symp
toms: 1. Psychic disorders, especially affective 
disorders such as acute exogenous reaction 
type (outbursts of temper, compulsive laughing 
and crying). 2. Hypersomnia. 3. Obesity due to 
bulimia. 4. Loss of weight due to lack of appetite. 
5. Polydipsia or adipsia. 6. Disorders in temper
ature regulation (fever or subnormal temper
atures). Hypothalamic fever is not accompanied 
by leukocytosis or malaise, and it responds to 
sedatives which act on the brain stem. 7. Dis
orders of the autonomic nervous system (veg
etative attacks, autonomic epilepsy). 8. Diabetes 
insipidus, especially if associated with hypo
pituitarism. 9. Pubertas praecox (Chap. XIX). 

It is, however, often difficult or impossible to 
differentiate whether such symptoms, in par
ticular hypersomnia, obesity, or loss of weight, 
are due to organic hypothalamic lesions, or 
whether changes in character lead to bulimia or 
anorexia. There are no or only isolated examples 
of obesity in the human due to hypothalamic 
lesions which have been verified at post mortem 
(LIPSETT, 1962). 

Various tests can be of use in the differential 
diagnosis between hypopituitarism, partial hy
popituitarism, or hypothalamic endocrino
pathies. 

The vasopressin test (see p. 388) should 
theoretically differentiate between failure of the 
adrenal cortex caused by hypothalamic failure 
and that caused by pituitary failure until purified 
CRF preparations are available. If the lesion 
lies in the hypothalamus, the plasma and 
urinary levels of corticoids rise under the 
influence of the vasopressin infusion. This rise 
does not occur in pituitary insufficiency. The 
TRH-test and the LRH-test have the same 
implications. 

If the plasma or urinary steroid level is 
unaltered or not significantly reduced, certain 
concomitant signs indicate disturbances in the 
hypothalamic regulation system. These are: a 
pathological circadian rhythm (KRIEGER, 1966), 
a pathological dexamethasone inhibition test, 
and a pathological me thyra pone test in the 
presence of an intact pituitary gland (HOKFELT, 
1959; OPPENHEIMER, 1961). Failure of the 
adrenals to respond to stress, caused for example 
by a pyrogen injection in the presence of intact 
pituitary and adrenal glands, and failure of the 
levels of growth hormone and of the plasma 
corticoids to rise in response to hypoglycemia 
(see p. 123), are further indications of a hypo
thalamic disorder (BETHGE, 1967; LANDON, 
1966; GREENWOOD, 1966). Whether the absence 
of a rise in the aldosterone level in response 
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to removal of salt is a sign of hypothalamic 
disorder (HOKFELT, 1959; KRIEGER, 1966) has 
yet to be proven. The results of these tests are 
not only pathological in hypothalamic endo
crinopathies, but also in ectopic hormone 
formation (paraneoplastic endocrine syndrome 
see Chap. XVI). 

Often, however, when the tumors cannot be 
diagnosed by radiological and isotopic methods, 
the clinician can only suspect the etiology to 
be in the hypothalamus. Stereotactic biopsy 
sometimes provides evidence, otherwise the 
diagnosis can only be confirmed at operation 
or from the post-mortem findings. Irradiation 
and surgery can hardly be considered as ther
apeutic measures without positive radiological 
findings. However, where there is endocrine 
failure such as a partial or complete hypo
pituitarism due to hypothalamic lesions, sub
stitution therapy must always be instituted. 

F. Special Syndromes 

1. The Tuberal Form of Dystopia of the Posterior 
Pituitary Lobe results in the interruption of the 
hypothalamic neurosecretion into the anterior 
pituitary, giving rise to hypopituitarism (see 
p.104). 

2. The Syndrome of Gigantism with acromegalic 
features occurring during childhood, accom
panied by oligophrenia, macrocephaly, and 
coordination disorders, is assumed to be due 
to impaired regulation of the secretion of 
growth hormone resulting from brain injuries 
sustained at birth (SOTO, 1964). See Chap. XIX 
for Froehlich's syndrome. 

3. The Laurence-Moon-Biedl Syndrome is a 
degenerative syndrome with inconstant mani
festations of endocrine failure, such as diabetes 
insipidus. Hypogonadism can be of a primary 
or secondary nature. It is not consistent and 
is probably due to defects of the central nervous 
system. The disorder is hereditary, and is prob
ably transmitted through a monohybrid simple 
recessive gene, though the pathogenesis of the 
condition is disputed. A reduction in the number 
of ganglion cells in the hypothalamus was 
thought to be found in a few of 6 cases confirmed 
at post mortem. 

4. Albright's Syndrome was originally described 
as polyostotic fibrous dysplasia (Jaffe-Lichten
stein's disease) with pubertas praecox espe
cially in females and patchy skin pigmentation. 
The bone lesions, often involving facial bones, 
tend to be unilateral as do the brown, non-
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elevated skin areas on the same side. Other 
endocrinopathies have since been observed in 
this syndrome: goiter and/or hyperthyroidism, 
acromegaly, Cushing's disease, gynecomastia 
and acceleration of skeletal growth without 
overt precocious puberty (HALL, 1972). Prema
ture secretion of FSH and LH has been reported. 
The euthyroid or toxic goiters show evidence 
of long-standing hyperplasia without the lym
phocytic infiltrations characteristic of Grave's 
disease but suggestive of abnormal TSH stim
ulation. True acromegaly has been proven in 
at least one case, although the facial deformities 
may mimic the aspect of acromegaly. The 
observed case of Cushing's disease was of the 
hypothalamic type. Pituitary histology indicated 
hyperplasia and no tumor formation. These 
observations suggest a hypothalamic origin of 
these endocrinopathies via increased secretion 
of the corresponding releasing hormones. In 
the few cases which have been verified at post 
mortem, the hypothalamus was sometimes found 
to be intact; however, in one case the mamillary 
body was smaller than normal, and an additional 
nucleus was present in the neighboring tissue. 
Originally the hypothalamic dysfunction was 
explained by pressure through hyperostoses on 
the base of the cranium, but although thickening 
of the cranial base can often been seen radi
ologically, there are endocrinopathies in cases 
where the base of the skull is not involved. 
Thus the endocrine manifestions probably result 
from a still undetermined hypothalamic dis
order. 
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III. The Hypothalamo-Neurohypophyseal System 

A. LABHART 

With Contributions by 

G. TONDURY and G. KISTLER 

A. Historical Dates 

1794 J. P. FRANK distinguished diabetes insip
idus from diabetes mellitus. 

1895 OLLIVER and SCHAFER produced an extract 
from the pituitary which caused a rise in 
blood pressure. 

1910 A. FRANK associated diabetes insipidus 
with a hypofunction of the posterior 
pituitary. 

1913 CAMUS and Roussy produced diabetes 
insipidus in dogs by hypothalamic lesions, 
without injury to the pituitary. 

1913 FARMI and VON DEN VELDEN established 
the therapeutic effect of extracts of the 
posterior pituitary in diabetes insipidus. 

1948 VERNEY showed that the activity of the 
hypothalamic-neurohypophyseal system 
was regulated by the osmotic concentration 
of the blood in the hypothalamus. 

1953/55 Du VIGNEAUD isolated and synthesized 
vasopressin and oxytocin. 

B. Embryology, Gross Anatomy 
and Histology 
G. TONDURY and G. KISTLER 

1. The Neurohypophysis 

The hypophysis has two major subdivisions 
which differ fundamentally in embryology, 
morphology, and function. The adenohypophysis 
is derived from a dorsal outpocketing of the 
ectodermal buccopharyngeal region. It dem
onstrates all the characteristics of an endo
crine gland. Some aspects of its development and 
anatomy are discussed in Chap. V, p. 77. 
The neurohypophysis originates from the dien
cephalon. In the 7-8 mm-Iong human embryo, 
the neurohypophyseal anlage appears first as a 
thickening of the diencephalic floor. From this, 
a compact epithelial process grows downward 
behind the anlage of the adenohypophysis and 
develops into infundibulum and neural lobe. 

Gross Anatomy. The fully developed neurohypo
physis (see also p. 78) has three subdivisions: 
1. The infundibulum (neural stalk, pars proximalis 
of the neurohypophysis) extends from the floor 
of the diencephalon down to the diaphragma 
sellae of the sphenoid bone. It forms the neuro
hypophyseal portion of the hypophyseal stalk. 
Its boundary towards the tuber cinereum is 
given by the hypothalamo-hypophyseal sulcus 
(sulcus tuberoinfundibularis). At the root of the 
infundibulum, the third ventricle evaginates to 
form the infundibular recess (Fig. 1). The 
median eminence, a funnel-shaped extension of 
the tuber cinereum, must morphologically and 
functionally be considered as part of the 
infundibulum. 2. The infundibular stalk is the 
border area between infundibulum and neural 
(posterior) lobe. It contacts with both the pars 
tuberalis and the pars intermedia of the adeno-

Fig. I. Part of the pituitary of the adult man. Scheme with 
reference to ENGELHARDT (1968). P.P. proximal suprasellar 
pituitary; D.P. distal, intrasellar pituitary; 1 Infundibulum; 
P.p. pars infundibularis adenohypophysea; D.S. diaphragma 
sellae; AP anterior pituitary; P.i. pars intermedia (inter
mediate lobe); PP posterior pituitary; Co. chiasma opticum; 
111 third ventricle with recessus infundibuli. The darts 
indicate the sulcus hypothalamo-hypophyseus 
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hypophysis. The infundibular process (3) (neural 
lobe, pars distalis of the neurohypophysis) is 
lodged within the sella turcica of the sphenoid 
bone, adjacent to the pars intermedia of the 
adenohypophysis. 

Blood Supply. The hypophysis is supplied by the 
left and right superior hypophyseal arteries 
which arise from the internal carotids near the 
origin of the ophthalmic arteries. Each superior 
hypophyseal artery divides into an anterior 
and a posterior branch (anterior and posterior 
superior hypophyseal artery, respectively). In 
the median eminence, the anterior branches 
form characteristic capillary loops which drain 
into the hypophyseal portal vessels. These in 
turn supply the sinusoidal capillary network in 
the adenohypophysis (see also p. 82). The 
anterior branches also supply the upper parts 
of the pars infundibularis of the adenohypo
physis and, in addition, give rise to a small 
trabecular artery which passes directly into the 
anterior lobe where it anastomoses with the 
inferior hypophyseal artery. The posterior 
branches break up into a capillary network 
within the infundibulum. The region of the tuber 
cinereum receives additional blood from 
branches of the posterior communicating arte
ries. The neural lobe and the lower portions 
of both the infundibulum and the pars in
fundibularis of the adenohypophysis are supplied 
by the inferior hypophyseal arteries. These are 
also branches of the internal carotids and 
anastomose with the trabecular arteries. The 
venous blood is conveyed by capsular veins of 
the hypophysis into the anterior and posterior 
intercavernous sinuses which drain into the 
cavernous sinus. Thus, the hypophysis is sur
rounded by large blood channels anteriorly, 
posteriorly, and bilaterally (circular sinus). 

Intra- and suprasellar portions of the hypo
physis are in close proximity to vital brain 
structures and blood vessels. Through the 
foramen hypophyseale of the diaphragma sellae, 
the sella turcica of the sphenoid bone opens 
into the middle cranial fossa. The lateral wall 
of the dura mater lining the sella is also the 
middle wall of the cavernous sinus. The hypo
physeal stalk, which connects the intrasellar 
portions of the hypophysis with the hypo
thalamus, is situated immediately beneath the 
optic chiasma. Although morphological var
iations of the chiasma are frequent, its close 
spatial relationship to the hypophyseal stalk is 
a constant feature. Tumors of the adenohypo
physis can damage the decussating nerve fibers 
in the chiasma and lead to bitemporal hemi
anopsia.The proximal part of the infundibulum 
of the neurohypophysis encloses the infundibular 
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recess of the third ventricle (Fig. 2) and thus 
gains close connections with the ventricular 
system of the brain. In the region of the peri
infundibular cistern, the hypophyseal stalk is 
also surrounded by cerebrospinal fluid. In 
addition, the infundibulum lies in the center of 
the arterial circle of Willis and in close proximity 
to the small but numerous arteries of the 
olfactory area. This area joins the infundibulum 
rostrally and laterally. Finally, the tuber cin
ereum and the two mamillary bodies are also 
situated close to the infundibulum. 

Fig. 2. Topography of the hypophyseal stalk in the adult. 
1 Commissura anterior; 2 3rd ventricle; 3 Lamina terminalis; 
4 Recessus chiasma tis ventriculi tertii; 5 diaphragma sellae 
with foramen hypophyseos; 6 Fasciculus opticus; 7 Corpus 
mammillare; 8 Recessus infundibuli; 9 Tuber cinereum; 
10 Infundibulum; 11 Nervus oculomotorius; 12 Arteria 
carotis interna. The dart indicates the foramen interventri
culare Monroi 

Histology. In routine histological sections, the 
neurohypophysis appears as a mass composed 
of innumerable ill-defined fibers, among which 
a rather heterogeneous population of cells is 
distributed. In sections stained with silver 
salts, a fine network of argyrophilic fibers is 
found to surround the blood vessels branching 
within the organ. Like the adenohypophysis, 
the neurohypophysis is enclosed by a relatively 
thick connective tissue capsule. From this 
capsule, a thin septum rises between the anterior 
and posterior lobe (pars intermedia) towards 
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the brain. This boundary may in parts be erased 
by a penetration of basophilic cells from the 
pars intermedia of the adenohypophysis into 
the posterior lobe. 

The neurohypophysis contains two major 
elements. The bulk of its substance is made up 
of about 100000 unmyelinated nerve fibers, 
whose cell bodies are located in the hypo
thalamus. Distributed among these fibers are 
the pituicytes, which vary greatly in shape and 
size. Due to their structural relation to the 
axons, these cells must be considered as a special 
form of the neuroglia. They commonly contain 
various amounts of pigment granules. A broad 
perivascular space bounded on all sides by a 
basal lamina separates the nerve fiber endings 
and the pituicyte processes from the network 
of blood capillaries with fenestrated endothelia. 
Light microscopy reveals the characteristic 
strongly positive PAS-reaction of this peri
vascular area, which indicates the presence of 
large amounts of mucopolysaccharides. In the 
electron microscope, finger-shaped ramifications 
from this space can often be traced for a good 
distance between the axons and the pituicytes. 

2. The HypothaJamo-NeurohypophyseaJ 
Connections 

The axons comprising the major part of the 
neurohypophyseal mass collectively form the 
hypothalamo-neurohypophyseal tract. Its cell 
bodies (perikarya) are located mainly within 
the supraoptic and paraventricular nuclei, 
whereas other hypothalamic nuclear masses 
apparently contribute only a few nerve fibers. 
The axons pass via the infundibulum and the 
infundibular stalk to reach the posterior lobe 
where they terminate in intimate contact with 
the capillaries. When special staining methods 
(e.g. aldehydefuchsine) are used, variously sized, 
intensively staining masses can be recognized 
in both the cell bodies of the hypothalamic 
nuclei and in their axons. These are the so
called Herring bodies. In the electron microscope, 
these bodies have been found to be locally 
dilated portions of the axons where granules 
are densely packed with mitochondria and other 
cell organelles. The granules are thought to 
contain the hormones synthesized on the gran
ular endoplasmic reticulum (Nissl substance) 
and bound to a carrier protein in the Golgi 
complex. They are carried along the entire 
length of the axons into the posterior lobe. In 
addition to these neurosecretory granules with 
a diameter of about 100 to 200 nm, the nerve 
fiber endings also contain smaller vesicles of 
about 40 nm diameter. Such vesicles are nor
mally found in synapses elsewhere in the 
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nervous system. Their function at this site is 
still a matter of dispute. 

The two hormones formed in the supraoptic 
and paraventricular nuclei are oxytocin and 
vasopressin. Since no neurosecretory granules 
have been demonstrated within the extensive 
perivascular space separating the capillary endo
thelia from the pituicytes and the nerve fiber 
endings, it must be assumed that the granules 
are dissolved while still within the axon ter
minals and that their content is emptied in 
molecular form into the cytoplasmic ground 
substance. From there, after passing through 
the axonal cell membrane, the hormones reach 
the perivascular space rich in mucopolysac
charides and mucoproteins. One might speculate 
that this material acts less as a barrier and more 
as a distribution system ensuring unimpeded 
and rapid transfer of the hormones into the 
capillary system. The function of the pituicytes 
in this process has not yet been clarified. 
Increasing evidence indicates, however, that 
these cells do not only have a supportive function, 
but that they are largely involved in the meta
bolism of the neurosecretory cells and their 
axons. 

C. Biochemistry, Transport, 
Inactivation, and Excretion 

The hypothalamic-neurohypophyseal system of 
the human and of other mammals produces 
two hormones: vasopressin and oxytocin. They 
are closely related chemically and their actions 
overlap to a slight extent. 

Both hormones are octapeptides, and both 
were isolated and synthesized by Du VIGNEAU. 

Oxytocin and vasopressin were the first hormones 
to be synthetically prepared. These synthesized 
hormones show no chemical, physical or bio
logical differences from the naturally isolated 
hormones. The name vasopressin originated 
from the first, probably unphysiological effect 
of the hormone to be discovered, namely the 
blood pressure-raising effect. However, the 
terms adiuretin or antidiuretic hormone have 
not managed to prevail. Neurohypophyseal 
extracts with predominantly antidiuretic and 
pressor effects are termed as pitressin. Extracts 
with an oxytocin action are designated as 
pituitrin or pitocin. 

In mammals there are two vasopressins. 
The human and most other mammals form 
arginine-vasopressin (LIGHT, 1958). The pig 
and its relations produce lysin-vasopressin. The 
remaining vertebrates form vasotocin instead 
of vasopressin, and certain osteichthyes produce 
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Table 1. Structural formula of the 7 neurohypophyseal hormones presently separated in nature using the usual abbrevia
tions for the amino-acid residues (according to BERDE, 1964; HELLER, 1966; BOISSONAS, 1968) 

Name 

Oxytocin 

Lysin-Vasopressin 

Arginine-Vasopressin 

Vasotocin 

Ichthyotocin (Isotocin) 

Mesotocin 

Glumitocin 

Formula 

2 3 4 S 6 7 8 9 
H-Cys-Tyr-Ileu-Glu(NHz)-Asp(NHz)-Cys-Pro-Leu-Gly-NH2 

I I 
H -Cys-Tyr-Phe-Glu(NH 2)-Asp(NHz)-Cys-Pro-Lys-Gly-NH2 

I I 
H -Cys-Tyr-Phe-Glu(NH2)-Asp(NH2)-Cys-Pro-Arg-Gly-NH2 

I I 
H -Cys-Tyr-Ileu-Glu(NH2)-Asp(NHz)-Cys-Pro-Arg-Gly-NH2 

I I 
H -Cys-Tyr-Ileu-Ser-Asp(NH2)-Cys-Pro-Ileu-Gly-NHz 

I I 
H -Cys-Tyr-Ileu-Glu(NH2)-Asp(NH2)-Cys-Pro-Ileu-Gly(NH2 ) 

I I 
H -Cys-Tyr-Ileu-Ser-Asp(NH2)-Cys-Pro-Glu(NH2)-Gly(NH2) 

I I 

Molecular
weight 

1007 

1OS6 

1084 

Table 2. Phylogenetic distribution and quantitative pharmacological characterization, in international units per milligram, 
of S neurohypophyseal hormones. The five pharmacological methods used here are usually employed for the character
ization of the" oxytocin-like", or "vasopressin-like" properties of the substance. (After BERDE, 1964) 

Neurohypophyseal Oxytocin-like activities Vasopressin-like activities Phylogenetic 
hormones (IU/mg) (IU/mg) distribution 

Uterus Blood Milk Blood Antidiuresis 
(rat pressure glands pressure (rat) 
in vitro) (cock) (rabbit) (rat) 

Arginine-Vasopressin 16± 4 60± 6 6S± 8 400±40 400±40 Many mammals 
Lysin-Vasopressin S± O.S 40± S 60±1O 270±20 2S0 Pig, hippo-

potamus, 
pekari 

Oxytocin 4S0±30 4S0±30 4S0±30 S± I S± I Many 
vertebrates 

Vasotocin 115± IS 285±40 210 24S± IS 2S0±3S Vertebrates 
with exception 
of mammals 

Ichthyotocin, Isotocin ISO± 12 320±IS 300 ± IS 0.06± 0.01 0.18± 0.03 Some osseous 

ichthyotocin or isotocin (BERDE, 1964 ; SAWYER, 
1966; ACHER, 1966; WALTER, 1967). See SAWYER 
(1967), VLIEGENTHART (1967), and ACHER (1969) 
for the phylogenetic relation of the hormones 
of the posterior lobe and their function in 
nonmammals (Table 1, 2). 

Oxytocin and arginine-vasopression differ in 
only two amino-acid residues. In mammals, 
oxytocin predominantly causes the uterus to 
contract and milk to be ejected. On the other 
hand, vasopressin has mainly an antidiuretic 
effect, and in higher concentrations pressor 
properties. The actions overlap, and this would 
appear to be physiologically rational to some 
extent, as, for example, antidiuresis in lactation. 

fishes 
(osteichthyes) 

Vasopressin and oxytocin are stored in the 
neurohypophysis and bound to specific carrier 
proteins, neurophysin I and neurophysin II, in 
granules visible by electron microscopy. Neuro
physin I binds more oxytocin; neurophysin II 
has a selective affinity for vasopressin. Vaso
pressin and oxytocin are usually secreted to
gether with the neurophysins into the blood, 
and free hormones may also be released. 
Calcium ions shift during the process of release 
into the cells; at a certain concentration they 
inhibit binding to the neurophysins (GINSBURG, 
1966). 

It is still uncertain how much vasopressin 
and oxytocin circulate in the free form and to 
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what extent they are bound in the plasma. 
Neurophysins circulate in a concentration of 
1.3 to 40 ng/ml in the blood, according to the 
state of hydration and diuresis. Neurophysins 
are higher in women than in men, and are 
elevated in pregnancy and in renal insufficiency 
(LEGROS, 1972; SACHS, 1969). Vasopressin is evenly 
distributed within the plasma volume and only 
a small percentage is transferred to the extra
cellular fluid. The half-life in the human, 
estimated using vasopressin labeled with tritium 
and 131 1, is extremely short, approximately 
4 minutes (SILVER, 1961). However, when 
estimated from infusion studies, it is reported 
to be 16-17 min (CZACZKES, 1964). The majority 
of the vasopressin is inactivated in the liver and 
kidneys (LAUSON, 1961). A relation between 
receptor-effect and inactivation is under 
discussion (DICKER, 1961). Only 5-20% is 
excreted through the kidneys. The greater part 
of the vasopressin excreted in the urine is not 
dialyzable (THORN, 1959). The nature of the 
carrier protein in urine is unknown. 

The concentration of vasopressin in human 
plasma lies below or just at the lower limit of 
biological assessment, even in blood from the 
internal jugular vein and during extreme de
hydration. Infusion methods yield concen
trations of 1-5 llU/ml = 0.01 mllg/ml (LAUSON, 
1967; SCHRODER, 1959; SHARE, 1967). Secretion 
is estimated to be 7.5-50 mU/h, and the total 
clearance has been calculated to be 150 ml/min 
(LAUSON, 1967). These estimations by biological 
assays are roughly confirmed by the difficult 
radioimmunological method of determination 
which has recently become available and which 
allows measurement of concentrations of vaso
pressin down to 1 pg/ml. In healthy persons, 
the vasopressin concentration is found to be 
between 1 and 101111g/ml according to the 
state of hydration. The concentration can rise 
to 26 llllg/l in nephrogenic diabetes insipidus 
(ROBERTSON, 1970). 

The clearence of vasopressin is elevated in 
central and nephrogenic diabetes insipidus. 
Despite the low molecular weight, many ani
mals and also a few humans can form circulating 
antibodies against lysin-vasopressin or arginine
vasopressin (ROTH, 1966). 

Oxytocin circulates bound to beta-globulins 
in a volume corresponding to approximately 
40% of the body fluid. The half-life in the 
pregnant woman is approximately 3 min. Oxy
tocin is also inactivated by the liver, the kidney 
and the mammae during lactation. In addition, 
during pregnancy in primates, oxytocinase ap
pears in the plasma which also disintegrates 
vasopressin. Its origin and physiological sig
nificance are, however, still unknown .. 
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The synthesis of these polypeptide hormones 
permits the production of derivatives with 
altered activity, which can be pharmacolo
gically useful. Over 200 analogues have been 
synthesized and examined (WALTER, 1967), 
revealing certain correlations between structure 
and effect (BOISSONAS, 1961). The substitutions 
in positions 3 and 8 are of special interest. 
Inhibitors can also be produced, and conclusions 
about the mode of action can be drawn from 
the molecular structure (WALTER, 1967). The 
synthesized hormones are sometimes more effec
tive per unit weight than the natural hormones. 
Thus, the antidiuretic effect of desamino 1-
arginine-vasopressin is three times greater than 
that of the naturally occurring hormone (BERDE, 
1964). See p.61 for information on DDVAP. 
2-Phenylalanine 8-lysine-vasopressin, which 
has only a slight antidiuretic action but a 
definite pressor effect (GUHL, 1960) has been 
introduced into the treatment for hemorrhage 
of esophageal varices since it produces an 
arteriolar constriction in the splanchnic area 
with a fall in portal venous pressure (TSAKIRIS, 
1964). Ornithin8 -vasopressin has a yet more 
favorable pressor/antidiuretic ratio and is 
used for local hemostasis (BERDE, 1964). See 
BERDE (1966) for the synthetic analogues and 
homologues. See WOOLEY (1956) for the specif
icity of the peptide hormones (oxytocin effect of 
angiotensin, vasopressin action of pepsitensin). 

D. Physiology 

1. Place of Formation of Vasopressin and 
Oxytocin 

Vasopressin and oxytocin are formed in different 
neurons of the hypothalamic nuclei and reach 
the neurohypophysis by way of the nerve 
tracts (neurosecretion) (BARGMANN, 1954; 
SCHARRER, 1954; LEDERIS, 1962). 

The ganglion cells of the supra-optical and 
paraventricular nuclei, the supra-optico-hypo
physeal tract, and the neurohypophysis form 
a unit, which when interrupted at any point 
leads to functional failure of the system and 
thereby to diabetes insipidus. Usually the degree 
of the functional disturbance is proportional 
to the extent of the lesion. Removal of the neuro
hypophysis or division of the supra-optico
hypophyseal tract leads to the degeneration of 
a number of neurons, which increases with 
increasing proximity of the lesion to the ganglion 
cells. The neurosecretory neuron has a special 
place between the cells. Apart from the elements 
of the ordinary nerve cell, such as dendrites, 
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axon, neurofibrils and myelin sheath, it also 
contains granules of various sizes in the ganglion 
cell itself and along the axis cylinder. These 
granules can be selectively stained by GOMORI'S 
method. This Gomori-positive or neurosecre
tory substance becomes more dense distally 
and is found in particular abundance in the 
neurohypophysis. Valuable support for the 
opinion that this substance is related to the 
hormonal activity of the system is obtained 
from the fact that the quantity of these neuro
secretory granules is dependent on the functional 
state of the system and that the content of anti
diuretic hormone of the areas surrounding the 
hypothalamus and neurohypophysis corre
sponds quantitatively to the amount of neuro
secretory substance in these areas. The ganglion 
cells increase in size during thirst and after 
osmotic stress (functional nuclear edema). At 
the same time, there is a decrease in the neuro
secretory substance as well as in the antidiuretic 
hormone content in the distal regions, especially 
in the neurohypophysis. After a water load, 
the neurohypophysis again becomes filled with 
neurosecretory substance. 

This neurosecretory substance is definitely 
formed in the ganglion cells of the supra
optical nucleus and possibly in the paraventri
cular nucleus as well. Experiments show that 
oxytocin is formed in the paraventricular nu
cleus, whereas vasopressin is produced in the 
supra-optical nucleus (OUVECRONA, 1957). These 
substances then migrate along the supra-optico
hypophyseal tract, and 80% is stored in the 
neurohypophysis as subcellular granular ele
ments of 100-300 m~m diameter. When the 
pituitary stalk is interrupted, the neurosecretory 
substance stagnates in the proximal end of the 
stump, whereas the distal end discharges the 
substance. In tissue cultures of the ganglion 
cells of the dog's supra-optical nucleus, a 
movement distally of granulated elements could 
be demonstrated with rapid motion pictures. 
Finally, tests with substances labeled with 
32p showed migration in the direction distal to 
the ganglion cells. The velocity of the transport 
varies with the degree of the osmotic stress. 
The neurosecretory substance seems to move 
with the plasmatic flow of the axon. 

No antidiuretic hormone has been demon
strated in other hypothalamic nuclei. The 
neurosecretory substance is not identical to 
the hormones of the hypothalamic-neurohypo
physeal system. As far as can be determined 
histochemically, it appears to be a lipoglyco
protein which, like a carrier protein, combines 
with the hormonally active polypeptides. 

In mammals, the ganglion cells of the supra
optical and paraventricular nuclei are the only 
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cells so far known to produce a carrier substance 
of this kind with hormonal activity. 

2. Release 

The release of oxycotin and vasopressin results 
from numerous nervous, chemical, and physical 
stimuli. Pharmacological, physiological and 
pathological stimuli can be differentiated among 
the indirect stimuli. 

Drugs, in particular acetylcholine, nicotine, 
and many analgesics, hypnotics and anesthetics, 
such as morphine, ether, and barbiturates, lead 
to the release of vasopressin. Intravenous ad
ministration of 0.5-1.0 mg nicotine (3 mg in 
smokers) causes the release of vasopressin 
when the hypothalamo-neurohypophyseal sys
tem is intact (nicotine test, see p. 59 f.). Although 
acetylcholine and adrenaline in small doses 
inhibit the release of vasopressin, adrenaline 
in large doses has the opposite effect. 

A rise in plasma osmotic pressure is the spe
cific physiologic stimulus causing a release of 
vasopressin. The act of suckling results in the 
release of oxytocin. Vasopressin and oxytocin 
can be released together, or a specific stimulus 
may cause one or the other to be secreted in 
predominance (ACHER, 1958; HELLER, 1966). 
However, overlapping occurs. Thus, suckling 
causes a simultaneous inhibition of diuresis, 
and the administration of hypertonic saline 
leads to the ejection of milk and to contraction 
of the uterus. In mammals, including the human, 
stimulation of the genital organs and coitus 
also result in the release of oxytocin and vaso
pressin. In the nursing mother milk is released, 
whereas in the male and other females diuresis 
is retarded (HARRIS, 1953; FRIBERG, 1953). 

Changes of 1 % in the osmolality (see p. 46 f.) 
of the plasma are sufficient to induce or inhibit 
vasopressin secretion. The chemical nature of 
the substances dissolved in the plasma is, 
however, unimportant, providing they are not 
prevented from exerting an effect on the end 
organ through excessive diffusibility (e.g. glu
cose, urea). VERNEY showed in his precise 
experiments in the dog that the electrolytes and 
the osmotic pressure of the total blood have 
little effect on th~ release of vasopressin. On the 
other hand, an 8% rise in the chloride content 
of the internal carotid artery, corresponding to 
an increase of 2% in the osmotic pressure, 
induces the neurohypophysis to release 1 micro 
unit of vasopressin per second = 3.6 mU/h), 
diminishing the urinary output to less than 
1 cm3 /m2 Imino There must, therefore, be osmo
receptors in the area supplied by the internal 
carotid arteries. Presumably, these receptors 
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cause the neurosecretory cells of the hypo
thalamo-neurohypophyseal system to release 
vasopressin into the blood. 

The bubbles in the supra-optical and para
ventricular nuclei, considered by VERNEY to 
be osmo-receptors, are really vacuoles of the 
ganglion cells with a laterally placed signet ring
shaped nucleus. They are only found in a few 
species and vary in size and number according 
to the osmotic stress. They are, therefore, to be 
considered as a product and not as a controlling 
organ. The ganglion cells themselves must 
possess osmo-receptor properties since their 
action currents vary according to the osmotic 
stress. The osmo-receptors are situated in the 
region supplied by the internal carotid artery, 
but the localization has not yet been quite 
successfully determined (JEWELL, 1957). 

On the other hand, various localizations of 
the release regulation have been established for 
the nervous, pharmacological and osmotic stim
uli (DINGMAN, 1957). 

The release of vasopressin is not controlled 
by the absolute osmotic pressure but rather by 
the gradient between the extra- and intra
cellular osmotic pressures. The difference be
tween the two depends mainly upon the extra
cellular sodium concentration. On average, the 
release of vasopressin in man begins at an 
osmolality of over 285 mOsm/kg (MOSES, 1967). 

The release or inhibition of vasopressin 
probably results immediately from perceptible 
variations in the osmotic pressure. Cortisol 
increases the stimulus threshold for the release 
of vasopressin, even when nicotine (DINGMAN, 
1957, 1958) or osmotic stimuli are employed 
(AUBRY, 1965). Increase in blood volume (see 
beneath) also increases the osmotic stimulus 
threshold (MOSES, 1967). 

In addition to osmoreceptors, volume re
ceptors and baroreceptors, probably in the left 
atrium, the carotid sinus and in the aortic arch, 
are supposed to control diuresis through vaso
pressin secretion (GAUER, 1963; LEAF, 1952; 
HARE, 1967). Osmotically induced diuresis is 
inhibited by a slight decrease in plasma volume. 
Volume regulation dominates the osmoregu
lation (ARNDT, 1965). The "effective circulating 
blood volume" appears to be the critical factor 
rather than the extracellular fluid volume 
(SHARE, 1962). Vasopressin and oxytocin are 
liberated from the granules and pass through 
the cell membranes to reach the blood. Calcium 
ions appear to have an effect on the liberation 
of both vasopressin and oxytocin from their 
carrier substances (THORN, 1965). Only the 
20% of vasopressin stored in the tissue can be 
released on a specific stimulus. Emotions, pain, 
vomiting, and loss of blood are some of the 
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stimuli which can cause a release of vasopressin. 
Conversely, antidiuresis can be interrupted by 
hypnosis or certain reflexes (HOFER, 1963; 
HULET, 1963). The very variable enhancing or 
inhibitory stimuli must be received and in
tegrated by a hypothalamic center. This converts 
them into an impulse for the release of vaso
pressin (PITTS, 1968). 

There are only hypothetical views about the 
mechanism of the hormonal release from the 
posterior pituitary lobe into the blood. These 
include neural impulses, alterations in electrical 
potentials with electrolytic displacement, in 
particular the entrance of calcium ions into the 
cells, or permeability changes (HELLER, 1966). 
In addition to the immediately available portion 
of vasopressin, the posterior lobe contains more 
vasopressin which is only slowly released (SACHS, 
1967,1969). Temporal observations would make 
a neurohumoral transmission appear improb
able, but support the concept of transmission 
by neural impulses (so-called stimulation-se
cretion-coupling, SACHS, 1967). These impulses 
are transmitted either by the neurofibrils of the 
secretory neurons or by the numerous neigh
boring unmyelinated nerve fibers. 

3. Action of the Neurohypophyseal Hormones 

a) Oxytocin 

Oxytocin exerts a constnctmg effect on the 
uterine muscle. Estrogens increase the response 
of the uterus to oxytocin, whereas progesterone 
inhibits it. During pregnancy, the sensitivity of 
the uterus to oxytocin is greatly reduced. 
However, during delivery and immediately 
after, the uterus is particularly sensitive to 
oxytocin. There are many data supporting the 
physiological effect of oxytocin during the 
stages of labor (see p. 692). Further clarification 
will only result from the radioimmunological 
assay techniques recently introduced. 

In addition to the effect noted above, 
oxytocin causes contraction of the myoepi
thelial elements of the excretory ducts of the 
mammary glands, resulting in milk ejection. 
In the rat and dog, oxytocin also has a diuretic 
effect by virtue of enhanced electrolyte ex
cretion. This is not so in man. The effect of 
oxytocin on the release of prolactin is ques
tionable, and it is not likely that oxytocin has 
any physiological function in the male genital 
system (FITZPATRICK, 1966). Finally, oxytocin 
and its analogues, such as vasopressin, in high 
doses have an insulin-like effect on glucose 
metabolism in vitro upon rat adipose tissue. 



46 

b) Vasopressin 

(l) Regulation of Water Intake and Diuresis 

The hypothalamus, neurohypophysis and kid
neys constitute a system for maintaining con
stant osmotic pressure or constant osmolality 
(see p. 46f.) of the extra- and intracellular body 
fluids. Like other regulatory systems, it is 
concerned with homeostasis. It generally suc
ceeds in maintaining a constant internal envi
ronment, which was recognized by CLAUDE 
BERNARD as being essential to life. 

Water intake and loss are controlled by the 
hypothalamus, which registers and integrates 
osmolality, volume of body fluids and other 
stimuli (Table 3). 

The water intake is controlled predom
inantly by the thirst center. This center is 
situated in the ventro-medial hypothalamus, 
between the descending column of the fornix 
and the mamillo-thalamic tract, caudal to and 
partly overlapping the osmoreceptors controlling 
vasopressin secretion (ANDERSSON, 1955). Stim
ulation of this area with very small amounts 
of hypertonic saline or with an electric current 
results in compulsive water drinking of up to 
40% of the body weight. Polyuria follows only 
after a latent period of several hours. Destruction 
of this hypothalamic area causes complete or 
partial adipsia. The specific stimulus inducing 
thirst has not been definitely identified; however, 
extra- and intracellular hyperosmotic dehy
dration appear to be predisposing conditions. 
An increase in the osmolality alone is not 
sufficient, and alterations in volume seem to be 
involved. It is not known whether the osmo
receptors for the release of vasopressin are also 
concerned with the induction of thirst, func
tioning through different nerve tracts, or if 
other receptors, partly overlapping' with the 
osmoreceptors for vasopressin, are also present 
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(ANDERSSON, 1957; FITZSIMMONS, 1972). A dry 
buccal mucosa is only an additional factor in 
inducing thirst. The water loss is controlled by 
the kidneys under the influence of the release 
of hypothalamic vasopressin. 

The kidneys play a critical role among all 
organs capable of excreting water since the 
lungs, stomach and skin excrete water with no 
concern for the hydration state of the body. 
Apparently, these latter organs are so very much 
concerned with their own specialized function 
that they neglect the economy of the water 
equilibrium in preference to their own functional 
maintenance (lungs: CO2 excretion; stomach: 
HCI production; skin: temperature regulation). 
In mammals, the kidney is the only secretory 
and excretory organ capable of delivering a 
hypertonic excretion, the urine. It is therefore 
well suited to the function of conserving water. 

The body can tolerate wide ranges of 
variations in the amount of extracellular water. 
There is also a relatively wide margin of toler
ance to the absolute quantities of the substances 
dissolved in the body fluid. The ratio of water 
to the dissolved substances, however, must be 
kept within relatively narrow limits. This is 
normally 300 mOsm/kg H20, and is dependent 
predominantly on the sodium concentration in 
the plasma. The Na concentration can vary 
between 120-160 mEq/1. 

The unit osmol is used for measuring the number or 
the mass of the osmotically active molecules in an aqueous 
solution. It corresponds to a number or mass (according 
to the definition) of 6.023 x 1023 osmotically active par
ticles, and is equal to a mol in undissociated substances. 
As long as the substance dissociates in solution, the number 
of osmotically active particles increases by a factor identical 
with the number of ions into which the molecule dissociates. 

The osmotic pressure (as well as many other physical 
properties) of a solution, is a linear function of the relation 
between the number of osmotically active molecules and 
the number of molecules of the dissolving agent. This 
ratio or this quotient of the number of osmotically active 

Table 3. Control of diuresis through the hypothalamic-neurohypophyseal-renal system (t decrease, i increase) (TALBOT, 
1952) 

Blood 

Hypothalamus 

Neurohypophysis 

Blood 

Kidneys 

Urine 

Hemoconcentration 

Osmolality i 
t 

Osmoreceptors 
t 

Release of vasopressin 
t 

Vasopressin i 
t 

Distal water reabsorption i 
t 

Osmolality i 
Specific gravity i 

Hemodilution 

Osmolality t 
t 

Osmoreceptors 
t 

Inhibition of vasopressin secretion 
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molecules in osmols to the amount of solvent in kg is the 
osmolality. On the other hand, the osmolarity is the number 
of osmotically active molecules in osmols per liter of solu
tion. It gives a poorer indication of the osmotic conditions 
of a solution, since in this definition, the volume of the 
molecule of the dissolved substance in the solution is also 
integrated into the formula. 

This volume is very variable. The difference between 
osmolality and osmolarity is quite considerable for con
centrated solutions of a highly molecular substance, as for 
example, plasma with its protein content. 

For biological purposes, the osmotic pressure of 
solutions of different substances is measured by the fall in 
the freezing point. It is given in milliosmol/kg water (mOsm/ 
kg H2 0). 

When the osmolality in the extracellular 
space rises, intracellular fluids flow into the 
extracellular space. Dehydration, fever, and 
death may result. The limits of plasma osmolality 
compatible with life lie between 250 and 350 
mOsm/kg H20. A fall in the extracellular 
osmolality leads to the flow of water into the 
intracellular space with water intoxication. 
Brain edema, epileptic fits and death can then 
occur. 

When the serum osmolality rises, water 
excretion through the kidneys is reduced to an 
absolute minimum. The thirst center is stim
ulated and the thirst sensation secures then 
an adequate water intake. 

~) Water Reabsorption in the Proximal and 
Distal Tubules of the Nephron 

The plasma undergoes simple filtration in the 
renal glomerula. Protein and formed elements 
of the blood are retained in the plasma, while 
water and all the normally present solutes pass 
on into the tubule with the so-called primary 
urine. In the human, the primary urine formed 
is 100 liters/24 h/m2 body surface, or 180 liters 
daily for an adult of average body weight. 
The amount of solutes is 31 osmol/m2 of body 
surface. 

About 30 osmol solutes are actively re
absorbed from the isotonic primary urine in 
the proximal tubule. The amount of water in 
the isotonic solution passively reaches the 
peri tubular bloodstream. This occurs by means 
of the "osmotic suction" which exists after the 
active reabsorption of the solutes. The proximal 
tubule expends no energy for osmotic work 
during this process of reabsorption since the end 
effect of the reabsorption is an isotonic solution. 
Overloading with osmotically active substances 
such as glucose, mannitol, and urea, etc. can 
decrease the reabsorption so that they have a 
diuretic effect. Reabsorption from the proximal 
tubule is otherwise dependent of the tubular 
volume (BRUNNER, 1966). So 15 liters of water 
and 1 osmol or 3% of the total solutes originally 
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contained in the primary urine reach the 
ascending limb of Henle's loop. 

The mammalian kidneys can limit the water 
loss from the body to the necessary extent 
through vasopressin-regulated water reabsorp
tion in the distal tubules and the collecting ducts. 
The mammalian kidneys employ the counter
current multiplier system for this variable water 
reabsorption. This system, which is used tech
nically and has a wide spread throughout many 
animal species (SCHOLANDER, 1957), permits a 
high osmotic effect to be achieved with rel
atively low energy expenditure and the urine 
to be concentrated in the collecting ducts 
(WIRZ, 1960). In animals the ability to con
centrate urine is dependent on the formation of 
Henle's loop. Beavers have a short Henle's 
loop and can concentrate the urine to 600 
mOsm/kg. Rabbits, with long and short loops, 
can concentrate up to 1400 mOsm/kg, as can 
the human. The sand rats in the desert, however, 
with an exceptionally long loop and a singular 
renal papilla penetrating far into the ureter can 
survive without water and concentrate the 
urine to 20 times the serum osmolality, i.e. up 
to 6000 mOsm/kg (O'DELL, 1960). Sodium is 
actively reabsorbed in the ascending limb of 
Henle's loop, which is impermeable to water. 
The sodium is then released into the extra
cellular fluid of the surrounding tissues, as well 
as into the lumen of the descending limb of the 
loop. A high concentration of sodium thus 
circulates in the portion of Henle's loop 
lying towards the papilla and exerts a high 
osmotic pressure on the surrounding tissues. 
This pressure increases from the renal cortex 
towards the medulla, and in the human it is 
approximately 4 times higher in the papilla. The 
isotonic urine from the proximal tubule thus 
becomes first hypertonic at the tip of Henle's 
loop. Since, however, urinary sodium but no 
water is removed from the ascending limb of 
the loop, hypotonic urine reaches the distal 
tubules. In the absence of vasopressin, the 
epithelium of the distal tubules and of the 
collecting ducts is only slightly permeable to 
water, and the kidneys then excrete hypotonic 
urine. In antidiuresis, vasopressin is released. 
This opens the pores of the distal tubules and 
the collecting ducts to water so that the urinary 
water is passively withdrawn through the hyper
tonic medullary tissue in proportion to the 
osmotic gradient. "Free water" which is not 
bound osmotically is no longer excreted with 
the urine. The free-water clearance becomes 
zero or negative: The site of action of vaso
pressin lies in the epithelia of the collecting 
ducts and distal tubules. It is not known whether 
vasopressin also affects the descending limb of 
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Henle's loop by opening the pores to sodium or 
whether vasopressin promotes sodium reab
sorption in the ascending limb (WIRZ, 1961). 
Adhesion of labeled pitressin can be de
monstrated by autoradiography in the distal 
tubule and in the collecting ducts. However, 
auto radiographic methods are not possible in 
the thin segments of Henle's loop (DARMADY, 
1960). In any case, under the influence of vaso
pressin, more sodium is retained in the renal 
medulla (LEVETIN, 1962). No vasopressin is in 
circulation during the state of maximal hy
dration and maximal diuresis. The distal tubules 
and collecting ducts are water impermeable. 
Hypotonic urine is transported uninfluenced 
through the hypertonic medullary tissue. In the 
state of maximal antidiuresis, the epithelia of 
the distal tubules and collecting ducts are freely 
permeable to water. Urinary water is removed in 
proportion to the osmotic pressure of the extra
cellular fluid of the medullary tissue until the 
two osmotic pressures are similar (GOTTSCHALK, 
1959). This osmotic pressure in man is approx
imately 4 times the plasma osmolarity or 
1200·-1400 mOsm/l. Some authors (JAENIKE, 
1961; 1964; GARDNER, 1964) suppose that vaso
pressin also increases the permeability of the 
collecting ducts to urea, which takes part in the 
circulation of the countercurrent system during 
antidiuresis and contributes to the hypertonicity 
of the medullary tissue (SCHMIDT-NIELSEN, 1958). 
This hypothesis, however, has been rejected by 
others (GRANTHAM, 1966). 

An average antidiuresis is necessary for the 
excretion of an isotonic urine. Small quantities 
of vasopressin open the pores of the collecting 
ducts and of the distal tubules to such an 
extent that osmotic equalization with the hyper
tonic medulla is not fully achieved. 

A second countercurrent-exchange system 
exists in the vasa recta of the renal medulla. 
In contrast to the epithelium of Henle's loop. 
the walls of the vasa recta are freely permeable 
to both water and electrolytes, so that the 
osmolality of the blood in the vasa recta is 
always the same as that of the surrounding 
tissue. The vasa recta supply the medullary 
tissue with oxygen and nutritives and remove 
the reabsorbed free water. The loop-shaped 
arrangement of the vessels prevents the loss of 
the high concentration of electrolytes in the 
medulla through the blood flow. Blood elec
trolytes from the ascending limb are transferred 
into the hypotonic blood in the descending 
limb, and water from the descending limb 
enters the ascending limb. During maximal 
diuresis the blood supply to the medulla is 
accelerated (THURAU, 1960). It is still undecided 
whether the increased medullary blood circula-
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tion leads to the removal of electrolytes from the 
medulla with a decrease in the medullary hyper
tonicity (the "wash-out effect", BUCHBORN, 
1964), or whether the diminished medullary 
hypertonicity causes an increase in circulation. 
Highly concentrated urine cannot be obtained 
when the medulla is insufficiently hypertonic, 
despite the presence of vasopressin and the 
water-permeable epithelium of the collecting 
ducts. A maximal but unphysiologic anti
diuresis can be achieved in addition to the effect 
of vasopressin by reduction of the glomerular 
filtration by less than 30%. 

Factors Influencing the Antidiuretic Effect of 
Vasopressin. The antidiuretic effect of vaso
pressin usually decreases slowly after several 
days of excessive water intake, and the effect 
steadily increases again with limited water 
intake. This decrease in the concentration power 
is related on one hand to the loss of the medullary 
hypertonicity (the "wash-out effect") (THURAU, 
1960; KRAMER, 1960; BUCHBORN, 1964). On the 
other hand, the concentration power may be 
affected by the thickening of the basal membrane 
of the pars recta of the proximal tubule and the 
following portion of Henle's loop due to the 
chronic hydration (PICK, 1966). 

In newborns, vasopressin has no antidiuretic 
effect during the first 3 days of life, although 
endogenously formed vasopressin not attached 
to neurophysin circulates freely (DICKER, 1966). 
In nephrogenic diabetes insipidus vasopressin 
exerts no or only very limited antidiuretic 
effects (see p. 53). Hypercalcemia also causes a 
diminished antidiuretic effect, but here this 
is most probably explained by the obstruction 
of individual tubules (BANK, 1965). In addition, 
there are morphological changes in the epithelia 
of the distal nephron in hypercalcemia (CARONE, 
1960), and the permeability of the cells to water 
may be decreased. The passive absorption of 
water from the collecting ducts thus remains 
inadequate (CARONE, 1960; MANITIUS, 1960). 

Hypokalemia leads to tubular nephropathy 
with polyuria and hyposthenuria (RELMAN, 
1956). In hypokalemia, the countercurrent mech
anism is probably impaired by the diminished 
sodium transport in the ascending limb (BANK, 
1964; BRUNNER, 1966). Using the model of a 
toad's bladder, it was shown that a normal 
ionic concentration is necessary for the full 
effect of vasopressin (SCHWARTZ, 1967). 

Maximal diuresis is not possible in adrenal 
insufficiency and the capacity for concentration 
may sometimes be limited. Diminished sodium 
reabsorption with insufficient medullary hyper
tonicity is probably responsible for the im
paired concentration process. The disturbance 
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in diuresis is attributable to the decreased 
glomerular filtration, the fall in the extra
cellular fluid volume, and in particular, to the 
loss of water impermeability in the collecting 
ducts (KLEEMAN, 1964) (see p. 305); the increase 
in vasopressin secretion due to the lack of 
glucocorticoids may also be a contributory 
factor (DINGMAN, 1960). 

High doses of parathormone and vitamin D 
result in resistance to vasopressin. This effect 
is not only due to the hypercalcemia, but in 
particular to the decrease in sodium reabsorption 
and an insufficient sodium-urea concentration 
in the renal medulla (EpSTEIN, 1959; PICKFORD, 
1966). 

When the amount of solute is constant, 
the volume of urine is inversely proportional 
to the release of vasopressin. If this hormone 
is absent, the urine volume is proportional to 
the quantity of the solutes. The solutes are 
related to the diet as well as to the amount of 
the body's breakdown products. The quantity of 
the endogenous solutes can be reduced to 
200 mOsm per day with suitable carbohydrate 
intake. Only 135 cm3 of urine with an osmo
lality of 1500 mOsm/kg H2 0 is necessary to 
get rid of this amount. Consequently, this is the 
smallest possible physiological urine volume. 
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Minimum and maximum tolerable water 
intake is therefore dependent on the quantity 
of the solutes and can be estimated from the 
fixed osmotic limits of the urinary volume after 
correction for the water loss due to insensible 
perspiration and water formed by oxidation 
(KERRIGAN, 1955). 

Vasopressin exerts its antidiuretic effect on 
the denervated and isolated kidney. Contrary to 
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suggestions (GINETZINSKY, 1958), the mode of 
action in the distal tubules and collecting ducts 
is not related to the liberation of hyaluronidase 
(BERLYNE, 1960). It is due either to a chain 
reaction between the disulfide links of vaso
pressin and the epithelial SH-radicals opening 
the pores (SCHWARTZ, 1964) although oxytocin 
derivatives without disulfide links also exert an 
antidiuretic effect, or to the enhanced formation 
of cyclic 3' ,5' -AMP (ORLOFF, 1967; GRANTHAM, 
1966). The action of vasopressin is independent 
of oxidative metabolic processes and is not 
related to a protein or enzyme system since 
puromycin and actinomycin D do not inhibit 
its action (RASSMUSSEN, 1960). Using the model 
of the toad's bladder in which the epithelium 
behaves like that of the collecting ducts, it has 
been demonstrated that vasopressin makes a 
dense impervious layer permeable to water and 
urea, whereas a second layer impermeable to 
dissolved substances can only be affected by 
amphotericin (LEAF, 1967). Vasopressin in phy
siological doses has no direct effect on elec
trolytic excretion, but in unphysiologically high 
doses, it has some influence through alterations 
in blood pressure and changed filtration con
ditions. 

Physiological amounts of vasopressin do 
not directly influence glomerular filtration, 
the renal plasma flow or the different clearances, 
with the exception of the free water clearance. 
An extrarenal effect of vasopressin resulting in 
a shift of electrolytes from the extra- into the 
intracellular space has not been proven. 

y) Other Effects of Vasopressin 

Vasopressin causes capillary and arteriolar 
constriction in the skin, the connective tissue, 
the internal organs, the smooth muscle of the 
gastrointestinal tract, the myocardium, and to 
a lesser degree in the musculature. The arterioles 
of the splanchnic area are particularly affected. 
Capillary constriction alone, however, does not 
explain the increase in the blood pressure. The 
effect on the blood pressure due to extracts of 
the posterior pituitary is probably of no physio
logical significance. It would seem more likely 
that vasopressin does produce a pharmacological 
action, since even in diabetes insipidus the blood 
pressure is normal. Vasopressin exerts a CRF
like effect on the anterior pituitary (see p. 300) 
which is probably of no physiological impor
tance, but which can be employed diagnostically 
(see p. 388). Nor is the ACTH-like effect on the 
dog's adrenals (HILTON, 1960) of any physio
logical significance in man. This also applies to 
the other actions of vasopressin; namely, the 
insulin-like effect, the antilipolytic action on 
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adipose tissue (MIRSKY, 1963; BALASSE, 1966) 
and the glycogenolysis in the liver with hyper
glycemia achieved by high doses of vasopressin 
in the dog (BERGEN, 1960). It has been suggested 
that in addition to its antidiuretic effect, vaso
pressin also influences the kidneys through the 
thirst center (PASQUALINI, 1959). From clinical 
observations, however, this appears improbable. 
There have recently been suggestions that vaso
pressin may have an effect on the transport of 
water and sodium in the small bowel. Either 
more water and sodium are secreted into the 
lumen of the bowel under the influence of 
vasopressin or the active transport of sodium 
from the lumen is inhibited (SOERGEL, 1968). 

4. Interrelations 

a) Anterior Pituitary Gland 

Normal nutritional and electrolytic intake and 
metabolism are necessary for polyuria to be
come manifest. With failure of anterior pitui
tary function this is no longer possible. Polyuria 
disappears and becomes apparent again only 
after adequate replacement therapy. 

Glucocorticoids, thyroid hormones and 
growth hormone promote renal blood supply 
and glomerular filtration. Lack of glucocor
ticoids causes a change in the cell permeability 
with a shift of the extracellular fluid into the 
intracellular space. The permeability of the 
collective ducts cannot then be reduced. Thus, 
polyuria disappears in diabetes insipidus sub
sequent to failure of the anterior pituitary gland. 
It is unnecessary to invoke a previously pos
tulated anterior pituitary substance, "diuretin", 
which does not exist. 

b) Deoxycorticosterone - "Pseudodiabetes 
Insipidus" 

A syndrome similar to diabetes insipidus can 
be produced in the dog with high doses of 
deoxycorticosterone. Only polyuria, polydipsia, 
and the low specific gravity of the urine are 
common to "pseudodiabetes insipidus" and 
genuine diabetes insipidus. In contrast to the 
state of dehydration in diabetes insipidus, 
there is over-hydration in the "pseudo" syn
drome, and the polyuria is uninfluenced by 
vasopressin but is affected by salt withdrawal. 
In true diabetes insipidus, polyuria can be 
decreased only to a limited extent by salt 
withdrawal. Deoxycorticosterone causes reab
sorption of abnormally large amounts of sodium 
but also its increased filtration - the "escape 
phenomenon". Because of this, the extra-
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cellular fluid increases. Vasopressin secretion is 
insufficient and there is a simultaneous sensation 
of thirst which leads to polydipsia and to 
secondary polyuria. The low specific gravity of 
the urine is due to the total sodium reabsorption. 
In contrast with vasopressin, deoxycorticoste
rone has no influence on water metabolism 
when salt has been removed from the diet. 

E. Hypofunction of the Hypothalamic
Neurohypophyseal System: 
Diabetes Insipidus 

1. Definition 

Diabetes insipidus is a disease characterized by 
the inability to concentrate urine and by 
polyuria of 5 to 20 liters daily with correspond
ing polydipsia. The disease is due to disorders in 
the formation or release of vasopressin. Ne
phrogenic diabetes insipidus is not due to the 
lack of vasopressin, but to a failure of the distal 
tubules to respond to vasopressin. 

2. Incidence 

Diabetes insipidus is an uncommon disease. It 
occurs somewhat more frequently in males than 
in females. It arises during the first decade of 
life in almost half the patients. In the Zurich 
Medical in-patient clinic (1958-1968), the disease 
was found 28 times in 35 164 patients, with a 
clear preponderance of the symptomatic forms. 

3. Etiology, Pathology, and Pathogenesis of 
Diabetes Insipidus 

a) Etiology 

Table 4 gives a summary of the different causes 
of diabetes insipidus. 

The relative incidence of the different etiolo
gies is given in Table 5. 

b) Pathogenesis of the Symptomatic and 
Idiopathic Diabetes Insipidus 

"Central" diabetes insipidus is caused by inad
equate water reabsorption in the distal nephron 
due to the absence of vasopressin. It is still 
unknown to what extent the disorder is due to 
impaired formation or release of vasopressin. 
It is also unknown whether two different types 
of diabetes insipidus can be differentiated on 
this basis. It is probable that in "idiopathic" 
diabetes insipidus, there is a failure of the 
osmoreceptors. Although it has been suggested 
that diabetes insipidus may result from increased 
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Table 4. The different causes of diabetes insipidus 

I. Failure of vasopressin II. Vasopressin ineffective 

I. Damage to the hypothalamo-neurohypophyseal system, symptomatic diabetes insipidus I. Nephrogenic hereditary, 
vasopressin -resistan t 
diabetes insipidus 

a) Tumors, in particular cysts, craniopharyngioma, gliomas, tumors of the anterior pi
tuitary, metastases, storage granulomas (HAND-SCHlJLLER-CHRISTIAN)' 

b) Inflammatory diseases: encephalitis, meningitis, granulomatous processes such as TB, 
syphilis, sarcoidosis, lymphocytic neurohypophysitis (SAITO, 1970) 

c) Degenerative, in particular vascular destruction 

d) Traumatic damage 
e) After therapeutic hypophysectomy 

2. Hereditary diabetes insipidus, morbid anatomy mainly negative 

3. Primary "idiopathic" diabetes insipidus, unknown etiology 

• The Sternberg-Priesers nodules which are typical to the posterior pituitary and pituitary stalk can occasionally form larger 
tumors described as tumorettes. They can, but need not give rise to endocrine disorders. 

inactivation of vasopressin in the liver and 
kidneys (HANKISS, 1961), there has so far been 
no experimental support for this. The human 
can form antibodies to posterior pituitary 
extracts (ROTH, 1966); however, their clinical 
significance has not been evaluated. Disturb
ances in the regulation of diuresis become 
obvious when more than 85% of the neurons 
in the hypothalamic-neurohypophyseal system 
are lost. The full clinical picture does not appear 
until there is 95% failure. 

An intact anterior pituitary and its dependent 
endocrine glands must be present before poly
uria and the complete picture of diabetes 
insipidus can develop (see p. 48) since failure 
of these glands leads to disturbed renal func
tion. Glomerular filtration may then decrease, 
and cortisol is necessary to "seal off' the 

Table 5. Etiological classification of 124 cases of diabetes 
insipidus. [According to BLaTTNER: Metabolism 7, 191 
(1958)] 

Idiopathic 
Primary brain tumor 
Metastatic brain tumor 
Syphilis 
Hereditary diabetes insipidus 
Postencephalitic 
Xanthomatosis 
Myeloid leukemia 
Infectious chorea 
Cranial fractures 
Malignant lymphoma 
Sarcoidosis 
Cerebral arteriosclerosis 
Birth injury 
Calcification of the internal carotid artery 
Postvaccinal 
Basal arachnoiditis 

45 
36 

3 
7 
3 
3 
2 
2 
2 
3 
I 
I 
I 
I 
I 
I 
I 
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collecting ducts so that maximal diuresis can 
occur. In addition, the responsive threshold of 
the osmoreceptors is raised by cortisol (AUBRY, 
1965). Reduced nutritional intake may also 
have some effect in this regard. It has been 
observed that polyuria regresses when the 
posterior pituitary process attacks the anterior 
pituitary. The renal inability to concentrate 
continues despite the reduced polyuria, and 
consequently, diabetes insipidus may first be
come apparent when cortisone is substituted in 
failure of both pituitary lobes. 

A concentrating power of up to 1016 may 
be maintained after selective loss of the pi
tuitary without destruction to the hypothalamus 
such as occurs after surgical removal of the 
pituitary gland. From this it can be deduced 
that vasopressin can be further secreted under 
these conditions. Secretory transmitting fibers 
of the supra-optic and para ventricular nuclei 
partly terminate at the vessels of the pituitary 
stalk and immediately under the ependyma. 
Fibers of the supraoptic-neurohypophyseal tract 
may regenerate after division and form a sort 
of replaced posterior lobe with blood vessels of 
the proximal stump (BARGMANN, 1968). See 
p. 52f. for the three phases of the course of 
postoperative diabetes insipidus. For the rare 
coincidence of diabetes insipidus and SHEEHAN'S 
syndrome (AGUILO, 1969), see Chap. V, p. 93. 

4. Clinical Features and Symptoms of Idiopathic 
and Symptomatic Diabetes Insipidus 

a) History 

Polyuria and subsequent polydipsia can arise 
overnight or may develop gradually. Polydipsia 
and enuresis can occasionally precede the 
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ability to concentrate urine and if these persist 
for a long time, sometimes result in children 
being unfairly labeled neurotics (F ANCONI, 1956). 
According to SMITH (1951), 50% of patients 
with diabetes insipidus excrete a urine volume 
of between 4 and 8 liters; 25% of patients 
excrete between 8 and 12 liters. A urinary output 
of up to 40 liters has been described in the 
literature. This amount of urine is theoretically 
possible. Within individually set limits, however, 
the volume of urine is largely dependent on the 
serum content of the substances to be excreted 
in urine. Thirst caused by fluid withdrawal has 
a compulsive character. Patients drink every
thing available to them, even their own urine. If 
no fluid is replaced, polyuria continues leading to 
dehydration with dry tongue, fever, delirium, 
and collapse. In a baby, an unexplained fever 
is often the first symptom of diabetes insipidus. 
This thirst fever is characterized by the fact that 
the maximum rise is usually found in the 
mornings, in contrast to fever due to inflam
mations. 

Possible causes of a lesion in the hypo
thalamic region must be precisely searched for 
while taking the case history. Inflammatory 
diseases and tumors must be excluded. The 
family history must be investigated. In contrast 
to the severe mental disorders due to failure of 
the anterior pituitary, insufficiency of the hypo
thalamo-neurohypophyseal system does not lead 
to severe psychological disturbances. Thirst is 
an immediate result of the excessive loss of 
water, and it is pointless to interpret the thirst 
of a patient with diabetes insipidus as a deep
seated psychological disturbance of the instinc
tual sphere. BLEULER (1954) clearly and decidedly 
objects to the psychiatric approach of diagnosis 
and therapy of diabetes insipidus. 

b) Symptomatology 

Apart from the dry skin and frequently de
hydrated mucous membranes, examination of 
the patient does not reveal any special features. 

Polyuria with great water loss which cannot 
be rapidly compensated through adequate intake 
results in a series of indirect symptoms: con
stipation, inadequate saliva flow, absence of 
sweat secretion. Sleep disturbances due to the 
thirst can cause the patient to be irritable and 
to show neurasthenic symptoms. Polyuria and 
polydipsia do not have any negative effects on 
kidneys and circulatory organs even after dec
ades. 

In the presence of a destructive process in 
the hypothalamus, diabetes insipidus can be 
associated with disturbances in the visual fields, 
signs of total or partial insufficiency of the 
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adenohypophysis, pressure symptoms on the 
brain, and other hypothalamic syndromes (see 
p. 32). Even in the absence of neurological 
symptoms, all patients with diabetes insipidus 
should at least have an X-ray of the skull and a 
lumbar puncture and possibly a pneumoen
cephalography to exclude the symptomatic form. 

Features due to the lack of oxytocin are not 
as a rule found in association with diabetes 
insipidus. Even pregnant women suffering from 
diabetes insipidus give birth normally. 

c) Findings in Urine and Plasma 

The most important laboratory finding is a 
24-hour urinary output of over 4 liters of clear 
urine, devoid of sugar and protein, and with a 
specific gravity which seldom exceeds 1005. 
The urinary sodium chloride concentration is 
low, although the amount of NaCI in the 
24-hour output is normal. The urine is almost 
always hypotonic and its osmolality does not 
exceed that of the plasma, 300 mOsm/kg H20 
(see p.46). In the absence of vasopressin, the 
free water clearance which reflects the 'renal 
excretory power for free, as against osmotically
bound water is usually positive. Estimation of 
the plasma osmolality can differentiate between 
diabetes insipidus and polydipsia. The test is 
carried out in the morning in the fasting state 
and with free water intake, or better still, after 
6--8 hours of water deprivation. The plasma 
osmolality in diabetes insipidus is 300 mOsm/kg 
H20 or more, whereas in polydipsia, it is under 
295 mOsm/kg H20 (ROMANI, 1965). The plasma 
osmolality is always higher than the urine 
osmolality in diabetes insipidus after 8 hours of 
water deprivation (PRICE, 1966). 

5. Special Forms of Diabetes Insipidus 

a) Diabetes Insipidus after Injury, Therapeutic 
Hypophysectomy or after Section of the Pituitary 
Stalk 

Experiments in animals have shown that loss 
of more than 85% of the neurons in the hypo
thalamic-neurohypophyseal system gives rise to 
a partial diabetes insipidus, whereas failure of 
more than 95% is necessary for the development 
of a full-blown diabetes insipidus. Similar 
observations were made after therapeutic hypo
physectomy for treatment of carcinoma of the 
breast and prostate and in diabetic retinopathy. 
The resultant diabetes insipidus is usually mild, 
presents special symptoms, and runs a special 
course. The urinary output varies from day to 
day and is usually between 3-4 liters. The 
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average specific gravity is 1010, but the concen
tration power may reach 1016. The Hickey
Hare test using hypertonic saline infusion is 
usually pathologic but can sometimes be normal. 
In the majority of cases, diabetes insipidus does 
not develop after transsphenoidal subdiaphrag
matic hypophysectomy. The risk of diabetes 
insipidus is not predictable in transfrontal hypo
physectomic or division of the pituitary stalk. 
Furthermore, there is no relation between the 
completeness of the hypophysectomy and the 
severity of the diabetes insipidus that may result. 

Three phases have been observed in animal 
experiments and after therapeutic hypophysec
tomy in man. 

1. Immediate polyuria, arising within min
utes or hours of the lesion and continuing for 
hours or days. 

2. The intermediate phase with normal uri
nary output, which can last for a few hours to 
3 days. 

3. The permanent state with diabetes insipid us 
of variable severity. All combinations of the 
three phases are possible. The immediate poly
uria can disappear, and permanent polyuria 
may arise days later without going through 
phase 1 or phases 1 and 2. 

It is assumed that phase 1 is due to a release 
disturbance caused by the traumatic shock to 
the neurohypophysis. The polyuria subsequently 
regresses due to the mobilization of vasopressin 
(KOVACS, 1962). This continues until phase 3, 
when the increasing degeneration of the supra
optico-neurohypophyseal tract reaches the nu
clei, resulting in destruction (SHARKEY, 1961). 

Experience has taught us that treatment is 
not always indicated in the transitory first 
phase. The treatment of the permanent phase 
depends on the degree of polyuria. 

Vasopressin may be produced; however, 
loss of the neurohypophysis, the storage organ 
of vasopressin, causes a disturbance in the 
release mechanism. 

b) Hereditary Central Diabetes Insidipus 

The hereditary form of diabetes insipidus it not 
common. At present, there are only 25 families 
known to be suffering from this inherited 
disease. 

Usually no patho-anatomical changes are 
found in the hypothalamus. Hypoplasia of the 
ganglion cells of the supra-optical and para
ventricular nuclei is claimed to have been found 
in only a few cases. 

The disease is inherited by a simple dom
inant gene. There is a 1: 1 ratio between the 
diseased and healthy descendants. The male sex 
is more prone to show manifestations of the 

disease, and 64% of the cases have occurred in 
males. The reason for the less frequent mani
festation in women is not known (MARTIN, 
1959). The disorder usually becomes apparent 
in very early adolescence. 

In addition to the simple dominant inher
itance, families are known which have sex
linked recessive inheritance, where only the male 
shows manifestations of the disease (FORSSMAN, 
1955). A third mode of inheritance through an 
autosomal recessive gene has been described in 
rats (VALTIN, 1967). 

In contrast to the nephrogenic diabetes 
insipidus, there is no vasopressin resistance. 

Consequently, the disorder is due either to 
a disturbance in the osmoreceptors (MARTIN, 
1959) or, according to limited postmortem 
findings, to atrophy of the supra-optical nucleus 
and the neurohypophysis. In the inherited 
diabetes insipidus described in rats, hyper
trophy of the system was found (VALTIN, 1967). 

c ) Nephrogenic, Vasopressin-Resistant, 
Hereditary Diabetes Insipidus 

This uncommon congenital and hereditary form 
of diabetes insipidus usually exhibits pro
nounced polyuria, polydipsia and hyposthe
nuria. The disease becomes apparent soon 
after birth, although the typical symptoms can 
be masked in the infant by dehydration, fever, 
vomiting, and convulsions (GAUTIER, 1956). 
Experienced mothers make these infants drink, 
holding them directly under the tap ("water
babies"). 

In the fully-developed illness, the urinary 
output in the adult is always more than 8 liters. 
It is, however, dependent upon osmotic load 
and especially the sodium intake. The urine 
osmolality lies between 50 and 100 mOsm/kg 
H20. Under osmotic stress, it should never rise 
above 280. The specific gravity is usually 1 005 
and 1010 in osmotic diuresis. All the men 
observed presented the full picture. In the few 
affected women, the full-blown disorder was 
present or there was only a mild form with a 
concentration power of up to 1019. In addition, 
acquired hyperuricemia and occasionally gout 
have been observed (GORDEN, 1971). 

ex) Pathogenesis 

Vasopressin is produced and released normally; 
moreover, it is not metabolized rapidly and can 
be demonstrated in both plasma and urine of 
these patients (HOLLIDAY, 1962/63). However, 
there is a lack of response in the distal nephrons 
to endogenous and exogenous vasopressin, as 
well as to the synthetic lysin-vasopressin. Uri-
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nary flow and urine osmolality are not in
fluenced in any way by concentrations of vaso
pressin which are high enough to exert definite 
side effects on the vasomotor system and the 
gastrointestinal tract. No morphological changes 
are found at post mortem. The significance of a 
shortened proximal tubular segment, which has 
been observed on two occasions, is unknown 
(McDoNALD, 1955). Occasionally hydronephro
sis and bladder hypertrophy have been ob
served, resulting from the voluntary urine 
retention with the polyuria. The acquired hyper
uricemia occurring only in adults is due to a 
low endogenous uric acid clearance, probably 
connected to the low ren;:tl plasma flow and 
high filtration fraction (GORDEN, 1971). 

~) Differential Diagnosis 

All conditions of nephrogenic polyuria come 
into the differential diagnosis (see Table 6, 
p. 56). The response to vasopressin in all the 
other conditions of nephrogenic hyposthenuria 
is merely diminished and not abolished. 

y) Genetics 

Heterozygous women transmit the inheritance 
on the X chromosome. The expressivity of the 
disorder is variable. Men become clinically ill. 
The women are carriers but can also demonstrate 
abortive forms of the illness. In an investigation 
of a family of Ulster Scots which came to Nova 
Scotia in 1761 on the ship Hopewell, over 9 
generations confirm this mode of inheritance. 
The folklore relates the illness to a curse of a 
gipsy (BODE, 1969). It is assumed that in certain 
families inheritance is autosomal. However, 
this has not been definitely proven. 

0) Therapy 

It is most important to allow the patient to 
drink as much as he needs. The danger is acute 
for infants since brain damage can result from 
repeated dehydration. When the patient is 
inconvenienced by the frequent drinking and 
urinary output, it is advisable to restrict the 
salt in the food and to give thiazide-diuretics as 
well with concurrent potassium and allopurinol 
(GORDON, 1971) administration. The procedure 
is described on p.60fI. 

In acute dehydration when the patient is 
unable to drink, a hypotonic glucose solution 
should be given intravenously. A 2.5-3% 
glucose solution should be used, since this 
causes neither hemolysis nor a temporary rise 
in the plasma osmolality due to osmotic diuresis 
as would occur with a 5% glucose solution. 
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d) Lithium-Induced Nephrogenic Diabetes 
Insipidus 

Lithium carbonate is widely used in the treat
ment and prophylaxis of manic-depressive dis
ease. In man and in animals, chronic administra
tion application of lithium salts can cause an 
insensitivity of the kidneys to vasopressin and 
lead to a reversible nephrogenic diabetes insip
idus. Similar observations have been made with 
magnesium, manganese, and caesium. Whether 
these salts act by inhibiting activation of cyclic 
AMP or by a similar mechanism is not yet 
decided (Editorial 1972; SINGER, 1972). 

e) Occult Diabetes Insipidus (see also p. 55) 

The inadequate fluid intake and resultant small 
urinary output differentiate the occult diabetes 
insipidus in babies and small children from the 
usual diabetes insipidus. In babies tke thirst 
center is at first hyposensitive, and there is a 
particular tendency to become dehydrated and 
to develop fever and a hyperelectrolytemia. 
These cases often turn out to be nephrogenic 
diabetes insipidus. As the patient grows older, 
the thirst mechanism gradually or suddenly 
begins to function. This usually occurs after 
the 10th month. The occult diabetes insipidus 
is then converted into a manifest diabetes 
insipidus. Disturbances of the thirst center must 
be distinguished from true diabetes insipidus 
with inadequate fluid intake (see p.55). 

f) Transitory Diabetes Insipidus 

A few cases of transitory diabetes insipidus have 
been observed (KEDES, 1964). The pathogenesis 
is unexplained. Although antibodies to lysin
vasopressin can occur in man, none have been 
demonstrated in this form of diabetes insipidus 
(ROTH, 1964). It has been suggested that diabetes 
insipidus can arise from increased breakdown 
of vasopressin (HANKISS, 1961). This, however, 
will remain uncertain until such cases are 
reinvestigated with sensitive radioimmunoassays 
for vasopressin. 

6. Primary Polydipsia 

A primary irritation of the hypothalamic thirst 
center leads to excessive water intake of up to 
20 liters with consequent polyuria. This is most 
often due to neurotic factors (dipsomania, 
potomania) and seldom to an organic lesion. 
Neurotic polyuria is usually connected with 
changes in character and psychic disorders, such 
as hysteria. Four-fifths of the patients are 



Hypofunction of the Hypothalamic-Neurohypophyseal System: Diabetes Insipidus 55 

women. The polydipsia usually develops grad
ually over weeks or months and may run an 
intermittent course. Character changes due to 
the illness may, however, also occur in true 
diabetes insipidus (ANGST, 1963). Therefore, 
it may be very difficult to differentiate primary 
polydipsia from diabetes insipidus, and this is 
usually only possible after several days of 
hospitalization or by observation of the course. 
It is particularly difficult to establish the di
agnosis since persistent polyuria of more than 
three days duration, as well as over-hydration 
may lead to a relative renal vasopressin resist
ance. Estimation of the plasma osmolality in 
the morning in the fasting state but with free 
water intake reveals an important difference. 
Patients with diabetes insipidus are usually 
somewhat dehydrated after a night of unbroken 
sleep, and the plasma osmolality is more than 
300 mOsm/kg H20. In polydipsic patients the 
plasma osmolality is slightly reduced. Therefore, 
the fasting plasma osmolality of patients with 
diabetes insipidus is generally different from 
that of polydipsic patients. The osmolality of 
both types of patients can, however, overlap 
with normal values. Estimation of the plasma 
osmolality after 6-~8 hours of water restriction 
would permit an even more definite differen
tiation between diabetes insipidus and poly
dipsia (ROMANI, 1965). The water deprivation 
test alone, or the Hickey-Hare test alone, can 
give misleading results since in the latter test, 
a sufficient hypertonicity of the diluted plasma 
cannot be attained. In the water deprivation test 
lasting 24 hours or longer the overhydrated pa
tient excretes excess water with a loss in weight. 
Antidiuresis cannot commence in either of these 
two tests. Even when the water deprivation test 
is continued long enough for a normal or 
elevated plasma osmolality to be reached, the 
renal response to vasopressin, in the presence 
of intact osmoreceptors, is only insufficient 
in poly uric conditions. A comparison between 
the concentration capacity in the water depriva
tion test and after intravenous vasopressin can 
help here. When carried out under the same 
osmotic conditions, a urine concentration which 
is higher in the water deprivation test than 
after intravenous vasopressin indicates poly
dipsia. A concentration which is higher after 
intravenous vasopressin than in the water 
deprivation test suggests diabetes insipidus 
(BARLOW, 1959). The depot-pitressin test usu
ally gives a more reliable result. It is carried 
out as follows: fluid intake is unrestricted. 
On the morning of the first day of the test, 
a placebo, such as sesame oil, is given in
tramuscularly. The urinary output of patients 
with diabetes insipidus is uninfluenced. The 

fluid intake decreases in some dip so manic 
patients. On the following morning, when the 
fluid intake and urinary volume remain unal
tered, 5 units of pitressin tannate in oil are 
injected intramuscularly. In diabetes insipidus, 
the polyuria is reduced, and with suitable intake, 
the patient is clinically improved. The dipso
manic patient will, however, continue to drink, 
will feel unwell, will put on weight until the 
signs of water intoxication develop: nausea, 
headache and epileptic fits. In some poly
dipsic patients, however, the feeling of thirst 
may disappear once a certain overhydrated 
state has been reached. The "dipsostat", the 
thirst center, is set for overhydration, i.e., 
for a lower osmolality. 

Organic polydipsia can usually only be 
suspected during life when it occurs together 
with other hypothalamic symptoms such as 
fever, emotional changes, and partial anterior 
pituitary deficiency. Polydipsia or adipsia may 
occur in hydrocephalus (HAGEN, 1967). Organic 
polydipsia can be combined with a true, or 
possibly a partial, diabetes insipidus. The diag
nosis can then be very difficult. 

7. Adipsia, Usually Associated with (Partial) 
Diabetes Insipidus 
(Central Hyperelectrolytemia Diahetes Insipidus 
Occultus Hypersalemicus F ANCONI) 

In the few cases in which an organic lesion has 
been definitely diagnosed, polydipsia as a symp
tom of the irritation has preceded the later 
failure of the thirst center by years. Tumors have 
been described as the cause of this hypothalamic 
lesion, particularly often ectopic pineoloma. 
Traumatic hemorrhage, and inflammation are 
other causes. The disturbed realization of 
the feeling of thirst, adipsia, results in so
called central hyperelectrolytemia. The serum 
sodium may lie between 160-~ 180 mEq/l, cor
responding to an osmolality of 320~360 mOsm/ 
kg. The increase of plasma electrolytes is not 
unlimited, but a new state of equilibrium with 
relative and absolute hypertonic dehydration 
becomes established. The plasma volume is 
unaltered. Intra- and extracellular fluid volumes 
are decreased. Normal conditions can be re
established by forced fluid intake with simul
taneous vasopressin administration. The previ
ous false adjustment is immediately resumed on 
the withdrawal of the vasopressin and water. 
Regulation of the volume is still intact, whereas 
osmoregulation is disturbed. An additional rise 
in the osmolality does not result in increased 
release of vasopressin so that in the majority 
of cases, a partial diabetes insipidUS is also 
present. Adipsia and diabetes insipidUS together 
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produce the occult hypersalemic diabetes in
sipidus (FANCONI, 1956). In the baby and small 
child the perception of thirst is only slight. 
Diabetes insipidus can therefore easily lead to 
dehydration and hyperelectrolytemia, that is to 
say, an occult diabetes insipidus can develop in 
the absence of an organic lesion in the thirst 
center. On the other hand, hemorrhage and 
thrombosis of the brain can produce hyper
natremia, especially in infants (COOKE, 1960). 
The diagnosis of organic adipsia or central 
hyperelectrolytemia must only be made when 
clouding of consciousness and intellectual defects 
can be excluded as causes of the disturbed water 
intake. 

8. Differential Diagnosis of Diabetes Insipidus 

In a typical case, the diagnosis can be made 
simply from the history. However, it may be 
difficult to differentiate the disease from psy
chogenic or organic polydipsia, since they both 
lead to vasopressin hyposensitivity. In addition 
to diabetes insipidus in organic hypothalamic 
lesions, there may be symptoms due to stim
ulation and failure of the thirst center which 
complicate the picture. Finally, there may be 
partial diabetes insipidus in the presence of an 
insufficient vasopressin secretion. 

Diabetes insipidus must be considered when 
the 24-hour urinary output exceeds 4 liters. The 
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simple measurement of the urinary volume in 
patients who believe they excrete an enormous 
amount of urine can often exclude the diagnosis 
of diabetes insipidus. In general, the specific 
gravity of the urine in diabetes insipidus is 
under 1005 corresponding to an osmolality 
of < 200 mOsm/kg H20. The upper limit for 
the specific gravity is usually taken as 1008. The 
urine is hypotonic, its osmolality is lower than 
that of the plasma (300 mOsm/kg H20). The 
free water clearance is negative. It is, however, 
possible that slightly hypertonic urine with a 
correspondingly high specific gravity may be 
produced under particularly pathological con
ditions where the glomerular filtration is greatly 
reduced, even in the absence of vasopressin 
(BERLINER, 1967; KLEEMAN, 1957). Definite 
diagnostic border-line values for urinary out
puts and concentration capacities cannot be given 
because of the occurrence of partial diabetes 
insipidus, particularly the type which develops 
postoperatively. 

The polyuria in diabetes mellitus rarely 
exceeds 4 liters. The specific gravity is high and 
glucosuria is present. The daily urinary output 
in chronic nephritis and cystic kidneys is seldom 
more than 4 liters. 

Further, nephrogenic polyuria occurs in 
hypokalemia with hyposthenuria (see p.48) 
and also in primary aldosteronism (see p. 332). 
Finally, polyuria may result secondary to hyper-

Table 6. Differential diagnosis of polyuria. [Modified according to KLEEMAN et al.: Arch. into Med. 101, 1023 (1958)] 

Mechanism: 

Water {

Excessive water intake 

Incapacity of tubular 
reabsorption 

Dissolved substances: 

Glucose 

Mannitol 

Salts, especially NaCI 

Urea 

Polydipsia 
a) Psychogenic 
b) Organic (seldom) 

Vasopressin deficiency or disturbed release: 
Diabetes insipidUS 

Disturbed response of the nephrons to vasopressin: 
Nephrogenic, hereditary diabetes insipidus 
Polydipsia > 3 days 
Hypokalemia 
Primary aldosteronism 
Nephrocalcinosis 
Hyperkalemia 
Lithium medication or intoxication 
Manganese, magnesium or cesium intoxication 
Condition after urinary tract obstructions 
Multiple myeloma 
Amyloidosis 

{ Diabetes mellitus 
Phlorrhizin diabetes 
Mannitol diuresis 

{ Chronic pyelonephritis, interstitial nephritis 
Salidiuretics, Hg-diuretics 
Chronic renal disorders 
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parathyroidism and hypercalcemia, in which 
case the urinary output seldom exceeds 4 liters. 

The same amount of urine is excreted daily 
in nephrogenic and in true diabetes insipidus. 
Nephrogenic diabetes insipidus is recognized 
by its failure to respond to vasopressin. 

Neurotic or organic polydipsia can present 
the greatest difficulties in differential diagnosis. 
Often the prognosis and treatment can only be 
decided upon after hospital observation or by 
following the course of the disease. 

9. Diagnosis of Diabetes Insipidus 
Tests for Investigating Polyuria and Polydipsia 

The diagnostic value of all of the following tests 
is limited by the fact that after more than 3 days 
of persistent water diuresis, the concentrating 
ability of the kidney decreases. This means that 
a high specific gravity cannot be achieved 
regardless of whether the water deprivation test, 
Hickey-Hare test, the vasopressin, or the nicotine 
test is employed. Maximal concentrating ability 
can only be examined after several days of water 
restriction or after treatment with depot-pit
ressm. 

The least inconvenient and most reliable 
tests are still the water deprivation test under 
osmolality control with termination after 3--5% 
loss in weight and the vasopressin test. The 
Hickey-Hare and the nicotine tests are usually 
dispensable. 

a) Water Deprivation Test 

ex) Principle 

The plasma osmolality rises during water dep
rivation. In the healthy subject, the hypo
thalamic osmoreceptors are stimulated and vaso
pressin is then released, causing the pores in the 
distal nephrons to open for water reabsorption. 
Urinary flow falls; the specific gravity and urine 
osmolality rise. In diabetes insipidus, because 
vasopressin is absent, water continues to be 
excreted with development of dehydration and 
weight loss. 

P) Method 

7:00 a.m. Breakfast with little fluid. 
7:30 Bladder emptied. Specific gravity 

and, when possible, osmolality of 
the urine are measured. Weigh pa
tient hOUrly. 
Blood collection for Hb, hematocrit, 
Na, Cl, when possible, osmolality, 

perhaps K and proteins. From 7:30 
stop fluid intake. Watch patient 
closely. Collect urine in as many 
portions as possible. Note amount 
and specific gravity. Estimate osmo
lality whenever possible. After 2--3 
hours or when patient can no longer 
urinate every half hour, only the 
hourly output is measured. 

10:30 Blood for same determinations as 
above. Weigh patient. 
The water deprivation test should 
last at least 6 hours, or better still, 
24 hours. When the patient has lost 
3--5% of the body weight, the test 
must be discontinued promptly. 
Before the end of the test, blood 
collection is repeated. Patient is 
weighed again. 
A sedative may be used to prolong 
the test. 

y) Interpretation 

Diabetes insipidus is probable when: the uri
nary volume does not decrease or decreases 
only slightly during the test, when the specific 
gravity is not more than 1008, when the urine 
osmolality does not rise beyond 300 mOsmjkg 
H20, and when the patient loses 3--5% of his 
body weight. However, a patient with poly
dipsia, who at the beginning of the test is very 
highly overhydrated, can excrete urine with a 
low specific gravity for a long period of time 
due to the water retained in the tissues. 

b) Hickey-Hare Test 

(Infusion of Hyperosmolar NaCl-Solution) 

ex) Principle 

Infusion of 2.5% NaCl causes an increase in the 
serum osmolality, and thereby stimulation of 
the osmoreceptors with release of vasopressin. 

B) Method 

Prepare: approximately 4 liters of unsweetened 
tea, 1 liter sterile 2.5% N aCl solution with 
complete drip set. 
7: 00 a.m. Breakfast with 20 ml fluid per kg 

body weight. This corresponds to 
1.4 liters fluid for a 70 kg patient. 
No coffee. Smoking forbidden. Fluid 
should be ingested between 7 and 
7:30. 

From 7: 15 Patient should void urine every 
quarter hour. The amount excreted 
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10:00 

10:45 

is measured, and the same volume 
of tea is ingested. When patient 
cannot void urine regularly, catheter 
must be introduced. Note the amount 
and specific gravity of each portion 
of urine. 
Blood collection for Na, CI, protein, 
Hb, hematocrit, when possible, se
rum osmolality. 
Immediately after blood collection, 
infusion is started at a rate of 
0.2 mllkg body weight per minute, 
i.e. a 70 kg patient receives 14 mIl 
min = 280 drops per minute. The 
infusion should be continued for 
45 min so that a 70 kg patient would 
receive a total of 630 ml. 
It is practically impossible to count 
the drops. The quantity of fluid 
which should run off in the fixed 
time is best measured on the infu
sion bottle, and the rate adjusted 
accordingly. It may be convenient 
to employ an infusion pump for this 
purpose. A relatively large needle 
must be used in order to ensure 
rapid flow. 
Stop infusion. Blood estimation as 
above. 
The test is discontinued as soon as 
the urinary output collected during 
the test reaches the same quarter
hour volume as before the infusion 
was started. 

y) Interpretation 

The estimation of Na, CI, Hb, hematocrit and 
proteins will indicate whether the test is being 
carried out correctly. During the infusion, Hb, 
hematocrit and protein concentration in the 
serum decrease, whereas Na and CI rise. Serum 
osmolality may be measured directly. A patient 
with polydipsia can be so hypo-osmolar at the 
beginning of the test that the infusion causes no 
hyperosmolality. In this case the test must 
occasionally be repeated with more NaCl. 

Diabetes insipidus is probable when there is 
no decrease in urinary output and no increase in 
the specific gravity during the test. 

An osmotic diuresis can occasionally sim
ulate a false pathologic result. Simultaneous 
measurement of the free water clearance pre
vents false interpretations. In patients with 
circulatory disturbances there is a risk of 
pulmonary edema due to overloading with 
NaCI (15 g for 70 kg body weight). 
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c) Vasopressin Test 

ex) Principle 

An injection of synthetic lysin-vasopressin can 
show whether the kidneys react normally to 
this hormone. Nephrogenic diabetes insipidus 
can then be diagnosed or excluded. 

P) Method 

The vasopressin test is carried out after the 
Hickey-Hare test so that the patient need not 
be hydrated again. 

If the test is done on another day, the patient 
must be hydrated as in the Hickey-Hare test 
with 20 ml fluid per kg body weight. 

Thereafter, the patient must void urine every 
quarter hour, and the same volume of tea is 
given to the patient. Note the quantity, specific 
gravity, and when possible, the osmolality of 
every urine sample. 

At the beginning of a quarter-hour period, 
1 IU lysin-vasopressin is given rapidly intra
venously. 

The blood pressure should be measured 
before and after the injection of vasopressin. 
The vasopressin test is not admissible in 
patients with hypertension and coronary dis
ease, since vasopressin may cause a rise of 
approximately 50 mm Hg in the blood pressure. 

y) Interpretation 

If the patient under investigation does not react 
with a decrease in urinary output and a rise in 
the specific gravity, the same amount of vaso
pressin should be tested in a normal subject. 

If the normal person reacts to the vasopressin, 
then the patient who did not react must have a 
nephrogenic diabetes insipidus. 

Central diabetes insipidus is present when 
the specific gravity and the urine osmolality are 
higher in the vasopressin test than in the water 
deprivation test. A high specific gravity in the 
water deprivation test indicates polydipsia (BAR
LOW, 1959). The free water clearance is the 
most reliable way of assessing the effect of 
vasopressin. 

In patients previously treated with vaso
pressin or posterior pituitary extracts, the pres
ence of antibodies to vasopressin may obscure 
the results. 

d) Depot-Pitressin Test 

5 U of pitressin tannate in oil given intra
muscularly leads to a decrease in the urinary 
output and to a rise in the urine concentration, 
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both with diabetes insipidus and with poly
dipsia. The patient with diabetes insipidus, how
ever, feels relief at once and stops drinking. The 
polydipsic patient continues to drink, becomes 
overhydrated, gains weight, and develops head
ache, nausea, and confusion. 
Method: 7 a.m. - after weighing the patient 
and measuring the hematocrit and the serum 
osmolality whenever possible - give 5 U depot
pitressin by i.m. injection. Fluid and food are 
not limited. Fluid intake, urinary output, and 
specific gravity are measured. Weight is meas
ured 3 times daily. Serum osmolality and 
hematocrit daily. Patient is observed for at least 
3 days. 

e) Nicotine Test 

a) Principle 

Nicotine stimulates the release of vasopressin 
from the hypothalamic-neurohypophyseal sys
tem. According to DINGMAN, this stimulation 
does not occur via the osmoreceptors, but 
rather through direct action on the hypo
thalamic nuclei and the posterior pituitary. By 
means of an injection of nicotine, the content 
of vasopressin in the pituitary gland and its 
release can be examined. When the pituitary 
reacts to nicotine, urinary flow is again reduced 
due to thc samc mechanism as in the other tests. 

~) Method 

7:00 Empty bladder. Breakfast. 
Between 7:00 and 7:30 fluid intake: 20 ml 

per kg body weight, i.e. 1.4 liters for a 70 kg 
patient. No coffee, no smoking. 

Void urine quarter hourly. Drink same 
volume of fluid. Note the quarter hour urinary 
output and the specific gravity. 

When urinary flow becomes constant, ap
proximately at 10:00, at the beginning of a 
quarter hour period, 1 mg nicotine base is given 
intravenously to nonsmokers (1 mg nicotine 
base corresponds to 2 mg nicotine salicylate or 
3 mg acidic nicotinetartrate). 

Approximately 3 mg of nicotine base are 
injected into smokers. 

The normal reaction to nicotine is the 
development of nausea. When this does not 
occur, the dose is too small and a slightly higher 
dose should be injected. 

y) Interpretation 

It is assumed that two types of diabetes insipidus 
can be differentiated. If the patient does not 
react to nicotine, it must then be assumed that 
vasopressin is not formed. On the other hand, if 

the patient reacts to nicotine but not to osmotic 
stimulation, a lesion of the osmoreceptors must 
be assumed to be present (DINGMAN, 1957). 

The stimulation threshold for the release of 
vasopressin by nicotine is very variable. Thus, 
a sufficiently high dose of nicotine cannot 
always be given to definitely establish a negative 
result (DIES, 1961). 

f) Free Water Clearance 

a) Principle 

The urinary volume can be divided into two 
hypothetical portions, one with osmotically
bound water, and the other with free water. The 
urine volume per unit of time or the urinary 
flow is the sum of the osmolar clearance and the 
free water clearance (V = Cosm + C H20). The 
latter quantity has a negative value in hypertonic 
urine and a positive value in hypotonic urine. 
The osmolar clearance IS calculated from the 
formula: 

C - V urine osm 
osm - plasma osm 

with Vas the urinary output per minute. From 
this the formula for free water clearance IS 

deduced 

C = V (1 _ urinary osmjkg H20) 
H20 plasma osm/kg H20 . 

Depending on the urinary and the plasma 
osmolality, the quotient will be > 1 or < 1, and 
the sum or the product will be negative or 
positive. 

In general a negative free water clearance 
indicates that vasopressin is active. For conven
ience, the collection period for the estimation of 
the free water clearance is adjusted to the 
urinary flow. When the urinary flow is 5 ml/min, 
urine is collected every quarter hour. Hourly 
collections are made when the flow is < 2 ml/min. 

An exact estimation of the osmolality is 
essential for calculating the free water clearance. 
It allows exact calculation of diuresis, or anti
diuresis, and it is advantageous to employ the 
free water clearance in the Hickey-Hare test, 
the nicotine test, and the vasopressin test. Thus, 
for example, a pathologic result may be iden
tified as being due to simultaneous osmotic 
diuresis. 

Where the urinary output is small, the 
clearance becomes inexact because of the una
voidable 5--10 ml of residual urine in the bladder. 

~) Method 

Patient hydrated, depending on the purpose of 
the investigation. When there is an average 
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urinary flow of 1-2 mljmin the urine is measured 
during 2 intervals, from 8-9 hand 9-10 h. The 
volume and the osmolality are measured. 

Collection of blood at 9 h for estimation of 
the plasma osmolality. Use the formula above 
for the calculation. 

In our experience other simplified tests such 
as comparison of the diuresis after drinking water 
or 1 % saline or comparison of the urinary and 
plasma osmolarities during 6 to 12 h of fluid 
deprivation, are less reliable (JADRESIC, 1962; 
DECOURT, 1960; DASHE, 1963). 

g) Assays of Plasma and Urinary Vasopressin 

Until recently, the concentration of vasopressin 
in the body fluids and in tissue extracts could 
only be estimated from its antidiuretic and 
hypertensive effect in animals. Reliable results 
can be obtained using the unanesthetized trained 
dog (VAN DYKE, 1955), or by a less expensive 
method using the hydrated rat anesthetized 
with alcohol. The body fluid to be examined is 
injected intravenously (SAWYER, 1966). Diuresis 
may be registered by automatic counting of 
drops of urine (IRMSCHER, 1965), or a regular 
diuresis may be obtained by exposing the 
bladder and using a constant intravenous infu
sion (CZACZKES, 1964). It is possible to increase 
the sensitivity further by cannulating the ab
dominal aorta (SAWYER, 1966) or the jugular 
vein and by catheterizing the bladder (HEINTZ, 
1964). 1-5 IlU per ml are given as the lowest 
measurable values. A range of values between 
0-0.05 to 22 IlUjml have been reported in the 
human, depending on the state of hydration 
(CZACZKES, 1964; LAUSON, 1967). Values of 
2.5-5 IlUjml can be estimated by using bratt
leboro rats with hereditary diabetes insipidus 
which are more sensitive to vasopressin. In 
general, however, this sensitivity is hardly 
sufficient to determine the vasopressin con
centration in human plasma, except in severe 
dehydration. 

The biological estimation of vasopressin 
excreted in the urine has yielded values between 
40-160 IlUj24 h(CHAUDHURY, 1961). Thismeth
od can only be conclusive in massive over
production (see p. 63) (THORN, 1963). Radio
immunological methods for vasopressin are 
difficult to perform in biological fluids because 
of cross-reactions and interferences of uni
dentified substances with the hormone-anti
body reaction. There are methods using anti
bodies produced by pure vasopressin (ROBERT
SON, 1970) and others employing coupling of 
vasopressin to bovine serum albumin with glut
araldehyde. Previous gel filtration and acetone 
precipitation for elimination of the interfering 
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substances are necessary for the determination 
of plasma vasopressin. Concentrations as low as 
0.025 pgjml or 0.01 IlU can then be detected. In 
the healthy man, concentrations between 1-
10 Illlgjml (= 0.1-11lU) are found according to 
the state of hydration (ROBERTSON, 1970, 1971). 
In dehydrated diabetes insipidus patients con
centrations of up to 0.6-3.2 pgjml can be 
detected. In the unextracted urine rates of 
1.2-6.5 mUjh arginine-vasopressin have been 
found in dehydration and rates of 0-0.35 mUjh 
during water loading. This material was di
alyzable. The method is useful for the deter
mination of secretory rates (OYAMA, 1971). The 
radioimmunological determination of neuro
physin in plasma is easier to perform and the 
values parallel those of vasopressin correspond
ing to hydration and dehydration (CHENG, 1970; 
LEGROS, 1972). Further experience will show 
whether the determination of neurophysin can 
replace that of vasopressin. 

10. Prognosis and Course 

The course is irreversible almost without excep
tion even when the cause of the symptomatic 
disturbance is successfully removed. Occasion
ally, diabetes insipidus can disappear after a 
craniopharyngeal cyst has been punctured. The 
prognosis of survival is good, providing a 
destructive process does not progress further. 
Spontaneous regression of symptoms is always 
suggestive of an additional lesion involving the 
anterior pituitary. 

11. Therapy 

In symptomatic diabetes insipidus, the under
lying disorder must be treated primarily. The 
incidence of diabetes insipidus is high, when 
the etiology is unknown, and therefore ir
radiation of the pituitary region (in the hope 

Table 7. Synopsis of investigation for diabetes insipidus 

I. General examination, followed by ophthalmoscopy of the 
fundi, and urine examination for sugar and protein. Meas
urement of the urinary output and fluid intake with normal 
diet and unrestricted fluid intake. The specific gravity, and 
whenever possible, the osmolality of different urine 
samples are estimated. 

2. Plasma and urinary osmolality in the morning in the fast
ing state or after 6 hours of absolute fluid deprivation. 

3. Water deprivation test. 
4. Intravenous vasopressin test, depot-pitressin test. Possibly 

test with hypertonic saline infusion and the nicotine test. 
5. X-rays of the skull, antero-posterior and lateral views, 

possibly electroencephalography and pneumoencephalo
graphy. 
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of favorably influencing a possible neoplastic 
or granulomatous process) is not justified. 
Symptomatic treatment consists of vasopressin 
replacement, dietary measures, possibly salidi
uretics and certain drugs. 

Above all, the patient should be allowed to 
drink to satisfy his needs. The polyuria is 
decreased by reducing the intake of substances 
excreted in the urine, therefore a diet low in salt 
is advisable. The aqueous solution of a posterior 
pituitary extract and the synthetic lysin-vaso
pressin for i.m. administration have not proved 
satisfactory for replacement therapy. They are 
effective for only 4-6 hours, and when given in 
high doses produce side effects such as nausea, 
gastrointestinal spasms and diarrhea. On the 
other hand, pitressin-tannate in oil is very 
valuable for long-term treatment. Immediately 
before administration the ampoule must be 
warmed to body temperature and shaken well. 
An intramuscular injection of 1-3 units, equiv
alent to 0.2-0.6 ml, has a varying action 
lasting between 1 and 3 days. The patient is 
symptom-free during this period. Over-dosage 
easily leads to over-hydration, consequently 
the necessary dose must be individually adjusted. 
Occasionally a whole 1 ml ampoule, correspond
ing to 5 U, is needed. The full effect will be seen 
only after some days or weeks, when the high 
osmolality of the renal medulla is rcstored 
(HARRINGTON, 1968). Intelligent patients should 
be allowed to give the injection themselves as 
diabetics do. The use of pitressin in the form 
of snuff, although effective, is presently obsolete 
since it can give rise to the development of 
general or localized allergies and irritation of 
the nasal mucosa or even more serious complica
tions, such as an allergic interstitial pneumonia, 
called "pituitary snuff-taker's lung" (PEPYS, 
1966; BihIKOFER, 1970). On the other hand, 
aqueous solutions of synthetic lysin vasopressin 
are easily and conveniently employable in nasal 
sprays in a concentration of 50 ~g/ml. Spraying 
must be undertaken every 3-6 hours, and the 
individually adequate dose must be determined. 
On an average, most patients need 50-62.5 U 
per day. When the duration of action does not 
last overnight, a cotton wool swab soaked in a 
vasopressin solution can be introduced. During 
a cold, buccal or vaginal administration is also 
possible. Spraying before retiring for the night 
can usually prevent nocturia, and urinary output 
usually falls to below 3 liters (DINGMAN, 1964). 
No effect on the uterus has been observed 
during pregnancy, and the blood pressure does 
not rise. 

Synthetic vasopressin analogues such as 
D D A VP, 1-deamino-8-D-arginine-vasopressin, 
can have a higher antidiuretic potency together 

with a decreased pressor actlvIty and a much 
longer half-life. Deamination in position 1 
increases the antidiuretic effect, whereas the 
introduction of the D form of amino acid in 
position 8 is usually combined with a reduction 
of pressor effects. DDAVP (Desurin), admin
istered intranasally with a simple and suitable 
device in doses of 15 ~g, twice daily, normalizes 
the urine production in practically all idiopathic 
and symptomatic diabetes insipidus patients 
without any side effects. It will soon be com
mercially available and at present seems to be 
the safest and most convenient therapy (VAVRA, 
1968; ANDERSON, 1972; IRMSCHER, 1972). A 
further indication might be Enuresis nocturna. 

The paradoxical administration of thiazide 
diuretics is one way of decreasing the urinary 
volume in water diuresis (EARLEY, 1961). The 
effect is not satisfactorily explained, and is 
probably complex. Salidiuretics inhibit sodium 
reabsorption in the distal nephron and so 
decrease the formation of osmotically free water. 
In addition, thiazides are supposed to cause 
an increased proximal reabsorption of the iso
tonic filtrate, due to the excretion of sodium 
with diminished extracellular volume and re
stricted renal blood supply. This leads to 
decreased diuresis (EARLEY, 1962; CUTLER, 1962; 
ORLOFF, 1966). On the other hand, reduction 
of glomerular filtration rate with a reduced 
supply of isotonic solution to the distal tubule 
can hardly explain the beneficial effect of the 
salidiuretics. In patients with diabetes insipidus 
who respond well to depot-pitressin or the vaso
pressin spray, the addition of salidiuretics is 
of little benefit (CRAWFORD, 1960). In patients 
who have become resistant or over-sensitive to 
vasopressin, and especially in patients with 
nephrogenic diabetes insipidus, the complaints 
can be reduced and occasionally normalized 
through salt restriction and salidiuretics (chlor
thalidone 200-400 mg daily, hydrochlorothia
zide 50-75 mg), the potassium loss being com
pensated by daily doses of 3 x 1 g potassium 
salt. The slight antidiuretic action of amino
pyrin and phenylbutazone are of no therapeutic 
significance now. The antidiabetic compound 
chlorpropamide in a dosage of 250-500 mg per 
day has an antidiuretic effect in patients with 
vasopressin-sensitive diabetes insipidus (ARDUI
NO, 1966; FR¢YSHOV, 1968). Thefree water clear
ance becomes negative (HOCKEN, 1968; ANDRE
ANI, 1969) by a mechanism of action which is still 
uncertain. Whether chlorpropamide acts by 
way of cyclic AMP (EARLEY, 1971) or not 
(lNGELFINGER, 1969) is still undecided. Although 
a direct effect on the kidney is not entirely 
excluded (DANISI, 1970), most of the evidence 
is in favor of the view that chlorpropamide 
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enhances vasopressin's effect of increasing water 
permeability of the distal nephron (EARLEY, 
1971; UHLICH, 1971). The most valid arguments 
are that chlorpropamide is ineffective in nephro
genic diabetes insipidus and in rats with hered
itary absence of vasopressin but that it augments 
the effect of small doses of vasopressin (BERNDT, 
1970). In severe cases of diabetes insipidus 
there is little or no effect. In a small percentage 
of patients with diabetes mellitus, it can lead 
to a reversible syndrome of inappropriate 
secretion of vasopressin with hyponatremia and 
hypo-osmolality (WEISSMANN, 1971). The hypo
glycemic effect of chlorpropamide is a serious 
drawback for its use in patients with diabetes 
insipidus. 

Whereas other peroral antidiabetic agents 
are ineffective, some other drugs, the anti
convulsant carbamazepine (Tegretol) and the 
anti-hypercholesteremic agent clofibrate (Atro
mide), have a similar antidiuretic action on 
patients with diabetes insipidus (BRAMHOFER, 
1966; FRAHM, 1969; DECOURT, 1971). The 
urinary volume of patients with idiopathic or 
symptomatic diabetes insipidus can be reduced 
to half or less by peroral application of 2 or 3 
doses of 200 mg carbamazepine. The side effects 
may be tiredness and dizziness, mainly at the 
beginning of the treatment. It is therefore 
advisable to start with small doses (100 mg 2 x). 
Here again, the treatment is not or not com
pletely effective in severe cases of diabetes 
insipidus. A combined treatment with smaller 
doses of chlorpropamide and carbamazepine 
(300 and 400 mg) may lessen or avoid the side
effects (STOLL, 1972). Clofibrate (Atromide), 
4-6 x 0.25 can be combined with carbamazepine 
(PERLEMUTTER, 1971). 

Not all patients want long-term replacement 
therapy. Many patients, especially those who 
developed the disorder during childhood, are 
accustomed to large fluid intake, have adjusted 
their lives accordingly, and no longer find it 
disturbing. They employ replacement therapy 
only in special situations when it is impossible 
to obtain the required volume of fluids. 

F. Inappropriate Secretion of 
Antidiuretic Hormone 
(Schwartz-Bartter Syndrome, 
Oversecretion of Vasopressin) 

1. Symptomatology and Pathogenesis 

Hyponatremia with hypotonic hypervolemia 
and hypertonic urine has been observed in 
bronchial carcinoma and other diseases. In 1957, 
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SCHWARTZ and BARTTER related these features 
to a dilution of the plasma due to hypersecretion 
of vasopressin. The diagnosis is made indirectly 
from the following findings: 

1. Hyponatremia with hypo-osmolality of 
the serum and extracellular fluid. 

2. Absence of hypovolemia and dehydration. 
Normal turgor, blood pressure, and serum urea. 

3. Persistent natriuria despite hyponatremia. 
Hypertonic or not maximally diluted urine. 

4. Intact renal and adrenal function. 
Administration of exogenous vasopressin 

with simultaneous continued water intake re
sults in increased glomerular filtration, elevated 
sodium excretion, hyponatremia, and dilution 
of the body fluids due to an increase of the plasma 
volume. Although the intravascular space is 
usually normal, the extracellular space becomes 
enlarged. Osmoregulation is abandoned in favor 
of maintenance of the volume of the body 
fluids. It is not clear why hypotonic hydration 
is well tolerated and the intracellular space 
does not enlarge. A shift of sodium into the 
intracellular space has been observed (KAYE, 
1966) but it seems to be osmotically inactive. 
The elevated natriuresis is due to increased 
filtration and hypervolemia in the absence of 
aldosterone secretion, and also to disturbed 
sodium reabsorption in the presence of an 
enlarged extracellular volume (BARTTER, 1967); 
the additional effect of the hypothetic third 
factor (FICHMAN, 1968; BRICKER, 1967) may 
contribute to the natriuresis. 

The syndrome has been observed: 
1. in bronchial carcinoma, generally small

cell or anaplastic type. There has been only one 
reported case of inappropriate ADH with 
adenocarcinoma; 

2. in cerebral diseases, primary and meta
static brain tumors, vascular diseases of the 
brain, trauma to the skull and malformations; 

3. in certain metabolic disorders, such as 
porphyria with encephalopathy, and finally in 
an "idiopathic" group of unknown etiology 
(WALDVOGEL, 1967). It is not certain if this group 
also includes the syndrome observed in severe 
pulmonary tuberculosis, miliary tuberculosis, 
tuberculous meningitis and in the "cerebral salt
losing syndrome" (Table 8). Hyponatremia with 
hypovolemia usually occurs in Addison's dis
ease, hypopituitarism and myxedema (see p. 159). 
There is currently some discussion as to whether 
hyponatremia, which occurs in postoperative 
conditions and in cardiac failure, is occasionally 
caused by excessive vasopressin secretion (BART
TER, 1967). 

At first, there was only indirect support for an 
increased vasopressin secretion in these syn
dromes, as evidenced by a negative free water 



Inappropriate Secretion of Antidiuretic Hormone 

Table 8. Occurrence of the vasopressin-oversecretion syn
drome (inappropriate secretion of antidiuretic hormone) 
(BARTTER and SCHWARTZ, 1967) 

I. Malignant tumors: 
Carcinoma of the lung 
Duodenal carcinoma 
Pancreatic carcinoma 
Thymoma 

2. Disorders of the central nervous system: 

3. Pulmonary diseases: 

4. Idiopathic 

Meningitis 
Injuries to the skull 
Brain abscess 
Brain tumor 
Encephalitis 
Guillain-Barre syndrome 
Acute intermittent porphyria 
Subarachnoid hemorrhage 
Miscellaneous 

Pneumonias 
Tuberculosis 
Cavern formation (aspergillosis) 

clearance. Moreover, the clearance may occa
sionally be positive, but it is always insufficiently 
high in relation to the hypotonic plasma. The 
kidneys are always able to retain sodium and 
to respond to mineralocorticoids, even with 
restricted renal blood supply. 

Sodium administration increases natriuresis; 
therefore, hyponatremia can hardly be compen
sated by this means. On the other hand, when 
water deprivation restores the sodium concen
tration in the serum, hypernatriuria and poly
uria are eliminated. Vasopression or substances 
with a vasopressin-like effect have been suc
cessfully demonstrated in the urine (THORN, 
1963), in the plasma (BOWER, 1964), and in tumor 
extracts (ARMATRUDA, 1963; BOWER, 1964; BAR
RACLOUGH, 1966; BERDE, 1965, 1968; MARKS, 
1968; ROBERTSON, 1971; UnGER, 1966; VOR
HERR, 1968). However, an increased vasopressin 
concentration cannot be proven in all cases. It 
can be in the normal range, but the concentration 
is too high for the corresponding osmolality and 
is not suppressible by further hydration (BAU
MANN, 1972). 

Obviously there are two possible mecha
lllsms: 

1. Bronchial carcinomas or other tumors 
produce vasopressin or a similarly active sub
stance. This is supported by the fact that the 
syndrome regresses after operation or after 
improvement in the pulmonary carcinoma fol
lowing chemotherapy or radiation, and that 
such substances can be directly demonstrated in 
tumor extracts. 

63 

2. The pathogenesis of the syndrome in 
cerebral processes is probably related to a regu
lation disturbance in the release or production 
of vasopressin. The regulatory center no longer 
responds to the usual inhibitory stimuli (hypo
osmolality, hypervolemia, only partly to alcohol), 
but does, however, respond to diphenylhydan
toin. This may allow a differential diagnosis 
between the syndrome caused by tumor and the 
one caused by central nervous disorders. It is not 
known whether and how cases of the Schwartz
Bartter syndrome occuring in pulmonary tuber
culosis, are to be included here. The hypo
natremia in myxedema and in pituitary insuf
ficiency does not appear to belong to this syn
drome (see p.159, 95). 

2. Differential Diagnosis and Diagnosis 

The hyponatremia due to "true" salt depletion, 
such as occurs in ADDiSON'S disease, in tubular 
nephropathy, and during vomiting and diar
rhea, lead to hypovolemia, hypo-osmolality, 
hypotension, hypotonic dehydration and azo
temia. Hyponatremia and hyperosmolality are 
suggestive of mannitol abuse (AVIRAN, 1967). 
Hypertonic urine can also be produced when the 
glomerular filtration is reduced. This, however, 
is always associated with azotemia and an in
crease in plasma creatinine. Moreover, sodium 
excretion decreases with a fall in filtration. 

The hyponatremia in terminal cardiac failure 
is combined with severe edema. Salt escapes into 
the interstitial space and into the tissue, sodium 
excretion is reduced, and the sodium balance 
is positive. 

The hyponatremia in hypopituitarism (see 
p. 95) is not connected with hypernatriuria and 
does not improve with dehydration, but does 
respond immediately to cortisone treatment. 
Psychogenic or organic polydipsia can give rise 
to similar findings when the fluid intake is more 
than 25 ml/min, although the urine is always 
maximally diluted. 

Pseudohyponatremia in hyperlipemia and in 
hyperproteinemia can be excluded because of 
the normal osmolality. 

Finally, administration of mannitol can be 
a cause of hyponatremia with hyperosmolality 
of the serum (AVIRAM, 1967). The Schwartz
Bartter syndrome is present when after exclusion 
of dehydration and cardiac failure, hypona
tremia occurs with hypertonic or insufficiently 
diluted urine and can be improved by limiting 
the fluid intake. Values of the urea in the 
serum are charcteristically very low, being 
under 20 mg%. 
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3. Course and Therapy 

The course is determined by the primary dis
ease. Remissions are possible, especially in 
porphyria. When the basic disease cannot be 
influenced, the hyponatremia can be improved 
or be avoided by limiting water intake. The 
general condition of the patient is thus improved. 

Diphenylhydantoin which i. v. inhibits vaso
pressin overproduction in the central nervous 
system does not correct long-standing hypo
natremia (FICHMAN, 1968). Although the appli
cation of mannitol counteracts the effects of 
vasopressin oversecretion, it has no advantage 
over fluid restriction alone. 
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IV. The Pineal Body and the Circumventricular Organs 

A. LABHART 

A. Pineal Body 

Throughout the history of medicine, opInIOns 
on the importance and functions of the pineal 
body have varied more than those related to 
any other organ of the body. DESCARTES saw 
it as the seat of the functions of the soul, im
agining that light impulses could be perceived 
by the pineal body and then transmitted as 
humoral signals to the musculature. From this 
position of eminence, theories concerning its 
function have relegated it to a position where 
it presently serves primarily as a calcified point 
of orientation in the middle of the skull for the 
neuroradiologists. At present it is receiving 
renewed importance as a potential fourth neuro
endocrine organ, the biological clock of the 
organism and the rhythm initiator. 

The phylogenetic history of this organ is 
also interesting. A million years ago, in the 
brontosaurians, this organ represented a third 
eye. It is still active as a light receptor in certain 
amphibians in that it contains a light-sensitive 
apparatus similar to the retinal cones which 
emit nerve impulses to light stimuli of certain 
wavelengths. The pineal body has become the 
neuroendocrine organ in mammals which need 
nerve impulses for the liberation of a specific 
hormone, melatonin. The indole alkylamine, 
melatonin (see Fig. 1), produced in small a
mounts, is the most potent pigment regulator 
in amphibians, causing aggregation of melanin 
granules in the melanophores and fading of 
skin pigmentation. In the mammal, melatonin 
has no influence on pigment regulation. 

However, in the mammal the pineal body 
has not forgotten its past as a third eye, and 
although it no longer possesses any light
sensitive elements, its functions are still de
pendent upon light. Light impulses from the 
retina of the eye reach the pineal body through 
the sympathicus via the superior cervical ganglion 
where noradrenaline and serotonin are released. 
This is the only site where serotonin is released 
as a neurotransmitter. Noradrenaline and sero
tonin influence the synthesis of the enzyme 
5-hydroxyindoleO-methyl-transferase(HIOMT) 

which liberates melatonin from N-acetyl-sero
tonin. It is presently uncertain to what extent 
the limbic system influences the pineal body 
and through this means, further transmits ol
factory stimuli (RELKIN, 1966). 

The physiological function of melatonin in 
the mammal is still not clear. It is certain that 
it has no function in pigment regulation. It can, 
however, be shown to inhibit gonadal function, 
exerting a reducing action on the ovary, and de
laying or inhibiting estrus in the rodent. Pinealec
tomy, darkness or division of the conveying sym
pathetic nervous pathway leads to 10ssofHIOMT, 
and thus also of melatonin, and to accelerated 
estrus. Melatonin administration reverses this 
acceleration. The effect of light on testicular size 
is also transmitted by the pineal body (REITER, 
1968). The end organ of melatonin is uncertain. 
It acts on the brain, perhaps especially on the 
eminentia mediana (MARTINI, 1968), by in
fluencing synthesis or release of one or more 
neurotransmitters (WURTMAN, 1971). Labeled 
melatonin accumulates mainly in the ovary, 
but also in the vagina, the brain and the pituitary 
gland. 

In addition to the seasonal regulation of the 
estrus, the pineal body also appears to play 
an important part in the daily rhythm of the 
endocrine system, dependent upon light. Through 
the perception of light via the retina and the 
sympathetic system, the concentration of 
HIOMT and therewith the content of melatonin 
in the pineal body rises to its maximum at 
midnight. The concentration is lowest at midday. 
The rhythm disappears completely with continual 
illumination or continual darkness. A con
trasting rhythm appears to be present in 
serotonin, the precursor, and in a certain sense 
possibly an antagonist. The content of serotonin 
in the pineal body is highest at midday and 
lowest at midnight. In this case, however, the 
rhythm is determined in the central nervous 
system: the light works only as a synchronizer, 
since the rhythm for serotonin does not disappear 
with light but only in the dark. 

The pineal body begins to deposit calcium 
after puberty. This does not, however, appear 
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to influence its activity, since the activity of the 
decisive enzyme HIOMT remains intact from 
early youth to advanced age. Although the 
physiological significance in man is unknown, 
the knowledge obtained in the past few years 
has thrown new light on the known patho
physiological phenomena of puberty. Precocious 
puberty usually develops with tumors of the 
pineal region, although only if the tumors 
derive from the interstitium or a teratoma is 
involved. Tumors arising from the parenchyma 
of the pineal body lead to delayed puberty, and 
in at least two cases increased amounts of 
HIOMT have been demonstrated in these 
tumors. The pineal body may therefore be 
responsible for preventing the premature de
velopment of puberty and sexual function. It 
is possible that the accelerated development 
(Chap. XIX) observed nowadays is due to the 
increased light stimuli on the pineal body. There 

may be other antigonadotropins besides mela
tonin (BENSON, 1971; CHEESMAN, 1970). In 
addition to its influence on the pituitary-gonadal 
axis, the pineal body may have a role in the 
circadian rhythm of adrenocortical secretions. 
Melatonin, 5-methoxytryptophol and 5-hydroxy
tryptophol injected into the lateral cerebral 
ventricles decrease plasma corticosterone in the 
rat. This effect is possibly mediated via the 
adrenergic system (MOTTA, 1971). 

As with serotonin, there are at present no 
known actions of melatonin on the psyche, nor 
is there any evidence that either of these sub
stances is involved in the development of 
psychoses. 

For a review of the physiology ofthe mamma
lian pineal body see REITER (1969). 

Pinealomas without endocrine activity usually 
lead to two or more of the following symptoms: 
diabetes insipidus, hypopituitarism, calcifica-
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tions in the region of the pineal body, defor
mation of the third ventricle with or without 
hydrocephalus. The incidence of pinealomas 
is highest in men before the age of twenty 
(PUSCHETT, 1968). 

B. Subcommissural Organ 

The subcommissural organ is a group of cells 
containing secretory granules which lie in the 
vicinity of the pineal body, under the pineal 
recess, at the caudal end of the roof of the third 
ventricle. In rats, it appears that these cells 
release a relatively insoluble substance into 
the cerebrospinal fluid and possibly also into 
the capillaries. Extracts from this region are 
believed to inhibit thirst and water intake. 
Patients with tumors in this pretectal region 
are supposed not to react to salt withdrawal with 
the normal increase of the aldosterone secretion. 
At present, research into the role of this organ 
in salt and water regulation is not sufficiently 
advanced for definite conclusions. 

The subcommissural organ may belong to 
a system of "circumventricular organs" which 
includes the pineal body, the subfornical organ, 
the supraoptic crest, and certain special ependym
al structures of the third ventricle. These various 
organs appear to possess certain morphological 
and functional similarities. 
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V. The Adenohypophysis 

A. LABHART 

With Contributions by 

eHR. HEDINGER, G. KISTLER, A. PRADER, G. TONDURY, and M. ZACHMANN 

A. Historical Dates 

1543 VESAL described the hypophysis as "glan
dula pituitaria cerebri excipiens". 

1864 VERGA and 
1884 FRITZSCHE and KLEBS described the clin

ical and pathological features of a case of 
acromegaly. 

1886 PIERRE MARIE named the illness "acro
megaly". 

1900 BENDA associated acromegaly with an 
eosinophil hypophyseal adenoma. 

1909 ASCHNER showed that hypophysectomy 
in a growing animal resulted in dwarfism. 

1921 EVANS and LONG, using pituitary extract, 
produced gigantism in rats. 

1926 SMITH demonstrated pituitary control ovcr 
the gonads. 

1928 ASCHHEIM and ZONDEK described the go
nadotropic hormones. 

1928 STRICKER and GRUETER discovered pro
lactin. 

1935 RIDDLE characterized prolactin. 
1944 LI and EVANS succeeded in isolating 

crystallized growth hormone. 
1955 KNOBIL and GREEP extracted growth hor

mones from monkeys which was active 
in man and showed the species-specificity 
of growth hormone. 

1957 RABEN described a method for extracting 
human growth hormone from the hypo
physes of cadavers. 

1961 UTTIGER, PARKER and DAUGHADAY, 
1962 HUNTER and GREENWOOD, 
1963 GLICK, ROTH, YALOW and BERSON de

scribed a radio immunological method for 
measuring human growth hormone. 

1966-1971 LI described the complete amino-
acid structure of human growth hormone 
and succeeded in synthesizing it. 

B. Embryology and Anatomy 

G. TONDURY and G. KISTLER 

1. Embryology 

In the human embryo of 6-8 somites, the 
primitive gut is closed at the cranial end by the 
pharyngeal membrane which forms the floor of 
an external depression, the stomadeum. At this 
site, ectoderm and entoderm come into direct 
contact. When the embryo is about 2.5 mm long 
(18-20 somites), the pharyngeal membrane rup
tures and the stomadeum develops into the 
ectodermal portions of the mouth. At this stage, 
the stomadeal epithelium situated dorsally and 
just in front of the remnants of the pharyngeal 
membrane evaginates to form the RATHKE'S 
pouch, i.e., the anlage of the adenohypophysis. 
This outpocketing enlarges quickly towards the 
floor of the diencephalon. Its originally wide 
mouth soon becomes compressed by a pro
liferation of the surrounding mesenchyme. Thus, 
the anlage of the adenohypophysis becomes an 
epithelial vesicle which remains temporarily 
connected to the roof of the primitive oral 
cavity by a slender epithelial stalk. 

When the embryo has reached a length of 
some 7-8 mm, an epithelial stalk grows down
ward from the anlage of the neurohypophysis 
in the diencephalon and contacts the upper and 
posterior portions of the adenohypophyseal 
vesicle. This leads to a marked proliferation of 
the front wall of the vesicle, which thickens to 
become the main cellular mass of the anterior 
lobe. From the rostral portions of this lobe, 
bilateral epithelial buds proliferate and grow 
upward to the floor of the third ventricle. The 
two buds fuse together to form the pars 
infundibularis (pars tuberalis) of the adeno
hypophysis. The buds often also encircle the 
root of the infundibulum. In contrast, the 
posterior wall of the adenohypophyseal vesicle 
remains thin. It differentiates into the pars 
intermedia of the glandular lobe. The original 
cavity of the vesicle becomes the residual lumen 
of the adenohypophysis. This cavity usually 
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disappears completely but may persist as mul
tiple cysts filled with colloidal material 
throughout life. The epithelial stalk connecting 
the epithelium of the oral cavity with the 
adenohypophyseal vesicle in the early stages 
usually disintegrates. Sometimes, however, islets 
of these epithelial cells persist and form acces
sory adenohypophyseal glands which are usually 
situated within either the sella turcica or the 
sphenoid bone itself but may also be found in 
the pharyngeal roof. When present, the so
.called pharyngeal roof hypophysis is usually the 
best developed of these accessory glands. It 
lies within the pharyngeal epithelium, exactly 
on the mid-line of the cavity, and is surrounded 
by small nerve fibers and blood vessels. 

2. Gross Anatomy 

The hypophysis of the human adult weighs 
about 600-700 mg and measures approximately 
0.5 x 1 x 1 cm. Macroscopically, the organ can 
be divided not only into a neural and glandular 
portion, but also into a proximal and a distal 
subdivision separated from each other by the 
diaphragma sellae. The main portion is situated 
within the sella turcica of the sphenoid bone, 
where it is surrounded by a rather thick con
nective tissue capsule. Thus, the intrasellar 
portions of the hypophysis (anterior, posterior 
and intermediate lobe) are situated within the 
dura. 

The diaphragma sellae separates the cavity 
of the sella turcica from the middle cranial 
fossa. This dural fold forms an opening, the 
foramen hypophyseale, which lies closely around 
the hypophyseal stalk. Above the diaphragm, 
the stalk passes through the peri-infundibular 
cistern, where it is surrounded by cerebrospinal 
fluid. 

The hypophysis consists of two develop
mentally, morphologically, and functionally 
quite distinct parts. The neurohypophysis has 
already been described in Chap. III, p. 39. The 
adenohypophysis (lobus glandularis, anterior 
lobe) is derived from an outpocketing of the 
ectodermal epithelium of the primitive oral 
cavity (see p. 77). It shows all the characteristics 
of an endocrine gland. Three major subdivisions 
may be distinguished: 

1. The pars infundibularis (pars proximalis 
or pars tuberalis of the adenohypophysis) is a 
subdivision of the anterior lobe. It extends 
from the diaphragma sellae up to the floor of 
the diencephalon, closely following the course 
of the infundibulum (pars proximalis of the 
neurohypophysis), from which it is incompletely 
separated by a thin sheet of connective tissue 
continuous with the organ capsule. 

The Adenohypophysis 

2. The pars intermedia (zona intermedia or 
intermediate lobe) is phylo- and ontogenetically 
a portion of the glandular lobe (see p. 80). It 
is situated in the sella turcica and is sandwiched 
between the secretory mass of the anterior lobe 
and the infundibular process (neural lobe). 
The intermediate zone forms the so-called 
distal adeno-neurohypophyseal contact which 
will be discussed below (see p. 82). 

3. The anterior lobe (pars distalis of the 
adenohypophysis) constitutes the bulk of the 
glandular parenchyma. It is situated completely 
within the sella turcica. 

3. Histology 

The anterior and posterior lobes of the hypo
physis are surrounded by a rather thick con
nective tissue capsule, the innermost layer of 
which is closely applied to the organ paren
chyma. The next layer is rich in blood vessels 
and is therefore called the stratum vasculare. 
The outermost layer, the stratum periostale, 
belongs to the periosteum of the sella turcica. 
Even at low magnification, the deeply stained 
adenohypophysis stands out sharply against 
the less stained and more homogeneous posterior 
lobe. In the pars intermedia, follicles of various 
sizes containing colloidal material are usually ob
served. They are known as the Rathke's cysts. 

The three subdivisions of the adenohypo-' 
physis (pars distalis, pars intermedia, and pars 
infundibularis) consist of irregular cords and 
clumps of epithelial cells which are in intimate 
contact with the dense network of sinusoidal 
capillaries. Small bundles of collagenous fibers 
accompany the arteries and portal venules. 
They are continuous with a fine nt?twork of 
reticular fibers which surround both the epi
thelial cords and the capillaries. The endo
thelial cells of the sinusoids are fenestrated. At 
these sites, the circulating blood is separated 
from the perivascular space and from the 
glandular tissue only by the extremely thin 
diaphragms of the fenestrae and the basal 
laminae of both the endothelium and the 
epithelial cords. 

Pars Distalis. In contrast to the rather uniform 
cell popUlations of both the pars intermedia 
and the pars infundibularis, the various cell 
types of the pars distalis differ markedly in size, 
shape, and affinity for stains. In routine histo
logical sections, chromophilic and chromo
phobic cells can easily be distinguished. Accord
ing to the tinctorial reactions of their specific 
granules in sections stained with special dyes 
(e.g. alum-hematoxylin and eosin), the chromo
philic cells can be further subdivided into 
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acidophils and basophils. As this affinity for 
the various stains reflects a characteristic prop
erty only of the granules and not of the cyto
plasm itself, there is still some considerable 
controversy about the nomenclature. Identifica
tion of the cell types is perhaps best done by the 
PAS reaction, which is specific for the granules 
of the basophils and therefore allows these 
cells to the distinguished from the acidophIi~ 
and the chromophobes. More recently, elect rOil 

microscopy has permitted more accurate dif
ferentiation of the specific granules of the 
various cell types and their subclasses. 

The acidophils (alpha cells) make up approx
imately 37-44% of the total cell population of 
the pars distalis (BARGMANN, 1964). They 
measure about 12-20 j..lm in diameter, are mainly 
rounded and contain a large number of granules, 
the size of which permits them to be resolved 
with the light microscope. Ultrastructurally, 
these cells display a well-developed, rough 
endoplasmic reticulum, a large Golgi complex 
and rather small, rod-shaped mitochondria. In 
various mammalian species, two classes of 
acidophils can be distinguished according to 
their staining reactions with azocarmine and 
orange-G. In the rat, the specific granules 
of these two cell classes also differ markedly 
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in diameter, the one measuring approximately 
3000-3500 A and the other 6000-9000 A. The 
number of cells with the smaller but more 
numerous granules remains fairly constant 
throughout life. It is believed that these elements 
produce growth hormone (STH). In contrast, 
the number of cells containing the larger but 
less numerous granules is obviously increased 
during pregnancy and lactation. It is therefore 
assumed that these cells synthesize prolactin 
(LTH, luteotropic hormone). The production 
of these protein hormones by the acidophilic 
cells, besides being confirmed by immunohisto
chemical methods, is also supported by patho
logical findings in humans. Thus, in children 
an acidophilic adenoma of the anterior lobe 
results in gigantism, whereas in the adult 
acromegaly results. Experimentally, removal 
of a litter from lactating rats leads to marked 
regressive changes in the prolactin-producing 
cells within 48-96 hours. Newly produced 
hormone granules no longer release their con
tent into the perivascular space (and further 
into the capillaries), but enter the lysosomal 
cycle and are digested within the cell (SMITH 
and FARQUHAR, 1966). 

The basophils (beta cells) of the anterior 
lobe vary considerably in size (15-25 j..l) and 

Fig. 1. Incretory cells of the anterior lobe of the rat. Note the difference in size of the hormone granules. ER rough endo
plasmic reticulum: C capillary lumen; En endothelium; pR perivascular space; cfcollagenous fibrils; Gr hormone granules; 
Mi mitochondria. x 20000 
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shape (round, oval, polygonal). Their diffusely 
distributed specific granules measure approx
imately 1000-2000 A in diameter and are 
thus distinctly smaller than those of the acido
philic cells. Light microscopy barely reveals 
them. Since the hormones produced by the 
basophils are glycoproteins, the granules are 
best visualized by the periodic-acid-Schiff (PAS) 
reaction. They are, however, also stained by 
hematoxylin, aniline blue or resorcin-fuchsin. 
In most mammalian species, four types of 
basophils seem to be distinguishable, according 
to the size and the affinity of the granules for 
aldehyde-fuchsin. The so-called beta-basophil 
cell, which is presumed to produce thyrotropic 
hormone (TSH), stains with this dye. In the rat, 
its granules have a diameter of 1000-1 500 A 
and are situated mainly at the cell periphery. 
The somewhat larger delta-basophils contain 
an abundant endoplasmic reticulum and a well
developed Golgi apparatus. Their specific gran
ules measure about 2000 A in diameter and 
fail to stain with aldehyde-fuchsin. The delta
basophilic cells are the source of the gonado
tropins, i.e., the follicle-stimulating hormone 
(FSH) and the luteinizing hormone (LH or 
ICSH). In the rat, it was possible to distinguish 
the cells producing the two hormones mor
phologically (KUROSUMI and OOTA, 1968; Roos, 
1968). It has long been known that destruction 
of a peripheral endocrine organ is usually 
followed by hypertrophy of the corresponding 
cells in the anterior lobe. Thus, removal of the 
thyroid gland leads to enlargement and appar
ently also to an increase in number of the 
betabasophilis (= thyroidectomy cells). Sim
ilarly, castration is followed by an increase 
in size and by vacuolization of the gonado
tropin-synthesizing delta-basophils (= castra
tion cells). 

There is some evidence that the basophils 
are also the source of the adrenocorticotropic 
hormone (ACTH, corticotropin). Whether its 
synthesis takes place within a specific cell type 
or occurs in the basophils which produce 
gonadotropins is still an open question. Inter
estingly enough, in the melanocyte-stimulating 
hormone (MSH) produced by the basophilic 
cells of the pars intermedia, the amino-acid 
sequence is similar or even identical to that of 
ACTH over large parts of the molecule. Release 
of these two hormones often seems to occur 
simultaneously and ACTH is known also to 
have a certain melanocyte-stimulating effect. 
Thus the increased skin pigmentation observed 
in adrenal insufficiency (Addison's disease) and 
pregnancy is thought to be the result of an 
overproduction of one or both of the hormones 
ACTH and MSH. 

The Adenohypophysis 

The chromophobes form the third large cell 
group of the hypophyseal anterior lobe. They 
are usually smaller than the acidophils and 
basophils and are almost devoid of specific 
granules. The function of these cells has been 
a matter of dispute for a long time. Because 
mitoses in the parenchyma of the adenohypo
physis are very rare, the chromophobes used to 
be considered as pluripotent stem cells capable 
of differentiating into each of the various 
acidophils and basophils. Ultrastructural studies 
have, however, shown that the chromophobes 
do not constitute a uniform cell population. 
According to their nuclear and cytoplasmic 
characteristics (chromatin structure, size and 
number of mitochondria, form of the Golgi 
complex, etc.), a large proportion of these cells 
has to be grouped with the acidophils or baso
phils in spite of the absence of granules. It 
would therefore appear that most of the chromo
phobes are stem cells already determined in 
their differentiation capability. Others, however, 
seem to be mature chromophils de granulated 
to such an extent that they fail to stain with 
specific dyes. It is still not known whether such 
a degranulation represents a reversible func
tional state or precedes cell death. 

Pars Intermedia. In the human fetus, the 
borderline zone between the anterior and the 
posterior lobe consists of a thin sheet of con
nective tissue and a stratified epithelium of 
small basophilic cells. These cells are derived 
from the posterior wall of the adenohypo
physeal vesicle (see p. 77) and are, in turn, 
separated from the main. incretory mass of the 
anterior lobe by a distinct cleft (the remnant of 
the lumen of the Rathke vesicle). Postnatally, the 
cleft usually becomes reduced to a number of 
larger and smaller cysts (Rathke's cysts) lined by 
a ciliated epithelium and containing a yellowish, 
colloidal material. With age, an increasing 
number of basophils of the pars intermedia 
cross the borderline between adeno- and neuro
hypophysis and "invade" the posterior lobe, 
where they are found in close proximity to 
the nerve-fiber endings and the capillaries. 

Light microscopy reveals only slight dif
ferences between the usually polygonal cells of 
the pars intermedia and the basophils of the 
anterior lobe. Their granules stain specifically 
with the periodic-acid-Schiff (PAS) reagents as 
well as with aldehyde-fuchsin and resorcin
fuchsin. Electron microscopy shows that these 
granules are characteristically accumulated close 
to the basal lamina. Their diameter varies 
between 2000 and 3000 A. The melanocyte
stimulating hormone (MSH) produced by these 
basophils is a polypeptide which seems to be 
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bound to a glycoprotein within the granules. 
From the pituitaries of humans and other 
mammals, two different melanocyte-stimulating 
hormones have been isolated up to now. The 
sequential arrangement of the amino acids in 
both the strongly basic alpha-MSH and the 
slightly acid beta-MSH is similar to that found 
in the adrenocorticotropic hormone ACTH over 
large parts of the molecule. In the amphibian 
skin, MSH causes a dispersion of the melanin 
granules in the chromatophores and therefore 
a darkening of the skin. In mammals, MSH is 
assumed to stimulate the melanin production 
in the melanocytes. 

The pars intermedia of the adenohypo
physis and the adjacent portions of the neural 
lobe form the so-called distal adeno-neuro
hypophyseal contact zone, where blood vessels 
and nerve fibers are characterized by a specific 
arrangement (see p. 82). 

Pars Infundibularis or Tuberalis. The pars in
fundibularis of the adenohypophysis forms a 
sleeve around the infundibulum, from which it 
is separated by a thin sheet of connective tissue 
continuous with the pia mater. Its thickest 
portion (approximately 40 to 80 11) is on the 
anterior surface of the neural stalk, whereas 
the posterior portion is often incomplete or 
absent. The pars infundibularis is traversed by 
the major arterial vessels and the hypothalamo
adenohypophyseal portal venules, both extend
ing to the anterior lobe. The longitudinally 
arranged cords of epithelial cells occupy the 
interstices between the blood vessels. A network 
of fine reticular fibers separates these two 
elements. Pars tuberalis, blood vessels and 
neural stalk together form the so-called proximal 
adeno-neurohypophyseal contact zone which 
is discussed below. 

The epithelial cords of the pars tuberalis 
contain only a few acidophils and basophils, 
but predominantly undifferentiated, cuboidal 
cells resembling the chromophobes of the 
anterior lobe (pars distalis). Characteristically, 
these cells measure some 15 11 in diameter 
and contain many small, rod-shaped mito
chondria. The Golgi apparatus is less de
veloped than that of the cells of the glandular 
lobe. In the cytoplasm, numerous small lipid 
and colloid droplets are often present, as well 
as large amounts of glycogen. Usually, some pars 
infundibularis cells are found to be arranged in 
follicles similar to those of the pars intermedia. 

4. The Hypothalamo-Adenohypophyseal 
Connections 

In contrast to the posterior (neural) lobe, which 
must be regarded as a specially differentiated 
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subdivision of the diencephalon, the anterior 
lobe is a true endocrine gland, i.e. it produces 
a number of hormones itself. The hypothalamus 
controls the incretory activity of the glandular 
lobe not through nerve fibers reaching the 
endocrine cells, but through the release of 
specific substances (neurohormones) into a 
unique capillary network in the hypophyseal 
stalk. This vascular system, which combines 
the diencephalon and the adenohypophysis to 
a functional unit, is established very early. In 
the human embryo 10-11 mm in length, the 
pars infundibularis of the adenohypophysis is 
already present in the form of two epithelial 
buds at the anterior surface of the adenohypo
physeal vesicle (see p. 77). These two buds 
grow rapidly upward to the floor of the dien
cephalon and also contact the infundibulum 
which extends ventrally. At the same time, a 
dense network of blood vessels develops and 
surrounds the hypophysis. This network is 
supplied by both the meningeal plexus of the 
embryonic brain anlage and the hypophyseal 
arteries arising from the internal carotids. The 
two inferior hypophyseal arteries arborize within 
the organ capsule, branches extending to the 
neural and (to a lesser extent) also to the glan
dular lobe. 

The superior hypophyseal arteries anasto
mose freely in the region of the root of the 
hypophyseal stalk. From this network, a number 
of capillaries form characteristic loops which 
extend to varying depths of the nervous sub
stance of the median eminence. The afferent 
limbs of these capillaries which comprise the 
so-called primary plexus have a much smaller 
diameter than the efferent limbs of the loops 
draining into the hypophyseal portal veins. 
These veins can be recognized with the naked 
eye. They run downward around the hypo
physeal stalk (mainly at the anterior surface of 
the pars infundibularis of the adenohypophysis) 
and supply the sinusoids of the anterior lobe. 

Within the median eminence, the capillary 
loops of the primary plexus are found in close 
relation to nerve-fiber endings of the tubero
hypophyseal tract. On both sides of the in
fundibular recess, the pericarya of these axons 
constitute the nucleus tuberis infundibularis, the 
nucleus hypothalamicus dorsomedialis, and the 
nucleus ventromedialis. These nuclear masses 
are not only characterized by their proximity 
to the hypophyseal stalk, but also by the 
morphological similarity of their neurons, which 
are small and rather poor in cytoplasm. In 
contrast to the fibers of the hypothalamo
neurohypophyseal tract, the neurons of the 
tubero-hypophyseal tract do not react with the 
Gomori stain. Their secretory activity has, 
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however, been confirmed by numerous ultra
structural studies. The neurohormones produced 
by these cells are carried along the axons and 
released into the narrow intercellular space 
separating the nerve-fiber endings from the 
fenestrated endothelium of the primary capil
lary plexus. These hormones pass through the 
hypophyseal portal venules to reach sinusoids 
of the anterior lobe where they stimulate or 
inhibit the production and release of the specific 
adenohypophyseal hormones (see also Chap. 
II, p. 28). Thus, through a singular process of 
vascularization which in the human is fully 
developed only at the end of intra-uterine life, 
the anterior lobe becomes functionally (and 
indirectly) connected to the center controlling 
most endocrine functions of the body, the 
hypothalamus. 

In contrast to the pars infundibularis, in 
which the proximal adenoneurohypophyseal 
contact zone is formed by the primary capillary 
plexus, the pars intermedia, as the distal contact 
zone between anterior and posterior lobe, lacks 
such special blood vessels. In this region, 
however, another kind of interaction between 
adeno- and neurohypophyseal elements appears 
to become increasingly important with advanc
ing age, although its functional significance 
is by no means certain. With the disappearance 
of the initial cleft (see p. 80), basophilic cells 
of the pars intermedia frequently extend a 
considerable distance into the parenchyma of 
the posterior lobe where they are found in close 
spatial relation to both the axon endings of 
the supraoptic-neurohypophyseal tract and the 
sinusoidal capillaries. The nerve fibers sur
rounded in this way by adenohypophyseal 
elements appear to be particularly rich in 
neurosecretory material. The hypothalamo
neurohypophyseal tract thus contacts not only 
the vascular system of the neural lobe (as well 
as the ventricle system of the diencephalon) but 
also specific cells of the glandular lobe. Ex
periments have shown that prolonged thirst 
leads not only to depletion of the posterior lobe 
in neurosecretory material, but also to atrophy 
of the pars intermedia. On the other hand, 
interruption of the hypothalamo-neurohypo-

Table 1. Hormones of the human anterior pituitary 

Hormone Chemistry Isolated 

ACTH Polypeptide + 
~-MSH Polypeptide + 
Growth hormone Polypeptide + 
TSH Glycoprotein (+) 
FSH Glycoprotein Partly 
LH Glycoprotein Partly 
Prolactin Polypeptide + 
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physeal tract was found to result in a marked 
hypertrophy of the pars intermedia. In spite 
of the morphological differences, a functional 
analogy between the proximal and distal adeno
neurohypophyseal contact zones might therefore 
be postulated. 

C. Chemistry and Biochemistry 

Seven different adenohypophyseal hormones 
have been definitely determined so far (Table 1). 
Five of these hormones are adenotropic (see 
below), i.e. hormones regulating other endo
crine glands. Two of these adenotropic hor
mones are gonadotropins controlling gonadal 
function in males and females. 

Gonadotropins, adrenocorticotropin and 
thyrotropin are discussed with reference to 
their target gland in the appropriate chapter. 
For prolaction see also Chap. XI, p. 674f. It is 
still unknown what physiological significance 
is attributable to MSH, the melanocyte-stim
ulating hormone, and EPS, the exophthalmos
producing substance. 

1. Prolactin 

Prolactin, otherwise known as mammotrophic 
hormone, lactogenic hormone, or LTH (luteo
trophic hormone) has a wide variety of func
tions in the reproductive system throughout 
the animal kingdom from the fishes to the 
primates (SHERWOOD, 1971; NICOLL, 1972). 
In mammals, luteotrophic activity has been 
demonstrated in rodents but not in primates, 
and it is therefore no longer included in the 
group of gonadotropins. Its classic function in 
mammals, including man, is stimulation of 
lactation, so that the name most commonly 
used is prolactin. Although prolactin has been 
extracted and purified from the pituitaries of 
a large number of species and the amino-acid 
sequence of ovine prolactin has been determined 
(LI, 1969) the controversy as to whether prolactin 
and growth hormone are two different hormones 
in the human went on for some time, a problem 
complicated by the fact that pure human 

Constitution Synthesis Molecular weight 
known 

+ + 4540 
+ + 2660 
+ + 21500 

About 25000 
About 30000 
About 26000 

+ 23 300 (ovine) 
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growth hormone also has some intrinsic lac
togenic activity. Clinical observations of milk 
production in growth hormone-deficient women 
and a variety of biologic, immunologic, and 
chemical studies have now proved there is a 
difference between these two hormones in man. 
Prolactin can now be determined radioimmuno
logically and does not cross-react with human 
growth hormone. Besides its action on the 
mammary gland, it also has effects on the 
testes (BARTKE, 1970), and possibly on water 
and electrolyte transfer in the kidneys (MANKU, 
1972) and intestine (RAMSEY, 1972). There 
seems to be a reciprocal mechanism control
ling secretion of prolactin and gonadotropins. 
A potent releasing stimulus is suckling in 
nursing mothers. Phenothiazines, TRH stress 
and hypoglycemia increase prolactin secretion, 
whereas ex-dopa, 2-ex-Br-ergocryptine suppress 
it. Renal failure is frequently associated with 
high plasma prolactin, estrogens cause a rise 
in adults. Using a sensitive radioimmunoassay 
(HWANG, 1971) on the base of human prolactin, 
normal values for plasma in women are in the 
range of 1 0 ng/~l, for men a little bit less. 
Dependence of breast cancer from prolactin 
is discussed (SALIH, 1972; BOYNS, 1972; FRIESEN, 
1973). 

2. Growth Hormone 

Growth hormone (somatotropin, STH) is the 
only pituitary hormone which exerts a direct 
effect without the involvement of another 
endocrine gland. A growth hormone-like factor 
has been detected which is produced, curiously 
enough, in a tapeworm of mice and has prac
tically all biological effects of growth hormone 
except the lipolytic effect. It seems to be of high 
molecular weight and immunochemically dif
ferent from growth hormone (Sparganum growth 
factor, STEELMAN, 1971), and different from the 
sulfation factor or somatomedin. 

Apart from growth hormone, the relevance 
of other metabolic hormones [adipokinin, lipo
tropin (LEVINE, 1964; LUFT, 1966; ANSELMINO, 
1965; RUDMAN, 1965)], and pancreatotropic 
hormones is still uncertain. 

a) Chemistry 

Growth hormone, (somatotropin, somatotropic 
hormone, STH), is a highly species-specific 
polypeptide hormone. The growth hormones 
of different mammalian species differ chemically, 
immunologically and in their biologic action. 

Human growth hormone (HGH) consists of 
an unbranched chain of 188 amino acids with 
2 disulfide bridges and has a molecular weight 
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of 21,500 at an isoelectric point of pH 4.9. The 
complete amino-acid sequence has been suc
cessfully determined (LI, 1966) and it has 
recently been synthesized (LI, 1971). 

Human growth hormone is extracted from 
human pituitaries obtained at autopsies either 
by using hot glacial acetic acid, purifying with 
oxycellulose and precipitating with ethyl alcohol 
(RABEN, 1959), or by using phosphate buffer 
precipitation with ammonium sulfate at dif
ferent pH, resin, and sephadex chromatography 
(LI, 1966; Roos, 1963). Growth hormone is 
stored in large amounts in the hypophysis and 
forms 3% of the acetone dry powder of the 
hypophysis. One human hypophysis will there
fore yield 3-5 mg or even more (GEMzELL, 1958). 
The content of growth hormone in the hypo
physis seems to be independent of the age of 
the individual. 

Careful treatment with proteolytic ferments 
causes partial decomposition without affecting 
the biological action. Chymotrypsin can break 
down human growth hormone by 25%, and 
pepsin can break it down to 50% without 
affecting its potency. Therefore, the "active 
core" pro)Jably contains a peptide nucleus of 
only about 100 amino acids. Despite crystal
lization the human growth hormone currently 
extracted does not appear to be fully homo
geneous. It can be dispersed into four active 
components by starch-gel electrophoresis and 
also by sephadex chromatography. It is possible 
that artifacts producing subtle changes occur 
during extraction. The immunological behavior 
of the hormones is similar, but they differ in 
biologic potency. In acromegaly, growth hor
mone is radioimmunologically high, and pro
lactin is found to be low. In the lactating woman, 
however, the situation is reversed, and growth 
hormone is found to be normal, whereas pro
lactin is high (ROTH, 1967). 

Growth hormones of other mammalian 
species have other amino-acid sequences and 
molecular weights up to 48000. Bovine and 
ovine growth hormones probably consist of 
branched polypeptide chains. Similarities in the 
molecular structure exist between the growth 
hormones of the human and monkey, between 
those of pig and whale, and those of cow and 
sheep. 

Human growth hormone produces anti
bodies in the rabbit which only react with 
human or monkey growth hormone. Bovine 
growth hormone forms antibodies which precip
itate bovine and ovine growth hormones in 
agar. Bovine growth hormone is not effective in 
man, monkey, or guinea pig. On the other hand, 
growth hormone from man and from monkeys 
is effective in all vertebrates with the exception 
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of guinea pig and fish. The effect of human 
growth hormone in the rat, however, decreases 
after 10 days because of antibody formation, 
whereas bovine growth hormone continues to 
be effective. 

b) Plasma Concentration, Half-Life, Turnover, 
Daily Production 

Normal serum growth hormone values are 
0-3 )lg/rnl (>90%) when measured by radio
immunological methods (HUNTER, 1964; UnGER, 
1964; GLICK, 1965; BODEN, 1967) under standard 
conditions in the adult following an overnight 
fast. 

Age-dependence: Considerably elevated val
ues are found in premature infants. The values 
estimated from the umbilical venous blood in 
newborns are also high. In infants and babies 
they lie between 0 and 10 )lg/rnl until the 
fourth year of age. These findings indicate 
that the notion that growth during the first 
year of life is not affected by growth hormone 
is mistaken. The values are between 0 and 
5 )lg/rnl from the fourth year onwards, and no 
differences are demonstrable in the basal values 
from early adulthood to old age. Growth 
hormone secretion increases during sleep, 
but paradoxical sleep inhibits its secretion 
(HONDA, 1969). Sexual differences have been 
demonstrated (MERIMlm, 1966). Oral contra
ceptives are thought to increase the level of 
growth hormone by approximately 10 )lg/ml 
(SPELLACY, 1967). 

The half-life of human growth hormone is 
25 minutes. The fractional turnover rate is 
2.8% or 0.5-0.8 mg/day under basal conditions. 
The total daily secretion under the influence of 
food, starvation, and muscular activity must lie 
between 3-5 mg, according to the therapeutic 
dose for pituitary dwarfism (PARKER, 1962; 
GLICK, 1965). The multi-exponential curve of 
decrease causes uncertainty in the calculation 
of other compartments and of the half-life 
(CAMERON, 1969; TAYLOR, 1969). According 
to more recent studies based on the determina
tion of integrated plasma growth hormone 
levels (KOWARSKI, 1971), the daily secretion of 
growth hormone is even lower and ranges from 
0.6 to 1.5 mg per day, being higher in women 
than in men. Breakdown is achieved partly by 
proteolytic enzymes not specific to growth 
hormone alone and partly by enzymes which 
disintegrate the disulfide linkage (PARKER, 1962; 
SIREK, 1964). A small proportion has been 
recently demonstrated to be excreted unchanged 
in the urine. 

Human growth hormone does not pass into 
the placenta; consequently, the high concentra-
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tion of growth hormone in the blood of the 
newborn comes from the infant. The half-life 
of the maternal growth hormone is reduced 
before birth (LARON, 1966). 

3. Substances with Partial Effects of Growth 
Hormone 

a) Lipolytic Polypeptides from the Pituitary 

Apart from growth hormone there are other 
hormones secreted by the adenohypophysis 
which have a lipolytic action in vitro, partly 
species-specific. These are ACTH, TSH, and 
the r:t- and ~-MSH. Arginine-vasopressin, one 
of the neurohypophyseal hormones, also has a 
lipolytic effect. The physiological significance 
of the lipolytic activity of these hormones is 
unknown. 

In addition, other proteins and polypeptides 
with a lipolytic effect have been isolated from 
the pituitary gland of different types of animals 
(SCHWANDT, 1968; TRYGSTAD, 1967/1968; RUD
MAN, 1962/1965). Although a hypophyseal hor
mone concerned specifically with fat metabolism 
was discovered over 30 years ago (ANSELMINO 
and HOFFMANN, 1965), it is still not known 
whether such substances (lipotropin, adipokinin) 
are involved in regulating fat metabolism, with 
the exception of growth hormone. 

A substance of protein character can be 
demonstrated in the urine of fasting persons. 
This substance mobilizes free fatty acids in 
vitro from the adipose tissue of the rat, and in 
vivo it produces lipemia, fatty degeneration of 
the liver, and ketosis. The occurrence of this 
substance is dependent on an intact hypophysis. 
It is not claimed to be identical to growth 
hormone or ACTH (CHALMERS, 1960). 

b) Chorionic Growth Hormone-Prolactin 
Complex (CGP, HPL, see also p. 677) 

Pregnancy leads to changes in the facial features 
which can, however, vary individually and which 
are reminiscent of acromegaly (acromegaloidism 
of pregnancy). Pregnancy also causes growth 
of the breasts and an anabolic metabolic state. 
These three changes cannot be explained by an 
increase of the sex hormones alone during 
pregnancy, so that it is likely that the activity 
of growth hormone is also increased during 
pregnancy. On the other hand, hypophysectomy 
during pregnancy does not impair the course of 
the pregnancy, and the physical changes in the 
woman do not regress. 

A protein has been extracted from placentas 
of the human and the monkey. In animal 
experiments, it shows activities similar to those 
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of prolactin and of growth hormone also, but 
only to a very slight degree. It reacts immuno
logically with antiserum to human growth hor
mone, again more weakly than human growth 
hormone does. The biochemistry, physiology, 
and clinical significance of this chorionic growth 
hormone-prolactin (KAPLAN, 1964) or the pla
cental lactogen (JOSIMOWITSCH, 1962) which 
has been demonstrated in the serum and urine 
of pregnant women, as well as in the retro
placental blood, is discussed in Chap. XI, 
p.677. 

c) Hypoglycemic Factor 

Tests are still necessary to determine whether 
the small molecular polypeptide obtained from 
bovine growth hormone with an exclusively 
hypoglycemic action is a hormone distinct 
from growth hormone (HUGGINGS, 1961). 

d) Bovine Growth Hormone Digests 

It has apparently been confirmed that bovine 
growth hormone treated carefully and briefly 
with trypsin can produce pronounced meta
bolic activities of human growth hormone in 
people with hypopituitarism. This suggests 
that there is an active core common to both 
molecules (SONENBERG, 1967; NADLER, 1967). 

D. Physiology 

1. Metabolic Effects of Growth Hormone 

Growth hormone is a metabolic hormone 
playing a definite role in the regulation of 
protein, carbohydrate, and fat metabolism. It 
also appears to have the effect of a biological 
synergist which can intensify certain actions of 
other hormones, such as LH, testosterone, and 
ACTH (in relation to growth of the adrenals). 
Growth hormone and insulin form an important 
synergistic and antagonistic system. 

The effect on organs such as the liver and 
the kidney is demonstrated by the increase of 
bromsulphalein -, insulin-, creatinine-, and P AH
clearances. 

a) Protein Metabolism 

STH has an anabolic effect. It promotes protein 
synthesis, and under its influence, the nitrogen 
balance becomes positive. The urinary ex
cretion of urea, creatine, and nitrogen decreases, 
with a relative increase in the nitrogen of the 
amino acids. Plasma urea and nonprotein 
nitrogen fall, and certain amino acids (Tre, 
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Ser, Gly, Meth) increase (ZACHMANN, 1968). 
A single intramuscular injection of 2 mg is 
sufficient to produce an effect of this nature 
lasting for 2-3 days in the adult. 

It has been shown in vitro and in vivo that 
growth hormone promotes the transport of 
specific amino acids, particularly leucine and 
glycine, into the cells (KNOBIL, 1961). This trans
port activity is not inhibited by puromycin and 
is therefore independent of protein synthesis. In 
addition to this transport activity the mode of 
action of growth hormone on protein synthesis 
can be investigated in the cell-free system of the 
rat liver. In this cell-free system a growth hor
mone administered to the animal in vivo pro
motes the incorporation of amino acids into 
protein. This does not affect the amino acids 
activating enzymes, or the uptake, or the 
transmission of the soluble RNA. On the other 
hand, growth hormone promotes the linking 
together of activated amino acids into poly
peptides within the micro somes (KORNER, 1965). 
It influences the synthesis of the Transfer-RNA, 
which is the limiting step in protein synthesis, 
and therefore increases the number of ribosomes 
and their aggregation to form polysomes (T AL
WAR, 1964; KORNER, 1968). These activities of 
growth hormone are not inhibited by actinomy
cin, and they do not, therefore, take place via 
DNA metabolism. Cell division may be stim
ulated under the influence of growth hormone 
(CATER, 1957; MOON, 1962), but the frequent 
mitoses are more likely to be due to the in
creased supply of substrates. 

Although a direct action of growth hormone 
on protein synthesis has been demonstrated in 
vitro, synergism with insulin is essential to 
produce the maximum anabolic effect. Insulin 
alone also promotes the introduction of amino 
acids into the cells, but it has no growth-promot
ing effect after hypophysectomy. 

In vitro, growth hormone does not promote 
the incorporation of sulfur into cartilage no us 
tissues as does the sulfation factor. This factor, 
however, increases in the serum under the 
influence of growth hormone. Therefore, growth 
hormone probably has an indirect effect upon 
growth through generation of the sulfation 
factor (DAUGHADAY, 1966). It has recently 
been shown that the sulfation factor is probably 
identical to NSILA-S (see Chap. XIII, p. 749f.) 
and it has been tremed somatomedin (see 
p.88). 

b) Carbohydrate and Fat Metabolism 

In vitro, a lipolytic effect of relatively high doses 
of growth hormone can be demonstrated in 
isolated fat tissue due to the hydrolysis of 
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triglycerides in the depot fat (RABEN, 1962; 
WINEGRAD, 1959). Free fatty acids and glycerol 
are released into the medium, the latter to a 
greater extent, since intensive intracellular re
esterification of the free fatty acids occurs at 
once. The intracellular glycerol requirements 
are covered by increased glucose uptake by the 
tissue or by glycogenolysis. While glucose 
taken up under insulin stimulation is broken 
down via the pentose phosphate pathway, 
glucose taken up under the influence of growth 
hormone is metabolized by glycolysis and the 
KREB'S cycle. Recently, lipolysis produced by 
physiological concentrations of growth hor
mone in the presence of added glucocorticoids 
has been successfully demonstrated in isolated 
fat cells (FAIN, 1965). It is not clear how lipolysis 
is induced by growth hormone. It begins after 
a latent period of 1-2 hours and reaches a 
maximum after 4 hours. It is inhibited by 
actinomycin D (FAIN, 1965). Tissue lipase is 
not activated as is the case with adrenaline or 
ACTH. In-vitro experiments on the effects of 
growth hormone on muscular tissue have not 
produced consistent results (BODEL, 1962; HEN
DERSON, 1961). 

In vivo, 3 phases can be differentiated among 
the metabolic effects of growth hormone. These 
are: an early phase lasting 0-30 minutes, an 
intermediate phase lasting between 30-240 
minutes, and a late phase lasting some days 
or weeks. 

In the first phase, human growth hormone 
promotes the intake of free fatty acids and 
glucose into the musculature. A brief fall 
in the free fatty acids and blood glucose occurs 
simultaneously during the first phase, partic
ularly in the hypophysectomized or adrenalec
tomized animal. The hypoglycemia is difficult 
to explain. It is not caused by a rise in insulin, 
since the plasma insulin level remains low 
(ZAHND, 1960). Increased transport of glucose 
into fat tissue under the influence of lipolysis 
and re-esterification has been considered (WElL, 
1965), but decreased glucose uptake by the 
musculature and fatty tissues precedes lipolysis. 
Protein synthesis, which removes glucoplastic 
amino acids from gluconeogenesis, has also 
been considered as the cause of hypoglycemia, 
but protein synthesis commences only after 
several hours. The possibility that the early 
hypoglycemia due to growth hormone may be 
caused by carbohydrate retention in the liver 
has been discussed. Today, the role of somato
medin has to be considered. 

In the second phase, growth hormone pro
motes lipolysis in adipose tissue, with the release 
of glycerol and free fatty acids into the blood 
and an increase in their blood level. The in-
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creased flux of free fatty acids exceeds the capac
ity of the liver to oxidize them completely, 
so that they leave the liver as ketone bodies. 
Peripheral tissues cannot cope with these, and 
thus keto-acidosis may develop under the 
influence of growth hormone. Glucose uptake 
by the musculature is inhibited, glucose toler
ance decreases, and the assimilation coefficient 
falls to sub-normal values (IKKos, 1962). The 
increased supply of free fatty acids is suspected 
to inhibit glucose uptake (RANDLE, 1964). How
ever, growth hormone reduces glucose absorp
tion before the free fatty acids in the blood 
rise. It is possible that inhibition of glucose 
absorption by the musculature and fatty tissues 
is the primary effect of growth hormone, and 
that lipolysis only results from a carbohydrate 
deficiency in the fatty tissue. Gluconeogenesis 
in the liver is increased under the influence 
of free fatty acids (SOLING, 1966), which causes 
a further fall in the glucose tolerance. When 
insulin and growth hormone act at the same 
time, the increased glucose absorption induced 
by insulin is diminished, and the lipolytic 
effect of growth hormone is blocked. 

Third phase and growth hormone-diabetes: 
Growth hormone promotes protein synthesis 
and growth only in the presence of insulin. 
An increased secretion of insulin, "an extra
insulin", is not necessary, as was indicated by 
earlier results, although growth hormone in
hibits glucose absorption in the musculature 
and fatty tissue and reduces the sensitivity to 
insulin (Scow, 1960). When growth hormone is 
administered for 4 days to 2 weeks, the insulin 
secretion diminishes in carnivores, such as dog 
and cat; the blood sugar rises, and reversible 
"idiohypophyseal" diabetes develops. The B
cells of the pancreas are irreversibly damaged 
if the administration of growth hormone is 
further continued, and permanent "metahypo
physeal" diabetes indistinguishable from that 
produced after pancreatectomy develops. The 
hyperglycemia is accompanied by keto acidosis, 
glucosuria, and acetonuria. 

Man and monkey react in a similar way to 
dog and cat (lKKOS, 1962). In herbivorous 
animals, such as rabbit, guinea pigs, and sheep, 
whose islet cells are more resistant and are 
capable of regeneration, idiohypophyseal or 
methahypophyseal diabetes can only be pro
duced by concurrent forced feeding, or partial 
pancreatectomy, or by previous treatment with 
alloxan. 

Growth hormone always produces growth 
in the rat, where the epiphyseal cartilages remain 
open throughout life. Puppies and cats grow 
under the influence of growth hormone as long 
as the epiphyseal cartilages remain open. In 
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adult animals, however, diabetes develops, since 
the glucose can no longer be used for building 
tissues. Puppies treated for long periods with 
growth hormone fail to grow and become 
diabetic. Administration of insulin abolishes the 
diabetes and re-establishes growth. Growth 
hormone only has a diabetic action when 
growth is impossible or when the insulin pro
duction is limited and the glucose cannot be 
used in other ways. Lactating or pregnant rats 
grow. If lactation in the goat is prevented by 
resection of the udder, diabetes develops (BERT, 
1883). 

Although 10 mg HGH i.m. reduces the 
glucose tolerance after 12 hours in the normal 
human (MITCHELL, 1970), only 25% of patients 
with active acromegaly are diabetic. Contrary 
to previous suspicions, diabetics do not have 
raised growth hormone levels in the plasma 
(GLICK, 1965). Growth hormone levels can, 
however, be relatively high in relation to 
the raised blood sugar in diabetics, but this 
is due rather to impaired intracellular carbo
hydrate utilization in the regulation centers 
(see p. 761) which may possibly be dependent 
upon insulin (GLICK, 1965). Whether growth 
hormone is or is not connected with diabetic 
retinopathy is still under discussion (POWELL, 
1966; LUNDBAEK, 1970). 

c) Effect of Growth Hormone on Energy Balance 

Insulin and somatotropin regulate liberation, 
utilization, and regeneration of glucose, free 
fatty acids, and amino acids in the sequence 
of food intake or fasting. 

The blood sugar rises immediately after 
intake of food and leads to the release of insulin 
after 1 hour and to a fall of growth hormone 
in the blood. Glucose absorption and glycogen 
synthesis are promoted. At the same time, 
triglyceride synthesis starts, lipolysis is blocked, 
and the free fatty acids in the blood fall. In the 
second phase, the glucose falls and growth 
hormone begins to rise in the presence of con
tinuous insulin activity. This constellation pro
motes protein synthesis to a maximum while 
glucose absorption decreases with reduced glu
cose supply, thereby reserving the glucose for 
the nervous system. Finally, in the third phase, 
in the fasting or starving state the blood sugar 
falls to normal values and insulin falls while 
growth hormone continues to rise, inducing 
lipolysis. Glucose absorption is then at a mini
mum, protein synthesis is at a standstill without 
insulin, and free fatty acids are disposed of by 
the musculature. The glucose requirement during 
this phase is not only reduced by the supply 
of free fatty acids, but also particularly by 
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glycerol, which is a precursor of glucose. Growth 
hormone fulfills different important functions 
for the period without any nutritional intake. 
In this way, it reduces the glucose requirement 
in the musculature, abates protein synthesis 
at the same time, and offers the musculature 
and liver free fatty acids in return, so that the 
remaining glucose is at the disposal of the 
nervous tissue which is dependent on glucose 
(ZIERLER, 1963). 

Some authors still doubt that so many dif
ferent types of actions, such as protein synthesis, 
fat metabolism, insulin synergism and antag
onism, growth, and production of diabetes, 
can be due to the same hormone. Two pituitary 
hormones, somatotropin and adipokinin, chem
ically similar and with the same immunological 
behavior but with different biological activity, 
have been considered (LEVINE, 1964; LUFT, 
1966). Both, however, like the purest growth 
hormone preparations so far known, produce 
protein synthesis and lipolysis. In addition, the 
connection of the anabolic effect with the 
mobilization of fuel from their depots seems 
to be rational. The chief effect of somatotropin 
is not so greatly cerned with growth (growth 
hormone is produced in the same amounts 
after growth is completed) but is concerned 
rather with the maintenance of homeostasis 
in catabolic states, such as fasting, muscular 
activity, and hypoglycemia. The difficulty in 
accepting that the same substance regulates 
acute metabolism and the long-term process of 
growth may be overcome by regarding the 
effect on growth as being indirect (sulfation 
factor) and not dependent of short-lived varia
tions (DAUGHADAY, 1966). 

d) Electrolyte and Water Metabolism 

The urinary excretion of sodium, potassium, 
phosphorus, and chloride decreases under the 
influence of growth hormone, whereas the 
urinary calcium excretion generally rises. Aldo
sterone secretion is not directly influenced. 
Water retention is parallel to that of sodium, 
and the extracellular space increases (BIGLIERI, 
1961). The calcium and phosphorus balance 
is generally positive, although a negative cal
cium balance has occasionally been observed 
(KNOBIL, 1964). Intestinal calcium absorption 
seems to be enhanced, and calcium may possibly 
be mobilized from the skeleton. This may be 
due to an indirect parathyroid activation (FRA
SER, 1960). Phosphorus and calcium are stored 
in proportion to the nitrogen, corresponding 
to the composition of muscular tissue. The 
excess potassium retained probably goes into 
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the liver. Among the serum electrolytes, only 
phosphorus retention is reflected in an elevated 
phosphate value. 

e) Effects on Other Endocrine Glands 

cx) Pancreas: Contrary to previous opinions, 
there has been no successful demonstration that 
physiological amounts of growth hormone can 
directly induce the formation or release of insulin 
from the pancreas. Consequently, growth hor
mone leads only indirectly to increased insulin 
secretion and hyperplasia of the ~-cells. 

~) Adrenal glands: Enlargement of the 
adrenals and the thyroid gland under growth 
hormone is due to the effect on growth. There 
is no change in the excretion of 17-ketosteroids, 
17-hydroxysteroids or aldosterone. 

y) Thyroid gland: An increase in the BMR 
is due to extra thyroidal factors. The protein
bound plasma iodine or thyroxine is not in
fluenced. On the other hand, radioiodine studies 
have demonstrated an elevated velocity index 
in acromegaly (2/48 h uptake ratio) correspond
ing to an accelerated iodine turnover. 

0) Parathyroids: These glands can be activ
ated indirectly through an elevated serum 
phosphate level and a fall in the calcium level. 

For effects on milk secretion see p. 695. For 
discussion of the effects of other hormones on 
the secretion of growth hormone see p. 90f. 

f) Influence on Growth (See also Chap. XIX) 

In pituitary insufficiency in animals and man 
growth is interrupted in the growing phase even 
when nutrition remains undisturbed. Growth 
hormone re-establishes normal growth. It works 
directly on the tissues without involving other 
endocrine glands, since it is also effective in 
eviscerated animals providing that small amounts 
of insulin and probably "somatomedin" (see 
below) are present. In animals where the epi
physeal cartilages are open throughout life, 
STH can produce continuous growth for the 
rest of their lives when the dosage is adjusted 
to the increasing weight. Thus, in 435 days a 
gigantism of over 600 g could be produced in 
rats, with the experiment only coming to an 
end when the maximum life-span of the rat 
was reached. 

Growth is presented first as an increase in 
weight due to synthesis of protein and water 
retention corresponding to the composition of 
the embryonic tissue. The fat content of the 
entire organism decreases, and growth of the 
liver, kidneys, heart, stomach, and gut is in 
proportion to body weight. Compensatory hy
pertrophy of the remaining kidney after uni-
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lateral nephrectomy is only possible under the 
effect of growth hormone (AsTARABADI, 1963). 

STH promotes endochondral bone growth. 
Under its influence columns of cartilage and 
lamellae of bone with numerous osteoblasts are 
formed in the epiphyseal cartilages. Increased 
serum alkaline phosphatase reflects osteoblastic 
activity. The cells of the epiphyseal cartilages 
increase in number and size. Measurement of 
the width of the columnar cartilage at the 
transition to the bony rib has been used as a 
test for the activity of growth hormone (see 
p. 124). The incorporation of sulfate into cartilage 
is increased and probably occurs indirectly 
through the sulfation factor (see p. 89). In 
addition to polysaccharide synthesis, soluble 
collagen is also formed and its rapid turnover 
is apparent in the appearance of more hydroxy
proline in the urine. Growth hormone promotes 
growth even in the absence of thyroid hormone. 
Thyroid hormone, however, can intensify the 
growth activity of STH without itself influencing 
growth. On the other hand, insulin is necessary 
for growth, even if it does not promote growth 
by itself. The effect on growth and that on 
carbohydrate and fat metabolism are probably 
due to the same hormone, and the connection 
of growth with economy of carbohydrates and 
amino acids at the expense of fats is reasonable. 

It is not known why growth hormone can 
cause growth in certain phases of life and has 
no effect in other phases. The capacity of the 
tissues to respond must vary in the different 
phases of growth. It is possible that the effect 
of growth hormone on growth is only permissive. 

g) Sulfation Factor, Somatomedin, NSILA-S 

A peptide with a molecular weight of appro
ximately 6000-10000 which increases the in
corporation of 35S and H3-thymidine into rat 
and chicken cartilage has been partially purified 
from serum. This substance has been called 
"sulfation factor", and sometimes "thymidine 
factor". It was established that patients with 
acromegaly have high concentrations of sulfa
tion factor in the serum, whereas pituitary 
dwarfs do not; when pituitary dwarfs are 
treated with growth hormone the "sulfation" 
activity in their serum increases. Some in
vestigators believe that the sulfation factor is 
produced in the body, possibly in the liver, 
under the influence of growth hormone. The 
hypothesis has been put forward that growth 
hormone by itself does not stimulate growth 
but rather that its effects are mediated by the 
sulfation factor. It has therefore been suggested 
that the sulration factor be called "somato
medin". 
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Nonsuppressible insulin-like activity 
(NSILA-S) has proven extremely active in stim
ulating the incorporation of 35S into rat cartilage 
and the growth of fibroblasts in culture. In all 
likelihood NSILA-S and somatomedin 'are iden
tical. However, the physiological significance 
of somatomedin and NSILA-S must be inter
preted with caution. There are probably several 
substances in the blood which have some 
growth-promoting activity, and growth hor
mone is not the only hormone controlling their 
concentration in the serum. 

2. Regulation of the Secretion of Growth Hormone 

Growth hormone, as an important metabolic 
regulator, shows considerable variations in 
concentration during the course of the day. 
There are, however, short bursts during night 
sleep, whose nature has not yet been explained. 
It is now known that the following conditions 
affect the release of growth hormone: 

a) Hypoglycemia and fall in blood sugar 
b) Fasting 
c) Muscular activity 
d) Certain amino acids 
e) Stress: fever, operations 
f) Catecholamines 
g) Other mechanisms. 

a) Hypoglycemia 

A fall in the blood sugar to 50% of its original 
value causes an approximately 5-fold increase 
of growth hormone. The hormone level first 
falls for a short interval of time, then increases 
to the maximum between 15-30 minutes after 
the nadir of the blood sugar is reached and 
persists at this level for several hours. The 
hypoglycemia can be released by insulin or 
tolbutamide, or by blocking liver gluconeo
genesis. The increase in growth hormone can 
be prevented by giving glucose at the same 
time. On the other hand, hypoglycemia due to 
alcohol produces no rise in the growth hormone, 
probably because the hypoglycemia develops 
slowly. Growth hormone secretion persists at 
the same level throughout the hypoglycemia. 
Since the half-life of growth hormone is 20-30 
minutes, there must be continuous secretion 
of the hormone to maintain a constant level. 
A rise in the growth hormone may even be 
produced by slight decreases of 10 mg/l00 ml 
in the blood sugar which is a physiological 
occurrence during the day (LuFT, 1966). 

The releasing stimulus is obviously a defi
ciency of the intracellular utilizable glucose, 
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since administration of 2-deoxyglucose also 
leads to a rise in the growth hormone in spite 
of hyperglycemia. 

A fall in blood sugar also causes release of 
growth hormone even if the blood sugar values 
are still above normal. Variable increases in 
growth hormone not proportional to the degree 
or speed of the fall in blood sugar can arise 
4-6 hours after glucose overloading without 
necessarily producing clinical symptoms due 
to the fall in blood sugar. 

Testosterone promotes and medroxyproge
sterone inhibits the increase of growth hormone 
after hypoglycemia (ILLIG, 1970). 

h) Fasting 

A fairly long fast, i.e. deprivation of food for 
more than 12-15 hours, leads to a continuous 
rise in growth hormone in the blood. There is 
usually an initial high peak, after which the 
concentration varies around the average value 
during subsequent days if fasting is continued. 
The rise is not so pronounced or rapid as in 
hypoglycemia and this increase may be absent 
or much less pronounced in the obese. Nev
ertheless, overweight subjects can break down 
their fat depots just as well during fasting 
and their metabolism is not maintained at 
the expense of protein. The failure of growth 
hormone to rise is a result rather than the 
cause of obesity. 

c) Muscular Activity 

Moderate muscular actIvity such as walking 
for 30 minutes causes a pronounced rise of 
growth hormone levels in the blood. It has 
been suggested that this rise is greater in women 
and in men treated with estrogens (FRANTZ, 
1965). It can be mitigated considerably by 
previous administration of glucose. Wide varia
tions of short duration result from continuous 
activity (HUNTER, 1966). 

d) Amino Acids 

Infusion of 15-30 g of certain acids over 30 
minutes leads to a considerable rise (5- to 
10-fold) in the plasma growth hormone after 
1-2 hours. This effect is independent of the 
blood sugar. There is a simultaneous release 
of insulin, and the two act synergistically to 
enhance protein synthesis. Arginine, ornithine, 
histidine, and lysine are effective; phenyalanine, 
methionine, valine, and threonine are feebly 
effective; leucine is not always active; and 
isoleucine has no effect (KNOPF, 1965; FAJANS, 
1967; RABINOWITZ, 1966). It has been suggested 
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that the two sexes respond differently and 
that estrogens promote the response (MERIMEE, 
1967). 

e) Operations 

Serious operations involving the opening of 
the abdomen or the thoracic cavity lead to a 
considerable rise of growth hormone which 
cannot be inhibited by continual glucose in
fusions or even by hyperglycemia. Anesthesia 
alone or with electric shock does not produce 
the release of growth hormone. Minor surgical 
procedures, such as herniotomy, cause only 
a slight increase in growth hormone, which 
can be prevented by glucose administration. 

f) Catecholamines 

Adrenaline stimulates the release of growth 
hormone, probably via cyclic AMP (GAGLIAR
DINO, 1968). The ex-receptors appear to promote 
growth hormone release by hypoglycemia, where
as the ~-receptors have an inhibitory effect. 
Promotion and inhibition can be abolished by 
phentolamine (BLACKARD, 1968) respectively 
propranolol (lMURA, 1968). 

g) Other Mechanisms 

Besides the stimuli for growth hormone secretion 
mentioned above, other compounds such as 
cx-MSH, L-Dopa, and metyrapone have been 
shown to cause a substantial increase in the 
plasma levels of growth hormone. 

h) Stimuli Decreasing Growth Hormone 

Administration of glucose causes an elevated 
growth hormone level to fall in healthy subjects 
and in diabetics. The effect of protein adminis
tration is not consistent (amino acids, see 
p. 89). Overloading with fat has no effect on 
the release of growth hormone. Glucocorticoids 
inhibit the release caused by hypoglycemia 
(PECILE, 1966) and the normal diurnal variation 
(STIEL, 1970). 

i) Localization of the Regulation 

Stress and metabolic effects are registered and 
co-ordinated with endogenous rhythms (sleep) 
in the hypothalamus which then releases GRH 
(growth hormone releasing hormone) to regulate 
the discharge of growth hormone from the 
adenohypophysis (see Chap. II, p. 32). Normal 
basal values are still found after section of the 
pituitary stalk. There is no rise with hypo
glycemia following lesions of the ventromedial 
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nucleus in the hypothalamus. In the monkey 
the hypoglycemic stimulus is ineffective. Growth 
hormone releasing hormone (GRH see Chap. 
II, p. 32), which leads to the release of growth 
hormone from the adenohypophysis in vitro 
and in vivo, has been extracted from the hypo
thalamus *. It is not known how the stimulus is 
registered in the hypothalamus. Intracellular 
carbohydrate deficiency seems to be a stimulus, 
but this does not explain the effect of fasting 
since the intracellular carbohydrate content of 
the central nervous system does not decrease 
and hypoglycemia does not develop. 

It is not known how the hypothalamus 
registers muscular activity. Different factors, 
such as reflexes along nerve tracts, humoral 
stimulants from active muscle, possible metabolic 
products of the muscle, and finally, the drainage 
of the blood from the central nervous system 
into the active musculature have been considered. 
The mechanism by which surgical stress leads 
to the release of growth hormone is also unknown 
(REICHLIN,1966). 

3. Interactions of Growth Hormone with Other 
Hormones 

Since, unlike other pituitary hormones, growth 
hormone exerts its multiple effects not on a 
target organ, but on every cell in the organism, 
its action might be expected to depend on the 
metabolic equilibrium of each cell, which in 
tum is modified by other hormones. Indeed, 
practically all known hormones have been found 
to have at least some direct or indirect modifying 
effect on the production, release and/or meta
bolic action of growth hormone. 

The interactions between growth hormone 
and catecholamines and between growth hor
mone and insulin have already been discussed 
(see p. 88). In addition to the interactions with 
insulin, it should be mentioned that glucagon 
has recently also been found to stimulate the 
secretion of growth hormone in certain condi
tions (MITCHELL, 1969; WEBER, 1970). Whether 
this is of any physiological importance remains 
to be seen. 

a) Growth Hormone and Other Pituitary 
Hormones 

ACTH is capable of stimulating the secretion 
of growth hormone in a similar way to insulin 
(ZAHND, 1970). This is apparently a direct 
effect of ACTH, which is not mediated through 
the glucocorticoids. Vasopressin and its synthetic 
analogue, lysine-vasopressin, are not merely 
potent stimulants of ACTH secretion (GWINUP, 
1967), but also stimulate the release of growth 

• For GRIH see p. 32. 
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hormone (GAGLIARDINO, 1967). However, this 
effect generally occurs only if vasopressin is 
administered in amounts far higher than those 
secreted physiologically, and it is questionable 
whether physiologically important interactions 
exist. 

So far, no direct interactions have been 
demonstrated between TSH or gonadotropins 
and growth hormone. 

b) Growth Hormone and Thyroid Hormone 

Basal growth hormone levels in hypothyroid 
subjects are not usually significantly different 
from those found in normal subjects (IWATSUBO, 
1967), but in hyperthyroidism the growth hor
mone levels tend to be raised (VINIK, 1968). 
In contrast, hypothyroid patients have a blunted 
response to stimuli of the growth hormone 
secretion such as insulin (lWATSUBO, 1967) or 
arginine (KATZ, 1969) administration. The aware
ness of this interaction is clinically important, 
because in untreated primary hypothyroidism 
the results of growth hormone secretion tests 
may be falsely pathologic and may lead to the 
erroneous diagnosis of growth hormone defi
ciency. 

c) Growth Hormone and Glucocorticoids 

On the basis of experience with children requir
ing treatment with large doses of glucocorticoids 
(e.g. for bronchial asthma) whose growth became 
stunted, pediatricians have long suspected that 
glucocorticoids might inhibit the secretion of 
growth hormone. It is now certain that the 
effects of glucocorticoids on growth hormone 
are manifold. Although there are still many 
inconsistencies in the experimental evidence, 
it may be stated that glucocorticoids do not 
impair the production of growth hormone in 
the pituitary gland itself, but they may inhibit 
its release into the bloodstream (FRANTZ, 1964). 
In addition, glucocorticoids seem to inhibit the 
peripheral growth-promoting actions of growth 
hormone, since glucocorticoids slow the growth 
rate even in hypopituitary dwarfs during sub
stitution therapy with human growth hormone 
(SOYKA, 1965). 

d) Growth Hormone and Sex Hormones 

Although testosterone does not influence basal 
growth hormone levels, it increases the maxi
mum growth hormone-secretory capacity in 
response to stimuli (MARTIN, 1968; see also 
p.89). 

In contrast to testosterone, estrogens do 
increase the basal growth hormone levels. Adult 
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women generally have higher fasting growth 
hormone levels than children, men, or post
menopausal women, and the levels in men and 
children can be increased by the administration 
of estrogens (UNGER, 1965; FRANTZ, 1965). 

The influence of synthetic sexual steroids 
such as medroxyprogesterone and oral con
traceptives on the secretion of growth hormone 
has already been mentioned (see p. 89). 

E. Pituitary Insufficiency, 
Panhypopituitarism 

1. Classification 

Before the leading role of the hypophysis in 
regulating the endocrine organs was known, 
this illness was referred to as "pluriglandular 
insufficiency" (CLAUDE) or "multiple endocrine 
sclerosis" (FALTA). These diagnoses are only 
rarely justified now (see Chap. XVIII). Isolated 
failure of each adenotropic hormone may occur 
(see p. 97f.), but failure of the whole anterior 
lobe is much more frequent and is described 
as panhypopituitarism or SIMMOND'S disease. 
The most common causes are postpartum 
necrosis (Sheehan's syndrome) and destruction 
of the anterior lobe due to a pituitary tumor 
usually involving the posterior lobe as well. 
Failure of the posterior lobe does not, however, 
alter the clinical picture substantially. Diabetes 
insipidus is due to failure of the hypothalamic 
nuclei. 

The clinical picture of hypopituitarism in its 
purest form is seen after therapeutic hypo
physectomy for metastasizing carcinoma of the 
breast. The progression of symptoms can be 
followed in every detail in these cases. See 
p. 97f. for partial pituitary insufficiency. 

2. Occurrence and Incidence 

Panhypopituitarism is uncommon. SHEEHAN 
(1968) estimates an incidence of 100 cases of the 
most common variation of the disease, post
partum pituitary necrosis, in 1 million women. 
He found hypopituitarism in 8% of patients 
with mild blood loss during the delivery and 
in 53% of patients with severe hemorrhage. 
While SHEEHAN expected the development of 
pituitary insufficiency in over half all patients 
with severe postpartum hemorrhage, SCHNEE
BERG (1960) found pituitary failure in only 4 of 
35 cases with postpartum shock, and a follow-up 
of 235 patients in Zurich who lost more than 
1 liter of blood at delivery did not reveal a 
single case of Sheehan's syndrome (WIESEN
DANGER, 1959). The incidence is certainly low, 
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and it is dependent on the population under 
investigation. 

Panhypopituitarism is found more frequently 
in the female (65%), and is most common in the 
3rd and 4th decades of life. 

The relative incidence of the processes 
leading to pituitary failure is seen from the 
review by SHEEHAN and SUMMERS. Partial pitui
tary insufficiency is more frequent than was 
previously estimated and occurs more frequently 
than panhypopituitarism in chromophobe pitu
itary adenomas. 

3. Etiology and Pathogenesis 

Hypopituitarism is due to hypophyseal failure 
which may be caused by destruction of the 
hypophysis itself, or its connections with the 
hypothalamus, or by lesions in the hypothala
mus. In most cases, four-fifths of those in the 
table given by SHEEHAN and SUMMERS, the defect 
is in the hypophysis itself. As a rule, one quarter 
of the original parenchyma of the anterior lobe 
can maintain the necessary adenotropic function 
of the hypophysis. Therefore, only 1-2% of 
intact tissue is usually found in severe cases. 
Weeks or years may elapse between the onset 
of the necrosis and the clinical appearance of 
hypopituitarism. The patients survive for 10-
15 years on average, and sometimes even for 
over 40 years. Hypopituitarism becomes mani
fest in one fifth of the patients due to processes 
which interrupt the connections between the 
brain and the hypophysis. These are usually 
extrasellar cysts and tumors. As indicated in 
the discussion of the morbid anatomy of the 
hypophysis below, the etiology and pathogenesis 
of the basic diseases leading to pituitary failure 
are very varied. Necrosis of the adenohypo
physis can be produced experimentally in rats 
with intravenous hexadimethrin bromide (Ko
VACS, 1967). 

4. Pathological Anatomy 

Hypopituitarism can be caused by damaged 
cerebral centers. The most frequent cause of 
panhypopituitarism however are necrosis of 
the hypophysis and its residual state (KERK
HOVEN, 1966). These causes are followed in 
frequency by tumors and cysts. In contrast, 
inflammatory processes are relatively seldom 
responsible. 

Symptoms due to partial failure, however, 
are more frequently produced by tumors and 
inflammatory processes of the hypophysis than 
by necrosis and sequelae. 

Necroses of the anterior pituitary lobe are 
not infrequently found during the systematic 
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patho-anatomical examination of postmortem 
cases. PLAUT (1952) demonstrated this during 
routine examination in almost 10% of male 
cadavers chosen at random (13 cases among 
149 sections). SHEEHAN and STANFIELD (1961) 
found the same in 3% of their postmortem 
cases. Many necroses, however, must be con
sidered as terminal complications. 

The postpartum type of pituitary necrosis 
due to shock is most common. Vascular spasm 
seems to have a decisive pathogenic effect. 
Vascular thrombi, which can often be dem
onstrated in postpartum necrosis, are only 
a secondary phenomenon. In addition to the 
shock, a further factor is still needed to cause 
the necroses. Hypertrophy of the anterior lobe 
during pregnancy in the presence of a limited 
blood supply, the impossibility of expansion 
within the sella, the increase in the hypophyseal 
metabolism and postpartum involution with 
diminished blood supply are together responsible 
for the necroses. Apart from necroses during 
pregnancy, hypophyseal necroses have also been 
observed after shock resulting from hemor
rhage, burns, epidemic hemorrhagic fever, 
sickle-cell crisis, insulin-shock treatment, and 
pulmonary embolism. These necroses, however, 
are usually less extensive than the postpartum 
type. Necroses of the anterior pituitary also 
occur in diabetes and hemochromatosis. 

In addition, necroses of the anterior lobe 
occur frequently as a concomitant symptom 
in primary and metastatic tumors of the hypo
physis. As a rule, these necroses are superficial. 
Infarcts, however, may also be due to tumor 
emboli. Like tumors, inflammation, particularly 
granulomatous processes, can also lead to 
accompanying necrosis. 

Surgery and massive irradiation, intensive 
X-ray or proton irradiation, or implanta
tion of radioactive yttrium or gold can cause 
hypophyseal necroses and lead to extensive 
scarring as a delayed sequela. Section of the 
stalk results in extensive necrosis because the 
portal vessels are a type of "end vessel". How
ever, about 10% of the parenchyma is still 
retained since these areas are supplied by other 
vessels. 

Frequently only scars are detectable and 
their cause can no longer be found. If the 
scars are very extensive, then the "empty sella" 
syndrome, a phenomenon seen quite often in 
autopsy, results. Cystic scars are denominated 
as cystic degeneration. Such cysts have no 
epithelial layers, in contrast to proper cysts. 
Interstitial. fibrosis generally does not lead to 
hypopituitarism. The empty sella, however, may 
also result from increased pressure of the 
cerebrospinal fluid in the subarachnoidal space 
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of the gland, flattening but not destroying the 
pituitary. The empty sella syndrome may have 
different pathogenic mechanisms. It has been 
suggested that the incompetent diaphragma 
sellae may be an anatomical variant or may 
be caused by repeated swelling of the stalk in 
multiparous women (BRISMAN, 1972). The sella 
may be of normal size and shape, be balloon
like, deformed, or enlarged. For clinical features 
see p. 103f. 

Inflammation can lead to extensive destruc
tion of the hypophysis, and therefore cause 
pituitary failure. Purulent inflammation usually 
arises from inflammatory processes in the 
surroundings. Abscesses of the anterior lobe 
develop almost without exception, spreading 
from sphenoidal sinusitis or possibly from a 
necrotic chromophobe adenoma. Abscesses de
veloping after septic infarction have been de
scribed (SHEEHAN, 1965). Meningitis, osteomy
elitis of the sphenoid bone and thrombo
phlebitis of the cavernous sinus can all spread 
to the hypophysis. Finally, inflammatory vas
cular processes also lead to hypophyseal de
struction. Diffuse, non-purulent, chronic inflam
mation reminiscent of an autoimmune process, 
are worth mentioning. Both GOUDIE (1962) and 
HUME (1967) have seen hypophysitis of this 
type in a female patient with Hashimoto's 
thyroiditis. EGLOFF (1969) has observed an 
isolated lympho-plasmocytic hypophysitis in a 
patient with panhypopituitarism. 

In addition to these more diffuse processes, 
granulomatous inflammations also have a pro
nounced effect. The tuberculoid giant cell 
granuloma is characteristic, usually involving 
only the hypophysis. The cause of the inflamma
tion is unknown. Pituitary insufficiency is a 
late development since the granulomas can 
destroy the anterior lobe to a great extent. 
Women around the age of 55 are most often 
affected. Occasionally, tuberculosis, syphilis, 
sarcoidosis and certain mycoses also produce 
granulomatous inflammations with parenchy
matous destruction. 

5. Symptoms and Clinical Course 

a) History, Psychological Changes 

The illness, due to pituitary tumors and especially 
to postpartum necrosis, usually develops slowly 
over the course of years although on rare 
occasions it may present itself within a few 
weeks due to massive postpartum necrosis. The 
first symptoms arise 3 weeks after total removal 
of the hypophysis and generally become de
finitely manifest after 5 weeks. As a rule, growth 
hormone probably fails first, followed by the 
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gonadotropins. Thy thyrotropic hormone then 
fails, and the adrenocorticotropic hormone is 
the last to disappear. There is minimal residual 
thyroid function and a basal adrenocortical 
secretion consisting entirely of aldosterone. 
Complete failure of the hypophysis is there
fore compatible with life, even though life is 
severely impaired. 

A change in menstruation is the first symptom 
in the female. The bleeding becomes scanty, 
short, and irregular, and finally fails to occur. 
Irregular bleeding can, however, occur. Occa
sionally menstruation starts again after cortisone 
substitution. Climacteric symptoms are usually 
absent but may occur (PURNELL, 1964). They 
may arise after delivery in postpartum hypo
physeal necrosis and then gradually disappear. 
Failure oflactation and a hypoglycemic tendency 
are considered early symptoms. Pubic hair, 
shaved before delivery, does not return. Sensitiv
ity to cold becomes apparent later, and the 
patients are usually always cold and dress 
warmly even in summer. Increasing tiredness 
to the point of adynamia finally causes the 
patients to become bedridden. Their speech is 
slow, monotonous, and hesitant, and later 
becomes slurred. Giddiness, tendency to faint, 
obstinate constipation, oliguria, and somnolence 
are further common symptoms. Typical symp
toms are the hypoglycemic tendency and the 
inability to remain without food for even a 
short period of time. Impotency and loss of 
libido occur in the male. In general, the patients 
consult their physicians very late, since they 
are indifferent to their illness. Temporary dia
betes insipidus may occasionally occur and has 
been described in about two dozen cases. Quite 
often it is primarily due to an organic lesion 
and later to a conditioned polydipsia (AGUIL6, 
1969), rather than to posterior pituitary necrosis 
and lack of vasopressin (EVANS, 1960). 

Failure of the adenohypophysis leads to 
severe psychological changes which may prog
ress to psychoses. At the beginning, there is a 
lack of initiative, lack of interest, generalized 
retardation and apathetic depressive moods, 
making up the endocrine psycho syndrome. All 
motivation disappears completely in time. The 
sexual and motor impulses are lost first. In
difference develops into complete neglect of 
the surroundings as well as of the person. The 
patients decline intellectually, the amnestic 
psycho syndrome develops and they finally lead a 
no more than vegetative existence. States of the 
actue exogenous reaction type may be associated 
with the complete disappearance of psychological 
functions. These may progress to predominantly 
paranoid hallucinations, delirium, and finally 
to coma, usually associated with acute adrenal 
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insufficiency (BLEULER, 1964; KIND, 1958; LIND

QVIST, 1966). 
It is still not known whether substitution 

therapy, which compensates the somatic failure, 
can also reverse the psychological disorders 
completely or only partly improve them. 

b) General Examination 

The face of the patient with pituitary insuffi
ciency is expressionless, as during sleep. The 
features are strangely blurred (Fig. 2). The 
patients appear uninterested, lifeless, and tired. 

a 

b 

Fig. 2a and b. Facial expression in panhypopituitarism. 
a) 50-year-old female patient with SHEEHAN'S syndrome 
(Prof. SCHUPBACH, Inselspital, Bern). b) 61-year-old male 
patient with panhypopituitarism and diabetes insipidus, 
unknown etiology (TB?) 
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Fig. 3. 52-year-old female patient with Sheehan's syndrome. 
Complete absence of pubic and axillary hair. Striking 
pigment deficiency, especially in the areolas (Prof. SCHINZ, 
Radiological Dept. of the University of Zurich) 

The skin can, but need not, show a myxedematous 
tendency. It is dry, but thin, delicate and 
"alabaster-like". The hair is dull, bristly, but 
not prematurely gray. The eyebrows may be 
absent or may be particularly scanty in the 
lateral third. 

The fallow pallor of the thin, marble-like, 
translucent skin is striking (Fig. 3). Pigment 
deficiency is most noticeable in the normally 
strongly pigmented zones, such as the mamilla, 
the perigenital and the perianal areas. The lack 
of pigment is due to diminished melanin 
formation resulting from the failure of the 
hypophyseal melanocyte-stimulating hormone 
(see p. 294fO. Measurable darkening of the skin 
can be achieved with MSH in patients with 
hypophyseal insufficiency. The inability to form 
melanin is demonstrated by the failure to turn 
brown after ultraviolet radiation. The cutaneous 
circulation is reduced; patients with hypo
pituitarism never blush. 

Sweating and sebaceous secretion are also 
reduced or arrested. 

The third characteristic is the loss of body 
hair (Figs. 3, 4). Pubic and axillary hair are 
totally absent in severe cases. The axillary hair 
can disappear within 2 months, whereas the 
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spontaneous loss of pubic hair takes 1-2 years. 
In men, growth of the beard and the moustache 
is scanty and there is no body hair. The diag
nosis can be made with a high degree of certainty 
from these three visible findings; the expression
less face, neither young nor old; the striking 
pallor; and baldness of the body. Calcifications 
in the auricle, as in Addison's disease, have 
been observed (RANDALL, 1963). 

The body weight is normal in 3/4 of the 
cases. SHEEHAN has conclusively corrected the 
long-established view, based on SIMMOND'S 
first description, that pituitary failure leads to 
cachexia (see Table 2). 
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BMR, radioiodine test, the protein-bound 
iodine and thyroxine determination can detect 
the hypothyroidism. The TSH test differentiates 
between primary and secondary hypothyroidism. 
Reduced TSH-reserve is demonstrated by the 
carbimazole test (see p. 242) or more recently, 
by the TRH-test (see Chap. VI, p. 242). 

See p. 325 for secondary adrenal insufficiency. 
It can be differentiated from primary adrenal 
insufficiency by the 3-day intravenous ACTH 
test. Extremely low or absent urinary steroids 
(0-1 mg 17-keto and 17-hydroxysteroids) are 
suggestive of a secondary insufficiency. The 
aldosterone excretion is normal or within the 

Table 2. Weight in 103 cases of Simmond's disease. (From SHEEHAN, 1948) 

Fat Higher 
than 
normal 

At time of death 9 11 
6 months before death 9 11 

Emaciation may occur terminally although 
there is sometimes a weight gain at the beginning 
of the disease. Motor inactivity and reduced 
basal metabolic rate with unchanged appetite are 
probably the cause of this. 

Subnormal temperatures may occur. The 
fact that patients with Sheehan's syndrome 
often have a smaller sella « 80 mm2 in the 
lateral X-ray) than a control group (MEADOR, 
1966) is worth investigating. Involutional proc
esses and greater susceptibility of the smaller 
hypophysis have been considered. 

Circulatory organs: Bradycardia is less 
pronounced than in myxedema. The hypotension 
is less severe than in Addison's disease. There 
is orthostatic hypotension. The heart is smaller 
than in Addison's disease. The smaIl kidneys 
and the small liver are due to the splanchnomicria. 

Ovarian failure leads to atrophy of the 
genital organs, and the vaginal smear shows 
no signs of estrogenic activity. Bleeding, how
ever, may sometimes occur. 

In the male, there is a secondary hypo
gonadotropic hypogonadism with tubular in
sufficiency at first, followed by interstitial 
failure (see p. 469 f.). 

c) Laboratory Investigation 

The diagnosis of a suspected case of hypo
pituitarism can be verified by demonstrating 
secondary thyroid, adrenal, and gonadal in
sufficiency and growth hormone deficiency. 

See p. 160 for secondary hypothyroidism 
and its diagnosis (p. 241 f.). 

Normal Medium Thin Cachectic 

36 19 14 14 
57 11 9 6 

lower limits of normal. Aldosterone secretion 
does not always rise sufficiently in response to 
salt deficiency (Ross, 1960). Demonstration of 
an increased or decreased gonadotropin ex
cretion is a good way of distinguishing primary 
from secondary hypogonadism (testes, p. 469f.; 
ovaries, p. 585 ff.). Estimation of gonadotropin 
is of great diagnostic value especially in women 
after the menopause. 

Impaired diuresis in hypopituitarism is partly 
due to the adrenal insufficiency. On the other 
hand, failure of growth hormone also causes 
a reduction in glomerular filtration and renal 
plasma flow. The defect can only be partially 
corrected by substitution with cortisone and 
thyroxine (FALKHEDEN, 1963). A pronounced 
hyponatremia of 110-120 mEq/1 is not un
commonly found in untreated cases of pituitary 
insufficiency, especially in response to stress 
such as surgery. Strangely, this hyponatremia 
is well tolerated, and regresses with cortisone 
alone. The pathogenesis is not completely clear 
(BETHUNE, 1965; GASTINEAU, 1967). Renal so
dium loss is not usually present, and the serum 
urea, in contrast to the dehydration in ADDISON'S 
disease, remains low. Excessive water retention 
has been suspected to be due to inadequate 
vasopressin secretion (AUBRY, 1965) since lack 
of cortisone causes a faIl in the osmotic stimulus 
threshold. The fact that water deprivation does 
not increase the sodium concentration and that 
it is possible to correct the disorder with cor
tisone alone makes the overproduction of 
vasopressin appear unlikely. The extraceIlular 
space is enlarged. Water overloading, which 
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was previously recommended as a diagnostic 
test, is dangerous, involving the risk of water 
intoxication with brain edema and epileptic 
fits. Unexplained hyponatremia should suggest 
pituitary insufficiency and is more pronounced 
in hypopituitarism due also to the failure of 
growth hormone. The insulin tolerance test 
best demonstrates the deficient counter-regula
tion. The blood sugar falls rapidly to low values 
and does not rise promptly or rises only inade
quately. The typical rise in the level of growth 
hormone is absent. This test, however, also in
volves a certain amount of risk and should be 
used cautiously. Glucose for intravenous injec
tion must always be ready to terminate the test. 

Blood findings: the erythrocyte sedimenta
tion is normal. There is mild anemia, at first 
hypochromic and later hyperchromic, due to 
failure of the adrenal glucocorticoids and a pitui
tary factor. The white blood cell smear shows 
an increase in eosinophils and lymphocytes. 

Achylia, which may prove to be refractory 
to histamine, has sometimes been observed. 

6. Differential Diagnosis 

Panhypopituitarism must first be differenti
ated from post partum endometrial amenorrhea, 
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occuring very seldom. In the latter condition 
there are no clinical signs of failure of the 
thyroid and adrenals. Hormone estimations are 
normal. The differentiation between pronounced 
anorexia nervosa and hypopituitarism is not 
difficult. The question of pituitary function in 
anorexia often comes into consideration because 
of the wrong dogma which has existed for years 
that pituitary insufficiency leads to cachexia. 
Anorexia does, however, always have some 
features in common with pituitary insufficiency; 
the basal metabolic rate is always reduced, and 
there is amenorrhea in both conditions. 

In anorexia, however, there is a hypo
metabolism without hypothyroidism. Stero
id excretion is diminished in anorexia, but never 
to the same extent as in hypopituitarism. The 
adrenals are not found to be atrophic, and the 
adrenal insufficiency is only relative. The ame
norrhea has the same cause in both conditions, 
and the gonadotropins are usually not de
monstrable in anorexia (see p. 591). In anorexia, 
FSH production ceases under central nervous 
system influences. Emaciation is suggestive of 
anorexia, and makes hypopituitarism unlikely 
(Fig. 4). In typical cases of anorexia the skin 
is covered with lanugo hair. Pubic and axillary 
hair may be scanty but is never completely 

abc 
Fig. 4a-c. Differential diagnosis of hypopituitarism. a) 26-year-old female patient with hypopituitarism, due to a chromo
phobe adenoma. b) 35-year-old female patient with the sprue syndrome. Chloasma-like pigmentation of the forehead and 
chin, axillary hair absent, pubic hair scanty. c) 19-year-old female with anorexia nervosa (KspZ) 
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absent as it is in pituitary insufficiency. The 
psychological changes in the two diseases are 
very different. The anorexic patient is shy and 
uncommunicative, but is not apathetic, and can 
be very lively and enterprising. The physical 
deterioration leads only terminally to apathy. 
Differentiation can be difficult in the terminal 
stages of both illnesses. The insulin tolerance 
test with growth hormone determinations makes 
differentiation possible. This test is, however, 
not without risk. In anorexia, the blood sugar 
will return to normal in response to hypo
glycemia, whereas in hypopituitarism, the blood 
sugar usually remains low until glucose is given. 

The malabsorption syndrome may simulate 
hypopituitarism. Scanty pubic and axillary hair, 
adynamia, anemia and low ketosteroid excretion 
are common to both conditions. However, the 
waxy pallor of hypopituitarism is absent in 
sprue (Fig. 4 b), and in contrast, there is quite 
often pigmentation of the skin. 

Differentiation from primary myxedema can 
be difficult when the secondary hypothyroidism 
dominates the clinical picture. The TSH test, 
the TRH test and the demonstration of the 
failure of other endocrine systems establishe 
the diagnosis. 

Primary adrenal insufficiency is distinguish
able mainly by the pigmentation. "White" 
Addisonians can be difficult to differentiate 
from hypopituitarism since the basal metabolic 
rate can also be reduced in Addison's disease, 
and gonadal dysfunction may also occur. The 
ACTH-test repeated over 3 days can differentiate 
the two diseases. Clinical distinction between 
hypopituitarism and Schmidt's syndrome (pri
mary hypothyroidism and adrenal cortical in
sufficiency (see Chap. XVIII) can be difficult. 
This syndrome is probably underlaid by auto
immunological factors and often occurs with 
diabetes mellitus. The presence of gonadotropin, 
primary hypothyroidism in the TSH-test, pri-
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mary adrenal insufficiency indicated by the 
ACTH-test, and serum antibodies to the thyroid 
and adrenal tissues suggest Schmidt's syndrome. 

Hypoglycemic states can involve islet-cell 
adenoma in the differential diagnosis. Evidence 
of thyroid, gonadal, and adrenal insufficiency 
proves the pituitary cause. 

Finally, in the male, a differential diagnosis 
between primary or secondary hypogonadism 
and hypopituitarism has to be made. The 
differentiation is based on the estimation of 
the gonadotropins, the testicular biopsy and 
the demonstration of hypothyroidism and 
adrenal insufficiency. 

7. Special Forms 

a) Partial Hypopituitarism 

The diagnosis of partial hypopituitarism has 
been facilitated by the development of diagnostic 
tests. It occurs more commonly than pan
hypopituitarism in chromophobe adenomas and 
after therapeutic hypophysectomy. The effects 
are dependent upon the extent of the destruc
tion and the duration of the illness. They can 
also arise after failure of the hypothalamic 
regulation centers. Partial generalized insuf
ficiency can occur which is only detectable by 
the different reserve tests, or there may be 
a selective failure of every single adenotropic 
hormone and of the growth hormone. Not 
infrequently, partial hypopituitarism is present 
at the beginning and may progress to panhypo
pituitarism over the course of months or years. 
Hypogonadotropic hypogonadism was consid
ered to be the most frequent partial hypopitui
tarism (see p. 469), isolated secondary hypo
thyroidism to be less common (see p. 160), 
and isolated secondary adrenal insufficiency 
even rarer (see p. 325). The last condition may 
also arise after successful removal of an adreno-

Table 3. Differential diagnosis between anorexia mentalis and hypopituitarism. (After ESCAMILLA) 

Symptoms common to both diseases: 
Secondary amenorrhea (FSH absent) 
Asthenia 
Hypotension 
Hypometabolism (reduced BMR) 

Symptoms occurring in one disease only: 
Loss of weight 
Pallor 
Loss of pubic and axillary hair 
Eosinophilia 
Average age 
Onset 
Insulin tolerance 
ACTH-test 

Anorexia 

+ 
+ 
+ 
+ 

+++ 
o 

+ 
o 

21 
After puberty 
Normal 
Normal 

Hypopituitarism 

+ 
++ 
++ 
++ 

o 
+++ 
+++ 
++ 
41 
After pregnancy 
Reduced 
Normal, only after repeating 3 times 
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cortical adenoma. Recently, however, isolated 
failure of growth hormone without clinical 
symptoms appears to be the most common 
adult endocrine disorder secondary to chromo
phobe adenoma. This failure can only be 
demonstrated by the radioimmunological meth
ods for estimating growth hormone in combina
tion with the insulin tolerance test (see p. 123) 
(RABKIN, 1966). Selective failure can occur in 
all combinations (DAYER, 1959). Among 69 
chromophobe adenomas there were 10 cases 
showing no failure, 16 cases with failure of all 
3 adenotropic hormones, 22 cases of one isolated 
failure, (17 hypogonadism, 3 hypothyroidism, 
2 adrenal insufficiency) and 21 cases of secondary 
failure of 2 glands (OBERDISSE, 1957). Secondary 
hypogonadism and secondary adrenal insuffi
ciency appear to occur more frequently together 
than is attributable to chance and have been 
collectively termed "basophil failure" (MAD
DOCK, 1951). 

Isolated failure of the growth hormone leads 
to pituitary dwarfism. For discussion of selective 
failure of TSH in pseudohypoparathyroidism 
the reader is referred to Chap. XlV. 

Selective secondary hypothyroidism may 
cause pituitary impairment leading to adrenal 
cortical insufficiency. Thus it may simulate 
panhypopituitarism. 

Hypopituitarism, due probably to a hypo
physitis caused by autoimmunological factors, 
can occur with other immunological disorders 
in the organism (HUME, 1967) (see Chap. XVIII). 

A strange form of partial hypopituitarism 
with giantism and normal or increased growth 
hormone effects has been described by GOLDMAN, 
1963, and SARVER, 1964. 

b) Pituitary Dwarfism 

A. PRADER and M. ZACHMANN 

Pituitary dwarfism is due to an inhibition of 
growth associated with a deficiency of somato
tropic hormones. It begins during infancy. 
Since differentiation between a hypothalamic 
disorder and pituitary insufficiency is impossible 
in some patients, it would be more correct to 
speak of "hypothalamo-pituitary" dwarfism. 
Unfortunately, the term "pituitary dwarfsm" 
is often used rather uncritically for all cases of 
small stature. It must be stressed that pituitary 
dwarfism should only be diagnosed when growth 
hormone deficiency is demonstrable. Patients 
affected by this deficiency are uncommon in 
comparison to the frequency of small stature. 

Thyroid, adrenocorticotropic and gonado
tropic functions are disturbed as well as growth 
in classic cases. There are, however, patients 
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with isolated growth hormone deficiency and 
intact function of all other anterior pituitary 
hormones. Such cases are probably not very 
rare, but they can only be detected by refined 
diagnostic methods. Apart from this, there are 
also known forms of growth hormone deficiency 
combined with TSH, ACTH or gonadotropin 
deficiency. Thus, pituitary dwarfism is possible 
throughout this spectrum, from isolated growth 
hormone deficiency to the complete picture of 
panhypopituitarism. 

The following forms of pituitary dwarfism 
can be differentiated on the basis of clinical 
and etiological features: 

1. Isolated growth hormone deficiency pres
ents as dwarfism in the presence of intact func
tion of all the other anterior pituitary hormones. 
The clinical picture is hardly different from that 
in other types of nonendocrine dwarfism (pri
mordial constitutional dwarfism, Chap. XIX). 
The differentiation from other forms is, however, 
of importance because of the therapeutic pos
sibilities in the case of a growth hormone de
ficiency. There are idiopathic (sporadic) and 
hereditary (recessive inheritance; RIMOIN, 1966) 
forms of isolated growth hormone deficiency. 
Since puberty, although delayed, arises spon
taneously in these patients, they are also 
described as "sexual ateliotics" in older classi
fications (GILFO~D). 

2. Growth hormone deficiency with multiple 
anterior pituitary insufficiency can also occur 
idiopathically or can be inherited. Boys are 
affected by the idiopathic form more frequently 
than girls. (This also applies to the form de
scribed in 1., above.) This form of pituitary 
dwarfism may be due to cerebral trauma during 
birth or to asphyxia at birth in many cases. The 
possibility of an organic disorder must be 
considered particularly in cases with multiple 
failure; an intra- or suprasellar tumor, usually 
a craniopharyngioma, can cause this form of 
pituitary dwarfism (Frohlich' dystrophia ad
iposogenitalis in the original meaning of the 
term). Other organic causes include malforma
tions in the region of the pituitary or hypo
thalamus and finally, traumatic damage (frac
ture of the base of the skull with hypophyseal 
hemorrhage or direct traumatic influence on the 
pituitary). Patients suffering from multiple fail
ure with gonadotropin deficiency were formerly 
also referred to as "asexual ateliotics" (GILFORD). 

3. A secondary, symptomatic growth hor
mone deficiency occurs with severe general 
disease and also occasionally with malnutrition. 
Primary hypothyroidism can also lead to in
hibition of growth hormone secretion, as can 
corticosteroids, which would at least partly 
explain the small stature in Cushing's syndrome 
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and following long-term corticosteroid therapy 
with high doses. A temporary growth hormone 
deficiency occasionally results in small stature 
in children brought up in unfavorable social 
conditions, particularly in children deprived of 
maternal affection (POWELL, 1967, "emotional 
deprivation", Chap. XIX). 

4. The possibility of a functional deficiency 
of growth hormone in the presence of normal 
secretion (peripheral resistance or inactive growth 
hormone) has not been fully studied. Thus, for 
example, peripheral resistance to growth hor
mone is assumed to be the cause of the small 
stature of pygmies, in whom normal growth 
hormone concentrations were found in the 
plasma during stimulation tests. Apart from 
this, there also appear to be hereditary forms 
of dwarfism where high levels of GH are found 
(LARON, 1968) but where presumably a mediator, 
the sulfation factor or somatomedin (see p. 88), 
is deficient. 

Growth in patients with pituitary dwarfism 
is usually normal in the first two years of life 
and then becomes progressively slower (Fig. 5). 
On rare occasions, the growth deficit appears 
in the first months of life. Body weight and 
length are usually normal at birth. When 
gonadotropins are absent, the pubertal growth 
spurt and postpubertal termination of growth 
fail to occur. The majority of patients with 
multiple failure continue to grow throughout 
life, although the increase after the 20th year is 
only a few cm. The adult height of untreated 
patients lies between 100 and 140 cm. 

As a rule, there is mild obesity in spite of a 
definite lack of appetite in all forms of pituitary 
dwarfism. This is a reflection ofthe absence ofthe 
lipolytic action of growth hormone. The obesity 
involves the trunk in particular (Fig. 6). Body 
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Fig. 5. Development of height, weight and bones from 
5th to 24th year in a man with pituitary dwarfism. ote the 
general retardation of development and the continuous 
growth even after 20th year 
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Fig. 6. Two girls with familial pituitary dwarfism (isolated 
growth hormone deficiency) and a girl of normal height 
of about the same age 

Age Height Bone 
age age 

Healthy girl 14 14 
Patient, center 13.9 3.7 8.3 
Patient, right 13.4 4.1 10.5 

proportions usually correspond to normal values, 
except that the head is relatively large. Despite 
the small stature, slightly eunuchoid proportions 
develop after the 10th- 15th year when gonado
tropin is also deficient. Hands and feet are 
often exceptionally small and doll-like (acro
micria) and the face retains the round shape 
and the soft, doll-like features of an infant. 

Bone development is retarded. The degree of 
retardation varies individually and is greater 
in the presence of a TSH deficiency. As a rule, 
bone development and increase in height are 
retarded to roughly the same extent. Develop
ment of the paranasal sinuses is also delayed. 
The sella is occasionally enlarged in cases with 
tumors. In other cases it is often smaller, but 
no diagnostic importance can be attributed to 
this finding. 
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Necrosis of the head of the femur, which is 
reminiscent of Perthes's disease, is another 
skeletal finding occasionally found in associa
tion with a simultaneous TSH deficiency (see 
p. 170). Development of the teeth is also de
finitely retarded, though usually to a lesser 
extent than the bone development. 

The skin is tender, thin, and often rather 
dry. The turgor is sometimes slightly reduced 
and the extremities tend to be cool. During the 
third decade or later, the skin of untreated 
patients shows fine folds and wrinkles, especially 
the face, giving the patients a senile appearance 
in striking contrast to the infantile body stature. 

Intelligence is commensurate with age, so 
that in contrast to hypothyroid dwarfs, these 
children can usually keep up quite well in school 
as long as their physical strength is adequate 
and hypoglycemic attacks do not arise. Psycho
logical infantilism is often present, which is 
especially pronounced in cases where puberty 
fails to develop (see also gonadal dysgenesis, 
Chap. XII). The sense of shame is often extreme, 
as is the sensitivity of these patients to dispar
aging and insulting remarks. This indicates 
just how much patients suffer from their 
appearance and from the fact that they are 
taken to be younger than they actually are. 

Except in cases with a suprasellar tumor, 
few pathologic findings can be detected in 
the nervous system. An uncharacteristic, · slight 
abnormality is occasionally found in the electro
encephalogram. In cases where tumors are 
present, endocrine symptoms may precede the 
neurological ones, which are often not apparent 
until school age or early adulthood since the 
craniopharyngioma grows slowly. These symp
toms can appear at any time in the case of other 
tumors, which are, however, very uncommon. 
Signs of a tumor are: headache, vomiting, 
visual disturbances, loss of visual fields (mainly 
bitemporal hemianopsia), papilledema, burst
ing of cranial sutures and enlargement of the 
sella. Since craniopharyngiomas usually become 
calcified, a suprasellar calcium shadow on the 
X-ray is particularly typical (Fig. 7). 

Metabolic findings are best classified by the 
individual anterior pituitary hormones. It must 
be mentioned that, as in acquired pituitary in
sufficiency in the adult, no parathyroid in
sufficiency has been observed. 

Growth hormone deficiency causes few direct 
metabolic findings which can be recognized: 
phosphorus and alkaline phosphatase in the 
serum may be diminished and cholesterol may 
be elevated. Nitrogen excretion in the urine 
is often higher than in healthy subjects but can 
only be assessed if the patients keep to a consist
ent diet. Single estimations of growth hormone 
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Fig. 7. Suprasellar calcification in craniopharyngioma 

in the plasma are of little value since the concen
tration is subject to extremely wide physiological 
variations. Multiple estimations after stimula
tion of growth hormone secretion are therefore 
essential. Stimulation can be produced by in
sulin hypoglycemia, intravenous administration 
of arginine, a protein meal, or other stimuli. 
In the healthy subject the growth hormone 
concentration in the plasma then attains a 
maximum 30-60 minutes after insulin, and 
somewhat later with other methods of stimula
tion. Absolute values vary according to the 
laboratory. Fasting levels vary between 0 and 
5 ng/ml plasma, and after maximum stimulation, 
the levels are between 10 and 20 ng/ml or higher. 
If the plasma concentration in a patient with 
dwarfism increases. significantly or fasting values 
are very high a growth hormone deficiency can 
be excluded with certainty. If there is no rise, 
deficiency is possible but not yet confirmed. In 
doubtful cases, a nitrogen retention test can 
help. This test is based on the more pronounced 
metabolic action of growth hormone in patients 
with endogenous deficiency than in control 
cases with intact pituitary function. The long 
duration is a disadvantage associated with this 
test; patients receive a consistent diet chosen 
by themselves for 10 days. The first 5 days are 
used as a control period for estimation of 
the mean nitrogen excretion. Over the next 
5 days, growth hormone is given intramuscularly 
every day in a dose of 2 mg/m2 body surface 
area and the mean nitrogen excretion is calculated 
from the 2nd to the 5th day of the treatment 
period. The nitrogen retention as a percentage 
of the mean nitrogen excretion during the 
control period gives a good demarcation be
tween patients with growth hormone deficiency 
and those without (PRADER, 1968). 
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Thyroid insufficiency is rarely manifest in 
the presence of TSH deficiency. The patients 
frequently give the impression of being alert 
and active and show no signs of the typical 
skin symptoms. Constipation may also be 
absent. Not uncommonly, the skin is found to 
be suspiciously dry and rough. Less frequently 
there are changes reminiscent of Perthes's 
disease in the head of the femur. PBI and radio
iodine investigations give low values. Uptake of 
131 I becomes normalized after 3 days' treatment 
with TSH, or sometimes a week of treatment 
is necessary. Blood pressure and basal metabolic 
rate (to be interpreted with reservation in chil
dren) are reduced, but are never as low as in 
classic primary hypothyroidism. The Achilles' 
tendon reflex time is prolonged. Serum choleste
rol is increased, but this must not be interpreted 
as a sign of TSH deficiency only, since it is also 
elevated in isolated growth hormone deficiency. 
This is also applicable to phosphorus and 
alkaline phosphatase values, which are often 
reduced. See p. 123 f. for the relation between 
growth and serum phosphorus. 

ACTH deficiency seldom leads to manifest 
impairment of adrenocortical function although 
latent insufficiency can be demonstrated under 
increased stress. This is indicated by the case 
history in which there is occasionally a record 
of tendency to collapse and to become exhausted 
during great physical exertion and generalized 
illnesses. Individual patients suffer from hypo
glycemic attacks, especially during childhood, 
as a result of the simultaneous failure of growth 
hormone and ACTH. The fasting blood sugar 
is slightly diminished or normal. More thorough 
investigation of carbohydrate metabolism yields 
findings similar to those in acquired pituitary 
insufficiency in the adult (p. 96); the rise in 
blood glucose after administration of insulin 
is definitely delayed. It may, however, be ab
solutely normal in single cases, even in the 
absence of growth hormone and ACTH. On 
the other hand, the rise in plasma cortisol 
after insulin administration is always inadequate 
in the presence of ACTH deficiency. If there 
is a history of hypoglycemic states, the insulin 
tolerance test must be carried out initially with 
only half the conventional insulin dose (2 U /m2) 
because of the danger of hypoglycemic shock 
(Chap. XIII). In contrast to insulin, which causes 
liberation of ACTH by higher centers, high 
doses of the synthetic preparation, lysin-vaso
pressin, probably act on the pituitary, causing 
direct release of ACTH. A theoretical dif
ferentiation can thus be made between a hypo
thalamic and a pituitary lesion by comparing 
the cortisol increase after insulin and that after 
lysin-vasopressin. In fact, there is often no rise 
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in plasma cortisol after insulin in cases with 
suprasellar tumors, and a normal increase 
after lysin-vasopressin. Experience with this 
test is, however, still limited. Delayed water 
excretion in the water tolerance test and the 
return to normal after administration of syn
thetic depot ACTH for 1-2 days are further 
characteristics of an ACTH deficiency. Electro
lyte concentrations in the serum are usually 
normal, whereas the sodium is often slightly 
elevated in the sweat and the sodium/potassium 
quotient is raised. Excretion of 17-ketosteroids 
and 17-hydroxycorticosteroids is unaltered in 
the infant, but persists at the infantile level 
in later life. See Chap. VII, p. 385 ff. for other 
examinations of the pituitary-adrenocortical sys
tem. In summary, ACTH deficiency in pitui
tary dwarfism leads to a latent adrenocortical 
insufficiency which is usually less severe than 
in Sheehan's syndrom. Development of the 
gonads and genitalia remains at an infantile 
stage in pituitary dwarfism with simultaneous 
gonadotropin deficiency. Secondary sexual char
acteristics fail to develop. Excretion of testo
sterone, 17-ketosteroids and gonadotropin cor
respond to that in the healthy infant. In other 
words, there is a severe hypo gonadotropic 
hypogonadism (p. 469). The complete absence 
of sexual hair shows that not only gonadal 
function, but also the production of androgenic 
adrenocortical hormones is impaired (see ad
renarche, Chap. XIX). Gonadotropin deficiency 
can, however, only be unmistakably recognized 
by clinical examination when the patients have 
reached the bone age at which puberty normally 
begins (boys approximately 13, girls approx
imately 11 years, Chap. XIX). Since bone devel
opment is generally significantly retarded in 
growth hormone deficiency, puberty is also often 
delayed in isolated growth hormone deficiency. 

The diagnosis is easy in the adult. Practically 
no other diagnosis need be considered in the 
case of a dwarf with open epiphyses and no 
secondary sexual characteristics. The situation 
is much more difficult in the child, especially 
in the case of an isolated growth hormone de
ficiency; it is almost impossible to differentiate 
pituitary dwarfism from the much more common 
forms of dwarfism by clinical examination alone 
(Chap. XIX). The insulin tolerance test, with 
estimation of glucose, growth hormone and 
cortisol in the plasma, is particularly valuable 
in the assessment of this situation, since growth 
hormone deficiency and ACTH deficiency can 
be detected at the same time. Refer to Chap. XIX 
for a discussion of the differential diagnosis of 
dwarfism. 

As far as duration of life is concerned, the 
prognosis is good. If treatment is not started 
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soon enough, the dwarfism, infantile appearance, 
and limited physical energy, impose severe 
restrictions on the patient's way of life. The 
physical capacity is usually astonishingly good, 
especially if there is no ACTH deficiency. The 
prognosis must be assessed with caution in 
cases with tumors, since recurrences or neuro
logical complications are possible with cranio
pharyngiomas for example. 

Apart from neurosurgical intervention when 
tumors are present (p. 122), continuous sub
stitution therapy is the only possible form of 
treatment. The theoretically correct treatment 
consists of administration of pituitary growth 
hormone and the missing adenotropic hormones. 
For the moment, however, this can be realized 
only in some cases. 

An impressive acceleration in growth rate 
can be achieved with human growth hormone, 
and normal adult height can be attained if 
treatment is started early enough (Fig. 8). 
Unfortunately, the hormone has not yet been 
synthesized, so that it is available only as 
extracts from human pituitary glands. Thera
peutic possibilities are therefore limited to a 
few centers, and the amounts available are not 
sufficient to treat all patients with pituitary 
dwarfism. Two injections of an active prepara
tion in a dose of 5 mg/m2 body surface or less 
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per week are sufficient to produce an optimal 
effect on growth (e.g. in the case of extracts 
prepared according to RABEN, WILHELMI or 
RODS, 1 mg contains about 1.5 USP units). 
As a rule, a growth rate much faster than the 
normal rate is observed during the early months 
of treatment. Thus, not only is normal growth 
restored, but "catch-up" growth also occurs. 
Afterwards, the rate of growth slowly deceler
ates and assumes a normal level appropriate 
to the age (Fig. 9). Growth hormone promotes 
bone maturation in addition to growth. In 
contrast to anabolic steroids or testosterone, it 
accelerates bone maturation to a lesser extent 
than gain in height. Successful treatment also 
results in the reduction of subcutaneous fatty 
tissue. In spite of this, weight increases in the 
same way as height, an indication that muscle 
mass is increasing while adipose tissue is de
creasing. Antibodies to growth hormone arise 
in a certain percentage of treated patients. In 
many cases they are unimportant, but they 
can arrest growth, especially when high titers 
can be demonstrated. Little is known about the 
cause of the formation of antibodies. It is prob
able that a certain denaturation of the growth 
hormone during extraction has some effect, 
since the frequency of the occurrence of anti
bodies varies with the . in use. The 

10 11 / 12 12 8/ 12 147/12 17°/ 12 19°/12 
Fig. B. Action of human growth hormone in a girl with pituitary dwarfism (panhypopituitarism following surgical treatment 
of a craniopharyngioma at the age of 10 years 11 months), Pigmentation of the mamilla at the age of 19 is due to the additional 
treatment with estrogens 
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Fig, 9. Action of human growth hormone on the growth 
rate in a boy with pituitary dwarfism (idiopathic isolated 
growth hormone deficiency), At first the rate of growth is 
greater than normal ("catch-up" growth) and then it 
becomes normal for the age 

tendency to fonn antibodies, however, also 
appears to have genetic reasons. Attempts at 
promoting growth with anabolic steroids and 
testosterone are only justified when human 
growth hormone is unavailable. These prep
arations often have a temporary favorable 
effect. Since they frequently promote bone 
maturation to a greater extent than growth, 
they have a less favorable effect than human 
growth hormone on the future adult height. 
Their use in substitution therapy for gonado
tropin deficiency will be discussed. The question 
of using TSH for substitution in TSH deficiency 
does not arise, since the preparations available 
eventually become inactive. It is therefore 
necessary to institute treatment with thyroid 
extracts (preferably with Na-L thyroxine or 
a mixed preparation of L-thyroxine and tri
iodothyronine). The dose necessary varies widely 
for individual patients. A small daily dose of 
50-100 Ilg is usually given at first, and is adjusted 
according to the serum cholesterol and the reflexo
gram of the Achilles tendon. Growth hormone 
can only be fully effective in a euthyroid state. 

Substitution for A CTH deficiency is absolutely 
essential when hypoglycemic episodes occur. 
Regular intramuscular administration of syn
thetic depot ACTH can be considered (e.g. 
0.05 mg Synacthen Depot every 2-3 days). Oral 
administration of hydrocortisone (e.g. 6.25 to 
12.5 mg twice daily) or prednisone (1.25-2.5 mg 
twice daily) is simpler. Since glucocorticoids 
have a growth-inhibiting action, the dose should 
be kept as low as possible (ACTH is perhaps 
better in this respect). When correct indications 
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and dosages are applied the physical state can 
be successfully improved and hypoglycemic 
attacks prevented without causing CUSHING'S 
symptoms or impairing growth. Bearing in 
mind the remarks above about treatment with 
anabolic steroids and testosterone, substitution 
with sexual steroids should be postponed as 
long as possible in hypogonadism, until a body 
height appropriate to the onset of puberty has 
been achieved with growth hormone therapy. 
In practice, however, commencement of the 
treatment must be adjusted to the psycho
logical state. Treatment with gonadotropin 
would theoretically be preferable in these cases 
too, since this is the only therapy which permits 
maturation of the gonads. Such a treatment is, 
however, complicated and expensive. It is 
simpler to start with sexual steroids which 
bring about secondary sexual characteristics 
and when possible also a pubertal growth spurt. 
Later, when growth ceases, administration of 
human gonadotropins can be considered to 
produce gonadal maturation and possibly fer
tility. Refer to Chap. XII for gonadal dysgene
sis, the selection and dosages of sexual steroids 
and gonadotropin (p. 599 ff.) the ovaries, and 
(p. 475) the testes, and p. 475ff. for hypo
gonadotropic hypogonadism. It is interesting to 
note that the androgenic and growth-promoting 
action of testosterone is often much reduced in 
the presence of a simultaneous growth hormone 
deficiency compared with that in other patients. 

The recent determination of the amino-acid 
sequences of some hypothalamic releasing hor
mones and the possibility of preparing some of 
these compounds synthetically opens new as
pects with respect to the treatment of patients 
with "hypothalamic" rather than "pituitary" 
dwarfism. 

So far, synthetic TRH and, to some extent, 
LHRH are available for research. It is con
ceivable that in the future it will be possible to 
treat some "hypothalamic-pituitary" dwarfs 
with the appropriate releasing hormones, nota
bly with GHRH, rather than with human 
growth hormone and the other hormones men
tioned above. GHRH will probably be easier to 
synthesize than human growth hormone, which 
is a much larger molecule. In this way, a larger 
number of patients could benefit from successful 
treatment, while the limited quantities of human 
growth hormone could be reserved for the 
patients with true "pituitary" dwarfism. 

c) The "Empty Sella Syndrome" (KAUFMAN, 
1968; CAPLAN, 1969; BRISMAN, 1972) 

The pituitary function in this uncommon syn
drome (see also p. 92) may be entirely normal 
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or there may be a partial pituitary insufficiency, 
usually not clinically manifest, affecting espe
cially growth hormone and luteinizing hormone 
in stimulation tests. The pituitary is flattened 
and located in the lower posterior part of the 
sella. The sella may vary from normal radio
logical or anatomical appearance to globular, 
balloon-shaped forms with "thinning of the 
posterior processus clinoidei. In about half the 
cases the main symptom is recurrent rhinorrhea 
and occasionally visual symptoms have been 
observed, resulting from dislocation, stretching 
or kinking of the optic nerves (OLSON, 1972). 
The syndrome can be detected by pneumoen
cephalography and is more common in females. 

d) Hypopituitarism due to Hypothalamic 
Disorders 

a) Dystopia of the Posterior Pituitary 

Undisturbed contact with the neurohypophysis 
is essential for perfect development and function 
of the adenohypophysis. This is seen in dystopia 
of the posterior pituitary, a rare syndrome with 
pituitary insufficiency and various malforma
tions (PRIESEL, 1927). Three different forms of 
dystopia of the posterior lobe of the pituitary 
are possible when the migration of the posterior 
lobe to the sella is prematurely arrested. In the 
tuberal form, the posterior lobe lies at the 
tuber cinereum, in the infundibular form, it is 
in the hypophyseal stalk, and in the opercular 
form it is on the anterior lobe. Opercular and 
infundibular dystopia do not necessarily produce 
symptoms. The adenohypophysis may remain 
small in the tuberal form, and usually a partial 
hypopituitarism develops, with stunted stature, 
hypogonadism, partial adrenal insufficiency, 
and various malformations, especially of the 
urogenital tract and of the heart. Secretion or 
regulation of STH, the gonadotropins, and to 
some extent of ACTH is probably impaired. 
Thyrotropin appears to be released normally. 
A striking frontotemporal baldness affecting 
women as well as men, cataracts and crea
tinuria are suggestive of a relationship to 
STEINERT'S myotonic dystrophia. The syndrome 
can only be suspected on the basis of clinical 
examination. Dystopia of the posterior lobe 
is to be proved by necropsy. 

~) Dysplasia of the Sella Turcica 

In general, a small or normal sella turcica is of 
no significance, whereas an abnormally flat 
sella seems to indicate hypophyseal malformation 
(LUNDBERG, 1966). Hypogonadism, dwarfism, 
impaired ACTH regulation, cataract, and fronto-
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temporal baldness can occur in varying degrees 
of severity and in different combinations. 

y) Chronic Inflammatory Processes 

such as sarcoidosis, tuberculosis, the Schtiller
Christian disease, and further metastases can 
lead to selective failure of the adenotropic 
pituitary hormones and particularly to hypo
gonadism (see p.469f.). For hypopituitarism 
combined with diabetes insipidus in hypo
thalamic processes, the reader is referred to 
p.93. 

e) "Functional Hypopituitarism" 

Different authors have assumed that the adeno
hypophysis limits its function as regulator of 
the metabolic processes in undernourishment 
and starvation, resulting in functional hypo
pituitarism. This assumption is only correct 
in very special conditions. Hunger usually only 
causes a failure of the gonadotropins, which is 
a sensible economical move. On the other hand, 
true hypofunction of the thyroid gland cannot 
be demonstrated in starvation. Although the 
basal metabolic rate is usually reduced, there 
is only hypometabolism without hypothyroid
ism. The capacity to take up iodine, the 
serum thyroxine, and the histological findings 
in the thyroid glands of starved subjects are not 
indicative of hypofunction. The adrenals in 
man are found to be normal or even hyper
trophic. Although steroid excretion is reduced, 
true adrenal insufficiency cannot be proven. 
Finally, histological findings in the hypophysis 
show displacement of the different cells types 
[deviation to the left and eosinophilia (UEHLIN
GER, 1948)], which suggest overexertion of the 
organ rather than hypofunction. 

Hunger leads to an illness which is different 
from true hypopituitarism. Only the unfortunate 
fact that cachexia was formerly equated with 
hypopituitarism forced comparisons between 
this condition and starvation. The impressive 
term, "hunger-induced pseudohypophysecto
my" was coined on the basis of too few con
vincing ·animal experiments and should be 
avoided. Trials with hormone substitution are 
unsuccessful in these cases, as they are in 
anorexia nervosa. 

8. Course and Prognosis 

Since hypophyseal failure is compatible with 
life, patients with hypopituitarism can live for 
many years without substitution. It is true, 
however, that their working capacity decreases 
and they finally become invalids. The life 



Pituitary Insufficiency, Panhypopituitarism 

expectancy is affected primarily by the devel
opment of intercurrent diseases. Resistance to 
all types of stress is reduced, since the hypo
physio-adrenal system no longer functions. 
Febrile illnesses, vomiting with diarrhea, and 
minor operations may precipitate a crisis at 
any time, and the patients may die in coma. The 
patients become sleepy, fall into stupor and 
later become comatose, with epileptic fits due 
to hypoglycemia. In pituitary coma, they are 
stiff and bent or completely flabby. The pulse 
is hardly perceptible, there is bradycardia and 
the heart sounds are very weak. The breathing 
is slow, often only minimal. There is severe 
hypothermia and the body temperature may 
fall as low as 32°C. Then it can be measured 
only rectally with special thermometers. The 
nose and extremities are cold, the skin pale 
and dry with no trace of pres pi ration. As in myx
edema coma, hyperkapnia is the cause of 
unconsciousness by way of inhibition of the 
respiratory center and weakness of the respir
atory muscles; thickening of the alveolo-capil
lary membranes by myxedematous infiltration 
may also be involved. Hypoglycemia due to 
inadequate gluconeogenesis and absence of 
lipolysis caused by growth hormone failure 
also contribute to the coma. Finally, hypotonia 
and shock play some part on the coma uue to 
lack of cortisone and therefore ineffective 
noradrenaline. If the patients fall into coma, 
the prognosis is unfavorable even now. The 
therapy is the same as in myxedema coma (see 
p. 162f.). Untreated patients live for an average 
of 10-15 years. A few isolated cases have 
survived for over 40 years. The substitution 
therapy now available can replace the missing 
hormones almost completely, so that life ex
pectancy approaches that of healthy individuals 
when this treatment is given. 

9. Therapy 

a) Substitution 

Substitution with the deficient adenotropic hor
mones, FSH, LH, TSH, and ACTH is unsuitable 
for long-term treatment. TSH preparation cease 
to be effective after long-term administration 
due to the formation of antibodies. The daily 
injections of depot-ACTH are tiresome, and 
substitution of the hormones of the secondary 
glands is preferable. Adrenal failure must be 
corrected first of all. A daily oral dose of 
12.5-25 mg cortisone acetate makes the pa
tients feel better and more enterprising. The 
apathy disappears, and the patients recover 
their interest in life and become more active. 
Cortisone restores their resistance. Intelligent 
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patients should be taught to adjust their cor
tisone requirements for themselves. The admin
istration must be greatly increased, 4-8 fold, 
in physical exertion or in illness. If oral admin
istration is no longer possible due to nausea 
the patient must consult his doctor at once to 
obtain i.v. or i.m. injections of cortisone 
hemisuccinate or water-soluble prednisolone. 
Substitution of the thyroid hormones is next 
in importance and should always be started 
only a few days after the introduction of corti
sone therapy. A dose of 0.1-0.3 mg of Na
I-thyroxine compensates the myxedematous 
features, restores the patient's working capacity, 
and makes the cold feeling disappear. It is 
advisable to start with a dose of 0.05 mg and 
to reach the optimal dose over the course of 
some weeks or months. In contrast to ADDISON'S 
disease, it is not necessary to supplement the 
cortisone with DCA or fluorocortisol, since 
the adrenals are still capable of maintaining a 
reduced aldosterone secretion. The crisis in 
hypopituitarism must be treated basically in 
the same way as the addisonian crisis (see p. 
33Of.). When hypothyroidism is pronounced, i.e. 
when the temperature is subnormal, the con
dition must be treated as in myxedema coma 
(see p. 162f.). The same precautions and sub
stitutions are applicable in minor and major 
surgery as in the case of primary adrenal 
insufficiency (see p. 122 for substitution therapy 
during hypophyseal operations). 

It must be determined individually for each 
patient whether gonadal hormones .should be 
given in addition to the thyroid and adrenal 
substitution treatment. Spontaneous recurrence 
of menstruation has been observed during corti
sone and thyroxine treatment (ENGSTROM, 1961). 
In general, one should avoid the cyclic use of 
ovarian hormones. Restoration of menstruation 
presents a stress to the patient, and should 
only by considered for psychological reasons. 
(E.g. 1 mg stilbestrol may be given for 25 days 
per month.) Long-acting depot testosterone 
may be given every 4 weeks to male patients. 
This improves the well-being of the patient 
and may restore libido and potency. The 
administration of testosterone to the woman, 
which may have the unpleasant side effects 
of virilization, is only justified in special cases. 
A trial with 2.5-5 mg fluoxymesterone is in
dicated in cases with loss of libido. The physio
logical significance of the adrenal androgens on 
the psyche shows individual variation. There 
are experienced authors who advocate testo
sterone therapy in women with hypopituitarism. 
Since HMO (see p. 600f.), a human gonado
tropin with a FSH-effect, has become available, 
it has become possible to maintain gonadal 
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function in the woman as well as in the man 
with HMG and HCG, despite complete hypo
physeal failure. Pregnancy and normospermia 
are thus possible. This treatment is costly in 
time and material for both doctor and patient, 
and is only rarely possible. Whether the thera
peutic use of effective growth hormone, once 
it becomes available, will eventually be justified 
in adult hypopituitarism is questionable. The 
patient substituted with cortisone, thyroxine, 
and sex hormones is physically and psycho
logically fully efficient. 

b) Restitution of the Atrophy 

In postpartum necrosis, there is only one way 
of causing the remaining anterior pituitary lobe 
of the hypophysis to hypertrophy, and it is 
rarely possible; this is pregnancy. If the patient 
succeeds in conceiving again (SCHNEEBERG, 1960; 
MARTIN, 1970) the remainder of the hypophysis 
shows signs of a physiological hypertrophy 
which does not regress after the pregnancy. A 
new pregnancy does not always have this effect, 
however, and in isolated cases where the disease 
has not been of long standing, it is difficult to 
demonstrate that success is due to the pregnancy. 

F. Hyperfunction of the Adenohypophysis 

1. Classification 

Hyperfunction of the pituitary-adrenocortical 
system is described on p. 332ff. Only prolactin 
and STH have been shown to produce an illness 
due to the overproduction of pituitary hor
mones. See Chap. XIX for the premature, but not 
excessive, gonadotropin production in pubertas 
praecox. 

For information on reactive pituitary ade
nomas in hypothyroidism see p. 154, and for a 
discussion on pituitary adenomas following 
adrenalectomy in Cushing's syndrome see p. 
356. 

The overproduction of growth hormone 
leads to pituitary gigantism if the epiphyseal 
cartilages are still open, and to acromegaly if 
the epiphyseal cartilages have fused. 

2. Syndrome of Galactorrhea and Amenorrhea 
with Low Gonadotropin Excretion 
(AHUMADA-ARGONZ-DEL CASTILLO; FORBES, 
HENNEMAN, GRISWOLD and ALBRIGHT) 

The syndrome of persistent galactorrhea and 
amenorrhea, in the absence of pregnancy and 
acromegaly, is due to overproduction of pro
lactin. A pituitary tumor is detected in about 
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50% of cases. Prolactin overproduction has 
been shown to occur in an extirpated tumor 
(FRIESEN, 1972), and recently, greatly elevated 
serum prolactin levels have been shown in 
nearly all patients with this syndrome and 
other types of galactorrhea. The adenoma, which 
was classified primarily as chromophobe, con
tains cells which can possibly be stained spec
ifically. Either it produces too much prolactin, 
or regulation by the prolactin-inhibiting hypo
thalamic factor (PIF) is impaired. See p. 30 
for persistent lactation with amenorrhea and 
decreased gonadotropin excretion after preg
nancy (Chiari-Frommel syndrome). See p. 592 
for glactorrhea induced by neural or pharma
cological factors. Of FORBES' 15 patients, 9 had 
never been pregnant, 8 showed symptoms of a 
pituitary tumor, and the biopsies revealed a 
chromophobe adenoma in 3 cases. The symptoms 
arose between the 20th and 30th years in all the 
patients. Obesity, hirsutism and seborrhea are 
almost always present. The levels of 17-keto
steroids are usually slightly elevated; the gonado
tropin excretion is reduced or absent, whereas it 
is normal during amenorrhea caused by lac
tation. There are signs of estrogen deficiency. 
In contrast to acromegaly, the serum phos
phorus is always normal. No elevation of 
prolactin serum levels results from arginin 
infusion or hypoglycemia. A few cases of 
galactorrhea have been found associated with 
a craniopharyngioma. In others there have 
been tumors interrupting the continuity to the 
hypothalamus (GUINET, 1961). See Chap. XIX 
for galactorrhea and pubertas praecox in hypo
thyroidism in childhood. 

Galactorrhea can occur during treatment 
with chlorpromazine, imipramine, reserpine, 
and ovulatory inhibitors or after pituitary stalk 
section which is explained by the lack of PIF. 

L-Dopa stimulates growth hormone secre
tion but inhibits that of prolactin. Patients 
with the Forbes-Albright syndrome and other 
conditions causing galactorrhea have been 
treated with L-Dopa which has normalized 
prolactin and gonadotropin levels (TURKINGTON, 
1972; BESSER, 1972) but had inconsistent effects 
on galactorrhea. 

Galactorrhea and hyperprolactinemia are 
usually accompanied by low or absent gonado
tropins, amenorrhea in women and impotence 
in men. There seems to be a reciprocal mech
anism controlling the secretion of prolactin 
and gonadotropins. 

The ergot alkaloid 2-Br-lX-ergocryptine is a 
potent inhibitor of prolactin (FU1CKIGER, 1968) 
in normal women as well as in patients with 
the Forbes-Albright syndrome (DEL Pozo, 
1973; BESSER, 1972). It acts directly on the 
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pituitary and not via the hypothalamus (FUJCKl
GER, 1972). 

Patients with galactorrhea, high prolactin 
and low gonadotropin levels, and amenorrhea 
or impotency were normalized by treatment 
with 3 to 10 mg brom-ergocryptine p.o. daily. 
The prolactin and gonadotropin levels nor
malized after one month, and galactorrhea 
disappeared and menstruation was restored in the 
second month. After six months of treatment 
one patient with the syndrome became pregnant 
(BESSER, 1972; DEL Pozzo, 1973). 

Potency was reestablished in one of two 
men with chromophobe adenoma and hyper
prolactinemia (BESSER, 1972). 

3. Pituitary Gigantism 

A. PRADER and M. ZACHMANN 

During growth, an acidophil pituitary adenoma 
does not give rise to acromegaly but rather to 
gigantism (Fig. 10). In addition to the gigantism, 
acromegalic features may arise during the 
course of puberty, and combinations of gigantism 
with the complete picture of acromegaly in 
adulthood are possible even in young patients. 

This is an extremely rare disease and pos
sibly occurs more frequently in the male. A 
pathological acceleration of growth usually 
arises shortly before or around the onset of 
puberty. Nevertheless, patients have been de
scribed whose symptoms started long before 
puberty. The youngest patient in whom accel
erated growth has been reported was five 
months old (the Alton giant described by 
BEHRENS and BARR in 1932). 

If left untreated the illness results in symp
toms of a deficiency of all adenotropic hor
mones in addition to the excessive growth hor
mone production, and usually leads to death in 
the second or third decade or even earlier. The 
initial isolated growth acceleration is charac
teristic. Bone development is not accelerated 
or only slightly, so that growth may not only 
be accelerated but also continue for an ab
normally long time. Puberty usually follows a 
normal course at first but may be subject to 
disorders during the later course due to dis
placement of the gonadotropin-producing cells. 
Hypogonadotropic hypogonadism (see p. 469 f.) 
and eunochoid proportions may result from 
this. Symptoms of over-production of growth 
hormone can be replaced by those of progressive 
insufficiency of all adenotropic hormones over 
the course of years. 

The laboratory findings correspond in general 
to those in acromegaly in adulthood: serum 
inorganic phosphorus may be elevated to values 
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over 5-6 mg%. Growth hormone concentration 
in the plasma has only been investigated by 
radioimmunological methods, in a few cases, 
and fasting levels of 100-300 ng/ml were found, 
about one hundred times higher than normal. 
It was not possible to produce further stimula
tion of growth hormone secretion by intra
venous injection of insulin. Nor is the plasma 
concentration reduced by a glucose tolerance 
test (oral or intravenous). Furthermore, both 
oral or intravenous glucose tolerance tests 
and administration of tolbutamide lead to a 
marked rise in plasma insulin concentration, 
as in the healthy subject. The blood sugar 
curve is often pathologic following the glucose 
tolerance test, being similar to that obtained in 
frank or chemical diabetes. In contrast to 
acromegaly in the adult, however, a frank 
diabetes mellitus is rarely present. 

Primordial or constitutional gigantism and 
cerebral gigantism (SOTOS) are the most impor
tant conditions for the differential diagnosis (see 
Chap. XIX). General signs of elevated intracra
nial pressure, direct pressure effects of the tumor. 

Fig. 10. 24-year-old giant with acromegaly, 210 cm in 
height and weighing 145 kg, with eosinophilic pituitary 
adenoma, and increased growth since the 16th year, next 
to a man 170 cm tall 
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such as enlargement and extension of the sella 
(which often arise late), impaired vision, and 
bitemporal hemianopia are important for the 
diagnosis. These valuable diagnostic indications 
may, however, be absent since the tumors are 
often very small. Diagnosis is then only possible 
on the basis of the greatly raised growth hor
mone concentration in the plasma and the blood 
sugar and insulin estimated during a glucose 
tolerance test. All these tests yield normal 
results in other forms of gigantism. 

Surgical removal of the tumor or radiation of 
the hypophysis (externally or by implantation 
of e.g. yttrium) are possible methods of causal 
therapy. The therapeutic result, however, is 
generally disappointing. It is known that in 
acromegaly in adulthood, high concentrations 
of growth hormone in the plasma may persist 
even after surgical removal of the hypophysis. 
This has also been observed in a patient with 
pituitary gigantism. The prognosis must there
fore be subject to caution even if the tumor 
appears to have been completely removed. 
Substitution therapy for the resulting secondary 
adrenocortical insufficiency and hypothyroid
ism is often necessary after radical surgery. 

4. Acromegaly 

a) Occurrence and Incidence 

Acromegaly, like all other endocrine diseases 
except diabetes mellitus and thyroid dysfunction, 
is a relatively uncommon disease. Statistics from 
large hospitals show one case of acromegaly in 
2000 to 15000 admissions. A total of 36 193 
patients seen at the Medical Clinic in Zurich 
in 10 years included 45 cases of acromegaly. 
About 20 % of patients with pituitary tumors 
develop acromegaly. The disease affects all 
races and is most common in the 3rd and 4th 
decades of life, though it may occur at any age. 

The disease usually begins soon after puberty 
and the sexes are equally affected. It has been 
claimed that 25 cases of this disease have been 
observed in children under 15 years, but the 
condition may be confused with constitutional 
abnormalities. The few reports of familial 
occurrence may be due to confusion with the 
constitutional acromegaloid (see p. 114). Re
peated reports of the occurrence of acromegaly 
in only one of homozygous twins make a 
hereditary factor appear unlikely. 

b) Etiology and Pathogenesis 

Acromegaly is due to overproduction of growth 
hormone which can be measured radioimmuno
logically. The reason for it is almost always a 
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tumor-like growth of the eosinophil cells which 
produce STH. It is not known for certain whether 
certain cases of acromegaly can arise from a 
disorder of the hypothalamic regulation by 
way of the adenohypophysis, possibly due to 
tumor formation after acidophilic hypertrophy 
and hyperplasia caused by chronic overstimula
tion. 

Two types of acromegaly can be differentiated 
according to the plasma growth hormone. In 
one type, the overproduction is uninfluenced 
by metabolic stimuli (see p. 89 f.). In the other 
type, which is much more frequent, the growth 
hormone level can be made to fall with glucose 
and be elevated by hypoglycemia, or there may 
even be a paradoxical rise in growth hormone 
after a glucose load (LAURENCE, 1970). It is 
not known whether a different pathogenesis is 
involved in the latter condition of whether the 
autonomy is due to lesions of the hypophyseal 
stalk (GLICK, 1965). These considerations may 
have some therapeutic implications. There is 
no clinical differentiation. As a rule, there 
is some correlation between the size of the 
sella and the overproduction of growth hormone, 
but large sellas may be found in the presence 
of low growth hormone concentrations, and 
normal-sized sellas may be present in active 
acromegaly. In the female the disease appears 
to be most common in the 2nd and 5th decades 
(SOENKSEN, 1967). The overproduction of growth 
hormone leads to an increased growth of the 
skeleton and connective tissues, the musculature, 
the internal organs, the blood vessels, and the 
skin. As long as the epiphyseal cartilages are 
still open the accelerated growth results in 
gigantism. Acromegaly results after fusion of 
the epiphyses. Destruction of the remaining 
cells of the adenohypophysis may result in 
failure of individual or of all adenotropic 
hormones, giving rise to the combined picture 
of acromegaly and hypopituitarism. In a few 
cases, increased prolactin has also been demon
strated as well as increased growth hormone. 
The symptom of galactorrhea is probably 
attributable to the former. 

Among the numerous attempts to explain 
the pathogenesis of acromegaly, KEETH'S atavistic 
hypothesis (ATKINSON), is of speculative interest. 
It states that acromegaly is a regression into the 
phylogenetic stages of Neanderthal man or the 
anthropoids. The development of the extremities, 
the prognathia and the excessive pneumatization 
of the sinus are in fact characteristic of these 
men and animals. LOUIS BaLK'S hypothesis 
of fetalisation considers acromegaly as a regres
sion into a phylogenetically older phase, due to 
the absence of inhibitory effects which in
crease with advancing civilization. 
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c) Pathologic Anatomy 

rx) Pituitary 

Most frequently, acromegaly or gigantism is 
due to an acidophil tumor of the pituitary. It 
may include other cells with adenotropic activ
ities. Not infrequently, there may also be a 
chromophobe adenoma. In the adenomas, how
ever, growth hormone granulas may still be 
revealed by electron microscopy. The tumor is 
not necessarily in the anterior hypophysis, but 
may be in the region of the pharyngeal roof or 
the sinus sphenoidalis. Sometimes, there is 
only hyperplasia of the acidophils with no 
proper tumor formation but with clear-cut 
enlargement of the hypophysis. Occasionally, 
the disorder responsible for the uncontrolled 
STH production has to be sought in an extra
cranial region (bronchial carcinoma with ectopic 
hormone production, see Chap. XVI). Acido
phil adenomas may reach a considerable size 
and can destroy the adjacent bony structures, 
such as the sphenoid and base of the skull. 
Genuine carcinoma with metastases has only 
exceptionally been observed. The remaining 
hypophyseal tissue is compressed and destroyed; 
the tumor tissue itself is also often affected 
by necrosis and bleeding. The tumor cells can 
be very irregular and their nuclei are often of 
different size. The differentiations and generative 
polymorphia may thus be pronounced, so that 
even "hypophyseal sarcomas" are mentioned in 
earlier literature. 

~) Other Endocrine Glands 

Hyperplastic processes often occur if the pitu
itary tissue is not destroyed by the tumor. 
In about 50% of cases the thyroid gland is 
enlarged and a diffuse or nodular goiter may 
develop. The cause may be the growth hormone 
effect, the increase in TBP A (see Chap. VI, 
p. 143) or a low inorganic iodine level due to 
an increase in iodine clearance (MuKHTAR, 
1971). The parathyroids may also be enlarged 
and demonstrate true adenomas. The hyper
plasia is possibly due to the elevated serum 
phosphate level. The adrenal cortex is usually 
hyperplastic and sometimes contains cortical 
nodules. The medulla, on the other hand, is 
not thought to be involved in this enlarging 
process. Exocrine tissue and pancreatic islands, 
generally the B-cells, are very active and de
granulated. Infiltration by glycogen can also 
be observed in untreated cases. In the gonads, 
regressive changes usually predominate, Never
theless, a few tumors have also been found. 
Acidophil pituitary adenomas may be combined 
with other different endocrine tumors; they are 
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often found in the true, hereditary endocrine 
adenomatosis of the WERMER type (see Chap. 
XVIII). 

"f) Other Organs 

The other internal organs also increase in size. 
Splanchnomegaly results. Involvement of the 
heart may be excessive, giving rise to myocardial 
fibrosis. The skeleton is particularly affected. 
After skeletal maturation is complete, the 
growth impulse affects mainly the remaining 
cartilagenous areas and the extremities. The 
cartilage of the ribs, the marginal border of the 
vertebral and invertebral discs, and of the 
joints proliferate. In addition, they show a 
pronounced tendency to ossify, and even the 
auricular cartilage shows this feature. The 
damage to the articular cartilage leads to 
deforming arthrosis. Hyperostosis and increased 
bone formation, and to a lesser extent increased 
bone resorption with osteosclerosis, develop in 
the skeleton. 

These lead to an increased bone width, 
normal or increased cortical bone but decreased 
trabecular bone (RIGGS, 1972). 

Tendon and muscle insertions are frequently 
thickened. 

d) Clinical Picture and Symptoms 

rx) History and Psychic Changes 

The patient consults his doctor only rarely 
because of the change in appearance. The 
acromegalic changes develop so slowly over 
the course of years that the patient himself 
hardly notices them, whereas his acquaintances 
sometimes do. The statement from an adult 
patient that he suddenly has to buy larger shoes 
(when flat feet can be excluded) and larger 
gloves is of great diagnostic value. Persistent 
headaches are a common symptom and are 
seldom absent. It is independent of cerebral 
compression, and the genesis is unknown. 
Visual disturbances often cause the acromegalic 
patients to consult the doctor (see p. 112). 

Tiredness and muscular weakness only de
velop after long duration of the illness. They 
can be the most prevalent complaints. Amenor
rhea in the female and loss of libido and potency 
in the male are almost always present. Preg
nancy is, however, possible. Onset of the 
disease in connection with a pregnancy is not 
uncommon. Diabetes mellitus (see p. 113 f.) 
occurs in one fifth of acromegalic cases. 

The skeletal changes may cause backache. 
Paresthesia in the form of formication or 
numbness in the upper extremities are often 
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present. Their pathogenesis is unexplained. 
They are not due to hyperostoses in the region 
of intervertebral foramina. Vasomotor rhinitis 
is common, often with a secretion tinged with 
blood. Bulimia, polydipsia, and polyuria are not 
sufficiently severe to cause the patient to 
consult the physician. 

Galactorrhea due to overproduction of pro
lactin and STH is uncommon in female patients 
and extremely rare in male acromegalic patients. 

Acromegaly usually leads to profound psy
chological changes which make up a form 
of the endocrine psychosyndrome but with 
a special variation. Contrary to widespread 
opinion, these changes are not psychoses. There 
is no relation to schizophrenia, manic depressive 
psychosis, or epilepsy. The incidence of these 
psychoses is not higher in the relatives of acro
megalic patients than in the normal population 
(BLICKENSTORFER, 1951). Nor is there any 
genetic connection between acromegaly and the 
constitutional anomaly of acromegaloidism (p. 
114), in which psychopathy often occurs. The 
acromegalic character changes are not due to 
the physical disfiguration alone, and cannot 
be fully explained by the cerebral compression 
either. Character changes typical to acromegaly 
can occur in patients who pay little attention 
to their dis figuration and do not suffer from 
it. On the other hand, these changes have been 
noticed in patients in whom there is no cerebral 
compression. The psychopathy in acromegaly 
consists in character changes and episodic chan
ges in mood in association with changes in the 
sphere of drive. The character changes present 
as apathy, loss of initiative, lack of motivation, 
and egocentricity. The patient becomes with
drawn, secluded and odd. Passive cheerfulness 
can be present one moment, and melancholic 
resignation and animosity the next. Their affec
tivity towards the outer world fades, and using 
the simile ofthe BLEULER school (KELLER, 1949), 
"they sound like an orchestra behind a thick 
curtain". The patients find their inability to 
communicate subjectively painful and are often 
depressed at the beginning of the illness. During 
the course of the illness, they become r~signed 
to their destiny, and ultimately euphoria may 
often develop. Indifference, fear, and distrust 
are expressions of long episodes of depression. 
They are interrupted by bursts of mood changes 
such as irritability, anger, and restlessness. 
Sexuality and libido are usually reduced in 
both sexes, and potency is reduced in the man. 
The initial increase which is often mentioned 
is not quite certain. The disappearance of the 
sexuality is explained by the gonadal failure . 

Increases in hunger and thirst can be ex
plained by the metabolic disorders (see p. 113). 
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Contrary to widespread opinion, the intellect 
is hardly impaired in acromegaly. The brady
phrenia may simulate oligophrenia. These psy
chological changes are due to growth hormone 
itself or to metabolic disturbances induced by 
it. The character changes, once developed, 
usually remain uninfluenced or admit of only 
slight improvement. Acromegalic patients often 
need psychotherapy. The rare patients in whom 
acromegaly is accompanied by persistent lacta
tion may develop a pronounced maternal in
stinct in addition to the psychological changes 
described above (BLEULER, '1964). 

P) General Examination 

Severe acromegalic disfiguration of a face is so 
obvious that the diagnosis can be made at 
first glance (Figs. 11- 12). The coarse features 
give a threatening and sinister appearance, 
even, when some apathetic placidity is present 
(Fig. 12). The figures of Punch and Polichinelle
Pulcinella show acromegalic features. The lower 
jaw is greatly enlarged and the chin protrudes. 
Prognathism with widely separated teeth de
velops. The lower incisors come to lie in front 
of the upper (supraclusion). The large nose is 
thickened and puffy, and the supra-orbital 
projections and the zygomatic arches protrude 
a long way forward. The ears are fleshy and 
large, and excess skin lies in broad folds on the 
forehead. The tongue is also involved in the 
general tissue growth and is deformed and large. 
It looks like a piece of raw meat and leads to 
thick speech. The lips, particularly the lower, 
are large and pendulous. 

Fig. 11. 38-year-old female patient with acromegaly. in
cipient facial changes. Eosinophil pituitary adenoma verified 
at operation (Prof. KRAYENBUHL, Neurosurgical Clinic, 
Zurich) 
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Fig. 12. 35-year-old female patient with acromegaly. Ad
vanced facial changes (Prof. KRAYENBUHL, Neurosurgical 
Clinic, Zurich) 

A soft tissue type in which the facial changes 
are predominantly due to growth of the cutis 
and subcutis must be differentiated from a 
bony type. Usually both elements contribute 
to the acromegalic changes. PIERRE MARIE spoke 
of the type "en carre" or the type "en long" 

Fig. 13. 29-year-old male patient with acromegaly (Prof. 
KRAYENBUHL, Neurosurgical Clinic, Zurich) 
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depending on the transverse or longitudinal 
expansion of the face. 

After the changes in the face, those in the 
hands and feet are most striking. The soft 
tissues are more involved than the skeletal 
structures. The fingers are sausage-shaped and 
the hand looks like an animal's paw (Fig. 13). 

The kyphotic thoracic vertebral column 
causes the acromegalic patient to hold his 
head bent forwards. The barrel-shaped, deep 
thorax may protrude towards the sternum 
forming a pigeon chest. 

The average height of acromegalic patients 
exceeds that of the comparable population, 
probably because the disease usually begins 
before epiphyseal fusion occurs. 

Hyperfunction of the cutaneous appendage 
organs leads to hyperhidrosis and to seborrhea. 
Increased pigmentation is found in about half 
the cases. Sometimes pronounced hirsutism is 
seen in women due to direct stimulation of the 
hair follicles by growth hormone. See p. 113 
for urinary steroids. 

y) Changes in the Organs 

Skeleton: The acromegalic changes in the 
skeleton are most striking. 

The cranial deformity can be recognized 
externally. All the cranial measurements are 
increased, including the intracranial capacity. 
The patients often notice that their hats be
come too small. The external occipital pro
tuberance and the supraorbital pads are pro
truding. The cranial sutures are closed. There 
is almost always diffuse hyperostosis. Localized 
hyperostosis is less common and is associated 
with a thickening of the os parietale (LANG, 
1961). The frontal sinuses are strikingly large 
and often extend sidewards. The sella is usually 
widened with a surface area of 120-230 mm2 on 
the X-ray plate. The normal sella, in contrast, 
is 9-12 mm deep and 12-15 mm long, and has 
a surface area of 50-120 mm2 . A normal-sized 
sella can, however, be found in acromegaly. 
In 6% of cases, it is absolutely intact. It is 
distended at first, and then if the pituitary 
grows further suprasellarly, the dorsum of the 
sella is raised. The anterior and posterior 
clinoid processes atrophy. There is no connection 
between the size of the sella and the growth 
hormone production. See MUNDINGER (1967) 
for the methods of estimating the size of the 
sella. The tumors mainly extend towards the 
sphenoidal sinus and erode the clivus. The 
dorsum of the sella becomes elongated and also 
atrophic. The entrance to the sella is often only 
insignificantly widened, in contrast to the X-ray 
findings in chromophobe pituitary adenomas. 
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A distinction between the so-called Troell
Junet syndrome and the more usual form of 
acromegaly is only justified when osteoclasia 
of the compact bone and osteolysis of the 
spongiosa are histologically demonstrable as 
well as the diffuse hyperostosis of the roof 
of the cranium. Clinical differentiation between 
this syndrome and acromegaly is not easy. In 
addition to the acromegalic changes, toxic 
goiter, diffuse hyperostosis of the roof of the 
cranium, and diabetes mellitus have also been 
mentioned. 

Growth hormone promotes endochondral 
and periostal bone growth. The endochondral 
growth, where still present, is elevated. Inactive 
foci are reactivated. Therefore, the cartilages 
of the ribs grow most, causing the ventral 
expansion of the thorax. The activity of the 
acromegaly can be assessed from biopsies of 
the bony-cartilaginous junctions of the ribs. 
An acromegalic rosary may be formed. The 
periosteal bone growth produces exostoses, 
which are most pronounced at the insertions 
of the ligaments and tendons. In general, the 
osseous transformation is increased. This can 
also be shown by means of 47Ca (BELL, 1967). 
Anabolism usually exceeds the catabolic process. 
Pneumatization of the frontal and maxillary 
sinuses and of the mastoid processes increases. 
There is marked internal bony resorption, 
whereas externally, appositional bone growth 
is in progress. This increased transformation 
produces changes in the bone structure so 
that osteosclerosis as well as osteoporosis can 
occur. The osteolytic process can be so pro
nounced at individual points that cysts are 
formed, e.g. in the epicondyls. Most of the 
hyperostoses, those on the lower jaw, at the 
end phalanges, at the epiphyses, and on the 
metatarsals, are periostal in origin. However, 
hypostosis may also occur, so that the meta
carpals may either be thickened or become 
thinner in the cortex. Growth of the cartilage 
produces irregular protuberances in the region 
of the joints, which may give rise to a picture 
similar to that in arthrosis deformans. The 
changes in the vertrebral bodies are of a dif
ferent type and are most pronounced in the 
lower thoracic vertrebrae. New osseous tissue 
is deposited around the vertebral body like a 
collar, predominantly ventrally, due partly to 
reactivation of the cartilaginous border ridges, 
and partly to periostal growth. The intervertebral 
discs also grow from the perichondrium. Prim
itive cartilage is thereby converted into hyaline 
cartilage. At the same time changes occur in the 
intervertebral discs, calcification and ossification 
may arise. Kyphosis of the thoracic vertebral 
column with compensatory lordosis of the 

The Adenohypophysis 

lumbar vertebrae develops. The cartilage tends 
to become ossified. The rib cartilages can be 
completely ossified as well as the auricles. The 
joints also become involved in this cartilaginous 
change and arthrosis deformans often occurs. 
Arthrosis in the knee joints may be the patient's 
main symptom. 

The patho-anatomical skeletal changes can 
be summarized as follows: 

1. Increased cartilaginous proliferation. Re
vival of cartilaginous growth when body growth 
is complete. This growth impulse is most 
noticeable in the ribs and articular cartilages. 
Carpals and tarsals can merge together. 

2. Periostosis with thickening of the liga
mentous and tendinous insertions. 

3. Osteoporosis and osteosclerosis, occasion
ally in association with true osteolytic processes 
and cystic formations. 

4. Hyperostoses with expansion of individual 
skeletal areas, especially of the extremities. 

5. Hypostosis with rarefaction of individual 
bones. 

6. Articular changes in the form of cartilagi
nous defects in the region of hypertrophic 
cartilage, resulting in arthrosis deformans. 

Splanchnomegaly. The internal organs are 
also involved in the generalized growth. The 
size of the heart and liver are particularly 
striking. The gastrointestinal tract is longer and 
its volume is increased. Megacolon may arise. 
The larynx also grows. The voice is therefore 
deep and rough. In addition, it has a nasal 
tone due to the proliferation of the soft tissues 
in the nose. The vessels are wide and their 
walls thickened; varicosis is frequent. The 
lymphatic tissue and thymus are hyperplastic 
in over 50% of cases. Nodular or diffuse euthy
roid goiters of medium size are found in one 
third of cases. The incidence of larger goiters 
is no higher than in the normal population. 

Circulatory system. In one third of cases, there 
is hypertension of uncertain pathogenesis with 
diastolic values of over 100 mm Hg. Cardiac 
enlargement is not always a feature of the 
splanchnomegaly, since both degenerative car
diac diseases and infarcts appear to occur more 
frequently, and the enlargement only indicates 
dilatation or hypertrophy (HAMWJ, 1960). 

Nervous system. Impaired vision and loss 
of visual fields have been observed in 40% of 
acromegalic cases. Bitemporal hemianopsia is 
the typical loss of visual fields. Homonymous 
hemianopsia or concentric narrowing of the 
visual field and scotomas also occur occasion
ally. Papilledema is extremely rare. Paralysis 
of the ocular muscles and other neurological 
disorders (see p. 109f.) can occur with the supra
sellar expansion and hemorrhages of the tumor 
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(HOWARD, 1965). Vision and visual fields can, 
however, also be intact in fully-developed 
acromegaly. The pathogenesis of the paresthesia 
has not been explained (see p. 109). Paresis 
with hyporeflexia due to hypertrophic neuro
pathy has been described (STEWART, 1966). 

e ) Metabolic Changes 

See p. 123 f. for the inorganic serum phosphorus. 
Calcium turnover in the skeleton is increased 
(BELL, 1967). 

The positive nitrogen balance during the 
active phase is of little clinical diagnostic value. 
Excretion of creatine and creatinine is increased, 
but this is not very specific. Gonadotropin excre
tion is usually found to be normal. This does 
not explain amenorrhea and loss of libido and 
potency, wich are frequently found. Slight albu
minuria is found in 25% of cases, even in the 
absence of demonstrable renal failure. Glo
merular filtration and plasma flow are increased 
in keeping with the enlarged extracellular space 
(lKKOS, 1956). 

Basal metabolic rate: It is often stated that 
the BMR is increased in two-thirds of cases. 
There are usually only slight deviations of 
+ 14 to + 18% and these do not indicate a 
diagnosis of hyperthyroidism. Estimation of 
the BMR in altered stature is problematic, 
but elevated values are found in such cases 
whether standards of weight, height, or cell 
mass are used (lKKOS, 1956) (see p. 24Of.). 
Occasionally, increases of over 60% have also 
been found. This is due to a hypermetabolic 
state in the absence of hyperthyroidism. This 
has been demonstrated by radioiodine tests, 
by the failure to respond to antithyroid drugs, 
and finally, by the histological examination of 
goiters removed surgically. There are no clinical 
signs of overactivity. The radioiodine uptake 
is found to be either normal or slightly elevated 
(HAMWI, 1960). On the other hand, the ratio 
2/48 h uptake is usually raised. The level of 
thyroxine-binding protein is usually reduced, 
that of thyroxine-binding albumin raised, and 
PBI and thyroxine levels may be low. The 
T3-resin uptake is usually normal (ROTH, 1967). 
The increased metabolism must therefore be 
due solely to the increased quantity of growth 
hormone. 

The adrenocortical steroids and their deriv
atives in the urine are usually normal. Slight 
elevations are due less to adrenal hyperplasia 
than to an increase proportional to the total 
body weight. The increase in response to ACTH 
and methyrapone is correspondingly normal as 
a rule (LIM, 1964), as is the inhibition produced 
with dexamethasone (HAMWI, 1960), unless the 
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illness is combined with CUSHING'S syndrome 
or an adrenogenital syndrome (MAUTALEN, 
1965). 

Diabetes mellitus. Frank diabetes is found 
in 20% of acromegalic cases, and in 10% the 
glucose tolerance is reduced. The diabetes may 
be mild or severe. I t is usually not very responsive 
to insulin, and there is no tendency to acidosis. 

Table 4. Frequency of the acromegalic symptoms. (After 
DAVIDOFF) 

Acral enlargement 
Sella enlargement 
Headaches 
Menstrual anomalies 
Amenorrhea 
Elevated BMR 
Visual disturbances 
Hyperhidrosis 
Hypertrichosis 
Skin pigmentation 
Increase in weight 
Loss of libido 
Asthenia 
Paresthesia 
Hypotension ( < 120 mm Hg systolic) 
Polyphagia 
Cutaneous fibromas 
Glycosuria 
Polydipsia 
Goiters 
Diabetes 
Loss of body hair 
Galactorrhea 
Breasts underdeveloped 

100% 
93% 
87% 
87% 
73% 
70% 
62% 
60% 
53% 
46% 
39% 
38% 
33% 
30% 
30% 
28% 
27% 
25% 
25% 
25% 
12% 
7% 
4% 
4% 

The diabetes arises on average 10 years 
after the onset of the first acromegalic symptoms. 
A certain predisposition seems to be necessary 
in addition to the acromegaly, for the diabetes 
to become overt, since the incidence of diabetes 
in relatives of diabetic acromegalics is consider
ably higher than in those of nondiabetic acro
megalics. Three different stages can be distin
guished in the development of the diabetes. At 
first, glucose tolerance is normal. During the 
glucose tolerance test, insulin release is prompt 
but excessive. Later, the insulin output is 
delayed, and glucose tolerance is normal or 
reduced. Both stages are reversible with success
ful treatment. In the third stage, the insulin 
concentration in the blood is already at a 
maximum during the fasting state and cannot 
be increased further (SOENKSEN, 1967). Acro
megalic patients not reacting to a glucose 
infusion with increased insulin release may be 
latent diabetics or prediabetics (LUFT, 1967). 
The hyposensitivity to insulin is not explained 
by the increase of free fatty acids (BECK, 1965). 

The renal glucose threshold is usually high. 
The pathogenesis of acromegalic diabetes has 
been explained by the metabolic properties of 
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STH. This inhibits glucose absorption by the 
musculature. As long as sufficient insulin is 
present for the glucose to be used for tissue 
synthesis, carbohydrate metabolism is balanced. 
Diabetes results when the B-cells of the pancreas 
fail due to constitutional weakness during 
persistent over-exertion. 

Table 5. Synopsis of examinations 

1. History 
Changes in appearance: by examining previous photo
graphs. 
Sexual function: loss of libido and potency. 
Complaints: headaches, tiredness, paresthesia, hyper
hidrosis. 

2. General examination 
a) Alterations in the shape of the head, trunk and ex

tremities. 
b) Body measurements: height, weight, length of the upper 

and lower body sections, span, diameter of the head, 
chest and wrist, size of shoes and gloves, possibly a 
plaster impression of the teeth. 

c) Ophthalmoscopy, examination of vision and of visual 
fields. 

3. X-ray examinations 
Skull, pneumoencephalography, lateral view of the tho
racic vertebral column, possibly hands and feet. 

4. Laboratory investigations 
Serum phosphorus, sugar and protein in the urine, fast
ing blood-sugar and if normal, glucose tolerance test. 
BMR, if elevated, radio-iodine test, thyroxine, estima
tion of growth hormone during the insulin or glucose 
tolerance test. 

f) Course and Prognosis, Special Forms 

The onset is insidious, although acute forms 
of the disease with a course of 2-4 years have 
been described. The symptoms arise in three 
groups. Excessive growth first becomes apparent 
and is followed by pressure symptoms of the 
pituitary tumor, especially those involving the 
optic nerve and chiasma; symptoms related to 
the circulatory organs and metabolic disturb
ances are the last to arise (diabetes, polyphagia, 
polyuria). 

The life expectancy in untreated acromegaly 
is 13 years on average. The cause of death is 
most often cerebral compression and hemorrhage 
in the tumor. Diabetic complications are second 
in frequency as the cause of death, and the third 
most frequent cause is cardiac failure in the 
presence of a hypertrophic but functionally 
inferior myocardium. The illness can become 
stationary at any time, and can also have an 
intermittent course. Finally, hyperpituitarism 
can be converted into hypopituitarism, where 
the tumor destroys the remaining pituitary 
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tissue and ultimately degenerates. The signs 
of hypopituitarism may then be superimposed 
on the clinical picture of acromegaly (see 
p. 93). Tiredness, apathy, hypogonadism, hypo
thyroidism, and finally adrenocortical insuffi
ciency complete the picture. These forms are 
described as burnt-out acromegaly. Forms 
of acromegaly combined with thyrotoxicosis, 
CUSHING'S syndrome, neurofibromatosis, or 
amyotrophic lateral sclerosis have also been 
described. The acromegalic changes can be 
limited to one side of the body or to one organ, 
such as the tongue or the big toe. Such presenta
tions can only be explained by a different 
response of the endorgans to STH. 

BAILY and CUSHING described a case of "fugitive 
acromegaly", an intermediate form between true acromegaly 
and the chromophobe adenoma. In the clinical histories of 
6 cases there was not a single symptom pointing to hyper
function of the anterior pituitary lobe. The acromegaloid 
features appear to have been constitutional anomalies. 

g) Differential Diagnosis 

The diagnosis presents no difficulties in fully
developed acromegaly when it can be established 
that the patient's appearance has changed. The 
condition can, however, be extremely difficult 
to differentiate from an acromegalic constitution, 
so-called acromegaloidism. The appearance of 
the acromegaloid subject can be very similar 
to that of the acromegalic, although the soft
tissue thickening is never so pronounced. Proof 
that the patient has changed in appearance is 
important in the diagnosis of acromegaly. Earlier 
photographs are especially valuable. The acro
megaloid with mild to pronounced characteristic 
features usually displayed these features even 
as a child (Fig. 14). The sella is not enlarged, 
and there are no metabolic deviations. It is 
not an illness but a constitutional anomaly. Nor 
is there any genetic connection between acro
megaly and acromegaloidism, which does not 
occur more often in the families of acromegalics 
than in the normal population. 

Acromegalic features occur in cerebral gi
gantism (SOTOS) and in idiopathic gingival 
fibromatosis and hypertrichosis (GORLIN, 1964). 

The differential diagnosis can also include 
Paget's disease due to the cranial changes, 
hypertrophic osteoarthropathy with peri ostial 
osseous proliferations, pachydermoperiostosis, 
and finally, leprosy with leonine facies. Dif
ferentiation from myxedema should hardly 
present any difficulties though it was included 
in the differential diagnosis by PIERRE MARIE. 

Usually difficulty is not encountered in the 
diagnosis of acromegaly but in deciding whether 
the disease is still active or has come to a stand-
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Fig. 14. 23-year-old male patient of acromegaloid constitution. Acromegaloid features already detectable in babyhood 
(Prof. SCHUPBACH, Inselspital , Bern) 

still. This question is not answered by the appear
ance, and the history is often no help since 
growth is slow. The detection of headaches, severe 
sweating, polydipsia, polyphagia and a raised 
BMR are of importance. An elevated serum 
phosphorus is a finding of value since it may in
dicate an overproduction of growth hormone 
and becomes normal again with the inactivation 
of the process. Normal phosphate values do not, 
however, exclude activity. The activity can best 
be assessed by measuring the growth hormone 
during the insulin and glucose tolerance tests. 
The concentration of HGH and the severity of 
the illness are not always compatible. 

h) Treatment of Acromegaly 

Treatment of acromegaly must be directed at 
the following 3 symptom groups: 

1. neurological disorders, especially loss of 
visual field, and headaches; 

2. subjective and objective symptoms of 
endocrine hyperfunction; 

3. concomitant endocrine failure. 
The therapeutic problems have been solved 

only for the 3rd group of symptoms (see p. 105 f.). 
The degree of success with neurological disorders 
is very much dependent on the extent of the 
tumor. The prognosis for neurological disorders 
is good after surgical removal of a tumor 
limited chiefly to the sella when it has been 
diagnosed early. The problem of how to treat 
the endocrine hyperfunction has not yet been 
satisfactorily solved (KOZAK, 1966). The symp
toms may regress following radiation, and tumor 
growth may be arrested. Objective remissions 

can only be demonstrated by the fall or nor
malization of plasma growth hormone and have 
not been successfully achieved with conventional 
or high-voltage irradiation, or with implantation 
of 90Yt whether or not combined with 1921r, 
and not always by operation (GLICK, 1965; 
LINFOOT, 1965; ROTH, 1968). Even in the 
so-called burnt-out cases, where there is a 
clinical remission, growth hormone may still 
be increased (GREENWOOD, 1965). A final evalua
tion of the therapy will not be possible until 
large comparative series of growth hormone 
measurements are available. In general there 
is a tendency to radical treatment, even when 
hypopituitarism must be expected. 

There are now six possible methods of 
treatment. 

ex) Surgical Removal of the Tumor 

This procedure is indicated (1) if neurological 
disorders are present or (2) if the symptoms 
do not regress after irradiation or the objective 
symptoms progress. The neurosurgical trans
frontal approach (RAY, 1964) and the rhino
logical transethmoidal-paranasal approach are 
both possible (NAGER, 1936; GUIOT, 1958; 
HAMBERGER, 1960; ESCHER, 1965). More recently, 
a microsurgical transnasal-transphenoidal ap
proach has been introduced (HARDY, 1969 ; 1973). 
The transfrontal approach should be considered 
when there is suprasellar extension of the tumor 
and when the neurological failure is extensive 
as it gives the necessary better vision. When 
only endocrine hyperfunctional symptoms have 
to be treated, the transphenoidal operation is 
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less of a strain to the patient. Meningitis and 
liquorrhea have been observed occasionally 
as complications of the rhinological trans
phenoidal procedure. 

If surgery is indicated and the surgeon and 
patient are agreed, removal of the tumor must 
be as nearly as possible complete. The tumor 
is in a capsule and is usually curetted out with 
a blunt scalpel and sucked off. The capsule in 
the suprasellar region is resected and that in 
the sella is left untouched. When the tumor is 
poorly demarcated total removal of the adeno
hypophysis must be considered, since it might 
otherwise infiltrate into the healthy tissue (RAY, 
1964). This procedure involves the danger of 
failure and a higher risk or recurrences if 
carried out too sparingly. Postoperative irradia
tion is usually recommended. In 75-80% of 
the patients endocrine substitution therapy is 
required postoperatively or after postoperative 
irradiation (RAY, 1914; ELKINGTON, 1967). Dia
betes insipidus is only present when the hypo
thalamic nuclei are involved and generally does 
not occur after the removal of the eosinophil 
adenoma, in contrast to the situation following 
operations for craniopharyngiomas. Temporary 
polyuria of different types (see p. 52f.) has been 
seen when the posterior lobe has been injured 
(RANDALL, 1960). We recommend prophylactic 
substitution (see p. 122) for every operation on 
the diseased pituitary since a latent insufficiency, 
which can never be excluded, can become 
manifest under the stress of surgery. 

The operative risk is greatly dependent on 
the extent of the tumor (HEIMBACH, 1964; 
MARGUTH, 1964). There is practivally no oper
ative mortality today for tumors restricted to 
the sella. The risk increases with the extent 
of the tumor, and tumors are inoperable beyond 
a certain size. 

~) Irradiation 

X-ray therapy places no great stress on the 
patient, and there is no mortality. Eosinophil 
pituitary tumors are relatively radiosensitive, 
more so than the chromophobe adenoma and 
the craniopharyngioma. High-voltage therapy 
(cobalt, betatron) is preferable. The dose must 
be high, but the surrounding tissues must be 
protected by applying irradiation from 4-6 
fields. Pendulum irradiation can be used or the 
patient rotated. The X-rays are applied once 
daily for 2-4 weeks. In order to prevent damage 
to the brain and optic nerves, the dose to the 
hypophysis must be kept below 4000 rad. 

The patient's symptoms may regress follow
ing irradiation. Objective remissions of the 
endocrine hyperfunction occur. In one large 
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series the elevated plasma growth hormone was 
unaffected (GLICK, 1965), while in another series 
a considerable fall was seen in the growth 
hormone level (ROTH, 1970; LAWRENCE, 1971). 
Loss of visual fields can regress, but often 
only after a preliminary temporary deterioration. 
Impaired vision is an indication for surgery. 
Nonetheless, when only subjective symptoms 
are of importance, a trial with irradiation can 
be tried first. When no definite success is 
achieved after 2 months, surgery can then be 
considered. Radiation arachnoiditis hardly ever 
presents a problem. 

y) Proton-Beams and ex-Particle Irradiation 

The measurable limits of accelerated atomic 
nuclei with their slight diffusion, the narrowly 
restricted Bragg-effect, can produce sharply 
localized necroses without endangering the 
surrounding tissues. Complete pituitary elimina
tion can be achieved by this method. Experience 
will show to what extent it is applicable in the 
treatment of pituitary tumors. The method is 
dependent on large atomic acceleration plants 
which are available for medical purposes in 
only a few centers, so that only carefully selected 
patients can be considered (LAWRENCE, 1963, 
1965, 1970). 

b) Isotope Implantations 

Stereotactic methods (MUNDINGER, 1967) are 
used to implant several rods or pellets of 
beta-radiating yttrium90 into the hypophysis 
via the transethmoidal, the transnasal, or the 
transfrontal route. The yttrium may possibly 
be combined with iridium192 . A dose of 100000 
rads is used for complete pituitary elimination 
and 20000 rads for treating the tumor. This 
method with yttrium90 involves a relatively 
slight stress for the patient. This method does 
not have a great future since success is too 
uncertain, recurrences occur too often, and the 
complications are too severe. Meningitis, pitu
itary abscesses, delayed development of liquor 
fistulas, and lesions of the optic nerves are the 
most serious disadvantages of this method 
(GREENWOOD, 1965). 

E) Stereotactic High Frequency 
Electro-Coagulation 

Bipolar high frequency electro-coagulation in
volves little stress for the patients and can 
bring about complete elimination of the intra
sellar pituitary. Temporary complications rarely 
develop. The borehole is closed with muscular 
grafts (ZERVAS, 1965). 
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1;;) Cryohypophysectomy 

It has been clamed that complete pituitary 
elimination can be achieved by stereotactic 
infliction of 2-6 deliberate lesions with a local 
temperature of -180°. Side effects such as 
diabetes insipidus and visual disturbances are 
thought to be only temporary (RAND, 1964). 
The use of this method for tumors must be 
further investigated. Until now, it has been 
possible to normalize growth hormone in acro
megaly only in some cases, and complications 
can occur (DASKE, 1966). 

S) Treatment with Drugs 

Although success has been reported with estro
gens, particularly in extremely high doses, in 
the treatment of acromegaly (ALMQUIST, 1961; 
MCCULLAGH, 1955), the results are not convinc
ing. Estrogens do not lower the plasma growth 
hormone; however, they do have a certain 
inhibitory effect on the periphery. Medroxy
progesterone-acetate in a dose of 40 mg daily, 
lowers the growth hormone level and may 
improve the clinical symptoms (LAWRENCE, 
1970). Chlorpromazine has the same effect, 
which suggests the disease is hypothalamic in 
origin (KOLODNY, 1971). It remains to be seen 
how reliable these treatments will be. There 
was an attractive idea that human growth hor
mone changed slightly by extraction might used 
to produce antibodies in acromegalic patients; 
it was hoped that these antibodies would 
neutralize the patients' own growth hormone 
but an attempt at therapy based on this idea 
proved unsuccessful (PRADER, 1966). "Hypo
physeostatics" with tolerable toxicity (KOVACS, 
1964) are still not available. Hydroxypropio
phenone has proved to be ineffective. GRIH 
(somatostatin) has acute effects (HALL, 1973). 

T]) Indications for the Choice of Therapy 

Providing there are no vital contraindications, 
the transfrontal or transethmoidal removal of 
the tumor is indicated in the presence of neuro
logical disturbances, particularly the loss of 
visual fields. Pressure on the chiasma can thus 
be eliminated. Whether the transfrontal or the 
transphenoidal route or both have to be chosen 
depends on the suprasellar extent of the tumor 
seen by pneumoencephalography. Other neuro
logical failures, such as paralysis of the abducent 
and oculomotor nerves resulting particularly 
from hemorrhage into the tumor can only be 
counteracted by immediate surgical intervention. 
Regression of loss of the visual fields can also 
be achieved with irradiation and with yttrium 
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implantation (MOLINATTI, 1962). As a rule, an 
interval of 2 to 3 months is necessary before 
the success of the treatment can be assessed. 
In each case, however, the decision will be made 
individually according to the intra- and especially 
the suprasellar extent of the tumor, the age 
and general condition of the patient, the nature 
of the symptoms, and to whether there is 
concomitant endocrine failure. Surgery is in
dicated when irradiation produces no success 
within 2 months. 

The object of treatment is firstly to correct 
the neurological failure or to at least prevent 
its progress, and secondly to relieve the sub
jective symptoms, such as headaches, hyper
hidrosis, paresthesia and psychic effects, which 
can sometimes be very severe. The changes in 
the soft tissues sometimes regress considerably 
with successful treatment (ROTH, 1967). Re
gression of the osseous deformities has also 
been reported, but in practice, this can hardly 
be expected. Apparent endocrine failure is 
irreversible almost without exception and must 
be substituted. Diabetes mellitus of short dura
tion can regress, whereas diabetes mellitus of 
longer duration is only alleviated or remains 
uninfluenced. 

G. Hormonal-Inactive Pituitary Tumors 

1. Pathological Anatomy 

a) Chromophobe Adenomas 

Different statistics show that these tumors 
account for 6-7% of all brain tumors. They 
are the most common type of pituitary tumors. 
Small adenomas, which are only demonstrable 
with systematic microscopic examination of the 
pituitary, are much more frequent. The adenomas 
may remain restricted to the sella, but it is 
not unusual for them to invade the surrounding 
structures and they advance relatively often into 
the base of the brain. True metastases seldom 
occur. Alveolar, trabecular and papillary adeno
mas can be differentiated according to the cell 
arrangements; and the so-called fetal adenomas, 
the clear-cell, the small-cell, and the cylinder
cell adenomas can be distinguished by the 
cytology. Regressive changes, particularly cystic 
formations, are common. On the other hand, 
calcifications are rare. The endocrine significance 
of chromophobe adenomas has increased consid
erably in the last few years. As already mentioned, 
the chromophobe cell state may reflect a 
particular endocrine activity, since the cells 
do not store their secretion, thereby becoming 
chromophil, but secrete it continually. 
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b) Cysts 

Small cysts containing colloid are particularly 
common in the marginal area between the 
anterior and posterior lobes but are of no 
importance. The large cysts, on the other hand, 
are of clinical importance. They may be intra
or suprasellar or involve both sections. They 
may be ciliated epithelium cysts with mucus 
cells or pavement epithelium cysts. Simple 

a 

c 
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epidermoid cysts are only lined by pavement 
epithelium, whereas demoid cysts also have 
cutaneous appendages. Ciliated epithelium cysts 
contain fluid and occasionally mucus. Pavement 
epithelium cysts, on the other hand, contain 
crumbly or mushy substances. Devitalized areas 
may release a foreign-body reaction. Calci
fications and ossifications have been observed, 
especially in dermoid cysts. 

b 

Fig. 15 a-c. Chromophobe pituitary adenoma. a) MB 4001 /55. 31-year-old woman. Small cell adenoma. b) S 1063/51 , 
37-year-old man, more like a large-cell adenoma. c) S 932/49, 29-year-old man, the so-called fetal adenoma with high cylinder 
cells. HE staining, 400 : 1 
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c) Craniopharyngiomas 

These tumors are also occasionally described 
as adamantinomas or as Erdheim tumors. 
Like the cysts, they too can be extra- or intra
sellar. The tumors are occasionally partly 
solid but are usually composed of multilocular 
cysts. They occasionally form an almost uni
locular cyst which may attain considerable 
proportions. The histology shows that the 
tumors consist of epitheloid cellular rods. In 
the periphery of these, the cells are palisade
like and are arranged in rows, whereas in the 
center more network-like structures and cysts 
are found. Calcification and regressive changes 
are usually pronounced. The tumors grow 
slowly, but may attain considerable size, destroy
ing the surrounding tissue and the pituitary in 
particular. 

d) Teratomas 

Teratomas may exceptionally occur in the 
pituitary region. They affect the epiphyseal 
areas much more frequently, however. 
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e) Metastases 

The posterior lobe is most affected by metastases, 
which are common in some forms of tumors. 
Carcinomas of the breast and bronchus tend 
to metastasize particularly in the hypophysis. 
Carcinoma of the stomach then follows. Usually 
the metastasizing tumor dominates the clinical 
picture to such an extent that signs of pituitary 
failure hardly become manifest. Diabetes in
sipidus is, however, not so uncommon in 
metastasizing carcinomas of the breast. 

2. Clinical Features 

a) Endocrine-Inactive Chromophobe Adenoma 

In contrast to the eosinophil adenoma, the 
chromophobe adenoma does not often produce 
headaches. These are caused by pressure on the 
hypophyseal capsule or by expansion of the 
tumor into the hypothalamus with compression 
of the 3rd ventricle, giving rise to occlusive 
hydrocephalus. Impaired vision is common. At 
first, the blind spot enlarges, and color vision, 
especially for red, decreases in the periphery. 

Fig. 16. P. 1024/35, 45-year-old man, chromophobe adenoma of the anterior pituitary lobe protruding from the sella in the 
shape of a mushroom (view of the base of the skull from above) 



120 

The upper temporal quadrant is the first to be 
lost, followed by the lower temporal. Bitemporal 
hemianopsia develops, which is often asym
metrical, one eye usually being more affected 
than the other. Homonymous hemianopsia of 
the optic tract has also been observed in the 
adult. Vision decreases and central scotomata 
develop. Primary optical atrophy develops, lead
ing to complete blindness first in one eye and 
eventually in both. Paralysis of the ocular 
muscles can arise, particularly those involving 
the III and IV cranial nerves. In two-thirds of 
all cases there is suprasellar expansion whose 
extent can be certified by a pneumoencephalo
gram. Pneumoencephalography should be per
formed in every case of enlarged sella for this 
reason, and also to exclude the "empty sella 
syndrome". All possible neurological disorders 
may then develop, in addition to visual disturb
ances. These include palsies, hyperreflexia, 
ataxia, paracusis and deafness. The risk involved 
in surgery increases with suprasellar expansion, 
and the operability decreases (HEIMBACH, 1959). 
Hypothalamic invasion by the adenoma results 
in diabetes insipidus, somnolence, and disorders 
in temperature regulation. The protein in the 
cerebrospinal fluid may be increased. When the 
suprasellar tumor expands into the 3rd ventricle, 
occlusive hydrocephalus develops. This may 
become manifest in papilledema. The X-rays 
always show a widened sella, ranging in shape 
between a bowl and a balloon. The entrance 
of the sella is widened, the dorsum sellae is 
often raised and usually more or less destroyed. 
All these symptoms, headache, paralysis of the 
occular muscles, visual loss, collapse, stupor 
and coma, can develop in hours. They can be 
explained by hypophyseal "apoplexy", i.e. spon
taneous or traumatic hemorrhage into the tumor. 
The cerebrospinal fluid may be strongly hem
orrhagic or only slightly tinged, and the cell 
count and protein may be increased. Immediate 
massive substitution therapy and neurosurgery 
to relieve pressure can save vision and life 
(LOCKE, 1961). Localized hemorrhages cause 
partial endocrine insufficiency and may regress 
spontaneously (WRIGHT, 1965). Aneurysms, 
especially of A. carotis interna, may mimic the 
chromophobe adenoma radiologically and endo
crinologically (WHITE, 1961). The slow onset 
of symptoms often allows the diagnosis only 
after 3, 5 or 7 years, depending upon whether 
problems of vision, headaches, or endocrine 
insufficiency predominate (FUERST, 1966). In an 
enlarged sella pneumoencephalography may 
occasionally reveal an empty sella syndrome 
(KAPLAN, 1969). (See also p. 103f.). 

Endocrine symptoms: Endocrine-active tu
mors are encountered among the chromophobe 
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tumors, and give rise to symptoms of Cushing's 
syndrome (see p. 344), acromegaly (see p. 109), 
galactorrhea, amenorrhea and very occasionally 
to symptons of hyperthyroidsm (GUBLER, 1963; 
LAMBERG, 1969). LAMBERG has shown that this 
rare form of hyperthyroidsm (KAPPELER, 1959) 
is due to TSH overproduction. As a rule, 
however, chromophobe adenomas are endo
crine-inactive. Pressure and compression of 
the active cells can, but need not, give rise to 
partial or complete pituitary failure. The chro
mophobe adenoma leads to overt endocrine 
failure in one third of cases, and to diminished 
reserves with preserved basal secretion in one 
third, while in the remaining third endocrine 
function is unaffected. Growth hormone and 
gonadotropin secretion is the most frequently 
disturbed, followed by ACTH and TSH secre
tion (NIMAN, 1967). Insufficiency of the pos
terior lobe with diabetes insipidus has rarely 
been observed in the chromophobe adenoma. 

b) Craniopharyngioma 

A craniopharyngioma can occur at any age but 
shows a predisposition for the young, under 
20 years of age, whereas pituitary adenomas 
occur almost without exception after the 20th 
year. The craniopharyngioma often contains 
large cysts. Depending on the direction of 
growth, visual disturbances or occlusive hydro
cephalus due to obstruction of the 3rd ventricle 
may develop. Symptoms of endocrine failure 
can also arise due to destruction of the hypo
thalamic nuclei. The clinical picture is different 
in the various age groups. In the infant the 
suprasellar tumor, which usually involves the 
3rd ventricle, interrupts the cerebrospinal fluid 
circulation and blindness results from compres
sion of the chiasma. During puberty, physical 
development of most patients is retarded. 
Occlusive hydrocephalus is rare in this age 
group. Beyond 20 years, the chiasma syndrome 
dominates the clinical picture, usually combined 
with sexual dysfunction and disturbances in 
water equilibrium (diabetes insipidus, adipsia). 
Supra- and intrasellar calcifications on the 
X-rays are suggestive of a craniopharyngioma 
(Fig. 7). They can sometimes appear as mottling 
and sometimes as bowl-shaped above the sella. 
Occasionally, a calcified cystic wall can be 
demonstrated. The sella is often not extended 
but may be. 

Endocrine symptoms: The craniopharyn
gioma gives rise to destruction of the hypo
thalamic nuclei with impaired formation and 
release of the neurohormones, with the result 
that regulation of the secretion of the anterior 
pituitary hormones is also impaired. Diabetes 
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Fig. 17. S 774/52, 8-year-old boy. Craniophryngioma with large calcium inclusions (right of picture). HE staining, 300: 1 

Fig. 18. S 774/52, 8-year-old boy. Craniopharyngioma at the base of the brain with adhesions to the region of the 3rd ventricle 

insipidus is common. Growth and maturation 
are retarded. Hypogonadism occurs frequently, 
whereas secondary hypothyroidism and sec
ondary adrenal insufficiency have been less 
frequently observed. Pubertas praecox occurs 
in a few cases, probably due to the stimu
lation of hypothalamic centers. See p. 106f 

for galactorrhea. Adipsia (see p. 55 f) with 
chronic hypernatremia has been observed 
(MATSON, 1964; RICHTER, 1970). The endo
crine failure is usually more pronounced after 
surgerey even if the operations are successful 
from the neurological aspect (KRA YENBUHL, 
1962). 
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3. Therapy 

Neurosurgical removal of the tumor and X-ray 
irradiation can be considered in treatment of 
the chromophobe adenoma. Chromophobe ade
nomas are not very radiosensitive. 4000-6000 r 
must be applied to the focus within 30 days. 
Good results are thought to be obtained with 
high doses of ultra-hard irradiation (4000 r at 
2000 kV) in more than 50% of cases but it is 
not unusual for the adenomas to be cystic and 
therefore radio refractory. They are also usually 
well-defined and can in the main be removed 
surgically providing there is no great supra
sellar expansion. No time should be lost in 
trying irradiation in loss of visual fields. The 
therapy which gives the best results at present 
is radical surgical removal of the tumor followed 
by irradiation. As stated on p. 115, the slight 
endocrine failure, which can be substituted, is 
more acceptable than the risk of limited success 
or recurrences. 

Table 6. Substitution therapy for operations on the hypo
physis 

1. At the beginning of anesthesia slow infusion of 1 liter 
2 : 1 physiologic glucose/physiologic NaCI solution with 
50 mg cortisol hemisuccinate given over 8 hours. A further 
liter of 2: 1 physiologic glucose to physiologic NaCI 
with 50 mg cortisol hemisuccinate given over the next 
16 hours. 

2. Measure fluid intake and urinary output for 24 hours. 
Specific gravity and, if possible, body weight to be 
checked daily. To prevent dehydration due to postoper
ative diabetes insipidus, the fluid intake should be ap
proximately 0.5 liter more than the urinary output. The 
body weight should remain reasonably constant. Hema
tocrit, blood electrolytes and proteins must be estimated 
in doubtful cases and in unexplained fever (thirst fever). 
Fluid administration to be adjusted to the findings. 

3. On the 1st postoperative day, if the patient can swallow, 
one 25 mg tablet of cortisone acetate morning and eve
ning. When swallowing is not possible, slow infusion of 
1 liter 2: 1 physiologic glucose/physiologic NaCI solu
tion with 50 mg cortisol hemisuccinate. 
One half 25 mg tablet of cortisone acetate is given morn
ing and afternoon from the 2nd postoperative day. 

4. Depending on the course of the illness, all substitution is 
withdrawn after 1-3 weeks but preferably after 3 months, 
possibly in hospital. Adrenal, thyroid, and gonadal func
tion is examined. Long-term substitution therapy is de
cided upon in the presence of complete failure of the 
anterior lobe of the pituitary. This usually consists of: 

2 x '/2 tab. cortisone acetate and 
0.2 mg Na-I-thyroxine 
250 mg Depot-Testosterone i. m., monthly in male pa
tients. 

Pediatric doses: 
at 8 years: '/2 the adult dose 
at 2 years: '/4 the adult dose 

NB: Oral cortisone or intravenous cortisol is preferable to 
prednisolone or prednisone because of the slight sodium
retaining effect. Prednisolone or prednisone can be used in 
a '/4 dose when cortisol and cortisone are unavailable. 
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Craniopharyngiomas are practically insen
sitive to radiation. Radical surgical removal of 
these benign, well-defined tumors involves a 
high mortality due to the damage which may 
be expected in the surrounding areas of the 
brain. Often, only palliative operations achiev
ing removal or partial resection of the very 
large cysts occasionally present are possible. 
Palliative treatment of the occlusive hydro
cephalus resulting from the craniopharyngioma 
may become necessary. As a rule, the Torkildsen 
operation is indicated, in which the cerebro
spinal fluid circulation is restored by the 
insertion of a rubber or polyethylene tube lead
ing to ventriculo-cisternal or ventriculo-atrial 
shunts. The tube overcomes the obstruction 
and establishes free communication. Whether 
hypopituitarism is demonstrable or not pre
operatively, extirpation of a pituitary adenoma 
or of a craniopharyngioma must, as a matter 
of precaution, be carried out under complete 
substitution therapy. Table 6 gives the procedure 
to be adopted. 

Almost 50% of patients with pituitary tu
mors treated surgically or with radiation have 
clinically apparent mild or pronounced pituitary 
insufficiency. More thorough investigation re
veals failure in four-fifth of cases. See p. 52 f. 
for postoperative diabetes insipidus and poly
uria. Nevertheless, only one third of the cases 
in a large investigation series received sub
stitution therapy. The hormones of the deficient 
glands should be substituted without hesitation 
if even the slightest symptoms appear (ELKING
TON, 1967). Ifno endocrine disorders are demon
strated, a gradual reduction of the substitution 
therapy should be tried 1-3 weeks postoper
atively at the earliest. As a rule, however, a check
up should be undertaken in the hospital 3 
months after the operation to decide whether 
pituitary function has remained intact or re
covered after the relieve by the operation. 

4. Diagnosis of the Anterior Pituitary Function 

The function of the anterior pituitary can be 
assessed largely by the function of the 3 endo
crine glands under its control. Normal function 
of the gonads, the thyroid gland, and the 
adrenal cortex indicate normal anterior pituitary 
function. Thus, pituitary insufficiency is unlike
ly in a woman with normal menstruation. In the 
male, the sperm count is a sensitive indication 
of pituitary function since pituitary insufficiency 
causes an immediate fall. 

Estimation of the adrenotropic hormones 
and the tests for pituitary reserve have been 
discussed in the chapters dealing with the 
individual organs. 
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Direct and Indirect Estimation of Growth Hor
mone Activity 

a) Biological Determination 

Biological methods (GEMZELL, 1959) permitted 
the detection of only a very high concentration 
of growth hormone in the plasma, whereas the 
introduction of the radioimmunological methods 
for peptide hormones has made it possible to 
estimate normal basal values and daily var
iations. Since then estimation of the growth 
hormone in the plasma has only become signif
icant in the diagnosis of active acromegaly. 

b) Radioimmunological Determination 

The radio immunological methods of estimation 
are described in detail under the method for 
insulin, whose estimation was first achieved by 
BERSON and YALLOW (see p. 814). These methods 
exploit the property of endogenous growth 
hormone of competitively inhibiting the com
bination of growth hormone labeled with 
131 I with specific antibodies. Growth hor
mone of the added plasma is deduced from the 
ratio of the free labeled growth hormone to 
that bound to the antibodies. Separation of the 
free from the antibody-bound growth hormone 
is achieved either by electrophoresis (GLICK, 
1963; HUNTER, 1964) or by precipitation of the 
growth hormone bound to the antibodies with 
antigamma globulin serum (double-antibody 
precipitation method) and subsequent cen
trifugation (UTIGER, 1962; BODEN, 1967). These 
methods can detect concentrations of 0.5 ng/ml, 
and all give consistent normal values of 0-3 ng/ 
ml after 12 hours' fasting. 

With certain reservations, the plasma con
centration of growth hormone measured radio
immunologically is the most specific method 
for evaluation of the growth hormone secretion. 
This is true providing a flawless radioimmuno
logical method can detect values around 1 ng/ 
ml. Normal adult values after 12-14 hours of 
fasting and absolute rest lie between 1 and 
3 ng/ml. Values of 8-103 ng/ml are found 
in acromegaly (BODEN, 1967). Elevated values, 
however, are not definite proof of acromegaly, 
since any physical task, and probably emotional 
stress as well, can cause a ten-fold or more 
increase. In addition, a few values within the 
normal range have been found in acromegaly. 
Considerable diurnal variations occur (CRYER, 
1969). Also, the low fasting level permits no 
differentiation between the normal state and 
pituitary insufficiency. Therefore, only the stim
ulation or inhibition tests permit definite dif
ferentiation. 
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c) Stimulation Tests 

Stimulus for the release of growth hormone 
can be provoked by 0.1 U /kg body weight 
(4 U/m2 body surface) insulin or in insulin
insensitive acromegalics, 0.3 U /kg body weight 
i.v. Hypoglycemia is still the most reliable, but 
must consist in a fall of about 50%. Blood 
sugar and growth hormone must be determined 
at 0,15,30 to 90 and 120 minutes (FRANTZ, 1964; 
CAPLAN, 1968). Alternatively, 1 g of tolbutamide 
can be injected i.v. over 3 minutes, which will 
provoke a maximal rise in growth hormone 
10-70 minutes after the nadir of blood sugar 
(BODEN, 1967); whereas normally the growth 
hormone concentration will rise from very 
low or zero values up to supranormal values 
after 1 hour, in the acromegalic the elevated 
values are scarcely influenced, which indicates 
an autonomic or a maximal growth hormone 
secretion. Sometimes, however, there is an exag
gerated increase or a paradoxical decrease, indi
cating that hypothalamic control is not excluded 
(CRYER, 1969). An insufficiency can be diagnosed 
if there is no increase in growth hormone after 
stimulation, or only an insufficient one. Stimula
tion can also be realized by an infusion of 0.5 mg 
arginine per kg body weight i.v. (PARKER, 1967), 
which is less unpleasant for the patient and 
does not involve the same risks in pituitary in
sufficiency. Glucagon also stimulates growth 
hormone secretion (see p. 90). A glucagon 
stimulation test has been described (1 mg i.m.); 
it is thought to be innocuous and reliable in 
distinguishing between patients deficient in 
growth hormone and normals (MITCHELL, 1970). 
Experience will show which of these stimulation 
tests will be the most useful. 

d) Inhibition Test 
The glucose inhibition test is usually used for 
the diagnosis of acromegaly. After a glucose 
load of 100 g in the normal, the growth hormone 
decreases during the first hour and increases 
again after 180 to 240 minutes. The growth 
hormone of the acromegalic patient is usually 
hardly affected, if at all (BECK, 1965; ROTH, 
1967; EARLL, 1967; BODEN, 1968). However, a 
decrease or even a paradoxical increase may be 
observed (CRYER, 1969; EARLL, 1967; LAW
RENCE, 1970). As a rule, fasting values of over 
8 ng/ml are found in active acromegaly. 

e) Nitrogen-Retention Test (see p. 100) 

f) Plasma Phosphate 

The plasma phosphate is much simpler to 
measure but a less reliable indicator. Growth 
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hormone leads to an elevated phosphate con
centration of over 3.5 mg% in the plasma due 
to increased phosphate reabsorption in the 
renal tubulus. The phosphate can, however, 
vary between normal and very elevated values 
in the same person (HAMWI, 1960). Elevated 
phosphate levels are also found in children 
during growth, in pregnancy, and in nephro
pathies, as well as in hypoparathyroidism. Thus, 
it is only of limited value in evaluation of the 
growth hormone activity. 

g) Sulfation Factor (see p. 88) 

h) Hydroxyproline Excretion 

The amino acid hydroxyproline is an impor
tant constituent of collagen. Hydroxyproline, 
which is mostly bound in polypeptides, is 
excreted in the urine. It can be relatively simply 
estimated after hydrolysis with concentrated 
hydrochloric acid. The excretion in the 24-hour 
urine must be estimated after 2 days of a diet 
containing no meat or gelatine. Normal values 
are relatively constant, and are between 15 and 
50 mg/24 (see also Chap. XIV). 

The excretion appears to be proportional to 
collagen turnover, and probably corresponds 
to the content of soluble collagen in the tissues. 
According to the metabolic situation the hy
droxyproline excretion reflects collagen for
mation, or decomposition of the finished col
lagen, or both. 

Hydroxyproline excretion is increased in 
states where bone is being formed and where 
bone is being broken down. The excretion is 
also occasionally increased in rheumatoid ar
thritis, in scleroderma, dermatomyositis, rheu
matic fever, the Marfan syndrome and lathy
rism. 

Values far above the normal limits are found 
in growing children, particularly before puberty 
(PROCKOP, 1967). 

Greatly elevated values are found in Paget's 
disease, hyperparathyroidism, hyperthyroidism, 
and acromegaly. The excretion is normal after 
inactivation of the acromegaly. Administration 
of parathormone, thyroxine, or growth hor
mone leads to an increase in hydroxyproline 
excretion. 

Highly elevated values have been found in ac
tive acromegaly, and estimation of the hydroxy
proline excretion provides a valuable criterion 
in the assessment of the activity of the disease 
in addition to the direct measurement of 
growth hormone. 

The excretion is not significantly reduced in 
pituitary insufficiency and is not suitable for 
the diagnosis of states of endocrine hypo
function. 

The Adenohypophysis 

Increased excretion of unbound hydroxy
proline is found in the rare condition hydroxy
prolinemia, in which there is congenital defi
ciency of the enzyme hydroxyproline oxidase 
(EFRON, 1965). 

i) Biopsy of the Ribs 

In active acromegaly, biopsy of a rib at the 
junction of the cartilage and bone shows endo
chondral osteogenesis in the form of groups of 
vesicular cartilage cells (SULLIVAN, 1963). 
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VI. The Thyroid Gland 

H. BURGI and A. LABHART 

With Contributions by 

CHR. HEDINGER, G. KISTLER, A. PRADER, and G. TONDURY 

A. Historical Dates 

1543 VESAL described the thyroid gland. 
1606 PARACELSUS related cretinism to the thyroid 

gland (published posthumously). 
1786 PARRY described hyperthyroidism (pub

lished posthumously 1825). 
1802 FLAIANI described hyperthyroidism. 
1820 COINDET introduced iodine into the treat

ment of goiter. 
1833 BOUSSINGAULT recommended iodine for 

the prevention of goiter. 
1835 GRAVES described hyperthyroidism. 
1836 KING assumed the presence of an internal 

secretion of the thyroid. 
1840 BASEDOW gave a classic description of the 

Merseburg triad (exophthalmos, goiter 
and tachycardia). 

1852 CHATIN justified the theory that iodine 
deficiency caused goiter, by proving a 
diminished iodine content of the drinking 
water in endemic areas. 

1873 GULL described the classic picture of 
myxedema. 

1878 ORD related it to atrophy of the thyroid 
gland. 

1882 First description of the complications of 
thyroidectomy in man by the REVERDIN 
brothers. 

1883 KOCHER described "cachexia strumipriva" 
(postoperative myxedema). 

1886 MOEBIUS found that Graves' disease was 
due to hyperfunction of the thyroid 
gland. 

1888 Report of the Myxedema Commission of 
the Clinical Society of London. 

1891 MURRAY successfully treated myxedema 
with injections of thyroid extract. 

1893 FRIEDRICH VON MULLER demonstrated a 
negative metabolic balance in hyper
thyroidism. 

1895 MAGNUS-LEVY recognized that the oxygen 
consumption at rest was elevated in 
thyrotoxicosis and reduced in myxedema 
and that the basal metabolic rate following 
the administration of desiccated tissue was 
increased. 

1896 BAUMANN showed that iodine was a 
constituent of the thyroid gland. 

1899 OSWALD isolated thyroglobulin as a com
ponent of the thyroid. 

1910 MARINE and LENHART succeeded in pre
venting goiter by using iodine in animal 
experiments. 

1912 GUDERNATSCH recognized the acceleration 
of metamorphosis caused by thyroxine. 

1913 PLUMMER described the toxic adenoma. 
1914 KENDALL succeeded in purifying and 

crystallizing the thyroid hormone, thyr
oxme. 

1917 First successful iodine-prophylaxis of 
goiter in man by MARINE and KIMBALL. 

1918 AUB, DUBOIS, BENEDICT, and HARRIS 
introduced the measurement of basal 
metabolic rate as a clinical method. 

1922 PLUMMER introduced iodine treatment for 
hyperthyroidism. 

1926 HARING TON established the chemical con
stitution of thyroxine. 

1927 HARING TON and BARGER synthesized 
thyroxine. 

1927 SMITH showed the existence of thyrotropin 
in the pituitary gland. 

1928 CHESNEY, CLAWSON and WEBSTER dis
covered goitrogenic substances in dif
ferent types of cabbage. 

1940 Introduction of radioactive iodine for 
the clinical evaluation of thyroid func
tion by HERTZ, ROBERTS, MEANS, and 
EVANS. 

1942 ASTWOOD systematically examined goi
trogenic substances and introduced thio
uracil into the treatment of hyperthyr
oidism. 

1942 HAMILTON and LAWRENCE introduced ra
dioactive iodine into the treatment of 
the thyroid gland. 

1952 Discovery of triiodothyronine by GROSS 
and PITT-RIVERS and ROCHE, MICHEL, 
and LISSITZKY. 

1956 ADAMS, PURVES, and McKENZIE independ
ently found the long-acting thyroid stim
ulator (LA TS) in the serum of thyrotoxic 
patients. 
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1956 ROITT, DONIACH, CAMPBELL, and HUDSON 
discovered thyroid antibodies in Hashi
moto thyroiditis. 

1970 GUlLLEMIN and SCHALLY successfully iso
lated thyrotropin releasing hormone (TRH) 
from hypothalamic extracts. 

1970 GILLESSEN and co-workers established the 
chemical constitution of TRH and syn
thesized the hormone. 

B. Embryology, Gross Anatomy, and 
Histology 
G. TONDURY and G. KISTLER 

Embryology. The anlage of the thyroid gland, 
like that of the hypophyseal glandular lobe, 
appears very early in embryonic life. In the human 
embryo 3.5 to 4 mm in length, an entodermal 
outpocketing forms in the floor of the oral 
cavity, just beneath the buccopharyngeal mem
brane and between the first pair of pharyngeal 
pouches. At the bottom of this small pit an 
epithelial bud protrudes into the underlying mes
enchyma. The primordium becomes displaced 
caudally, but remains attached to the floor of the 
pharynx by the thyroglossal duct. During this 
descensus, the originally compact bud becomes 
bilobed and differentiates into a mass of irreg
ularly arranged epithelial cords, which later form 
the isthmus and the lateral lobes of the gland. 
When the primordium reaches the level of the up
permost tracheal cartilage, the thyroglossal duct 
becomes fragmented. A cranial fragment, the 
lingual duct, remains attached to the tongue 
initially but usually disappears at later stages. 
Occasionally however, salivary gland-like struc
tures and small colloid-filled follicles develop 
from its epithelium. The point of origin of the 
duct forms the foramen cecum, an enlarged 
pit which persists, in about 50 % of the popu
lation, in the midpoint of the sulcus terminalis 
between dorsum and radix linguae. The distal 
fragment of the thyroglossal duct gives rise to 
the pyramidal lobe. In the eighth week, small 
rounded or elongated cavities begin to appear 
in the thyroid cords. They develop into the 
primary thyroid follicles, which acquire colloid 
at the beginning of the third gestational month 
and become functional soon afterwards (GREEN
BERG, 1970). 

Gross Anatomy. The thyroid gland consists of a 
left and a right lobe which are connected across 
the median plane by the narrow isthmus. The 
lateral lobes are conical in shape. The base is 
usually on a level with the fourth or fifth 
tracheal ring. The apex, which is directed 
upwards, usually reaches the oblique line of the 
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thyroid cartilage. The isthmus usually covers 
the second and third tracheal rings, but may also 
be higher or lower. The pyramidal lobe varies 
widely in size and shape, occasionally extending 
up to the hyoid bone. The gland is situated at 
the level of the fifth to seventh cervical and the 
first thoracic vertebrae. Its medial surface is 
in close contact with the larynx and trachea. Its 
posterolateral surfaces are related to the eso
phagus and the neurovascular tracts of the 
neck. Anteriorly, the thyroid is separated from 
the sternothyroid muscles by the pretracheal 
fascia. A connective tissue capsule is closely 
applied to and inseparable from the glandular 
parenchyma. An additional, outer and thicker 
capsule encloses the larger branches of the 
thyroid blood vessels and the parathyroid 
glands. Small aberrant fragments of thyroid 
tissue are sometimes found outside this outer 
capsule, mostly along the obliterated thyro
glossal duct (so-called accessory thyroid glands). 

The thyroid gland is a highly vascular 
organ. It is usually supplied by two pairs of 
arteries, the branches of which anastomose 
freely with each other. The superior thyroid 
artery arises on each side as the first branch 
of the external carotid. It supplies the upper, 
anterior, and lateral portions of the lateral 
lobes. The inferior thyroid artery is a branch 
of the thyrocervical trunk which in turn arises 
from the first portion of the subclavian artery. 
It supplies the inferior, posterior and medial 
parts of the organ on either side. In its course 
to the thyroid gland, the inferior thyroid artery 
crosses the recurrent laryngeal nerve of the 
vagus and the sympathetic trunk, which often 
forms a loop around it, the ansa thyreoidea. 
The recurrent laryngeal nerve ascends, on the 
left side, in a groove between the trachea and 
the esophagus, and, on the right side, along 
the trachea. At the level of the first tracheal 
ring, it gives off the inferior laryngeal nerve 
which runs in front of, or behind the branches 
of the inferior thyroid artery to supply the 
intrinsic muscles of the larynx. Ligation of the 
arteries during thyroidectomy therefore in
volves some hazard to the recurrent laryngeal 
nerve. Occasionally, there is a fifth artery, the 
unpaired arteria thyreoidea ima, which arises 
from the arch of the aorta or from the brachio
cephalic trunk and ascends to the isthmus. The 
veins form a rich network on the surface of the 
organ and on the front of the trachea. From 
this plexus, a superior, a middle and an inferior 
thyroid vein arise. The former two end in the 
internal jugular vein, the latter in the innominate 
vein. A dense capillary network surrounds the 
thyroid follicles. Closely applied to the capillaries 
are numerous branching lymph vessels which run 
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in the interfollicular connective tissue, often 
along the arterioles, to a network in the capsule 
of the gland, From here, larger lymph vessels 
extend to the thoracic duct and to the right 
lymphatic duct. 

Numerous autonomous nerve fibers derived 
from the middle and inferior cervical ganglia of 
the sympathetic trunk penetrate the capsule, 
mostly together with the arteries. In the inter
follicular spaces, they form a dense network of 
nonmyelinated nerve fibers, whose endings 
terminate in close proximity to the follicles. 

Histology. At an embryonic age of about eight 
weeks, the epithelial cords of the thyroid 
primordium disintegrate into small vesicles, the 
primary or two-cell follicles, which contain 
small amounts of colloidal material. From 
these, rounded or rod-shaped secondary (de
finitive) follicles sprout out and enlarge. The 
follicles of the mature gland measure up to 
1 mm in diameter. They contain a gelatinous 
colloid and are lined by a simple epithelium, the 
depth of which varies widely according to the 
functional state of the gland. At the peak of 
secretory activity (Fig. 1 a), the epithelial cells 
are columnar in shape. Mitochondria and 
numerous clear vesicles appear to accumulate 
in the apical portions of the cells and the 
Golgi complex is found in a supranuclear 
position. The colloid produced in the cells is 
secreted into the follicle cavity, where it gradually 
becomes concentrated. At this point, the epi-

a b 
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thelial cells assume a cuboid or flattened shape 
(Fig. 1 b) corresponding to a resting state. 
Resorption of the colloid from its storage site 
seems to be initiated by liquefaction of its 
outermost portions. The cells again become 
cuboidal or columnar and their cytoplasm turns 
foamy (Fig. 1 c). Empty follicles are charac
terized by their star-shaped lumen. It is assumed 
that they are able to refill the follicle cavity 
with colloid within a few hours. 

Each follicle is enclosed by a very thin basal 
membrane and a delicate network of reticular 
fibers. In addition, it is surrounded by a capillary 
plexus and by numerous blind terminations of 
lymphatic vessels. The interstitial arterial net
work of the thyroid gland is rich in regulatory 
structures such as subendothelial bundles of 
epitheloid muscle cells, as well as arteriovenous 
anastomoses. Veins and larger lymphatics ac
company the arteries. A large number of 
sympathetic nerve fibers originate in the middle 
and superior cervical ganglia and run along 
the larger blood vessels; they are presumed to 
be vasomotor. 

A population of larger cells which do not 
stain as well is regularly observed in both the fol
licular epithelium and the interfollicular spaces. 
When stained by the silver nitrate method of 
CAlM., these so-called para/c)/licular ('('11.1 (mit
ochondria-rich cells, C cells) display a large num
ber of small brown or black granules . As recent 
investigations have shown, these cells produce 
the hormone thyrocalcitonin (Chap. XIV). 

c 

Fig. 1 a-c. Morphologic variations of the epithelial cells depending on the functional state of the thyroid gland. a) secretory 
phase, columnar cells; b) resting state, flattened epithelium; c) resorption of the colloid, cuboidal to columnar epithelial 
cells and vacuolization of the colloid within the follicle cavity. [With permission of Prof. CHR. HEDINGER: Normale und 
pathologische Anatomie der Schilddriise, Verh. dtsch. Ges. inn. Med. 66, 13 (1960)] 
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Electron microscopy reveals a large number 
of microvilli and occasional single cilia at the 
apical surface of the epithelial cells. Their 
shape varies widely according to the functional 
state of the follicle. The microvilli of resting 
cells are short and straight; those of secreting 
or resorbing cells appear larger and pleomorphic. 
Laterally, the follicle cells are joined by typical 
junctional complexes. Some small infoldings 
of the plasma membrane are regularly observed 
in the basal regions of the epithelium. In the 
active cell, the Golgi apparatus is composed of 
flattened saccules and numerous vesicles and 
vacuoles. It is usually situated above the 
relatively large nucleus which occupies the basal 
cytoplasmic region. The endoplasmic reticulum 
consists of elongated, rough-surfaced cisternae 
and a large number of small vesicles. Ovoid or 
rounded mitochondria, multivesicular bodies, 
and vacuoles of varying size are randomly 
distributed within the cytoplasmic ground sub
stance. 

The uptake of iodine from the blood plasma 
and its oxidation within the epithelial cells are 
discussed on p. 139. Independently of these 
processes, which are still poorly understood, 
thyroglobulin fragments are synthesized on the 
ribosomes ofthe granular endoplasmic reticulum. 
They are carried within small vesicles to the 
Golgi region, where they seem to be coupled 
to carbohydrates (NADLER, 1964). The vesicles 
then reach the apical surface of the epithelial 
cell and their membrane fuses with the plasma 
membrane. Iodination of the thyroglobulin 
seems to occur at the moment when the content 
of the vesicle is emptied into the follicle cavity 
(Fig. 3). Resorption of the thyroglobulin-bound 
hormone molecules takes place again at the 
apical surface of the cells, where colloid droplets 
of varying size are found to be phagocytozed. 
While, in resting cells, the lysosomes are 
randomly distributed throughout the cytoplasm, 
in cells engaged in resorption they accumulate 
in the apical portions of the cytoplasm, where 
they are observed to fuse with the phagocytozed 
colloid droplets. After breakdown of the thyro
globulin by the hydrolytic enzymes, the hor
mones thyroxine and triiodothyronine are carried 
in molecular form to the basal portions of the 
epithelial cells and reach the capillary network 
and the terminations of the lymphatic vessels 
by a yet unknown pathway. 

C. Biochemistry and Physiology 
1. Chemistry of the Thyroid Hormones 

The thyroid gland secretes two iodinated amino 
acids with hormonal activity, L-thyroxine (T 4) 
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and 3,5,3'-L-triiodothyronine (T3). The struc
tural formulas are given in Fig. 2. The two 
benzene rings are joined by an ether linkage 
which forms an angle of 110° at the oxygen 
atom. The three-dimensional structure of thyr
oxine and triiodothyronine have recently been 
established by X-ray crystallographic analysis 
(CAMERMAN, 1972). The two benzene rings are 
in planes almost perpendicular to each other and 
the four iodine atoms of thyroxine form the 
apices of a distorted tetrahedron. 

I I NH, 

HOOOOCH,- c~- COOH THYROXINE 

I I 

I NH, 

HOOOOCH,-C~-COOH TRIIODOTHYRONINE 

I I 

, , 
I NH I NH 

HOOCH,-C{ HOOCH -cH' _ ' , 
co I CO 

/ / 

t10NOIODOTYROSYL DIIODOTYROSYL 

Fig. 2. Chemical formulas of thyroid hormones and their 
precursors. Mono- and diiodotyrosine are shown as amino 
acid residues, since they occur mainly as part of the protein 
thyroglobulin. The peptide linkages are shown by thick 
lines 

Thyroxine and triiodothyronine are poorly 
soluble in water at neutral pH. They are soluble 
in 0.1 N NaOH and also in ethanol or methanol 
rendered alkaline by ammonia. 

The natural compounds are levorotatory. 
The dextrorotatory stereoisomers have only a 
weak thyromimetic activity of about 1/20 that 
of the natural hormones. It has been said that 
D-thyroxine differs qualitatively in its effects 
from L-thyroxine, and in particular that it 
lowers serum lipids much more than it affects 
oxygen consumption and basal metabolic rate 
(BANSI, 1962). In view of the fact that D-thyr
oxine had to be given in high doses to lower 
serum lipids and that the preparations tested 
may have contained appreciable quantities of 
L-thyroxine as a contaminant, these claims are 
certainly open to question. 

Numerous hormone analogues have been 
prepared, and some have been found to be 
hormonally active, although in most cases less so 
than the parent compound when compared on 
a weight basis (MONEY, 1960; JcpRGENSEN, 1971) 
but some, such as 3'-isopropyl-3,5-diiodothyr
onine are definitely more active than triiodothyr
onine. Natural breakdown products of tyroid 
hormones, such as tetraiodothyroacetic acid 
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(tetrac) and triiodopropionic acid (triprop), are 
also hormonally active. Their exact physiological 
activity is difficult to evaluate as they have 
different half-lives, membrane permeabilities 
and distribution volumes. The requirements 
for thyroid hormone activity of an analogue 
have been specified as follows : 1. the thyronine 
skeleton; 2. diiodo- or dibromo substitutions in 
the 3 and 5 positions; 3. bulky substitutions 
(e.g. iodine, isopropyl) in the 3' position (BAR
KER, 1971). 

2. Hormone Biosynthesis and Release 

Dietary iodine intake shows wide geographic 
and day-to-day variations. In regions of iodine 
deficiency it can be as low as 10 flg per day. In 
the U.S.A. the daily intake varies between about 
100 and 1000 flg (ODDIE, 1970) and there are 
reliable data to show that iodine consumption 
is rising (PITTMAN, 1969). 100 flg per day is 
considered a sufficient, 200 flg an optimal 
iodine supply. Most of the dietary iodine is 
supplied as iodide, and some as organic or 
molecular iodine. The latter is reduced to iodide 
during intestinal absorption. The plasma level 
of inorganic iodide depends largely on the 
dietary intake and is between 0.1 and about 
1.0 flg/100 m!. The extrathyroidal iodide space 
in man is about 38 % of body weight. Iodide is 
filtered in the renal glomerula and partially 
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reabsorbed in the renal tubuli . The renal 
clearance is 15 to 55 ml/min, with an average of 
35 m!. It is diminished in uremia, but otherwise 
the renal iodide clearance is quite constant in 
a given subject. Gastric mucosa and the salivary 
glands are extrathyroidal tissues which can 
concentrate iodide. The iodide concentrated in 
this way is secreted back into the alimentary 
tract and is reabsorbed in the gut. Substantial 
amounts of iodide may be lost in the breast 
milk. 

a) Thyroidal Iodide Uptake 

Besides the kidney, the only organ clearing 
significant amounts of iodide from the blood 
is the thyroid (Fig. 4). Unlike the renal iodide 
clearance, which is very constant, the thyroidal 
clearance is highly adaptable. On average it 
amounts to about 25 ml/min, but in conditions 
of iodine deficiency or of thyroid gland hyper
function the clearance rises to over 100 ml/min. 
Iodide is actively transported across the basal 
thyroid cell membrane against an electrochemi
cal concentration gradient (step 1, Fig. 3). The 
concentration within the cell is 5 to 300 times 
higher than that in the plasma, the exact value 
depending on the functional state of the gland. 
Iodide transport requires energy, which is 
supplied by A TP. Inhibition of membrane
bound ATPase by ouabain abolishes active 
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Fig. 3. Schematic representation of thyroid hormone biosynthesis and release. The individual steps are numbered as follows: 
1. Active transport of iodide from the blood into the thyroid cell. 2 a. Oxidation of the intrathyroidal iodide by a peroxidase 
to an as yet unidentified oxidized iodine intermediate. 2 b. Transfer of this oxidized iodine intermediate to a tyrosyl residue 
of thyroglobulin. 3. Coupling of two diiodotyrosyl residues within thyroglobulin to form thyroxine. 4. Endocytosis of colloid. 
S. Fusion of colloid droplets with Iysosomes. Hydrolysis of thyroglobulin with release of free thyroxine and free iodotyro
sines. 6. The free iodotyrosines are deiodinated within the gland by a specific deiodinase. The iodide thus recovered is rein
corporated into thyroglobulin 
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iodide transport (WOLFF, 1964). Several authors 
have postulated the existence of a specific iodide 
carrier, but conclusive isolation has not been 
achieved (see WOLFF, 1964, for review). TSH 
enhances active iodide transport after a lag 
of several hours. On the other hand, active 
iodide transport may also be controlled by 
extrapituitary factors, probably involving so
called thyroid autoregulation. Several mono
valent anions specifically inhibit iodide transport. 
The most potent of these is perchlorate (CIOi). 
Others include nitrate (NO;) and thiocyanate 
(CNS -). They are thought to act by competitive 
inhibition of the active iodide transport, but in 
the case of thiocyanate the mechanism may be 
more complex and is not completely clear. 
Iodide transported into the cell is rapidly 
metabolized to organic iodine. In normal cir
cumstances the process of organic iodination is 
so efficient that inorganic iodide concentration 
in the gland remains very low. Therefore the 
rate-limiting step in the synthesis of organic 
iodine is that of transport of iodide. When 
organic iodination fails for some reason, iodide 
can leave the gland again, probably by simple 
passive diffusion. A second source of thyroidal 
iodide is mono- and diiodotyrosine, two amino 
acids resulting from thyroglobulin hydrolysis. 
They are quantitatively deiodinated within the 
gland by a potent deiodinase, and most of the 
iodide produced is reutilized for organic iodin
ation. There is some evidence that this so-
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called endogenous iodide is confined to a 
different compartment than the iodide trans
ported from outside (second iodide pool; 
HALMI, 1962; NAGATAKI, 1963). 

b) Organic Iodination 

The iodide transported into the cell is rapidly 
incorporated into thyroglobulin (step 2a and 
2 b, Fig. 3). It must be stressed here that the 
iodination takes place on the tyrosyl residues 
of the protein, and not on the free amino acid 
tyrosine. The sites of substitution are the carbon 
atoms number 3 or 5 of the tyrosyl ring. When 
one atom of iodine is substituted, monoiodo
tyrosyl is formed, with two iodine atoms 
diiodotyrosyl. The cellular site of the reaction 
is still a matter of dispute. By radioautography, 
injected radioiodine can be detected in organic 
form in the lumen of the follicles within seconds 
after the injection (NADLER, 1955), which was 
earlier used as an argument that iodination of 
thyroglobulin occurred in the follicular lumen. 
More recently it has been demonstrated that 
certain cellular organelles are capable of carrying 
out organic iodination, and the process is now 
located by most authorities at the interphase 
between cell and colloid. The cell membrane 
contains numerous microvilli, which might 
be the organelles involved in iodination (BEN
ABDELJLlL, 1967). Iodide as such cannot be 
incorporated into thyroglobulin. Rather it must 

Fig. 4. Main pathways of iodine and thyroid hormone metabolism. 1. Uptake of iodide from the gastrointestinal tract. 
2 and 3. Clearance of iodide from the blood by the thyroid and the kidney. 4. Incorporation of iodide into organic compounds 
of thyroglobulin. 5. Hydrolysis of thyroglobulin. 6. Deiodination of iodotyrosines. 7. Reversible protein binding of thyroid 
hormones to specific proteins of plasma. 8. Peripheral conversion of thyroxine into triiodothyronine. 9. Conjugation of 
thyroid hormones with glucuronide in the liver. 10. Deiodination of thyroid hormones by peripheral cells. Inhibitory drugs 
are indicated in brackets 
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be oxidized to some more electrophilic inter
mediate substance. Despite intensive research 
the exact nature of the iodinating intermediate 
has not yet been elucidated. MAYBERRY (1964) 
has presented good arguments suggesting that 
it is molecular iodine (12)' Others, however, 
have claimed that kinetic data are more com
patible with a mechanism involving a free 
iodine radical (I") (NUNEZ, 1969). Finally, 
hypoiodous acid (HIO+) or iodinium ion (1+) 
are also possible intermediates (HARINGTON, 
1944). Whatever the intermediate is, it must 
be extremely short-lived, since the only forms 
of iodine found in the thyroid are organic 
iodine or iodide. Although in chemical systems 
organic iodination with oxidized iodine inter
mediates takes place spontaneously, there is 
now little doubt that the process is catalyzed 
enzymatically in the thyroid gland. The enzyme 
involved is most probably a heme-containing 
peroxidase which has recently been isolated 
in several laboratories (COVAL, 1967; TAUROG, 
1970; DANNER, 1971; POMMIER, 1972). The 
enzyme is firmly bound to particles which 
sediment with the microsomal fraction, and 
relatively drastic procedures are necessary to 
render it soluble. The various procedures used 
by different investigators for solubilization 
probably account for the considerable variations 
in the chemical properties (molecular weight, 
heme content, km' etc.) from one laboratory to 
the other. The enzyme uses iodide and hydrogen 
peroxide as substrates, the latter being generated, 
for example, during the oxidation of flavin 
nucleotides. The enzyme may catalyze both the 
oxidation of iodine, and the transfer of the 
oxidized intermediate onto thyroglobulin (Nu
NEZ, 1969; POMMIER, 1973; see p. 283). 

c) Coupling Reaction (step 3, Fig. 3) 

In theory, thyroxine could be synthesized by 
the tetraiodination of thyronine, but this path
way is very unlikely, mainly because thyronine 
has never been found in thyroid tissue. Since 
v. MUTZENBECHER (1939) had shown that under 
slightly alcaline conditions diiodotyrosine con
denses spontaneously to yield an appreciable 
amount of thyroxine, this has been the generally 
accepted pathway of thyroxine biosynthesis 
(HARRINGTON, 1944; DEGROOT, 1965). The 
coupling may proceed by the phenoxide ion 
of one diidotyrosine attacking ring carbon 
number 1 of a quinoid intermediate of the 
other diidotyrosyl residue, as envisaged by 
HARINGTON (1944). Very recently, LAMAS (1972) 
has reported good evidence that this coupling 
reaction is also catalyzed by the above-mentioned 
heme-peroxidase. Since both the subtrate (di-
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iodotyrosine) and the product (thyroxine) of 
the reaction are part of the thyroglobulin mole
cule, it seems likely that the reaction involves 
two peptide-bound diiodotyrosyl residues. How
ever, other reaction schemes involving one 
peptide-bound diiodotyrosyl and one free de
rivative, probably diiodohydroxyphenylpyruvic 
acid, also seem possible (MELTZER, 1961; KOJ 
TOl, 1965; BLASI, 1969; OGAWARA, 1972). While 
thyroxine arises from the coupling of two diiodo
tyrosine molecules, triiodothyronine can be syn
thesized by the coupling of one monoiodotyrosine 
to one diiodotyrosine, but this appears to be a 
minor pathway of triiodothyronine biosyn
thesis. Recent investigations have shown that 
the normal human thyroid gland secretes very 
little triiodothyronine. A large part of this 
hormone is produced peripherally by the mono
deiodination of thyroxine (see p. 143). 

d) Thyroglobulin and the Significance of 
}forr.none Stores 

Thyroglobulin obviously occupies a central 
place in the biosynthetic pathway of thyroid 
hormones, since both the iodination of tyrosyl 
residues and the coupling reaction proceed on 
this protein. It has a molecular weight of 
660000 and a sedimentation coefficient of 19 S. 
A small amount of closely related protein with 
a sedimentation coefficient of 27 S, possibly a 
dimer of the 19 S protein, is always demonstrable 
in normal glands. Thyroglobulin contains about 
10 % carbohydrate. The amino acid and carbo
hydrate composition of human and other thyro
globulins has been analyzed in great detail 
(SpIRO, 1970; ARIMA, 1972). 

The subunit structure ofthyroglo bulin is com
plex and not yet fully elucidated. In an alkaline 
medium and after reduction of the disulfide 
bonds thyroglobulin dissociates into 4 subunits 
of 165000 molecular weight (EDELHOCH, 1965; 
DE CROMBRUGGHE, 1966). Whether all the sub
units are similar or whether the molecule is 
asymmetric (LISSITZKY, 1968) is still a subject 
of debate, and much smaller subunits have 
recently been described (ROLLAND, 1972). The 
peptide subunits are assembled separately on 
the ribosomes; the carbohydrate units are added 
in the endoplasmic reticulum (SPIRO, 1966, 1969) 
and in a last step the fully assembled protein 
is iodinated (SEED, 1965; NUNEZ, 1965; VEC
CHIO, 1972). Normal human thyroglobulin has 
an iodine content of about 0.2 to 0.7%. Each 
molecule contains about 120 tyrosyl, 5 mono
iodotyrosyl, 3 diiodotyrosyl and 1 to 2 thyroxyl 
residues. The average triiodothyronine content 
is less than one residue per mole (ROLLAND, 
1972). It must be stressed here that the thyroid 
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hormones are covalently linked to thyroglobulin 
by peptide bonds, in contrast to their state in 
plasma, where they are reversibly associated 
with certain proteins by non-covalent bonds 
(see below). 

Thyroglobulin is secreted into the peri
pheral blood, possibly via lymphatics, in only 
minimal amounts, except in certain inflamma
tory and hyperfunctional states of the gland, 
where significant serum concentrations have 
been measured (TORRIGIANI, 1969; VAN HERLE, 
1973). A small amount of iodinated protein 
unrelated to thyroglobulin is also present in the 
normal thyroid. This protein shares many prop
erties with serum albumin (ROBBINS, 1959). It is 
probably synthesized in the thyroid gland itself 
(OTTEN,1971). 

The thyroid gland contains remarkably 
large stores of hormone. The normal iodine 
content of the gland is about 10 to 20 mg, 30 % 
of which are contained in thyroxine. With an 
average thyroxine iodine secretion of 50 ~g/day 
(see below) the thyroxine stores would thus be 
enough to maintain euthyroidism for 50 to 
120 days in theory. These large hormone 
stores are of practical importance, since they 
explain why antithyroid drugs which block 
hormone synthesis do not have an immediate 
effect on thyroid hormone secretion. 

e) Hormone Release, Hormone Secretory Rate 

Thyroxine and triiodothyronine are stored in 
the colloid as peptide-linked amino acids of 
thyroglobulin. When hormone is to be released, 
small droplets of colloid are engulfed by 
streamers growing from the apical cell mem
brane (step 4, Fig. 3). The droplets move into 
the cell by a process called endocytosis. The 
colloid droplets then move toward the basal 
cell pole, fusing en route with primary lyso
somes. These particles are thought to con
tain the proteolytic enzymes necessary for the 
hydrolysis of thyroglobulin (step 5, Fig. 3). The 
thyroxine and triiodothyronine thus liberated 
diffuse into the blood, while mono- and di
iodotyrosine are immediately deiodinated within 
the gland (step 6, Fig. 3) by a potent and quite 
specific deiodinase (DUMAS, 1973). A large part 
of the iodide arising is reincorporated into 
thyroglobulin. It is still matter of discussion 
whether trace amounts of iodotyrosines leak 
out from the thyroid. Mono- and diidotyrosine 
have been identified in peripheral blood in 
concentrations of about 1 ~g/100 ml (WEINER, 
1967). More recently radioimmunoassay has 
yielded a serum concentration of about 250 ng/ 
100 ml for diidotyrosine (NELSON, 1972). The 
source of these plasma iodotyrosines is not 
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known and it is not at all certain that it is the 
thyroid. 

In the past few years it has been established 
beyond all doubt that the thyroid gland also 
secretes iodine in a nonhormonal form. In the 
dog this has been identified as iodide (NAGA
T AKI, 1969) generated within the thyroid gland 
by the deiodination of mono- and diiodo
tyrosine. There is now convincing evidence 
that a "nonhormonal iodine leak" of this kind 
also exists in the normal human gland (W AR

TOFSKY, 1971; BURGI, 1973). 
The process of hormone release can be 

inhibited by pharmacological doses of iodide. 
The biochemical reaction underlying this iodide 
effect is totally unknown. The effects of several 
pharmacological agents on thyroid hormone 
release have been studied in an in-vitro system 
by WILLIAMS and WOLFF (1971). Colchicine is 
a potent inhibitor of thyroid hormone release 
in this system, which suggests that the micro
tubular-micro filamentous system is involved in 
the process. A short review on thyroid hormone 
release has been written by DEISS (1968). 

TSH is the main controlling factor for 
hormone release. In the absence of TSH, 
hormone release remains minimal. One of the 
first effects of an injection of TSH on the 
thyroid is stimulation of endocytosis leading 
to an increase of colloid droplets within 1 min. 
Secretion of hormone into the blood follows 
rapidly (WILLIAMS, 1972). 

The mean daily secretory rate for thyroxine 
in younger persons is about 80 ~g per day, 
corresponding to 52 ~g of iodine (ODDIE, 
1966). GREGERMAN (1962) has shown that the 
thyroxine secretory rate declines with age from 
80 ~g per day at age 20 to about 45 ~g per day 
at age 80. 

Due to methodological difficulties the pro
duction rates of triiodothyronine are less well 
established. The best estimates available vary 
from 20 to 60 ~g per day, corresponding to 
12-36 ~g of iodine (NICOLOFF, 1972; ODDIE, 
1971; WOEBER, 1970). As outlined on p. 143 
more than 50% of this is now thought to arise 
outside the thyroid from peripheral deiodination 
of thyroxine. 

3. State of Thyroid Hormone in Plasma, and Dis
orders of Hormone Binding Plasma Proteins 

The concentration of thyroxine in serum of 
normal persons varies between 5 and 11 ~g per 
100 ml (3.3 to 7.2 ~g iodine per 100 ml). The 
normal value for triiodothyronine varies widely 
according to the method of measurement used. 
STERLING (1969) originally used competitive 
protein binding and obtained a mean value of 
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about 220 ng/l00 ml. More recent studies using 
radioimmunoassays (ODDIE, 1971; MITSUMA, 
1971; LIEBLICH, 1972; MCCONNON, 1971) or 
chemical iodine measurement (HORN, 1972) 
have yielded substantially lower values of 
100-150 ng/l00 ml serum. 

In plasma, 99.97% of thyroxine and 99.70% 
of triidothyronine circulate bound to proteins. 
The bonds between protein and hormone are 
non-covalent, in contrast to the covalent bonds 
of the hormones to thyroglobulin within the 
thyroid. This means that the small free hormone 
fraction in plasma is in dynamic equilibrium 
with the protein-bound hormone and that 
131 I-labeled hormone added to plasma rapidly 
binds to the proteins. Three proteins are 
involved in the binding: 1. thyroxine-binding 
globulin (TBG), an alpha globulin, which 
under specified experimental conditions binds 
about 60 % of the circulating thyroxine. Its 
molecular weight is 58000 *. At full saturation 
it can bind approximately 20 j..lg of thyroxine 
per 100 ml plasma; 2. thyroxine-binding pre
albumin (TBPA), with which about 30 % of the 
circulating thyroxine is associated. At full 
saturation it can bind up to 200 j..lg of thyroxine 
per 100 ml plasma; 3. albumin, which binds 
about 10% of the thyroxine and has a capacity 
of over 1000 j..lg per 100 ml plasma. New 
measurements taken in pH conditions closer to 
the in-vivo situation have shown that TBG 
probably binds more and TBPA less of the 
circulating thyroxine (WOEBER, 1968). Triiodo
thyronine binds less strongly to TBG than 
thyroxine and probably not at all, or only to 
a limited extent to TBPA (DAVIS, 1972). 
The theoretic and clinical implications of the 
reversible hormone binding to plasma proteins 
have been reviewed by OPPENHEIMER (1968) 
and amply discussed in Chap. I of this book 
(p.4). 

Most authors have found that the thyroid 
functional status correlates much more closely 
with the tiny fraction of free hormone than with 
the protein-bound or total plasma hormone 
(ROBBINS, 1967). Unfortunately, only specialized 
research laboratories can measure the free 
hormone, and most clinicians have to rely on 
measurements of the concentration of the total 
hormone. As has been outlined in Chap. I, 
in accordance with the law of mass action, 
alterations of serum proteins may elevate or 
lower the total plasma hormone concentration 
with no change in the functionally relevant 
free hormone level. Thus estrogens, now widely 
used in oral contraceptives, increase the con-

* A much lower value has recently been reported (STERLING, 
1971). 
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centration of TBG and cause misleadingly high 
values of the protein-bound iodine or the total 
serum thyroxine. The same situation is found in 
pregnancy, in porphyria (HOLLANDER, 1967), 
and in infectious hepatitis (V ANOTTI, 1959). 
A rare hereditary disorder with high TBG 
levels has also been reported (BEIER W AL TES, 
1959; FLORSHEIM, 1962; REFETOFF, 1972; HODG
SON, 1972), sometimes associated with goiter 
(SHANE, 1971). The reverse is true in patients 
treated with diphenylhydantoin, a drug which 
displaces thyroxine from its TBG binding sites 
and leads to low values for the total serum 
thyroxine (LARSEN, 1970). TBG levels are also 
lowered by high doses of corticosteroids and 
androgenic and anabolic steroids. Salicylates 
in high doses displace thyroxine from TBG and 
TBPA and lower the serum total thyroxine 
concentration (LARSEN, 1972). Stress and fever 
appear to lower the concentration of TBP A. 
During acute infections this may temporarily 
produce decreased binding of hormone to 
plasma proteins and a reciprocal increase of 
hormone binding to tissues (DE RUBERTIS, 1972). 
Androgenic steroids increase the concentration 
of TBP A. An hereditary decrease in the con
centration of TBG has been described in 
several kind reds. When properly looked for, 
the defect is not so rare. Affected persons are 
usually detected incidentally. They have a low 
total serum thyroxine, but are euthyroid by all 
other criteria. The defect may be transmitted 
as an autosomal dominant (HEINONEN, 1970) 
or more frequently as an X chromosome
linked recessive (TORKINGTON, 1970; NusYNo
WITZ, 1971; REFETOFF, 1972). In the newborn 
and in the aged more thyroxine is bound to 
TBG and less to TBPA (SCAZZIGA, 1966). The 
significance of this finding is not clear. It 
certainly does not explain the decreased turn
over of thyroxine in the elderly (BRAVERMAN, 
1966). 

4. Peripheral Hormone Metabolism, Conversion 
of Thyroxine to Triiodothyronine 

The half-life of thyroxine in serum is 7 days, that 
of triiodothyronine 1 day (NICOLOFF, 1972), 
the difference probably reflecting the different 
proportion of serum hormone bound to pro
teins. The half-life of thyroxine is increased in 
hypothyroidism and decreased in hyperthyro
idism. The distribution space of thyroxine is 
approximately 10 liters, that of triiodothyronine 
43 liters (WOEBER, 1970). The liver contains 
one third of the total extra thyroidal thyroxine, 
which can rapidly exchange with the plasma 
thyroxine. Phenobarbital increases hepatocel
lular binding of thyroxine and stimulates the 
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metabolic breakdown and the turnover rate of 
thyroxine, but does not alter the plasma con
centration of free or protein-bound hormone 
(OPPENHEIMER, 1968). Only traces of the hor
mones can be found in the cerebrospinal fluid 
(CSF). 

The thyroid hormones are inactivated mainly 
in the liver, kidney, brain, and muscle. A good 
review on thyroid hormone breakdown is 
given in a paper by PITTMAN (1973). Four 
processes are responsible for thyroid hormone 
metabolism: 

1. Conjugation of the phenolic hydroxyl 
group with glucuronic or sulfuric acid. The 
conjugates are mainly excreted in the bile and 
a large proportion can be recovered in the 
feces, although most of the iodine atoms have 
been removed by deiodination, as discussed 
below. The ether linkage between the two 
thyroxine rings appears to remain largely intact 
during catabolism (PITTMAN, 1970). 

2. Oxidative deamination and decarboxy
lation of the alanine side chain, processes taking 
place in the liver and in the kidneys. A relatively 
specific triiodothyronine aminotransferase has 
recently been demonstrated in these tissues 
(SOFFER, 1973). 

3. Deiodination by a dehalogenase which 
is different from the enzyme which deiodinates 
iodotyrosines. This process is very active and 
has been extensively studied. When labeled thyr
oxine is given by injection, 80 to 90 % of the 
iodine is excreted in the urine as iodide and 
the remainder appears in the feces (INGBAR, 
1955). Deiodination of thyroxine takes place in 
muscle, liver, and kidney tissue. In liver part 
of the iodide is incorporated into butanol
insoluble, probably protein-bound compounds 
(KOZYREFF, 1970). The products of processes 
(2) and (3), thyronine and thyroacetic acid, have 
been unequivocally identified in human urine 
(PITTMAN, 1972). 

An obligatory intermediate in the total de
iodination of thyroxine appear to be the mono
deiodinated derivatives. Since the deiodination 
occurs random in the (l- or ~-ring of the thyr
oxine molecule, these monodeiodinated inter
mediates are either the hormone 3,5,3'-triiodo
thyronine or the hormonally inactive 3,3',5'-tri
iodothyronine. Half of the degraded thyroxine 
may thus theoretically be converted to hormon
ally active triiodothyronine. Only recently has 
this pathway of triiodothyronine biosynthesis 
been recognized (STERLING, 1970; PITTMAN, 
1971; BRAVERMAN, 1970; SCHWARTZ, 1971; 
SURKS, 1973). Measurements in man have 
shown that between 30 and 45 % of the degraded 
thyroxine yields triiodothyronine. This accounts 
for at least half, if not all of the triiodothyronine 
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produced in the body. The fact that most of the 
triiodothyronine is produced in extrathyroidal 
tissues fits well with recent observations that the 
normal human thyroid gland contains very little 
triiodothyronine (CHOPRA, 1973). SCHWARTZ 
(1971) has put forward the daring hypothesis 
that thyroxine is inactive per se and needs to be 
converted to triiodothyronine to exert its hor
monal effects. Propylthiouracil inhibits the peri
pheral conversion of thyroxine to triiodothyr
onine (OPPENHEIMER, 1972, p. 266). Whether 
this effect is relevant to its antithyroid action 
in clinical use remains to be established. 

4. About 8 ~g thyroxine and 3 ~g triiodo
thyronine are excreted unchanged in the urine. 
This pathway has only recently been explored 
and offers great promise as a diagnostic test 
for thyroid function (CHAN, 1972; BURKE, 1972). 

5. Mode of Action of Thyroid Hormones 

Both clinically and biochemically, thyroid hor
mones display a confusing multitude of effects 
on the most varied tissues. Despite considerable 
research efforts no common denominator or 
simple biochemical mechanism has yet been 
detected that could explain all thyroid hormone 
effects by a unified concept. It now appears 
that in order to understand thyroid hormone 
action it is necessary to consider processes as 
varied as its effects on the cell nucleus, on 
RNA-synthesis and on cell differentiation, its 
stimulation of protein synthesis at the trans
lational (ribosomal) level, its effects on mito
chondrial respiration and protein synthesis, 
and finally its influence on the adenyl cyclase 
system of certain cell membranes individually. 

Thyroid hormones bind to many components 
of peripheral tissues, e.g. to mitochondria in the 
liver (HOCH, 1968), to soluble cytosol proteins 
of the kidney (STERLING, 1972), and in the case 
of triiodothyronine, to nuclei of kidney and 
liver cells (GRISWOLD, 1972; OPPENHEIMER, 
1972). Specific binding sites are present in the 
anterior pituitary for triiodothyronine but not 
for thyroxine (SCHADLOW, 1972). 

In GRISWOLD'S (1972) experiments, thyr
oxine injected into tadpoles bound rapidly and 
firmly to the chromatin of liver cell nuclei. 
Chemically the bound hormone appeared un
altered. If the tadpoles were kept at 4° C the 
binding did not take place, which is compatible 
with the finding that its action on enzyme 
induction is also inhibited by low temperature. 
Whether the transfer of thyroxine to the 
nucleus is similar to that of steroid hormones 
(p. 15), requiring a soluble cytoplasmic receptor, 
remains to be established. 
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The binding sites for thyroid hormone have 
so far not been further characterized and it is 
doubtful whether they are all true hormone 
receptors. Most of the studies have been 
performed with isotopically labeled thyroid 
hormones and in some instances it was not 
easy to remove bound radioactivity from the 
alleged receptors, as would be expected if the 
hormone-receptor interaction was reversible, 
as is postulated by the general theory of hormone 
action. 

Thyroid hormones are also metabolized by 
many of the tissues they affect (TATA, 1961; 
MORREALE DE ESCOBAR, 1967, see p. 266; see 
also preceeding section). OPPENHEIMER (1971) 
has studied the relationship of thyroid hormone 
metabolism to thyroid hormone action. In
creased hepatic thyroxine metabolism induced 
by phenobarbital in his experiments was not 
associated with an increased hormone effect, 
and he concluded that hormone breakdown 
was not essential for hormone effect. GALTON 
(1962), however, has demonstrated that thy
roxine has no calorigenic effect in poikilothermic 
animals which do not metabolize the hormone. 
The provocative view that thyroxine has no 
effect per se, but must be converted peripherally 
to thyroxine to be active (SCHWARTZ, 1971) is 
still a matter of considerable debate. The latest 
review on all aspects of thyroid hormone 
action dates back to 1962 (HOCH). 

a) Effects on Mitochondria and Respiration 

The most conspicuous action of thyroid hor
mones is their ability to increase oxygen con
sumption and heat production. This effect 
is demonstrable in liver, kidney and muscle, 
but not in the gonads, genital organs, brain, 
and lymphatic tissue (BARKER, 1952). The 
ineffectiveness in the latter tissues cannot be 
attributed to a lack of penetration of hormone, 
since labeled thyroxine can be recovered from 
these tissues after injection. 

The cellular sites of respiration are the 
mitochondria, small organelles with a rather 
complex structure and biochemistry (TAPLEY, 
1967). In connection with thyroid hormone 
action, two fundamental properties of oxidation 
in mitochondria must be briefly recapitulated. 
The first is that normally for each atom of 
oxygen consumed the mitochondrion produces 
three high energy phosphate bonds as A TP, 
leading to a so-called PIO ratio of about three. 
This phenomenon is known as "coupling" of 
respiration. The second property of mito
chondrial respiration is that of "control" by the 
amount of substrate available, such as ADP. 
This control can be demonstrated in vitro by 
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the fact that in the absence of ADP (so-called 
state 4) mitochondrial oxygen consumption is 
substantially lower than in its presence (state 3). 
The ratio of state 3 to state 4 respiration is 
called the "respiratory control ratio". 

Ever since the demonstration that thyroid 
hormone in vitro uncouples oxidation, i.e. 
decreases the number of high-energy phosphate 
bonds in proportion to the oxygen consumed 
(HoCH, 1954; LARDY, 1954; MARTlUS, 1955), 
it has been argued that this constituties its 
basic mode of action. However, there are 
several observations which are hard to re
concile with this view. Firstly, high, un
physiologic concentrations of thyroxine are 
necessary to uncouple respiration. Secondly, 
D-thyroxine, which has only a low activity in 
vivo, is as effective an uncoupling agent as 
L-thyroxine. Thirdly, dinitrophenol, a potent 
uncoupling agent, though increasing oxygen 
consumption, does not reverse the other symp
toms in hypothyroid patients. Lastly, treatment 
of thyroidectomized animals with thyroxine 
does not decrease the PIO ratio (BRONK, 1962). 
Although there has been one report of un
coupled respiration in mitochondria from hyper
thyroid patients (ERNSTER, 1959), this has not 
been confirmed in later careful studies (STOCKER, 
1968). Stocker also found a normal respiratory 
control ratio in the mitochondria of hyper
thyroid patients, which is in contrast to animal 
experiments, where thyroxine given in vivo 
lowers the respiratory control (HOCH, 1967; 
VOLFIN, 1969; KIMATA, 1971). The current 
prevailing view is that thyroid hormone un
doubtedly increases oxygen consumption, and 
may depress the respiratory control ratio, but 
that it does not cause uncoupling in concentra
tions that occur in physiological conditions or 
in hyperthyroidism. 

More recently it has been recognized that 
thyroid hormone stimulates protein synthesis 
in mitochondria. This effect occurs within 
3 hours of a thyroxine injection, i.e. much 
earlier than the stimulation of ribosomal pro
tein synthesis discussed below (PRIMACK, 1970). 
VOLFIN (1969) found that thyroxine specifically 
stimulated the synthesis of a few distinct 
mitochondrial proteins. The relationship be
tween this early protein synthesis and the 
stimulation of respiration is not clear. KAPLA Y 
(1971) reported that he eluted a protein from 
thyroxine-stimulated mitochondria which, when 
added in vitro to untreated mitochondria, 
enhanced their oxygen consumption. BUCHANAN 
(1971), in contrast, found that thyroxine stim
ulated oxygen consumption in mitochondria 
even when mitochondrial protein synthesis was 
blocked with chloramphenicol or puromycin. 
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Finally it has been observed that thyroxine 
produces swelling of mitochondria in vitro 
(LEHNINGER, 1959, 1962; GREIF, 1962). This 
effect is not specific and can be elicited with 
insulin. Its significance is unknown. ISMAIL
BEIGI (1971) has related the calorigenic effect 
of thyroid hormone to the transport of Na + 
or K + across the cell membrane. He found 
that thyroid hormone did not stimulate oxygen 
consumption in liver tissue when the Na + or 
K + transport was inhibited by ouabain. He 
proposed that the primary effect of thyroid 
hormone was the stimulation of Na + transport, 
which in turn necessitated a higher oxygen 
consumption to provide the required energy. 

b) Effects on Cellular Differentiation, Growth, 
and Protein Synthesis 

The effects discussed under this heading are 
all interrelated biochemically and are therefore 
best treated together. Probably one of the most 
spectacular hormone effects known to biologists 
is the induction of the metamorphosis of 
tadpoles by thyroxine. Indeed it seems that the 
only function of thyroid hormone in anurae is 
to assure proper metamorphosis. The study of 
this phenomenon has come a long way from 
the classic morphologic and embryologic in
vestigations towards a biochemical understand
ing of the processes involved. An excellent 
example is provided by the work of COHEN and 
co-workers (PAIK, 1961; COHEN, 1970), who 
studied the appearance of the enzymes neces
sary for urea synthesis in the liver. These 
enzymes are not present in the tadpole. They 
have provided conclusive evidence that thyroxine 
is necessary for this enzyme induction and that 
its site of action is the cell nucleus, where it 
stimulates the synthesis of DNA-dependent 
RNA polymerase, an enzyme necessary for the 
production of mRNA (GRISWOLD, 1972, see 
Chap. I). 

The fact that hypothyroid children have a 
decreased growth rate which is restored to 
normal by thyroid hormone treatment has its 
biochemical correlate in the stimulatory effect 
of thyroxine on protein synthesis. Within 2 
hours after administration of triiodothyronine 
to animals by injection, the microsomal protein 
synthesis in the liver is enhanced (SOKOLOFF, 
1968). This "early" effect on protein synthesis 
is dependent upon the presence of mitochondria 
or an A TP-generating system in the incubation 
medium (CARTER, 1971). It should not be 
confused with the rapid stimulation of mit 0-

chondrial protein synthesis described in the 
previous section, since it is clearly an effect on 
ribosomal function. The effect is independent 

The Thyroid Gland 

of mRNA synthesis; it precedes any change 
in mRNA concentration in the cell and it is 
not blocked by actinomycin D. Thus it must 
be a hormone action at the translational 
(ribosomal) level (see also Chap. I). An in
dependent "late" effect on protein synthesis in 
the liver can also be observed (SOKOLOFF, 1964; 
TATA, 1966, 1967, 1968). This late effect is in
dependent of the presence of mitochondria, 
but requires the synthesis of mRNA. It is there
fore thought to be due to a hormone effect on 
the transcription of RNA in the cell nucleus, 
analogous to changes observed during anuran 
metamorphosis. Thyroid hormone effects on 
the enzymes of the central nervous system are 
discussed on p. 147. 

c) Effects on the Cardiovascular System and on 
the Adenyl Cyclase System 

It is a familar clinical observation that thyroid 
hormone increases the heart rate and widens 
the pulse pressure. In hyperthyroidism the stroke 
volume usually increases but occasionally re
mains constant or decreases. The cardiac output 
increases, and, although the peripheral vascular 
resistance decreases, the mycocardial workload 
becomes greater. The cardiac output increases 
more than would be expected on the basis of the 
enhanced peripheral oxygen consumption (DE 
GROOT, 1970). Increased excitability of the car
diac conductive tissue is found before a change in 
heart rate (ZAIMIS, 1969). Premature beats and 
auricular fibrillation occur frequently in hyper
thyroidism (cf. p. 184, 207). 

The effects of thyroid hormone on the heart 
are reversed in part by beta-adrenergic blocking 
agents (see p. 150 and p. 197). In many ways 
the effects of thyroid hormones on the heart 
resemble those of catecholamines. It is now 
firmly established that the catecholamine 
actions on the heart are mediated by the 
adenyl cyclase system (Chap. I), and it therefore 
seemed logical to look for a similar mechanism 
in the case of thyroid hormones. The first 
hypothesis to be examined was whether thyroid 
hormone simply acted by increasing the myo
cardial sensitivity to catecholamines. This view 
was clearly refuted by observations that thyroid 
hormone affected the contractility regardless 
of the level of circulating catecholamines (Buc
CINO, 1967) and that the dose-response curve 
for epinephrine on papillary muscles of hyper
thyroid cats was identical to that obtained with 
tissues from normal cats, both when cyclic 
AMP generation was measured and when 
contractility was used as a measure of response 
(LEVEY, 1969). A second question was whether 
the amount of adenyl cyclase was controlled 
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by thyroid hormone. Although myocardial 
total adenyl cyclase was slightly diminished in 
hypothyroidism, this was not thought suf
ficient to account for the effects of thyroid 
hormones (LEVEY, 1971). Most evidence now 
points to a direct stimulation of adenyl cyclase 
by the thyroid hormones independent of that 
of catecholamines (LEVEY, 1969). This complex 
problem has recently been well reviewed by 
LEVEY (1971), but his view has been challenged 
by recent work of WILDENTHAL (1972), who 
maintained fetal mouse hearts in organ culture 
and was therefore able to study the effects of 
thyroid hormone in carefully controlled catechol
amine concentrations. Exposure of the ex
planted hearts to triiodothyronine for three 
days did not change their basal beating rate, 
but sensitivity to norepinephrine was signif
icantly enhanced. Further research is necessary 
on this difficult question. 

d) Ejjectson LipidandAdipose Tissue Metabolism 

Thyroid hormones enhance the degradation of 
cholesterol, and to a lesser degree its synthesis. 
As a result, serum cholesterol is low in hyper
thyroidism and high in hypothyroidism. It has 
also been known for some time that thyroid 
hormone increases lipolysis and the release of 
free fatty acids in adipose tissue (CHALLONER, 
1970). KRISHNA (1968) has suggested that this 
effect is due to an increased amount of adenyl 
cyclase by de-novo synthesis of enzyme protein. 
a view corroborated by CALDWELL'S (1971) 
findings. 

e) Thyroid Hormone F;lfects on the Central 
Nervous System and on Neuromuscular Function 

In view of the profound neurologic changes 
observed in hyper- and hypothyroidism there 
can be no doubt that thyroid hormone affects 
brain and nerve metabolism. Hypothyroidism 
produces a general slowing of most cerebral 
functions, although orientation in space and 
time and recognition of objects are main
tained intact except in the severest cases. The 
biochemical substrate for this phenomenon is 
not known. Since thyroid hormones have no 
influence on cerebral O2 consumption (BARKER, 
1952) it cannot be explained by decreased energy 
metabolism. It may be related to the stimulatory 
effect of thyroid hormone on cerebral protein 
biosynthesis (GELBER, 1964). In adult men or ani
mals, hypothyroid changes in cerebral function 
are entirely reversible with thyroid hormone sub
stitution. This is not true of cerebral changes 
produced by hypothyroidism in fetal life or 
during infancy. It is a common clinical ob-
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servation that congenitally hypothyroid chil
dren remain mentally retarded despite thyroid 
hormone substitution if there has been any 
delay in instituting the treatment. Recent ad
vances in neurobiochemistry have provided 
detailed information on the development of 
the central nervous system. It appears that 
cerebral maturation proceeds in a series of 
steps with the synthesis of particular proteins, 
enzymes, and lipids, each appearing at a 
relatively fixed point in fetal or infantile life. 
In rats, WYSOCKI (1972) has studied the ap
pearance of two enzymes associated with myelin 
formation in the nervous system, UDP galactose: 
sphingosine galactosyl transferase, and 2': 3' 
nucleotide 3' -phosphohydrolase. Both enzymes 
are present in reduced amounts in brains of 
hypothyroid neonate rats. Regular thyroid hor
mone substitution from the first day of life 
onward brings the enzyme back to normal. If 
thyroid hormone substitution is not started 
until the 8th day of life the enzymes remain 
irreversibly low. Unfortunately, comparable 
information is not available for man and we do 
not known the exact time when thyroid hormone 
lack produces irreversible brain damage. 

Muscular contraction is impaired in hypo
as well as in hyperthyroidism. An extreme form 
is observed in Japan where there is a strikingly 
high incidence of acute attacks of hypokalemia 
and muscular paralysis (p. 186). In a careful 
study of thyroid hormone effects on the neuro
muscular junction, HOFMANN (1972) showed that 
the membrane potentials of hyperthyroid muscles 
were decreased. This may explain the suscep
tibility of hyperthyroid patients to hypokalemic 
paralysis. Very few electrophysiological changes 
were observed in hypothyroid nerve-muscle pre
parations, and no explanation was found for 
the clinically important slowing of reflexes in 
hypothyroidism. 

f) Other Thyroid Hormone Effects 

Thyroid hormone increases calcium and phos
phate turnover and calcium loss in both stools 
and urine. Osteoblasts and, even more, osteo
clasts become activated in hyperthyroidism, 
producing a measureable increase of the alka
line phosphatase of serum (EpSTEIN, 1968). 
Hyperthyroidism is also often associated with 
osteoporosis. However, hypothyroid patients 
tend to become hypercalcemic easily under cal
cium loads. Patients who suffer from hypopara
thyroidism and hypothyroidism after thyroid 
sugery usually show a decreased requirement 
for vitamin D when properly substituted with 
thyroxine. Thyroxine treatment markedly en
hances bidirectional transport (in particular 
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influx) of magnesium and calcium in liver 
slices (WALLACH, 1972). 

Thyroid hormone has a complex effect on 
carbohydrate metabolism. In high doses thyr
oxine diminishes the liver glycogen content, 
while in small doses it enhances glycogen 
synthesis. Oral glucose tolerance tests are 
sometimes abnormal in hyperthyroidism. This 
may be due partly to a more rapid intestinal 
sugar absorption and partly to increased gluco
neogenesis (HElTZMANN, 1971). Thyroid hor
mone probably enhances glucose metabolism 
in adipose tissue (BUTTERFIELD, 1964). Hyper
thyroidism increases the caloric and therefore 
the insulin requirement in concomitant diabetes. 

During hyperthyroidism, urinary creatine 
excretion is increased and creatinine excretion 
decreased. The reverse is true in hypothyroidism. 
The synthesis of creatine is probably not 
changed, but creatine cannot be retained in the 
tissues in hyperthyroidism due to inhibition of 
creatine phosphokinase (KUHLBACK, 1957; As
KONAS, 1959). 

Thyroid hormones produce a proliferation 
of lymphatic tissue. The thymus is often atrophic 
in hypothyroidism and enlarged in hyper
thyroidism, but this may also be due to asso
ciated autoimmunologic processes. 

Thyroid hormone stimulates hemoglobin 
synthesis in vitro in bone-marrow cultures 
(FuHR, 1970). This may have some connection 
with the anemia often present in hypothyroidism, 
but doctors will object that moderate unex
plained anemia is also a feature of hyper
thyroidism. Thyroid hormone added to eryth
rocytes in vitro increases their content of 
2,3-di-phosphoglyceric acid by an activation of 
1,3-di-phosphoglyceric acid mutase. Since the 
former compound has a profound influence 
on oxygen transport in blood, this effect may 
have some clinical importance (SNYDER, 1970). 

6. Control of Thyroid Hormone Biosynthesis 
and Release 

The main factor controlling thyroid function 
is TSH. In addition, the thyroid has the capacity 
for limited autonomous control. 

a) Hypothalamic Control, TRH 

It was recognized long ago that neural factors 
were involved in the control of TSH secretion 
in laboratory animals. For example, a low 
ambient temperature, stress of any other kind 
and a change in atmospheric pressure* were 
recognized as being capable of increasing thyroid 
* It must be emphasized that in man the same stimuli 
provoke no or only a limited response of TSH secretion. 
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hormone secretion under appropriate condi
tions. After small lesions at specific sites of the 
hypothalamus, rats showed signs of hypo
thyroidism and a lowered serum thyroid hor
mone concentration, though the TSH feedback 
was not completely abolished and the animals 
were still capable of responding to a goitrogen 
with thyroid hyperplasia. It is from these 
observations that the concept of the neuro
endocrine control of TSH secretion has evolved 
(BROWN-GRANT, 1957, 1960, 1967; AVERILL, 
1961; GUILLEMIN, 1964). Further studies have 
culminated in the isolation of a tripeptide 
from porcine (NAIR, 1970) or ovine (BURGUS, 
1970) hypothalamus, which after injection into 
animals or man or after addition to the in
cubation medium of surviving pituitary slices 
causes the release of TSH. The chemical 
formula of this tripeptide, which has been 
termed thyrotropin-releasing hormone (TRH), 
is L-(pyro )glutamyl-L-histidyl-prolinamide. The 
hormone can now be chemically synthesized 
in large quantities and the easy availability 
has led to numerous publications on its effects 
and the development of a very useful clinical 
test (ANDERSON, 1971). Short reviews have been 
published by BURGUS (1970) an HERSHMAN 
(1971). 

The main features of the hypothalamic 
control of TSH secretion are as follows: 
Upon neural inputs, which can also be generated 
by implanted electrodes, the hypothalamus 
secretes TRH into the venous blood, where its 
concentration can be measured by bioassay 
(WILBER, 1970). Before being diluted in the 
total circulating blood volume TRH reaches 
the anterior pituitary via a small system of 
portal vessels and produces a rapid release of 
TSH. Feedback control by thyroid hormone 
probably operates on several loops of this 
complex system. One loop, probably the main 
one, functions by a direct effect of thyroid 
hormone on the anterior pituitary. This is 
nicely demonstrated by the fact that TSH 
secretion is greatly increased upon injection of 
a standardized amount of TRH in hypothyroid 
patients and decreased or absent in hyper
thyroid patients. In addition, receptors for 
triiodothyronine have recently been observed in 
the pituitary (SCHAD LOW, 1972, p. 251). A sec
ond feedback loop goes to the hypothalamus, 
where thyroid hormone inhibits the release of 
TRH, but at present this loop is more difficult 
to demonstrate experimentally. The first loop 
(thyroid-pituitary) can operate in the absence 
of TRH, although TSH secretion is diminished. 
In other words, TRH changes the set point of 
the pituitary response to the circulating thyroid 
hormone level. 
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b) Anterior Pituitary. TSH 

The function of the normal thyroid gland is 
controlled by thyrotropin (thyroid stimulating 
hormone, TSH), which is produced by the 
basophil cells of the anterior pituitary gland. 
TSH for diagnostic and research purposes is 
usually prepared from pituitary extracts. Highly 
purified preparations have been made from 
such extracts, and LIAO (1971) has recently 
reported the primary structure of bovine TSH. 
The hormone contains 15 % carbohydrate and 
consists of two peptide chains, one of which 
(the alpha chain) is identical with the alpha 
chain of luteinizing hormone (LH). Hybrids 
between TSH-beta and LH-alpha have normal 
biologic activity on the thyroid comparable to 
that of recombined TSH-alpha and TSH-beta 
(PIERCE, 1971). The molecular weight of the 
hormone is 28000. Even the purest preparations 
are found not to be homogeneous when tested 
by sensitive methods such as gel electrophoresis. 
This microheterogeneity is probably not the 
result of variations in the primary amino-acid 
sequence, but rather of a varying amide or 
carbohydrate content. The potency of TSH 
preparations is usually measured in a bioassay 
and expressed in units of an international or a 
comparable VSP standard. More recently, a 
limited supply of a standard containing human 
TSH, so-called HTRS-A, has become available 
(see REICHERT, 1970, for comparison of both 
standards). The purest TSH preparations have 
potencies of 20-40 V/mg, exceptionally 100 V/ 
mg (BATES, 1960 and 1968). Human and bovine 
TSH show incomplete immunologic cross-re
activity. In the mouse bioassay, human and 
bovine TSH give different standard curves. 

TSH affects numerous parameters of the 
metabolism of the thyroid gland. Within minutes 
after injection or addition to an incubation 
medium, stimulation of colloid endocytosis, of 
glucose oxidation, of phosphate incorporation 
into lipids and of RNA synthesis are easily 
measured. The last effect is probably a con
sequence of increased ribose availability due to 
oxidation of glucose via the pentose mono
phosphate pathway, but the other effects seem 
to be independent of each other. TSH also 
enhances synthesis of thyroglobulin and in
corporation of iodine into organic compounds. 
On the whole, TSH-induced colloid endo
cytosis predominates over thyroglobulin syn
thesis, and TSH-stimulated glands are char
acteristically poor in colloid and thyroglobulin. 
Active iodide transport is also stimulated by 
TSH, but this effect has proved more difficult 
to demonstrate, because it has a latency of several 
hours. Finally, TSH causes growth of the 
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thyroid gland. Most, if not all, effects of 
TSH are mediated by the adenyl cyclase-cyclic 
AMP system and can be reproduced by the 
addition of cyclic AMP or derivatives (.T. B. 
FIELD, 1968; BURKE, 1971). CyclicAMP-depend
ent protein kinases have also been demonstrated 
in thyroid tissue (RAPPAPORT, 1971). Recent 
short (FIELD, 1968; BURKE, 1971; LIBERTI, 1971) 
and extensive (DUMONT, 1971) reviews on TSH 
action are available. An interesting feature of 
unknown physiologic significance is that TSH 
also has extrathyroidal effects. Notably it en
hances lipolysis in adipose tissue (FREINKEL, 
1961 ). 

TSH can now be measured in human serum 
by a specific radioimmunoassay. Most assays 
use rabbit antisera against human TSH, rarely 
against bovine or porcine TSH. The human 
TSH research standard A is the reference 
source. Initially the assays were not sensitive 
enough to measure TSH in all normal subjects 
(ODELL, 1967). In the meantime, sensitivity has 
been improved and TSH is now dectectable in 
most, though still not all, sera of normal 
persons (HALL, 1971; PATEL, 1971). Normal 
values vary considerably from one laboratory 
to the other due to the fact that each research 
group uses its own antibody and sometimes also 
individual standards. The most sensitive assays 
now detect any values over 0.5 /lV/ml (HALL, 
1971, PATEL, 1971) and the normal range 
extends from unmeasurable to about 5/lV/ml. 
Values over 10/lV/ml are clearly above the 
normal range in most current assays. The 
reliability and clinical usefulness of the TSH 
radioimmunoassay are now well established 
(HERSHMAN, 1971; MAYBERRY, 1971), although 
problems of sensitivity and specificity still 
persist, particularly in the low and low normal 
range. It is difficult to understand, for example, 
that many laboratories measure normal values 
in sera of frankly thyrotoxic patients (BECKERS, 
1971), when low or unmeasurable values would 
obviously be expected. In addition, bioassay 
measurements give consistently lower values in 
normal sera than the immunoassay (ADAMS, 
1972). Technical improvements to the latter 
method have recently overcome some of the 
difficulties (PATEL, 1971). 

The TSH distribution space is about 50 % 
larger than the plasma volume. The serum half
life of injected TSH is 30-100 min in euthyro
idism. It is longer in hypothyroidism and 
shorter in hyperthyroidism (ODELL, 1967). ODELL 
(1967) found a mean daily secretory rate of 
165 mV, while BECKERS (1971) reported a 
value of 420 mV/day and attributed his higher 
value to the borderline low iodine intake of 
his normal subjects. 
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As anticipated, the plasma TSH concentra
tion shows a close inverse correlation with the 
concentration of the free portion of serum 
thyroxine (REICHLIN, 1967), and very high 
values are found in primary hypothyroidism. In 
fact, the TSH immunoassay has been most 
useful in detecting borderline cases of thyroid 
failure, since TSH levels are often frankly 
elevated when the serum total thyroxine is still 
in the normal range. 

In the first 24 hours after birth TSH in 
plasma shows a sharp rise to high levels and 
returns to normal after one or two days. The 
values then remain very constant throughout 
childhood and adult life. In rat diurnal varia
tions of TSH secretion have been demonstrated 
by BAKKE (1965). Such variations were not 
detectable in man initially (ODELL, 1967; LE
MARCHAND, 1969; WEBSTER, 1972), but NICOLOFF 
(1970) has recently obtained good evidence for 
a diurnal rhythm of thyroidal iodine release, 
which he attributes to oscillations in TSH 
secretion. From very recent measurements it 
appears that TSH levels are very constant 
throughout night and day except in the early 
morning hours, when a short marked peak is 
observed (VANHAELST, 1972). Unlike rats, hu
mans do not react to exposure to cold with 
secretion of TSH (ODELL, 1967), except in chil
dren in whom severe hypothermia is induced 
for heart surgery (WILBER, 1970). 

c) Thyroid Autoregulation 

Evidence for thyroid autoregulation independent 
of TSH stems largely from experiments in hypo
physectomized rats subjected to iodine de
ficiency, and little is known about its importance 
in man. Thus it has been found that the thyroid 
gland may control its hormone secretion in 
response to small changes in the plasma iodide 
level or the total thyroidal iodine content 
before changes in circulating TSH become 
apparent (STUDER, 1965, 1966; STEIGER, 1969). 
Hypophysectomized rats are still capable of 
increasing active iodide transport in response 
to iodine deficiency (HALMI, 1956), and it has 
been postulated that an iodinated organic 
iodine intermediate, if present in sufficient 
amounts, will depress active iodide transport. 
In iodine deficiency this organic iodine com
pound would be diminished and iodide trans
port activated. INGBAR (1972) has written a 
concise review on thyroid autoregulation. 

d) Prostaglandins, Biogenic Amines and 
Autonomic Nervous System 

Prostaglandin PG E-1 reproduces practically 
every effect of TSH on thyroid slices in vitro 
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by activating adenyl cyclase (ZOR, 1969). In 
mice, epinephrine, norepinephrine, 5-hydroxi
tryptamine, and even electrical stimulation of 
the cervical sympathetic trunk cause colloid 
droplet formation (MELANDER, 1972). Vagal 
stimulation has also been shown to induce 
hormone release (ISHII, 1968). In isolated thyroid 
cells epinephrine and serotonin stimulate organic 
iodination and glucose metabolism (MAAYAN, 
1968, 1971). The vascular blood supply of the 
thyroid also appears to be influenced by the 
autonomic nervous system (SODERBERG, 1959; 
LEAK, 1970). The physiologic importance of 
these effects is not yet known. 

7. The Thyroid in Relation to Other Endocrine 
Glands 

a) Adrenal Medulla 

The effects of thyroid hormones, particularly 
on the heart, resemble those of catecholamines. 
Alpha-receptor blocking agents, such as phentol
amine, may diminish the tachycardia, hyper
hydro sis, and tremor of hyperthyroidism even 
while not affecting oxygen consumption and 
cardiac index. Beta-receptor blocking drugs 
also produce an impressive improvement of the 
tremor, tachycardia, and other symptoms of 
hyperthyroidism, including the increased car
diac index (HOWITT, 1966; PIETRAS, 1972) and 
reduced circulation time (GROSSMAN, 1971). 
This may be interpreted as indirect evidence 
that the thyroid hormones act via the catechol
amines, e.g. by sensitizing the tissues to the 
effects of epinephrine. However, present ex
perimental evidence (WILSON, 1966; ZAIMIS, 
1969; see also section on mode of action of 
thyroid hormones) is not compatible with this 
view, and it is now generally accepted that 
thyroid hormones exert a catecholamine-like 
effect per se. 

In some experimental conditions epinephrine 
may enhance the synthesis and release of 
thyroid hormones (FALCONER, 1965, 1967, see 
also preceding section). Norepinephrine in
creases thyroid blood flow and produces an in
crease in the volume ofthe gland, possibly by con
striction of the small veins (MOWBRAY, 1960). 

Epinephrine enhances the peripheral de
gradation of thyroid hormone in rat (GALTON, 
1965), but in man the reverse may be true. The 
problems of thyroid-catecholamine interrela
tions have been reviewed by LEAK (1970). 

b) Adrenal Cortex 

Cortisol breakdown is enhanced in hyper
thyroidism. Due to the feedback mechanism, 
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which leads to an increased secretion of ACTH 
and hypertrophy of the adrenal cortex, normal 
cortisol concentration in plasma is maintained. 
The excretion of 17-hydroxycorticoids is also 
increased. In hypothyroidism, the metabolism 
of the adrenal cortical hormones by hydro
genation is decreased, and the excretion of 
17-hydroxycorticoids is reduced. 

In severe hypothyroidism, the decreased 
metabolic clearance of cortisol leads to hypo
trophy of the adrenal cortices via decreased 
ACTH secretion, with adrenal insufficiency in 
times of increased requirements. The response 
in the ACTH-test is variable, but the meto
pyrapon test reveals a normal ACTH reserve. 

Cortisone in high doses inhibits the rate of 
secretion of the thyroid hormones, increases the 
renal iodine clearance, and diminishes the 
binding of thyroxine to thyroxine-binding glo
bulin. On the other hand, in patients without 
adrenal glands, ACTH has a stimulating effect 
on the uptake of 131 I by the thyroid gland. 

c) Ovaries 

Estrogens increase the concentration of thy
roxine-binding globulin in plasma. As outlined 
in the section on thyroid hormone transport, 
this produces a rise in the protein-bound 
iodine or the serum total thyroxine. However, 
the concentration of free thyroxine in plasma 
remains constant, and the euthyroid state is 
maintained. A resin T 3-uptake test in the hypo
thyroid range will alert the doctor to the fact 
that the increased serum total thyroxine reflects 
a change in thyroxine-binding globulin rather 
than hyperthyroidism. Hormonal contraceptives 
containing estrogens have the same effect. 

d) Testes 

Androgens and anabolic synthetic steroid hor
mones, in contrast to estrogens, lower the 
thyroxine-binding globulin. The serum total 
thyroxine becomes lowered, but the T rresin 
test changes in the opposite direction, assuming 
hyperthyroid values. The free serum thyroxine 
remains constant. 

e) Thyroid Gland and Pregnancy 

In pregnancy the thyroid gland may increase in 
size, but how often this occurs and whether it 
only takes place in areas of limited dietary 
iodine supply is still controversial. Due to the 
action of estrogen the total serum thyroxine 
rises and the resin T 3-uptake test is shifted into 
the hypothyroid range (see above). The free 
serum thyroxine again remains constant. 
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The basal metabolic rate increases during 
pregnancy. This is probably not due to a true 
hypermetabolic state, but reflects increased 
metabolic mass due to the fetal tissues, or 
increased cardiac work. The radioiodine uptake 
of the thyroid is moderately increased in 
pregnancy, but the significance of this finding 
is unknown (STEIN, 1973). 

Fertility is much reduced in hypothyroidism. 
If pregnancy does occur, miscarriage or fetal 
malformations are frequent. Occasionally even 
a severely hypothyroid woman gives birth to 
a perfectly normal child. In contrast, mild to 
moderate hyperthyroidism has very few del
eterious effects on pregnancy and the fetus, 
but this does not mean that the management of 
hyperthyroidism during pregnancy is easy, nor 
that it should be neglected. Children born to 
hyperthyroid mothers sometimes suffer from 
neonatal hyperthyroidism, allegedly due to 
placental transfer of LA TS, which can be 
measured in the plasma of the offspring (p. 200). 
The condition clears spontaneously parallel to 
the disapperance of LA TS from the plasma of 
the newborn. 

TSH does not cross the placenta from mother 
to child or in the reverse direction. TSH-like 
substances can be extracted from human pla
cental tissue, but their physiologic significance 
is totally unknown (see section on hyper
thyroidism, p. 209). 

The important question as to what extent 
thyroid hormones do cross the placenta has 
not yet been satisfactorily settled. In the human 
fetus the concentration of thyroid hormone in 
plasma is much lower than in maternal plasma, 
especially in the first two trimesters. However, 
fetal thyroxine-binding globulin is equally low, 
and therefore the crucial free thyroxine concen
tration could be the same on either side of the 
placental barrier in theory. More recently, 
careful measurements of free thyroxine in the 
maternal and fetal circulation from the 8th to 
the 24th week of gestation have established that 
before the 10th week no free thyroxine is 
present in the fetus. The concentration then 
rises rapidly, but there is no correlation with 
the maternal concentration (GREENBERG, 1970). 
When labeled thyroxine is admistered by in
jection to the mother, most of the 131 I is re
covered in the fetus as iodide, and only a very 
small part as hormone. ROBIN (1972) has given 
an excellent short review of the problem. In his 
own experiments 131 I from labeled thyroxine 
injected into pregnant sheep appeared in the 
fetus mostly as iodide and only in small amounts 
as thyroxine. He concluded that there was a small 
but significant two-way flux of thyroxine across 
the placenta. Treatment of hyperthyroidism with 
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antithyroid drugs during pregnancy may pro
duce fetal hypothyroidism and goiter despite 
the fact that the mother is intentionally left 
slightly hyperthyroid. In our view, all this 
evidence taken together confirms that thyroid 
hormones cross the placental barrier from mother 
to fetus to a very limited extent if at all, despite 
claims to the contrary (RAm, 1967). The fetus 
is therefore dependent on its own production 
of thyroid hormone; since most antithyroid 
drugs, including iodide, cross the placental 
barrier, this greatly complicates the treatment 
of hyperthyroidism during pregnancy. 

Iodide is actively transported across the 
placenta into the fetal circulation. This trans
port can be inhibited by thiocyanate (MYANT, 
1958). Pharmacological doses of iodide ad
ministered to the mother, e.g. for the management 
of asthma, have produced severe fetal hypo
thyroidism and goiter (p. 167). 

8. Changes of Thyroid Function in Diseases of 
Other Organs 

a) Diseases of the Liver 

In obstructive jaundice, conjugates of thyroxine, 
particularly glucuronides, circulate in the plasma 
and may elevate the level of protein-bound 
iodine (VANOTTI, 1959). Hepatitis and acute 
intermittent porphyria increase the thyroxine
binding globulin level and therefore the protein
bound iodine and the total serum thyroxine. 
In cirrhosis the thyroidal radioiodine uptake is 
sometimes increased, probably due to deficient 
dietary iodine intake associated with the poor 
nutritional status of alcoholics. The reverse, a 
low radioiodine uptake, has also been described 
in patients with cirrhosis (HOLLANDER, 1967). 
The variations of thyroxine-binding globulin 
in chronic liver disease are unpredictable, so 
that the total serum thyroxine may be normal, 
elevated or decreased (HOLLANDER, 1967). Mc
CONNON (1972) recently investigated the effect 
of liver cirrhosis on thyroid hormone turn
over. He found that the production rate of 
triidothyronine was doubled in cirrhosis, whereas 
that of thyroxine was decreased by about 30 %. 

b) Renal Disease 

In renal insufficiency iodide clearance by the 
kidney is decreased. Since an oral dose of 
radioactive iodine is divided between the thyroid 
gland and the kidney, the obvious consequence 
of renal disease might seem to be increased 
thyroidal uptake. This reasoning does not, 
however, take into account that the plasma 
iodide level rises due to impaired renal iodide 
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clearance. This in tum lowers the thyroidal 
iodide clearance, either by autoregulation or by 
the TSH feedback system. Therefore thyroidal 
radioiodine uptake is in fact normal in most 
cases of kidney disease even in anephric patients 
(ODDIE, 1970). In the nephrotic syndrome the 
total serum thyroxine is often low. Whether 
this is due to a loss of hormone in the urine or 
to a loss or decreased synthesis of thyroxine
binding globulin (CRUCHAUD, 1954; RASMUSSEN, 
1958) is not yet known. Usually the free thy
roxine in the serum remains normal and a 
euthyroid state is maintained (HERMANN, 1972). 

Increased amounts of TSH are excreted in 
the urine of rats rendered nephrotic by puro
mycin (IFF, 1969). Some clinical features of 
chronic uremia are similar to those of hypo
thyroidism, and FANKHAUSER (1968) has found 
some evidence of secondary hypothyroidism in 
about one third of uremic patients. 

D. Hypothyroidism in the Adult 

1. Classification 

As with the other endocrine glands controlled 
by the anterior pituitary, hypofunction of the 
thyroid gland can be divided into a primary 
form due to failure of thyroid tissue itself and 
a secondary form due to a deficiency of TSH 
secretion. Plasma TSH is elevated in the former 
and low in the latter case. In primary hypo
thyroidism the thyroid gland is already under 
intense stimulation by endogenous TSH, and 
injection of TSH has no further stimulatory 

Table 1. Thyroid diseases with hypothyroidism. The nomen
clature, but not the classification, of the American Thyroid 
Association is used (WERNER, 1969) 

1. Primary hypothyroidism 
a) Idiopathic myxedema (chronic lymphocytic thyroiditis, 

atrophic variant) 
b) Aplasia or ectopism of thyroid tissue 
c) Destruction of thyroid tissue by 

Surgery 
Radioiodine 
External radiation 

d) Drug-induced hypothyroidism 
Thionamide drugs 
Perchlorate 
Iodide (high doses) 
Others (lithium etc.) 

e) Inborn errors of hormonal synthesis (familial goiter) 
f) Endemic cretinism, hypothyroid variant 

2. Secondary hypothyroidism 
a) Thyrotropin deficiency 

Isolated 
Panhypopituitarism 

b) Thyrotropin-releasing hormone deficiency 
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effect. In secondary hypothyroidism the thyroid 
responds well to exogenous TSH. Myxedema 
describes alterations in the skin that are often 
but not always found in hypothyroid patients. 
Some authors use the term interchangeably 
with hypothyroidism, others only for severe 
forms of the disease. 

Endemic cretinism occupies a special place 
in the classification. Hypothyroidism does not 
explain all its features and incidentally is not 
always present in endemic cretins (p. 215). 

Our nomenclature roughly follows that 
adopted by the American Thyroid Association 
(WERNER, 1969), but the classification is some
what different (Table 1). 

2. Primary Hypothyroidism 

a) Etiology 

ex) Idiopathic Hypothyroidism (synonyms: 
spontaneous or primary thyroid atrophy; chronic 
thyroiditis, atrophic variant) 

This is the commonest form of spontaneous hypo
thyroidism in the adult and is now considered 
the end result of a chronic inflammatory 
process. Of the patients with this form of 
hypothyroidism g3 % have serum antibodies to 
components of thyroid tissue, an incidence 
only surpassed in chronic lymphocytic thyro
iditis (97 %). Most authorities now agree that 
idiopathic hypothyroidism is the end result 
of a process basically similar to chronic lym
phocytic thyroiditis (DONIACH, 1963; BASTENIE, 
1972) and that it is an autoimmunological 
disease. Just how many patients with chronic 
lymphocytic thyroiditis progress into myxedema 
is not known. Only a few patients with idio
pathic hypothyroidism give a history of a 
transient goiter, such as would be expected if 
they had suffered from classic chronic lym
phocytic thyroiditis. Therefore the suffixes 
asymptomatic or atrophic variant have been 
coined to differentiate this disease from the 
ordinary chronic lymphocytic thyroiditis. Pa
tients with idiopathic hypothyroidism and those 
with chronic lymphocytic thyroiditis often give 
a family history of the disease. Relatives of 
patients have an increased incidence of serum 
antibodies to thyroid tissue, but only a few 
have overt thyroid disease. 

Women are afflicted with idiopathic hypo
thyroidism five times as frequently as men. More 
than 70 % of cases are diagnosed after the age of 
50 (BASTENIE, 1972). Children, however, are 
also affected in rare cases. A few cases of 
Graves' disease progressing spontaneously into 
idiopathic hypothyroidism later have been ob
served (MEANS, 1963). 
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BASTENIE (1971) has recently described a 
subclinical or asymptomatic variety of this 
form of hypothyroidism, which he found as
sociated with early coronary artery disease. 
Subacute non suppurative thyroiditis occasional
ly causes transient hypothyroidism, but only 
very few of these patients ultimately develop 
permanent myxedema (IVY, 1961). 

On pathological examination (Fig. 35, p. 225) 
the thyroid gland of a patient with idiopathic 
hypothyroidism is usually small in size ( < 20 g). 
The histological picture varies between the 
extremes of lymphocytic thyroiditis with mostly 
intact follicles to a dense fibrous tissue with 
few epithelial cells left (BASTENIE, 1972). 

~) Hypothyroidism due to Aplasia or Ectopism 
of Thyroid Tissue (is discussed on p. 166) 

y) Hypothyroidism due to Thyroid Destruction 

With the increasing use of radioiodine therapy 
for thyrotoxicosis this will probably soon be 
the most frequent cause of hypothyroidism. 
The original claims by some authors that 
elaborate calculation of the dose or administra
tion of low doses will prevent this complication 
of treatment with radioiodine has not been 
substantiated by careful studies. The prevailing 
view now is that the dose probably affects the 
incidence of hypothyroidism after one or two 
years, but that thereafter an additional 2 to 5 % 
of the patients become hypothyroid each year 
irrespective of the dose (see section on hyper
thyroidism and also the excellent short review 
by GLENNON, 1972). 

The thyroid gland is usually considered 
quite resistant to external radiation and occa
sional cases of hypothyroidism after X-ray 
therapy have been attributed to concomitant 
autoimmune disease (MARKSON, 1965). More 
recently GLATSTEIN (1971) has found that of 
174 patients with malignant lymphoma who 
received high-dose radiation to the neck area 
44 % had elevated TSH levels and 25 % became 
frankly hypothyroid. 

Subtotal thyroidectomy for Graves' disease 
or euthyroid goiter was recognized as a cause 
of hypothyroidism nearly a century ago by 
KOCHER (1883). The reported incidence varies 
widely from study to study (see section on 
treatment of hyperthyroidism). A high incidence 
was reported by MICHIE (1972). He found that 
49 % of 278 patients subjected to surgery for 
Graves' disease 2 to 6 years previously had 
become hypothyroid. The incidence of hypo
thyroidism in his study was clearly related to 
the size of the thyroid remnant left by the 
surgeon. This last contention contrasts with 



154 

HARGREAVES' (1968) observation that post
operative hypothyroidism correlated more 
closely with the degree oflymphocytic infiltration 
of the gland and with serum thyroid antibodies 
than with the size of the thyroid remnant. 
MICHIE (1972) found that most of his patients 
who became hypothyroid did so within 4 
months of the operation and that very few 
later developed myxedema. However, there is 
no general agreement on this point and others 
have suggested that the incidence of hypo
thyroidism probably rises in a cumulative 
fashion, as after radioiodine therapy (see p.194). 

8) Drug-Induced Hypothyroidism 

The most frequent cause of this form is over
dosage of antithyroid drugs during treatment 
of thyrotoxicosis. Thionamide drugs and per
chlorate are both potential causes. Hypo
thyroidism is occasionally induced by drugs 
whose primary effect is not on the thyroid 
gland. Sulfonyl ureas used in the treatment of 
diabetes have been found to produce hypo
thyroidism as a side effect; HERSHMANN (1968) 
has pointed out that these drugs also displace 
thyroxine from its binding sites on plasma 
proteins, which lowers the serum thyroxine 
concentration and may lead to an erroneous 
diagnosis of hypothyroidism. Since the intro
duction of lithium into the treatment of manic
depressive illness an increasing number of 
cases of goiter and/or hypothyroidism due to 
this drug have been reported (SCHOU, 1968; 
CANDY, 1972). The thyroid lesion is reversible 
after discontinuation of lithium. The exact 
mechanism of action is not yet clear, but so far 
it has been established that the lithium ion is 
actively transported into the thyroid cell and 
inhibits active transports of iodide and colloid 
droplet formation after TSH stimulation (BE
RENS, 1970; BURROW, 1971; WILLIAMS, 1971). 
The basic effect of lithium may be inhibition 
of thyroidal adenyl cyclase. 

In thyrotoxicosis, pharmacological doses of 
iodine have a rapid antithyroid effect, but the 
normal thyroid gland usually tolerates large 
doses of iodine without adverse effects or with 
only a minimal decrease of hormone secretion 
(VAGENAKIS, 1973). However, in the past 25 
years it has been recognized that occasional 
euthyroid patients develop severe but reversible 
hypothyroidism when given pharmacological 
doses of iodide, e.g. in the treatment of asthma, 
(PARIS, 1960; BEGG, 1963; MURRAY, 1967). 
This problem of iodide-induced goiter and 
hypothyroidism has been exhaustively reviewed 
by WOLFF (1969). The normal thyroid gland 
is known to escape from the effects of iodide 
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by shutting off active iodide transport, thereby 
preventing the build-up of excessive iodide 
levels in the cell. In susceptible persons this 
autoregulatory control of active iodide transport 
fails for unknown reasons. Patients with chronic 
lymphocytic thyroiditis and patients with Gra
ves' disease who have been treated with radio
iodine are particularly prone to the development 
of iodide myxedema (BRAVERMAN, 1969, 1971). 
Iodide seems to be particularly inhibitory on 
thyroid function when it is combined with 
another drug which has a weak antithyroid 
effect itself. Many patients with iodide goiter 
in a study in England were taking a widely 
prescribed antiasthma preparation (Felsol pow
der) which contains iodopyrine and phenazone. 
The latter is a weak antihyroid drug and is 
probably ineffective by itself, but it greatly 
potentiates the effect of the iodine component 
(PASTERNAK, 1969). An endemic form of iodide 
goiter, usually without hypothyroidism, is known 
as coast goiter in Japan (SUZUKI, 1965). The 
anticonvulsant drug aminogluthetimide has oc
casionally produced hypothyroidism (RALLISON, 
1967). 

E) Hypothyroidism due to Inborn Errors of 
Hormone Biosynthesis 

This group of thyroid diseases, also grouped 
under the name of familial goiter will be 
discussed in detail in the section on childhood 
hypothyroidism (p. 167). Deficient production 
of thyroid hormone means that circulating 
TSH levels are very high in these patients. The 
thyroid is therefore under maximal stimulation 
and goiter develops soon after birth. Since in 
most other forms of hypothyroidism the gland 
is small or even nonpalpable, the combination 
of goiter and hypothyroidism arouses the sus
picion of an inborn error of metabolism. In 
some cases the defect is only partial and hypo
thyroidism is mild or absent. 

b) Incidence of Hypothyroidism 

The overall true incidence is difficult to establish. 
In Zurich the incidence was calculated at 
0.25 % in outpatients and 0.2 % in inpatients. 
MEANS (1963) cites an incidence of O.ot to 
0.08 % for inpatients in the U.S.A., and also 
states that it is one eighth as frequent as thyro
toxicosis. In centers where radioiodine is the 
preferred treatment for Graves' disease the 
incidence of hypothyroidism must be expected 
to rise in the future. Women are affected 5 to 
7 times more frequently than men. The incidence 
rises with the age of a patient population and 
may reach 1.9 % among geriatric patients. 
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c) Pathologic Anatomy 0/ Various Organs in 
Hypothyroidism 

In primary hypothyroidism the anterior pitu
itary is under intense stimulation to secrete 
TSH. The morphologic counterpart to this 
is a measurable increase in the size of this gland 
and an increase in the number of the so-called 
beta-2 cells, a subclass of basophil cells pre
viously known as amphophil (RUSSFJELD, 1955) 
or PAS-positive gamma cells (EZRIN, 1959). In 
long-standing primary hypothyroidism nodular 
hyperplasia may arise in the anterior pituitary, 
sometimes developing into true adenoma 
(M6sLI, 1968). The gonads remain poorly 
developed in childhood hypothyroidism. In 
rare cases, however, premature menstruation 
and galactorrhea have been observed and 
ascribed to concomitant increases in the secre
tion of gonadotrophic hormones and prolactin 
(see p. 158). 

Other morphologic changes in hypothyro
idism are found mainly in the skin, the muscu
lature and the skeleton. Strictly speaking, the term 
myxedema describes the edematous swelling of 
the corium of the skin with deposits of mucoid 
material, in particulate acid mucopolysacchari
des, and an increase in mast cells. The same 
changes occur in skeletal and smooth muscles 
and in the myocardium. Deposits in these 
structures are not only extracellular but also 
occur as basophil inclusions in the cells. Skeletal 
changes occur mainly in childhood hypothyr
oidism and result in retarded bone age. The 
epiphyseal growth zones remain noncalcified 
for a long time, and if ossification does eventu
ally begin, it is irregular, producing the picture 
of epiphyseal dysgenesis. The abnormal ossifi
cation in the hip often leads to impairment of 
joint function resembling that in Perthes' disease 
or in osteoarthritis. 

d) Clinical Picture in Primary Hypothyroidism 

ar:) History and Mental Changes 

The onset is insidious and overt hypothyroidism 
does not develop until a large part of the 
thyroid tissue has been destroyed. The pathologic 
process in the gland precedes the appearance of 
overt hypothyroidism by years. Hypothyroid 
patients rarely mention symptoms spontane
ously. Since they are often over 60, they are 
simply considered senile or sometimes even 
insane by their relatives, and a high index of 
suspicion is needed to make the diagnosis in 
mild cases. 

One of the earliest complaints is intoler
ance of cold. The patient feels uncomfortable 
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than previously and uses an extra blanket at 
night. He also perspires less than before. 

Changes in mental function are sometimes 
noticed by the patient himself, often by his 
relatives. The patients complain of fatigue 
(not a very specific symptom) and they sleep a 
lot, preferably in a well-heated room. The 
mental changes are often quite similar to those 
in cerebral atherosclerosis. The functions of 
memory and critical judgement are impaired. 
In early stages the patient may be capable of 
good judgment and of making decisions, but 
his thought processes are slow. The sexual drive 
is diminished. In later stages a state of mental 
dumbness with loss of interest in the surround
ings and of most previous personality traits 
prevails. Occasionally the mental changes prog
ress into acute delirium which is clinically 
indistinguishable from delirium due to exo
genous causes, but can be differentiated by the 
presence of slow waves and low voltage in the 
EEG. The delirium may progress to stupor 
and coma. Other patients show changes iden
tical to those in classic manic-depressive or 
acute schizophrenic psychosis. In some cases 
this may be due to a true underlying psychosis 
which becomes manifest in thyroid failure 
(BLEULER, 1964). 

In mild cases mental processes may not be 
slowed down. Occasionally the symptoms are 
more similar to those of excitation and even 
suggest the diagnosis of hyperthyroidism at first. 

~) General Appearance 

I t has been said that hypothyroid patients all look 
alike. Indeed full-blown cases can be unmis
takably recognized at first glance from the 
typical facies (Fig. 5). The individuality of the 

in a well-heated room, wears more clothes Fig. 5. 72-year-old woman with severe myxedema 
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facial features is diminished. Mimic movements 
are few and slow, although still present, in 
contrast to Parkinson's disease. The patients 
look sleepy, but happy. No other endocrine 
disease changes the facies of a person so comple
tely as myxedema. 

The voice is characteristically low pitched and 
hoarse with a nasal undertone, and the speech 
is slow and monotonous, badly articulated like 
that of a person under the influence of alcohol. 
These changes are sometimes so characteristic 
that the experienced physician can make the 
diagnosis when speaking to the patient on the 
telephone. 

y) Skin 

Cutaneous vasoconstriction and myxedema 
makes the skin waxy and pale. Sometimes it 
has a pink or yellowish undertone due to the 
deposition of carotene, the hepatic conversion 
of which to vitamin A is impaired. Carotene can 
also be the cause of a peculiar malar flush 
which looks rather like badly applied make-up. 
Swelling is particularly noticeable in the eyelids 
and produces narrowing of the palpebral fis
sures. In addition, the upper eyelid is often 
slightly ptotic, an effect ascribed to a decreased 
tone of Mueller's muscle, which is innervated 
by the sympathetic nervous system. The tongue 
is thickened and immobile, sometimes even 
protruding. Scalp hair becomes coarse and 
fragile, and loses its luster. It falls out easily 
and frontotemporal baldness ensues. The eye
brows fall out completely or more often only 
on the lateral part. Myxedematous changes are 
often found diffusely in the entire skin but 
sometimes remain localized in a few well-demar
cated areas, particularly over the anterior aspect 
of the legs. Myxedema is characteristically non
pitting, but in the lower extremities true inter
stitial pitting edema is observed, sometimes to a 
grotesque degree. The skin is cool, dry, rough, 
and scaly, with increased cornification on the 
elbows and knees. Skin changes have recently 
been quantitatively evaluated by BLACK (1972). 
He found that the thickness was measurably 
increased and that the collagen content was 
normal. The fingernails are thin and brittle 
and grow slowly. The body temperature falls 
to 35-36SC (95.0-97.7 OF), and in extreme 
cases potentially fatal hypothermia develops. 
Contrary to popular belief, generalized obesity 
is only rarely found in hypothyroidism, but 
localized accumulation of fat over the clavicles 
does occur (Fig. 13). Beard and pubic hair 
growth is diminished, although not to the same 
degree as in hypopituitarism. Wound healing 
is delayed. 

The Thyroid Gland 

b) Thyroid Gland 

In idiopathic hypothyroidism the thyroid gland 
is usually not palpable and goiter is only rarely 
recorded. However, CASSIDY (1970) reviewed 
234 cases of nontoxic goiter and made the 
unexpected finding that 15 % were hypothyroid. 
Thus, the presence of a goiter does not exclude 
the possibility of hypothyroidism. The asso
ciation of a large goiter and hypothyroidism 
is suggestive of an hereditary defect in hormone 
biosynthesis (p. 167). 

c) Cardiovascular System and Plasma Lipids 

In severe myxedema the heart is diffusely 
enlarged due to myxedematous infiltration of 
the myocardium, loss of tone, and dilatation 
of all cavities. Thyroxine treatment alone may 
bring about a reduction in heart size. In advanced 
cases, pericardial or pleural effusions and some
times ascites are present. The heart sounds are 
diminished. Classically there is bradycardia, 
but this sign is not always present. Contrary 
to many textbook statements the blood pressure, 
in particular the diastolic pressure, is moderately 
elevated in 50 % of cases of hypothyroidism 
(MEANS, 1963). The stroke volume and cardiac 
output are diminished, but in contrast to the 
situation in cardiac failure the arterio-veinous 
oxygen difference remains normal. Manifest 
heart failure is infrequent and, when it is 
present, is often due to additional factors. 

In mild cases the electrocardiogram shows 
flattening, and occasionally inversion, of T
waves. The QT interval remains normal, but 
the PQ interval and QRS complexes sometimes 
become wider. In advanced cases the charac
teristic low voltage appears. This cannot be 
attributed solely to increased electrical resist
ance of the myxedematous skin, as measurements 
with deep-needle electrodes have shown. The 
electrocardiographic changes are most probably 
related to the myxedematous changes in the 
myocardium. 

Plasma cholesterol is usually elevated in 
hypothyroidism, but due to the wide normal 
range this laboratory sign is of little diagnostic 
value. The rate of cholesterol synthesis appears 
to be normal (or even slightly low) in hypo
thyroidism, and the cause of the high plasma 
level appears to be slower removal. Triglycerides 
are also elevated, but frank hyperlipemia is rare. 
The cause of the hypertriglyceridemia is a low 
fractional triglyceride removal rate, possibly 
due to a low postheparin lipolytic activity 
(NIKKILA, 1972; TULLOCH, 1973). KIRKEBY 
(1972) has recently undertaken a detailed reas
sessment of serum lipids in hypothyroidism 
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and compared the findings to carefully matched 
controls. In addition to the facts already 
known he has shown that the qualitative 
distribution of plasma triglycerides and phos
pholipids in fatty acids is not much changed 
by hypothyroidism, while in hyperthyroidism a 
decrease in the proportion of linoleic acid was 
noted. A diet low in saturated fat may reduce 
the cholesterol, but not the triglyceride plasma 
level. Thyroid hormone treatment normalizes 
both values (O'HARA, 1966). 

The relationship of hypothyroidism and the 
concomitant hypercholesterolemia to coronary 
artery disease is complex. Autopsy findings of 
severe myxedema without coronary athero
sclerosis have been reported (NICKERSON, 1960 
see ref on myxedema coma). Atherosclerosis is 
rare injuvenile hypothyroidism. Excellent studies 
by a Belgian group have recently cast come light 
on the question (V ANHAELST, 1967; BASTENIE, 
1967, 1971). They found that autopsy revealed 
severe coronary atherosclerosis in 84 % of 
hypothyroid patients, while the incidence in 
carefully matched controls was only 46 %. 
When patients whose myxedema had been 
treated were excluded, coronary infarcts were 
rare in hypothyroidism. Infarcts were recorded 
in 6 patients, 4 of whom had recently been 
started on thyroxine medication. Thus it seems 
that the hypometabolism of hypothyroidism 
protects these patients from myocardial in
farction, despite severe atherosclerosis. Patients 
with so-called asymptomatic atrophic thyroiditis 
are at a disadvantage in this respect (BASTENIE, 
1967). The disease is defined by clinical eu
thyroidism with normal (or borderline low) 
thyroid function tests, thyroid serum antibodies 
and confirmation of atrophic thyroiditis at 
autopsy. These patients seem to be particularly 
prone to coronary infarcts, since the syndrome 
was recorded in 20 % of men and 50 % of women 
admitted to hospital for coronary infarction, 
an incidence much higher than that found in 
matched controls. Although this statement has 
since been qualified insofar as asymptomatic 
thyroiditis was only a risk factor for coronary 
heart disease in women (BASTENIE, 1971), there 
is still an overall impression that patients with 
asymptomatic thyroiditis in whom coronary 
atherosclerosis is not associated with the "pro
tective" effect of hypometabolism have a greater 
risk of myocardial infarction. Similar conclusions 
were reached by FOWLER (1967, 1970). 

HEINONEN (1972) has expressed disagreement 
with this concept. In a health survey covering 
over 3000 people in Finland he identified 53 
with severe coronary heart disease. In this 
group the incidence of thyroid antibodies was 
no higher than among carefully matched con-

157 

troIs. The discrepancy between his results and 
those of BASTENIE will have to be settled by 
further studies. 

One of the clinical consequences is that 
coronary insufficiency may become manifest 
when substitution therapy with thyroid hor
mone is instituted in a myxedematous patient. 
Treatment should therefore begin with very 
low doses, and in the patient over 50 years of 
age it is often necessary to compromise over the 
final maintenance dose, which should be such that 
the patient remains borderline hypothyroid (p. 
165), because on full substitution many patients 
suffer from intractable angina pectoris. 

s) Alimentary Tract 

The poor appetite is compensated by the 
diminished metabolism so that there is no loss 
in body weight. Difficulty in swallowing and 
the feeling of a lump in the throat are often 
early symptoms of hypothyroidism. The sub
maxillary salivary glands are sometimes mod
erately enlarged. Obstinate constipation results 
from the reduced food intake, reduced meta
bolism and sluggish peristalsis. In 50 % of cases 
there is histamine-refractory achlorhydria. The 
number of parietal cells in the fundus of the 
stomach is reduced, and true pernicious anemia 
is frequently found. The intestinal atony leads 
to the disturbing symptoms of flatulence and 
meteorism, and abdominal pains can simulate 
an ileus. True ileus due to fecal impaction is a 
much-dreaded complication. The incidence of 
hiatus hernia is increased. 

Morphologic changes in the liver are quite 
non-specific (KLlON, 1971). 

11) Lungs 

Lung function in hypothyroidism has been 
studied by WILSON (1960). The main finding 
was decreased diffusion capacity for CO. More 
recently, GIORGETTI (1973) has found that the 
alveolo-arterial difference in partial oxygen 
pressure during respiration of 100 % oxygen is 
greatly elevated in myxedematous patients. 
Induction of hyperventilation decreased the 
alveolo-arterial p02 difference and the abnor
malities were reversible after thyroid hormone 
treatment. The most likely explanation for these 
findings is an increase in intra pulmonary vascular 
shunts, which may be due to underventilation 
or atelectasis of small pulmonary segments. 

&) Blood 

Cutaneous vascoconstriction causes hypothyroid 
patients to look very pale. This may be why 
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the early literature described anemia as a fre
quent complication of hypothyroidism. More 
recent studies have yielded completely normal 
hematological findings in two-thirds of patients 
with hypothyroidism, apart from the fact that 
most patients have a decreased total red-cell 
mass associated with the decreased blood vol
ume (TUDHOPE, 1960). Several forms of anemia 
have to be considered in connection with 
hypothyroidism. 

In so-called "uncomplicated" anemia of 
hypothyroidism the hemoglobin is moderately 
low. There is normocytosis or slight macro
cytosis (TUDHOPE, 1960). Plasma iron is mod
erately lowered and the plasma iron turnover 
rate is decreased. Incorporation of iron into 
erythrocytes is normal, as is the erythrocyte 
survival time (KIELI, 1967). The bone marrow 
may be moderately hypoplastic (AXELROD, 1951). 
Thyroid hormone substitution therapy reverses 
all these hematological changes. The patho
genesis of this type of anemia is not entirely 
clear. Most authors relate it to decreased 
oxygen requirements and a consequent drop 
in erythropoeitin levels. Recently it has also 
been shown that thyroid hormone stimulates 
hemoglobin biosynthesis in bone-marrow cul
ture (FUHR, 1970). The observation that thyroid 
hormone stimulates 2,3-diphosphoglyceric acid 
synthesis in red cells may also be relevant in this 
context (SNYDER, 1970). 

Iron-deficiency anemia with all the associated 
hematological findings is present in 15 % of 
patients with hypothyroidism. In most cases 
it can be related to the severe menorrhagia 
which often accompanies hypothyroidism in 
women. These patients need iron therapy and 
hormonal substitution to completely normalize 
the blood findings. 

Pernicious anemia is found in 8 % of pa
tients with hypothyroidism, in comparison to 
0.35 % of matched controls. The incidence is 
higher in idiopathic hypothyroidism than in 
hypothyroidism following thyroidectomy or 
radioiodine treatment (10 % as against 4 %). 
The original claims that thyroid hormone 
substitution improves absorption of vitamin 
B12 (LEITHOLD, 1958) were not confirmed by 
subsequent studies (TUDHOPE, 1960, 1962). The 
present view is that these patients suffer from 
true pernicious anemia and that idiopathic 
hypothyroidism is pathogenetically related to 
this disease. The fact that true pernicious 
anemia is also more frequent in patients with 
Graves' disease may explain the above asso
ciation between postsurgical or post-radio
iodine hypothyroidism and pernicious anemia. 
Antibodies to mucosa of the gastric fundus 
and intrinsic factor are prevalent in patients 
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with idiopathic hypothyroidism, as they are in 
pernicious anemia. They are rare in control 
subjects. Patients with pernicious anemia do 
quite often have serum antibodies to thyroid 
tissue, however. Gastric mucosal biopsies in 
hypothyroid patients revealed a reduction in 
the number of parietal cells and lymphocytic 
infiltrates (IRvINE, 1962). Nearly 50 % of pa
tients with hypothyroidism suffer from hist
amine-refractory achlorhydria. Both pernicious 
anemia and idiopathic hypothyroidism are cur
rently viewed as disorders of autoimmunity, pos
sibly related to a generalized defect of immune 
tolerance. The two conditions are clinically 
similar and clinical differential diagnosis may 
be difficult at times. It is advisable to assess the 
thyroid status of every patient suffering from 
pernicious anemia. In addition, whenever thy
roid hormone and iron substitution do not 
cure anemia of hypothyroidism, intestinal vita
min B12 absorption or serum vitamin B12 
levels should be measured. 

Leukocytes and platelets are normal in 
hypothyroidism. The erythrocyte sedimentation 
rate is usually accelerated. 

1) Genital Organs and Gonads 

Hypothyroid women often suffer from menor
rhagia, but ammenorrhea is also encountered. 
Sterility in both sexes is common, but occasional 
pregnancies do occur in hypothyroid women 
(see STANBURY, 1972, for review). The sexual 
drive is usually reduced and impotence is not 
uncommon. A total of 12 cases of amenorrhea 
and galactorrhea associated with hypothyroidism 
have been reported (VAN WYK, 1960). They all 
developed post partum. EDWARDS (1971) has 
added a further case which occurred when the 
patient took oral contraceptives. Prolactin levels 
were high and returned to normal under thy
roxine treatment, as did the other clinical 
symptoms. 

Occasionally men suffer from coincident 
hypogonadism and hypothyroidism (BALZE, 
1962). 

K) Muscles and Joints 

The strength of the hypotonic and very often 
pseudohypertrophic musculature is reduced. 
Muscle pain and stiffness are common com
plaints. Tapping the muscle produces the typical 
pseudomyotonic reaction in the form of a 
slow contraction changing into a hard muscular 
ridge. These contractions never outlast the 
voluntary innervation as they do in myotony. 

The tendon reflexes are characteristically 
very sluggish, and the recording of the ankle 
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jerk shows a typical curve, which is useful in 
diagnosis. Hypothyroidism can produce severe 
histological changes in muscle characterized by 
peculiar mucoid deposits between and within 
muscle cells. The serum creatine phospho
kinase (CPK) is elevated, indicating muscular 
damage (GRAIG, 1965). Similar changes occur 
in smooth muscle. They may lead to degenerative 
changes in the media of large blood vessels and 
to rupture of the aorta. Hypothyroidism may 
be associated with myasthenia gravis (BRONSKY, 
1967; Chap. XVII). 

Arthralgia, joint swelling, synovial thicken
ing and joint effusions are sometimes the pro
minent features of hypothyroidism, and such 
patients are referred to rheumatology units 
before the diagnosis of hypothyroidism is 
established (BLAND, 1970). Most of the symptoms 
disappear during thyroid hormone substitution 
therapy. 

A) Nervous System (see also p. 155) 

Cerebellar dysfunction with ataxia and intention 
tremor occur occasionally. Sensory disturbances 
are more common, and the patients often 
complain of numbness and paresthesias. Com
pression of the median nerve with carpal 
tunnel syndrome is often encountered. The 
protein concentration in the cerebrospinal fluid, 
particularly that of gamma globulin, is fre
quently elevated. 

Partial deafness is a frequent finding in 
adult hypothyroidism. The pathogenesis is not 
quite clear. It appears to be due to a conductive 
defect associated with swelling in the eustachian 
tube. Sensorineural deafness has been ascribed 
to degenerative changes in the mucosa of the 
cochlea (RITTER, 1967) and sometimes to changes 
in the labyrinthine fluid composition. 

J.l) Kidney, Electrolytes and Body Fluids 

Morphologically the kidneys may show de
posits of mucopolysaccharides in the inter
capillary space and in the basal membranes of 
the tubuli. Electron microscopic examination 
reveals thickening of the glomerular and tubular 
basal membranes (CASSANO, 1964). SALOMON 
(1967) has performed repeated biopsies and 
shown that these changes are reversible under 
appropriate treatment with thyroid hormone. 
Clinically, oliguria is sometimes observed and 
is attributed to a low fluid intake. Slight pro
teinuria is often present. Laboratory examination 
of kidney function has revealed a decrease of 
glomerular filtration rate and renal plasma flow. 

These changes in kidney function rarely 
lead to overt electrolyte disturbances. Occa-
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sionally, however, particularly in severe myx
edema and in myxedema coma, dangerous 
hyponatremia develops (AIKA W A, 1956). Super
ficially this form of hyponatremia resembles 
that seen in the syndrome of inappropriate 
secretion of antidiuretic hormone (AD H), since 
plasma osmolality is low and urine osmolality 
high. The disturbance was therefore initially 
ascribed to inappropriately high levels of anti
diuretic hormone (IvY, 1965; PETTINGER, 1965). 
Further studies however have shown that the 
pathogenesis of this electrolyte disturbance is 
far more complex and cannot yet be fully 
explained. So far it is established that the 
hyponatremia is dilutional, i.e. total exchange
able body sodium is normal or slightly in
creased and total body water is definitely in
creased. Although resetting of the osmore
ceptors to a lower level may play some role, 
and maintain the serum sodium at borderline 
low levels by the secretion of ADH, the control 
of ADH secretion is not lost. When given a 
water load these patients are perfectly capable 
of diluting their urine to 60 mOsm/1 (DISCALA, 
1971; DERUBERTIS, 1971), although the peak 
urine flow and the free water clearance are 
lower than in controls. The minimum urine 
osmolality reached is slightly higher than in 
normal persons. The best explanation for the 
hyponatremia of hypothyroidism so for avail
able is that it is due to a decreased volume and 
solute delivery to the distal diluting tubular 
segment (DERUBERTIS, 1971; DISCALA, 1971). 
Decreased glomerular filtration and increased 
proximal sodium reabsorption may both con
tribute to this decreased volume delivery to the 
distal tubule. 

It must be added that a relative lack of 
corticosteroids may also be involved in the 
hyponatremia, but this is less well established 
(see DISCALA, 1971, for a short review). 

v) Diagnostic Weight of the Various Clinical 
Findings 

BILLEWICZ (1969) has made an extensive math
ematical analysis of the significance of the 
various clinical findings for the diagnosis of 
hypothyroidism. He has developed a very 
useful diagnostic index allowing confirmation 
or rejection of the diagnosis of hypothyroidism 
with great accuracy on clinical findings alone, 
which may thus render expensive laboratory 
tests unnecessary. Symptoms which are signif
icant for the distinction between hypo- and 
euthyroidism are diminished perspiration, pref
erence for warm ambient temperatures, hoarse
ness of the voice, paresthesias, and dry skin. The 
most significant signs are slowness of the ankle 
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jerk, slow movements on undressing, and dry 
rough skin on the forearms. Contrary to 
popular belief, weight gain has practically no 
diagnostic value. 

~) Thyroid Function Tests 

Serum thyroxine can vary from the low normal 
range to pratically unmeasurable levels, depend
ing on the severity of the disease. In primary 
myxedema the serum triiodothyronine is rel
atively less lowered than the serum thyroxine, 
because the high TSH level favors the synthesis 
of triiodothyronine over that of thyroxine 
(MCCONNON, 1971). The resin Tj-uptake test 
yields results in the hypothyroid range. The ankle 
reflex time is prolonged (p. 241) and the basal 
metabolic rate is below -15 %. Radioiodine up
take is low at two hours and not much higher at 
24 hours. Administration of TSH (p. 242) does 
not increase the serum thyroxine or radio
iodine uptake. TSH levels are invariably very 
high in primary hypothyroidism. Indeed, the 
serum TSH seems to be the most sensitive index 
of thyroid failure, since it is often elevated in 
borderline cases where the other tests still 
yield values in the normal range (p. 161). 
Positive tests for serum antibodies to thyroid 
antigens provide strong support for a diagnosis 
of primary hypothyroidism (VALLOTTON, 1967). 
Several authors have attempted to assess the 
reliability of the various thyroid tests in es
tablishing the diagnosis of hypothyroidism 
(RIVES, 1965; FITZGERALD, 1966; GoRDON, 
1970; CHEW, 1962). The serum hormone level 
(serum thyroxine or protein-bound iodine), 
the basal metabolic rate and the 24-hour radio
iodine uptake all had an almost equally high 
rating in their agreement with the final diagnosis 
(based on all tests and on the clinical findings). 
The resin T j-uptake, the ankle reflex time, 
and the serum cholesterol were less useful in 
diagnosis, but it must be added that in a recent 
study the ankle reflex time had the highest rating 
(FRAIGU, 1972). 

Intense stimulation of the remaining thyroid 
tissue by TSH leads to a relative increase in 
triiodothyronine secretion compared with that 
of thyroxine. It has even been claimed that 
primary hypothyroidism can be distinguished 
from secondary failure by the relatively normal 
levels of serum triiodothyronine in primary 
hypothyroidism (MCCONNON, 1971). 

3. Secondary Hypothyroidism 

Secondary hypothyroidism occurs most fre
quently in the setting of panhypopituitarism, 
the causes of which are listed in Chap. V 
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(p. 92f.). Occasionally, TSH deficiency is the 
predominant feature of a pituitary lesion, and 
gonadal and adrenal function are less com
promised (SAMPSON, 1954; SAWIN, 1966; ODELL, 
1966). In such cases it may be difficult to 
differentiate secondary hypothyroidism from 
primary myxedema on clinical grounds. 

MIYAI (1971) has described a rare cause of 
secondary hypothyroidism in two hypothyroid 
children of a consanguineous marriage. They 
both suffered from congenital isolated defi
ciency of TSH secretion with intact secretion 
of the other pituitary hormones. 

It seems likely that in the future some cases 
of secondary hypothyroidism will have to be 
classified as due to hypothalamic rather than 
to pituitary damage. Such cases have recently 
been well documented by PITTMAN (1971) and 
SHENKMAN (1972). The patients were able to 
secrete TSH following pituitary stimulation 
effected by the injection of thyrotropin re
leasing hormone (TRH), and the defect was 
thought to be at the level of TRH secretion. 
The availability of synthetic TRH and of a 
TSH radioimmunoassay will probably make 
the TRH stimulation test (p.242) a routine 
procedure in the assessment of panhypopitu
itarism, particularly in childhood. Most children 
with idiopathic deficiency of growth hormone 
and TSH tested so far have shown a brisk rise 
in serum TSH after injection of TRH. They 
presumably suffer from hypothalamic damage 
(COSTOM, 1971; FOLEY, 1972, 1972 b). 

The differentiation of secondary from pri
mary hypothyroidism is of more than academic 
interest and influences the choice of treatment 
for the patient. In secondary hypothyroidism, 
due to the frequent coexistence of adreno
cortical insufficiency, thyroid hormone sub
stitution may provoke a potentially fatal adrenal 
crisis if corticosteroids are not given simul
taneously. 

The clinical sign most useful in differen
tiation is the white, almost transparent, and 
finely wrinkled skin of secondary hypothyro
idism, as opposed to the coarse, thick, dry, 
and slightly yellowish skin of primary myxedema. 
Amenorrhea, atrophy of the testes, adrenal 
insufficiency and tendency to hypoglycemia 
all are points indicative of secondary thyroid 
failure. Pubic and axillary hair are sparse 
in primary hypothyroidism, but their com
plete absence is additional support for the 
diagnosis of secondary hypothyroidism. Uri
nary corticosteroid excretion is moderately 
diminished in primary myxedema, but very 
low in panhypopituitarism. In hypopituitarism 
the thyroid gland retains a certain degree of 
autonomic function, so that thyroid failure is 
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rarely as severe as it sometimes IS III primary 
myxedema. In complete failure of the thyroid 
gland the basal metabolic rate may fall to 
- 40 %, whereas in secondary failure it is rarely 
below - 30 %. The presence of serum anti
bodies to thyroid antigens provides strong 
support for the diagnosis of primary hypo
thyroidism (V ALLOTTON, 1967). On average, 
serum cholesterol is less elevated in secondary 
than in primary hypothyroidism, but in the 
individual patient this sign is of little value for 
differentiation. 

The diagnosis of secondary hypothyroidism 
is established by the finding of a low or low 
normal serum TSH concentration. In primary 
hypothyroidism serum TSH is always elevated. 
Where TSH measurements are not available, 
the TSH stimulation test will show a good 
response of the serum thyroxine and the radio
iodine uptake to repeated injections of bovine 
TSH (p. 242). It must be added that long
standing primary hypothyroidism may impair 
the function of the anterior pituitary (BRAUN
MAN, 1968; LESSOF, 1969) and the term myx
edema of the pituitary is sometimes used to 
describe this condition. 

4. Borderline Hypothyroid States 

The severity of hypothyroidism can vary be
tween barely impaired thyroid function and 
complete failure of hormone secretion. The diag
nosis of slight hypothyroidism is usually very dif
ficult and should never be made on the basis of a 
single abnormal test. The clinical picture and 
several thyroid function tests should be eval
uated. It should be borne in mind that each 
of these tests has a relatively wide "normal" 
range, and that therefore a value in the low 
normal range may mean real hypothyroidism 
for one patient but euthyroidism for another. 
The most sensitive index of mild primary 
hypothyroidism currently known is probably 
the serum TSH concentration, which is often 
elevated when most other tests still yield results 
in the normal range. If the TSH radioimmunoas
say is not available, the TSH stimulation test 
(p. 242) is sometimes very helpful. 

a) Hypometabolism without Hypothyroidism 

This condition is found in patients with anorexia 
nervosa and during starvation. Serum thyroxine 
and radioiodine uptake are usually normal, 
indicating that the lowered basal metabolic 
rate is not due to thyroid deficiency. The 
existence of a "functional" type of hypo
pituitarism as an adaptive phenomenon during 
starvation remains to be established. A slight 
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decrease in the basal metabolic rate may occur 
in adrenocortical insufficiency and in male 
hypogonadism. 

b) Borderline Secondary Hypothyroidism, Lack 
of TSH Reserve 

A syndrome with some features of hypo
thyroidism, such as cold intolerance, fatigue, 
constipation, anemia and menstrual irregu
larities, was described in the nineteenth century 
and termed "myxoedeme fruste" or "hypo
thyroi"die benigne chronique" (HERTHOGE, 
1899). More recently this condition has been 
ascribed to resistance of the peripheral tissues 
to thyroxine (KURLAND, 1955; GOLDBERG, 1960), 
but subsequent studies have not confirmed 
this concept (LEVIN, 1960; SIKKEMA, 1960; 
JEFFERIES, 1961). WYSS (1963) and STUDER (1964) 
have observed that patients with these symptoms 
often show a diminished rebound of radio
iodine uptake after a 7-day course of carbimazole 
und have suggested that the condition is due 
to a diminished TSH reserve. This TSH reserve 
test has not, however, been reproduced in other 
laboratories and has been abondoned (POWELL, 
1966; SCHNEEBERG, 1966). The syndrome there
fore needs to be reevaluated by measuring 
serum TSH levels following TRH stimulation. 

c) Diminished Thyroid Reserve (JEFFERIES, 1956) 

This formerly rather vague syndrome can now 
be more exactly defined as the presence of 
elevated TSH levels together with normal 
thyroid function tests and only intermittent 
slight clinical symptoms of hypothyroidism. 
It is most often observed after radioiodine 
treatment for hyperthyroidism (SLINGERLAND, 
1972; STERLING, 1971), in chronic lymphocytic 
thyroiditis (GHARIB, 1972) or after subtotal 
thyroidectomy (HEDLEY, 1972). A borderline 
euthyroid state is often maintained in these 
circumstances despite a low serum thyroxine 
level, thanks to a normal or slightly elevated 
serum triiodothyronine concentration (STER
LING, 1971). In an analogous situation in 
endemic goiter DELANGE (1972) has measured 
triiodothyronine concentrations up to 250 % 
of normal. 

5. Myxedema Coma (see Table 2) 

Myxedema coma was recognized as the end 
stage of hypothyroidism over 90 years ago 
(ORO, 1880), but only in the last decades has it 
received appropriate clinical attention. An ex
haustive review of 122 cases has been prepared 
by LEON-SOTOMAYOR (1964). 



162 

Table 2. Treatment of myxedematous coma 

1. If arterial pC02 is over SO mm Hg, endotracheal intuba
tion or tracheostomy and assisted respiration. Relief of 
bronchial airway obstruction. 

2. Administration of corticosteroids in an intravenous drip, 
e.g. cortisol hemisuccinate 100 mg in the first 3 hours, 
then 10 mg per hour until the patient regains conscious-
ness. 

3. Triiodothyronine 12.Sllg every 12 hours by i.v. route, 
or if not available, by nasogastric tube. 

4. If hypoglycemia is present, correct with SO ml 40% glu
cose in water. Maintain blood sugar by an infusion of 
glucose made isotonic or hypertonic in saline. Glucagon 
may also be given in a dose of 1 to 2 mg every hour. 

S. If hyponatremia is present, treat with either hypertonic 
NaCI infusions or with fluid restriction or both. 

6. In case of severe arterial hypotension give a slow infusion 
of plasma or albumin in physiologic NaC!. Norepi
nephrine or isoproterenol may be tried, but involve the 
risk of cardiac arrythmias. 

7. Careful slow rewarming by not more than 1°C (1.8°F) 
per hour, without heating blankets. 

8. If available, institute continuous ECG monitoring. 
Cardiac glycosides can be given if overt heart failure is 
present, but little is known about the proper dose in 
myxedematous coma. 

9. If infection is established give an antibiotic. 

The lack of thyroid function is compatible 
with most vital functions, although at a di
minished level. Precipitating factors, such as 
exposure to cold, infections, treatment with 
barbiturates or phenothiazines, are therefore 
necessary to lower body temperature, impair 
alveolar ventilation and to send the patient 
into coma. Severely hypothyroid patients fall 
into progressively longer periods of deep sleep 
until they can no longer be aroused. The body 
temperature falls to 32-35 0 C (89.6-95 0 F). It 
must be recalled here that hypothermia can 
only be recorded if a special thermometer is 
used. Severe electrolyte and body fluid disturb
ances are always present, particularly hypo
natremia (see p. 159 for the pathogenesis of 
hyponatremia). Pericardial and pleural effusions 
are often found. Bradycardia and arterial hypo
tension are usual. The tendon reflexes show 
extremely slow relaxation. 

An important factor contributing to the 
coma is alveolar hypoventilation leading to 
elevated arterial carbon dioxide tension. The 
pathogenesis is not entirely clear, but impairment 
of the medullar respiratory center function, 
disturbances of neuromuscular transmission, 
weakness of respiratory muscles, elevation of 
the diaphragm due to abdominal gas, and 
accumulation of bronchial mucus may all be 
contributory factors. The carbon dioxide reten
tion usually precedes hypothermia. The latter 
may cause disturbances of atrioventricular con
ductance and severe arrhythmia. 
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Patients in myxedema coma should always 
be considered as being in a state of adreno
cortical insufficiency with the corresponding 
lack of resistence to stress of any kind. In 
primary hypothyroidism hypoglycemia is usu
ally not present, but there may be severe hypo
glycemia when myxedema coma is superim
posed on panhypopituitarism. 

Primary and secondary myxedema coma 
are difficult to differentiate on clinical grounds. 
Thin, finely wrinkled, and parchment-like skin, 
absence of pubic and axillary hair and atrophic 
testes point to secondary hypothyroidism, while 
thick skin, edema of the legs and face and a 
large tongue are indicative of primary hypo
thyroidism. Distinction between the two forms 
is irrelevant to the immediate treatment, and 
the exact nature of the endocrine defect can be 
established at leisure after the patient has 
recovered. 

Besides the measurement of body temperature 
with a special termometer the following lab
oratory tests should be ordered in a case of 
myxedema coma: Hemoglobin or hematocrit 
and red cells, blood sugar, serum electrolytes 
and urea, arterial oxygen and carbon dioxide 
tension and oxygen saturation of the hemo
globin. A blood culture, a chest X-ray and a 
urine culture should be obtained to rule out 
infection which may be present despite hypo
thermia and low white cell counts. Blood 
should also be taken for thyroid function tests 
(serum thyroxine, resin T J-uptake test), but ther
apy should not be delayed if their results are 
not immediately available. Whenever possible 
patients with myxedema coma should be ad
mitted to an intensive care unit and treatment 
started immediately. Thyroid hormone sub
stitution is started with triiothyronine, which 
has a more rapid onset of action than thyroxine. 
The hormone can be given by gastric tube, but 
since intestinal absorption may be impaired 
due to shock, intravenous administration is 
preferable. There are no commercial prepara
tions available for intravenous use and the solu
tion has to be prepared by the hospital phar
macy as follows: the sodium salt of triiodo
thyronine is weighed and dissolved in a few 
drops of 0.1 N NaOH. The solution is then 
diluted in 5 ml of 1 or 2 % solution of human 
serum albumin in 0.15 M NaCI and sterilized 
by filtration through millipore. Alternatively. 
sterile instruments and dilution solution can 
be used. For the first two or three days 12.5 Ilg 
up to a maximum of 25 Ilg triiodothyronine 
are given by injection every 12 hours. Over
dosage of thyroid hormone carries the risk 
of fatal cardiac arrhythmia and coronary in
farction, but in desperate cases of coma several 
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authors have recommended higher doses of 
up to lOOllg triiodothyronine every 12 hours. 
HOLVEY (1964) has successfully treated 7 patients 
with single doses of 100 to 500llg L-thyroxine 
by the i. v. route followed by lower maintenance 
doses. Recent studies in noncomatous hypo
thyroid patients have confirmed that large 
intravenous thyroxine doses (up to 750 Ilg 
initially) are well tolerated and lead to a much 
more rapid restoration of the deranged meta
bolic functions (RIDGWAY, 1972). It remains 
to be seen whether this treatment can be safely 
recommended for the comatose patient. 

Although it is difficult to establish the 
presence or absence of adrenocortical insuf
ficiency in myxedema coma, corticosteroids 
should always be administered in generous 
doses for the first few days of treatment. The 
recommended dosage is 100 mg of a water
soluble cortisol preparation (e.g. cortisol hemi
succinate) in slow intravenous infusion over 
the first three hours, followed by 10 mg every 
hour until the patient regains consciousness. 
A water-soluble prednisolone preparation in a 
dose four times lower may be substituted for 
the cortisol preparation. 

Hypoglycemia, if present, should be treated 
by intravenous infusion of glucose. This may 
present a problem if thc paticnt has concom
itant hyponatremia, since the usual 5 % glucose 
solution will add a large quantity of free water 
and may aggravate water intoxication. Glucose 
should therefore be given in a concentrated 
solution in such cases, or in a glucose solution 
made 0.15 or even 0.3 Min NaCI by the addition 
of NaCI. 

Hyponatremia may necessitate either fluid 
restriction, as in the case of true inappropriate 
secretion of ADH, or administration of hyper
tonic NaCI solution. Since the total body 
sodium is not known in an individual case, it 
is impossible to know which measure to apply 
first, and it may be necessary to proceed by 
trial and error. 

Arterial hypotension is another difficult 
therapeutic problem. Therapy can begin with 
careful slow infusion of plasma or albumin 
solutions. Pressor amines such as norepine
phrine have been recommended, but two facts 
limit their usefulness. The peripheral vasculature 
is already maximally constricted in myxedema 
coma, and pressor amines will have little 
additional effect. Moreover, they can induce 
cardiac arrhythmias. In theory, beta-receptor 
stimulants such as isoproterenol ought to be 
more useful, but their use in myxedema coma 
has not yet been assessed to our knowledge. 

Hypothermia is treated by slow rewarming at 
a rate of not more than 1 degree C (1.8 degree F) 
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per hour, avoiding the use of a heating blanket. 
If rewarming is too rapid, sudden peripheral 
vasodilatation may produce irreversible shock. 

Respiratory acidosis with an arterial pCOz 
of over 50 mm Hg necessitates an endotracheal 
or a tracheostomy tube and appropriate respira
tory assistance. 

The prognosis of myxedema coma is very 
grave. The condition has a fatal outcome in 
40 % of cases despite all attempts at treatment. 

6. Clinical Differential Diagnosis of Hypo
thyroidism 

The diagnosis of severe hypothyroidism is 
simple in most cases, but a borderline case may 
escape the attention of even the experienced 
doctor. Several studies have estimated that 
an average of 3 to 4 years elapses between the 
onset of the first symptoms and the diagnosis 
of hypothyroidism. 

Patients with acute glomerulonephritis or 
with the nephrotic syndrome may occasionally 
be mistakenly thought to be suffering from 
hypothyroidislll. Pallor, edema, a puffy face, 
cardiomegaly anu anemia are features common 
to both hypothyroidism and chronic renal 
disease. Albuminuria may be present in hypo
thyroidism, but not hematuria. The fact that 
low serum-binding proteins in the nephrotic 
syndrome lead to a decrease of the serum 
hormone level makes the differentiation even 
more difficult. In terminal renal disease the 
renal iodide clearance is greatly reduced, but 
despite this, thyroidal radioiodine uptake is 
usuaHy normal, probably due to a concom
itant increase in the serum iodide level (p. 152). 
FANKHAUSER (1968 see p. 254) has described 
mild secondary hypothyroidism of obscure 
origin in one third of patients with severe 
chronic renal insufficiency. 

Encephalitis with stupor has occasionally 
been mistaken for hypothyroidism. A slight 
increase in the protein concentration of the 
cerebrospinal fluid, as is found in hypothy
roidism, may help to confuse the picture, but in 
general fever and tachycardia are strong argu
ments against the presence of hypothyroidism. 
True secondary hypothyroidism due to hypo
thalamic damage may occur in encephalitis. 
Parkinson's disease may sometimes mimic hypo
thyroidism. As outlined in a previous section 
(p. 157) true pernicous anemia is often found in 
patients with primary hypothyroidism. Pallor, 
atrophic muscosa of the tongue, and achlor
hydria and paresthesias are frequent in both 
conditions. In myxedema the tongue is large, 
whereas it is of normal size in pernicious 
anemIa. 
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7. Course and Prognosis of Hypothyroidism 

Myxed ,na takes an extremely chronic course. 
Comr ete lack of thyroid tissue is compatible 
with 1& for some years. After a long period of 
chronic illness hypothyroidism ends in death in 
myxedema Loma, which is often precipitated by 
infections, e'<posure to cold, or administration of 
sedatives(p. 161). Cases who remain untreated for 
years are rarely encountered today. The famous 
report of the Myxoedema Commission (1888) 
stated that the life expectancy of a patient with 
untreated myxedema was 10 to 15 years after 
onset of the disease. Adequate treatment often 
restores all functions to normal and some 
famous cases have survived for many years. 
One of RAVEN'S patients (1894, 1924) had been 
ill and bedridden for 20 years. She recovered 
promptly after treatment and lived another 
30 years, to die at the age of 94. BURGESS (1946) 
treated a patient successfully over 52 years. 

According to MEANS (1963), full-blown my
xedema is always due to complete athyroidism. 
Even small remnants of thyroid tissue may 
maintain a borderline thyroid function, until 
they too become atrophic. Since destruction 
of the thyroid tissue is a slow process in primary 
idiopathic hypothyroidism, the severity of 
myxedema is always correlated to the duration 
of hypothyroidism. Acute spontaneous hypo
thyroidism has frequently been reported, but it 
has not been established whether this occurs in 
primary idiopathic hypothyroidism. Sponta
neous remissions are seen after thyroiditis and 
sometimes after subtotal thyroidectomy. After 
thyroidectomy and after radioiodine treatment 
the signs of hypothyroidism may develop quite 
rapidly. 

8. Treatment of Hypothyroidism (Table 3) 

Na-L-thyroxine is our drug of choice for long
term substitution therapy. It is relatively cheap 
and has a constant and well-standardized po
tency. Its absorption after oral administration 
is about 70 % in both euthyroid and hypo
thyroid subjects (HAYS, 1968; READ, 1970). 
EVERED'S (1973) careful studies in which the 
dose of thyroxine was slowly increased until 
the elevated TSH levels of primary myxedema 
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had returned to normal (probably the best 
criterion for euthyroidism) have shown that 
the full replacement dose is 100 - 200 Ilg daily. 
The doses of 200 - 400 Ilg recommended in 
most textbooks are too high and produce slight 
hyperthyroidism. Oral thyroxine takes effect 
after about 3 to 5 days (RIDGWAY, 1972) and 
the effect slowly disappears 7 to 10 days after 
cessation of treatment. The serum half-life is 
about 7 days. This slow disappearance is an 
advantage in most cases. It allows administra
tion of the drug in a single daily dose. In cases 
where the patients are unreliable, the drug can 
be given under the surveillance of a doctor or 
nurse every 7 days in a dose of 1 to 2.5 mg 
(BERNSTEIN, 1969). 

Since the availability of L-thyroxine the 
desiccated thyroid preparations have lost much 
of their popularity, but are still often used in 
the U.S.A. Although it must be conceded that 
some brands are very reliable in their hor
mone content and have been used in the same 
dose over years, the fact that most pharmaco
peias require only a statement of their iodine 
content has limited their usefulness. Since 
desiccated thyroid contains variable amounts 
of mono- and diiodotyrosine and iodide as 
well as thyroxine and triiodothyronine, a con
stant iodine content does not guarantee a 
constant hormone content. Some preparations 
have shown great variability in intestinal ab
sorption, and others have lost their potency 
during storage. 

Triiodothyronine, with its serum half-life 
of 1 day, has a more rapid onset of action 
within a few hours to 3 days. After discontin
uation of treatment its effect ceases within 3 
to 5 days. These properties are useful in the 
treatment of myxedema coma, in the triiodo
thyronine suppression test (p. 242) and in cases 
where it is necessary to interrupt and resume 
therapy quickly for radioiodine uptake tests or 
for radioiodine treatment of thyroid cancer. 

Recently, thyroid hormone preparations 
containing a mixture of the two hormones 
thyroxine and triiodothyronine in a ratio of 
4: 1 have become commercially available. The 
claim that they allow more "physiological" 
and better tolerated treatment has been dis
proved by a carefully controlled study (SMITH, 

Table 3. Preparations for thyroid hormone replacement therapy and their dosage 

Mean adult full Half-life Onset of effect Duration of effect 
replacement dose in plasma (days after start after cessation 
(day) of treatment) of therapy 

Na-L-thyroxine 0.1 -0.2 mg 7 days 4 days 10 days 
N a-L-triiodothyronine 0.06-0.12 mg 1 day '/4 to 3 days 5 days 
Desiccated thyroid 60-180 mg 4 days 10 days 
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1970). Surprisingly, this mixture produces un
physiologically high triiodothyronine levels in 
serum, while substitution with thyroxine alone 
produces near-normal triiodothyronine levels 
(SURKS, 1972; EVERED, 1973). 

The full substitution dose for thyroxine is 
100-200 Ilg in most adult patients, but the range 
is 100-600 Ilg. A dose of 60 Ilg of triiodoth yronine 
is about equipotent to one of 100 Ilg of thyroxine. 
In mild or moderate cases the initial dose is 
50llg of thyroxine per day. After one or two 
weeks it is increased by increments of 251lg until 
optimal substitution is reached. In severe myx
edema, in patients over 60 years of age, and in 
cases of coronary heart disease the initial dose 
should be low, e.g. 12.5 Ilg or at most 25 Ilg per 
day. The dose is increased by small increments at 
intervals of not less than 2 weeks until satis
factory substitution is achieved. In older pa
tients, especially in the case of coronary athero
sclerosis, it is customary not to aim at full 
substitution, but to keep the patients border
line hypothyroid. If angina pectoris, palpita
tions or cardiac arrhythmias arise at the onset 
of therapy, treatment is stopped and resumed at 
half the dose after a few days. 

The optimum substitution dose should be 
determined mainly by the clinical state of the 
patient. Cold intolerance and fatigue should 
disappear and the pulse should become normal. 
Palpitations, tachycardia, loss of weight, nerv
ousness and insomnia are signs of overdosage. 
Laboratory tests may sometimes be necessary 
to determine the proper dose. The ankle reflex 
time has proved to be a useful and quick 
indicator of therapeutic effectiveness. Other 
authors prefer to measure the basal metabolic 
rate. Most textbooks recommend that the 
serumthyroxine should be in the borderline 
hyperthyroid range during optimal substitution 
therapy with thyroxine. Recent studies, how
ever, recommend to maintain the serum thy
roxinein the normal range (EVERED, 1973). Serum 
thyroxine is very low (1-2 Ilg/100 ml) when the 
patient is given triiodothyronine and should be 
in the normal range when desiccated thyroid is 
given. 

When the optimal dose has been determined 
for a patient it should be given for the rest of 
his life, and patients should be carefully in
structed not to discontinue treatment. Physical 
activity and cold weather cause a moderate 
increase in the hormone requirement and the 
dose should be varied accordingly. Early in the 
treatment patients often tend to forget to take 
their medication regularly or discontinue treat
ment completely. They should therefore be 
seen at frequent intervals at first. Later, six
monthly check-ups are sufficient, but the doctor 
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has a responsibility to follow up the patients 
throughout their lives. 

Concomitant heart failure should be treated 
with cardiac glycosides. If the patients are not 
fully substituted with thyroid hormone, the 
digitalis dose should be kept low. 

Secondary hypothyroidism needs the same 
treatment as primary hypothyroidism with the 
important exception that substitution with cor
tisone is mandatory and should be started 
before thyroxine therapy in order to avoid an 
adrenal crisis. The treatment of myxedema coma 
is discussed on p. 161. 

E. Hypothyroidism in Childhood 
A. PRADER, A. LABHART, and H. BURGI 

Hypothyroidism in childhood deserves a special 
section because of its high incidence and 
particular features, notably its effects on growth 
and mental development. After diabetes mel
litus hypothyroidism is the most common 
endocrine disorder of childhood. It is more 
frequent than hyperthyroidism in children, 

Table 4. Causes of hypothyroidism in childhood 

I. Primary hypothyroidism 
1. Thyroid aplasia, ectopic and hypoplastic thyroid (con

genital, nonfamilial thyroid aplasia, sporadic cretin
ism). 

2. Acquired childhood and neonatal hypothyroidism. 
a) Treatment of mother during pregnancy with anti

thyroid drugs or excess iodide (reversible); 
b) Idiopathic hypothyroidism (spontaneous primary 

thyroid atrophy; chronic thyroiditis, atrophic var
iant). 

3. Genetic defects in thyroid hormone biosynthesis and 
thyroid hormone end organ response (familial goiter 
with hypothyroidism). 
a) Failure of active iodide transport; 
b) Defect of organic iodination. When associated with 

nerve deafness: Pendred syndrome; 
c) Defect in iodotyrosine coupling; 
d) Deficiency of iodotyrosine dehalogenase; 
e) Deficiency of thyroidal protease; 
f) Abnormal plasma iodopeptides; 
g) Unresponsiveness of thyroid to TSH; 
h) Unresponsiveness of peripheral tissues to thyroid 

hormone. 
4. Endemic cretinism, hypothyroid variant. 

II. Secondary hypothyroidism 
Any of the defects below can be due to a lesion either of 
the anterior pituitary or of the hypothalamus. 
1. Tumors of the hypothalamus or the pituitary gland; 
2. Inflammatory, granulomatous or traumatic lesions of 

the hypothalamus or .,ituitary gland; 
3. Idiopathic deficiency ofTSH secretion, often combined 

with defective growth hormone secretion. Probably 
hypothalamic in origin in most cases; 

4. Isolated hereditary TSH deficiency (rare). 
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while in the adult the reverse is true. The 
clinical features peculiar to childhood hypo
thyroidism arise from the fact that in addition 
to the effects known in the adult it severely 
impairs physical and mental development. The 
resulting picture is so striking that it is usually 
easy to decide in an adult hypothyroid patient 
whether his hypothyroidism started in childhood 
or later. 

A classification of childhood hypothyroidism 
is given in Table 4. The individual causes of 
childhood hypothyroidism are discussed below. 

1. Aplastic, Hypoplastic and Ectopic Thyroid 
Gland 

This is the most common cause of hypo
thyroidism in children. Thyroid ectopism has 
been recognized more and more frequently 
since all "athyrotic" children have been care
fully scintiscanned for iodine-concentrating ec
topic thyroid tissue. About 50 % of these 
children are found to have a retrolingual 
thyroid (Fig. 6). The thyroid gland arises during 
embryogenesis from the thyroglossal duct, a 
ventral outgrowth of the cranial entoderm. 
Ectopic thyroid tissue may be found any
where along the path of this anlage down 
to the final location of the gland, sometimes 
even far below the normal site of the gland, 
e.g. in the lower mediastinum (Fig. 7). The 
most common location is the base of the 
tongue as a so-called retrolingual goiter, which 
is usually very small, but is occasionally large 
enough to produce dysphagia and other local 
symptoms (Fig. 6). Only 17 % of patients with 
a retrolingual thyroid demonstrated by scinti
graphy are hypothyroid, but if the ectopic 
thyroid is the only thyroid tissue, hypothyroidism 
is relatively common. In the early years of life 
intense stimulation of ectopic thyroid tissue 
may suffice to maintain marginal euthyroidism, 

Fig. 6. Lingual goiter in a 42-year-old woman with congenital 
hypothyroidism. (From M. P. KONIG: Die kongenitale 
Hypothyreose und der endemische Kretinismus, Springer 
1968) 
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but in many cases hormone supplies fail to meet 
the demands in the growing organism, e.g. in 
puberty, and hypothyroidism follows. 

The radioiodine turnover in the stimulated 
ectopic retrolingual tissue may be greatly ac
celerated. Thus radioiodine uptake is rapid, 
but the tracer leaves the gland again at a fast 
rate. Scintiscanning should therefore be per
formed in an early phase of the iodine uptake. 
Due to the rapid turnover the level of radio
active protein-bound iodine (PB 131 I) is fairly 
high after 24 hours. The salivary glands, which 
also concentrate iodide, have to be carefully 
shielded during scintiscanning to avoid false
positive results. 

Surgery is not normally necessary in retro
lingual goiter. Treatment with thyroxine sup
presses the elevated TSH levels, and the hyper
plastic thyroid tissue is deprived of its growth 
stimulus and shrinks. Only if this therapy fails 
is surgery indicated (NEINAS, 1973; see p. 283). 

Unilateral aplasia of a thyroid lobe is rare. 
It is occasionally simulated by a toxic nodule 
suppressing the activity of the remaining tissue. 
Scintiscanning after TSH injection reveals the 
dormant tissue on the contralateral side in such 
cases. 

The thyroglossal duct sometimes gives rise 
to cysts, which occasionally become infected. 
When they are treated by surgery the whole of 
the thyroglossal duct should be removed to 
avoid recurrences. The possible sites of ectopic 
thyroid tissue are shown in Fig. 7. 

Thyroid tissue in an ovary, so-called struma 
ovarii, is part of a teratoma. It is very rare and is 
seldom diagnosed before laparotomy, unless 
scintiscan of the abdomen is performed (p. 210). 

The etiology of thyroid aplasia or ectopism 
is not known. The question as to whether 
maternal thyroid antibodies which cross the 
placenta may damage the fetal thyroid is a 
matter of debate (BLIZZARD, 1960; CHANDLER, 
1962). Most mothers of athyrotic children have 
no thyroid antibodies, and most mothers with 
thyroid antibodies have normal children. 
Thyroid aplasia and hypoplasia occur sporadic
ally in most cases and only very rarely is there 
a familial incidence (CHILDS, 1954; BERNHEIM, 
1961). The mothers of athyrotic children usually 
have a normal thyroid function, but there is an 
increased incidence of hypo- and hyperthyro
idism in their families. Both sexes are equally 
affected and it has not been possible to in
criminate exposure to toxins and infectious 
agents (toxoplasmosis) as a cause (ANDERSEN, 
1969). 

A few cases of hypothyroidism acquired 
during fetal life due to radioiodine treatment 
of the mother have been reported (FISHER, 
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Fig. 7. Schematic representation of the most frequent 
locations of dystopic thyroid glands. (From S. C. WERNER: 

The thyroid, New York 1955) 

1963). Treatment of the mother with anti
thyroid drugs may produce fetal hypothyroidism 
and goiter. Both are rapidly reversible after 
birth, but it is not known whether the episode 
of fetal hypothyroidism leaves traces in later 
life in the form of subtle mental retardation. 
Treatment of the mother with pharmacological 
doses of iodide, e.g. for asthma, may produce 
fetal hypothyroidism and goiter. The condition 
has a serious prognosis (CARSWELL, 1970). 

2. Acquired Childhood Hypothyroidism 

Hypothyroidism of the newborn due to maternal 
drug treatment has been discussed above. 
Hypothyroidism due to drug treatment of the 
child itself is very rare, due to the rarity of 
thyrotoxicosis in childhood. Two causes should 
be considered when hypothyroidism develops 
in a previously healthy child. The first is the 
failing function of a hitherto unrecognized 
ectopic and/or hypoplastic thyroid gland. This 
is reported to occur frequently during puberty. 
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The second cause is idiopathic hypothyroidism 
due to spontaneous atrophy of the thyroid 
gland, also called chronic thyroiditis, atrophic 
variant (WINTER, 1966). The pathogenesis of 
this disease, which is probably autoimmune in 
nature, has been discussed with that of adult 
hypothyroidism. 

Cystinosis, a rare generalized metabolic 
disorder which usually leads to death in renal 
insufficiency, has recently been found to cause 
hypothyroidism. Four out of 16 patients studied 
by CHAN (1970) were frankly hypothyroid. 
Autopsy revealed severe thyroid atrophy with 
cystine crystals in epithelial cells. 

The differentiation of acquired hypothyro
idism from the congenital form is not usually 
difficult. In the acquired form, growth and 
mental development are normal during the 
first years of life and the signs and symptoms 
are similar to those of the disease in adulthood. 
Slowing of mental functions is present, but 
the mental retardation is much less pronounced. 
Irregularities in the bones and body proportions 
are also less conspicuous than in the congenital 
form. 

3. Genetically Determined Defects of Thyroid 
Hormone Biosynthesis or Action 

Thyroid hormone biosynthesis and action occur 
in a sequence of several steps (p. 139), each of 
which may theoretically be the site of an 
hereditary defect. The defects known to date 
are listed in Table 4. An exhaustive review on 
the subject has been written by STANBURY 
(1972), and it is his classification which is used 
in this discussion. All the defects known so 
far are of the autosomal recessive type. Con
sanguinity of the parents is often demonstrated 
and siblings are frequently affected. 

The clinical picture is very similar in most 
defects, with the exception that peroxidase 
deficiency is often associated with nerve deafness 
(Pendred syndrome, see below). Goiter is occa
sionally present at birth, but usually develops 
during early childhood. It becomes very large 
and can no longer be overlooked by adolescence. 
Hypothyroidism may be mild or marked, but 
is rarely as severe as in congenital aplasia of the 
thyroid. The symptoms and signs are the same 
as for the other forms of childhood hypo
thyroidism. It can safely be said that the 
occurrence of a large goiter in a hypothyroid 
child is almost diagnostic of one of the hered
itary defects. 

Pathological examination of the thyroid 
gland usually shows a multinodular goiter with 
all the histological signs of intense stimulation 
by TSH, i.e. very sparse colloid with a micro-
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follicular picture. Trabecular epithelial parts 
are also found. Polymorphism of epithelial 
cell nuclei is often encountered, and sometimes 
the picture might be interpreted as that of a 
malignant tumor, but metastases are practically 
never seen. 

a) Deficient Active Iodide Transport 
(STANBURY, 1960; WOLFF, 1964) 

This is a rare cause of hereditary hypothyroidism. 
The thyroid is unable to accumulate iodide 
from the blood in this condition, and the defect 
can be imitated pharmacologically by the admin
istration of perchlorate, a drug that competi
tively inhibits active iodide transport (p. 140). 
MEDEIROS (1972) has described two patients with 
a partial defect. There is no complete biochemical 
explanation for the defect as yet. It is konwn 
that active iodide transport requires energy 
supplied by a membrane-bound Na + - or K +
activated ATPase. However, it is unlikely that 
the latter enzyme is absent, since this is hardly 
compatible with cell survival. The salivary'glands, 
which normally also actively accumulate iodide 
are also affected. The diagnosis is made from a 
lack of thyroidal accumulation of radioactive 
iodide and by the low PB 131 I level in the serum 
after a dose of radioiodide; it is confirmed by a 
lack of radioiodide accumulation in saliva when 
compared to the plasma concentration and 
finally by in-vitro incubation of excised thyroid 
tissue. GILBOA (1963) has clearly shown that 
the subsequent steps of thyroid hormone syn
thesis are intact. He administered large doses 
of iodide to a patient, which raised the plasma 
iodide to such levels that enough iodide pen
etrated into the thyroid gland by passive diffusion 
to make active transport unnecessary. Produc
tion of normal amounts of thyroid hormone was 
thus possible and the patient became euthyroid. 
However this is not the recommended routine 
treatment, since overdosage of iodide led to 
hyperthyroidism in this case. 

b) Defective Thyroglobulin Iodination (Iodine 
Organification) and Pendred Syndrome 

Many patients with this defect have been 
reported since it was originally described by 
STANBURY (1950). It now appears that this 
is a heterogeneous group of disorders. The 
two features common to all cases are the 
occurrence of goiter and the fact that radio
iodine accumulated by the thyroid gland can 
be discharged by the administration of per
chlorate (see p. 243). With the elucidation of 
the steps necessary for iodination of thyro
globulin (p. 140) it has become customary to 
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describe the disease as due to deficiency of 
thyroidal peroxidase, the enzyme presumably 
necessary for the oxidation and organification 
of iodine. However, as will be seen below, the 
term peroxidase deficiency does not cover all 
defects described in this disorder, and should 
therefore be used with caution. 

HAGEN (1971) has classified patients with 
defects in iodide organification as follows: in 
type A thyroid peroxidase is completely absent 
(VALENTA, 1973). The patients are severely hypo
thyroid cretins with a very low plasma hormone 
level. Administration of perchlorate leads to dis
charge of all accumulated iodide. In type B 
(Pendred's syndrome) the patients are euthyroid 
(MlLUTlNOVIC, 1969), have a goiter and suffer 
from nerve deafness. Perchlorate discharges part 
of the radioiodide and peroxidase activity is nor
mal (LJUNGGREN, 1973; BURROW, 1973). Type-C 
patients are euthyroid, have a goiter, a partial 
perchlorate discharge and abnormal peroxidase. 
Enzyme activity is absent in vitro when tested 
in normal conditions, but the addition of 
hematin, the alleged prosthetic group of the 
enzyme, partially restores enzyme function. A 
defect in the binding of the prosthetic group 
to the apoenzyme has been postulated (HAGEN, 
1971; NIEPOMNISZCE, 1972 and 1973). 

REINWEIN (1970) has described a case of 
defective iodide organification where the thyr
oid predominantly secreted triiodothyronine. 
It has not been established to which of the above 
classes his patient belongs. It is possible that 
predominant triiodothyronine synthesis is merely 
a consequence of the intense TSH stimulation 
and the low degree of thyroglobulin iodination, 
which are necessarily present in all hypothyroid 
patients. This leads to a preferential synthesis 
of monoiodotyrosine and consequently of tri
iodothyronine. BELLABARBA (1972) has described 
4 patients with almost selective triiodothyronine 
secretion, but the nature of the underlying bio
chemical defect was not specified. 

The cause of deafness in Pendred's syn
drome has not yet been established. 

c) Failure of Iodotyrosine Coupling 

The last step in the biosynthesis of thyroxine 
is the coupling of two diiodotyrosyl residues of 
thyroglobulin to form thyroxine. Details of 
this reaction are not yet fully understood (p. 141). 
Several patients showing good evidence for 
the failure of iodotyrosine coupling have been 
described. They all had a goiter, were moderately 
or borderline hypothyroid and had a high 
thyroidal radioiodine uptake (STANBURY, 1963). 
A large fraction of the radio iodide taken up 
by the thyroid was rapidly lost again in non-
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hormonal form. SHIMAOKA (1972) recently de
scribed a case with failure of iodotyrosine 
coupling who secreted the unusual iodocom
pound diiodo-p-hydroxyphenyl lactic acid, an 
alleged intermediate in the coupling reaction. 
It remains to be seen whether this compound 
is found in other cases. 

Diagnosis of coupling failure is based mainly 
on the exclusion of other defects and on the 
demonstration of labeled mono- and diiodo
tyrosine but not of thyroxine in thyroid tissue 
excised after the administration of radioiodine. 
This pattern of iodine distribution can also be 
simulated by iodine deficiency, which must 
therefore be excluded by measurement of thyro
idal and urinary 1271 content. 

d) Failure of Iodotyrosine Deiodination 

A normal molecule of thyroglobulin contains 
about 2 residues of thyroxine and 10 to 15 
residues of mono- and diiodotyrosine. When 
thyroxine is to be released the whole thyro
globulin molecule is hydrolyzed into its con
stituent amino acids. Mono- and diiodotyrosine, 
neither of which has any hormonal activity, 
are immediately deiodinated within the gland 
and most of the iodide thus liberated is 
reutilized for thyroglobulin iodination without 
leaving the gland (p. 142). If the iodotyrosines 
are not deiodinated their iodine cannot be 
reutilized and they diffuse out of the gland and 
are excreted in the urine. A number of patients 
meeting the criteria for a defect of deiodination 
have been described (MCGIRR, 1959). All of 
them had a goiter, were either frankly or border
line hypothyroid, and were mentally retarded. 
After a dose of radioiodine the thyroidal 
uptake was high and turnover of the isotope 
was rapid. Labeled iodotyrosines, normally 
absent, were found in the urine. The diagnosis 
is confirmed by the administration of 1311_ 

labeled mono- or diiodotyrosine. Normally 
only traces of the label appear in the urine in 
the form of the injected compound and most 
of the urinary 131 I is iodide, presumably because 
the deiodinating enzyme is also present in 
various extra thyroidal tissues including the liver. 
STANBURY (1972) has presented presumptive 
evidence that heterozygotes can also be detected 
with this test. NAKAJIAMA (1971) has recently 
described patients in whom he thought that 
diiodotyrosine deiodination was deficient while 
that of monoiodotyrosine was normal. The 
defect was thought to be transmitted as an 
autosomal dominant, in contrast to the findings 
in all other sibships reported so far. 

Since severe dietary iodine deficiency can 
cause some of the same clinical findings and 
radioiodine turnover values, this condition has 
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to be carefully excluded by measurement of 
urinary 1271 before the diagnosis of failure of 
iodotyrosine deiodination can be accepted. 

The reason why these patients are hypo
thyroid is not immediately apparent. All the 
steps of hormone biosynthesis and release are 
in fact intact and the defect is located in a side 
reaction of iodine metabolism. This side reaction 
is, however, very important for the preservation 
of iodine stores, and when it is impaired the gland 
suffers severe iodine deficiency. The accuracy 
of this interpretation was clearly demonstrated 
by VAGUE (1962), who treated patients with 
Lugol's solution. The increased iodine supply 
led to a complete normalization of thyroid 
function, confirming that hormone biosyn
thesis and release were proceeding normally. 

e) Diminished or Altered Thyroglobulin Synthesis 

A number of case reports have appeared where 
a defect in thyroglobulin synthesis was postu
lated (see STANBURY, 1972, for review). Some 
of the patients had a thyroglobulin with altered 
physicochemical properties, while others pro
duced no distinct iodoprotein at all, and still 
others synthesized and iodinated albumin, which 
in normal thyroids is present in only small 
amounts. Two cases of complete absence of 
thyroglobulin biosynthesis have recently been 
well documented by LISSITZKY (1973). This 
group of defects thus does not appear to be 
homogeneous with regard to the basic defect. 
Clinically the patients are hypothyroid or 
borderline euthyroid and have a goiter. The 
radioiodine uptake is high. The diagnosis is 
made by biochemical examination of excised 
thyroid tissue. It must be borne in mind that 
any condition that leads to intense and pro
longed TSH stimulation of the thyroid gland, 
e.g. iodine deficiency or other inborn defects 
of hormone synthesis, will produce a hyper
plastic goiter depleted of colloid and thyro
globulin. The causes of thyroglobulin depletion 
mentioned above therefore have to be rig
orously excluded before the diagnosis of defi
cient thyroglobulin synthesis can be accepted. 
In a rat goiter MONACO (1973) has ascribed the 
lack of thyroglobulin synthesis to a defect in 
one of the enzymes necessary for the addition 
of carbohydrate to the protein. It is conceivable 
that similar defects occur in man. 

f) Abnormal Iodinated Serum Pep tides 

Several patients with hypothyroidism, mental 
retardation, goiter, and a high level of protein
bound iodine have been detected. Analysis of 
their serum iodine has revealed that a large 
part is not extractable into butanol (thyroxine 
is extracted almost 100 % into butanol). The 
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abnormal iodinated substances were identified 
as peptides which migrated with albumin on 
paper electrophoresis. Hydrolysis of these pep
tides with trypsin yielded mono- and diiodo
tyrosine. Such iodinated peptides are also present 
in the serum in chronic lymphocytic thyroiditis, 
in thyroid cancer, and occasionally in endemic 
goiter. The basic biochemical defect and the 
mode of inheritance are not known (DEGROOT, 
1958; WERNER, 1960; LAMBERG, 1963; STAN
BURY, 1972). 

g) Rare Inborn Errors 

STANBURY (1968) described an 8-year-old con
genitally hypothyroid patient with no goiter 
whose thyroid failed to respond to TSH in
jected in vivo and also to TSH added in vitro. 
He postulated a defect in thyroid responsiveness 
to TSH, but other interpretations of the findings 
are also possible. 

REFETOFF (1967, 1972) investigated families 
in which several members had small goiters, 
were borderline hypothyroid, had nerve deaf
ness, and, surprisingly, had a high circulating 
thyroid hormone level. He thought the syndrome 
was due to an end-organ resistance to thyroid 
hormone action. A characteristic radiologic 
findings was stippled femoral epiphyses. Basic
ally similar cases were observed by LAMBERG 
(1973) and BODE (1973). 

REINWEIN (1963, 1964) reported a case of 
goiter with deaf-mutism where the synthesis 
of thyroxine was normal, but the release of the 
hormone from thyroglobulin was impaired. 
Biochemical examination of the gland suggested 
that the condition was probably due to a 
deficiency of thyroid protease. 

4. Secondary Hypothyroidism in Childhood 

The causes of secondary hypothyroidism in 
childhood are listed in Table 4. It rarely occurs 
as an isolated TSH deficiency and is most 
frequently associated with growth hormone 
deficiency in the syndrome of pituitary dwarfism 
(p. 98 ff.). The availability of synthetic thyro
tropin releasing hormone has made it possible 
to show that in the majority of cases the disease 
is of hypothalamic rather than pituitary origin 
(p. 160). 

5. Clinical Features of Childhood Hypo
thyroidism 

a) Features in the Neonate 

The success of substitution therapy is de
pendent mainly on early diagnosis of hypo-
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thyroidism in the neonate, which justifies special 
attention to the early signs. The athyrotic or 
hypothyroid neonate usually shows none of the 
classic clinical features of hypothyroidism, and 
the differential diagnosis against Down's syn
drome may be very difficult (p. 176). That an 
athyrotic neonate suffered from hypothyroidism 
during fetal life is often documented by two 
facts: first, the bone age is slightly retarded 
at birth; secondly, mental retardation may 
become manifest in later life, even when 
thyroid hormone replacement is started im
mediately after birth. Both facts support the 
view that maternal thyroid hormones cross 
the placenta in insufficient amounts and that 
the fetus is therefore dependent on its own 
hormone supply. 

Pregnancy is sometimes prolonged in the 
case of a hypothyroid child. Weight at birth 
is often slightly above average. Body length at 
birth may be less than normal, normal, or even 
above normal. Prenatal bone maturation is 
sometimes retarded, which is easily demon
strated by the lack of calcification in the distal 
femoral epiphysis at birth. Occasionally a large 
tongue and a puffy red face resembling that in 
Cushing's disease is noted. Very often the 
physiologic neonate icterus is prolonged (icterus 
prolongatus). 

In the first few weeks oflife the first symptoms 
of diminished metabolism become apparent. 
The baby is conspicuously quiet, needs a lot 
of sleep, becomes a poor nurser and is con
stipated. He is unusually good-tempered, rarely 
cries and lies still in bed. In spite of the feeding 
problem the baby looks well-nourished (Fig. 8). 
Gradually, physical and mental retardation 
with motor inactivity, flaccidity of the mus
culature, protrusion of the abdomen (often 
associated with umbilical hernia), and the 
yellow, dry and thickened skin become in
creasingly apparent. The baby does not kick, 
and smiles and lifts his head later than normal. 
His face becomes puffy and the tongue is 
enlarged (Fig. 8). The hair is dry and grows 
slowly. The neck is usually too fat to permit 
proper palpation of the so-called "bare trachea" 
in thyroid aplasia. Temperature and pulse rate 
tend to be low. All these symptoms are suf
ficiently developed by the second month to 
raise the suspicion of hypothyroidism in the 
experienced doctor. 

b) Features in Early Childhood 

In the second six months of life the symptoms 
become so marked that even mild cases can 
be readily diagnosed. All symptoms gradually 
become worse in subsequent years. 
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The mental and physical development of 
these children is greatly retarded. They are 
unusually peaceful, sometimes almost stu
porous. All their actions are extremely slow. 
They are severely constipated. Apart from 
the skin changes, which will be discussed later, 
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physical exmination reveals striking abnormali
ties. The head is large and brachycephalic. The 
facies is broad and puffy and the features are 
coarse. The expression is dull and content. The 
forehead is low and covered by thick wrinkles. 
The nasal bridge is broad and flat and the 

Fig. 8. Facial expression in congenital hypothyroidism and in Down's syndrome in childhood. Top left: age 2 months, 
untreated thyroid aplasia. Top right: age 5 months, untreated moderate hypothyroidism. Middle left: age 2 years, thyroid 
aplasia, untreated. Middle right: age 7 years, Down 's syndrome. Bottom left: age 7 years, hypothyroidism, on insufficient 
replacement therapy. Bottom right: age 7 years, thyroid aplasia, on insufficient replacement therapy. Note the enormous 
difference between thyroid aplasia and moderate hypothyroidism in babyhood (top figures). At age 7 the facial expression 
in insufficiently treated hypothyroidism is not strikingly abnormal, but still shows the round face and the broad features. 
Note also the difference between hypothyroidism and Down's syndrome. In contrast to hypothyroidism Down's syndrome 
causes slanted eyes and an epicanthal fold. The mouth is also enlarged and but not to the same degree as in hypothyroidism 
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nostrils point forewards instead of downwards. 
The interocular distance is increased. The mouth 
is large and the lips and tongue are thickened 
and swollen (Fig. 8). Dental eruption is de
layed. Defects in dental enamel are frequent, 
as is dental caries. The hair is dry. Speech is 
slow and badly articulated and the voice is hoarse. 
Deafness may later be noted in Pendred's 
syndrome (p. 168). Occasionally the trachea 
can be palpated despite a fat neck, and there is 
an impression that there is no overlying thyroid 
tissue ("bare trachea"), but this, of course, is 
an unreliable sign for the absence of the thyroid. 

The body is not only short, but also fat 
and plump. The extremities are short and the 
abdomen protruding. 

c) The Specific Symptoms of Developmental 
Retardation 

Thyroid insufficiency, even of a slight degree, 
causes marked retardation of physical and mental 
development. This is particularly true in chil
dren with thyroid aplasia, who at the age of 
10 years may physically be at the stage of 
babyhood, if they have never been treated. 
They rarely reach the age of 20 and die much 
earlier in most cases. 

In hypothyroidism the retardation of growth 
is characterized mainly by delayed bone devel
opment and maturation, and delayed devel
opment of body proportions. The body pro
portions as measured by the length of the 
upper segment (symphysis to head), the lower 
segment (symphysis to feet) and the span 
(fingertips to fingertips with extended arms) 
remain infantile (cf. Chap. XIX), i.e. the ex
tremities are too short (Figs. 10, 13, 14). This is in 
contrast to dwarfism from other causes. The 
head is too large in relation to the body and 
retains its infantile shape. This results in the 
typical brachycephalic head with coarse facial 
features. 

Fig. 9 shows growth, weight gain, bone 
development and intelligence in a case of 
severe hypothyroidism, expressed in terms of 
developmental age correlated with chronolog
ical age (Chap. XIX). As a rule, bone age is 
more and weight age (due to slight obesity) 
less retarded than height age. The dental age 
is not shown. It is usually less retarded than the 
other parameters, although a delay in dentition 
is almost always demonstrable. Intelligence 
age varies widely from case to case, but rarely 
exceeds height age. 

If all the parameters discussed are considered 
together hypothyroidism produces a charac
teristic developmental type after the age of 
early babyhood (Fig. 10). This type again 
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Fig. 9. Schematic representation of growth, weight gain, 
development of bones and intelligence in a case of severe 
congenital hypothyroidism. Treatment was started at age 
4 (KspZ) 

changes in a characteristic fashion upon optimal 
thyroid substitution therapy (Fig. 9). Bone age 
is accelerated more than weight age, and 
mental development will ultimately be least 
influenced by thyroid hormone treatment (p. 
176). In untreated cases puberty is delayed in 

Fig. 10. Twins, age 4~ years. The boy on the left suffers 
from inadequately treated thyroid aplasia, the one on the 
right is healthy. Note the short stature. the protruding 
abdomen, the large brachycephalic head, the broad coarse 
face, the thick neck, and the infantile proportions. In the 
affected child the ratio of the upper to the lower segment 
is 1.4: 1, in the healthy twin it is 1.26: 1 
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accordance with the delayed bone age. Some
times it is incomplete or fails to occur at all. 
(The relationship between puberty and bone 
age is discussed in Chap. XIX.) 

d) Skeletal Changes 

The slow longitudinal growth of long bones 
(short extremities) and the retardation of bone 
development have already been mentioned. 
This retardation is apparent in delayed ap
pearance of ossification centers, fontanelle clo
sure, pneumatization of skull bones, and epi
physeal closure. An X-ray of the hands should 
always be made for determination of the bone 
age (Chap. XIX); in addition to the delayed 
apperance of ossification centers the plate 
will show other typical features, such as the 
intensively calcified preparatory zone of cal
cification at the ends of the diaphyses (Fig. 11). 
Substitution therapy causes bone growth, but 
this zone remains visible for a long time as a 
densely calcified transversal "growth line" (Fig. 
11). Corresponding circular lines will be visible 
in the ossification centers. This intensive cal
cification of bone has been attributed to the 
slow growth of the bone matrix due to reduced 

Fig. 11. X-rays of hands and feet in a case of congenital 
hypothyroidism. Top: At age 9 months, just prior to treat
ment. Bottom: At age 11 months, after two months of 
treatment. The phase of slow growth preceding treatment 
can still be recognized after treatment from the dense trans
versal line in the long bones and from the dense circular 
line in the talus and calcaneus (KspZ) 

173 

osteoblast actIVIty (low alkaline phosphatase) 
together with a relatively good supply of 
calcium. This leads both to an intense cal
cification of bone and to a reduction in intestinal 
calcium absorption, as is documented by the 
low urinary calcium excretion. This explains 
why rickets, i.e. diminished calcification of the 
bone matrix, virtually never occurs in hypo
thyroidism, and also why vitamin-D intoxi
cation is easily produced. These changes prob
ably also cause the osteosclerotic changes and 
the soft tissue calcifications occasionally ob
served in untreated patients with thyroid aplasia. 

Another typical skeletal change is the irre
gular multicentric calcification of ossification 
centers, the so-called epiphyseal dysgenesis or 
"cretinoid osteochondropathy". This sign be
comes particularly marked during intense sub
stitution therapy, which produces a rapid cal
cification of the epiphyses. It can be observed 
in all epiphyses and ossification centers, but is 
most typical in the femoral head. This radiologic 
finding is very similar to that in Perthes' disease, 
but differs from it in always being bilateral. 
The femoral head becomes completely cal
cified during therapy, but severe deformity 
with coxa vara always persists (so-called cre
tinous hip, Figs. 12, 31, p.220). The hip de
formities contribute to the clumsy gait of most 
congenitally hypothyroid patients. 

Localized bone changes occur in the spine 
in the form of thoracal kyphosis with wedge
shaped compression of the second lumbar ver
tebra. The sella turcica is often enlarged, 
probably due to hyperplasia of the anterior 
pituitary (increased TSH secretion, see p. 155). 

e) Skin Changes 

As in cases of adult hypothyroidism, the skin 
has a yellowish to dirty brown color. It feels 
thickened, rough and dry. In older children 
grayish, dirty-looking hyperkeratotic knees are 
often seen. The skin of the extremities is not 
only cool, but sometimes frankly cyanotic. 
Histologic examination reveals increased meta
chromasia and increased numbers of mast cells. 

The subcutaneous fat is usually well devel
oped, but of a peculiarly flaccid firmness. In 
severe cases of hypothyroidism striking collar
like supraclavicular fat deposits develop (Fig.13). 

Scalp hair is sparse, dry and thickened 
(Fig. 8). After the age of two years, marked 
hypertrichosis with lanugo-like hair on the back 
and on the extensor surfaces of the extremities 
often develops, pubic and axillary hair remaining 
absent until puberty. 

All changes in the skin, hair and subcuta
neous fat are reversed by substitution therapy. 
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Fig. 12. a to c) Hip joint of a boy with congenital hypothyroidism at age 12, 14, and 17 years. Thyroid hormone treatment 
was instituted shortly after the first picture. d, e) Hip joint of healthy boys at age 11 and 14 for comparison. Note the 
very deficient ossification which rapidly improves after treatment, but still remains irregular. The femoral head is grossly 
deformed (KspZ) 

Fig. 13. Patient with congenital thyroid aplasia at age 
22 years. The height is 105 cm. Note the typical facial 
expression, the developmental retardation and the collar
like supraclavicular fat. (Prof. E. MARTIN, Prof. B. COUR
VOISIER, Policlinique medicale de l'universite de Geneve) 

Fig. 14. Congenital hypothyroidism, inadequately treated. 
The girl, age 8 years, has a mental and physical develop
ment corresponding to a 4-year-old. Note the typical 
facial expression and spastic stature with slightly flexed 
extremities 
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f) Neuromuscular System 

In the infant and the young child the musculature 
is usually underdeveloped and flaccid. This 
explains the large, protruding abdomen. In 
the older child, and occasionally in the infant, 
there is generalized muscle hypertrophy with 
muscular rigor. The result is an almost athletic 
appearance associated with clumsy movements. 
In the rare cases of the Kocher-Debre-Se
melaigne syndrome, muscular hypertrophy dom
inates the clinical picture (DEBRE, 1935; CROSS, 
1968; MEDEIROS, 1972). All movements are 
slow and clumsy. The patients keep their stiff 
limbs in a slightly flexed position (Fig. 14). 
They stand and walk with flexed knees and 
with their feet turned in. There is a peculiar 
lack of spontaneous involuntary movements. 
Tendon reflexes are very active, but the re
laxation phase is prolonged. A pseudomyotonic 
reaction is often elicited by tapping the muscles 
(p. 158). 

The electroencephalogram shows slowed 
activity with diminished potentials. Even the 
treated patient may have general dysrhythmic 
brain activity which parallels the irreversible 
mental retardation to a certain degree. 

g) Cardiovascular System and Blood 

The pulse rate is low and blood pressure IS 

reduced with few exceptions. The heart is 
occasionally enlarged (myxedematous heart, 
see p. 156), which is attributed partly to myxe
dematous changes within the myocardium and 
partly to concomitant anemia. The electro
cardiogram is often normal. Occasionally the 
same changes are seen as in the adult (low 
voltage, see p. 156). 

Anemia is almost always present. As in the 
adult (p. 157) it may be either hypochromic or 
hyperchromic. A constant finding is hypo
plastic hypocellular bone marrow. Serum iron 
may be elevated due to diminished incorpora
tion into hemoglobin. The hyperchromic anemia, 
which responds only to thyroid hormone sub
stitution, is probably more characteristic of 
hypothyroidism, while hypochromic anemia is 
rather nonspecific and may be related to 
alimentary iron deficiency. The white blood 
picture may be normal or show lymphocytosis. 
True juvenile pernicious anemia has been re
ported to coexist with childhood hypothyroidism 
(OLIVER,1969). 

h) Metabolic Changes 

A lowered basal metabolic rate is as charac
teristic as in adult myxedema. Due to technical 
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difficulties and uncertainty about normal values 
in children with dwarfism, the basal metabolic 
rate is of no great clinical importance. 

In contrast, the measurement of the serum 
thyroxine concentration and radioiodine up
take studies are as important in children as in 
adults. Normal values are very comparable to 
those of adults. 

As in the adult, an increase in beta-lipo
proteins, with hypercholesterolemia and hyper
carotenemia, is present in older children. Hyper
cholesterolemia is absent, however, in most 
babies and is infrequent in small children. On 
the other hand, the serum alkaline phosphatase 
is often diminished in the small child (normal 
values for children: 30 to 140IU). This is due 
mainly to decreased osteoblast activity, and 
possibly also to hepatic changes. Calcium 
and phosphate in the serum are usually normal. 
Rare cases have shown hypercalcemia with 
osteosclerosis (ROYER, 1954). 

Urinary excretion of creatine and calcium 
are reduced. 

Urinary steroid excretion and tests of adre
nal cortical function may indicate slight second
ary adrenocortical insufficiency. The cortisol 
secretion rate is diminished (KENNY, 1967). 
Growth hormone secretion shows a less pro
nounced rise in response to hypoglycemia. 
These findings are comparable to those in 
pituitary dwarfism, but differ in that they are 
reversible by thyroid hormone substitution. 

Occasionally pubertas praecox occurs (VAN 
WYK, 1960), which has been ascribed to an 
overlap between the feedback of gonadotropins 
and TSH. In girls this may be accompanied 
by galactorrhea (p. 158) with elevated prolactin 
levels. Thyroid hormone substitution reverses 
the signs of early puberty. 

i) Differential Diagnosis 

After infancy, untreated cases of athyroidism 
and hypothyroidism are immediately and easily 
recognized. The cretinoid features, physical and 
mental retardation, characteristic skeletal pro
portions, skin changes, slow pulse, and low 
blood pressure all combine to give an unmis
takable picture. Of course the clinical spectrum 
reaches from complete athyroidism to mild 
failure, according to the nature of the thyroidal 
defect. Nonetheless, mental and physical re
tardation is a mandatory sign, even in mild 
cases. Hypothyroidism must therefore be suspect
ed in every case of dwarfism and mental re
tardation. 

Severe untreated cases are now rarely en
countered later than babyhood, because the 
correct diagnosis is usually made. However, 
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untreated babies and badly treated older chil
dren are still frequently encountered. 

Measurement of the ankle reflex time is a 
simple and reliable procedure. In hypothyroidism 
the reflexes are definitely prolonged, but it must 
be borne in mind that normal values are lower 
in children than in adults (p. 241). 

Most important for the establishment of 
the diagnosis in small babies is the measurement 
of serum hormone concentrations and of the 
radioiodine uptake. If the values are not 
clear-cut and the suspicion of hypothyroidism 
persists, a TSH stimulation test should be 
performed, and if possible also a TRH stim
ulation test (p. 242). A TSH test must also be 
performed in cases where thyroidal 131 I uptake 
is already suppressed due to thyroxine treat
ment. If the stimulation tests cannot be per
formed in doubtful cases, one must resort to 
establishing the diagnosis from the failure or 
success of thyroid hormone substitution ther
apy given over several weeks. A clear-cut 
improvement of signs takes place only in hypo
thyroidism. 

In babies, hypothyroidism is often mistaken 
for rickets. Growth is retarded in both diseases, 
but otherwise signs are completely different, in 
particular the bone changes seen on X-ray 
and alkaline phosphatase in the serum (elevated 
in rickets, lowered in hypothyroidism). 

Chondrodystrophy and gargoylism (Hur
ler's syndrome) are also occasionally confused 
with hypothyroidism, the signs they have in 
common being dwarfism and a large head 
with coarse features. In chondrodystrophy the 
extremities are short, as they are in hypo
thyroidism, and gargoylism is often associated 
with mental retardation. In both diseases, how
ever, all other features of hypothyroidism in 
particular the cutaneous and cardiovascular 
changes and the metabolic abnormalities, are 
absent. 

For the differential diagnosis of dwarfism 
the reader is referred to Chap. XIX. 

The differential diagnosis is also difficult 
in cases with marked mental retardation and 
some degree of physical retardation but without 
the symptoms of severe hypothyroidism. Some 
disorders due to brain damage and several 
metabolic diseases have to be considered in 
these cases (phenylketonuria and others). For 
the inexperienced doctor the differential di
agnosis from Down's syndrome often proves 
very difficult. In both conditions patients have a 
dull facial expression with plump features, a 
wide mouth and a large, protruding tongue. The 
epicanthal fold and the slanted eyes, however, 
distinguish Down's syndrome from hypothyro
idism (Fig. 8). Moreover, in Down's syndrome 
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these are already present at birth, whereas in 
hypothyroidism the development of the typical 
facies takes several weeks. Muscular hypotonia, 
short stature, constipation, hoarse voice, and 
mental retardation in Down's syndrome may 
contribute to the confusion with hypothyroidism, 
but the motor inactivity, the skin changes and 
the cardiovascular changes are absent. On the 
contrary, children with Down's syndrome are 
often hyperactive and agitated. Another distinc
tive sign is the high frequency of congenital 
heart disease in Down's syndrome and its 
rarity in hypothyroidism. Occasionally both 
diseases are found simultaneously in one patient 
(HARRIS, 1967). In such cases the typical hypo
thyroid signs have been found in addition to 
the diagnostic chromosomal changes (trisomy 
21). 

6. Treatment and Prognosis 

Treatment of childhood hypothyroidism must 
be by full oral hormone substitution. In acquired 
hypothyroidism the aim of normal physical 
and mental development is more easily achieved 
than in congenital hypothyroidism, where nor
mal physical and mental development is only 
possible if substitution therapy is begun within 
the first months of life and consistently main
tained in an adequate dosage throughout the 
growth period. Delayed institution of therapy, 
interruptions, or inadequate dosage will seri
ously compromise the final result. The following 
guidelines are therefore meant primarily for 
the treatment of congenital hypothyroidism. A 
change of doctor is often detrimental to the 
patient. The new doctor will find no signs of 
hypothyroidism if the child has been properly 
treated, and may consider treatment unneces
sary. Months often pass before the develop
mental retardation becomes manifest and the 
error is recognized. Such interruptions are 
deleterious for the development of a child and 
are to be avoided at all costs. In case of doubt 
about the original diagnosis it is wise to continue 
treatment until the previous patient data are 
obtained or until the diagnosis is confirmed by 
a TSH test (p. 242). 

Unfortunately, even an early diagnosis and 
correct continous treatment do not always 
guarantee normal mental development. As in 
endemic cretinism, this must be attributed to 
prenatal brain damage which is incompletely 
reversible. If treatment is started late or not 
continued consistently a clear improvement can 
be observed, but never a full normalization of 
development. Unfortunately, most patients with 
congenital hypothyroidism who reach adulthood 
belong to the latter group. Basal metabolic rate, 
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pulse, blood pressure and serum lipids have 
become normal, and constipation and skin 
symptoms have been corrected. Nontheless, 
short stature (Fig. 10), a plump broad facies 
(Fig. 8), general slowness, decreased fitness, 
slow and clumsy speach and varying degrees of 
mental retardation persist. Puberty is delayed, 
but otherwise normal. Only extremely few 
patients have a completely normal mental and 
physical development fitting them for normal 
schooling and professional training. 

Experience has shown that years of treat
ment are needed to catch up with normal 
growth and that normal mental development 
can only be assured by early and regular treat
ment with proper dosage (Fig. 9). Therefore 
substitution therapy during the whole of the 
groll'th period, in particular in infancy, is given 
at the highest dose that can be tolerated. This 
principle is abandoned only in children in 
whom treatment was started late; when the 
doctor is convinced, on the basis of the results 
of several months of full treatment, that com
plete normalization of mental development 
cannot be achieved, the dose may then be 
reduced if the patient becomes more placid 
and more easily manageable. After the age of 
10, athyrotic cretins who have never been 
treated and have remained at the stage of an 
infant are best left without therapy, since their 
mental retardation can no longer be improved. 
Thyroxine treatment in such cases can convert 
a passive, quiet patient into an agressive, restless 
one who needs continuous supervision. 

The preparation of choice for the treatment 
of childhood hypothyroidism is L-thyroxine. 
Some doctors still use the time-honored desic
cated thyroid, which is difficult to standardize, 
while others prefer a mixture of L-thyroxine 
and triiodo-L-thyronine. As outlined in a pre
vious section (p. 164) this mixture has no real 
advantages. For a 9-year-old the average dose is 
200 Ilg thyroxine, or 200 mg desiccated thyroid. 
The dose for a two-year-old is about one half, for 
an infant about one third and for a neonate about 
one fifth of the above amount. The usual proce
dure is to start with half the estimated dose and 
increase to full substitution after 2 to 3 weeks. 
The medication is given in one dose per day. 
The dose is adapted for each case from the 
above values by trial and error. The correct 
dose is the highest one tolerated without signs 
of hyperthyroidism such as agitation, restless
ness, tremor, tachycardia, perspiration, insomnia 
and diarrhea. Correct dosage produces normal 
physical activity and normal body functions. 
In infants symptoms of hypothyroidism dis
appear within a few weeks and lethargy, lack 
of appetite, skin changes, pulse and con-

177 

stipation are greatly improved. An initial weight 
loss is regularly seen. Hair often falls out but 
grows again rapidly without the previous thick
ening and dryness. Growth and physical devel
opment become normal. After a delayed onset 
of therapy, an accelerated "catch-up" growth 
is often seen. The ankle reflex time is a good 
index of the effects of substitution therapy, 
providing age-adjusted normal values are used 
(p. 241). The serum total thyroxine can also be 
helpful, (cf. p. 165). The measurement of serum 
cholesterol is less recommended as a guide 
to therapy. Growth and bone age should be 
monitored at six-monthly or yearly intervals. 
With proper substitution therapy instituted 
early, both parameters progress normally. Bone 
age may sometimes get ahead of growth. If 
this tendency becomes marked, early epiphyseal 
closure may occur. To prevent this, the dosage 
is slightly reduced. 

In the relatively rare cases of hereditary 
defects of hormone biosynthesis it is often 
necessary to resort to total thyroidectomy 
because of pressure symptoms and because of 
the danger of malignancy in the huge nodular 
goiter. In cases with only small goiters, thyroxine 
substitution therapy alone is sufficient. In the 
defect of active iodide transport (p. 168) and of 
dehalogenase (p. 169) euthyroidism can also 
be achieved by giving high doses of iodide 
(GILBOA, 1963 ; VAGUE, 1962). This treatment 
is of academic interest, but involves the risk of 
inducing hyperthyroidism, especially in the 
former syndrome. The routine treatment in 
these cases is therefore by thyroxine. 

F. Thyrotoxicosis 

1. Definition, Classification, and Basic Thyroid 
Hormone Kinetics 

When the amount of thyroid hormone available 
to responsive tissues exceeds physiologic limits, 
a more or less characteristic clinical picture 
termed thyrotoxicosis or hyperthyroidism en
sues. The serum concentration of triiodo
thyronine and in most cases also of thyroxine 
is elevated in hyperthyroidism, except in cases 
where there is an additional disturbance which 
lowers the binding proteins of serum, e.g. 
congenital TBG deficiency or treatment with 
diphenylhydantoin (p. 143). In such cases it is 
necessary to measure or estimate the free hor
mone, which should always be elevated. It is 
generally agreed that the serum half-life of 
thyroxine is shortened in hyperthyroidism, while 
that of triiodothyronine is given as near normal 
in some studies (MCCONNON, 1971; NICOLOFF, 
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1972) and shortened in others (WOEBER, 1970). 
All reports agree that the production rates of 
both hormones are elevated in hyperthyroidism, 
except in the rare instances of isolated tri
iodothyronine-thyrotoxicosis (p. 200). The secre
tion of nonhormonal iodine, "the iodide leak", 
is greatly increased in hyperthyroidism (WAR
TOFSKY, 1971). 

The thyroxine-binding capacity of thyroxine
binding prealbumin (TBPA) in serum is de
creased by about 40 % in patients with hyper
thyroidism. In most, though not all, patients 
thyroxine-binding globulin (TBG) is also low
ered (lNADA, 1967). 

In most cases thyrotoxicosis is due to 
overproduction of thyroid hormone by the 
thyroid gland, and very rarely to exogenous 
hormone administration. The diseases produc
ing thyrotoxicosis are listed in Table 5. The 
overwhelming majority of cases of thyrotoxi
cosis are due either to toxic diffuse goiter 
(Graves' disease) or to toxic nodular goiter. All 
other causes of hyperthyroidism are rare. 

Table 5. Classification of the American Thyroid Association 
of thyroid disease with thyroid hyperfunction (WERNER, 
1969) 

1. Toxic diffuse goiter (Graves' or Basedow's disease) 
2. Toxic uninodular goiter 
3. Toxic multinodular goiter 
4. Nodular goiter with hyperthyroidism due to exogenous 

iodine (Jod-Basedow) 
5. Exogenous thyroid hormone excess 
6. Tumors 

Adenoma of thyroid, follicular 
Carcinoma of thyroid, follicular 
Thyrotropin-secreting tumor of the pituitary 
Hydatidiforme mole with secretion of a thyroid-stimulat-

ing substance 

In the unselected patient material of the out
patient department of the University of Zurich, 
three cases of hyperthyroidism were diagnosed 
among 1000 patients in 1957. In 1964 the 
incidence was 6 cases per 1 000 patients *. In the 
Department of Medicine, one case of thyro
toxicosis was seen per 100 inpatients. Estimates 
of the incidence of Graves' disease, the ratio 
between toxic adenoma and Graves' disease 
and age and sex distributions are given below. 

2. Toxic Diffuse Goiter (Graves' Disease, 
Basedow's Disease) 

The hallmark of this form of hyperthyroidism 
is a group of almost specific extrathyroidal signs 
which are not due to thyroid hormone excess 

* We are grateful to Prof. W. SIEGENTHALER for these data. 
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and which are absent in other forms of thyro
toxicosis. The most obvious of the changes 
independent of hormone excess are exophthal
mos and periorbital edema, while the other two 
signs of Basedow's classic Merseburger triad, 
goiter and tachycardia, are directly related 
to thyroid overactivity. Other changes independ
ent of thyroid hormone excess are thyroid 
acropachy, localized myxedema and some other 
skin changes (see below). 

Graves' disease can arise in a normal gland 
or sometimes in a previously euthyroid multi
nodular goiter. For obvious reasons the coin
cidence of Graves' disease and multinodular 
goiter is more often seen in regions where goiter 
is endemic (LAMBERG, 1969). 

a) Incidence 

An extremely careful study on the incidence of 
Graves' disease in Minnesota has recently been 
reported from the Mayo Clinic (FURSZYFER, 
1970, 1972). The annual incidence per 100000 
inhabitants was 19.8 for the entire population 
and 36.8 for females. From 1935 through 1967 
the incidence was remarkably stable, in contrast 
to the decreasing or increasing incidences in 
other reports, including reports on epidemics of 
Graves' disease during world war II in Europe 
(GREENWALD, 1966). The epidemiologic data 
on which these reports of epidemics are based 
are not beyond suspicion (see FURSZYFER, 1972; 
for review). 

All reported series agree that there is a 
large preponderance of females. In FURSZYFER'S 
(1972) study the ratio was about 5: 1. Graves' 
disease is rare before the age of 20. Its incidence 
rises rapidly to reach a peak in the 30-year-old, 
and then remains almost at a plateau up to 
the age of about 70. In a very recent study from 
Denmark, where laboratory screening tests 
were performed on very broad indications 
(RONNOY, 1973), the yearly incidence was 
14/100000 for the population below the age of 
60. For people over 60 the incidence, surpris
ingly, was seven times higher. 

b) Etiology and Pathogenesis 

Histological studies suggested early that Graves' 
disease was characterized by diffuse hyper
function of all the thyroid tissue. This impression 
was confirmed later when scintiscanning of the 
thyroid after radioiodine administration showed 
an increased isotope uptake evenly distributed 
throughout the tissue. This contrasts with the 
findings in toxic nodular goiter, where hyper
function remains localized to parts of the 
thyroid gland. 
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Attention therefore naturally became cen
tered on humoral or neural factors as possible 
causes for the diffuse hyperfunction. An obvious 
candidate as a humoral factor was pituitary 
TSH. However, observations that suggested 
quiescence rather than hyperfunction of the 
pituitary thyrotrophs, and in particular the 
occurrence of Graves' disease in hypopituitary 
patients (FAJANS, 1958; PAZIANOS, 1960; TAUN
TON, 1964), provided strong arguments against 
TSH as a causative factor. More recently, exact 
measurements by radioimmunoassay have es
tablished that serum TSH levels are low in 
Graves' disease (SCAZZIGA, 1968; PATEL, 1971). 
This is not to deny that in certain extremely 
rare cases diffuse toxic goiter may be due to 
hypersecretion of TSH by a pituitary adenoma 
(p. 209). 

(1) Long-Acting Thyroid Stimulator (LATS) 

In his search for a humoral factor causing 
thyroid hyperfunction, ADAMS (1957, 1958, 1965) 
injected serum of patients with Graves' disease 
into guinea pigs. He noted that some sera 
strongly stimulated thyroid activity of the 
recipient animals and concluded that they 
contained a pathologic humoral factor. Mc
KENZIE (1967) soon confirmed this finding by 
the use of a simpler assay in mice. In his now 
classic bioassay, mice are first injected with 
radioiodine, and then after one day to allow 
for uptake of the isotope into the thyroid 
gland, the endogenous secretion of TSH is 
suppressed by the injection of thyroxine, and 
two days later the test material, usually serum 
or a concentrate of IgG immunoglobulin, is ad
ministered by intraperitoneal injection. Blood is 
taken just before and at intervals after the injec
tion. The radioactivity in blood, which corre
sponds to a large extent to the labeled thyroid 
hormone secreted by the gland, is measured as an 
index of thyroid function. While the injection of 
pure TSH produces a rapid rise of the blood 
radioactivity with a peak at two hours, sera from 
thyrotoxic patients cause a slow rise with a 
peak between 8 and 24 hours (McKENZIE, 1972). 
The magnitude of the effect is expressed as a 
precentage of the base-line radioactivity. A rise 
to 300 % of the base-line value 8 hours after 
the injection is usually considered proof of the 
presence of thyroid stimulating activity. The 
technical aspects and the numerous modifications 
of the McKENZIE assay have been extensively 
studied by FLORSHEIM (1970). 

Because of the slow onset and prolonged 
duration of action, McKENZIE (1967) coined 
the term Long-Acting Thyroid Stimulator 
(LA TS) for the factor present in the sera of 
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patients with Graves' disease. In the past 15 
years most of the research concerned with the 
etiology and pathogenesis of Graves' disease 
has been focused on LA TS, and an enormous 
amount of literature has accumulated. The fol
lowing discussion will touch on only a few aspects 
of LATS. For more detailed information the 
reader should refer to one of the reviews avail
able (BURKE, 1968; McKENZIE, 1967, 1968, 
1972; OCH!, 1968; BURKE, 1971). 

Fractionation of sera from thyrotoxic pa
tients soon revealed that LA TS resided in the 
y-globulin fraction and had a sedimentation 
coefficient of 7 S; more detailed analyses con
firmed that it was a true IgG immunoglobulin. 
Both the light an the heavy chain are necessary 
for biologic activity, but the light chains seem 
to be less specific as they can be replaced by 
light chains from other IgG molecules (BROWN, 
1968). LA TS is produced in vitro by lympho
cytes from patients with Graves' disease 
(McKENZIE, 1967). LA TS activity is only par
tially inhibited by antisera to either A- or 
K-type light chains alone. Both antisera combined 
will produce 100 % inhibition of LA TS. This 
suggests that LA TS contains both A- and 
K-type chains and is therefore not produced by 
a single clone (KRISS, 1968). 

LA TS duplicates practically every effect of 
TSH on the thyroid. It produces hyperplasia 
of the thyroid gland in mice (OCH!, 1969), and 
stimulates cell mitosis in rat thyroid explants 
in vitro (GARRY, 1970). It stimulates the human 
thyroid gland when injected into healthy vol
unteers (ARNAUD, 1965). LATS, like TSH, 
probably acts via the adenyl cyclase-cyclic 
AMP system (p. 11) (KANEKO, 1970; BURKE, 
1971). LATS stimulates glucose oxidation via 
the pentose shunt and phosphate incorporation 
into lipids in a manner indistinguishable from 
TSH (BURKE, 1971). 

Although there exists no doubt that LA TS 
is a true antibody, its corresponding antigen 
has not yet been clearly identified. Sera of 
rabbits immunized against human thyroid mi
crosomes contain a thyroid-stimulating activity 
similar to that of LATS (SOLOMON, 1968 and 
1970). LATS can be absorbed onto and reeluted 
from particulate thyroid cell components which 
sediment with the microsomal fraction (KRISS, 
1964; PINCHERA, 1970). More recently, it has 
been found that LA TS also binds to soluble 
(nonparticulate) components of thyroid cells 
(SMITH, 1970; SCHLEUSENER, 1971). These sol
uble cell components are more abundant in 
the thyroid on a quantitative basis than the 
microsomal ones, although they bind less LA TS 
per mg of protein (AMINO, 1971). LATS can be 
dissociated again from the soluble cell com-
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ponents by maneuvers that break up antigen
antibody complexes. SCHLEUSENER (1971) and 
CHOPRA (1971) have suggested that the soluble 
cell-sap component which combines with LA TS 
corresponds to solubilized lipoprotein material 
from the cell membrane. Several such lipo
proteins which bind LA TS have recently been 
purified by SATO (1972). 

LATS is not always detectable in sera from 
patients with Graves' disease. In several series 
of unselected patients with Graves' disease the 
incidence of LA TS varied between 10% and 
50 % when the serum was tested without first 
being concentrated. When 15-fold concentrates 
of IgG are prepared from the patient sera, 
LATS is found in about 80% of cases (CAR
NEIRO, 1966). The failure to find LATS in the 
remaining 20 % of patients is probably best 
explained by the insensitivity of the mouse 
bioassay. Indeed, ADAMS (1971) presented good 
evidence that LA TS-negative sera from patients 
with Graves' disease all contain an IgG immuno
globulin which reacts with human but not with 
murine thyroid extracts. He suggested that this 
globulin, named LATS protector, stimulated 
the human thyroid gland, but did not react 
with the mouse thyroid gland and was thus 
not detectable in the ordinary bioassay (SHlSHl
BA, 1973). 

Patients with pretibial myxedema (p. 187) 
usually have high titers of LA TS (KRISS, 1964), 
although this is not an undisputed point 
(SCHERMER, 1970). The initial association of 
severe ophthalmopathy with high LATS titers 
has not been confirmed by later studies (p. 201). 
There is no very close correlation between the 
incidence of LATS and the severity of thyro
toxicosis, but patients with all three cardinal 
manifestations (thyroidal, cutaneous, ocular) 
have a higher incidence than patients with 
only one feature (LIPMAN, 1967). After treat
ment with antithyroid drugs (PINCHERA, 1969) 
or after thyroidectomy (see p. 194) the con
centration of LA TS tends to decrease, while 
after radioiodine therapy it rises temporarily 
(PINCHERA, 1969). 

At first glance the presence of LA TS 
offers an obvious explanation for the patho
genesis of thyroid hyperfunction in Graves' 
disease. Surprisingly, in recent years several 
authors have expressed well-founded doubts 
about the concept that LA TS causes the thyroid 
hyperfunction of Graves' disease. Eloquent 
reviews have been written both supporting 
(HALL, 1970; McKENZIE, 1972) and rejecting 
(CHOPRA, 1970) a pathogenic role for LATS. 
Neonatal hyperthyroidism is an experiment of 
nature which provides strong evidence in sup
port of the involvement of LATS. It is a very 
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rare disease and occurs only in babies of 
mothers who have very high LA TS titers. LATS 
is present in the serum of the newborn, and the 
titer declines spontaneously in parallel with 
disappearance of hyperthyroidism (McKENZIE, 
1964; SUNSHlNE, 1965). The argument that 
LA TS remains undetectable in 20 % of patients 
despite the use of IgG concentrates is easily 
countered by pointing to the insensitivity of even 
the refined bioassays. However, the strongest 
argument against a causative role of LA TS is 
the fact that it often remains detectable in 
serum when patients go into remission or 
when the thyroid gland becomes normally 
suppressible by triiodothyronine again (see 
p. 191 for suppression test) (CHOPRA, 1970; 
SELLERS, 1970; SIVERSTElN, 1970). The dispute 
over the role of LATS in Graves' disease has 
not yet been satisfactorily settled. 

It must be mentioned that LA TS also 
occurs in patients with euthyroid ophthalmic 
Graves' disease (p. 202) and in cases of idio
pathic hypothyroidism (LIDDLE, 1965). The 
spontaneous progression of Graves' disease 
into idiopathic hypothyroidism has been ob
served in few cases (LEVITT, 1954) and was 
described by old clinicians as "burning out" 
of thyrotoxicosis. LA TS has occasionally been 
found in euthyroid relatives of patients with 
Graves' disease (WALL, 1969). 

~) Other Immunologic Abnormalities in Graves' 
Disease 

It has long been known that the thymus is 
enlarged in Graves' disease, and recent pub
lications have re-emphasized the presence of 
cervical lymph node enlargement (MAHAUX, 
1969). Classic antibodies to either thyroglobulin 
or thyroidal microsomal antigen can be dem
onstrated by conventional techniques in about 
60 % of patients with Graves' disease. The 
titers are rarely as high as in chronic lym
phocytic (Hashimoto's) thyroiditis. With the 
aid of a very sensitive competitive binding 
radioassay, MORI (1971) found antimicrosomal 
antibodies in 98 % and antithyroglobulin anti
bodies in 89 % of patients with Graves' disease, 
while in control subjects the incidence of both 
antibodies was only about 20 %. In chronic 
lymphocytic thyroiditis, MORI (1971) found 
an identical incidence of antibodies. This sup
ports the view that the two conditions are 
etiologically related, or in other words, vary
ing manifestations of the same underlying dis
ease process. Several pairs of monozygous 
twins have been reported, one of whom suffered 
from Graves' disease and the other from 
chronic lymphocytic thyroiditis (JAYSON, 1967; 
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DONIACH, 1967; CHERTOW, 1973). Both dis
eases can coexist in one individual (FATOURECHI, 
1971). 

WERNER (1972) found by immuno!1 uores
cence that IgG, IgM and IgE as well as com
plement was deposited along the basement 
membranes of diffuse toxic goiters. Recently, 
VOLPE (1972) and LAMKI (1973) provided evi
dence of delayed cell-mediated autoimmunity to 
thyroid antigens in patients with Graves' disease. 

Patients with Graves' disease have a rel
atively high incidence of antibodies to parietal 
gastric cells and intrinsic factor (DONIACH, 
1963), and they suffer from pernicious anemia 
about 5 times more frequently than controls 
(p. 188). 

Cutaneous reactivity to tuberculin and to 
dinitrochlorobenzene appears to be absent in 
most patients with Graves' disease, which 
points to a defect in delayed-type hypersen
sitivity (BRODY, 1972). 

In summary, a number of immunological 
abnormalities are present in the sera of most 
patients with Graves' disease, viz. classic com
plement-fixing antibodies to well defined anti
gens, a peculiar antibody which acts as a 
thyroid stimulator, and finally disturbances of 
delayed hypersensitivity. The true antibody 
nature of LA TS has long been doubted by 
immunologists, but the present evidence leaves 
little doubt on this point. All these facts suggest 
that Graves' disease is a disorder of auto
immunity in which immune tolerance towards 
the thyroid and other tissues breaks down. 

y) Familial Incidence 

Familial incidence of Graves' disease has been 
well documented (BARTELS, 1941; MARTIN, 
1951), but the exact mode of genetic trans
mission has not been established. I t appears that 
the liability to develop thyroid antibodies is in
herited by polygenic control (Editorial Brit med. 
1. 1973). About one quarter to one fifth of pa
tients have near relatives also suffering from the 
disease. As outlined above, Graves' disease and 
chronic lymphocytic thyroiditis may occur in the 
same family. HASSAN (1966) has reported 4 pairs 
of identical twins who suffered from Graves' dis
ease. In each pair of twins, both had identical 
autoantibodies in the serum. SKILLERN (1972) 
has recently written a concise review on the 
genetics of Graves' disease. 

0) Triggering External Events 

Graves' disease may follow sudden or prolonged 
psychological stress. Many authors have there
fore emphasized the importance of the central 
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nervous system in the etiology of the disease. 
Severe fright induced in wild rabbits has 
produced tachycardia, hyperthermia, exophthal
mos and stupor. This so called "Schreck
Basedow" rapidly leads to death (EICHHOFF, 
1949). However, the presence of true hyper
thyroidism in this syndrome has never been 
well documented; the protein-bound iodine 
has been found to be normal (SCHAFER, 1965; 
OBERDISSE, 1967). 

Depending on the authors, psychological 
trauma is incriminated as a cause of Graves' 
disease in 4 % to 97 % of cases. No carefully 
controlled studies have been reported, however, 
and the issue remains unsettled. The influence 
of the nervous system on the thyroid gland has 
been reviewed by McKENZIE (1967). 

Weight-reducing diets, especially when com
bined with the administration of thyroid hor
mone, have been accused of triggering Graves' 
disease, but again controlled studies are not 
available. In so-called "lod-Basedow" ingestion 
of large amounts of iodine produce hyper
thyroidism. Interest in this syndrome has re
cently been revived (p. 209), but it should be 
remembered that "lod-Basedow" is not true 
Graves' disease, but nodular goiter rendered 
toxic by an excessive iodine supply. 

c) Pathologic Anatomy of the Thyroid and 
Pituitary Glands 

In most cases of Graves' disease the thyroid is 
enlarged. As a rule the hyperplasia is diffuse, 
but when Graves' disease is superimposed on 
pre-existant euthyroid nodular goiter the gland 
may be multinodular (so-called "struma base
dowificata") and the distinction from toxic 
nodular goiter on pathologic grounds alone 
may be difficult. The vascularity of the thyroid 
gland is increased. The follicles vary widely in 
size and shape, and contain little colloid. The 
epithelial cells increase in depth and form 
papillary structures. Lymphoplasmocytic in
filtrates with germination centers are seen in 
the stroma (Fig. 15). Some epithelial cells 
become enlarged and contain granular, slightly 
acidophilic cytoplasm and a bizarre nucleus 
(so-called oncocytes, oxyphils, or Hiirthle cells). 
OLEN and KLINCK (1966) found a surprisingly 
high incidence (2.5 %) of thyroid carcinoma, 
sometimes of only microscopic size, in a series 
of toxic diffuse goiters. Such carcinomas should 
therefore always be looked for carefully in 
surgical specimens. 

Changes in the anterior pituitary gland are 
not very striking. Degenerative changes of the 
chromophilic cells have sometimes been ob
served. 
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Fig. 15. Histologic picture of a goiter from Graves' disease. Note the wide variation in follicle size, the diminished colloid 
content, the infoidings of the epithelium into the lumen and the elongated epithelial cells. A lymphocytic infiltrate is seen 
at upper left (Hematoxilin-Eosin, x 140) 

d) Clinical Features 

ex) History and General Clinical Findings 

In some cases, Graves' disease develops in
sidiously over some months or years, but more 
often it has a sudden onset within a few days. 
The symptoms are often quite nonspecific, and 
are sometimes difficult to differentiate from 
those of patients with "functional" emotional 
disturbances. As a rule, patients with functional 
emotional conditions complain of severe sub
jective distress with few objective findings, 
while in patients with Graves' disease the 
changes are often first noted by the relatives 
before the patient mentions any symptoms. 
Nervousness, fatigue and insomnia are fre
quently reported, but they are of course non
specific. On questioning the patient admits to 
increased perspiration. Warm intolerance may 
become apparent in the use of less blankets at 
night and less clothes during the day. Palpita
tions and sometimes exertional dyspnea may 
be prominent. Some patients complain of hair 
loss. Increased appetite combined with loss of 
weight is very suggestive of hyperthyroidism. 

Emotional and mental changes are almost 
always present. There is generalized irritability 
and emotional tension. The patient may be 
hyperactive, sometimes euphoric, but easily 
fatigued. He complains of difficulty in con
centrating. Some patients are frankly hyper
kinetic and cannot sit stilI for a moment. The 
sexual drive sometimes increases initially and 

then decreases. The patient himself is often 
aware of his mental changes. In extreme forms 
patients become frankly manic, or psychotic, 

Fig. 16. 37-year-old woman with Graves' disease of 7 years 
duration and class 1 ophthalmopathy. The patient had 
developed pretibial myxedema during a first course of drug 
treatment. Three years later a subtotal thyroidectomy was 
performed because of a recurrence of hyperthyroidism. 
With the improvement of hyperthyroidism the pretibial 
myxedema worsened and the patient developed proptosis, 
clubbing of fingers and swelling of interphalangeal joints 
(acropachy). Radioiodine treatment finally provided com
plete control of hyperthyroidism, but the ophthalmopathy 
and the pretibial myxedema remained unchanged 
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or delirious. Sometimes the disease is indistin
guishable from acute schizophrenia. Patients 
occasionally become hypoactive and depressed 
(apathetic thyrotoxicosis; THOMAS, 1970; see 
p. 199). 

On physical examination the patient strikes 
the examiner by his tense facial expression (Fig. 
16). He looks scared. He enters the room with 
hyperkinetic, badly coordinated movements and 
answers questions quickly and overzealously. 
During ward rounds he may reveal the nature 
of his illness by shooting up in bed and sitting 
up as soon as the doctor approaches. 

~) Thyroid Gland 

Goiter is almost always present, although in 
some cases the thyroid gland remains surpris
ingly small. The enlarged gland is usually 
clearly visible, since most patients are thin . 
Palpation shows it to be diffusely enlarged, 
both lateral lobes, the isthmus, and sometimes 
the pyramidal lobe being affected. It is usually 
two to four times as large as normal (40 to 80 g), 
but in young patients the goiter may become 
much bigger. When Graves' disease is super
imposed on a previously euthyroid goiter (LAM
BERG, 1969, p. 260), the gland may be multi
nodular and the clinical differentiation from 
toxic multinodular goiter may be quite difficult 
unless clear-cut ocular and dermal changes are 
present. 

The goiter of Graves' disease is of charac
teristic fleshy or rubbery firmness. It rarely 
causes local pressure symptoms or pain. The 
increased vascularity produces a systolic bruit 
and a continous humming murmur in about 
two-thirds of cases, while in euthyroid goiter 
this is a rare finding. 

y) Ocular Changes (cf. p. 201) 

Protusion of the bulbi (exophthalmos) is found 
in about one quarter of all cases. Very often the 
exophthalmos is unilateral or is more pro
nounced on one side. For objective assessment 
the exophthalmos should be measured with a 
special instrument, e.g. the Hertel exophthalmo
meter, in every patient. Values of more than 
20 mm (corneal apex to lateral orbital rim) 
represent probable exophthalmos, and values 
of more than 23 mm definite exophthalmos. The 
eyelids may be swollen, puffy and sometimes 
grossly edematous (periorbital myxedema, Fig. 
18). In severe cases, chemosis and corneal ulcers 
may be present. Few diseases need be considered 
in the differential diagnosis. Protrusion of the 
bulbi may be due to a genetically transmitted 
trait. Sometimes it is due to a retrobulbar 

183 

neoplasm, and rarely to accumulation of lipids, 
as in Hand-SchUller-Christian disease. When a 
retrobulbar tumor is present, the resilience of 
the bulbi is often diminished, while in endocrine 
ophthalmopathy the bulbs may be displaced 
backward by gentle pressure. 

Lid retraction produces the characteristic 
stare (Fig. 16), a sign which is independent of 
the presence of exophthalmos. When the patient 
is instructed to follow the examiner's finger as 

Fig. 17. 37-year-old patient with Graves' disease and class 
3 ophthalmopathy. One year after subtotal thyroidectomy 
there was worsening of the ocular signs. Note the edema of 
the upper lid with protrusion of the lis nasally 

Fig. 18. 66-year-old euthyroid patient with class 6 endo
crine ophthalmopathy of 16 years' duration. Surgical de
compression provided only temporary relief. The patient 
was blind in the right eye. (Courtesy of Prof. WITTMER, 

Kantonsspital ZUrich) 
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it is moved downwards in front of him, the 
typical lid lag becomes apparent, i.e. a narrow 
white rim of the sclera becomes visible be
tween the upper lid and the cornea (Graefe's 
sign). 

Due to infiltrative changes of extra-ocular 
muscles, disturbances of eye movement appear 
in severe cases (Fig. 19). The earliest sign may 
be weakness of convergence and consequent 
diplopia on viewing near objects (Moebius' sign). 

The eye changes, in particular exophthalmos, 
periorbital edema, and muscle involvement, 
take a course which is quite independent of that 
of the thyroid hyperfunction. In extreme cases 
they may ultimately develop into malignant 
exophthalmos. The pathogenesis, clinical course 
and treatment of endocrine ophthalmopathy 
are discussed in detail on p. 201. 

0) Cardiovascular System 

Cardiovascular manifestations are prominent in 
thyrotoxicosis, and untreated patients suffer 
from and often die of heart disease. 

The biochemical relationships between 
thyroid hormone and the heart have been 
outlined in detail on p. 146. Graves' disease is 
a classic example of a high-cardiac-output 
state. The cardiac output is significantly more 
raised than one would expect on the basis of the 
increased oxygen consumption of the peri
pheral tissues (DEGROOT, 1970). GRAETTINGER 
(1959) has analyzed the hemodynamics of 
patients with long-standing hyperthyroidism, 
both with and without heart failure. The 
cardiac output of seven patients in failure was 
normal in four and elevated in three. 

a b 
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Tachycardia is an almost obligatory sign 
of thyrotoxicosis. Characteristically the pulse 
rate remains high during sleep. Sometimes 
premature beats or paroxysmal supraventricular 
tachycardia are present. The pulse rate is 
usually between 100 and 120, but in severe 
cases it may reach 160. ~-Adrenergic blockers 
and guanethidine reduce the pulse rate in 
hyperthyroidism (HOWITT, 1967; GROSSMAN, 
1971), but as outlined on p. 146, this is no 
proof that thyroid hormone acts via catechol
amines. 

The diastolic blood pressure is low and the 
systolic blood pressure may rise, especially in 
older patients. The wide pulse pressure produces 
systolic sounds over the great arteries. The 
hyperdynamic cardiovascular state causes both
ersome palpitations to the patients, particularly 
after physical exercise. The apical cardiac 
impulse is forceful and sometimes displaced to 
the left, which is often mistaken for a sign of 
left ventricular hypertrophy. Cardiac sounds 
are loud, and a short systolic murmur (systolic 
scratch) is heard along the left sternal border. 
Diastolic murmurs are rare. Auricular fibrillation 
is frequent in older patients. Exertional dyspnea 
and retrosternal pressure are frequent symptoms, 
but true angina pectoris is rare. 

The study by SANDLER (1959) provides 
convincing evidence that thyrotoxicosis may 
damage an otherwise normal heart. Of his 
462 thyrotoxic patients treated with 131 1, 150 
had heart disease. Of these, 86 had associated 
hypertensive, coronary or valvular heart disease. 
In 64 patients there was no "organic" heart 
disease, and the cardiac symptoms were at
tributed to thyrotoxicosis alone. Auricular fibril-

c 

Fig. 19. a) 28-year-old man with hyperthyroidism due to Graves' disease. b) Iatrogenic hypothyroidism 6 months after sub
total thyroidectomy. c) 6 years later; proptosis and paresis of the m. rectus superior on the right side. The patient had taken 
his thyroid hormone replacement inconsistently. Class 4 ophthalmopathy 
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lation and congestive heart failure were very 
frequent in this group. 

It is important to realize that the response 
of the heart to digitalis glycosides is altered in 
hyperthyroidism (BUCCINO, 1967). It is a fa
miliar clinical observation that in hyperthyroid
ism with auricular fibrillation the ventricular 
rate has a poor response to conventional doses 
of digitalis. This has been borne out by careful 
studies in man and dog. FRYE (1961) compared 
the response to digoxin in euthyroid patients 
with auricular fibrillation before and after 
administration of 225 Jlg triiodothyronine per 
day. The dose of digoxin necessary to maintain 
a ventricular rate of 70 was approximately 
0.2 mg/day in the euthyroid and 0.8 mg/day in 
the hyperthyroid state. Interestingly, the higher 
dose was tolerated without side effects. Clin
ically, his subjects exhibited only mild signs of 
thyrotoxicosis while under triiodothyronine. It 
may therefore be anticipated that in severe 
hyperthyroidism the digoxin requirement may 
be even higher. According to MORROW (1963) 
the digitalis requirement of the thyrotoxic dog 
heart is increased only if the atrioventricular 
refractory period is measured as an index, 
while the contractile force responds normally to 
conventional digitalis doses. The dose of ouabain 
causing ventricular arrhythmia was about 50 % 
higher in dogs rendered hyperthyroid (MORROW, 
1963). 

The electrocardiogram shows the afore-men
tioned arrhythmias and also some nonspecific 
changes in the ST-segment. In about 50% of 
cases autopsy reveals myocardial changes such 
as hypertrophy, edema, localized necrosis, fi
brosis and sometimes lymphocytic infiltrates. 

E) Respiratory System 

Hyperthyroid patients often complain of dyspnea 
on exertion, even when there is no heart failure 
or pulmonary disease. Pulmonary function 
studies have revealed decreased compliance 
and increased functional residual capacity but 
otherwise few significant changes. The best 
explanation available for the dyspnea is that 
it is caused by weakness of the respiratory 
muscles due to thyrotoxic myopathy (STEIN, 
1961; MASSEY, 1967). These changes are re
versible after treatment. 

~) Neuromuscular System 

Hyperthyroidism has profound effects on the 
central and autonomous nervous system, caus
ing increased irritability, nervousness, insomnia, 
tremor, increased perspiration and many other 
signs or symptoms which are often also present 
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in patients with simple "functional" complaints 
or emotional instability. 

The fine tremor, one of the cardinal signs, 
varies widely in intensity. Its frequency is about 
8-10/sec. Sometimes it will only be revealed by 
palpation of the out-stretched hands. Tendon 
reflexes are brisk and relaxation is quick. 
This sign may be quantitatively evaluated by 
recording the ankle jerk (p. 241). 

In its extreme form, thyrotoxicosis leads to 
generalized encephalopathy (p. 198). Cerebellar 
dysfunction has sometimes been reported. It is 
reversible after treatment. Polyradiculitis, optic 
neuritis and Parkinsonism do not occur with 
a higher frequency than in a control population. 
Non-specific electroencephalographic changes 
are often present. They may persist even when 
the hypothyroidism is properly treated (SIERS
BAEK, 1972). 

Muscular weakness is prevalent in hyper
thyroidism, but it is often only revealed by 
careful examination. On specific questioning the 
patient admits that he has to pull himself with 
his hands when climbing stairs. The muscular 
signs of hyperthyroidism resemble those of 
myasthenia gravis, while hypothyroidism pro
duces a picture more reminiscent of myotonia. 
The clinical changes are difficult to explain on 
a biochemical or electrophysiologic level (HA
VARD, 1963), but peripheral neuropathy (LUDlN, 
1969) and a loss of motor units per motor neuron 
(MCCOMAS, 1973) have been implicated. 

NOSEDA (1967) found signs of chronic hyper
thyroid myopathy in about 20 % of cases with 
Graves' disease and in 10 % of patients with 
toxic nodular goiter, while RAMSAY (1966,1968) 
detected evidence of muscular dysfunction in 
almost 100 % of cases. 

In chronic thyrotoxic myopathy, fatigue, 
muscular weakness sometimes to the extent of 
paresis, and muscular atrophy are prominent 
and may be the presenting symptoms of Graves' 
disease. The muscles of the shoulder and pelvic 
girdles and the small hand muscle are the 
ones predominantly affected. A typical sign is 
the "signe du tabouret" recorded by French 
clinicians; the patient is unable to stand up 
from a low chair without using his hands. The 
onset of myopathy can be rapid, within weeks, 
or insidious, extending over years. The severity 
bears little relation to the degree of thyroid 
hyperfunction, but it is usually reversible after 
treatment of the latter. The exact biochemical 
basis of the muscular dysfunction is not known. 
Thyrotoxic patients excrete elevated amounts 
of creatine in urine. A greater fraction of an 
exogenous creatine load is excreted in the urine 
than in normal subjects. These changes may be 
related to disturbances in mitochondrial res-
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pi ration (p. 145), but careful examination of 
muscle mitochondria from patients with thyro
toxic myopathy have yielded no positive evi
dence supporting this assumption (STOCKER, 
1968). 

Pathological examination shows the muscles 
to be edematous. The interstitial space is 
filled with fat cells and lymphocytic infiltrates. 
The muscle fibers are atrophic, the nuclei 
swollen. Transverse sections show semilunar 
intracellular inclusions of mucopolysaccharides. 

Acute thyrotoxic myopathy occurs super
imposed on thyrotoxic crisis and presents with 
a picture of bulbar paralysis with impaired 
swallowing and speech. 

Myasthenia gravis may coexist with thyro
toxicosis and the association is more frequent 
than can be attributed to chance (ENGEL 1972). 
When present together, the two diseases progress 
independently. Patients with myasthenia gravis 
develop hyperthyroidism quite frequently, while 
hyperthyroid patients become myasthenic quite 
rarely, but still more frequently than can be 
attributed to chance. It is interesting to note that 
the thymus may be enlarged in both diseases. 

Thyrotoxic periodic muscle paralysis is a very 
rare complication of hyperthyroidism. It seems 
to be observed most frequently in the Far East 
(OHlNAKA, 1957; OKlHlRO, 1965; SHlZUME, 1966; 
McFADZEAN, 1967; ENGEL, 1972). The symptoms 
are identical to those of periodic hypokalemic 
paralysis, and signs may appear in rest periods 
after muscular exertion, after psychologic stress, 
or during exposure to cold. Weakness of the 
lower extremities is prominent. The episodes 
last about 12 hours. They are not always ac
companied by hypokalemia, but arteriovenous 
differences of the potassium concentration have 
been found (SHIZUME, 1966). After treatment of 
the hyperthyroidism, the attacks of paralysis 
abate. RESNICK (1969) studied one patient who 
had an elevated aldosterone secretion rate in 
addition to the classic findings. 

In endocrine ophthalmopathy, dysfunction 
of the extra-ocular muscles may be prominent. 
This disorder is discussed in detail on p. 201. 

Tl) Bones and Joints; Calcium Metabolism 

Osteoporosis is a frequent finding, especially 
in older patients. MEGLIOLI (1966) found radio
logic evidence of osteoporosis in about 7 % 
of cases. FRASER (1971) found that decreased 
radiologic bone density was particularly frequent 
in thyrotoxic women over 50. In younger 
patients, treatment of thyrotoxicosis improved 
the bone demineralization, but in the older 
patients the changes persisted and fractures 
were seen. 

The Thyroid Gland 

The pathologic anatomical changes in the 
bones are diverse. Fibro-osteoclastic foci eroding 
the cortical spongial bone are frequent. Signs 
of osteomalacia with osteoid brims are occa
sionally seen. Classic osteoporosis sometimes 
also occurs. 

Calcium and phosphorus excretion in stool 
and urine is increased (KRANE, 1956; HARDEN, 
1964). Serum calcium and phosphate are usually 
within normal limits, but moderate hyper
calcemia is by no means rare (KOENIG, 1959; 
BAXTER, 1966). Severe hypercalcemia which 
responds well to corticosteroid administration 
is rare (SATALINE, 1962; HARPER, 1970). Many 
theories have been proposed to explain the 
hypercalcemia of Graves' disease, but none is 
entirely satisfactory (PARFITT, 1970). Calcium 
balance is usually negative and it has been 
claimed that the administration of 2 g of 
calcium per day will reverse this. 

After thyroidectomy serum calcium often 
falls to hypocalcemic levels. An obvious ex
planation is that the parathyroid glands have 
been inadvertantly removed or severed. However, 
MICHIE (1971) has shown that a more frequent 
cause of transient post-thyroidectomy hypo
calcemia is increased calcium uptake by the 
calcium-depleted bones. 

Thyroid acropachy is a very rare complication 
of Graves' disease. In many ways it resembles 
hypertrophic osteoarthropathy of chronic pul
monary disease, and it presents with swelling 
and clubbing of the distal phalanges. There is 
cuff-like hypertrophy of subperiostal bone, 
especially in the phalanges and the distal ends 
of the bones of the arms and legs. Thyroid 
acropachy is often associated with pretibial 
myxedema and exophthalmos. The lesions may 
be tender. There is no effective treatment for 
the disorder. 

3) Skin 

In its function as thermoregulatory organ the 
skin has to dissipate the extra heat produced 
by hyperthyroidism, a process which explains 
many of the dermal signs. The skin feels warm 
and moist. Perspiration may become excessive 
even after moderate exercise. The signs are 
most conspicuous in the palms. Warm moist 
hands are very suggestive of hyperthyroidism, 
but are frequently also found in patients with 
febrile infections. Cold hands virtually exclude 
the diagnosis of hyperthyroidism. The face 
is usually pale, but intermittent flushing some
times occurs. Sometimes patchy erythema of 
the face and trunk is seen. Dermographia is 
often present sometimes leading to urticaria and 
itching. The skin is thin and soft. Hyperpigmen-



Thyrotoxicosis 

tation similar to that seen in Addison's disease 
is sometimes a prominent feature. KIRKEBY 
(1963) has attributed this sign to an increased 
ACTH level allegedly necessary to maintain the 
high cortisol secretory rate in hyperthyroidism. 
Some patients suffer from widespread vitiligo 
(OeHl, 1969). 

The scalp hair is thin and brittle. Hair loss, 
sometimes progressing to alopecia is a frequent 
sign. There is often premature graying of the 
hair. 

Some patients suffer from separation of the 
distal end of the nails from the underlying bed 
(onycholysis, Plummer's nails). 

Localized pretibial myxedema (Fig.20) is 
a peculiar dermal change which is histologically 
identical to the skin changes of hypothyroidism. 
The deeper dermis contains swollen fibers and is 
infiltrated by mucilagenous material, mostly 
hyaluronic acid (SISSON, 1968). It is seen in 
3- 4 % of patients with Graves' disease and is 
often associated with ophthalmopathy. Its re
lation to LA TS has been discussed on p. 180. 

Fig. 20. Pretibial myxedema in the same patient as shown 
in Fig. 16. The lesion is much more severe on the right 
side. The case history is summarized in Fig. 16 

Localized pretibial myxedema presents as 
plaques 5- 20 cm in diameter over the lateral 
or anterior aspects of the legs. Sometimes they 
extend to the dorsal aspect of the feet. The fact 
that the hair follicles are retracted makes the 
lesions look like pigskin. No effective treatment 
is available. Sometimes the lesions clear spon
taneously. Systemic corticosteroids will produce 
regression, but only for as long as the medication 
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is given. Good results have been claimed by 
KRISS (1967) with topical steroid application. 

l) Gastrointestinal Tract and Liver 

The frequency of bowel movements is increased 
in most patients with Graves' disease (BAKER, 
1971), and about one third have diarrhea. The 
cause is increased peristalsis of the intestines. 

If diarrhea is severe, steatorrhea may be 
present. It disappears after treatment of the 
hyperthyroidism (CRANE, 1966). Steatorrhea is 
due to agreatly increased fat intake and not to 
malabsorption (THOMAS, 1973). Appetite is in
creased and some patients really crave for food. 
In rare cases, however, patients are anorectic. 
Achlorhydria refractory to histamine and serum 
antibodies to gastric parietal cells are found in 
about one third of patients. Antibodies to 
gastric parietal cells and intrinsic factor are 
present less frequently, and frank pernicious 
anemia occurs in about 2 % of cases (p. 188). 

Liver function is only mildly impaired in 
most cases of thyrotoxicosis. In exceptional 
cases jaundice with unconjugated hyperbili
rubinemia develops. GREENBERG (1964) has 
attributed this to a concomitant disturbance of 
bilirubin transport or conjugation which be
comes manifest with the increased erythrocyte 
turnover in thyrotoxicosis. Serum transaminases 
are often slightly elevated and bromsulfthalein 
retention is pathologic in about half of the 
cases (WEBER, 1968). Alkaline phosphatase is 
also often elevated, but this may be due to 
bone disease. 

In patients who die of thyrotoxicosis, severe 
liver changes with centrolobular necrosis or 
even massive hepatic necrosis are found. Some 
of the changes resemble those of circulatory 
failure, and one theory postulates that decreased 
liver perfusion inadequate to meet the increased 
metabolic needs is responsible for the liver 
pathology. Many of the changes must be at
tributed to terminal events indirectly related 
to thyrotoxicosis, and percutaneous liver biopsy 
in moderately ill patients has revealed a far less 
impressive picture. KUON (1971) found only 
mild nonspecific changes, such as infiltration of 
the portal tracts by lymphocytes and moderate 
steatosis. Electron microscopy showed enlarged 
mitochondria. 

K) Lipid and Carbohydrate Metabolism 

The effects of thyroid hormone on lipid meta
bolism have been briefly reviewed on p. 147. 

Serum cholesterol is often lowered in hyper
thyroidism. NIKKILA (1972) found elevated 
plasma triglycerides, which he attributed to 
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increased synthesis. Post-heparin lipolytic 
activity was high in his studies. Interestingly, 
some of the triglyceride abnormalities did 
not return to normal after treatment of hyper
thyroidism. 

The effects of thyroid hormone on glucose 
metabolism are complex and not fully under
stood. On one hand thyroid hormone appears 
to enhance peripheral glucose consumption, 
on the other it stimulates gluconeogenesis 
(p. 148). Glucosuria is found in about 38 % 
of thyrotoxic patients, a much higher incidence 
than in controls. However, only 2 to 3.3 % of 
thyrotoxic patients suffer from overt diabetes 
mellitus, an incidence similar to that in the 
population as a whole (KOSAK, 1971). 

A) Blood and Lymphatic System 

Mild anemia not responsive to the administration 
of vitamin B12, folate or iron is a frequent 
finding in hyperthyroidism. The pathogenesis 
is not known. Compared to thyrotoxic patients 
with normal hemoglobin, the anemic patients 
have a decreased incorporation of iron into 
red cells (RIVLIN, 1969). 

Achlorhydia and antibodies to gastric 
parietal cells and intrinsic factor are often 
found in Graves' disease (WILLIAMS, 1966: 
ARDEMAN, 1966; WANGEL, 1966), and frank 
pernicious anemia occurs in about 2 % of cases, 
about 5 times as frequently as in a matched 
control population (SCHILLER, 1968, FURSZYFER, 
1971 ). 

Lymphocytosis is often present in the peri
pheral blood and the cervical lymph nodes may 
be enlarged (MAHAUX, 1971). In some cases 
the enlarged nodes may progress into true 
lymphoma (ULTMANN, 1963). The spleen is 
palpable in one third of cases and the thymus 
is often enlarged (MICHIE, 1967). 

Warfarin-induced hypoprothrombinemia is 
enhanced by thyrotoxicosis (VAGENAKIS, 1972). 
Hypoproteinemia and edema have been de
scribed (PINCHERLE, 1965). 

J.L) Kidney 

Moderate polyuria is probably caused by in
creased glomerular filtration due to renal hyper
circulation. The response to vasopressin is 
normal, but there is slight impairment of the 
mechanism of urine concentration, possibly 
because the sodium concentration in the medulla 
is diminished (CUTLER, 1967). The maximal 
tubular reabsorption of glucose is enhanced. 
If hypercalcemia is present, reversible im
pairment of kidney function and sometimes 
renal acidosis may occur (LABHART, 1968). 

The Thyroid Gland 

v) Other Endocrine Glands 

Men with Graves' disease sometimes suffer 
from gynecomastia (LARSON, 1963; ASHKAR, 
1970), which is reversible after treatment of the 
hyperthyroidism. The cause of gynecomastia 
appears to be estradiol-17~, which is moderately 
elevated in most male patients and markedly so 
in those with gynecomastia (CHOPRA, 1972). 

Of patients with Addison's disease 3-4 % 
also suffer from Graves' disease, a coincidence 
which is about 10 times higher than is attribut
able to chance (KAPPELER, 1965; GASTINEAU, 
1965; BURKE, 1965). 

Cortisol turnover is greatly increased in 
thyrotoxicoses and its half-life is shortened. 
Bursts of cortisol secretion are greatly in
creased in frequency in thyrotoxic patients 
(GALLAGHER, 1972). 

Hyperthyroidism in pregnancy is discussed 
on p. 199. 

~) Natural Course of Graves' Disease 

In some cases Graves' disease has an 
insidious onset, but often the patient reports a 
sudden onset, often related to emotional stress. 
Owing to the fact that almost every patient in 
whom the disease has been diagnosed receives 
one form of treatment or another, few studies 
on the natural course are available. The early 
clinicians knew that Graves' disease took an 
unpredictable course with periods of continuous 
mild hyperthyroidism, acute exacerbations, com
plete remission and severe relapse. In about 
10 % of patients the disease progressed relent
lessly and ended in death. In men the prognosis 
was considered to be much more serious than 
in women. MURRAY (1903) followed 40 cases 
regularly over a period of 11 years; 7 patients 
died of the disease, 2 remained stationary, 14 
were improved to some extent, 8 were greatly 
improved and 9 recovered fully. Of the latter 
group, 2 patients had a relapse later. The 
relatively benign course of thyrotoxicosis has 
recently been confirmed by a small study 
(McLARTY, 1971). 

In rare cases Graves' disease develops into 
spontaneous hypothyroidism, probably due to 
superimposed atrophic thyroiditis. 

0') Differential Diagnosis and Diagnostic Value 
of Clinical Features (Diagnostic Indices) 

Many patients referred to thyroid centers for 
suspected hyperthyroidism tum out to be eu
thyroid, and the most frequent diagnosis in 
these cases is neurotic personality disorder or 
anxiety state. Tachycardia, palpitation, tremor, 
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hyperhidrosis, dermographia are common m 
both psychiatric and thyrotoxic patients. A 
good distinctive clinical sign is that in the 
thyrotoxic the moist hands are always warm, 
while in the neurotic they are cool. 

Chronic infections, neoplasia and pheo
chromocytoma are often associated with hyper
metabolism and weight loss, and may therefore 
be mistaken for hyperthyroidism. A typical lid 
lag which is often present in these states may 
ldd to the confusion. Severe diabetes mellitus 
typically presents as weight loss with increased 
lppetite and must of course be ruled out in 
:ases of suspected thyrotoxicosis. 

A high cardiac output or a hyperkinetic 
heart are also observed in pheochromocytoma, 
Paget's disease, fibrous dysplasia of bone 
(FISCHER, 1970), arteriovenous fistulas, beri
beri heart disease and sometimes in sub
valvular aortic stenosis (GORLIN, 1962; SLOMAN, 
1967). 

Lead intoxication with weight loss, tremor, 
mental changes and diarrhea may occasionally 
be mistaken for thyrotoxicosis. Intoxication 
with dinitrophenol typically leads to hyper
metabolism. A single very interesting case of 
idiopathic hypermetabolism attributed to a 
defect of respiratory control in muscle mito
chondria has been described by LUFT (1902). 
Weight loss, muscular weakness and hyper
pigmentation of the skin are common to both 
Addison's disease and Graves' disease. 

The experienced doctor will have no trouble 
in differentiating the above states from true 
Graves' disease by clinical observation and will 
therefore spare the patient additional expensive 
laboratory tests in most cases. 

The signs and symptoms discussed above 
do not all carry the same weight in differen
tiating euthyroid from hyperthyroid patients. 
CROOKS (1959) has developed a very useful 
diagnostic index based on discriminant function 
analysis, which allows confirmation or ex
clusion of hyperthyroidism on clinical grounds 
alone in most cases. This index is particularly 
useful for doctors who are not very familiar 
with thyroid disease; a certain numerical value 
or weighting is assigned to each sign or symptom, 
according to its discriminant significance. GUR
NEY (1970) has extended this index to include 
some psychiatric items, which allows clearer 
separation from neurotic disorders and anxiety 
states. It is striking that both these diagnostic 
indices omit some textbook symptoms or signs 
of Graves' disease, e.g. diarrhea or hair loss. 
Obviously, these features do not have enough 
discriminant function. It is a common observa
tion that the clinical diagnosis of hyper
thyroidism is more difficult in older patients 
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(HARVEY, 1971). In the elderly, thyrotoxicosis 
rarely presents with all the classic manifestations, 
and oligo- or monosymptomatic forms are 
often seen, e.g. forms with predominantly 
cardiac or predominantly mental signs. GURNEY 
(1970) has taken account of this fact by in
corporating an age-correction factor into his 
diagnostic index. 

n) Laboratory Tests 

It is customary, although not strictly necessary, 
to confirm the clinical diagnosis of Graves' 
disease by at least one or two laboratory tests. 
In clinically doubtful cases several tests are 
usually carried out. 

Not all tests carry the same weight for the 
distinction between euthyroidism and hyper
thyroidism. The discriminant functions of dif
ferent tests have been compared in several 
studies (see p.244). Most authors have found 
that the "best" single tests are the radio
iodine uptake within a short interval (2 to 4 
hours) and tests measuring thyroid hormone 
concentration (serum total thyroxine in combi
nation with the T3 resin uptake). The basal 
metabolic rate obtained an intermediate rating 
and the serum cholesterol a rather low one in 
most of the above studies. 

In patients for whom the usual laboratory 
tests give equivocal results it is customary to 
carry out a triiodothyronine suppression test 
(p. 242). This test will distinguish between a 
high radioiodine uptake due to dietary iodine 
deficiency and one due to Graves' disease. 

In rare patients the diagnosis is established 
only by a therapeutic trial with antithyroid 
drugs but this procedure is hardly justified today. 

e) Treatment of Graves' Disease 

Even mild hyperthyroidism due to Graves' 
disease should always be treated. Three basic 
forms of treatment are available: 

antithyroid drugs, 
subtotal thyroidectomy, 
radioiodine. 
All three effectively reduce the production of 

thyroid hormones. In recent years it has become 
possible to enhance the effectiveness and the 
rapidity of onset of the above treatments by 
sympatholytic drugs, which block some of the 
peripheral manifestations of thyrotoxicosis with
out reducing the secretion of thyroid hormone 
per se. 

Although we shall attempt to give certain 
guidelines, the choice of treatment cannot 
be rigidly prescribed, since it is the subject of 
heated debate even among authorities. 
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In some centers, particularly in the U.S.A., 
most patients are treated with radioiodine. In 
Europe, including the United Kingdom, patients 
are more evenly distributed among thyroidec
tomy, antithyroid drug therapy and radioiodine. 
Several factors, including the system of medical 
care in the population, are undoubtedly respon
sible for the differences. Radioiodine treatment 
does not require admission to hospital and 
only infrequent follow-up visits are necessary. 
This may be one reason for its popularity in the 
U.S.A., where the enormous costs of hospital 
admission are not borne by a national health 
service. Another source of bias is the referral 
practice of the family doctors. Patients referred 
to a nuclear medicine department or to a 
surgical service will obviously be much more 
likely to obtain the specific form of treatment 
in which the given service specializes. 

ex) Antithyroid Drugs 

Thionamide Drugs are the most frequently used. 
They are all derivatives of thiourea, which is 
itself a weak antithyroid drug. Table 6 lists the 
three preparations currently most prescribed, 
propyl-(or methyl-)thiouracil, carbimazole and 
methimazole, together with their mean dosage. 
Fig. 21 gives their chemical formulas. 

Thionamide drugs inhibit the incorporation 
of iodide into the organic compounds of thyro
globulin, i.e. they interfere with the formation 
of mono- and diiodotyrosyl residues, the two 
precursors of the thyroid hormones (Fig. 3, 
p. 139). As outlined on p. 140, organic iodination 
is catalyzed by a peroxidase which uses hydrogen 
peroxide and iodide as substrates. Since the 
exact molecular mechanism of the iodination 
reaction has not yet been worked out, the mode 
of action of thionamide drugs is not known. 
The drugs themselves are reducing agents, and 

Thiouracil 

The Thyroid Gland 

they may act simply by reducing the oxidized 
iodine intermediate (12 or I +) as rapidly as it is 
formed by the peroxidase. Other possible mech
anisms have been discussed by ASTWOOD (1955). 
In an exhaustive review, MALOOF (1963) has 
suggested that the iodinating intermediate is 
actually sulfenyl iodide (- S - I) attached to a 
cysteyl residue of a protein. Thionamide drugs 
may inhibit the formation of sulfenyl iodides by 
forming mixed disulfides with the SH groups 
of the protein involved. 

There are indications that thionamide drugs 
also inhibit a further step of hormone synthesis, 
namely the coupling reaction (p. 141). This 
effect is more difficult to demonstrate ex
perimentally. 

MORREALE DE ESCOBAR (1967) has pointed 
out that propylthiouracil inhibits the peripheral 
deiodination of thyroxine by an extrathyroidal 
effect in rat. Whether this effect also occurs in 
man is not yet known (BINSW ANGER, 1966; 
FURTH, 1966). Very recently OPPENHEIMER (1972) 
has amply confirmed these findings and added 
evidence that propylthiouracil blocks the peri
pheral conversion of thyroxine to triiodo
thyronine. Since he considers triiodothyronine 
the only active form of thyroid hormone, these 
observations are possibly of great clinical im
portance. In a recent study , VAN PILSUM (1973) 
found that methimazole markedly reduced the 
effectiveness ofthyroxine replacement in thyroid
ectomized rats. 

Oral methimazole is rapidly absorbed in 
man and peak plasma levels are reached 30 min 
after ingestion; the serum half-life varies from 
150-360 min. The drug is accumulated in the 
thyroid and the adrenal glands (PITTMAN, 1971). 
Carbimazole is rapidly converted into methima
zole and accumulated in this form in the thyroid 
~land (MARCHANT, 1972b). The sulfur atom of 
5S-labeled methimazole is rapidly oxidized to 

sulfate (MARCHANT, 1972 a). 

Thiourea Methimazole 
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Fig. 21. Chemical formulas of the most common antithyroid drugs 
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We use the following indications for admin
istration of thionamide drugs: 

1. As a preparation for subtotal thyroidec
tomy, often in conjunction with iodine (p. 193); 

2. In Graves' disease in children or ado
lescents; 

3. In Graves' disease in pregnancy, when 
subtotal thyroidectomy is not possible; 

4. Occasionally after radioiodine treatment 
to hasten the attainment of euthyroidism, if this 
is necessary. 

Other endocrinologists accept much wider 
indications for antithyroid drug therapy, and 
use it as the treatment of choice in all cases 
where it is not contraindicated (VANDERLAAN, 
1972). Hypersensitivity to the drug is an ab
solute contraindication. Relative contraindica
tions are large goiters (long-term results are 
usually poor and the goiter may grow and 
cause pressure symptoms during treatment), 
relapse after a previous full course of anti
thyroid drugs or after subtotal thyroidectomy, 
and unreliability of the patient or impossibility 
of frequent follow-up visits. 

There is general agreement that if one 
decides upon drug therapy of Graves' disease, 
the treatment should last for at least 12 months. 
It is not known whether the drugs alter the basic 
disease process in any way, and actively induce 
remission. From the few data available on the 
natural course of the disease we rather suspect 
that thionamide drugs allow the patient to be 
maintained in an artificially euthyroid state 
while waiting for a spontaneous remission (p. 
188). 

The initial dose should be relatively high 
and divided into three 8-hourly doses (Table 6). 
As soon as signs of improvement appear the 
dose is rapidly tapered and the maintenance 
dose established by trial and error. In many 
cases it is possible to maintain treatment by a 
single daily dose (GREER, 1965). Weekly check
ups are necessary at first. Later the patient 
should be seen every two to four weeks. The 
clinical state is usually an adequate indication 
of the effect of treatment, but the total serum 
thyroxine should be measured at intervals to 
confirm the clinical findings. The usual radio-

Table 6. Dosage of antithyroid agents. Dose in mg/day 
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iodine uptake test cannot be carried out during 
drug treatment. Leukocyte counts should be 
obtained at each patient visit, although this 
is not an infallible method of avoiding agranulo
cytosis, since this complication may develop 
very suddenly. 

The patient usually notes some improvement 
after one week of treatment, and euthyroidism 
is reached after 4-10 weeks (CHEVALLEY, 1954). 
The onset of action is slow because thionamide 
drugs block the biosynthesis but not the release 
of thyroid hormone. Hormone secretion can 
therefore continue until the relatively large 
hormone stores are exhausted (p. 141). Thion
amide drugs interfere with organic binding of 
iodide and thus greatly inhibit the thyroidal 
uptake of 131 I when measured at the conven
tional 2- and 24-hour intervals. However, they 
have little influence on the 10- or 20-minute 
uptake, which represents mostly iodide transport 
across the cell membrane (p. 139). Since this 
transport is under the control of TSH, it 
decreases when triiodothyronine is given to a 
normal person. In Graves' disease triiodo
thyronine does not have this effect, since the 
thyroid gland operates independently of TSH 
control. This property has been used by ALEX
ANDER (1970) to decide whether a patient 
under treatment has entered remission, in 
which case the drug may be stopped with no 
danger of relapse. Although the test did not 
allow him to ascertain the outcome in every 
case, it did statistically separate the group of 
relapse-prone patients from the group of pa
tients that remained in remission. Of the "sup
pressed" patients, only 31 % had a subsequent 
relapse, while 76 % of the "nonsuppressed" 
patients relapsed. CASSIDY (1970) and LOWRY 
(1971) have published similar results. Since the 
test does not completely separate the relapse
prone patients from those going into remission, 
and since it is not simple, we do not recommend 
it for routine use. We think it is as well to stop 
treatment after 12 months and then wait and 
see whether the disease relapses. CHOPRA (1970) 
has studied the correlation between the presence 
of LA TS and the nonsuppressibility of thyroid 
function. His failure to find any such correlation 

Methyl- or 
propylthiouracil 

Methimazole, 
carbimazole 

Perchlorate" 

Initial dose during first 300-400 30-60 1000-1500 
10 days (divided into three 8-hourly doses) 

Maintenance dose 25-100 2.515 200-600 
(given in one or two daily doses) 

" The routine use of perchlorate is not recommended, except in special circumstances (see text). 
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is a strong argument against the causative role 
of LATS in Graves' disease. 

Recurrence, unfortunately, is quite frequent. 
In HERSHMAN'S (1966) series of 176 patients 
with a follow-up of 6 to 23 years 45 % had a 
recurrence, which appeared within the first 
year after discontinuation of the drugs in most 
cases. ALEXANDER (1973) has published essen
tially similar results. In a study from Japan, 
SHIZUME (1970) has confirmed the high relapse 
rate. He found the rate of permanent remission 
was high when the following features were pre
sent: 1. Small goiter; 2. Short duration of symp
toms; 3. Reduction in goiter size during drug 
treatment; 4. Positive suppression test at the 
conclusion of the drug treatment. 

A relapse after drug treatment should not 
usually be treated by a second course of drugs, 
because the chance of a second relapse is more 
than 75 % (McLARTY, 1969). Patients in relapse 
should therefore undergo ablative therapy, 
whether with radioiodine or by surgery. The 
latter approach led to satisfactory control of 
hyperthyroidism in most of McLARTY'S cases, 
but produced an unusually high incidence of 
surgical complications (McLARTY, 1969). A 
few authors prefer to treat relapses by con
tinuous drug administration, if necessary over 
20 years (VAN DER LAAN, 1972). 

Side effects ofthionamide drugs occasionally 
necessitate discontinuation of treatment. The 
drugs are inherently goitrogenic in normal 
persons and animals, because they interfere 
with thyroid hormone synthesis. TSH secretion 
is thus enhanced, and TSH in turn produces 
growth of the thyroid gland. In the treatment 
of Graves' disease the goitrogenic effect is 
rarely a problem, because TSH secretion is 
suppressed anyway as long as the thyroid hor
mone level in the blood is elevated. Growth of 
the gland under drug treatment is usually a 
sign that the patient has become hypothyroid 
and the dose should be reduced. Some authors 
prefer to continue on the high drug doses in 
such cases and to add thyroxine treatment to 
suppress TSH. However, we do not think that 
this procedure is justified, since it is desirable to 
give the lowest effective dose of thionamides 
(see below). 

Skin rashes, pruritus, urticarial febrile re
actions, drug fever and granulocytopenia are 
occasionally observed. In a series of 184 patients 
treated with methimazole, CHEVALLEY (1954) 
observed skin rashes, urticaria or fever in 5 and 
granulocytopenia in 3. Granulocytopenia was 
reversible in all 3 cases. The incidence of com
plications was dose-related and rose steeply at 
a daily dose of more than 40 mg, an observation 
confirmed by BARTELS (1952) and recently by 
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WIBERG (1972), who observed toxic reactions 
in 9 out of 25 patients treated with methimazole 
in a dose of 120 mg daily. In the studies the drug 
was given to most patients for a short period of 
a few weeks to a few months. Reports on the 
toxicity during a one-year treatment are not 
available. Agranulocytosis is a much-dreaded 
complication of treatment, but fortunately it 
is very rare with the usual dose. Cholestatic 
jaundice has been reported in a few isolated 
cases (FISCHER, 1973). Mild toxic reactions 
sometimes disappear on dose reduction, but 
it is usually necessary to discontinue treatment. 
A switch from one thionamide drug to another 
may be tried (e.g. from methimazole to propyl
thiouracil), but there is often cross-sensitivity. 
Since carbimazole is rapidly converted within 
the body into methimazole (MARCHANT, 1972b), 
there is little point in changing from one of 
these drugs to the other. In rat, prolonged 
treatment with thionamides has produced 
thyroid adenomas and rarely carcinomas. The 
histological changes produced in man by anti
thyroid drugs have been analyzed by WEGELIN 
(1948). 

Perchlorate has been successfully used in the 
treatment of Graves' disease (GODLEY, 1945; 
MORGANS, 1954), but due to the high incidence 
of toxic reactions (KREVANS, 1962; JOHNSON, 
1965) it has never become popular. The mecha
nism of action differs from that of thionamides, 
since it inhibits iodide transport across the 
thyroid cell membrane (p. 139). We use per
chlorate only for diagnostic purposes in cases 
of suspected peroxidase deficiency (p. 243) and 
in the very rare instances of hypersensitivity to 
all thionamide compounds where surgery and 
radioiodine treatment are also not feasible. 

In recent studies, lithium carbonate has shown great 
promise as an antithyroid agent (TEMPLE, 1972). Its mode 
of action is complex, but it seems more or less established 
that it inhibits hormone release, probably by interfering 
with colloid droplet formation. It therefore has a much 
more rapid onset of action than the thionamides and it 
approaches iodide in its efficacy (see below). Due to its 
side effects, which make continuous monitoring of blood 
levels mandatory, it cannot yet be recommended for routine 
use (see also p. 154). 

Pharmacological doses of iodide were first 
noted by PLUMMER (1923) to improve symptoms 
of thyrotoxicosis and to reduce the risk of 
subtotal thyroidectomy, at that time the only 
available treatment for Graves' disease. WOLFF 
(1969) has made a substantial contribution to 
the understanding of this paradoxical effect of 
iodide and has masterfully reviewed the litera
ture. The minimal dose of iodide producing 
an inhibition of thyroid function in man is 
5-10 mg/day, which is 100 to 200 times the 
minimal daily dietary allowance. The inhibitory 
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serum level in man is approximately 20 J.lg/ 
100 m1 (REINWEIN, 1960). There are several 
sites of action: 1. Iodide inhibits the forma
tion of organic iodine from iodide. In this 
respect its site of action is the same as that 
of thionamides. 2. Iodide inhibits the release of 
thyroid hormone from preformed hormone 
stores of the colloid. This unique property 
makes iodide the antithyroid drug with the 
most rapid onset of action equalled perhaps 
only by lithium (TEMPLE, 1972). Indeed WAR
TOFSKY (1970) has shown that iodide, unlike 
thionamide drugs, inhibits thyroid hormone 
secretion immediately in Graves' disease. The 
site of this iodide effect is not yet known. It is 
suspected to be either the step of colloid endo
cytosis or that of lysosomal thyroglobulin 
hydrolysis (p. 142), but no convincing proof 
has yet become available. A consequence of 
this iodide effect is reaccumulation of colloid 
in colloid-depleted glands in Graves' disease 
(RA WSON, 1945). 3. Iodide is said to reduce the 
vascularity in the hyperfunctioning thyroid 
gland, thereby facilitating surgery. No objective 
data are available on this effect. 

In normal persons the antithyroid effect of 
iodide is very shortlived and hypothyroidism 
does not appear despite prolonged treatment 
e.g. of asthmatics who take iodide as an ex
pectorant. The reasons for this "escape" have 
been analyzed by BRAVERMAN (1963) and by 
WOLFF (1969). Iodine excess causes the thyroid 
gland to shut off active iodide transport by an 
autoregulatory mechanism ("iodide pump", cf. 
p. 139). This lowers the intrathyroidal iodide 
concentration and relieves the gland from the 
blocking effect of iodide. In thyrotoxicosis 
this adaptation of the iodide pump does not 
readily take place for some unknown reason 
and there is a prolonged block of thyroid 
function. In NAGATAKI'S (1970) study involving 
12 patients treated with iodide alone, hyper
thyroidism was well controlled in all patients 
during the first 6 weeks of treatment. However, 
half the patients "escaped" between the 6th and 
14th weeks of therapy despite continued iodide 
administration. Occasionally, apparently eu
thyroid patients become hypothyroid when 
given pharmacological doses of iodide. This 
so-called iodide myxedema has been discussed 
on p. 154. 

The minimum effective dose of iodide is 
5-10 mg/day, but usually much higher doses of 
20-200 mg are given to be on the safe side. The 
preparations most frequently used are saturated 
solution of potassium iodide (SSKI), which 
contains 750 mg of iodide/ml, or Lugol's strong 
iodine solution, which contains 100 mg potas
sium iodide plus 50 mg iodine (12) per m!. The 
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usual dose is 5 drops of SSKI twice daily or 
0.5 ml of Lugol's solution twice daily per os. 
In most cases it is useless to give larger doses 
(FRIEND, 1960). If necessary potassium iodide 
may be given in a slow intravenous infusion 
over 24 hours. In most cases iodide is given in 
combination with thionamides, but it should 
never be given with perchlorate as this abolishes 
the iodide effect. 

~) Subtotal Thyroidectomy 

Until the advent of antithyroid drugs, subtotal 
thyroidectomy was the only available form of 
treatment, but it was a very dangerous pro
cedure with a high incidence of postoperative 
thyroid crisis and a high mortality. Many 
surgeons therefore preferred to remove a small 
part of the gland in each of several operations, 
or to limit the operation to ligation of the 
thyroid arteries. This grim outlook was dra
matically changed when PLUMMER (1923) in
troduced iodine into the preoperative treatment 
of Graves' disease (p. 192). With proper man
agement the operative mortality is now near 
zero (McNEILL, 1968). We use the following 
indications for the operation: 1. Patients under 
25 who are not adequately controlled by anti
thyroid drugs (the age limit is arbitrary; many 
centers use higher limits, and a few go as low 
as 20 years); 2. Patients with large nodular 
goiters causing pressure symptoms; 3. Patients 
with fast-growing firm goiters and suspected ma
lignancy. Previous thyroid surgery is a relative 
contraindication, since the results of a second 
operation are very poor (McLARTY, 1969; HED
LEY, 1970a). Many consider severe ophthal
mopathy a contraindication, but the connection 
between thyroidectomy and exacerbation of 
ocular changes is not universally accepted. 

The important point in the preoperative 
management is that the patient be handed over 
to the surgeon in the euthyroid state. This is 
usually achieved by giving a thionamide drug 
(e.g. carbimazole or methimazole in a dose of 
45 mg per day) over two to four weeks. When 
the patient is clinically euthyroid and the 
serum thyroxine is in the normal range he may 
be subjected to surgery. Iodine therapy can be 
given in conjunction with thionamides (p. 192) 
with two aims in mind: 1. acceleration of the 
appearance of euthyroidism; 2. Reduction of 
the vascularity of the gland, which is said to 
make the operation easier. However this latter 
iodine effect is not undisputed and we therefore 
do not give iodine routinely unless the surgeon 
specifically wishes us to. To be on the safe side 
the drugs should also be given for 3 or 4 days 
after surgery, but they may then be rapidly 



194 

tapered and discontinued altogether. If ex
ceptional circumstances make it necessary to 
operate on a patient who is not yet com
pletely euthyroid, anesthesia must be in
duced and maintained with great care. Hyper
thyroid patients are very sensitive to sym
pathomimetic drugs and to atropine, which 
should be given in low doses or replaced by 
scopolamine. The use of ether and nitous oxide 
in preference to cyclopropane or fluothane is 
recommended. 

The internationally accepted procedure is 
subtotal intracapsular thyroidectomy. A rem
nant of 4 to 10 g is left lining the posterior face 
of the capsule. Since the parathyroid glands are 
usually located in this part of the thyroid they 
are left intact by this procedure in most cases. 
The incidence of complications is low when the 
operation is performed by an experienced 
surgeon. Permanent hypoparathyroidism devel
ops in 1-2% of cases in most series (DAVIS, 
1961; McNEIL, 1968). Transient hypopara
thyroidism and latent hypoparathyroidism may 
be more frequent. Transient postoperative hypo
calcemia does not necessarily mean hypopara
thyroidism, since it is often due to a greatly 
increased calcium uptake by the osteoporotic 
bones (MICHIE, 1971). 

The obvious explanation for the effectiveness 
of the operation is that it greatly reduces the 
number of active thyroid cells. Lately, however, 
HEDLEY (1971) has made the provocative sug
gestion that the operation improves the un
derlying autoimmune disease. This contention 
is based on the lower incidence of LA TS in 
postoperative patients. His results are subject 
to the drawbacks of any retrospective set-up 
and will therefore have to be confirmed by 
additional studies. 

The incidence of postoperative hypothyroi
dism seems to be closely related to the weight 
of the thyroid remnant (MICHIE, 1972). It 
may therefore be as low as 6.5 % (McNEILL) 
or as high as 49 % (MICHIE, 1972), depending 
on the surgeon's policy. Most patients become 
hypothyroid within 4 months of the operation 
and most authors have found no evidence of a 
cumulative rise comparable to that after radio
iodine treatment (MICHIE, 1972; HEDLEY, 1970 a). 
In one study, however, there was a cumulative 
rise of hypothyroidism of 1.7% per year over 
10 years (NOFAL, 1966). There may be a positive 
correlation between the presence of thyroid 
antibodies in serum (BUCHANAN, 1962) or the 
degree of lymphocytic infiltration of the gland 
(HARGREAVES, 1968) and the occurrence of 
postoperative hypothyroidism, but this point 
remains to be confirmed. Diminished thyroid 
reserve (as defined on p. 161) may be present 
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in many patients who are capable of main
taining a euthyroid state only thanks to elevated 
TSH levels (HEDLEY, 1970b). 

Recurrent thyrotoxicosis is found after sur
gery in 2-30% of patients (see HEDLEY, 1971, 
for short review). The treatment of choice for 
postoperative relapse is radioiodine, since both 
a second operation and antithyroid drugs are 
ineffective in controlling the disease in most 
cases (McLARTY, 1969; HEDLEY, 1970a). 

y) Radioiodine 

Radioiodine may be administered either per os 
or intravenously. In Graves' disease 30-90 % 
of the radioactivity will rapidly be taken up 
by the hyperfunctioning thyroid gland, while 
the remainder will be excreted in the urine. 
The radioiodine is slowly lost from the gland 
into the blood as labeled hormone. The most 
frequently used iodine isotope, 1311, has a 
physical half-life of 8 days. Its decay produces 
both ~-particles with a mean tissue pathway 
of about 1 mm and y-quanta. The ~-particles 
are responsible for 90 % of the therapeutic 
effect; on being absorbed they destroy thyroid 
tissue without affectinr neighboring organs. 
The y-ray emission of 311 is used mainly for 
diagnostic purposes. The chemical amount of 
iodine introduced into the body by radioiodine 
treatment is so small that it has no biochemical 
or pharmacological effect (1 mCi of carrier-free 
131 I = 0.01 J.1g iodine). 

Indications for radioiodine vary from one 
center to the other. In some clinics radioiodine 
is used whenever it is not contraindicated and 
80 % or more of patients with Graves' disease 
are treated in this way. As far as risks (except 
hypothyroidism), costs, and inconvenience to 
the patient are concerned, radioiodine is indeed 
unsurpassed by any other treatment for Graves' 
disease. 

There are several contraindications to the 
use of radioiodine. Since the fetal thyroid 
accumulates iodine from the third month of 
gestation onwards, radioiodine should never 
be given during pregnancy. Radioiodine is 
excreted into the milk and should therefore 
not be given to a nursing mother. 

The thyroid gland appears to be very 
sensitive to the carcinogenic effect of radiation 
in childhood. Radioiodine should therefore not 
be given to patients under the age of 25 (this 
is an arbitrary limit). Relative contraindica
tions are large diffuse and large nodular goiters 
with rapid radioiodine turnover, since unduly 
high doses of radioactivity have to be applied, 
producing whole-body irradiation in excess of 
permissible limits. 
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Strong indications for radioiodine are: 
1. Recurrent hyperthyroidism after thyroid

ectomy. In these cases radioiodine is the treat
ment of choice (p. 194); 

2. Recurrent hyperthyroidism after drug 
treatment. In these cases the options are 
radioiodine or surgery; 

3. Severe ophthalmopathy. Radioiodine is 
often preferred in these cases, but reliable 
evidence that this form of treatment causes 
less progression of the eye disease is hard to 
come by. 

We consider as relative indications all cases 
of established Graves' disease in patients over 
age 25, whether with diffuse or with nodular 
goiter. 

There are several potential risks in radio
iodine therapy: 

1. Carcinogenic effect on the thyroid tissue; 
2. Production of leukemia due to bone 

marrow irradiation; 
3. Production of recessive mutations due to 

gonadal irradiation; 
4. Hypothyroidism. 
All these risks have to be weighed against 

those of surgery or drug treatment. It is now 
safe to say that the first three potential risks 
listed above are negligible, while the fourth, 
hypothyroidism, remains a real problem. Al
though isolated cases of thyroid neoplasia 
after radioiodine treatment have occurred 
(SHELINE, 1962; BAKER, 1969; LIMA, 1970), it 
is generally agreed that the incidence is extremely 
low, and probably no higher than in a control 
population. McDOUGALL (1971) has recently 
reviewed the literature on this subject. Chro
mosomal changes have been found in the 
lymphocytes of radioiodine-treated patients 
(CANTOLINO, 1966), but in two very carefully 
followed series of 10000 and 20000 patients 
the incidence of leukemia was no higher than 
in the general population (POCHIN, 1960; SAEN
GER, 1968). 

The radiation dose received by the gonads 
in the course of radioiodine treatment (about 
20-30 rad) is in the same order of magnitude 
as the dose received during a gastrointestinal 
radiologic examination. The genetic risk to 
the population induced by radioiodine is only 
a tiny fraction of that produced by radiation 
from natural sources, and the expected rate of 
mutations in the descendants of radioiodine
treated parents is only minimally higher than 
in untreated parents. We agree therefore with 
HORST (1960) that, with the exception of 
Graves' disease in childhood, the indication 
for radioiodine treatment should be made 
dependent on the calculated whole-body dose 
rather than on an arbitrary age limit. 
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The report of DUNN (1964) has drawn 
attention to the alarmingly high incidence of 
postradioiodine hypothyroidism, a phenomenon 
which has been well studied in recent years. 
In DUNN'S report, 20 % of patients were hypo
thyroid after one year and the incidence of 
hypothyroidism subsequently rose by about 
2.5 % per year to reach 45 % after 14 years 
There was no indication that this rise levelled 
off. In another series 70 % were hypothyroid 
after 10 years (NOFAL, 1966). There is no doubt 
that the incidence of hypothyroidism is related 
to the dose of radioiodine (HAGEN, 1967; 
SMITH, 1967; GOOLDEN, 1969), but GLENNON 
(1972) has recently examined 55 patients treated 
before 1951 with very low doses of 3 mCi or 
less. Although the incidence of hypothyroidism 
remained quite low for 5 years, it then started 
to rise at a rate of 3.4 % per year, reaching a 
cumulative incidence of 48 % after 17 years. 
Glennon suggested that the dose influenced 
the incidence of "early" hypothyroidism during 
the first years, but that the subsequent cumulative 
rise was independent of the amount of 1311. In 
Zurich, with the dosage calculated as outlined 
below, the rate of increase of hypothyroidism 
was 1.6 % per year (ENGELBRECHT, 1970). Ac
cording to more recent results from the same 
group (KAESTNER, 1973) this low incidence 
may be due to the fact that their sample in
cluded an appreciable number of patients 
suffering from Graves' disease with nodular 
goiters. Indeed, patients with nodular goiters 
appeared to be much more resistant to the 
development of hypothyroidism than those 
with diffuse goiters (1.6 % as against 14.7% at 
5 years). A similar difference had already been 
found by VIHERKOSKI (1970), but toxic adenomas 
were not rigorously excluded in his series. 

The exact mode of action of 131 I has not 
yet been established, but it is generally assumed 
that it damages the thyroid cell nucleus and 
thereby interferes with cell division (GREIG, 
1965). Since there is probably a slow turnover 
of cells, inhibition of cell replication will 
progessively diminish the number of active 
cells. In order to avoid nuclear irradiation, 
another iodine isotope, 1251, has recently been 
used in experimental studies. This isotope has 
a half-life of 60 days. It has a complex decay 
scheme with the energy dissipated by y-emission 
(7 %) or by internal conversion (93 %). The 
latter produces soft X-rays or low-energy ~
particles, both with a very short tissue pathway 
of about 0.5 J,.lm. Since most of the radioactive 
iodine in the thyroid gland is within the colloid, 
the apical cell pole receives most of the radia
tion, due to the short pathway, while the basal cell 
pole, which contains the nucleus, is left intact. 
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Several groups of investigators have therefore 
used 1251 for the treatment of Graves' disease, 
and th theoretic and practical aspects have 
been c mcisely reviewed by McDoUGALL (1971) 
and aiso in an Editorial in the LANCET (1972). 
The studies so far have shown that 1251 effec
tively contr.)ls hyperthyroidism, but with re
spect to hypothyroidism the results have been 
rather disappointing, since the percentage ap
pears to be as high as or even higher than after 
1311 (McDOUGALL, 1971; WERNER, 1970). At 
present, therefore, 1251 remains an experimental 
form of treatment. 

The high risk of hypothyroidism after radio
iodine places a great responsibility upon the 
doctor. First of all he has to inform the patient 
of this risk and to tell him about the most 
common symptoms of hypothyroidism. Second, 
the patient must be followed up for the rest of 
his life and examined by the doctor at least 
once each year. Failure of the patient to keep 
his appointment should make the doctor suspect 
that he has become hypothyroid, and every 
effort should be made to contact him and to 
bring him under medical supervision. It is the 
fact that hypothyroidism is latent for some 
years, develops insidiously, and may easily 
be mistaken for cerebral arteriosclerosis in 
older persons that makes this lifelong follow
up mandatory. Regional follow-up schemes 
have been devised in Scotland (PHILP, 1968). 
Once it is diagnosed, hypothyroidism is so 
easy and cheap to treat that in our view its 
occurrence is no reason not to use 1311. 

Numerous methods are in use for the 
calculation of the dose of 1311. All the methods 
use at least one variable, the estimated thyroid 
weight, in the computation. Thus, in most 
centers in the United States the gland weight 
is estimated by several observers by palpation 
and 80-160 ~Ci of 1311 per g weight are given. 
The calculations used in Zurich include several 
other variables, in an attempt at more exact 
control of the radiation energy delivered to the 
tissue. The following unit is in use as a measure 
of the radiation energy: 

rad (radiation absorbed dose): 1 rad cor
responds to 1 ()() erg of energy delivered to 1 g 
of tissue. * 

The following 5 factors or variables are 
considered in calculations of dosage for individ
ual cases: 

1. Physical properties of131 I: The ~-emission 
energy, which is the one relevant to its thera
peutic effect, is 0.205 MeV, including conver
sion electrons (MARINELLI, 1948). With ad
ditional components of the isotopic decay, in 

* 1 rad "'" 1.07 rep (roentgen equivalent, physical). 
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particular y-emission, the total energy is 0.248 
MeV (PERRY, 1950). One mCi of 1311 delivers 
0.56 radjhour in 1 g of tissue, provided the 
isotope distribution is homogeneous. 

2. Volume or weight of the thyroid gland, 
which may be estimated by palpation or by 
planimetry of thyroid scintigrams. We use the 
following formula: Weight = 0.323 x average 
height of lobes x surface of gland in a dorso
ventral scintiscan (ALLEN, 1952; DOERING, 1958). 
The mean deviation of this estimation from the 
weight found at autopsy was 10% (GAUWERKY, 
1959). 

3. Percentage or fraction of the 1311 dose 
taken up by the thyroid. Several measurements 
must be taken after a diagnostic dose to obtain 
the peak uptake. 

4. Distribution of 1311 within the thyroid 
tissue. Since radioiodine is unevenly distributed 
in thyroid tissue (LEVENE, 1955) the resultant 
intrathyroidal dose lattice is nonuniform. Dose 
maxima at certain sites can be 3.4 to 25 times 
greater (mean 10 times greater) than the cal
culated average dose (SINCLAIR, 1956). The 
dose minima may be quite important, since 
they may allow the survival of normal thyroid 
tissue which will maintain euthyroidism. 

Gross inhomogeneity of radioiodine distribu
tion such as occurs in nodular goiters usually 
calls for an increase in the dose of 1311. 

5. Rate of release of radioiodine from the· 
thyroid gland. This is included in the final' 
formula as effective half-life (Teff), which is· 
obtained from the equation: 

T. _ Tbio) X Tphys 
eff - Tbio) + Tphys 

where Tbio) is the biologic and Tphys the physical 
half-life. The biologic half-life can be deter
mined directly from serial epithyroidal measure
ments of radioactivity or estimated from the 
PB 1311, which correlates closely with Tbi~~. 

The final formula used in Zurich for the 
dose in ~Ci 131 I (D) is: 

D= Wxrad 
19.4 x Teff x U 

(modified from 
OESER, 1961) 

where W = thyroid weight (grams), Teff = 
effective half-life (days), U = thyroid uptake 
of 1311 (fraction of dose), rad = the desired 
radiation dose, as outlined in Table 7. The factor 
19.4 contains several simple transformations 
(hours to days, rep to rad, half-life into mean 
life). 

We vary the radiation dose according to 
Table 8, e.g. grade I in patients with severe 
exophthalmos in whom high doses might ag-
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Table 7. Guidelines for radioiodine dosage in Graves' dis
ease (SCHNEIDER, 1965). (See text for explanation) 

Very small goiter 
Goiter < 120 g 
Goiter> 120 g 

3000 
4000 
5000 

II III 

5000 
7000 
9000 

7000 
10000 
12000 

rep 
rep 
rep 

Table 8. Indications and contraindications for various forms 
of treatment of thyrotoxicosis 

1. Radioiodine 
a) Never during pregnancy; 
b) Never under age 25, except in a few special cases; 
c) Treatment of choice for relapse after operation. 

2. Subtotal thyroidectomy 
a) Always in rapidly growing goiters with suspected 

malignancy; 
b) Often in large nodular goiters with pressure symptoms 

(radioiodine may be an alternative). 

3. Thionamide drugs 
a) Always preoperatively before thyroidectomy. often in 

conjunction with iodine; 
b) In all cases of Graves' disease during childhood; 
c) Always in thyrotoxic crisis. in combination with iodine; 
d) In most cases during pregnancy (thyroidectomy is an 

alternative). Never give iodide during pregnancy; 
e) Sometimes as an adjunct after radioiodine to hasten 

appearance of euthyroidism; 
f) Tn selected adult patients as a i-year course; 
g) Not recommended in cases of relapse after a first course 

of drugs or after surgery. 

gravate the eye problem and grade III in elderly 
patients with heart failure, in whom rapid 
control of thyrotoxicosis is desirable. 

The results of radioiodine treatment are 
usually quite satisfactory if the high risk of 
hypothyroidism is disregarded. Thyrotoxicosis 
is controlled within 3 to 6 months in most 
cases. After this time a second dose can be 
given if needed. The slow onset of action is a 
disadvantage, but control is obtained more 
quickly by beginning administration of a thion
amide drug or iodine (HAGEN, 1967) 10-14 
days after the 131 I dose. 

Quite a number of patients are pretreated 
with thionamide drugs before the decision to 
use 131 I is made; this is then usually given 
two to three weeks after the drug has been 
stopped. GOOLDEN (1969) found that in such 
cases pretreatment with methimazole or pro
pylthiouracillowered the cure rate of 131 I, while 
carbimazole had no such effect. 

Some patients show a transitory exacerba
tion of thyrotoxic symptoms, and LAMBERG 
(1959) and VIHERKOSKI (1970) have stressed the 
danger of thyrotoxic crisis after 131 I. In our 
experience, however, this is a very rare com
plication. A few patients complain of pain in 
the neck region between the second and tenth 
day after 131 L 
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8) Ancillary Treatment: Antiadrenergic Agents, 
Sedatives 

The primary aim in the treatment of thyro
toxicosis is the reduction of thyroid hormone 
secretion. However, in recent years drugs have 
become available which decrease the peripheral 
effects of thyroid hormone excess and they have 
been successfully used in cases where rapid 
control of disturbing or dangerous signs or 
symptoms is desirable. We would like to 
emphasize at the onset that although the patient 
may be greatly improved by such treatment, 
this does not render treatment directed at the 
thyroid gland itself unnecessary. 

The drugs most frequently used are the sympa
tholytic agent guanethidine, the ~-blocking agent 
propranolol, and the ex-blocking agent phentol
amine, or a combination of these (STOUT, 1969; 
BECKER, 1972). In double blind trials ~-blocking 
agents successfully improved several signs and 
symptoms of hyperthyroidism, such as palpita
tions, nervousness, tachycardia, tremor, perspira
tion, and shortening of the ankle jerk (SHANKS, 
1969; GROSSMAN, 1971). The usual oral dose of 
propranolol is 40-160 mg per day. Propranolol 
does not interfere with any of the thyroid func
tion tests except thc ankle jerk; in particilar it 
does not affect radioiodine uptake (HADDEN, 
1969), so that it can be given in conjunction with 
radioiodine. Although propranolol affords good 
relief of many thyrotoxic symptoms, it should 
not be given alone, since only few patients are 
satisfactorily controlled (McLARTY, 1973). 

An important question is whether ~-blocking 
agents may be given to thyrotoxic patients with 
heart failure. This will be discussed in the 
section on thyroid crisis (p. 198), a situation 
in which these agents are now of great im
portance. 

In agitated patients phenobarbital or dia
zepam may be prescribed. Diazepam has been 
specifically examined and found not to interfere 
with thyroid function tests (CLARK, 1971). 

£) Choice of Treatment 

Our guidelines for the indications for the various 
forms of treatment are summarized in Table 8, 
and the advantages or disadvantages of each 
procedure are compared in Table 9. 

j) Special Forms and Complications of 
Graves'Disease 

ex) Thyrotoxic Crisis (Thyroid Storm) 

This is a much-dreaded complication of Graves' 
disease. McARTHUR (1947) has defined it as 
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Table 9. Advantages and disadvantages of the various forms of treatment 

Reliability of antithyroid effect 
Time required to reach euthyroidism 
Cost 
Hospital stay 

Antithyroid 
drugs 

Very good 
4-8 weeks 
Moderate 
No 

Radioiodine 

Good 
3 months 
Low 
No 

Subtotal 
thyroidectomy 

Good 
1 week 
High 
Yes 

Follow-up visits 
Risk of permanent hypothyroidism 
Risk of relapse 

Every month 
o 

Every 6 months 
25-70% 

Every year 
6-50% 
6-25% 
<1% 

50% 
Mortality <1% 

a potentially fatal exacerbation of all thyrotoxic 
symptoms. An elevation of rectal body tem
perature to at least 38.8°C is considered an 
obligatory sign. The exact cause of thyrotoxic 
crisis is unknown, but a sudden release of 
massive amounts of thyroid hormones is prob
ably implicated. We recently observed one case 
with a serum thyroxine concentration of 50 Ilg/ 
100 m!. Some authors contend that thyroid 
crisis often occurs in patients whose serum 
hormone level is no more elevated than in 
ordinary' thyrotoxicosis. They therefore think 
that massive thyroid hormone excess is not the 
decisive factor in the pathogenesis (DILLON, 
1970), but we suspect their opinion may have 
to be reevaluated when triiodothyronine con
centrations during thyroid crisis become known. 

Among 2033 thyrotoxic inpatients admitted 
to the Massachussetts General Hospital be
tween 1921 and 1946, McARTHUR (1947) found 
36 cases of thyrotoxic crisis. In 25 patients the 
crisis was "surgical", i.e. it occurred after 
subtotal thyroidectomy. In the remaining 11 
patients the crisis was classified as "medical" 
i.e. occurring after infection, trauma or anesthe
sia. As Graves' disease is now more often 
correctly diagnosed and treated thyroid crisis 
has become quite rare. 

LAMBERG (1959) has carefully analyzed the 
symptomatology. Most symptoms involve the 
cardiovascular or the central nervous system, 
or both. In the so-called cerebrobulbar form 
the patient becomes agitated, confused, or 
sometimes comatose (ROIZEN, 1971). Bulbar 
palsy may become a prominent symptom. In 
the cardiac form tachycardia, auricular fibrilla
tion, heart failure, pulmonary edema and shock 
predominate. Gastrointestinal signs with diarrhea 
are often present, sometimes as an isolated 
feature. The skin of the patient is red and hot. 
There is massive perspiration and the body 
temperature may rapidly rise to 40°C or more. 
Hypokalemia with peripheral palsy has been 
described (LOGOTHETIS, 1962). 

Without proper treatment, the crisis is 
lethal in 100 % of cases (LAHEY, 1928). In recent 
series the mortality has been lowered to 60 % 

10% 
o 

(LAMBERG, 1959) and even to 28 % (WALDSTEIN, 
1960). This is probably due to two factors: 
1. Earlier recognition of the crisis, and 2. 
Availability of personnel trained in intensive 
care and availability of potent antithyroid drugs. 

Treatment of thyrotoxic crisis must begin 
without delay (Table 10). Blood should be 
taken for electrolyte determinations and for 
thyroid hormone measurements, and treatment 
should be started without waiting for the results 
of the latter tests. Whenever possible patients 
should be placed in an intensive care unit 

Table 10. Synopsis of clinical features and treatment of 
thyrotoxic crisis. 

Clinical findings 
Increase in signs and symptoms of thyrotoxicosis 
Fever with temperature over 38" C up to 41 C or more 
Perspiration, later dehydration 
Agitation, confusion, coma 
Bulbar palsy (particularly IXth nerve) 
Tachycardia, heart failure 

Treatment 
Blood should be taken for thyroid function tests, but treat
ment must not be delayed until the results are available. 
1. Antithyroid agents (always give a and b) 

a) Methimazole or carbimazole 30 mg every 6 hours p.o. 
or by gastric tube. If available, methimazole (Fa
vistan®) can be given intravenously. 

b) Iodine: Saturated solution of potassium iodide 3 drops 
every 6 hours or Lugol's strong iodine solution 1 ml 
every 6 hours. (If necessary: Potassium iodide 0.5 g in 
5 % glucose or 0.9 % NaCl by slow i.v. infusion over 
24 hours). 

2. Fluid and electrolyte replacement, based on monitoring 
of central venous pressure and 12-hourly serum electro
lyte measurements. 

3. In cases of severe fever cooling blankets or "surgical" 
hypothermia. 

4. Sedation: Phenobarbital, diazepam, chlorpromazine, re
serpine, alone or in combination. 

5. Oxygen 2 liters per minute by nasal catheter. 
6. Propanolol 40 to 80 mg p.o. every 6 hours or '/8 this dose 

i. v. In older patients and cases of severe heart failure 
lower doses should be tried first. 

7. Digitalis glycosides in relatively high doses (exact dosage 
guidelines not available). 

8. Cortisone acetate p.o. or Cortisone hemisuccinate i.v. (by 
slow infusion) 200 mg per 24 hours. 

9. Antibiotics if infection suspected. 
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until the crisis is well under control. Anti
thyroid drugs must be given in high doses, e.g. 
methimazole or carbimazole, 30 mg every 6 
hours. Due to its rapid effect iodine is still 
the basis of treatment and should always be 
added to the above drugs (INGBAR, 1966) in 
a dose of 500 mg of iodine, either as SSKI or 
as Lugol's strong iodine solution (see p. 193), 
given in 4 divided doses. If necessary potassium 
iodide can be given in an intravenous drip over 
24 hours, and if available methimazole can be 
given by i.v. injection. 

Dehydration and electrolyte disturbances 
are treated by adequate fluid therapy. Since 
perspiration is greatly increased, large amounts 
of fluid and NaCI must be replaced. Since heart 
failure is often present, central venous pressure 
must be monitored during fluid replacement. 
In rare cases plasma or albumin solutions are 
necessary to avoid circulatory collapse. 

In cases of heart failure or auricular fibrilla
tion with tachycardia, digitalis glycosides must 
be given by the intravenous route. The patients 
usually tolerate large doses, but unfortunately 
no exact dosage guidelines are available. Oxygen 
(1 to 2 liters/min) should be given through a 
nasal catheter. 

If hyperthermia threatens to be fatal, cooling 
blankets (or if not available moist blankets and 
a fan) should be applied. Sometimes proper 
surgical hypothermia supervised by an anesthe
tist must be instituted. 

Since relative adrenocortical insufficiency 
may be involved, we always give large doses 
of cortisone, either per os or as cortisone hemi
succinate in a slow i.v. infusion over 24 hours 
(200 to 300 mg per day). 

~-Receptor blocking agents are probably 
a major advance in the treatment of thyrotoxic 
crisis, but their impact on the outcome has not 
yet been statistically evaluated. BUCKLE (1968) 
used ~-receptor blockade in two patients who 
had deteriorated despite all other forms of 
treatment and noted dramatic improvement. 
Propranolol is the drug most frequently used. 
The recommended dosage is 40-80 mg every 
6 hours per os or about one eighth of this dose 
by the i.v. route. Obviously there is some 
reluctance to use ~-adrenergic blockade in 
older patients where heart failure may coexist. 
In our limited clinical experience, however, 
~-adrenergic blockade has improved rather 
than worsened heart failure, probably by slow
ing the heart rate and allowing better ventricular 
filling. Two experimental studies support this 
view. WIENER (1969) found that propranolol 
improved the left ventricular efficiency in thyro
toxic subjects, and PIETRAS (1972) reported 
that the same drug did not increase left ventricular 
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end diastolic pressure in thyrotoxic patients 
even in cases where it was clearly elevated 
before propranolol. Before the availability of 
~-receptor blocking agents guanethidine was 
widely used. 

Infection should be looked for as the possible 
triggering factor of thyroid storm and in case 
of suspicion an antibiotic must be given after 
sampling of blood, sputum and urine for bacterio
logic examination. Subtotal thyroidectomy is 
sometimes advocated but is contraindicated in 
our opinion. 

Most patients in thyrotoxic crisis need large 
doses of sedatives. Phenobarbital, chlorproma
zine, diazepam, and reserpine have all been 
used either alone or in combinations. DILLON 
(1971) has successfully used reserpine alone 
without an antithyroid drug, but we would 
not recommend this as a routine treatment. 
Peritoneal dialysis (HERRMANN, 1969) or plasma
pheresis (ASHKAR, 1970) effectively removes 
thyroid hormone from the body, but we still 
consider them as experimental forms of treat
ment. A review on the treatment of thyroid 
storm is given in Table 10. 

~) Apathetic Thyrotoxicosis 

A case has been made for the classification of 
patients who instead of being nervous or 
agitated become quiet, depressed and apathetic 
into a separate subgroup. The literature on this 
form of Graves' disease has been reviewed by 
THOMAS (1970) and in an editorial in the LANCET 
(1970). Most of these patients are in older age 
groups and many have cardiac symptoms. In 
some cases the clinical picture was so misleading 
that the diagnosis of myxedema was considered 
(RONNOV, 1973). Thyrotoxicosis is often severe 
in such cases and may lead to death in heart 
failure if not treated. Apathetic thyrotoxicosis 
may even occur in the setting of thyroid storm. 

y) Graves' Disease in Pregnancy 

In most cases Graves' disease takes a mild course 
during pregnancy. There is no evidence that 
pregnancy aggravates thyrotoxicosis. On the 
contrary, in many cases pregnancy probably 
has a beneficial effect on Graves' disease. This 
may be due to the increased levels of estrogen, 
which have been shown to ameliorate symptoms 
of thyrotoxicosis (ZANINOVICH, 1972). 

The diagnosis of hyperthyroidism in preg
nancy should be made largely on clinical grounds. 
Radioiodine uptake tests should not be performed 
in pregnancy. The basal metabolic rate is usually 
elevated to + 20 or + 30 % at the end of a normal 
pregnancy and is therefore difficult to interpret. 
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Serum total thyroxine measurements give 
elevated values in the second and third tri
mesters of pregnancy, because estrogens cause 
an increase of TBG (p. 143). The resin T3 up
take test in contrast falls into the hypothyroid 
range. 

Iodine is actively accumulated by the fetal 
thyroid from about the 80th day of gestation 
onward (GREENBERG, 1970). Radioiodine treat
ment is therefore strictly contraindicated. 

In mild cases of thyrotoxicosis sedatives 
provide adequate control of the symptoms 
during pregnancy. Subtotal thyroidectomy after 
a short course of antithyroid drugs (without 
iodide) is also feasible from the 2nd up to the 
6th month. 

Thionamide drugs may be given, but they 
have the disadvantage that they cross the 
placenta, while the maternal thyroid hormone 
does not pass to the fetus or only to a limited 
extent. Thus the drugs may produce fetal 
hypothyroidism and goiter while the mother 
is still hyperthyroid. There seems to be no 
ideal solution to this dilemma in theory, but 
in practice good results are obtained with the 
lowest possible dose, e.g. 5-10 mg of methima
zole or 50 to 100 mg of propylthiouracil per 
day. The patient should be left slightly hyper
thyroid and the total serum thyroxine should 
be kept at about 15 J.1g/100 ml. Some authors 
recommend the administration of triiodothyro
nine together with the thionamide drugs in 
the hope that it may cross the placenta. We can 
see no theoretic or practical advantage in this 
procedure. 

Pharmacological doses of iodide should 
never be given, since this procedure involves 
the risk of fetal and neonatal hypothyroidism, 
a condition with a grave prognosis (p. 167). 

BURROW (1972) has written a short mono
graph on the interrelation between thyroid 
gland and pregnancy. 

0) Graves' Disease in Neonates and Children 

Hyperthyroidism in the newborn is extremely 
rare. In most reported cases the mother has 
also suffered from Graves' disease and had 
very high LATS titers (McKENZIE, 1964; SUN
SHINE, 1965; GAUTHIER, 1968). As an IgG 
immunoglobulin, LATS crosses the placenta 
into the fetal circulation. LA TS slowly disappears 
from the blood of the baby and symptoms of 
hyperthyroidism abate in parallel without treat
ment. In a few exceptional cases the disease 
persists for years (HAYLES, 1972). 

In children thyrotoxicosis is quite rare when 
compared with the incidence in adults. The 
question as to how it is best treated remains 
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open. Radioiodine is considered contraindicated 
due to the potential risk of carcinogenesis 
(p. 195), but its use has nontheless been discussed 
by SAXENA (1965). In one series of 25 children 
treated with 131 I a papillary carcinoma developed 
in one. 

Subtotal thyroidectomy after drug pretreat
ment offers the advantage of less frequent 
relapses, but postoperative myxedema was 
found in 25% of cases (HAYLES, 1967 and 
1972). 

After thionamide medication relapses are 
less frequent in childhood than in adult Graves' 
disease, and we therefore consider it the treat
ment of choice in children. The dose is the same 
as in adults, adjusted according to body surface 
area. The various aspects of childhood thyro
toxicosis have been reviewed in a short editorial 
in the British Medical Journal (1965). 

E) Thyrotoxicosis with Excessive T 3 Secretion 
(T 3-Toxicosis) 

Triiodothyronine was discovered in 1953, about 
40 years later than thyroxine, and remained 
neglected for a long time because its concentra
tion in serum was too low to be measured by 
conventional techniques. With the publication 
of a method for its measurement STERLING 
(1969) opened a new era in clinical thyroid 
research. 

Numerous publications have since appeared 
on this hormone, which LARSEN (1972) has 
recently reviewed. Due to its higher activity 
(per mg weight), triiodothyronine plays an 
important physiologic role and it has even 
been suggested that thyroxine per se is inactive, 
unless it is peripherally deiodinated to tri
iodothyronine (p. 145). 

Cases of typical clinical thyrotoxicosis with 
a normal level of protein-bound iodine in serum 
(which represents mainly thyroxine) were first 
recorded a long time ago. By measuring the 
serum triiodothyronine STERLING (1970) estab
lished that these patients suffered from isolated 
oversecretion of triiodothyronine. In his series, 
most patients had toxic nodular goiters, but 
subsequent investigators observed the condition 
in many cases of Graves' disease (IVY, 1971; 
HOLLANDER, 1972). There are no clinical features 
which distinguish thyrotoxicosis due to excess 
T 3 from the conventional form, and the diagnosis 
must therefore be made on the basis of triiodo
thyronine measurements. Sometimes the condi
tion progresses to conventional hyperthyroidism 
with elevated thyroxine levels (HOLLANDER, 
1971). It has also been abserved in children 
(MlTSUMA, 1972) and in thyroid carcinoma 
(SUNG, 1973). 
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g) Endocrine Ophthalmopathy 

ex) Definition and Classification 

Thyroid hormone excess of any etiology (Graves' 
disease, toxic nodular goiter, thyrotoxicosis 
factitia) produces certain nonspecific eye signs, 
notably lid retraction. This so-called noninjil
trative ophthalmopathy is attributed to hyper
activity of the sympathetic nervous system, 
which is thought to produce contraction of 
Muller's superior palpebral muscle, but this 
explanation is not universally accepted. 

In contrast, injiltrative ophthalmopathy oc
curs only in patients with Graves' disease, and 
the severity bears little relation to the degree 
of thyroid hormone excess. Humoral factors 
other than thyroid hormone are probably 
important in its pathogenesis. The American 
Thyroid Association has recently adopted a 
classification of the eye changes in Graves' 
disease, which is presented in its abridged form 
in Table 11 (WERNER, 1969). 

Table 11. Abridged classification of ocular changes of Gra
ves' disease (WERNER, 1969). Each class usually includes the 
involvements of the preceding class. Each class may be 
graded mtld (a), moderaJe (b), marked (c) or absent (0). 
Note that proptosis occurs twice in this classification, first 
in the mild, benign form of class 1. where it is not con
sidered a bad prognostic sign. When there are additional 
signs of soft tissue involvement, proptosis becomes part of 
severe (class 3 to 6) ophthalmopathy 

Class Definition 

o No signs or symptoms 
1 Only signs, no symptoms (signs limited to 

upper lid lag and proptosis) 
2 Soft-tissue involvement (symptoms and signs) 
3 Proptosis 
4 Extra-ocular muscle involvement 
5 Corneal involvement 
6 Sight loss (optic nerve involvement) 

~) Pathogenesis 

As stated above, the infiltrative ophthalmopathy 
bears little relation to thyroid hormone excess 
and it cannot be produced by the exogenous 
administration of thyroid hormone. Involvement 
of both eyes and sometimes the coexistence of 
related changes in the pretibial skin early sug
gested that humoral factors played a patho
genic role. When the serum of patients with 
exophthalmos was injected into some fish species 
(fundulus, goldfish, carp) or guinea pigs it 
did in fact produce proptosis and in some 
assays also an increased sulfur-35S uptake by 
the so-called Harderian gland. This gland only 
exists in rodents and is not an analog of a lacrimal 
gland. Rather it corresponds to a part of retro-
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orbital tissue. The serum factor causing proptosis 
in the test animal has been termed exophthalmos
producing substance (EPS). EPS may be present 
in both the serum and the pituitary gland of 
patients with exophthalmos. In serum of patients 
with severe ophthalmopathy both very high 
and low titers have been found by the fish 
bioassay. 

BRUNISH (1962) reported a molecular weight 
of 40000 for EPS as determined by ultra
centrifugation. Whether the EPS of serum is 
identical with the EPS of the pituitary is open 
to question (McKENZIE, 1968). EPS and LATS 
(p. 179) are certainly not identical. They can 
be separated in serum by polyvinyl block 
electrophoresis or by gel filtration. Antibodies 
to EPS do not inactivate LA TS. The physiolog
ical significance of EPS has been seriously 
questioned in recent years. Two important 
criticisms have been that EPS was tested in a 
species far removed from man, and that all 
EPS preparations extracted from the pituitary 
always contained considerable TSH activity. 
Recently, however, KOHN (1971) has prepared 
EPS practically devoid of TSH activity by 
treating pure bovine TSH with pepsin. He 
speculated that EPS in thyrotoxicosis could be 
produced by limited proteolysis of TSH within 
the pituitary gland. This proteolytic derivative 
of TSH binds to isolated plasma membranes of 
retro-orbital tissue. The binding is enhanced 
by a second humoral factor, presumably a 
gamma globulin, present in the serum of patients 
with exophthalmos (WINAND, 1972). 

In initial reports LA TS was found more 
frequently and also in higher titers in patients 
with ophthalmopathy (ADAMS, 1957; WERNER, 
1961; KRISS, 1967), and it is probably still 
correct to say that the incidence of LA TS is 
very high in sera of patients with all three 
cardinal (thyroidal, ocular, cutaneous) mani
festations of Graves' disease (LIPMAN, 1967). 
However, in a later study, McKENZIE (1968) 
found no good correlation between eye changes 
and the incidence or titer of LATS, an observa
tion which was confirmed by HALL (1970) in 
euthyroid patients with so-called "ophthalmic 
Graves' disease" (see below). 

By the leukocyte migration test, MAHIEU 
(1972) found evidence of delayed hypersensitivity 
to retrobulbar tissue protein in 9 out of 10 
patients with progressive exophthalmos, but 
in none of the controls. 

A completely new view of the problem may 
have been opened up by SEGAL (1973). He 
observed that an appreciable proportion of 
manic depressive patients treated with lithium 
developed a condition undistinguishable from 
endocrine ophthalmopathy. 
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In summary, there is some evidence for an 
autoimmune basis and for a pituitary origin 
of endocrine ophthalmopathy, but more research 
is necessary to clarify the etiology (see SMELSER, 
1962; WERNER, 1972, for reviews). 

y) Incidence, Pathologic and Clinical Features 

Mild eye changes (class I, Fig. 16) are found in 
about 50 % of patients with Graves' disease. 
Severe involvement (classes 2 to 6, Fig. 17 to 19) 
is much rarer and has an incidence of about 
5 % or less. Most reported series of severe 
ophthalmopathy have a male: female ratio of 
1 : 1 or 1: 2. Since the sex ratio for Graves' 
disease as a whole is 1: 5, this points to the 
fact that male thyrotoxic patients are more 
prone to the development of serious eye trouble. 
The involvement is often more severe on one 
side, although strictly unilateral disease 1S 

rare. 
In most patients the eye trouble starts at 

the same time as thyroid hyperfunction, but 
cases where the ophthalmopathy precedes or 
follows the onset of hyperthyroidism are by 
no means rare. In the cases where ophthalmo
pathy develops in euthyroid patients some 
discrete changes of thyroid function are often 
dectected by radioiodine studies. The radioiodine 
uptake, though within normal limits, often re
mains nonsuppressible by triiodothyronine ad
ministration (Ivy, 1972). Also, thePB 131 I is often 
elevated, indicating an increased radioiodine 
turnover. The incidence of thyroglobulin anti
bodies is quite high in such euthyroid patients. 
They often have some associated clinical fea
tures of Graves' disease, such as goiter, vitiligo 
or a family history of hyperthyroidism (HALL, 
1970). 

On histologic examination the mucopoly
saccharide and water content of all retrobulbar 
tissues appears increased. There is more con
nective fibrous tissue, usually at the expense of 
adipose tissue. Perivascular infiltrates of mast 
cells are often seen. All retrobulbar tissues 
(fat, connective tissue, muscles, lacrimal glands) 
contain infiltrates of lymphocytes and plasma 
cells. There is interstitial edema in the extraocu
lar muscles which may progress to degeneration 
of the muscle fibres with loss of cross striation 
(see reviews by WEGELlUS, 1957; SMELSER, 1962; 
RILEY, 1972, see p. 283). 

Upper lid retraction (Dalrymple's sign) is 
the most obvious change in class I ophthalmo
pathy. It is attributed to the increased sym
pathetic tone causing contraction of Mi.iller's 
muscle (HAMBURGER, 1972), but since the retrac
tion often persists in patients rendered euthyroid 
this explanation is not entirely satisfactory. 
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Upper lid retraction may sometimes only be
come manifest when the patient follows the 
examiner's finger moving downward in front 
of him (Graefe's sign). This sign is not very 
specific. Slight swelling of the lids is often 
present in class I disease (Fig. 16), but gross 
swelling (Fig. 18) almost always signifies severe 
ophthalmopathy (grades 2 to 6). 

Protrusion of the eye bulbs (exophthalmos, 
proptosis) is often present in mild (class I) 
cases. In severe cases (classes 3 to 6) it can be 
very mild or sometimes grotesque. It can be 
measured objectively by the Hertel ophthalmo
meter, which is applied to both lateral rims 
of the orbita. The values obtained give the 
distance from the orbital rim to the apex of the 
cornea. Values higher than 20 mm represent 
probable, values above 23 mm proven, exo
phthalmus. The width of the bony base on which 
the ophthalmometer reposes should always be 
recorded to assure reproducible measurements 
over some time in a given patient. Retraction 
of the upper lid may simulate the presence of 
proptosis, but when the lower lid is retracted 
below the limbus of the cornea and the lower 
part of the sclera therefore becomes visible, 
true proptosis is almost always present (Figs. 16 
and 17). The cause of the proptosis is an increase 
in retrobulbar tissue, which sometimes shows 
myxedematous swelling as well as lymphocytic 
infiltration. The differential diagnosis of propto
sis includes retrobulbar tumors, infiltration of 
the retrobulbar tissue by lipids in histiocytosis 
(Hand-Schi.iller-Christian disease), vascular an
eurysms, venous thrombosis, hemangiomas. 
Some people can push their eyeballs forward 
voluntarily by contraction of the superior 
oblique muscles (BERMAN, 1966). 

In endocrine exophthalmos the bulbi can 
be pushed some way back into the orbit a by 
gentle pressure, while such resiliency is absent 
in cases of retrobulbar tumors. In case of doubt 
angiography of the carotid artery or the vena 
angularis is very useful in establishing the 
presence ofa tumor (YASARGIL, 1957; KRAYEN
BURL, 1962). In recent years, ultrasound scann
ing has proved valuable in the differentiation 
of endocrine ophthalmopathy from retrobul
bar tumors (OSSOINIG, 1969; COLEMAN, 1972). 
Mild exophthalmos is occasionally present in 
Cushing's disease (MORGAN, 1958), in liver 
cirrhosis (SUMMERSKILL, 1968), and in acromeg
aly. Progressive myopia may occasionally sim
ulate exophthalmos. 

Discrete swelling of the eyelids is a frequent 
finding in patients with Graves' disease. Some
times the swelling is grotesque and disfiguring 
(Fig. 18). In addition there may be chemosis, 
increased lacrimation and a "gritty" feeling. 
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Hematomas, allergic dermatitis, and leukemic 
infiltrates all have to be considered in the dif
ferential diagnosis of lid swellings. 

Moderate and severe forms of ophthalmo
pathy often involve the extra-ocular muscles. 
Sometimes the function of only one muscle is 
impaired (Fig. 19 c), but in severe cases there 
is total ophthalmoplegia. The disturbance in 
ocular motility is always myogenic and never 
due to disease of the central nervous system 
(ESSLEN, 1961). Paresis of extra-ocular muscles 
due to other factors may be differentiated by 
electromyography (HUBER, 1967). On patholo
gical examination the muscles are swollen and 
densly infiltrated by lymphocytes. The muscle 
fibers show gross degenerative signs with loss 
of cross-striation. Occasionally the mucles are 
transformed into rigid fibrous bands. 

In its severest form ophthalmopathy presents 
with lid swelling, chemosis, protrusion of retro
bulbar tissue laterally in the lower lid, quasi total 
immobility of the bulb, keratitis due to incom
plete lid closure (lagophthalmos), and finally 
progressive deterioration of vision. The latter 
is usually due to pressure on the optic nerve. 

0) Course and Treatment of Ophthalmopathy 

The course of ophthalmopathy is unpredictable 
and bears little relation to thyroid function. 
As stated above, the ocular involvement remains 
mild (class 1) in most patients with Graves' 
disease. With either drug or radioiodine treat
ment the proptosis increases slightly over the 
course of more than three months (KOUTRAS, 
1965) and may then stabilize or regress. In a few 
patients the ophthalmopathy suddenly worsens 
without apparent cause. This may happen when 
the patient is hyperthyroid, euthyroid, or more 
often when he is hypothyroid (HAMILTON, 1967). 
Abrupt treatment of thyrotoxicosis is thought 
to worsen the ophthalmopathy (ARANOW, 1965), 
but HAMILTON (1967) was not able to confirm 
the widely held belief that subtotal thyroidec
tomy is a worse offender in this respect than 
radioiodine. Since it appears essential to avoid 
iatrogenic hypothyroidism, KOUTRAS (1965) re
commended routine prescription of 200 j.lg of 
L-thyroxine daily during antithyroid drug or 
radioiodine treatment of patients with eye 
changes, but in a subsequent study he found 
little evidence of any beneficial effect (KOUTRAS, 
1970). The erratic spontaneous course and the 
relatively rare occurrence of severe infiltrative 
ophthalmopathy render the evaluation of any 
form of treatment extremely difficult. 

Mild forms (class 1) of ophthalmopathy 
cause no discomfort to the patient and need no 
specific treatment. Cosmetic problems may 
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arise, especially in women, but they should not 
be an indication for active treatment, since 
results are unsatisfactory. The patient should 
be reassured about the generally benign nature 
of the eye changes by his doctor. 

In severe forms of ophthalmopathy the 
doctor should carefully talk over the problem 
with the patient and inform him about the 
unpredictable course and the available therapy. 

Local treatment, although of limited value 
in changing the underlying disease process, is 
of prime importance since it may save the 
patient's eyesight by preventing keratitis. Which
ever of the subsequent forms of general treatment 
is chosen, local treatment should always be 
given. The patient should wear protective 
glasses during the day. Eyedrops containing 
0.25 % methylcellulose should be applied several 
times daily and also during the night to keep 
the bulbs moist. When there is incomplete 
spontaneous lid closure the patient may benefit 
from adhesive tapes over the lids during the 
night. Lateral surgical closure of the lids (tar
sorrhaphy) may improve lid closure in selected 
patients. Elevation of the head in bed diminishes 
accumulation of edema fluid. Diuretics are 
often prescribed, but their value has never 
been objectively assessed. CROMBIE (1967) has 
recommended the use of eyedrops containing 
10 % guanathidine, and KOUTRAS (1970) has 
confirmed that they reduce the width of the 
palpebral fissure. Ivy (1972) had equally good 
results, but less side effects, with a 5% solution. 
However, the effect is not very marked. More
over, guanethidine eyedrops have no effect on 
proptosis. In his careful study, KOUTRAS (1970) 
found no evidence of any beneficial effect on 
palpebral fissure or exophthalmos when pred
nisolone eyedrops were used or metraonidazole 
was given per os. We do not recommend local 
injection of corticosteroids or other agents, 
although GARBER (1966) has reported good 
results. 

Treatment of thyroid hyperfunction must be 
carefully supervised in order to avoid iatrogenic 
hypothyroidism. We generally prefer to give 
radioiodine since gradual attainment of euthy
roidism renders supervision easier. Some authors 
give radioiodine in small repeated doses. In 
the majority of cases the ophthalmopathy 
remains stationary after radioiodine or some
times improves with a latency of several months. 

Prednisone benefits many cases of severe 
ophthalmopathy (WERNER, 1966), but we usu
ally reserve this treatment for emergency cases 
where vision is threatened by severe keratitis 
or optic nerve atrophy, or when there is a rapid 
progression of extra-ocular muscle paralysis. 
High doses of 50-1 (}() mg/day are necessary for 
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such patients, and WERNER (1966) recommends 
even higher doses (up to 140 mg) in refractory 
cases. The prednisone should be tapered to the 
lowest effective dose after 2 to 3 weeks. It should 
be given for at least 4 weeks, but no guidelines 
exist as to whether it should then be stopped 
or whether it should be continued for several 
months. The mode of action of prednisone is 
not known. GREEN (1963) and PUMSTONE 
(1964) have reported a decrease in LATS levels 
during prednisone medication, but since the 
role of LA TS in the eye disease is contro
versial, this is no satisfactory explanation for 
the prednisone effect. In some cases prednisone 
brings about a dramatic improvement of the 
ophthalmopathy. 

Immunosuppressive therapy with azathioprim 
may lower LA TS levels. It has shown benefical 
effects on the eye changes in one study (WERNER, 
1967a) and no effect in others (HADDAD, 1967; 
BURROW, 1970). 

X-ray treatment directed toward the orbital 
space with antiinflammatory doses of800 -1 000 
rad has often been recommended, and HORST 
(1960) was able to completely eliminate the use 
of operative decompression procedures by this 
means in a large series of cases, but others 
have not had equal success. More recently 
DONALDSON (1973) has had very good results 
with higher radiation doses of about 2000 rad 
applied by supervoltage. It remains to be seen 
whether this is tolerated without any late 
adverse effects. 

Hypophysectomy and pituitary irradiation 
have been popular for some time and the term 
"thyrohypophyseal syndrome" was coined under 
the assumption that endocrine ophthalmopathy 
was caused by a pituitary factor (LAMBERG, 
1957). Most centers have abondoned this form 
of treatment due to lack of efficacy. 

Total thyroidectomy and radioablation of the 
thyroid gland are advocated by CATZ (1965) 
and by BAUER (1966). This treatment is based 
on the attractive hypothesis that infiltrative 
ophthalmopathy is an autoimmune process 
which is kept active by the presence of antigens 
in the thyroid gland. Other authors (WERNER, 
1967b; PEQUEQNAT, 1967; VOLPE, 1969) have 
not, however, been able to produce the same 
good results as Bauer. This form of treatment 
therefore remains controversial. 

When control of thyroid hyperfunction and 
prednisone therapy have failed to arrest the 
progression of malignant ophthalmopathy, and 
in particular when vision deteriorates, surgical 
decompreSSion must be performed. The indi
cations for decompression are progressing de
crease of vision or visual field defects and severe 
kreatitis, both resistant to medical manage-
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ment. This treatment, formerly considered a 
heroic last-resort measure, should not be delayed 
too long, since modem surgical techniques have 
greatly improved the results. Even with the 
availability of modem techniques, operations 
should never be undertaken on cosmetic indi
cations. Many authorities consider surgery the 
only really effective form of treatment of severe 
proptosis. The choice of operative technique 
depends on the surgeon available. Neurosur
geons will perform the Naffziger (1932) opera
tion (RILEY, 1972). An extradural approach is 
used to perform a transfrontal craniotomy and 
the ceiling of the orbital cavity is then opened. 
The bone is removed and a longitudinal in
cision is made in the fascia to allow expansion 
of the compressed orbital content. 

We agree that a transantral approach (OGURA, 
1962) with removal of the floor and lateral walls 
of the orbita is now probably the best surgical 
approach (Editorial, Brit.med.J. 1972; DESANTO, 
1972). This procedure avoids a craniotomy and 
in our limited experience it has provided drama
tic relief. 

In a few selected cases with diplopia stationary 
over two years, corrective surgery on the extra
ocular muscles is possible. Alternatively, prism 
spectacles sometimes afford some relief. 

3. Toxic Nodular Goiter (Toxic Adenoma, 
Plummer's Disease) 

Graves' disease is characterized by diffuse hyper
function of all the thyroid tissue and by certain 
almost specific extrath yroidal (ocular and dermal) 
SIgns. 

In contrast, in toxic nodular goiter the 
hyperfunction remains localized to parts (nod
ules) of the thyroid gland and there are no 
extrathyroidal signs except those due to thyroid 
hormone excess. 

Toxic nodular goiter should be strictly 
differentiated from Graves' disease occurring 
in a formerly euthyroid multinodular goiter 
(p. 178). Before scintiscans combined with T 3 

suppression or TSH stimulation tests were 
available, the differentiation between these two 
forms of hyperthyroidism was often a matter 
of guesswork. Although the presence of ophthal
mopathy is virtual proof of Graves' disease, 
its absence does not establish the diagnosis of 
toxic nodular goiter. 

PLUMMER (1913) was the first to suggest 
that thyrotoxicosis could be produced by hyper
function of thyroid nodules, but clinical dif
ferentiation between toxic nodular goiter and 
Graves' disease subsequently proved very dif
ficult. The autoradiographic studies of COPE 
(1947) definitely established toxic nodular goiter 
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as an entitity, and HORST (1960, 1967), by 
improving on the scintiscanning technique drew 
attention to its relatively high frequency; he 
has accumulated experience with more than 
300 cases within a relatively short time. 

a) Incidence 

In the large thyroid centers of the U.S.A. only 
a few cases of toxic adenoma are diagnosed 
each year, but an older study from the Pres
byterian Hospital in New York City reports 
that of 2431 hyperthyroid patients operated 
upon between 1924 and 1944, 753 suffered from 
toxic nodular goiter (WERNER, 1971). Even if 
one admits that a considerable proportion of 
these may have been cases of Graves' disease 
in nodular goiters, the incidence of toxic 
nodular goiter is still appreciable. HALL (1970), 
without giving his source of information, cites 
that in the United Kingdom 5 % of all cases 
of hyperthyroidism are due to toxic adenoma. 
A recent English study has estimated that 
toxic adenoma accounts for about 8 % of all 
cases of hyperthyroidism (FERRI MAN, 1972). 
HORST (1960, 1965, 1967) found toxic adenoma 
in 30 % of patients with hyperthyroidism in 
both Hamburg and Zurich. Hamburg is entirely 
free of endemic iodine-deficiency goiter, while 
Zurich still suffers from some mild iodine 
deficiency with a relatively high incidence of 
euthyroid goiter. In the Salzburg (Austria) 
area, where goiter is endemic, toxic adenomas 
account for 46 I:) of all cases of hyperthyroidism 
(POHL, 1973). The reason for the discrepancy 
in incidence between continental Europe and 
the United Kingdom and U. S.A. is not readily 
apparent. Iodine-deficiency goiter may predis-
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pose to the development of toxic adenoma, as 
suggested by the high incidence in Salzburg. 
However, iodine deficiency cannot explain the 
high incidence in Hamburg. The discrepancy 
may be due partly to different scintiscanning 
techniques (p. 208). The female: male ratio in 
HORST'S (1967) series was 6: 1 and in POHL'S 
(1973) series 8: 1. Toxic adenoma does occur 
as early as the third decade of life, although 
this is rare. The peak incidence is between 
60 and 70. In Zurich, 7 % of toxic adenomas 
were found in recurrent goiter after previous 
thyroidectomy for euthyroid goiter (HORST, 
1967). 

b) Pathologic Anatomy and Pathophysiology 

HORST (1967) found uninodular goiter in 75 % 
and multinodular goiter in 25 % of his cases. 
Whether toxic adenomas should be considered 
as true neoplasms or as part of a nodular goiter 
is a question of semantics, since it is always 
quite difficult to differentiate nodules of a 
multinodular goiter from true follicular adeno
mas on pathological grounds (p. 228). 

Radioiodine investigations suggest that toxic 
adenomas are not under TSH control. Iftriiodo
thyronine is given to the patient to completely 
suppress TSH secretion, the adenoma will still 
take up radioiodine, while the surrounding 
thyroid tissue becomes inactive (Figs. 22, 23 b). 
When the thyroid hormone production of the 
adenoma causes only a borderline hyperthyroid 
state, the TSH secretion is not entirely sup
pressed and the surrounding thyroid tissue is 
still visible in the scintiscan (Fig. 23a, so-called 
"compensated" toxic adenoma of HORST (1960». 
In compensated toxic adenomas clinical signs 
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Fig. 22. Development of a warm nodule into a toxic adenoma of increasing size and with increasing thyroid hormone output. 
As the thyroid hormone hypersecretion progresses the TSH release successively declines and the remaining thyroid tissue 
becomes inactive. (BAY. 1965) 
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Fig. 23a-c. So-called "compensated" toxic adenoma. a) Scintiscan shows that the palpable nodule takes up more radio
iodine than the surrounding tissue. b) Repeated scintiscan after short triiodothyronine treatment. Only the nodule takes 
up 1311. c) Repeat scintiscan 3 months after radioiodine treatment. The nodule is "cold". (Courtesy of Dr. H. RosLER, Insel
spital, Bern) 

are often discrete and thyroid function tests are 
within normal limits. However KARLBERG (1973) 
has shown that in these patients TSH secretion 
after injection of TRH (p. 242) is impaired, 
which constitutes the most sensitive evidence 
of thyroid hormone oversecretion. If the ade
noma causes frank hyperthyroidism, endo
genous TSH secretion is entirely suppressed and 
the surrounding glandular tissue does not take 
up radioiodine. Injection of bovine TSH for 
several days will activate the remaining thyroid 
tissue which then becomes visible on the second 
scintiscan (Fig. 24, so-called "decompensated" 
toxic adenoma of HORST (1960)). Decompen
sated toxic adenomas are usually larger than 
compensated adenomas. Evolution from the 
compensated to the decompensated stage has 
been observed in a few cases. After inadequate 
radioiodine treatment a decompensated toxic 
adenoma may become compensated again. 

The accelerated iodine turnover of toxic 
adenomas causes the phenomenon of "empty
ing". If the scintiscan is repeated one or two 
weeks after the diagnostic radioiodine dose, 
the adenoma appears "cold" (i.e. to contain 

a 

no radioactivity) while the remaining tissue does 
still contain appreciable radioactivity. 

The fact that functioning adenomas must 
have a certain size (usually 2 cm in diameter) to 
produce toxic symptoms suggests that the 
tissue mass probably plays a critical role in the 
thyroid hormone oversecretion. Recently, ER
MANS (1971) has drawn attention to another 
critical factor. For several months he gave 
500 ~g of iodine daily to 4 euthyroid patients 
with warm nodules. In all 4 patients the serum 
hormone level rose into the thyrotoxic range, 
and 3 patients became clinically hyperthyroid. 
It thus appears that the nodules have lost 
their capacity to adapt to moderate iodine 
loads. They pick up any iodine presented to 
them and transform it into thyroid hormone. 

The biochemical basis of the escape of 
toxic adenomas from TSH control is not 
known. BURKE (1972) and LARSEN (1973) 
examined toxic nodules in vitro. Surprisingly 
the nodules responded to TSH added in vitro, 
but the response was exaggerated. This sug
gested TSH hypersensitivity rather than auto
nomy. 
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Fig. 24a and b. Large "decompensated" toxic adenoma. a) Initial scintiscan. There is no radioiodine uptake in the left lobe. 
b) Repeat scintiscan after a course of TSH injections. The left lobe is now clearly visible. (Courtesy of Dr. H. RosLER, 
Inselspital, Bern) 
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c) Clinical Features of Toxic Nodular Goiter 

While in typical Graves' disease the patient 
presents with severe weight loss, nervousness, 
overactivity, diffuse goiter and exophthalmos, 
the characteristic picture of toxic adenoma is 
much more subtle: the classic presentation is 
that of an elderly woman with only minimal 
weight loss, a uninodular goiter and with 
some "functional" signs unusual for her age, 
such as warm moist hands, a stare and tachy
cardia (Table 12). 

Table 12. Comparison of clinical features in toxic nodular 
goiter and Graves' disease 

Toxic Graves' disease 
nodular 
goiter VIGIER WAYNE 
(HORST,1967) (1964) 
(%) (%) ("!o) 

Irritability, 72 90 59 
nervousness 

Palpitation, 56 95 75 
tachvcardia 

Therm~phobia. 41 70 68 
perspiration 

Weight loss 25 95 52 
Diarrhea 10 50 8 

The onset of the disease is insidious and 
cannot be accurately established in most cases, 
in contrast to the onset in Graves' disease. 
An average of 5 years elapses from the beginning 
of the first symptoms to when the patient seeks 
medical advice. In one study, in 27 % of "com-
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pensated" adenomas and 7 % of "decompen
sated" adenomas the diagnosis was made in
cidentally during the diagnostic work-up for a 
supposedly euthyroid goiter (HORST, 1967). 

The most frequent complaint is increased 
irritability (Table 12). Palpitations, tachycardia 
and heat intolerance follow on the list of 
clinical features. Weight loss is present in only 
25 % of cases. Very often the clinical picture 
is oligosymptomatic and the patient consults his 
doctor for nonspecific cardiac symptoms. Par
oxysmal or chronic auricular fibrillation is fre
quent. 

Occasionally mental changes with depression 
or loss of libido predominate. With the chronic 
slow onset the patient is often well adapted to 
his disease and has no subjective symptoms. 
In a few cases however, the picture of full
blown hyperthyroidism develops. Myopathy is 
present in about 10% of patients. Endocrine 
ophthalmopathy with exophthalmos has never 
been observed with toxic adenoma in either 
the Hamburg series or the Zurich series. In 
contrast, however, lid lag and a stare do occur. 

Although the thyroid hormone secretion of 
compensated toxic adenomas is by definition 
not enough to entirely suppress the endogenous 
TSH release, it can still produce mild clinical 
signs and symptoms, in our experience related 
to the cardiovascular system in most cases. 
The reason for this is not readily apparent, 
and more research on the serum concentrations 
of thyroxine and triiodothyronine (in particular 
the free hormone fraction) in this form of toxic 
nodular goiter is certainly necessary. 

Table 13. Synopsis of clinical features and treatment of toxic nodular goiter compared to Graves' disease (HORST, 1967) 

% of all cases of 
thyrotoxicosis (Zurich) 

History 

Clinical findings 

Diagnosis 

Treatment 

Risks of treatment 

Relapse rate 

Graves' disease 

70 

Rapid onset in many cases 

Diffuse goiter (occasionally multinodular 
goiter). all degrees of severity of hyper
thyroidism. Ophthalmopathy in about 50% 
of cases 

Can be established on clinical grounds in 
most cases. Serum thyroxine elevated. LA TS 
positive in 20-50% 

Radioiodine: 7000 to 10000 rad 
Subtotal thyroidectomy, 
Thionamide drugs 

Radioiodine: Hypothyroidism 25-70% 
Surgery: Hypothyroidism 6-50% 

Hypoparathyroidism 
Recurrent nerve palsy 

Drugs: Toxicity in ca. 5% 

Radioiodine: 10% 
Surgery: 6--25% 
Drugs: 50% 

Toxic nodular goiter 

30 

Insidious onset, oligosymptomatic 

Uninodular goiter in most cases, few symp
toms and signs of mild grade. No ophthal
mopathy 

Clinical diagnosis difficult. Serum thyroxine 
and basal metabolic rate often borderline 
elevated. LA TS always negative 

Radioiodine: 20000 to 30000 rad under T3 
protection. 
Selective operative resection of adenoma 

Radioiodine and operation: practically nil 

Radioiodine and surgery: practically nil 
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d) Course of Toxic Nodular Goiter 

Unlike Graves' disease, toxic adenomas have 
no tendency to spontaneous remission. With 
time the adenomas may grow, secrete more 
hormone and produce more symptoms. SILVER
STEIN (1967) has followed 9 cases over 2 to 7 
years and has found that the course is variable, 
but generally benign. The course may be in
fluenced by fluctuations in dietary iodine supply 
which in tum cause variations in thyroid hormone 
output (p. 206). Toxic adenomas of long stand
ing may show degenerative cystic and necrotic 
changes in the center, which have been attributed 
to increased tissue pressure (BAY, 1965). Enough 
functioning tissue usually remains at the peri
phery of the nodule to maintain thyroid hormone 
oversecretion. Spontaneous cures are rare. 

e) Diagnosis and Laboratory Tests 

Uninodular goiter with discrete signs of hyper
function and without ophthalmopathy arouses 
a strong suspicion of toxic adenoma, which 
in HORST'S (1967) series was confirmed in 
80 % of such cases. The PBI (representing 
mostly thyroxine) is usually slightly elevated 
(BAY, 1965). STERLING (1970) published several 
cases with isolated oversecretion of triiodo
thyronine. The basal metabolic rate does often 
not exceed the normal limits. In a series of 53 
cases it was + 18 % in "decompensated" and 
+ 8 % in "compensated" toxic adenomas. The 
ankle reflex time is slightly shortened. 

The radioiodine uptake is within normal 
limits in many cases. In HORST'S (1967) series 
the mean uptake was 33 % at 2 hours and 50 % 
at 48 hours (the mean normal value in Zurich 
being 19 % and 45 %). In a parallel series of 
patients with Graves' disease Horst found 
uptakes of 53 and 62% at 2 and 48 hours re
spectively. The PB 131 I at 48 hours is grossly 
elevated to a mean of 1.26 %/liter (mean normal 
0.08%/liter). 

The diagnosis is established by tracer studies 
combined with a scintiscan (Figs. 23, 24). Repeat 
scintiscans are performed after triiodothyronine 
suppression in cases of "compensated" adeno
mas or after TSH stimulation in cases of "de
compensated" adenomas. Most commercial 
scanners have a relatively high cutoff (amount 
of radioactivity recorded as zero on the print
out) with a superlinear (highcontrast) printout 
for radioactivity exceeding the cut-off point. 
This results in "sharp" scintiscans with no 
background. However, details, e.g. a warm 
nodule within the gland, may be overlooked 
with this technique and HORST (1960) therefore 
recommends a low cut-off with a linear low-

The Thyroid Gland 

contrast print-out. Only extensive studies of this 
type allow definite differentiation between true 
toxic adenoma and Graves' disease in a multi
nodular goiter. The differentiation has im
portant therapeutic consequences. 

f) Treatment of Toxic Nodular Goiter 

Since, unlike Graves' disease, toxic adenomas 
do not remit spontaneously, drug therapy would 
have to be lifelong. Thionamide drugs are of 
course effective in inhibiting the thyroid hor
mone biosynthesis of toxic adenomas. In se
lected cases they may be given as a temporary 
measure until a definite form of therapy is 
applied. The available modes of curative treat
ment are radioiodine and surgery. Both modes 
of treatment differ from those applied in Graves' 
disease. An important point is the much better 
prognosis with respect to posttherapeutic hypo
thyroidism. 

The treatment of choice in our view is 
radioiodine with 131 I given under triiodothyronine 
suppression to protect the normal thyroid tissue. 
The dose must be high, namely 20000 to 
30000 rad, as compared to 10000 rad in Graves' 
disease. Lower doses are ineffective or only 
transform a "decompensated" into a "compen
sated" adenoma. The average dose is 30000 rep/ 
adenoma. The TSH effect following the TSH 
stimulation test must have worn off before the 
therapeutic radioiodine dose is given. Protective 
triiodothyronine therapy is indicated in all 
cases. Although in "decompensated" adenoma 
the normal thyroid tissue does not accumulate 
radioiodine initially, it will soon start to do 
so, when the adenoma slows down its hormone 
secretion in response to treatment. Triiodo
thyronine is started on the day before treatment 
at a dose of 20 J.1g every 6 hours, and is continued 
for 10 days. If cardiovascular symptoms re
present a contraindication to triiodothyronine 
treatment, reaccumulation of 131 I into the 
normal tissue can be blocked by perchlorate 
started 48 hours after the radioiodine. 

With correct treatment the success rate 
approaches 100 %. Posttherapeutic hypothyroi
dism is extremely rare. Recurrences have been 
seen in few cases. The whole-body dose is 
usually lower than in the treatment of Graves' 
disease, despite the fact that the radiation dose 
to the adenoma tissue is three times greater. 
Proof of cure are the disappearance of clinical 
signs and symptoms and the absence of radio
iodine accumulation in a follow-up scintiscan 
in the region of the adenoma, while uptake in 
the surrounding parenchyma is normal. The 
toxic adenoma must have been transformed 
into a "cold" region. 
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Surgery is indicated in the following circum
stances: 1. When there are "cold" areas (i.e. 
areas with no 1311 uptake) in the nodules or 
other signs arousing the suspicion of malig
nancy. Several cases of malignant degeneration 
of toxic adenomas or of cold malignant nodules 
coexisting with benign toxic adenoma have been 
reported (GUINET, 1971). This is the main 
reason why French authors prefer surgical treat
ment for toxic adenoma. 2. When the radio
iodine turnover in the adenoma is such that 
the necessary 131 I dose is so high as to produce 
a whole-body dose above permissible limits. 
3. In adolescents and children. 

The operation consists of selective removal 
of the adenoma with conservation of all the 
normal thyroid tissue. The thyroidal arteries 
need not be ligated and the risks of post
operative myxedema, hypoparathyroidism or 
recurrent nerve palsy are negligible (ZUK
SCHWERDT, 1963). The question as to whether 
preoperative medical control of the hyper
thyroidism is as necessary in toxic adenoma 
as in Graves' disease is not yet settled. During 
the selective removal of the adenoma the blood 
vessels can be carefully ligated, and the risk 
of large amounts of hormone being released 
is low. According to experience in Hamburg 
and Paris, 60 toxic adenomas were resected 
without prior drug pretreatment with no serious 
complications. FUCHSIG (1968) observed one 
case of thyroid crisis in 100 operations for 
toxic adenoma. 

4. Rare Causes of Hyperthyroidism 

a) Hydatidiform Mole 

In normal pregnancy thyroidal radioiodine 
uptake and total serum thyroxine concentration 
are both increased. The former is still largely 
unexplained, while the latter is due to raised 
thyroxine-binding globulin (TBG) level. Thus, 
the free thyroxine remains normal. 

In molar pregnancy similar changes occur, 
but they are more pronounced. Interestingly 
enough, most patients are clinically euthyroid, 
even though the free thyroxine concentration 
is increased (ODELL, 1963; GALTON, 1971), but 
cases with severe clinical hyperthyroidism have 
also been reported (HERSHMAN, 1971). 

The observation that patients suffering from 
hydatidiform mole or chorionic carcinoma are 
sometimes hyperthyroid and that the thyroid 
hyperfunction is cured by removal of the tumor 
has led to a search for thyrotropic factors in 
chorionic tissue (BURGER, 1967). Two unrelated 
substances have been characterized. One can 
be extracted from molar tumors (and serum of 
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patients). Its onset of action in the mouse 
bioassay is between that of TSH and that of 
LA TS. It is immunologically different from 
TSH and it is not an immunoglobulin (HERSH
MAN, 1970; GALTON, 1971). The other substance 
occurs in normal placenta and has been called 
chorionic thyrotropin. It has the same molecular 
weight as TSH and cross-reacts with TSH 
antibodies (HERSHMAN, 1970). Hyperthyroidism 
with a circulating TSH-like substance has also 
been seen in a patient with a testicular embryonal 
carcinoma (STEIGBIGEL, 1964). 

b) Thyroid Carcinoma 

Thyroid carcinomas very rarely produce thyroid 
hormone. Nonetheless, several cases which have 
caused clinical hyperthyroidism have been re
ported (HUNT, 1960; STUDER, 1961; FEDERMAN, 
1964; GHOSE, 1971). 

c) TSH-Secreting Pituitary Tumors 

As a rule TSH secretion by the pituitary is 
suppressed in thyrotoxicosis. With the avail
ability of TSH radioimmunoassay a few cases 
of TSH-secreting pituitary tumors have been 
detected. In one case the adenoma produced 
concomitant acromegaly (HAMILTON, 1970 and 
1972). Two cases reported by FAGLlA (1972) 
suffered from isolated TSH oversecretion. The 
case studied by MORNEX (1972) suffered from 
hypopituitarism due to the adenoma. One of 
EMERSON'S cases (1972) was attributed to over
secretion of TRH. 

d) Iodide-Induced Thvrotoxicosis 
("Jod-Basedow") . 

The pioneers in the thyroid field, COINDET, 
RILLlET, KOCHER (1910) and DEQUERVAIN ob
served many cases of iodide-induced thyro
toxicosis. Later this form of thyrotoxicosis 
was somehow forgotten, and many doubted 
whether it really existed. STANBURY (1954) 
recalled attention to the condition when one 
of his endemic goiter patients in Argentina 
developed severe hyperthyroidism under an 
iodine supplement of 1.5 mg per day. 

ADAMS (1968) implicated LATS in the 
pathogenesis, but we think that the German 
term "lod-Basedow" is misleading. The dis
order is most probably not due to Graves' 
disease. KOCHER (1910) never observed exoph
thalmos in his cases. The pathophysiologic basis 
are probably functioning autonomous thyroid 
nodules which have escaped control by TSH. 
These nodules cannot produce excess thyroid 
hormone as long as the dietary iodine supply 



210 

is inadequate or in the low normal range. As 
soon as the dietary iodine is raised, the nodules 
avidly pick it up and synthesize excess hormone. 
The amount of dietary iodine producing hyper
thyroidism is generally thought to be 5 mg/day 
or more. However, ERMANS (1971) has recently 
produced iodide-induced hyperthyroidism with 
as little as 0.5 mg/day. CONNOLLY (1970) ob
served a sharp rise in the incidence of thyro
toxicosis in Tasmania where goiter was endemic 
after the bread had been iodized to supply 
about 150/lg of iodine per day, and similar 
observations are recorded in the American 
literature of the 'twenties (see review by STAN
BURY, 1954). 

In our view, the occurrence of iodide-induced 
thyrotoxicosis is no argument against the use 
of iodine in the prevention of endemic goiter, 
but it suggests that it might be wise to supple
ment low doses during the first decades. KOCHER 
(1910) himself recommended small doses of 
iodide for the prevention of iodide thyro
toxicosis. 

The belief that iodide-induced thyrotoxicosis 
only develops in areas of iodine deficiency 
has been badly shaken by a recent report by 
VAGENAKIS (1972). He gave large doses of iodide 
to 8 patients with euthyroid goiter who resided in 
Boston, an area where the iodine supply is known 
to be more than adequate. Four patients devel
oped hyperthyroidism, which was severe in two 
cases. The hyperthyroidism worsened initially 
when the iodide was withdrawn. 

e) Factitious Thyrotoxicosis and Struma Ovarii 

Voluntary excess thyroid hormone intake is 
rare. ROSE (1969) published three cases, all of 
them women. The patients persistently denied 
thyroid hormone intake, but this was demon
strated beyond all doubt by a high serum 
PBI with a very low thyroidal radioiodine uptake. 
All three patients were severely neurotic. KIRKEBY 
(1972) reported a patient who attempted suicide 
by ingesting 40 mg of thyroxine. He survived 
the intoxication. 

Struma ovarii is an extremely rare cause of 
hyperthyroidism (BROWN, 1973). 

G. Endemic Thyroid Disease 

Two closely related clinical syndromes are 
grouped under the heading of endemic thyroid 
disease: endemic cretinism and endemic euthy
roid goiter. The two are related by their patho
genesis, in which dietary iodine deficiency plays 
a dominant, although not an exclusive role. 
Endemic goiter can occur in areas where there 
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is no endemic cretinism. It is a manifestation 
of moderate iodine deficiency. Endemic cretinism 
is seen only in areas where there is concomitant 
endemic goiter. It is a manifestation of severe 
iodine deficiency. Goiter is arbitrarily defined 
as endemic when 20 % or more of children 
between the ages of 12 and 14 years have a 
palpable thyroid gland. 

The iodine content of food and drinking 
water shows wide geographic variations. Inland 
regions, and especially mountainous regions, 
are particularly iodine-deficient. The areas with 
iodine deficiency are largely identical with 
areas of previous glaciation (MERKE, 1965). 
It is suggested that the water melting from the 
glaciers has washed out the iodine from the 
soil covered by ice. In the Canton of Valais 
(Switzerland), for example, endemic thyroid 
disease was much more prevalent at the bottom 
of the valley than in the villages situated higher 
up on the slopes (MERKE, 1967). The latter 
areas had not been glaciated. Geological surveys 
in Greece have shown that "goitrous" villages 
are often situated on noncalcareous rock and 
obtain their water from superficial polluted 
wells. The surrounding soil binds iodine firmly 
(MALAMOS, 1971). Maritime regions are generally 
iodine-rich. 

The classic endemic regions were the Alps, 
the Pyrenees, and the Himalayas. In the past 
decades foci of severe endemicity have been 
found in the South American Andes, in the 
Congo, in New Guinea and in Thailand. 
Goiter was endemic in the region of the Great 
Lakes in the U.S.A., but cretinism did not 
occur. Cretinism has been or is still found 
in the other regions mentioned above. Endemic 
thyroid disease constitutes a major public 
health problem in many countries. It has 
therefore received the attention oflarge organiza
tions and a number of good reviews are available 
(WHO, 1960; KONIG, 1968; RICCABONA, 1972). 
The latest findings have been collected in a 
symposium edited by STANBURY (1972). 

1. Endemic Euthyroid Goiter 

a) Etiology 

As outlined above, dietary iodine deficiency 
is the major etiologic factor in endemic goiter. 
The renal clearance for iodide is fixed (30-40 mlj 
min) and the plasma iodide level therefore 
depends solely on the dietary iodine intake. * 

* The fact that the iodide clearance of the thyroid gland 
is highly variable does not modify this statement. In a 
steady state the thyroid returns to the plasma the same 
amount of iodine, in the form of hormones, as it takes up. 
The hormones are deiodinated peripherally to iodide. 



Endemic Thyroid Disease 

With a plasma iodide concentration of 0.1 Ilg/ 
100 ml the thyroid function remains normal 
and no goiter develops. At this serum concen
tration 50 Ilg of iodide are lost each day in the 
urine when the clearance is 35 ml/min. Another 
20 Ilg of iodine lost in the stools will give 70 Ilg/ 
day, the minimum amount of dietary iodine 
necessary for normal thyroid function. Most 
authorities add a safety factor for individual 
variations of renal clearance and for periods 
of increased demand (pregnancy), and re
commend an iodine intake 200 Ilg/day (WAYNE, 
1964). Populations with average daily intakes 
of below 40 Ilg usually have at least some degree 
of endemic goiter. 

The iodine-deficiency theory is based on 
several facts: 1 In endemic regions the iodine 
content of the drinking water (FELLENBERG, 1933) 
and the urinary iodine excretion (which is a good 
measure of the intake) are both low (LAMBERG, 
1962); 2. Iodine supplements, whether in the form 
of iodine added to table salt or of iodized oil 
injections, have effectively eradicated endemic 
goiter in some countries; 3. Iodine deficiency 
produces goiter in experimental animals. 

Several facts seem at first glance not to be 
compatible with the iodine-deficiency theory: 
1. Not all people in an endemic area develop 
goiter. A possible explanation for this is that 
there is wide interindividual variation in the 
iodine intake. In Glasgow, for example, values 
from 40-1 000 Ilg/ day were measured (W A YNE, 
1964). Moreover, the renal iodide clearance 
may be elevated in some people who develop 
goiter (CASSANO, 1961). Partial enzyme defects 
which are not expressed in iodine abundance 
may become manifest in iodine deficiency. 
Thus, slightly pathologic perchlorate discharge 
tests have been found in goitrous subjects. 
BECKERS (1962) found a decreased proteolytic 
activity in the thyroid glands of goitrous 
individuals; 2. In regions of mild to moderate 
endemicity, goiter is more prevalent in women 
than in men. Sex-linked alterations in thyroid 
metabolism or some influence of female sex 
hormones may be proposed as an explanation, 
but there is no reliable proof of this. 

Goiter in an endemic area often occurs 
in families. This, however, is no reliable argument 
for an hereditary etiology of endemic goiter, 
since familial occurrence may be explained by 
common dietary habits in all members of a 
family. The minor role of hereditary factors 
is documented by observations that people 
immigrating into an endemic area develop 
goiter, while in people leaving the endemic 
area the goiter sometimes regresses. 

The opponents of the iodine-deficiency the
ory also cite the following good arguments: 
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1. Closely related populations with an identi
cally low iodine intake have widely diverging 
goiter prevalence rates. A good example is 
Idjwi Island in Zaire (formerly Republic of 
Congo). In the southwest of the island, the 
incidence of goiter is much lower than in the 
north, although both populations are exposed 
to a similar degree of severe iodine deficiency 
(DELANGE, 1968); 2. In several surveys the 
prevalence of goiter was found to correlate 
poorly with the iodine content of the drinking 
water (DAY, 1972). Correlation of goiter with 
water hardness, fluoride content, or in some 
studies pollution of the drinking water (GAITAN, 
1969) was better; 3. COSTA (1963) has observed 
epidemics of goiter unrclated to iodine de
ficiency in Italy from 1940 to 1948; 4. Some 
populations seem to adapt to severe iodine 
deficiency without goiter formation or other 
signs, except for an elevated 131 I uptake (ROCHE, 
1959; LAMBERG, 1962; CHOUFOER, 1963). 

One explanation for all these discrepancies 
is that in addition to iodine deficiency, popula
tions may be exposed to varying amounts of 
goitrogenic substances. In Idjwi Island and 
other parts of Africa cassava is an important 
foodstuff. The roots of this plant contain 
a substance (cyanogenic glucoside) which releases 
cyanide, which is detoxified within the body 
to thiocyanate (CNS -) and this acts as a 
goitrogen by inhibiting thyroidal iodide trans
port (EKPECHI, 1965). Goitrin (vinyl-thiooxa
zolidon) is another goitrogenic substance found 
in food. It inhibits iodination of thyroglobulin, 
as do the thionamide drugs. It is present as 
progoitrin in several plants such as cabbage, 
turnips and rape, and is liberated from its 
precursor by vegetable or bacterial enzymes. 
Plants containing progoitrin are rarely ingested 
by man in amounts sufficient to cause goiter. 
However, the milk of cows fed on certain 
plants of the Brassica family contains sufficient 
goitrin to cause goiter in man (CLEMENTS, 
1960). 

Other weak goitrogenic substances are ni
trate (NOt) and calcium ion (Ca + +). Lithium 
is a relatively potent goitrogen (SCHOU, 1968) 
(p. 154). Some otherwise healthy people cannot 
perceive the bitter taste of the goitrogen phenyl
thiocarbamide. It has been suggested that this 
hereditary variant predisposes them to the 
intake of natural goitrogens and therefore to 
goiter formation (KITCHIN, 1960). 

The currently prevalent, although not uni
versally accepted, opinion on the etiology of 
endemic goiter is that iodine deficiency usually 
has a dominant role. Naturally occurring goitro
gens are additional factors which may greatly 
modify the quantitative effects of iodine defi-
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ciency. Only very few endemic regions are 
known where the iodine supply is adequate. 

We must add that iodine excess can also 
cause goiter (p. 154). In Hokkaido (Japan), 
where the residents of the coastal area consume 
10000 to 20000 Ilg of iodine/day in algae, 
iodine-induced goiter is endemic (so-called coast 
goiter, SUZUKI, 1965; cf. p. 154). 

b) Pathogenesis and Pathophysiology 

The mechanisms by which iodine deficiency 
produces goiter have been extensively studied 
and reviewed by STUDER (1965, 1968, 1974). 
The normal human thyroid gland contains 
appreciable stores of iodine which would be 
sufficient to provide the body with hormone 
for several months. However, STUDER'S studies 
(1974) have shown that thyroid hormone secre
tion falls rapidly when iodine input into the 
gland is prevented in some way. The basis of 
this rapid adaptation is the subdivision of the 
thyroidal organic iodine pool into several 
compartments. Fast-turnover compartments 
contribute a large part of the daily hormone 
secretion. As soon as these compartments are 
depleted, hormone secretion diminishes, serum 
hormone level falls slightly and TSH secretion 
is triggered long before the gland as a whole is 
significantly iodine-depleted. TSH in tum stim
ulates many processes in the thyroid gland, the 
end result of which is a massive increase in the 
thyroidal iodide clearance. Instead of taking 
up 30 % of a radioiodine dose, as in iodine
replete areas, the gland now takes up 80 % 
or 90 % of the dose. Correspondingly less 
radioiodine is lost in the urine. Only recently 
has it been possible to measure an increase in 
serum TSH levels in goitrous subjects from 
areas where the condition is endemic (BUTT
FIELD, 1966; ADAMS, 1968; COBLE, 1970). TSH 
is probably the main factor in the adaptation to 
iodine deficiency, but so-called thyroidal auto
regulation, which is difficult to demonstrate 
in man, may also be involved. The result of 
these adaptive mechanisms is that in general 
the total iodine content of the whole gland is 
within normal limits. The iodine content/g 
thyroid weight, however, is greatly diminished, 
and the degree of iodination of thyroglobulin 
(Ilg iodine/mg thyroglobulin) is equally low. 
This degree of iodination of thyroglobulin is 
a critical factor in hormone synthesis. At the 
low degrees found in goiter most of the iodine 
is in the form of the early hormone precursor 
monoiodotyrosine. Little diiodotyrosine and 
even less hormone are formed (ERMANS, 1968). 
Thus the low degree of iodination of thyro
globulin initiates a vicious circle, since the 
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little iodine available is inefficiently utilized. 
On hydrolysis of thyroglobulin a large amount 
of iodoamino acid precursors and little thyroid 
hormone are released. The precursors (or the 
iodide generated from them) may leave the 
gland and contribute to the increased non
hormonal iodine escape found in endemic goiter 
(ERMANS, 1963). The preponderance of mono
iodotyrosine over diiodotyrosine is more fa
vorable for the formation of triiodothyronine 
than for that of thyroxine. Increased triiodo
thyronine secretion has been found in iodine
deficient rats by STUDER (1965, 1968). More 
recently DELANGE (1972) has demonstrated 
serum triiodothyronine levels twice as high as 
normal in endemic goiter subjects, while the 
thyroxine level was half the normal value. 
Since triiodothyronine is much more active 
(per unit weight) this allows efficient and eco
nomic maintenance of a euthyroid state. 

TSH stimulation in endemic areas produces 
typical radioiodine turnover data: a rapid 
and high thyroidal radioiodine uptake and a 
relatively rapid release of labeled hormone 
with a high PB 1311. ERMANS (1963) found 
this was not so in an appreciable number of 
goitrous subjects. These so-called "slow secre
tors" took up radioiodine equally avidly but 
released it very slowly, and the PB 1311 was 
low normal. The reasons for the difference 
between fast and slow secretors are different 
iodine content and compartmentalization of 
iodine within the thyroid gland. 

The cause of thyroid enlargement in iodine 
deficiency is the continuous TSH stimulation. 
STUDER (1965, 1968, 1974) has shown that hypo
physectomized rats do not develop goiters when 
exposed to iodine deficiency. Neonatal goiter 
(weight> 3 g) is not uncommon in areas where 
the condition is endemic. In most cases (except 
in very severe iodine deficiency) goiter develops 
during childhood. In boys the goiter sometimes 
regresses after age 12 or 14. In girls the goiter 
increases in size until age 17 or 18 and then 
remains stationary. Pregnancy and lactation 
bring about further increases. The enlargement 
of the gland is at first diffuse, and later the 
diffuse hyperplasia progressively gives way to 
multinodular hyperplasia. The nodules probably 
arise from so-called lobules, groups of 20 
to 40 follicles bound together by connective 
tissue. Why some lobules become hypertrophic 
and others atrophic is not clear. TAYLOR 
(1952) found out by autoradiography with 
131 I that in multinodular goiter there was 
a marked heterogeneity of the 131 I fixation 
within follicles and nodules. Nodular goiter is 
notoriously difficult to produce in experimental 
animals. 
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c) Incidence of Endemic Goiter 

Despite the spectacular success of iodine supple
mentation in certain countries, there are still 
an estimated 200 million people who suffer 
from endemic thyroid disease. The incidence 
of goiter in different areas varies from 90 % 
to 0.4 %. The data on endemic goiter incidence 
have been reviewed by KELLY (1960) and 
KONIG (1968). 

In areas of severe iodine deficiency both 
sexes are equally affected with goiter. In areas 
of moderate or mild deficiency women pre
dominate in a ratio of 6 : 1. The sex difference 
has never been satisfactorily explained. 

d) Pathologic Anatomy 

The anatomical picture in euthyroid goiter is 
dominated by polymorphism and heterogeneity. 
Diffuse enlargement or nodule formation may 
combine with colloid accumulation or parenchy
matous hyperplasia to give diffuse or nodular 
colloid goiters, or diffuse or nodular parenchy
matous goiters, or any combination within a 
single gland. A single nodule within an otherwise 
normal gland is called an adenoma. There is 
proba bly no basic difference between a nodule in 
a multinodular goiter and a single adenoma, but 
it is generally said that the structure of an 
adenoma is more uniform in histologic appear
ance and that it compresses the surrounding 
tissue. In multinodular hyperplasia the nodules 
are sometimes less well defined, but even 
experienced pathologists will have difficulty in 
differentiating adenomas unequivocally from 
nodules (cf. p. 228). 

The microscopical picture in parenchymatous 
goiter is characterized by many very small fol
licles, in colloid goiter by huge follicles some
times attaining the size of cysts. The cyst walls 
may form papillary infoldings. Solid epithelial 
structures (trabeculae) are seen in both types. 

In addition, degenerative changes with hem
orrhage and necroses may add to the poly
morphism of the goiter. 

e) Clinical Features of Euthyroid Goiter 

In many patients, endemic (and sporadic, see 
p. 221) euthyroid goiter causes few symptoms, 
and it is often an incidental finding in a health 
surveyor a physical examination performed 
for an unrelated disease. Sometimes the patient 
himself has noted swelling of the neck. Large 
nodular goiters may cause severe airway ob
struction by pressure on the trachea. 

For palpation of the goiter the patient 
should sit in a relaxed position with the head 
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tilted slightly backward. He is asked to swallow 
while the physician bimanually palpates the 
neck either from behind or from in front of 
the patient. A glass of water should be at hand 
to allow repeated swallowing. The size, firmness, 
and shape of the gland are evaluated and the 
presence of any nodules is recorded. A simple 
classification of goiter size is used in most 
surveys of goiter prevalence (Table 14). For 
more refined purposes goiter size may be given 
as gland weight as estimated by palpation (by 
an experienced doctor) or by measurements from 
scin~iscans (p. 196). 

Table 14. Simple system for grading the size of euthyroid 
goiter. (Modified from: HUNZIKER, 1920; WESPI, 1942; 
PFREZ. 1960) 

Grade 0: Gland not palpable, not visible, less than 4 times 
normal size 

Grade I: Gland palpable, not usually visible, more than 
4 times normal size 

Grade II: Gland palpable and easily visible 
Grade III: Very large goiter, easily visible at some distance 

The neck circumference over the thyroid 
cartilage should also be recorded. It is of little 
value for estimating goiter size, but may allow 
monitoring of the effects of treatment in a 
given person. Vascular bruits or murmurs 
arouse a strong suspicion of thyroid hyper
function, but they also occur occasionally in 
large euthyroid goiters. 

The normal thyroid is not palpable, except 
for the isthmus, which may be palpated in thin 
people. By definition, goiter is present when 
the gland is easily palpable or visible. Slight 
pressure over large goiters during palpation may 
elicit stridor as a sign of tracheal compression. 
A chest X-ray should be obtained to diagnose 
any intrathoracic extension of a goiter. If it 
is not clear whether an upper mediastinal mass 
is a goiter, fluoroscopy may be heipful. In goiter 
the mass moves upwards on swallowing. Sus
pected airway obstruction may be documented 
by X-rays of the neck and trachea. Large in
trathoracic goiters can cause recurrent nerve 
palsy and Horner's syndrome (this is a sign 
of malignancy in most but not all cases) or 
even upper venous congestion. 

Goiter in the neonate often causes airway 
obstruction, which may be relieved by tilting 
the child's head backward. In neonates goiter 
regresses rapidly with iodine or thyroxine 
therapy. 

f) Laboratory Tests in Endemic Goiter 

As outlined on p. 212, the hallmark of iodine
deficiency goiter is a high thyroidal radioiodine 
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uptake combined with a euthyroid clinical 
status, as documented by normal ankle reflex 
time and basal metabolic rate. The serum 
thyroxine (or the PBI) may be low normal or 
sometimes frankly subnormal. Euthyroidism 
is maintained by a normal or elevated triiodo
thyronine concentration (p. 212). Occasional 
subjects are hypothyroid (BUTTFIELD, 1966). 

g) Prevention of Endemic Goiter 

MARINE (1920) was the first to demonstrate 
on a large scale that endemic goiter could be 
prevented by iodine supplementation. Before 
preventive measures are taken, iodine defi
ciency must of course be established as the 
cause of goiter in a given area. Good measures 
of iodine intake are the iodine content of the 
drinking water and of locally grown food, 
but the simplest measure of iodine intake is 
probably the urinary iodine excretion. In a 
steady state it is almost equal to the intake, 
since only small amounts (10-20 Jlg/day) are 
lost in the stools). 

As discussed on p. 211, endemic goiter is 
present in areas where the average daily iodine 
intake is below 40 Jlg per day. In optimal condi
tions, allowing for a generous safety factor, 
the daily allowance should be 200 Jlg to ensure 
normal thyroid function in most people, but 
iodine prophylaxis has already given good 
results with a much lower supplementation. 

As the result of a compromise between 
supporters and opponents of iodine supplemen
tation, the table salt was supplemented with 
only 5 mg of KI/kg salt in Switzerland from 
1923 onward. Although this raised the intake 
by only 38 Jlg/day, the results were spectacular. 
No more cretins were born and checks for 
deaf-mutism * in 8-year-old school children 
revealed a markedly reduced incidence 8 years 
after the introduction of iodized salt (WESPI, 
1945). The incidence of goiter in school children 
fell from 50 % to a few percent. By 1950, nodular 
goiters, which before iodine supplementation 
were common in school children, were found 
only in people over age 25. Military statistics 
are particularly valuable, since with universal 
military service every male Swiss is seen by a 
medical board at age 19. Recruits from areas 
with endemic goiter had a goiter incidence of 
almost 100 %. After iodine supplementation 
it fell to 14 %. Between 17 and 65 per 1 000 men 
were found unfit for service because of goiter 
before iodine supplementation, as compared 
to 1 per 1000 after. 

* Deaf-mutism can be used as a valid indicator of endemic 
cretinism, as discussed by QUERlDO (1972). 
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Iodine supplementation was raised to 10 mg 
KI/kg in parts of Switzerland in 1953, and in 
the whole country from 1962. Neonatal goiter 
was present in 30 % of babies in the Canton 
of Aargau before iodine supplementation in 
1951 *; its incidence gradually fell to 6 % within 
4 years of the introduction of the lower (5 mg/kg) 
supplementation regimen, to disappear com
pletely with the higher (10 mg/kg) regimen 
(WESPI, 1966). The sales of iodized salt have 
fallen in Switzerland, from 90 % at its peak 
to 80 % of all table salt currently sold, but the 
widespread availability of frozen fish and other 
sea food probably compensates for this decrease 
(MERKE, 1968). If iodination of salt is discon
tinued altogether, the amount of dietary iodine 
falls back to goitrogenic levels (PODOBA, 1972). 

In the U.S.A., where there is no fear of 
"Jod-Basedow", the iodine supplementation 
in the salt is much higher, 20-200 mg/kg. In 
consequence the iodine intake is very generous, 
although wide regional variations still persist 
(ODDIE, 1970). 

The KI of iodinated salt may be oxidized 
on storage to 12 , which is then lost by sublimation. 
In some areas the more stable potassium iodate 
is therefore preferred. In Tasmania flour is 
used as a vehicle and the iodine reaches the 
population mostly in the bread (CONOLLY, 1970). 

Iodine supplementation represents a big 
technical problem in underdeveloped areas with 
rural self-sufficient economy. Salt is not used 
at all, or it is produced locally and the large
scale distribution of iodinated salt is virtually 
impossible. A useful alternative is the intra
muscular injection of 2 ml (adult dose) of 
iodinated poppy-seed oil, which provides a 
depot of 950 mg of iodine. The results have so 
far proved satisfactory in many parts of the 
world (PRETELL, 1972), but since the injections 
have to be repeated every 2 to 5 years, the 
task is formidable, especially in countries where 
there is a shortage of medical personnel. 

The results of iodine prophylaxis have largely 
supported MARINE'S assertion that "simple" 
goiter is one of the most easily avoided diseases. 
Despite this, the paradox remains that even 
advanced countries, such as France, Germany 
and Austria were very reluctant to introduce 
iodine supplementation, and very slow in doing 
so. The fear of iodide-induced thyrotoxicosis 
("Jod-Basedow", see p. 209) played an important 
role in the heated arguments which preceded 
the introduction of iodized salt in Switzerland. 
In Tasmania CONOLLY (1970) observed a sharp 

* The Cantons were free to decide whether and when to 
introduce iodized salt. Some, such as Canton Aargau, 
were quite late in doing so. 
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rise in the incidence of thyrotoxicosis after 
the iodine intake was raised by 150 Ilg per day 
by the iodination of bread. In more recent 
studies the importance of the phenomenon 
has been played down, and PRETELL (1972) 
observed only 1 case among 2000 Peruvian 
subjects injected with iodized oil. Others have 
found a much higher incidence of" J od-Basedow'; 
and its exact importance remains to be established 
by further studies. In any case, "Jod-Basedow" 
should be no argument against iodine pro
phylaxis, but its occurrence perhaps suggests 
that low doses should be given during the first 
decades of supplementation. It is unfortunate 
that no exact figures are available on the in
cidence of thyrotoxicosis during the years of 
introduction of iodized salt in Switzerland. 

h) Treatment of Endemic Goiter 

Most patients with endemic goiter are euthyroid 
and have few symptoms, and the question as 
to whether treatment is necessary at all is there
fore justified. Basically, we agree with MEANS 
(1963) that "there seems little sense in carrying 
a grapegruit-sized tumor about in one's neck 
for a lifetime when it can easily be removed". 
However, this statement is subject to considerable 
qualification, and the decision of whether or 
not to treat an endemic goiter depends largely 
on the medical and surgical resources avail
able. Obviously, surgical treatment of all goiters 
in an area where the condition is endemic is im
possible in many underdeveloped countries, 
so that treatment has to be reserved for goiter 
causing severe pressure symptoms and airway 
obstruction. 

Medical treatment can be tried first, but it 
is often ineffective in colloid nodular goiters. 
Iodine in a dose of 200 to 300 Ilg per day may 
be tried, e.g. 6 drops of a 0.1 % KI solution 
(=:= 230 Ilg I). In children the dose can be 
raised to 500llg/day. Treatment should be 
discontinued after 3 months if there are no 
signs of regression. 

L-thyroxine, 200llg/day, is probably pre
ferable to iodine. In younger subjects the goiter 
sometimes disappears rapidly, but in many 
cases, especially of long-standing goiter, the 
results are unsatisfactory. The dose may be 
increased cautiously to 400 Ilg/day. If there is 
no improvement after 3 months, drug treatment 
should be abandoned. 

Surgery should be discussed in cases where 
medical treatment has been unsuccessful. The 
surgical procedure consists of subtotal, or 
sometimes total, intracapsular thyroidectomy, 
which must be followed by lifelong thyroxine 
therapy (see below). 
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Radioiodine has proved a valuable alter
native to surgery in patients who refuse opera
tion or in whom the operative risk is judged 
to be high due to concomitant cardiac or 
pulmonary disease (ROSLER, 1965). The dose 
is 10000-12000 rad (on the average 40 mCi 
of 131 I). In cases of very large goiters weighing 
over 600 g, the 131 I is given in fractionated doses. 
When the radioiodine uptake is low ( < 40%) or 
inhomogeneous, good results have been ob
tained by previous stimulation with TSH. On 
average the goiter size diminishes by 50%. In 
ROSLER'S study (1965),78% of patients had good 
and 19~;'; satisfactory results. The incidence of 
post-therapeutic myxedema was surprisingly 
low, since only 3% of patients became hypo
thyroid, an additional 5% presenting with 
diminished thyroid reserve. Radiation thyro
iditis often occurs on the second or third day 
of treatment and can be quite painful. It responds 
well to prednisone. 

After any form of treatment of goiter, life
long medication with 200 Ilg of L-thyroxine/day 
is indicated. The recurrence rate, which is 15 % 
in untreated cases (JENNY, 1966) is reduced to 
a minimum by thyroxine (BERGFELT, 1963). 
Persisting TSH stimulation after surgery is 
probably responsible for the high incidence 
of malignant tumors in recurrences of originally 
benign goiters (EGLOFF, 1961). 

2. Endemic Cretinism 

a) Definition 

The Pan-American Health Organization has 
adopted the following definition for this syn
drome: "The term endemic cretin describes 
mentally deficient subjects born in an endemic 
goiter area, who exhibit some of the following 
characteristics which are not readily explained 
by other causes: 1. Irreversible neuro-muscular 
disorders. 2. Irreversible abnormalities in hear
ing and speech which sometimes lead to deaf
mutism. 3. Impairment of somatic development. 
4. Hypothyroidism." This definition is by and 
large identical to the one DE QUERVAIN and 
WEGELIN (1936) have given in their classic 
monograph and which has been used by KONIG 
(1968) in a modified form (Fig. 25). 

Thus the only constant clinical feature of 
cretinism is mental deficiency and in its absence 
the diagnosis is hard to accept. All other 
symptoms may be present in very variable 
degrees which, although all cretins look some
how like siblings, gives each cretin some in
dividuality. In very mild cases the diagnosis 
can only be suspected and there are no clear-cut 
criteria or laboratory tests by which borderline 
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cases can be separated from normal persons. 
It is still a matter of debate whether endemic 
iodine deficiency can cause hearing loss without 
concomitant mental and physical retardation. 
Although there are no good convincing theo
retical arguments to refute this possibility, such 
patients do not fit the definition of cretins 
given above. 

Fig: 25. The clinical features of endemic cretinism. There 
are at least 10 combinations of the four main signs. The 
diagnosis of cretinism is usually very difficult to establish 
in monosymptomatic cases (From KONIG, 1968) 

Some authors think congenital athyrotic 
hypothyroidism (p. 166) and endemic cretinism 
are difficult to separate, but we agree with 
DE QUERVAIN (1936) that the two diseases are 
basically different. There is an overlap of many 
symptoms but differentiation is generally pos
sible on clinical grounds. While the endemic 
cretin is born as such, with irreversible damage 
to the hearing organ and to the brain, mental 
and physical development is only slightly retarded 
in the congenitally athyrotic child. His height 
is near-normal in most cases, although bone 
maturation is delayed. His alertness is reduced, 
but there are no hearing loss or other signs of 
neurologic damage. 

Thyroid hormone substitution therapy is 
of little value in improving the central nervous 
system manifestations of endemic cretinism, 
although some effect on growth, skeletal matura
tion and the development of puberty is possible. 
In contrast, much depends on early substitution 
therapy in congenitally hypothyroid children, 
and the brain damage can often be kept to a 
minimum. When left untreated, congenitally 
hypothyroid children come to resemble endemic 
cretins more and more. The differentiation 
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between endemic cretinism and congenital hypo
thyroidism was first clearly established by 
DE QUERVAIN and WEGELIN (1936). Their argu
ments and their signs of differentiation are 
still valid today. We must acknowledge that 
in the more recently described area of Idjwi 
Island, where 90 % of cretins are hypothyroid, 
the endemic cretins can hardly be distinguished 
from sporadic congenitally hypothyroid patients 
(DELANGE, 1972). To avoid confusion, it has 
been suggested that the term "sporadic cretinism" 
be dropped and replaced by "congenital hypo
thyroidism" . 

b) Geographic Distribution and Incidence 

Endemic cretinism occurs only in areas where 
goiter is severely endemic. It is never observed 
near the sea coast. Some endemic goiter areas, 
such as the Great Lakes in the U.S.A., have 
been found to be free of endemic cretinism. 
Table 15 gives the incidence of endemic cretinism 
as obtained in surveys over the past 90 years 
in various areas where goiter is endemic. 

Cretinism has been familiar for many centuries 
in the Alps (Savoy, Piedmont, Steiermark, Salz
burg area), in the Pyrenees, the Carpathian 
mountains, the Caucasus, southern Sweden, 
Hungaria and Yugoslavia. During the past 
70 years endemic cretins have been detected 
and well studied in many parts of Asia (Himala
yas, Sumatra), Africa (Uele, Idjwi Island), and 
New Guinea (Mulia valley), and in parts of the 
South American Andes (Gujas, Brazil; Ecuador; 
Peru) (Table 15). 

Table 15. Incidence of cretinism in various endemic areas as 
established by surveys during the last 35 years. (From 
KONIG, 1968) 

Mulia, New Guinea 
Gomia Josanica, 

Yugoslavia 
Blumenstein, Switzerland 
Idjwi, Zaire (Congo) 
Canton Aargau, 

Switzerland 
Uele, Zaire (Congo) 
Piemont, Italy 
Piemont, Italy 

8.2% 
6.7% 

3.5% 
1.0% 
0.6% 

0.1-0.3% 
0.01% 
0.15% 

CHOUFOER (1965) 
KiCIC (1961) 

EUGSTER (1938) 
DELANGE (1966) 
EUGSTER (1938) 

BASTENIE (1962) 
COSTA (1964) 
Survey of 1883 

The incidence of cretinism is very difficult 
to estimate in a given focus of endemicity, 
because the symptomatology is so variable. 
There is a smooth transition from normal 
persons over mild cretins to severe cretins and 
it is left very much to the judgment of the indi
vidual observer where he wants to draw the 
dividing line. In Mulia (New Guinea) the 
incidence was 8.2 %. In Idjwi (Republic of 
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Table 16. Relative incidence of cardinal symptoms of endemic cretinism in various areas. (From KONIG, 1968) 

Mental Deafness eNS defects Retardation of Goiter Hypothyroidism Severity of 
retardation (spasticity) bone development endemic goiter 

Uele (Zaire) Most cases Occasional Occasional Most cases Occasional Most cases Severe 
Idjwi (Zaire) Most cases Occasional Occasional Most cases Occasional Most cases Severe 
Mulia Most cases Frequent Frequent Rare Occasional 0 Severe 

(New Guinea) 
Himalaya Most cases Most cases Occasional Most cases o (?) Severe 
Brazil Most cases Occasional Most cases Occasional Frequent Rare Moderate 
Piemont (Italy) Most cases Frequent Occasional Frequent Rare Moderate 
Canton Berne Most cases Frequent Rare Occasional Occasional Occasional Moderate 

(Switzerland) 
Steiermark Most cases Frequent Rare Occasional Occasional Occasional Moderate 

(Austria) 

Most cases: over 90°;;,; Frequent: over 50%; Occasional: over 10%; Rare: under 10%. 

Zaire) it was 0.1 %. Both sexes are equally 
affected, as in endemic goiter, which has an 
equal incidence in prepubertal boys and girls. 
The symptomatology shows wide regional dif
ferences. In the Himalayas and in parts of 
Latin America, for example, "nervous" cretinism 
with spastic diplegia predominates, a form 
which is rare in Europe (see below, and Table 16). 

Endemic cretinism is a vanishing disease 
in the Alps. In the Canton of Berne, where 
the nursing homes used to be crowded with 
cretins, all existing cretins are now aged 55 or 
more. Only a few cretins have been born during 
the past 45 years in Steiermark (Austria), and no 
endemic cretins have been born in the Alps 
for the past 25 years (KONIG, 1968). A decrease 
in the incidence of endemic cretinism was 
observed in the late 19th century, long before 
iodine prophylaxis was introduced. In England 
the disease had disappeared by 1870 (F AGGE, 
1871). In Switzerland endemic cretinism started 
to decline before iodinated salt was introduced. 
This is probably due to a change in dietary 
habits with the importation of iodine-rich food. 
As discussed by QUERIDO (1972), the studies 
of WESPI (1945) leave absolutely no doubt 
that the iodination of salt has been the main 
factor responsible for the eradication of this 
disease. 

c) Etiology and Pathogenesis 

Endemic cretinism only occurs in areas of severe 
iodine deficiency. The urinary iodine excretion 
(roughly equal to the iodine intake) is under 
15 Ilg per day in most areas where cretins are 
born (QUERIDO, 1972). As in the case of endemic 
goiter, goitrogenic compounds of food and 
drinking water may also play some part. 
Mothers of endemic cretins always have a 
goiter and have lived in an area where it is 
endemic at least during the pregnancy. In 
a focus of endemicity, cretinism is often clustered 

within a few families (EUGSTER, 1938; KONIG, 
1968). However, hereditary factors certainly 
play only a minor role. Mothers who have 
given birth to several cretins have normal 
children after moving to a village where the 
condition is not endemic (DIETERLE, 1952); 
conversely, families who move into an endemic 
focus have the same incidence of cretinous 
children as the native population (EUGSTER, 
1938). In a series of siblings the younger ones 
are usually more severely cretinous. 

The exact pathogenesis of cretinism remains 
unknown. The most likely hypothesis is that 
the iodine deficiency interferes with the early 
function of the fetal thyroid gland. Between 
the 80th and 90th days of fetal development, 
follicular lumina appear in the previously solid 
thyroid tissue, and thyroglobulin and hormone 
synthesis get under way. At approximately the 
same time, TSH and thyroxine become detectable 
in fetal blood. The concentration of thyroxine 
in the maternal circulation bears little relation 
to the concentration in the fetal circulation 
(GREENBERG, 1970), and it appears that the 
fetus is dependent on its own hormone produc
tion (as discussed on p. 151) and receives little, 
if any, hormone from the mother. Even if the 
dietary iodine available were enough to maintain 
borderline euthyroidism in the mother, the 
fetus might pass through a phase of perhaps 
only slight hypothyroidism. At a critical time 
this could cause irreversible damage to the 
developing central nervous system. 

In later fetal life, lack of thyroid hormone 
predominantly affects growth and bone matura
tion. These changes are reversible by thyroid 
hormone replacement. 

This theory is rendered less acceptable by 
the fact that fetal thyroid hormone lack due 
to other causes (such as thyroid aplasia) does 
not produce deafness or irreversible brain 
damage. Several children in whom hormone 
replacement was started during the first days 
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a b 

Fig. 26a and b. 69-year-old man. Typical cretinism of alpine type (Collection Prof. D. LOOSER, Winterthur) 

of life have been carefully followed and found 
to have a normal mental development. Only 
ifleft untreated do such children become retarded 
and finally resemble true endemic cretins, but 
even then nerve deafness is a very rare finding. 
Alternative mechanisms have therefore been 
proposed. Some authors think the damage to 
the inner ear takes place in very early pregnancy, 
before there is any discernible fetal thyroid 
function. They think an iodinated compound 
different from thyroid hormone is necessary 
for normal maturation of the central nervous 
system. Moreover, euthyroid cretins often have 
much more extensive neurologic damage than 
severely hypothyroid cretins (DELANGE, 1972). 

In summary, the pathogenesis of the neuro
logic deficits of cretinism is only partly explained 
by a lack of fetal thyroid hormone. Other 
mechanisms must also be involved. 

d) Clinical Features of Endemic Cretinism 

All grades are seen, from nearly normal to 
severely affected individuals. The severity of 
cretinism is best graded by the degree of mental 
retardation. In mild cases the patients are able 
to talk, read and write, and can perform simple 
tasks. Mild cretins have married and have had 
children. Moderate cases are capable of com
municating with other people with the aid of 
gestures and a few words. They can only perform 
very simple work. Severely affected patients 
are completely deaf-mute and incapable of any 
work. They need permanent care in nursing 
homes. 

Cretins often have a very typical appearance 
and they have been distinguished from other 
types of mentally retarded subjects for centuries. 

They have a round face, generally with an 
amiable serene expression (Figs. 26, 27) and 
they often arouse sympathy in other people. 
A few cretins are depressed or even aggressive 
(Fig. 28). The slow growth of the skull base 
with persistent synchondrosis between the sphen
oid and occipital bone produces the depressed 
nasal bridge with apparent protrusion of the 
cheek and jaw. 

The hairline is low, the scalp hair is coarse 
and fur-like, beard growth is sparse and the 

Fig. 27. 68-year-old cretin woman with severe myxedema. 
The patient had remained infantile in mental development. 
She was able to read and write and to do needlework. 
The intelligence age was estimated at 12 years. The patient 
was affectionate, amiable and grateful. She was the pet of 
the nursing staff. Height 118 em, weight 28 kg. Note that 
she looks much younger than her age and has no gray hair 
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skin is wrinkled and myxedematous. In typical 
cases the diagnosis can be made on the spot. 
In any area, most cretins look like siblings 
from one big family. Cretins do not look young, 
nor does age show upon them (Figs. 27,28). This 
classic description of the "alpine" type is not 
applicable to cretins in the Andes, New Guinea, 
the Himalayas and Africa, where neurologic 
symptoms often predominate (see below). 

Fig. 28. 77-year-old cretin with severe mental retardation. 
The patient could not talk. The intelligence age was about 
3 years. She was suspicious and hostile toward the nursing 
staff. Height 112 cm, weight 29 kg. Moderate-sized goiter. 
Slight hypothyroidism 

Mental and neurologic damage can assume 
any degree of severity. Often, but not always, 
mental and physical disability are parallel. The 
decreased intelligence, combined with affective 
and emotional changes and with hypothyroidism, 
produces a characteristic psychological picture. 
Cretins are good-humored, sometimes even 
witty. Their sense of orientation is well devel
oped but they have no notion of numbers or 
combinations. The sexual drive is diminished 
in most cases, although occasionally cretinous 
women have conceived children. 

The incidence of deafness varies greatly 
from one focus of endemicity to the other 
(Table 16). Its pathogenesis is poorly under
stood. The pathologic changes in the ear 
have recently been reviewed by KONIG (1972). 
Deafness is primarily of the nervous type, 
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but middle-ear changes due to faulty bone 
development are also a contributory factor. 
Speech can be totally deficient or reduced to 
a few badly articulated sounds. In mild cases 
language is quite well developed but the vocab
ulary remains limited and the voice retains a 
monotonous intonation. 

Mental deficiency is by definition a feature 
of endemic cretinism. Many observers have 
the impression that in iodine-deficient areas 
it may be present with a very high incidence 
as an isolated sign without the other stigmata 
of cretinism. In Ecuador, FJERRo-BENITEZ (1972) 
has shown that children conceived shortly after 
the introduction of iodine prophylaxis had a 
higher average IQ than children born during 
the same period in a neighboring village without 
prophylaxis, even when obviously mentally 
deficient subjects were excluded from the study. 
There was some evidence in this study that 
iodine supplementation must be started during 
the first 5 months of fetal life to be effective. 
However, there is no general agreement as to 
when exactly the irreversible brain damage 
takes place. Other investigators have placed 
the critical time in late fetal life or even the 
first months after birth. 

In some areas such as the Himalayas, New 
Guinea and Idjwi Island, neurologic symptoms 
only rarely described in the Alpine cretins 
predominate. These cretins suffer from spastic 
pareses of the lower, sometimes also of the upper 
extremities, with a high degree of motor inco
ordination resembling that in cerebral palsy. 

The significance of short stature has probably 
been overemphasized. Many cretins are near 
normal in height. In Swiss cretins height of 
140 to 150 cm was quite typical. One quarter 
of European cretins were normal in height 
and only 7 % were shorter than 100 cm. The degree 
of dwarfism probably parallels the severity of 
hypothyroidism, and goitrous cretins (see below) 
with normal thyroid function are often of 
normal height. Height is said to parallel the 
goiter size, which probably means that dwarfism 
parallels the degree of hypothyroidism (see 
below). As in congenital hypothyroidism, dwarf
ism is disproportioned, with short extremities. 
Skull size is small in absolute terms, but is 
normal relative to height. 

Many signs of endemic cretinism are depend
ent on the degree of concomitant hypothyroidism. 
Due to motor incoordination, muscular weak
ness, and cretinous dysplasia of the hip cretins 
have a slow waddling gait. Spasticity of the 
legs may occasionally make cretins incapable 
of walking. 

The skin is often thickened, dry, and scaly 
as in simple myxedema, sometimes with a 
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brownish hue. After puberty, myxedematous 
skin changes often regress and leave a coarse 
wrinkling which, especially on the forehead, 
contributes much to the typical appearance of 
cretins (Fig. 26a). 

Epiphyseal growth zones may remain open 
throughout life. In contrast to the clumsy 
appearance of the cretin while alive, the skeleton 
reveals a rather light body build (Fig. 30). 
Despite this, the hands always look plump 
due to their shortness (Fig. 26b). The im
pairment of skeletal maturation produces changes 
in the hip which are quite similar to those in 
Perthes' disease (Fig. 12, p. 174, Fig. 31). Degen
erative changes also occur in the knee. As in 
congenital hypothyroidism, transversal calci
fied "growth zones" are seen in the long bones. 
The humerus may show varus deformity. The 
musculature is badly developed, which is one 
of the reasons for the tendency to abdominal 
hernias. The abdomen is protruding due to 
muscular weakness and to constipation with 
flatulence. 

There are cretins with goiter and cretins 
without goiter (Fig. 29). The latter are usually 
severely cretinous, tend to be hypothyroid, 
and are shorter in stature. The thyroid gland 
may be completely atrophic and be replaced 

a b 

Fig. 29a and b. Typical cretinism in two sisters, both 
without goiter. a) 62-year-old woman. 120 em height. 
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a b 
Fig. 30a and b. Skeletons of the two patients in Fig. 29. 
The patients died at age 75 and 77 years respectively. Note 
the varus deformity of the humerus and the "cretinous hip". 
(Institute of Pathology, University of Zurich) 

by a few fibrous nodules. In such cases hypo
thyroidism is very frequent. The causes for the 
atrophy of the gland are not known. It is 
probably already present at birth. The propor
tion of hypothyroid cretins varies in different 
areas where cretinism is endemic (Table 16), 
but is generally low, except in Idjwi Island, 
where 90 % of cretins are hypothyroid (DELANGE, 
1972). In euthyroid cretins the changes in 
thyroidal function tests are the same as those 
observed in endemic goiter (p. 213). 

b) 63-year-old woman, 112 cm height. (Collection Prof. Fig. 31. Hip joint of same patient as Fig. 26, who died at 
O. LOOSER, Winterthur) age 80. Severe degenerative hip changes 
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e) Diagnosis and Differential Diagnosis 

In classic adult cases the diagnosis is easy, 
but in the newborn it can be quite difficult. 
Children with endemic cretinism have to be 
differentiated from congenitally hypothyroid 
children with thyroid aplasia and from those 
with other forms of mental deficiency, such 
as Down's syndrome. 

j) Course and Prognosis 

With good care the life expectancy is virtuaIly 
normal. Thyroid carcinoma is possibly more 
frequent in cretins (KONIG, 1968), but the 
cretinous state is not associated with an in
creased risk of any other potentially lethal 
diseases. 

g) Prevention and Treatment 

Prevention is achieved by the same means as 
that of endemic goiter. Endemic cretinism is 
eradicated much more rapidly and easily than 
endemic goiter. In Switzerland no new cretins 
have been born since the introduction of 
iodinated sa It. Due to a relatively low level 
of salt iodination, however, goiter remained 
quite prevalent. There were 30-40 cretinous 
children in the Canton of Appenzell in 1922. 
In 1937, 15 years after the introduction of 
iodinated salt, there were none. The incidence 
of severe mental retardation among children 
of school age decreased from 1.4 % to 0.4 % 
in the same period. There was a similar fall 
in the incidence of deaf-mutism in school 
children (WESPI, 1945). 

Treatment of cretins is not very rewarding. 
Much of the central nervous system damage 
is irreversible when the cretins are first seen. 
No data are available on the effects of thyroid 
hormone therapy started during the first days 
of life. It is possible that early thyroid hormone 
substitution could improve the outcome, as 
in sporadic congenital hypothyroidism (p. 176). 
In later life thyroid hormone replacement may 
improve the state of hypothyroid cretins slightly, 
often at the price of changing a docile patient 
into an aggressive one. 

H. Sporadic Euthyroid Goiter 
("Simple" Goiter) 

Euthyroid goiter also occurs in areas where 
the iodine supply is adequate. By definition, 
euthroid goiter is of course much rarer than in 
areas where goiter is endemic. It can be multi-
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nodular or diffuse and the pathologic findings 
are exactly identical with those in endemic 
goiter. The etiology of this form of euthyroid 
goiter is obscure. In regions where goiter has 
previously been endemic, and dietary sup
plementation with a borderline amount of 
iodine has been introduced, as in Switzerland, 
it is impossible to decide whether a euthyroid 
goiter should be classed as endemic (due to 
persisting borderline iodine deficiency) or spo
radic. Euthyroid goiter undoubtedly also occurs 
when the dietary iodine supply is very generous, 
as it is in many areas of the U.S.A. In such 
iodine-replete areas, euthyroid goiter should 
arouse a much stronger suspicion of malignancy. 
The pathophysiology of euthyroid sporadic 
goiter is similar to that of endemic goiter in 
most respects. The iodine content of the total 
gland is normal, but the iodine per g gland 
weight and the degree of iodination of thyro
globulin are low, as in endemic goiter (ERMANS, 
1968). It therefore appears that despite adequate 
dietary iodine supply the gland suffers some 
form of iodine deficiency; either it cannot 
accumulate iodide from the blood or trans
form it into hormone as efficiently as a normal 
gland, or it loses increased amounts of non
hormonal iodine. The British Medical Research 
Council (1944) has therefore given the follow
ing excellent definition of euthyroid ("simple") 
goiter: "The immediate cause of simple goiter 
is failure of the thyroid gland to obtain a supply 
of iodine sufficient to maintain its normal 
structure and function. This failure is usually 
brought about by an absolute environmental 
deficiency of iodine; it may also be caused 
by factors which interfere with the availability 
of dietary iodine or which impose an abnormal 
demand on the thyroid gland." Biochemical 
causes of the development of euthyroid goiter 
despite an adequate iodine supply have of 
course been looked for. So far none of the 
gross defects causing familial goiter (see p. 167) 
has been detected, but subtle defects may well 
have been overlooked by the techniques avail
able. TUBIANA (1971) has carefully examined 
the iodine kinetics in 280 cases of euthyroid 
goiter in the iodine-replete area of Paris. 
Uptake of both radioiodine and total iodine 
was higher than in normal individuals. This 
suggests that the gland is capable of accumulat
ing iodide, but that there is some defect in the 
intrathyroidal metabolism of iodine. 

RAPOPORT (1972) has analyzed the iodine 
metabolism, the enzymes necessary for hormone 
formation, and the thyroglobulin structure of a 
sporadic euthyroid goiter. He found no ab
normality typical of the congenital enzyme 
defects of familial goiter (p. 167). 
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In a series of 234 cases of so-called nontoxic 
goiter (a term we try to avoid since it includes 
hypothyroid and euthyroid goiters) CASSIDY 
(1970) found that 15% of patients were hypo
thyroid. In an analogous study from Denmark, 
AGERBAEK (1973) found a "classic" defect of 
hormonogenesis in about 10% of patients, while 
in the remaining 90% no biochemical cause for 
the goiter was found. 

If hormonogenesis is subtly impaired in 
sporadic euthyroid goiter, the goiter formation 
must be due to a compensatory rise of TSH 
levels. Such a rise was actually observed by 
LEMAR CHAND-BERAUD (1969). 

Clinical features, treatment and prevention 
of recurrence of sporadic euthyroid goiter are 
by and large the same as are outlined for endemic 
goiter (p. 213). 

I. Thyroiditis 

1. Introduction and Classification 

The existence of numerous synonyms for the 
various forms of thyroiditis has created some 
confusion in terminology. The American Thyroid 
Association has recently adopted a standard 
nomenclature which is presented in Table 17 
together with the various synonyms. 

Table 17. Nomenclature of thyroiditis according to the 
American Thyroid Association (WERNER, 1969) 

American Thyroid Association Synonyms 

Subacute or acute non
suppurative thyroiditis 

Chronic lymphocytic 
thyroiditis 

Chronic invasive fibrous 
thyroiditis 

Acute suppurative thyroiditis 

Chronic nonsuppurative 
thyroiditis due to specific 
infection (tuberculosis, 
syphilis) 

Granulomatous thyroiditis 
Giant cell thyroiditis 
De Quervain's thyroiditis 

Hashimoto's thyroiditis 
Struma lymphoma to sa 
Autoimmune thyroiditis 

Riedel's thyroiditis 

Subacute nonsuppurative thyroiditis and 
chronic lymphocytic thyroiditis are relatively 
frequent. All other forms of thyroiditis are 
extremely rare. The classification given in Table 
17 does not include focal thyroiditis, which is 
quite often seen in large euthyroid (sporadic 
or endemic) goiters. Focal infiltrates by lym
phocytes are often scattered throughout such 
goiters. Their significance is not known. Similar 

The Thyroid Gland 

infiltrates also occur in diffuse toxic goiter 
(Graves' disease, Fig. 15, p. 182). BASTENIE and 
ERMANS (1972) have prepared a superb author
itative monograph on all aspects of thyroid 
inflammation. 

2. Acute and Subacute Nonsuppurative 
Thyroiditis 

a) Etiology and Incidence 

The synonyms for this disease are listed in 
Table 17. A recent review of the literature has 
been prepared by GREENE (1971). The incidence 
of this disease is difficult to establish, and 
widely varying values have been reported (see 
GREENE, 1971, for review). All investigators 
agree that it is much less frequent than Graves' 
disease and rather less frequent than Hashimoto's 
thyroiditis. Females predominate in all series, 
but again the sex ratio varies widely. 

The etiology is unknown. Upper respiratory 
tract infection occasionally precedes the thyroidal 
inflammation and rises in mumps or coxsackie 
antibody titers are often recorded. EYLAN 
(1957) has isolated mumps virus from affected 
thyroid glands. HINTZE (1964) has observed 
epidemics of the disease. A virus etiology has 
therefore often been suggested. 

b) Pathology of Subacute Nonsuppurative 
Thyroiditis 

The histological hallmark is focal infiltration 
with granulomas of histiocytes and giant cells 
(foreign-body type) associated with a moderate 
degree of fibrosis (Fig. 32). The granulomas 
are sometimes difficult to differentiate from 
tuberculosis. In most cases only a part of the 
thyroid gland is involved. 

c) Clinical Features and Treatment of Subacute 
Nonsuppurative Thyroiditis 

The onset is rather sudden and the patient 
complains of a painful lump in the neck. 
Palpation, neck movements and swallowing 
cause severe pain, often radiating to the jaw 
or the ears. There is marked general fatigue and 
fever is common initially. The inflammation 
starts in a circumscribed area of one lobe, 
subsides and then resumes in another part of 
the gland. This wandering of the inflammation 
is very characteristic and often allows a diagnosis 
on clinical grounds. 

In subacute forms pain may be minimal, and 
it is difficult to differentiate the enlarged gland 
from a euthyroid multinodular goiter. Pressure 
symptoms are quite rare. 
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Fig. 32. Histologic appearance of the thyroid gland in nonsuppurative (DE QUERVAIN'S) thyroiditis in a 27-year-old woman. 
The thyroid tissue is den sly infiltrated by granulomas resembling those of tuberculosis. Note the foreign-body type giant 
cells in contact with remainders of colloid. Hematoxilin-Eosin stain, x 135 (MB 1760/53) 

The erythrocyte sedimentation rate is always 
markedly elevated, sometimes to extreme values. 
There is moderate leukocytosis with an increase 
in band forms. Levels of r:J.2 globulins are elevated. 
Serum thyroxine is high initially (OGIHARA, 
1973, see p.283) and is sometimes low in 
later stages. Iodinated proteins leak into the 
blood and lead to a gross rise in protein
bound iodine. Radioiodine uptake is very low 
or nil in the beginning, and rebound hyper
activity is seen in the later course. Sometimes 
the uptake is suppressed only in the affected 
lobe. Repeated scanning after a few weeks may 
reveal that the originally suppressed lobe is 
taking up radioiodine again, while the other 
lobe is now affected. Thyroid antibodies are 
not usually present in serum. A rise to low 
titers is occasionally observed after the disease. 

Several diseases have to be considered in 
the differential diagnosis. Chronic lymphocytic 
thyroiditis causes less pain or none at all, no 
fever and no fatigue; moreover high titers of 
thyroid antibodies in serum are almost always 
present. Acute suppurative thyroiditis is accom
panied by local lymphadenopathy and marked 
leukocytosis. Pharyngitis, an infected branchial 
cyst, hemorrhage into a cyst of a nodular 
goiter, goiter of Graves' disease and thyroid 
carcinoma have at times been confused with 
subacute nonsuppurative thyroiditis. 

The diagnosis can usually be made on clinical 
grounds. In doubtful cases it can be established 

by needle biopsy or the less traumatic fine
needle aspiration (PERSON, 1968). A strong 
suspicion of cancer is an indication for surgery. 

The course of the acute form is usually 
rapid and self-limiting. Transition to suppurative 
thyroiditis occurs occasionally in previously 
goitrous glands. The subacute form lasts several 
weeks to several months. Patients have been 
known to suffer from the disease for over a 
year. Permanent hypothyroidism is extremely 
rare. Acute nonsuppurative thyroiditis has oc
casionally been followed by thyrotoxicosis (see 
CZERNIAK, 1957, for references). 

Mild cases are treated with aspirin or 
phenylbutazone. Moderate or severe cases re
spond favorably to prednisone. The dose is 
40-50 mg/day. Improvement and relief of pain 
are dramatic. After two weeks the dose is 
tapered to 15-25 mg, and later to the lowest 
effective dose. The contraindications and pre
cautions usual in corticosteroid therapy must 
of course be observed. Treatment can usually 
be stopped after one or two months, but 
occasionally it may have to be continued for 
one year. VAGENAKIS (1970) recommends to stop 
therapy when the radioiodine uptake of the 
gland has returned to normal or high values. 
There is no evidence that thyroid hormone 
given in addition to prednisone has any benefi
cial effect. Prednisone treatment probably does 
not affect the underlying disease process, but 
it keeps the patient free of symptoms and able 
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to work while the disease runs its natural self
limiting course. 

3. Chronic Lymphocytic Thyroiditis 

a) Incidence and Etiology 

The clinical impression that the incidence of 
chronic lymphocytic thyroiditis is rising (Mc
CONAHEY, 1962) has been borne out by a careful 
epidemiological study from Minnesota (FURSZY
FER, 1972). The annual incidence rate per 
100000 was 6.5 between 1935 and 1944, after 
which it rose steadily to reach a value of 69 
for the period of 1965-1967. The annual in
cidence of Graves' disease remained constant 
at 35/100000 throughout this period. FURSZYFER 
considers this increase in incidence as real and 
not an artefact of improved awareness and better 
diagnostic facilities. NEVE (1972) attributes 
the reported increased frequency to a widening 
of criteria used for diagnosis. In the U.S.A, 
chronic lymphocytic thyroiditis must thus be 
as frequent as Graves' disease. Although com
parable data from continental Europe are un
fortunately not available, it is our impression 
that chronic lymphocytic thyroiditis is much 
rarer in Switzerland than in the U.S.A. Women 
predominate in all studies, with ratios varying 
from 40 : 1 to 10: 1. 

It is fairly well established that chronic 
lymphocytic thyroiditis is caused by an auto
immune process. Circulating antibodies to com-
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ponents of thyroid tissue are found in most 
cases (DONIACH, 1960). The disease is being 
associated with other autoimmune disorders, 
such as pernicious anemia (SCHILLER, 1967), 
Graves' disease, rheumatoid arthritis (BECKER, 
1963; MULHERN, 1966), false-positive tests for 
syphilis (SHULMAN, 1964), and others with 
increasing frequency. The histologic picture is 
also very suggestive of an autoimmune process. 
The reasons for the development of an auto
immune process are still poorly understood. 
Antibodies to thyroid and other tissues are 
frequently found in relatives of patients with 
chronic lymphocytic thyroiditis (DEGROOT, 
1962; HALL, 1962). The basic defect is therefore 
best described as a genetically determined partial 
breakdown of immune tolerance. 

Chronic lymphocytic thyroiditis has several 
characteristics in common with Graves' disease. 
In both instances autoantibodies are present 
in the serum, although in Graves' disease the 
titers are usually lower. Some degree of lym
phocytic infiltration is also present in the 
thyroid gland of Graves' disease, and, finally, 
Graves' disease has been seen in patients with 
the classic histologic picture of chronic thy
roiditis (FA TOURECHI, 1971). Several pairs of 
monozygous twins have been reported, in which 
one twin had Graves' disease and the other 
had chronic lymphocytic thyroiditis (JAYSON, 
1967; DONIACH, 1967; CHERTOW, 1973). 

The atrophic variant of chronic thyroiditis 
leads to so-called idiopathic primary hypo-

Fig. 33. Histologic appearance of a goiter with chronic lymphocytic (HASHIMOTO'S) thyroiditis. Dense infiltration of the 
tissue with lymphocytes and lymphatic follicular structures. Woman, age 37. Hematoxilin-Eosin x 135 (MB 11687/54) 
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a b 

Fig. 34a and b. Chronic invasive fibrous (RIEDEL'S) thyroiditis in a 28-year-old woman. a) The thyroid tissue is largely re
placed by fibrous tissue and a few lymphocytic infiltrates. b) the fibrous tissue has invaded the surrounding neck structures, 
in particular the striated musculature. Hematoxilin-Eosin stain, x 150 (MB 3189/60). Note the paucity of lymphocytes 
compared to Fig. 33 and 35. 

Fig. 35. Atrophic thyroid gland in an 80-year-old woman. The present picture is probably the end result of chronic lympho
cytic thyroiditis, atrophic variant. Hematoxilin-Eosin stain, x 65 (SW 1020/62) 
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thyroidism (p. 153). The whole of the thyroid 
parenchyma becomes replaced by fibrous tissue 
(Fig. 35). Basically this variant appears to be 
due to the same underlying disease process. 
In both forms there are high titers of thyroid 
antibodies. The most important difference be
tween the two forms is that in the atrophic 
variant goiter is absent, while in the classic 
form it is a necessary criterion for the diagnosis. 
Some classic cases undoubtedly progress into 
true atrophic thyroiditis, but how often this 
happens remains to be established. 

In a few cases chronic lymphocytic thyroiditis 
has progressed into true malignant lymphoma 
(LINDSAY, 1955; FUJIMOTO, 1967). 

b) Pathologic Anatomy of Chronic 
Lymphocytic Thyroiditis 

Focal lymphocytic infiltrates, sometimes with 
germinal centers, are found in euthyroid (spo
radic or endemic) goiters, in toxic diffuse goiters, 
and sometimes also in thyroid carcinoma. 
Moreover, moderately high titers of serum 
antibodies are sometimes present in these con
ditions. However, these diseases should be 
strictly differentiated from chronic lymphocytic 
thyroiditis, in which the lymphocytic infiltration 
is always diffuse (NEVE, 1972). The two other 
criteria which must be fulfilled for the diagnosis 
are bilateral enlargement of the gland and high 
titers of serum antibodies. 

The infiltrates of chronic thyroiditis consist 
of lymphocytes and plasma cells. There are 
numerous germination centers (Fig. 33). The 
original thyroid architecture is destroyed, with 
islets of normal parenchyma remaining. Enlarged 
epithelial cells with an eosinophilic granular 
cytoplasm (so-called oncocytes, also called 
Hlirthle cells) are often present. Electron micro
scopy has revealed that these cells are crammed 
with enlarged mitochondria (NEVE, 1972). As 
a rule, multinucleated giant cells are diagnostic 
for subacute non suppurative thyroiditis though 
they do occasionally also occur in chronic 
lymphocytic thyroiditis (NEVE, 1972). 

c) Clinical Features and Treatment of Chronic 
Lymphocytic Thyroiditis 

The patients usually presents with a lump in 
the neck, which has developed over some weeks 
or months. Goiter is often an incidental finding 
in a medical examination performed for un
related reasons. Pain is absent or very mild, 
but some patients complain of a feeling of 
pressure. Fever and malaise are absent. Examina
tion reveals a moderately firm goiter, in most 
cases small. In exceptional cases the goiter 
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becomes very large. Lymphadenopathy is ab
sent. The disease is always diffuse throughout 
the thyroid, but it may be more prominent on 
one side. A family history of Graves' disease, 
goiter or idiopathic hypothyroidism is often 
obtained. An occasional patient may have 
typical Graves' disease some years before or 
after chronic lymphocytic thyroiditis and an 
unknown proportion of cases develops into 
severe hypothyroidism due to idiopathic atrophy 
of the gland. 

The laboratory tests reveal normal leukocyte 
and differential white cell counts. The erythro
cyte sedimentation rate is moderately or marked
ly elevated. The 'Y globulins of serum are high. 

Thyroid function in chronic thyroiditis varies 
widely. In a group of 51 patients GHARIB, 
1972 found that 25 were euthyroid, 22 hypo
thyroid and 4 hyperthyroid. Association with 
typical Graves' disease has been reported by 
FATouREcm (1972). In cases where the patients 
become hypothyroid, thyroxine secretion fails 
first, while near-normal amounts of triiodo
thyronine maintain a borderline euthyroid state 
for some time (GHARIB, 1972). 

Iodine metabolism shows characteristic 
changes (BUCHANAN, 1961). The radioiodine 
uptake is on average within the normal range, 
but extreme individual variations, from hypo
thyroid to hyperthyroid values, are typical. 
The thyroidal iodine pool is always diminished, 
which leads to an increased fractional iodine 
turnover and to an elevated PB 1.it I. The scintis
can may show patchy areas of decreased iodine 
uptake. The perchlorate discharge test (p. 243) 
sometimes reveals partial release of trapped 
radioiodide and suggests some impairment of 
iodine organification. Due to release of iodo
proteins into the blood stream the protein
bound iodine may become elevated despite a 
normal circulating level of thyroxine. One 
feature peculiar to the disease is that patients 
become particularly sensitive to the blocking 
effects of high doses of iodide, and may become 
severely hypothyroid when given medication 
containing iodide, e.g. expectorants for bron
chial asthma (BRAVERMAN, 1971; see also p. 154). 

The diagnosis of chronic lymphocytic thy
roiditis is confirmed by high titers of circulating 
antibodies to thyroglobulin (so-called tanned 
red cell test) and complement-fixing antibodies 
to microsomal antigen. Titers of 1 : 25000 or 
more in the former test or of 1 : 64 in the latter 
are virtually diagnostic. Titers of 1 : 2500 or 
1 : 16 are suggestive, but may also be found in 
50 % of patients with Graves' disease. Inter
mediate or high titers of either one or both 
antibodies are present in 97 % of cases. MORI 
(1971) used a very sensitive radioimmunologic 
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technique and found antimicrosomal antibodies 
in 95% of patients. The diagnosis can be estab
lished by biopsy, but the availability of immuno
logical tests has made this superfluous in most 
cases. 

The course of the disease is variable. After 
a review of the literature, VICKERY (1961) states 
that about half the cases progress to fibrosis 
and half remain stationary. In his own 16 
cases, which were carefully followed by means 
of repeated biopsies, 4 showed some increase 
in fibrosis and 12 remained stationary. 

Treatment is indicated in cases with hypo
thyroidism and when there is a large and trou
blesome goiter. L-thyroxine in a dose of 0.15-
0.3 mg daily will lead to rapid regression of 
goiter size. A recent long-term follow-up study 
by PAPAPETROU (1972) has shown that thyroxine 
treatment does not halt the progressive fibrosis 
and atrophy of the gland. Administration of 
thyroxine therefore has to be lifelong. If the 
patient is euthyroid and is given no treatment 
he should be notified of the possibility that hy
pothyroidism may develop insidiously and ad
vised to see his physician at least once a year. 

Surgery usually produces permanent hypo
thyroidism and is indicated only in cases where 
there is a suspicion of carcinoma. 

4. Chronic Invasive Fibrous Thyroiditis 
(Riedel's Struma) 

a) Incidence and Etiology 

This is an extremely rare disease which is 
overdiagnosed by many pathologists, who do 
not distinguish between this form and atrophic 
variants of chronic lymphocytic thyroiditis. 
Originally it was thought that chronic lym
phocytic and chronic invasive thyroiditis were 
the two extremes in a broad spectrum of the 
same disease, but the two diseases are now 
separated by clear-cut criteria (see below). 
Among 42000 patients submitted to thyroid 
surgery at the Mayo Clinic only 20 cases had 
chronic invasive thyroiditis (WOOLNER, 1957). 
Women predominate with a ratio of about 4 : 1. 

The etiology is obscure. HARDMEYER'S (1964) 
original observation that it occurs together 
with mediastinal or retroperitoneal fibrosis and 
with TAKAYASU'S arteritis has been confirmed 
by other authors (RAPHAEL, 1966). HARDMEYER 
(1964) put forward the hypothesis of a vascular 
primary lesion. 

b) Pathologic Anatomy of Chronic Invasive 
Thyroiditis 

According to WOOLNER (1957) the following 
criteria describe the pathologic lesion (Fig. 34): 
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The fibrotic process involves part of the 
gland, rarely the whole gland. The affected 
part feels very hard on palpation; 

The inflammatory process extends into extra
thyroidal surrounding tissues such as neck 
muscles. 

The invasive process completely destroys 
the affected thyroid tissue. Giant cells are 
absent. 

BASTENIE (1972) added two more distinguish
ing features: the paucity of lymphocytes and 
the absence of oncocytes. 

c) Clinical Features of Chronic Invasive 
Thyroiditis 

Patients affected complain of a rapidly 
growing goiter which causes severe pressure 
symptoms and often airway obstruction. There 
is no fever or malaise. On palpation the thyroid 
feels very hard ("lignous goiter"). Euthyroidism 
is the rule. In contrast to chronic lymphocytic 
thyroiditis, the disease does not respond to 
thyroxine therapy, and surgery is necessary 
to alleviate pressure symptoms. After surgery 
the disease usually subsides or takes a benign 
self-limiting course. A second operation is 
rarely required. The preoperative diagnosis in 
most cases is thyroid carcinoma. 

5. Acute Suppurative Thyroiditis 

Acute thyroiditis with abcess formation is very 
rare. Initially it may easily be mistaken for the 
much more frequent acute nonsuppurative (De 
Quervain's) thyroiditis. Causative organisms 
include streptococci, staphylococci, salmonel1a, 
E. coli and others. 

6. Chronic Nonsuppurative Thyroiditis due to 
Specific Infection 

This form is also quite rare. It may be caused 
by tuberculosis, syphilis, fungus infection, bru
cellosis, and occasionally by parasites. It also 
occurs superimposed on sarcoidosis. 

K. Thyroid Neoplasia 

1. Benign Tumors 

a) Classification 

As MEISSNER (1971) has stressed, the numerous 
subdivisions offollicular adenoma are of dubious 
value. In most cases the simple classification 
of the American Thyroid Association (WER
NER, 1969, see p. 279) appears entirely satis
factory (Table 18). 
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Table 18. Classification of benign thyroid tumors. 

American Thyroid Association 
WERNER, 1969, see p. 279) 

Follicular adenoma 
Papillary adenoma 
Atypical adenoma 
TeralJma 

b) Follicular Adenoma and Solitary Thyroid 
Nodules 

Follicular adenoma is the most common benign 
thyroid tumor. It is made up of well differentiated 
follicles and is indistinguishable from normal 
thyroid tissue, except that the follicles may be 
unduly large and the adenoma is surrounded 
by a capsule. If the adenoma is made up of 
trabecular structures it is called an embryonal 
adenoma, if the follicles are very small a fetal 
adenoma; if the predominant cell type is of 
the oncocyte variant the terms oxyphilic, or 
Hiirthle-cell adenoma are used. Hiirthle cell 
adenomas are thought by some to be particu
larly indicative of malignant development (SOLL
BERGER, 1957, p.279), but there is no general 
agreement on this. 

The differentiation of a follicular adenoma 
from nodules of a multinodular euthyroid 
goiter is difficult and sometimes impos
sible. The criteria of WARREN (1953) allow 
differentiation in many but not all cases 
(Table 19). 

Table 19. Differentiation between nodular hyperplasia and 
adenoma of the thyroid (WARREN and MEISSNER, 1953) 

Nodular hyperplasia Adenoma 

Multiple nodules Solitary nodule 

Nodules badly encapsulated Well-encapsulated nodule 

Variable histologic structure Uniform histologic structure 

Comparable growth rate in Different growth rate than 
adjacent thyroid tissue adjacent thyroid tissue 

No compression of adjacent Compression of adjacent 
thyroid tissue thyroid tissue 

The occurence of benign papillary adenomas 
is doubtful. Tumors with papillary structures 
are generally malignant with exception of the 
so-called macropapillary formations in colloid 
goiters. 

Thyroid adenomas often present a functional 
abnormality since they do not take up radio
iodide. The physiologic basis for this has recently 
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been investigated. DE GROOT (1970) found that 
the "cold" nodules have no iodide-trapping 
("iodide-pump") system. DE RUBERTIS (1972) 
showed that cold nodules were still responsive 
to TSH when cyclic AMP formation was taken 
as an index. These studies also suggested a 
defect of iodide trapping. 

A follicular adenoma usually presents clini
cally as a small soft nodule in the thyroid. It 
may be detected by an apprehensive patient or 
as an incidental finding by a doctor in a medical 
examination performed for other reasons. Lym
phadenopathy is absent and euthyroidism is the 
rule. Some adenomas, however, lead to hyper
thyroidism and are called toxic adenomas 
(p.204). 

A difficult clinical problem is the detection 
of malignant lesions among the so-called solitary 
thyroid nodules (see Editorial, Lancet, 1964; 
Editorial, Brit. med. J., 1971). On physical 
examination, follicular and papillary carcinomas 
may be indistinguishable from benign nodules, 
and there are no clinical criteria by which the 
benign nature of a nodule can be ascertained. 
It has been said that "cold" nodules, i.e. 
nodules which do not take up 1311 on scintiscans 
are more likely to be malignant. This is un
doubtedly true on statistical grounds, but it 
does not help in the individual case, since not 
every cold nodule is malignant and an appreciable 
proportion of warm or even hot (KENDALL, 1969; 
GUINET, 1971; FUJIMOTO, 1972) nodules tum 
out to be cancerous. Scanning with 131 Cs may 
provide some additional information, since 
practically all nodules cold with 131 I and warm 
with l3lCs are malignant (MURRAY, 1970). 
Cytological examination of thin needle aspirates 
may reveal undifferentiated carcinomas, but 
its value in detecting differentiated carcinomas 
remains to be established (p. 244). 

In practice, therefore, the nature of a solitary 
nodule is established by a thyroid lobectomy 
in most cases. This procedure is mandatory 
in younger people, especially in children, where 
the likelihood of malignancy within a single 
nodule was found to be 12.6% (TAYLOR, 1967). 
At operation a "solitary nodule" often turns 
out to be part of a multinodular goiter. Surgery 
is therefore recommended less frequently in 
areas where euthyroid multinodular goiter is 
prevalent. In older people the risk of surgery 
has to be weighed against the likelihood of 
detecting cancer, although here again, as in 
children, an appreciable proportion of nodules 
is malignant. 

Any nodule within a multinodular goiter 
can become malignant (MILLER, 1955). This 
does not, however, justify the subjection of 
all patients with a multinodular goiter to 
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surgery. As WELCH (1966) has aptly calculated, 
the deaths caused by surgery would outnumber 
the cases of cancer found. 

2. Malignant Thyroid Tumors 

a) Classification 

Classification of malignant thyroid tumors is 
still the subject of great controversy. The old 
continental European classification of WEGELIN 
(1926), based on detailed pathologic descriptive 
terms, was unnecessarily complicated. Most 
of the subclassifications had no clinical relevance. 
The classification used by British and American 
pathologists had the great advantage of being 
simple and more relevant to the clinical behavior 
of the tumor. However, this classification may 
have oversimplied the problem, and some tumors 
found in endemic Alpine areas could not be 
fitted into any of the Anglo-Saxon entities. 

The International Union Against Cancer 
(UICC) convened an international meeting on 
thyroid cancer, the proceedings of which were 
edited by HEDINGER (1969). Much time was 
devoted to the problem of classification at 
this conference. A unified tentative system was 
proposed, but was not officially adopted (UEH
LINGER, 1969). More recently, the American 
Thyroid Association has agreed on another 
system. It is presented in Table 20 and compared 
with the classification proposed by EGLOFF and 

Table 20. Classification of malignant thyroid tumors 
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HEDINGER (1964). These authors have care
fully reviewed the Swiss histologic material 
of the last few decades and have greatly simpli
fied the old WEGELIN (1926) classification. As 
can be seen from Table 20, the two classifications, 
although not identical, are quite comparable. 
Controversy exists in fact only over two relatively 
rare tumors, the metastasizing adenoma and the 
struma maligna Langhans, which the Ameri
can authors do not feel merit separate classi
fication. A third tumor, hemangioendothelioma, 
is never seen in the U.S.A., but it undoubtedly 
exists in the Alps (see below). Recently WHO 
in Geneva has proposed a standardized inter
national nomenclature for the histological typing 
of thyroid tumors (Table 21). 

b) Incidence and Etiology 

The age-adjusted annual incidence rate per 
100000 of thyroid cancer in Finland is 0.8 for 
men and 2.3 for women. Other countries where 
goiter is not endemic, such as the U.S.A., 
have very similar figures (see FRANSSILA, 1971, 
for review). The relationship of thyroid cancer 
to endemic goiter is not yet clear. There is no 
doubt that continuous TSH stimulation in rats 
or mice (whether produced by TSH injections 
or by goitrogen feeding) can cause thyroid 
carcinomas (HERRMANN, 1951). In man there 
is so far no clear-cut evidence that thiouracil 
goitrogens cause thyroid cancer (LUNDSGAARD-

American Thyroid Association (WERNER, 1969) EGLOFF and HEDINGER (1964) 

Carcinoma 

Papillary carcinoma 
Pure papillary 
Mixed papillary and follicular 

Follicular carcinoma 
Pure follicular 
Clear cell b 

Oxyphil cell (Hiirthle cell) b 

Medullary carcinoma 
Undifferentiated carcinoma 

Small cell 
Giant cell 

Epidermoid carcinoma 

Other malignant tumors 
Lymphoma (specify type) 
Sarcoma (specify type) 

Secondary tumor (specify site of origin) 

Epithelial tumors (cell types may be specified for each tumor: 
large oxyphilic, cylindric, clear, squamous, spindle, small, giant) 
Papillary carcinoma 

Organoid carcinoma 
Metastasizing adenoma a 

Struma maligna Langhans C 

Adenocarcinoma' 
Medullary carcinoma 
Anaplastic carcinoma 

Nonepithelial tumors 
Malignant lymphoma 
Fibrosarcoma, Osteosarcoma 
Hemangioendothelioma d 

a The invasive nature of this tumor is not grossly apparent, so-called "low-grade follicular carcinoma". 
b The justification for this subclassification based on cell types is questionable (see text). 
C These tumors would be classified as follicular carcinomas in the American and WHO nomenclature. 
d This tumor is relatively frequent in the Alps. It is only exceptionally seen in the U.S.A. 
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Table 21. Histological classification of thyroid tumours, 
WHO Geneva, 1973/74 

I. Epithelial tumours 
A. Benign 

1. Follicular adenoma 
2. Others 

B. Malignant 
1. Follicular carcinoma 
2. Papillary carcinoma 
3. Squamous cell carcinoma 
4. Undifferentiated (anaplastic) 

a) Spindle cell type 
b) Giant cell type 
c) Small cell type 

S. Medullary carcinoma 

II. Non-epithelial tumours 
A. Benign 
B. Malignant 

1. Fibrosarcoma 
2. Others 

III. Miscellaneous tumours 
1. Carcinosarcoma 
2. Malignant haemangioendothelioma 
3. Malignant lymphomas 
4. Teratomas 

IV. Secondary (metastatic) tumours 

V. Unclassified tumours 

VI. Tumour-like lesions 

HANSEN, 1956). In endemic goiter, a similar 
continuous TSH stimulation must exist (p. 212). 
TAYLOR (1971) compared the death rate from 
thyroid cancer in England to that in Switzerland 
and concluded that the figure was ten times 
higher in Switzerland. It is doubtful, however, 
whether the data from the two countries were 
entirely comparable. Based on other data FRANS
SILA (1971) arrived at an annual mortality rate 
per 100000 of 0.5 for men and 1.1 for women 
for thyroid cancer in Finland. On the east coast 
of the U.S.A., the corresponding figures are 
0.3 and 1.6 and in Switzerland 1.5 and 1.6. 
Thus Switzerland, where goiter was endemic 
until very recently, has an elevated mortality 
rate only for men, while the figure for women 
is comparable to that in areas where the con
dition is not endemic. Studies from the patho
logy institutes of Zurich (KIND, 1966) and 
Berne (WALTHARD, 1963) do not so far sub
stantiate the claim that iodine prophylaxis has 
greatly reduced the overall incidence of thyroid 
cancer. They do clearly show, however, that 
iodine prophylaxis has caused a shift from the 
less differentiated forms to the more differenti
ated and less malignant papillary carcinomas, 
with the overall incidence remaining more or 
less constant. KIND (1966) has noted a seven
fold increase in the incidence of papillary 
carcinoma in Zurich between 1940 and 1964. 
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EGLOFF (1961) found a notably high incidence 
of thyroid carcinomas in patients thyroidecto
mized years before for an originally benign 
goiter. This suggested that the TSH stimulation 
after thyroidectomy contributed to the develop
ment of cancer. Few measurements of TSH 
levels in patients with thyroid cancer have been 
published. VALENTA (1968) found values that 
were on average higher than in control persons. 

Ionizing radiation is a recognized cause of 
thyroid cancer. Children appear to be partic
ularly susceptible. This has been conclusively 
shown in two instances. Thyroid neoplasms 
(benign and malignant) had an increased in
cidence in children exposed to radioactive fall
out from atomic explosions (SOCOLOW, 1963; 
CONARD, 1966, 1970) and in children treated 
with X-ray irradiation for "thymic hyperplasia" 
(JANOWER, 1971; DE GROOT, 1973, p. 283). 

LINDSAY (1965) found several malignant 
lymphomas of the thyroid in chronic lympho
cytic thyroiditis, but CRILE (1962) did not find 
a similar association 

c) Pathologic, Clinical and Prognostic Features 

O() Papillary Carcinoma 

This is by far the most common malignant 
tumor in areas where goiter is not endemic, 
where it makes up roughly 50 % of all thyroid 
malignancies. In endemic areas its relative 
incidence is less than 10% of all malignant 
thyroid tumors (WALTHARD, 1963; KIND, 1966). 
Women are more often affected than men. 
Papillary carcinoma is the typical thyroid 
carcinoma of children and young adults. These 
carcinomas are often very small, 1-2 cm in 
diameter. Occasionally, multiple cancerous foci 
are seen within one gland (BLACK, 1960). 
Initially they are sometimes surrounded by 
a capsule, but often they show diffuse infiltra
tion of surrounding tissue. Histologically they 
are made up of a cuboidal or cylindric epithelium 
arranged in finely ramified papillae. Follicle 
formation is almost always present. Very typical 
are the pale, overlapping, so-called ground glass 
nuclei. The stroma often contains small, calci
fied spherical bodies, the psammoma bodies or 
calcospherites. Mixed papillary and follicular 
tumors generally show the same clinical behavior 
as pure papillary carcinomas and are classified 
in the same group (Table 20; LINDSAY, 1960). 

Papillary carcinomas metastasize early to 
the regional cervical lymph nodes (FRANSSILA, 
1971). Since they are of low-grade malignancy 
these metastases were believed for a long time 
to be "laterally aberrant thyroid tissue" (JOHN
SON, 1962). Some authors maintain the opinion 
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that benign thyroid tissue can occur in cervical 
lymph nodes (GRICOUROFF, 1962 ; GERARD
MARCHAND, 1964). 

Clinical, papillary carcinomas may present 
as soft, round asymptomatic nodules, so-called 
solitary nodules. The differential diagnosis and 
management of such nodules have been discussed 
on p. 228. Older textbooks of medicine or 
surgery list the following "classic" symptoms 
and signs of thyroid cancer: rapid growth ; 
firm to hard tumor, which moves badly on 
swallowing; pain radiating to the ear; recurrent 
nerve palsy and Horner's syndrome (DE QUER
VAIN, 1941). It cannot be overstressed that this 
is the clinical presentation of advanced un
differentiated cancer as it has frequently been 
seen in endemic goiter areas. The differentiated 
tumors which now predominate in areas where 
goiter is not endemic usually show none of 
these features. Papillary carcinomas are soft 
and easily movable, and they cause neither pain 
nor nerve palsies in the majority of cases. 
Papillary carcinomas are relatively benign. They 
remain localized within the neck region for a 
long time and grow slowly. The survival rate 
is 75 % after 5 years and 50 % after 20 years 
(Fig. 39). Tumors localized within the gland 
at the first operation have a better prognosis 
and microscopical tumors have virtually no 
effect on survival rate (FRANSSILA, 1971; 
(Fig. 39)). Many papillary carcinomas accu
mulate iodine and are amenable to radioiodine 
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treatment. Very few papillary carcinomas syn
thesize thyroid hormones, but in isolated cases 
they have produced hyperthyroidism (HUNT, 
1960; STUDER, 1961; FEDERMAN, 1964). 

P) Follicular Carcinoma 

About 10 to 20 % of thyroid neoplasias are 
follicular carcinomas. In contrast to papillary 
carcinomas, these tumors are made up of 
follicles of various sizes or of combinations of 
follicles and cords. In contrast to papillary car
cinomas, which metastasize to cervical nodes, 
follicular carcinomas show an early tendency to 
distant metastases in the lungs and bones (FRANS
SILA, 1971). The primary tumor often appears 
quite benign, which has given rise to the term 
"metastasizing adenoma" in the German termi
nology. In some series the prognosis ofthis tumor 
is equal to that of papillary carcinoma, in others 
it is slightly worse, although still much better 
than that of undifferentiated carcinomas (FRANS
SILA, 1971; Fig. 39). 

Follicular carcinoma cannot be clinically 
distinguished from papillary carcinoma. Follic
ular carcinomas usually take up iodine and 
can be treated with radioiodine. 

The term struma maligna Langhans applied 
to tumors of the type originally described by 
Langhans when goiter was endemic in the 
Berne area. The criteria included clinical, macro
scopic, and histologic features : the tumor always 

Fig. 36. Follicular carcinoma of the thyroid. The carcinoma is composed in part of trabecular structures. This type would 
conform to the entity of Struma maligna Langhans of the continental European classification (Table 19). 49-year-old man. 
Hematoxilin-Eosin, x 140 (MB 1777/55) 
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Fig. 37. Hemangioendothelioma in a man aged 77 years. Differentiation of primitive vessels with erythrocytes phagocytized 
by eridothelial cells. Hematoxilin-Eosin, x 300 (MB 1253/53) 

arises in a previously goitrous gland; the car
cinoma is relatively large (5-15 cm in dia
meter), well-circumscribed and has a central 
fibrotic scar. At the periphery it is made up 
of solid epithelial trabeculae uniform in ap
pearance. In the center it consists of follicles 
which are much better differentiated than those 
in simple adenocarcinomas (Fig. 36). Mitoses 
and vascular invasions are relatively rare. The 
tumor metastasizes to the lung and bones. After 
a critical review of the histologic slides of their 
large Swiss material EGLOFF (1964) maintained 
the original diagnosis of struma malign a Lang
hans only in 1/3 of the cases originally diag
nosed as such. The remaining 2/3 were re
classified, mostly as poorly differentiated follic
ular carcinomas. Adherence to EGLOFF'S rigid 
criteria makes struma maligna Langhans a rare 
tumor even in the Swiss study, accounting for 
perhaps 5 % of all thyroid malignancies. Ac
cording to the American and WHO nomen
clature the struma maligna Langhans should 
be classified as moderately differentiated folli
cular carcinoma. 

The subdivisions into clear-cellfollicular car
cinoma and oxyphil-cell follicular carcinoma are 
probably superfluous (MEISSNER, 1971). The last 

tumor is also called Hurthle cell carcinoma and 
has been thought to be a separate entity, but HORN 
(1954) has shown that it has the same biologic 
behavior as ordinary follicular carcinoma. 

y) Medullary Carcinoma 

This is a very special thyroid tumor in many 
respects. It originates from the C cells, which 
produce thyrocalcitonin (WILLIAMS, 1965, 1966). 
It is an abundant source of this hormone and 
has allowed elucidation of its amino acid 
sequence (NEHER, 1968). Histologically, large 
amyloid deposits are very characteristic. The 
cells contain secretory granules (MEYER, 1968; 
TUBIANA, 1968). Calcitonin levels in blood are 
elevated. The disease runs in families and 
affected members can often be detected by 
elevated blood calcitonin levels long before the 
tumor is marcoscopically visible (MELVIN, 1971; 
JACKSON, 1973). Clinically, the behavior of 
medullary carcinoma is similar to that of other 
well-differentiated carcinomas. It grows slowly 
and metastasizes late (Fig. 39). 

Medullary carcinoma is often associated with 
pheochromocytoma (SIPPLE, 1961; WILLIAMS, 
1965,1966; SCHIMKE, 1968). The patients have an 
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Fig. 38. Patient with medullary carcinoma of the thyroid. 
The patient had a typical emaciated appearance and fibro
mas of the tongue, eyelids and lips. (Courtesy of Dr. I. MAC 

INTYRE, London) 

unmistakable emaciated appearance with fibro
mas of the lips, eyelids and other parts of the 
body, perioral and palmar pigmentation and 
severe acne (Fig. 38). At times medullary car
cinoma of the thyroid is associated with pheo
chromocytoma, hyperparathyroidism and Cush
ing's disease, a syndrome called type 2 multiple 
endocrine adenomatosis (STEINER, 1968; MAR
KEY, 1973). 

Many aspects of this peculiar tumor have 
recently been reviewed by HILL (1973). 

8) Anaplastic (Undifferentiated) Carcinoma 

These tumors are extremely malignant with 
rapid growth and spread to distant sites. They 
are subdivided according to cell type into 
small or giant-cell carcinomas. In some tumors 
the cells are spindle-shaped. In Europe such 
tumors have been classified as sarcomas. 

E) Non-Epithelial Tumors 

Sarcomas seemed to be very frequent in the 
Alpine pathologic material and very rare in the 
English and American material. HEDINGER 
(1969) reviewed the slides of 196 cases diagnosed 
as sarcoma in Zurich and Lausanne. Only 6 cases 
withstood his rigid criteria, while the others were 
all reclassified as anaplastic carcinomas. The 
relative proportion of sacromas among thyroid 
malignancies in the Swiss material thus declined 
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from 20 % to 0.6 %, which is comparable to 
the incidence in other countries. 

Hemangioendothelioma (Fig. 37) is virtually 
never seen in the U.S.A., and its existence has 
been doubted (CHESKY, 1953; KLINCK, 1969). 
In the Alps it is not so rare. It is a distinctive 
thyroid tumor thought by some to be of vascular 
origin, by others to be a variant of anaplastic 
carcinoma. Malignant lymphoma of the thyroid 
is another rare tumor. LINDSAY (1965) has 
found an association with chronic lymphocytic 
thyroiditis . 
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Fig. 39. Relative survival in thyroid cancer according to 
histologic type. A All patients. B Patients with intrathyroid 
tumors. C Patients with extrathyroid tumors. (From K. 
FRANSSILA , 1971) 
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1;;) Secondary Tumors in the Thyroid 

In a careful study SHIMAOKA (1962) found that 
8.9 % of metastasizing tumors produce second
aries in the thyroid. Metastases are about 10 
times more frequent than primary thyroid 
tumors, but they are rarely diagnosed clinically 
since they produce no symptoms. There is one 
exception to this rule. In clear-cell renal car
cinoma, metastasis to the thyroid is occasionally 
the first manifestation of the tumor. It may 
initially be wrongly diagnosed as a clear-cell 
so-called postbranchial tumor of the thyroid 
(HEDINGER, 1967). 

d) Treatment of Thyroid Carcinoma 

A considerable proportion of thyroid carci
nomas retain iodine and are at least partly 
dependent on TSH stimulation. This permits 
an unusually wide range of possible methods 
of treatment from large doses of radioiodine 
to suppression of TSH secretion by thyroxine 
administration. 

The therapeutic attitude to be adopted in 
cases of differentiated thyroid cancer is a 
matter of dispute. Many of these tumors retain 
responsiveness to TSH, so that it is universally 
accepted that lifelong suppressive therapy with 
thyroxine is indicated. Attitudes to additional 
measures vary between the extremes of hemi
thyroidectomy followed by a passive "wait and 
see" and the most vigorous approach consisting 
of total thyroidectomy with radical neck dissec
tion followed by repeated massive doses of 
1311 and external radiotherapy. There are good 
arguments in favor of both approaches and 
the decision is left to the temperament of the 
individual physician. Reliable data based on 
carefully controlled prospective studies are 
not available. The proponents of the conser
vative approach argue that differentiated tumors 
have a slow growth potential and that their 
approach gives survival rates comparable to 
other methods (CRILE, 1964, 1966). The patient 
should therefore be spared the disfigurement 
of radical neck dissection. The supporters of 
the other extreme argue that generalization 
of thyroid cancer is unpredictable and that 
when it has occured, it is too late for l.H I 
therapy and other measures. 

In Zurich we have chosen the following 
plan for management of thyroid cancer. If 
a diagnosis of cancer is made, total thyroidectomy 
is performed, leaving the recurrent nerves and 
the parathyroid glands intact. Total thyroidec
tomy is performed in all cases, regardless of 
whether the disease is bilateral or only unilateral. 
There are two reasons for this: 1. Many carci-

The Thyroid Gland 

nomas are multicentric or have local metastases 
within the thyroid (BLACK, 1960; ROSE, 1963; 
WELCH, 1963); 2. Total thyroidectomy is an 
essential condition for 1311 therapy, since any 
normal thyroid tissue remaining would subtract 
radioiodine from the malignant tissue. Moreover, 
malignant tissue only accumulates adequate 
amounts of 131 I if it is properly stimulated by 
TSH. The hypothyroidism produced by thyroi
dectomy is a potent stimulus to endogenous 
TSH secretion. 

In cases where the histologic diagnosis of 
carcinoma is made after the operation a second 
operation is performed. Local metastases in 
the adjacent tissue and in the regional lymph 
nodes are removed, but radical neck dissection 
with sacrifice of sternocleidomastoid muscles, 
the accessory (11th) nerve and the internal 
jugular arteries is not justified. Total thyroi
dectomy must also be performed in cases 
where distant metastases are present. POCHIN 
(1967) has shown that over 50%of differentiated 
tumors amenable to 131 I therapy take up the 
131 I only after total thyroidectomy has produced 
hypothyroidism and TSH stimulation. 

External radiotherapy may be added when 
the tumor has infiltrated locally and when 
regional (but no distant) metastases are present. 
External radiotherapy is badly tolerated during 
hypothyroidism, while 131 I is only effective in 
hypothyroid patients. Priority is given to 131 I 
and external therapy is given later. The chances 
of success of 131 I therapy are of course much 
better with differentiated papillary or follicular 
carcinomas. Anaplastic carcinomas have been 
found to take up radioiodine only in excep
tional cases, and POCHIN (1967) does not 
give 131 1 in such cases. We feel that the de
cision of whether or not to give 131 I should 
not be made dependent on the histologic 
type of the neoplasms. It has repeatedly been 
observed that the tumor may show regional 
differences in histology and in uptake of 
radioiodine within one patient. The patient 
should therefore be given the benefit of the 
doubt and receive 1311. RAWSON (1965) has 
observed a sufficient 1311 uptake by metastases 
in 65 % of cases pretreated with thyroidectomy 
and TSH. 

According to CRILE (1966) more than half 
the papillary carcinomas in patients under 40 
improve or remain stationary under thyroid 
hormone therapy, but this does not in our 
view justify the decision to withhold radio
therapy. In the cases which do progress, the 
unfavorable course is very often noticed too 
late to institute an effective program with 1311. 

Our practical procedure is the following 
(Table 22): 1 week after total thyroidectomy 
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the remaining thyroid tissue is eliminated by 
60 mCi of 131 I and whole-body autoradiogram 
and scintiscan are obtained. The patient then 
receives substitution therapy with 80 to 120 Ilg 
of triiodothyronine per day. In selected cases 
(see p. 234) 4000 rad may then in addition be 
given over 30 days to the neck region by high 
energy electron therapy (HORST, 1960). 

Table 22. Synopsis of radioiodine treatment of thyroid 
carcinoma 

I. Stop thyroid hormone substitution 2 weeks before planned 
radioiodine therapy. 

2. Give 10 IU ofTSH i.m. daily for the last 1 to 3 days before 
radioiodine. 

3. 24 hours after last TSH injection give 150 mCi 131 I p.o. 
4. Resume thyroid hormone substitution therapy 24 hours 

after radioiodine. 
5. Perform whole-body profile or whole-body scintiscan 48 

hours after giving radioiodine. 

When surgical thyroidectomy is contrain
dicated, the thyroid is eliminated by 60 to 
80 mCi of 131 I given 24 hours after 10 IU of 
TSH. After 24 hours the patient is started on 
80 to 120 Ilg triiodothyronine per day as above. 
After 6 weeks the triiodothyronine is discon
tinued and 2 weeks later 131 I is given, again 
24 hours after 10 IU of TSH. 

Exact calculation of the tumor radiation 
dose is not possible, since the size of the tumor 
mass is not known. The dose absorbed depends 
both on the biologic half-life of 131 I in the 
tissue and on the amount of 1311 taken up. 
Since the latter parameter depends on the 
iodide clearance of the tissue, which in turn 
depends on the tissue mass, large or small 
tumors will derive approximately the same 
radiation dose from a given serum level of 
1311. A uniform standard dose is therefore 
given which is within permissible limits of 
whole-body exposure, usually between 100 and 
300 mCi. POCHIN (1967) recommends 150 mCi. 

Radioiodine is given 2 weeks after dis
continuation of triiodothyronine and 24 hours 
after 10 IU ofTSH. Triiodothyronine is resumed 
24 hours after the administration of 131 I. A 
whole-body profile or scintiscan is taken 48 to 
72 hours after the 131 I, and the urinary excretion 
of 1311 is monitored over the first 6 days. The 
serum radioactivity is measured after 5 days. 
If it is higher than 0.01 % of dose per liter, there 
is probably still some iodine-trapping tissue. 

The procedure is repeated at 3-monthly 
intervals for as long as the above measurements 
indicate the presence of tumor tissue. One 
additional dose can be given when all the 
active tissue has been eliminated. This is per-
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missible since the whole-body exposure after 
destruction of all iodine-retaining tissue is very 
low (30-40 rep). The patient is then placed 
on life-long therapy with the highest tolerated 
dose of L-thyroxine, usually 200 to 300 Ilg 
per day. At long intervals, test doses of 10 
mCi 131 I may help detect clinically silent metas
tases. 

Side Effects. General malaise is minimal in 
most cases. After 2 weeks a short episode of 
radiation thyroiditis may cause discomfort. 
Occasionally there is inflammation of the salivary 
glands or the gastric or bladder mucosa. There 
may be transient amenorrhea. Bone marrow 
damage with pancytopenia is reversible, but 
in 5% it may be necessary to discontinue 
131 I (POCHIN, 1967). Irreversible bone marrow 
aplasia is rarely seen, and usually occurs in 
cases with extensive metastases to the bones. 
Radiation pneumonitis and fibrosis are seen 
in cases with pulmonary metastases (RALL, 
1957). Leukemia developed in 2 % of POCHIN'S 
cases (1967), which this author considers an 
acceptable risk. 

To comply with radiation safety regulations, 
all persons treated with tumor doses of 131 I 
must be admitted to hospital in units specializing 
in radiation safety measures. 

Results of Treatment. As stated elsewhere the 
prognosis of thyroid cancer depends mainly 
on the histologic type. Another important 
determinant of prognosis is the age of the 
patient. According to RAwsoN (1965) the prog
nosis is poor in young children and old people. 
In patients aged 10 to 45 years the prognosis 
of differentiated cancer is good (see also 
Fig. 39). Pregnancy has no influence on the 
course (HILL, 1966). 

No controlled studies allowing comparison 
of the various modes of treatment are available. 
So far, some encouraging results have been 
published. One third of the patients with 
metastases survived for 9 years (BLAHD, 1960), 
and one half the patients with differentiated 
tumors survived for 10 years (POCHIN, 1967). 
HA YNE (1963) recorded that 67 % of patients 
with lymph node metastases and 53 % of patients 
with distal metastases survived 5 years. 

In a recent excellent retrospective study 
VARMA (1970) has compared 133 patients treated 
between 1933 and 1947 with surgery alone to 
310 patients treated between 1947 and 1967 
with surgery plus radioiodine. In the combined 
treatment group the overall mortality for the 
first 8 years was significantly lower. The effect 
of the combined treatment was particularly 
good in patients over 40 years of age. 



236 

L. Thyroid Function Tests 

In suspected thyroid disorder it is customary 
to confirm the clinical impression by one or 
two thyroid function tests. A careful history 
and physical examination will often suffice to 
evaluate the thyroid function and will obviate 
expensive tests, especially in patients who are 
euthyroid. A number of new routine tests have 
recently been introduced. Fortunately this has 
simplified rather than complicated the work-up 
of thyroid patients. The functional state of the 
thyroid gland can now be reliably assessed 
by tests in blood samples in the majority of 
patients and it is rarely necessary to use the 
more complicated tests, such as radioiodine 
tracer studies or the basal metabolic rate. One 
possible exception is toxic adenoma. It can 
only be diagnosed with any degree of certainty 
by tracer studies (p. 204). 

Not all tests are equally useful for the 
differentiation between euthyroid persons and 
patients with thyroid dysfunction. The "diag
nostic power" of the various tests and their 
proper selection are discussed in detail on p. 244 
and Table 27. 

1. Thyroid Hormones in Serum 

It is well to recall at this point that both thyroxine 
(T 4) and triiodothyronine (T 3) in plasma are 
reversibly bound to plasma proteins by a 
dynamic equilibrium (p. 4, p. 142). About 
99.97% of T4 and 99.5% of T3 are in bound 
form. Most routine methods measure the total 
amount of circulating hormone. Since the critical 
parameter for peripheral hormone effect is the 
free hormone, it would be more useful to 
measure the free fraction. This is technically 
feasible, but is still quite difficult (see below). 
As outlined on p. 4 (Chap. I) however, the total 
hormone is quite representative of the free 
fraction in most cases. 

The American Thyroid Association has 
recently standardized the nomenclature and 
abbreviations for tests of thyroid hormone in 
serum (SOLOMON, 1972), and this terminology 
will be used below. 

a) Serum Thyroxine, T4 

In most laboratories this is now measured by 
the convenient competitive protein displace
ment method (T4 [D]) (MURPHY, 1965, 1969). 
The thyroxine is extracted from a 1 ml sample 
of serum into an organic solvent which is then 
evaporated to dryness. The dry extract is taken 
up in a solution containing small amounts of 
thyroxine-binding globulin and T4 labeled with 
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1251 or 131 I. After a standard incubation time 
the labeled T4 bound to the thyroxine-binding 
globulin is separated from the free labeled 
hormone, e.g. by an ion-exchange resin. The 
thyroxine from the patient sample will displace 
a certain amount of the labeled hormone from 
the thyroxine-binding globulin. The more hor
mone contained in the sample, the less labeled 
T4 will be bound to the protein. The exact amount 
of hormone present in the patient serum is 
read from a standard curve obtained from 
calibrated samples. 

The mean normal value is around 8 J.1g/100 ml 
(range 5.5-11.0 J.1g). The method is very specific 
and is not influenced by any iodine-containing 
medications or X-ray contrast media. D-thyro
xine, which is sometimes used in the treatment 
of hypercholesterolemia, interferes with the 
measurement. The method measures total thy
roxine (free plus bound). It may therefore give 
misleadingly high or low values in situations 
where the binding proteins of serum are altered 
(p.4, p. 204). 

High values with a euthyroid state are thus 
found in: 

Pregnancy, estrogen treatment, oral contra
ceptive treatment (elevation lasts for 1 to 3 
months after discontinuation of the pill); 

Congenital elevation of TBG (p. 143); 
Hepatitis (p. 143); 
Porphyria (p. 143). 
Low values with a euthyroid state occur in: 
Hypoproteinemia in nephrotic syndrome; 
Congenital deficiency of TBG (p. 143); 
Diphenylhydantoin (Dilantin) treatment; 
Salicylate treatment (p. 143). 
There are several other methods of measuring 

T4. A radioimmunoassay (T4 [RIA]) has recently 
been developed (CHOPRA, 1971). The principle 
is the same as in the above assay, but T4 anti
bodies are used instead of TBG. This eliminates 
the extraction step and simplifies the procedure. 

Procedures where the amount of thyroxine 
is estimated by chemical iodine analysis ar~ 
discussed below (PBI, BEl, T4 by column). 

b) Serum Triiodothyronine, T3 

The concentration of T 3 in serum is about 40 
to 80 times lower than that of T4. This concen
tration was beyond the limits of chemical 
analysis for a long time. Improved chromato
graphic techniques and the use of competitive 
protein binding, as for thyroxine, have made 
the exact measurement of T 3 in serum feasible 
(T3 [D]). In STERLING'S (1969) original technique 
the hormone is extracted from serum into 
an organic solvent, separated from thyroxine 
by two chromatographic steps and finally 
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incubated with thyroxine-binding globulin solu
tion containing labeled T 3. As in the thyroxine 
assay, the label is displaced by the T3 from the 
patient's serum sample. More recently, this 
relatively complicated procedure has been re
placed by a radioimmunoassay using specific 
T3 antibodies (see also p.143 for references). This 
has eliminated the cumbersome chromatogra
phic separations and the test may soon become 
widely available (T 3 [RIA]). 

There is some controversy about the true 
normal value. The original STERLING (1969) 
procedure had a mean normal of 0.220 Ilg/ 
100 ml. The more recent radioimmunoassays 
give average normal values of 0.100--0.150 Ilg/ 
100 ml. 

c) Percent Free Thyroxine, %FT4' and Absolute 
Free Thyroxine, FT4 

Consideration of the points mentioned above 
and discussed in detail in Chap. 1 (p. 4) makes 
it apparent that it would be clinically more 
relevant to know the concentration of the tiny 
free hormone fraction rather than that of 
total hormone. This fraction is so small that 
it is not yet possible to measure it directly by 
any available method, chemical or immuno
logical. 

STERLING (1966) has developed an indirect 
method. A small amount of labeled T4 is added 
to the serum sample, which is then dialyzed 
against a protein-free buffer solution. Only 
the free hormone can pass the dialysis membrane. 
After 24 hours the radioactive T4 that has 
passed into the dialysis fluid is measured. It 
usually amounts to 0.03 % of the total radio
activity added (% FT4)' When the total amount 
of T4 is measured in the same sample by one 
of the above methods the absolute content of 
free T4 can be obtained by a simple multi-

plication as follows: FT4 = % FT4 x Ib~' 
This method of measuring % free T 4 is 

laborious and not suitable for routine clinical 
use. 

d) Resin T3 Uptake, RT3U 

The meaning of this fairly simple test is commonly 
misunderstood. Because of its name, many 
doctors think it measures the concentration 
of T 3, which in fact it does not. The test consists 
of adding T 3 labeled with 1251 or 131 I to the 
patient's serum. After a short incubation, during 
which the labeled T3 binds in part to the available 
hormone binding sites of the binding proteins, 
the free (unbound) hormone is adsorbed onto an 
anion-exchange resin and the radioactivity on 
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the resin is measured, (hence the name "Resin 
T3 uptake") according to the double equilibrium 
(CHRISTENSEN,1960): 

Protein-T 3 1251 ...,...,.. free T 3 1251 ...,...,.. Resin-T 3 1251 . 

There are numerous modifications of this 
test, but in the one most commonly used about 
25 % to 35 % of the added radioactivity goes 
onto the resin in normal sera. Inspection of the 
double equilibrium above shows that more 
radioactivity will go onto the resin when few 
bindings sites on the protein are available. 
This is the case in hyperthyroidism, since the 
excess thyroid hormone occupies binding sites 
that are normally free. A decrease in free binding 
sites, and therefore a high resin-T3 uptake, also 
occurs when the amount of binding protein in 
plasma is diminished or when the binding sites 
are occupied by a drug such as diphenylhydantoin 
or salicylate. In hypothyroidism, due to a 
decrease of the serum thyroxine concentration, 
many binding sites are free. A larger fraction 
of the T3 1251 will be bound to the protein and 
correspondingly less to the resin, i.e. the resin 
T3 uptake is low. The same result will also 
be obtained in cases where the number of 
available protein-binding sites is increased. This 
is the case in estrogen or oral contraceptive 
treatment and during pregnancy. The resin T 3 
uptake thus has a direct relationship to the 
serum concentration of thyroxine and an inverse 
relationship to the concentration of hormone
binding protein. 

By itself, the T rresin uptake is not a very 
sensitive test for the thyroxine concentration 
and it should therefore never be performed alone. 
It should always be combined with the measure
ment of T4 in serum. The advantage of the test 
lies in the fact that it allows the detection of 
the relatively frequent states with altered hor
mone-binding protein concentration. If the 
results of the two tests are compatible, the 
binding proteins of plasma are normal. If, in 
contrast, one test indicates hypothyroidism and 
the other hyperthyroidism, there has been some 
change in the binding proteins. The various 
possibilities are explained in detail in Table 
23. 

e) Free Thyroxine Index, Thyroxine-Resin T3 
Index, T4 x RT3U 

As discussed above, the combined evaluation 
of the T4 concentration and the RT3U allows 
a correct diagnosis of thyroid function despite 
variations in hormone-binding proteins of plas
ma. The combined tests thus give a better idea 
of the concentration of the functionally relevant 
free hormone. In many laboratories this fact 
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is exploited more quantitatively and the T4 * is 
multiplied by the R T 3 U. The thyroxine-resin 
T3 index thus obtained is an abstract number 
which correlates very closely with the free 
hormone concentration (OSORIO, 1962; CLARK, 
1965, 1967; RAGAZ, 1967). As outlined above, 
the direct measurement of the free hormone, 
though feasible, is too complicated for routine 
use. 

By ingenious modifications the measurement 
of T4 by displacement has been combined with 
the resin T:3 uptake into one simple procedure 
(ASHKAR, 1972; THORSON, 1972). This yields a 
value closely correlating with the free thyroxine 
which is independent from changes in the binding 
proteins ("normalized serum thyroxine", "T 7", 
"effective thyroxine ratio"). 

Table 23. Combined use ofT4 and RT3U measurements for 
the diagnosis of thyroid function and of abnormalities in 
plasma-binding proteins 

Euthyroidism, normal binding Normal Normal 
proteins 

Euthyroidism, elevated thyroxine- High Hypothyroid 
binding globulin (pregnancy, range 
estrogens, oral contraceptives). 

Euthyroidism, low thyroxine- Low Hyperthyroid 
binding globulin (nephrotic range 
syndrome, diphenylhydantoin, 
salicylates, inherited defect) 

Hyperthyroidism, normal High Hyperthyroid 
binding proteins range 

Hypothyroidism, normal Low Hypothyroid 
binding proteins range 

f) Thyroxine Iodine (Chromatographic), 
Thyroxine Iodine by Column, T41 (C) 

In these procedures the thyroxine is separated 
from other serum components by column 
chromatography and the iodine in the T4 
fraction is measured chemically by a colori
metric reaction. Since the T4 molecule contains 
65 % of iodine, the normal values are 65 % of 
those of the T4 (D), namely 3.5-7.5 Ilg/100 ml. 
Although these methods are better than the PBI 
(see below), since some iodine contaminants are 
eliminated, they are still not specific enough 
and have now been largely abandoned. 

g) Protein-Bound Iodine (PBI) 

This time-honored test has faithfully served a 
whole generation of endocrinologists. For a 
long time it was the best single test for assessing 
* Before specific T4 (D) measurements were available, the 
PBI was substituted for the T4. 
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thyroid function (BLACKBURN, 1955). The serum 
proteins are percipitated with zinc sulfate. Since 
99.97 % of T4 is protein-bound, it will copreci
pitate with the proteins. The precipitate is 
incinerated and the iodine in the residue is 
measured chemically by the ceric ammonium 
sulfate-arsenious trioxide method (BARKER, 
1951). Normal values are 3.5-8 Ilg/100 ml. Since 
thyroxine is normally the only iodine-containing 
compound of serum which precipitates with 
serum proteins, the test is theoretically an 
excellent measure of the serum thyroxine con
centration, but most radiographic contrast media 
and some drugs contain iodine, which signifi
cantly contaminates the PBI. The factors affect
ing the PBI have been thoroughly studied 
(DAVIS, 1966; SONKSEN, 1968; FOLDENAUER, 
1967). Due to this lack of specificity the test 
has now become obsolete and has been replaced 
by the more specific T4 (D) or T4 (RIA). 

Like the other measurements of serum T4, 
the PBI was influenced by variations in hormone
binding protein, e.g. it was high during estrogen 
treatment, etc. 

h) Butanol-Extractable Iodine (BEl) 

This method was developed in an attempt to 
improve the specificity of the PBI. The protein 
precipitate is extracted several times with acidi
fied n-butanol, in which thyroxine is very 
soluble (MAN, 1951). The iodine is then measured 
in the butanol extract. Normal values are 
2.1-6.5 Ilg/100 ml. Now that more specific 
methods are available, the BEl is of historic 
interest only. 

2. Tests of Radioiodine Turnover 

Thyroid hormone is one of the very few iodine
containing substances occurring physiologically 
in the body. This fact, together with the avail
ability of several radioactive iodine isotopes 
of convenient physical characteristics, has al
lowed more detailed assessment of function 
in the thyroid than is possible for other glands. 
Radioiodine tracer studies were among the 
best of thyroid function tests until recently, 
and a "tracer" was performed in practically 
every patient with any sort of thyroid disease. 
Specific measurements of thyroxine and tri
iodothyronine now allow an equally good or 
even better assessment of the thyroid state, since 
these new tests are not subject to contamination 
by iodine-containing compounds, while the 
radioiodine tracer tests are heavily influenced 
by iodine contamination (GRAYSON, 1960). 
Moreover, the in-vitro tests are convenient for 
the patient, since blood can be taken on a 
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single visit, while two VISItS are needed for 
tracer studies. It is therefore not necessary to 
perform a tracer study in every case of clear
cut Graves' disease if the doctor has decided 
on drug therapy or surgery. If the hyperfunction 
is to be treated with radioactive iodine a preced
ing tracer study is indicated. Radioiodine tracer 
studies in conjunction with the T 3 suppression 
test are very helpful in cases of borderline Graves' 
disease where the clinical examination and the 
other tests have given equivocal results. A 
tracer study is strongly recommended in cases 
where a toxic nodular goiter (toxic adenoma) 
is suspected. There is no other reliable way of 
diagnosing this condition. In euthyroid goiter 
and in cases of "solitary nodules" (p. 228) 
scintiscans with 131 I may be helpful in detecting 
cold areas, which raise the suspicion of malig
nancy. 

a) Thyroidal Radioiodine Uptake 

A tracer amount of 131 I (in the form of the anion 
iodide) is given to the patient per os. The 
radioactivity is usually 10 ~Ci if only the uptake 
is measured and 50 ~Ci if a scintiscan is also 
performed. The uptake into the thyroid is 
measured by an exactly standardized procedure 
(lAEA panel, 1962 and 1972) with a collimated 
detector after 2 hours and after 24 hours (in some 
laboratories after 48 hours). There are good 
reasons for the choice of the two intervals; the 
early (2-hour) uptake is particularly affected in 
hyperthyroidism, while the late (24- or 48-hour) 
uptake may be within normal limits. In hypo
thyroidism, clear separation from euthyroid 
patients is facilitated by the late uptake. The nor
mal values vary from one area to the other 
(Table 24). They are inversely related to the aver
age dietary iodine intake of the population. In 
many parts of the U.S.A. the normal values have 
steadily declined in the past 15 years due to an 
everincreasing iodine supply in food (PITTMAN, 
1969; CHAPLAN, 1971; SACKS, 1972). A similar 
phenomenon has occurred in Switzerland (Table 
24). 

Many iodine-containing foods or drugs can 
cause misleadingly low radioiodine uptakes. 
These include potassium iodide, which is present 
in copious amounts in many cough syrups and 
asthma tablets, organic iodine compounds such 
as the antiasthmatic iodopyrine (Felsol powder) 
and the intestinal antiseptic clioquinol (Entero
vioform, Mexaform), the coronary dilatator 
amiodarone (Cordarone) and practically all 
radiographic contrast media (except the barium 
sulfate used for visualization of the intestinal 
tract), and even swimming pool antiseptics 
(FREUND, 1966). Some of the organic com-
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pounds particularly the water-insoluble contrast 
media, have half-lives of months to years in the 
body (see ref. DAVIS, 1966, in section on protein
bound iodine). 

Table 24. Normal values for thyroid radioiodine uptake in 
several laboratories 

Place and authors Year of Thyroid radioiodine 
measurement uptake (% of dose 

± standard deviation) 

2 hours 24 hours 

Birmingham, 1959 28.6±6.5 
Alabama 

(PITTMAN,1969) 1967 15.4 ± 6.5 

Berne, 1960 29± 11 53± 13 
Switzerland 

(STUDER,1962; 1969 15± 6 38± 14 
STECK, 1972) 

Hamburg, 1959 19 44 
Germany 

(HORST. 1959) 

Antithyroid drugs of the thionamide type 
greatly depress the radioiodine uptake by in
hibiting the incorporation of iodide into thyro
globulin. After prolonged treatment, however, 
the uptake rises again markedly (STUDER, 1972). 
Some commonly used drugs have a weak 
antithyroid effect. This is true of the tuber
culostatic agent para aminosalicylic acid. Sul
fonamides and cortisocosteroids in very high 
dosage may depress the radioiodine uptake, 
but this effect is rarely of clinical relevance. 

Thyroid hormone medication decreases the 
radioiodine uptake by suppressing TSH release. 
After thyroxine treatment 3 to 4 weeks should 
be allowed to elapse before radioiodine uptake 
is measured. Due to its shorter half-life (1 day) 
the effect of triiodothyronine wears off more 
rapidly and an uptake measurement may be 
done 5 to 7 days after its discontinuation. 

Sedatives commonly used in thyrotoxicosis, 
such as phenobarbital or reserpine, do not 
change the radioiodine uptake, neither does 
diazepam (CLARK, 1971) which has been exten
sively tested in this respect. Radioiodine meta
bolism in anuria and oliguria, and during 
peritoneal dialysis has been studied by GDDlE 

(1970). The results are discussed on p. 152. 

b) Labeled Protein-Bound Iodine (PB 1311) 

The 131 I taken up by the thyroid is incorporated 
into the very large intra thyroidal stores of 
organic iodine. From these stores the radio
iodine is slowly released back into the blood
stream at a rate of roughly 1 % per day. The 
131 I can be detected in the blood as labeled 
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T3 and T4 , most of which is of course bound 
to the specific binding proteins. It can there
fore easily be precipitated by acid and measured 
as PB 1311. The normal range is 0.05-0.3 % of 
the dose per liter plasma 48 to 72 hours after the 
tracer dose. In hypothyroidism the PB l.H I 
becomes unmeasurable. In hyperthyroidism it 
is usually over 0.5 %/liter. All iodine-contain
ing drugs which inhibit the radioiodine uptake 
will of course also invalidate PB 131 I measure
ments. A reduction in the intrathyroidal hor
mone pool (e.g. after thyroidectomy or radio
active iodine treatment) causes an accelerated 
passage of the 1311 through the thyroid gland. 
An elevated PB 1311 is therefore often found in 
these states, even when the patient is euthyroid. 

c) Scintiscanning of the Thyroid 

This method allows localization of the radio
iodine within the thyroid gland. It has several 
uses: 

It allows the detection of hot or cold areas 
within a nodular goiter. Hot nodules are sug
gestive of toxic adenoma and cold nodules 
arouse the suspicion of cancer. 

The size (or weight) of a goiter can be 
estimated quite accurately from scintiscans 
(p. 196). It may also reveal substernal extension 
of a goiter. 

Scintiscan is indispensable in cases of con
genital hypothyroidism for the diagnosis of 
thyroid aplasia or ectopism. 

The whole-body scintiscan or the more 
simple whole-body profile allows detection of 
metastases of thyroid cancer. 

3. Thyroid Uptake of Pertechnate ~9mTc) 

Pertechnate anion is actively accumulated by 
the thyroid gland by the same transport system 
which traps iodide ("iodide pump"). In contrast 
to iodide, pertechnate is not incorporated into 
thyroid organic compounds, and it therefore 
leaves the gland again by diffusion. The 99mTc 
has some physical properties which make it 
an ideal isotope for short-term diagnostic studies. 
Due to its short half-life the radiation dose 
delivered to the body is very low. An i.v. 
injection of 30-500 ~Ci of pertechnate e9mTc) 
is given, and the radioactivity in the neck is 
measured by an external detector after 20 min. 
Correction for the extrathyroidal radioactivity in 
the other organs in the neck makes it possible to 
calculate thyroidal uptake of 99mTc. Normally 
0.4-3 % of the dose is taken up by the thyroid. 
In hyperthyroidism the uptake is higher. The 
test has no value in the diagnosis of hypo
thyroidism (GOOLDEN, 1971; VAN T'HoFF, 1972). 
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4. Tests of Peripheral Thyroid Hormone Effect 

a) Basal Metabolic Rate (BMR) 

The basal metabolic rate is defined as the amount 
of body heat produced under "basal" condi
tions, usually expressed as kilocalories per 24 
hours. FRIEDRICH VON MULLER was the first 
to suspect that heat production was increased 
in hyperthyroidism. Shortly afterwards MAGNUS
LEVY verified this hypothesis experimentally. 
The Americans AUB, DUBOIS, and BENEDICT 
share the merit of having introduced the 
measurement of the basal metabolic rate into 
clinical medicine. For decades it was the 
only reliable test of thyroid function and it is 
understandable that doctors are reluctant to 
abandon it. 

The crucial point in the clinical use of the 
BMR is the validity of the so-called normal 
values. Unlike any other thyroid function test 
the normal value of the BMR is proportional 
to the body surface. Moreover, with a given 
body surface, it may vary due to varying body 
composition (ROSSlER, 1951; WEDGWOOD, 1955). 
The body surface can be estimated according to 
a formula derived by DUBOIS (1936). More re
cently, the very accurate standards of FLEISCH 
(1954) have come to be widely used. 

The exact definition of what is meant by 
basal conditions is a matter of debate. Some 
laboratories insist that the BMR be measured 
before the patient gets up, which necessarily 
means that the patient has to stay in hospital 
overnight. In other centers the BMR is routinely 
done in outpatients arriving in the laboratory 
in the morning before breakfast. 

Calculation of Normal Values. Age, sex, height, 
and weight of the patient are recorded and the 
normal value is computed with the help of the 
tables of DUBOIS (1936), FLEISCH (1954), or, 
in the case of children, of TALBOT (1938). The 
measured patient value is usually expressed 
as a percentage deviation from the normal values. 
The normal range extends from -15 % to + 15 %. 
In our own laboratory in Zurich the mean 
BMR for 100 healthy men was +0.9 % (standard 
deviation ± 5.5 %) and for 100 healthy women 
+ 0.004 % (standard deviation 6.0 %) when the 
standards of FLEISCH (1954) were used. 

Open System. This system requires a more 
complex laboratory technology. It is more 
accurate than the closed system, but has not 
been widely used as a routine method. The 
subject inspires room air and expires into a 
bag. The volume, CO2 and O2 content of the 
bag are measured and the calorie production 
is calculated. 
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Closed System. The patient is connected to a 
closed spirometer system filled with pure oxygen. 
The expired gas is passed through sodium 
carbonate, which absorbs the COz, and the 
gas is then returned to the spirometer tank. 
The difference between the initial and the final 
spirometer volume gives the Oz consumption. 
The following 7 rules have to be carefully 
observed: 

1. The whole system, including the patient, 
must be airtight (mouthpiece, nasal clip, tym
panic membrane); 

2. The valves must be so arranged as to 
exclude rebreathing of expired gas; 

3. The valves and tubes should present no 
measurable resistance to gas flow; 

4. Constant pressure in the mouthpiece must 
exclude a slow change of the midrespiratory 
position; 

5. Temperature and water saturation of 
the Oz in the spirometer must be constant; 

6. The Oz content of the inspired air should 
not fall below that of normal room air; 

7. The patient must be fasting and relaxed 
and should breath quietly and regularly. 

Falsely high values are obtained if rules 
1, 2, 3, 6 and 7 are not observed. In most cases 
they arc due to a leak. 

Measuring Procedure: 
1. The patient must have fasted for 12 hours 

before the test; 
2. Weight and height are measured. Out

patients are left on a bed in a quiet room for 
1 hour; 

3. The spirometer is filled with Oz. After 
temperature and water vapor equilibration of 
the gas the spirometer is connected to the 
patient; 

4. The respiratory movements are immedi
ately recorded and measurements are started 
after 1-3 min· 

5. The whole measurement lasts 5-15 (aver
age 10) min; 

6. The diminution of volume in the spiro
meter is read and the time period is checked; 

7. After reduction of the measured Oz 
volume to standard conditions (0 0

, 760 mm Hg, 
dryness) the calorie production is calculated. 
With an empiric respiratory ratio of 0.82, 
1 liter of oxygen produces 4825 calories. The 
value is then expressed as percentage deviation 
from the expected normal value. 

The many simple thyroid tests now available 
have rendered the BMR almost obsolete, al
though it is a fairly good thyroid function test. 
The BMR will undoubtedly remain in use as a 
research tool, but as a clinical routine it will 
probably be slowly phased out. 
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b) Ankle Reflex Time 

A slowing of the ankle jerk in hypothyroidism 
can be observed clinically. The speed of the 
ankle jerk can be accurately measured by 
suitable recording instruments, and used as a 
thyroid test. In the most commonly used in
strument the foot of the kneeling patient 
interrupts part of a light beam which is directed 
onto a photocell. When the foot moves, the 
amount of light hitting the cell changes and 
the process can be easily recorded (Fig. 40). 
The time from the beginning of the ham
mer tap to half relaxation is measured. Nor
mal values are between 270 and 330 msec. 
In hyperthyroidism the values are often lower, 
but the discrimination is not very good. The 
test is more reliable for detecting hypothyroidism 
(RIVES, 1965), where the values are in general 
over 350 msec. IMBACH (1969) has published 
normal values for children. The reflex time may 
be shortened in anxious, tense patients (TscHuDI, 
1966) and during hypoglycemia (ZACHMAN, 
1967). It may be prolonged in hyperkalemia 
(WEISS, 1966), diabetes, late pregnancy anorexia 
nervosa (FOWLER, 1972) and dermatomyositis. 

----- Maximal contraction 

-- Half relaxation 

Reflex-time 

Fig. 40. Ankle reflex registered according to TSCHUDY 
(1966) 

c) Plasma Cholesterol 

Plasma cholesterol is undoubtedly elevated in 
hypothyroidism, probably more so in the pri
mary than in the secondary form (ESCAMILLA, 
1953). It has been faithfully passed on as a 
thyroid test from one textbook to the next. 
It must be now recognized that there are so 
many extrathyroidal factors which influence 
the plasma cholesterol that it should be aban
doned once and for all as a thyroid test. 

5. Tests of TSH Secretion 

a) TSH Radioimmunoassay 

LEMAR CHAND (1965) and ODELL (1965, 1967) 
were the first to develop radioimmunoassays 
for TSH. The technique has meanwhile been 
greatly improved by work in many laboratories 
and the clinical usefulness of the TSH radio-
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immunoassay is now well established (see 
HERSHMAN, 1971; MAYBERRY, 1971; Editorial, 
Brit. med. J., 1971). The normal values vary 
from laboratory to laboratory as each group 
uses its own antibody and sometimes its own 
standard. The most sensitive assays now detect 
values over 0.5 ~V/ml and TSH is measurable 
in most, though still not all, normal persons 
(see p. 149 for a more detailed discussion). 
Values of over 10 ~V/ml are clearly above the 
normal range in most current assays. 

The main applications of the radioimmuno
assay are: early detection of cases of mild or 
borderline hypothyroidism ("diminished thyroid 
reserve", see p. 161), since TSH is clearly 
elevated when the serum thyroxine is still 
within the normal range; convenient separation 
of primary and secondary hypothyroidism; 
TSH levels are elevated in the primary and 
depressed in the secondary form. 

For the moment, only specialized research 
laboratories can perform the TSH radioimmuno
assay, but the method may soon become widely 
available. 

b) TRH Stimulation Test 

The hypothalamic hormone TRH stimulates 
the secretion of TSH (p. 148). Soon after the 
determination of its tripeptide structure it was 
chemically synthesized on a large scale and its 
diagnostic application has been documented 
in a flood of publications, only a few of which 
will be mentioned. 

Intravenous injection of TRH causes a 
rapid rise of the plasma TSH, which reaches a 
peak between 30 and 40 min and then returns 
to baseline within 3 hours (ANDERSON, 1971). 
The response is dose-dependent, but doses 
upward of 200-400 ~g cause a maximal effect 
(ANDERSON, 1971). A standard dose of 200 or 
400 ~g is therefore now recommended. TSH 
rises by an average of 8 ~V in males and 12 ~V 
in females (ORMSTON, 1971 a). In hyperthyroidism 
TRH causes no rise of TSH, while in hypo
thydroidism there is an exaggerated response 
(HERSHMAN, 1970; HAIGER, 1971). The test has 
two main uses: 1. evaluation of pituitary reserve 
in cases of borderline hypopituitarism. 2. dif
ferentiation of pituitary from hypthalamic le
sions, particularly in cases of hypopituitary 
dwarfism (cf. p. 160, COSTOM, 1971). 

TRH can also be given orally. It then 
causes a slower and more prolonged rise in 
TSH than when given by the intravenous route, 
but the dose of TRH must be much higher, 
1-20 mg (ORMSTON, 1971 b). The prolonged 
TSH response after oral TRH causes a measur
able rise in the serum thyroxine (STAUB, 1971). 
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c) TSH Stimulation Test 

Since the TSH radioimmunoassay is not yet 
available to all doctors, the time-honored TSH 
stimulation test will still be used for some 
time to come. The test is used mainly to distin
guish primary from secondary hypothyroidism. 
The principle is that in primary hypothyroidism 
the thyroid gland is already maximally stim
ulated by endogenous TSH and injection of 
TSH will cause no further stimulation. In sec
ondary hypothyroidism injected TSH causes 
a marked rise in thyroid activity. 

The radioiodine uptake is usually measured 
as an index of thyroid function. A basal (pre-TSH) 
2-hour uptake is measured. Subsequently, 10 IV 
of bovine TSH (Thytropar, Armour, or 300 V 
Ambinon, Organon) are injected and a second 
2-hour tracer uptake is measured after one 
day. In primary hypothyroidism there is no 
rise in the radioiodine uptake. In secondary 
hypothyroidism the uptake rises by at least 
10 % and in normal persons by 50 %. Repeated 
TSH injections over 3 days may separate pri
mary from secondary hypothyroidism more 
clearly (TAUNTON, 1965). The serum thyroxine 
level usually also rises by at least 3 ~g/1 00 ml 
in normal persons. 

d) TSH Reserve Test with Carbimazole 

This test was developed for the detection of 
cases of diminished thyrotropin reserve (STUDER, 
1962, 1964). A basal radioiodine uptake is 
measured immediately before a one-week course 
of carbimazole (15 mg t.i.d.) is started. A new 
tracer dose is given 36 hours after the last 
carbimazole tablet and the thyroidal uptake is 
measured again. Due to the TSH secretion 
provoked by the carbimazole, the second up
take is usually 10-15 % higher than the first. 
This test has not worked well in other labora
tories (SCHNEEBERG, 1966; POWELL, 1966), prob
ably due to a higher iodine intake in American 
subjects. JENSEN (1969) and MORNEX (1970) have 
much improved the sensitivity of the test by 
certain modifications. With the advent of 
the TSH radioimmunoassay and the avail
ability of TRH the test has lost some of its 
usefulness. 

e) Triiodothyronine Suppression Test 

In normal persons exogenous triiodothyronine 
causes a decrease of thyroid activity by sup
pressing the secretion of TSH. In cases of 
TSH-independent thyroid function (toxic ade
noma, Graves' disease), triiodothyronine does 
not affect thyroid function (WERNER, 1955). 
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The basal radioiodine uptake is measured 
and triiodothyronine (25 !lg t.i.d.) is given for 
one week. In patients with heart disease the 
dose may be reduced to 40 !lg/day for 10-14 
days. A second radioiodine tracer is then 
performed. In normal persons the uptake values 
decrease by at least 30 % (the original uptake 
being taken as 100 %). In thyrotoxicosis there 
is no decrease of the radioiodine uptake even 
in borderline cases. 

This test is still very valuable in the follow
ing circumstances: 

1. In the differentiation between an elevated 
radioiodine uptake caused by iodine deficiency 
and that caused by Graves' disease; 

2. For the establishment of the endocrine 
nature of exophthalmos in cases of euthyroid 
ophthalmopathy (p. 202); 

3. For the diagnosis of "compensated" 
toxic adenoma (p. 205). A good review is 
available on the test (BURKE, 1967). 

6. Tests for Inborn Errors of Iodine Metabolism 

a) Perchlorate Discharge Test 

This test serves to establish the diagnosis of a 
defect in organic iodination (p. 168). As outlined 
on p. 140, the iodide transported into the thyroid 
cell is normally immediately incorporated into 
organic molecules within the colloid. If this 
organification fails, iodide accumulates within 
the gland. If further accumulation of iodide is 
blocked by perchlorate, the iodide concen
tration in the gland decreases rapidly because 
the iodide can leave the gland by diffusion. 

A radioiodine uptake is performed and 
immediately after the 2-hour measurement 0.4-
1.0 g of potassium perchlorate is given p.o. 
The thyroidal radioactivity is measured again 
2 and 4 hours later. In normal persons the 
thyroidal radioactivity remains constant after 
perchlorate. In defects of organification the 
thyroidal radioiodide falls by at least 50% (the 
first value being taken as 1 00 %). Decreases 
of 10 % may indicate partial defects. The test 
gives a positive (pathologic) result in cases of 
the familial organification defect (p. 168), during 
antithyroid drug treatment, in some cases of 
chronic lymphocytic thyroiditis, and some cases 
of endemic goiter. In cases of familial goiter the 
defect should be comfirmed by direct enzyme 
measurements in the thyroid tissue in all 
cases where a thyroidectomy is performed 
(p. 168). (References p. 283). 

b) Test for Deiodinase Deficiency 

In the familial syndrome, deiodinase is not 
only deficient in the thyroid, but also in many 
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other tissues, such as liver and kidney. The 
defect can conveniently be detected in the 
following way: An i. v. injection with 30 to 
50 !lei of 131 1-Diiodotyrosine is given and the 
urine is collected for the next 6 hours. The 
radioactivity in the urine is analyzed by paper 
chromatography. Normally the diiodotyrosine 
is rapidly deiodinated and less than 20 % of 
the urinary 1311 is in diiodotyrosine, the re
mainder being excreted mainly as iodide (AL
BERT, 1951; STANBURY, 1956). 

7. Miscellaneous Tests 

a) Serum Antibodies to Thyroid Tissue 
Components 

These tests are particularly useful in the diag
nosis of chronic lymphocytic thyroiditis and 
of primary idiopathic myxedema. The various 
antibodies, the corresponding antigens and the 
tests for their demonstration are listed in Table 
25. 

Table 25. Thyroid antibodies and methods for their detec
tion. (Modified from KLEIN, in OBERDISSE and KLEIN: Die 
Krankheiten der Schilddriise. Stuttgart: Thieme 1967) 

1. Colloid antigen 1 (Thyroglobulin) 

Agglutination 
a) Passive hemagglutination of thyroglobulin-coated tan

ned erythrocytes. 
b) Agglutination of thyroglobulin-coated latex particles 

or bentonite particles. 

Immunofluorescence 
Unfixed thyroid tissue sections exposed to fluorescence
labeled serum. 

2. Colloid antigen 2 (not identified) 
Immunofluorescence (as above) 

3. Microsomal antigen 
Complement fixation 
Immunofluorescence (as above) 

Three main antigens are distinguished: thyro
globulin, colloid component other than thyro
globulin and microsomal antigen. In routine 
practice it is quite sufficient to test for two 
antibodies (usually antithyroglobulin and anti
microsomal), since a positive response in either 
one or both tests is obtained in 97 % of patients 
with chronic lymphocytic thyroiditis. 

Thyroglobulin antibodies are detected by 
the sensitive tanned red cell hemagglutina
tion technique. Red cells coated with thyro
globulin are mixed with serial dilutions of the 
patient's serum and the suspension is examined 
for hemagglutination. Titers of 1: 25000 or 
more are diagnostic for chronic lymphocytic 
thyroiditis. 
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The antimicrosomal antibody is detected 
either by a complement fixation reaction or 
by immunofluorescence. Titers of 1 : 64 in the 
complement fixation test are diagnostic for 
chronic lymphocytic thyroiditis. 

Lower antibody titers are found in a number 
of thyroid disorders, notably in Graves' disease. 

b) Measurement of LATS 

The significance of LATS and the bioassay 
method have been amply discussed on p. 179. 

The measurement of LA TS may be of 
practical interest in cases of exophthalmos of 
unknown etiology. As outlined on p. 202, 
endocrine exophthalmos may occur in euthyroid 
patients. The presence of LA TS in the serum 
of such patients is strong evidence that they 
have so-called euthyroid Graves' disease. 

c) Thyroid Biopsy, Fine-Needle Aspirates 

HAMLIN (1956) and HAWK (1966) have published 
their experiences with thyroid biopsies per
formed with the Vim-Silverman needle. A small 
skin incision is made and the needle is introduced 
tangentially along the trachea to a depth of 
2 cm. The cannula is then advanced and the 
needle rotated through 180°. A cylinder measur
ing 1 x 20 mm is obtained. Pressure is applied 
over the site of biopsy for 5 min. Usually the 
biopsy causes little pain. 

For a long time the main indication for 
thyroid biopsy was the suspicion of chronic 
lymphocytic thyroiditis. Most cases can now 
be diagnosed by the presence of thyroid anti
bodies in serum. 

In suspected cases of thyroid cancer thyroid 
biopsy is not recommended because of the 
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potential risk of implanting metastases along 
the needle track. The value of cytological 
examination of fine-needle aspirates is currently 
under investigation (GALVAN, 1973). 

8. Clinical Indices. Diagnostic Power and Proper 
Selection of Laboratory Tests 

In the great majority of patients hyper- and 
hypothyroidism can be correctly diagnosed by 
a careful history and a physical examination. 
There are two important exceptions to this 
statement. Both in cases of toxic adenoma 
and in cases of hyperthyroidism of patients 
over 60 years of age the clinical diagnosis can 
be extremely difficult, since often only a few 
symptoms and signs are present. A wider use 
of laboratory tests is therefore justified if one 
of these two conditions is suspected. 

Not all clinical features are equally important 
in the diagnosis of thyroid dysfunction. Some 
have little, others excellent discriminative func
tion. Several groups have attempted to establish 
the diagnostic power of each clinical symptom 
or sign by statistical methods. They have set 
up "clinical indices" in which the presence or 
absence of each clinical feature is assigned a 
certain number of plus or minus points. The 
points for each patient are added up and the 
sum is compared to a normal previously estab
lished range (CROOKS, 1959; BILLEWICZ, 1969; 
GURNEY, 1970; HARVEY, 1971). Such diag
nostic indices are very helpful, especially to the 
doctor with little experience of thyroid disease. 
They show which of the innumerable textbook 
features of thyroid dysfunction are really of 
clinical importance. The indices have shown, 
for example, that such commonly taught signs 
and symptoms as weight gain and constipation 

Table 26. Reliability of the most current thyroid function tests for discriminating hypo- and hyperthyroid patients from eu
thyroid persons. The final impression based on clinical findings and several laboratory tests was considered the correct 
diagnosis 

Percentage of patients correctly diagnosed 

Hypothyroidism Hyperthyroidism 

FRAGU RIVES FRAGU RIVES 
(1972)" (1965)b (1972)" (1965)b 

Thyroidal 131 I uptake 
2.5 hours 82.6 94.0 

24 hours 83.6 83 78.4 90 
PBI 75.7 92 89.5 87 
RT3U 67 72 
Ankle jerk 86.3 75 84.5 30 
Cholesterol 66.0 69.0 
BMR 65 87 
Clinical impression 82.6 94.2 

" Normal range adjusted so that in each test an equal percentage of euthyroid people are in the hypothyroid range (false
positives) as there are hypo- or hyperthyroid patients in the normal range (false-negatives). 
b Normal range adjusted to include 86.5% (± 1.5 SD) of euthyroid persons, i.e. each test gives 13.5% false-positives. 
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in the case of hypothyroidism or hair loss and 
diarrhea in the case of hyperthyroidism have 
practically no diagnostic power. Some other 
conclusions learned from these indices are 
discussed in the sections on hypothyroidism 
(p. 159) and thyrotoxicosis (p. 188). 

Thyroid laboratory tests must be performed 
in every case where the clinical examination has 
given equivocal results. As in the case of clinical 
features, not all laboratory tests have the same 
discriminative powers. Several thyroid clinics 
have determined the value of individual tests 
by comparing the correlation between the results 
and the final diagnosis (LUDDECKE, 1958; CHEW, 
1962; RIVES, 1965; GORDON, 1970; HARVEY, 
1971; FRAGU, 1972). The results of two such 
studies are shown in Table 26. Of course the 
value of each test (defined by the percentage of 
correct diagnoses) depends very much on how 
the normal range is defined. If narrow limits 
are given, the test will give few false-negative 
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and many false-positive results, and vice versa. 
Different definitions of the normal range account 
at least in part for the discrepancies in the various 
studies (Table 26). 

The protein-bound iodine has proved to be 
one of the best single tests of thyroid function 
in most studies. No studies comparing the 
diagnostic value of the newer thyroid hormone 
measurements (T4) with that of other tests 
have yet appeared. But since they are not 
subject to contamination by compounds con
taining iodine, an important source of error 
inherent in the PBI test has been eliminated and 
the new tests can be expected to obtain a better 
rating than the PBI, particularly if the T 4 
measurement is combined with an R T 3 U for 
the exclusion of disorders of hormone binding 
to plasma proteins. 

The thyroidal radioiodine uptake has ob
tained the same rating as the PBI in most 
studies. The BM R has had an excellent rating 

Table 27. Use of thyroid tests in the most common thyroid disorders 

Ura ves' disease 

Euthyroid Graves' disease 
with ophthalmopathy 

Toxic adenoma 

Triiodothyronine thyro
toxicosis 

Primary hypothyroidism 

Secondary hypothyroidism 

Thyroid aplasia or ectopism 

Familial defect in hormone 
biosynthesis 

Euthyroid sporadic goiter 

Endemic goiter 

Chronic lymphocytic 
thyroiditis 

Acute or subacute granulo
matous thyroiditis 

Diagnosis made with 
reasonable certainty by 

Usual additional or 
confirmatory tests 

History and physical exam- T4 • RT3U, possibly 131 1 
ination uptake and scan. 

History and physical exam- T4 • RT3U, T 3 suppression test 
ination 

Clinical diagnosis difficult. 
131 I uptake and scan, PB 131 I 

History and physical exam
ination, T4 • RT3 U 

History and physical exam
ination 

History and physical exam
ination. Clinical differentia
tion from primary form dif
ficult 

Neonatal hypothyroidism. 
absence of goiter. In case of 
slight suspicion: T4 • RT3U 

Goiter and hypothyroidism 
in newborn. Affected sibling 

History and physical exam
ination 

History and physical exam
ination 

Clinical evaluation. Anti
bodies to thyroid tissue 

Clinical evaluation: pain. 
fatigue. Elevated erythro
cyte sedimentation rate 

Repeat scan after T3 sup
pression or TSH stimulation 

T3• if not available: BMR; 
131 I uptake, scan 

T4 , RT3 U, thyroid anti
bodies serum TSH or TSH 
stimulation test 

T4 , RT3U, serum TSH or 
TSH stimulation test, thy
roid antibodies, other pitu
itary hormones 

T4 , RT3U, 1311 uptake and 
scan 

T4 , RT3U, 131 1 uptake. Per
chlorate discharge test. De
iodinase test. Biochemical 
examination of excised 
gland 

T4 , RT3U (, 311 uptake and 
scan). Surgery if malignancy 
suspected 

T4 , RT3U, 1311 uptake 

Patient may be hypo-, eu-, 
or hyperthyroid. Therefore: 
T4 , RT3U (, 311 uptake, scan) 

Thyroid antibodies (absent) 
T4 , RT3U, 131 1 uptake, scan 

Tests performed in doubtful 
cases where diagnosis can
not be established by 
simpler procedures 

T 3 suppression test 

T 3 suppression test 

TRH stimulation test if hy
pothalamic origin suspected 
(pituitary dwarfism). 

TSH stimulation test or 
serum TSH 

Scan if there is slightest 
doubt of toxic adenoma 

Urinary iodine excretion 

Biopsy 

Biopsy 
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in some studies and a low rating in others. 
The ankle jerk appears to be useful for the diag
nosis of hypothyroidism, but not very useful 
in hyperthyroidism. The plasma cholesterol, as 
mentioned earlier, proved to be practically 
useless as a thyroid function test. 

F:nally it is noteworthy that in FRAGU'S 
(1972) study the clinical impression was un
surpassed by any single laboratory test for the 
diagnosis of hyperthyroidism, which may be a 
comfort to the many doctors who have to 
practice without the luxury of ready access to 
an endocrine laboratory. 

Table 27 gives a summary of the various tests 
we find most useful for a number of common 
thyroid disorders. 

References 

The Thyroid Gland 

Basic Texts 

BASTENIE, P. A., ERMANS, A. M.: Thyroiditis and thyroid 
function. Oxford: Pergamon 1972. 

HEDINGER, CHR. (ed.): Thyroid cancer. UICC Monograph 
Series, vol. 12. Berlin-Heidelberg-New York: Springer 
1969. 

MEANS,1.H., DEGROOT,L.J., STANBURy,J.B.: The thyroid 
and its diseases, 3rd. ed. New York-Toronto-London: 
McGraw-Hill Book Co. 1963. 

PITT-RIVERS, R., TROITER, W.R.: The thyroid gland. Lon
don: Butterworths 1964. 

STANBURY, 1. B., KRoc, R. L. (ed.): Human development and 
the thyroid gland. Relation to endemic cretinism. 
New York: Plenum Press 1972. 

Symposium on Graves' disease. Mayo Clin. Proc. 47, 801 
(1972). 

WAYNE, E.J., KOUTRAS, D.A., ALEXANDER, W.D.: Clinical 
aspects of iodine metabolism. Oxford: Blackwell 1964. 

WERNER, S.C., INGBAR, S.H.: The thyroid: A fundamental 
and clinical text, 3rd ed. New York: Harper & Row 1972. 

Embryology and Anatomy 

ALLEN, B. M.: The influence of the thyroid gland and hypo
physis upon growth and development of amphibian 
larvae. Quart. Rev. BioI. 4, 325 (1929). 

- The endocrine control of amphibian metamorphosis. 
Biol. Rev. 13, 1 (1938). 

BARGMANN, W.: Die Schilddrlise. Handbuch der mikrosko
pischen Anatomie des Menschen, Bd. VI/2. 1939. 

EKHOLM, R., SMEDS, S.: On dense bodies and droplets in the 
follicular cells of the guinea pig thyroid. J. Ultrastruct. 
Res. 16, 71 (1966). 

ETKIN, W.: A thyroid field elTect in the tadpole. J. expo Zool. 
82,463 (1939). 

FuGO, N. W.: ElTects of hypophysectomy in the chick embryo. 
J. expo Zool. 85, 271 (1940). 

GOLDSMITH: Phylogeny of the thyroid, descriptive and ex
perimental. Ann. N.Y. Acad. Sci. 50, 283 (1949). 

GONZALES, F.: Functional dilTerentiation of embryonic chick 
thyroid in roller tube cultures. Exp. Cell Res. 10, 181-
187 (1956). 

GORBMANN, A.: Phylogenetic and developmental aspects of 
the thyroid. Brookhaven Symp. in BioI. The thyroid. 
Upton, N. Y.: Brookhaven National Laboratory 1955. 

The Thyroid Gland 

GREENBERG, A.H., CZERNICHOW, P., REBA, R.C., TYSON, J., 
BLIZZARD, R.M.: Observations on the maturation of 
thyroid function in early fetal life. J. clin. Invest. 49, 1790 
(1970). 

GRUMBACH, M.M., WERNER, S.C.: Transfer of thyroid hor
mone across the human placenta at term. J. clin. Endocr. 
16, 1392 (1956). 

HILFER, S. R.: The stability of embryonic chick thyroid cells 
in vitro. Develop. Biol.4, 1-21 (1963). 

HODGES, R. E., EVANS, T. c., BRADBURY, J. T., KEEITEL, W. c.: 
The accumulation of radioactive iodine by human fetal 
thyroids. J. clin. Endocr. 15,661 (1955). 

JOST, A.: Hormonal factors in the development of the fetus. 
Cold. Spr. Harb. Symp. quant. BioI. A, 167 (1954). 

- MOREL, F. F., MAROIS, M.: Donnees preliminaires sur la 
fixation de radio-iode 1131 par la thyroide fetale du 
lapin. C.R. Soc. BioI. (paris) 143, 142 (1949). 

KERR, T.: On the histology of the developing pituitary in the 
frog (Rana t. temporaria) and in the toad (Bufo bufo). 
Proc. zoo I. Soc. Lond. B 109, 167 (1939). 

MARTINDALE, F.M.: Initiation and early development of 
thyrotropic function in the incubating chick. Anat. Rec. 
79, 373 (1941). 

NADLER, N.J., YOUNG, B.A., LEBLOND, c.P., MITMAKER, B.: 
Elaboration of thyroglobulin in the thyroid follicle. 
Endocrinology 74, 333-354 (1964). 

RANKIN, R. M.: Changes in the content of iodine compounds 
and in the histological structure of the thyroid gland of 
the pig during fetal life. Anat. Rec. 80, 123 (1941). 

ROBERTIS, E. DE: Cytological and cytochemical bases of 
thyroid function. Ann. N.Y. Acad. Sci. SO, 317 (1949). 

SELJELW, R.: Endocytosis in thyroid follicle cells: I. Structure 
and significance of dilTerent types of single membrane-lim
ited vacuoles and bodies. J. Ultrastruct. Res. 17, 195 (1967). 
Endocytosis in thyroid follicle cells: II. A Microinjection 
study of the origin of colloid droplets. J. Ultrastruct. Res. 
17,401 (1967). 

- Endocytosis in thyroid follicle cells: V. On the redistri
bution of cytosomes following stimulation with thyro
tropic hormone. J. Ultrastruct. Res. 18, 479 (1967). 

STEIN, 0., GROSS, J.: Metabolism of 1251 in the thyroid gland 
studied with electron microscopic autoradiography. 
Endocrinology 75,787-798 (1964). 

TONUTTI, E.: Normale Anatomie der endokrinen Drlisen und 
endokrine Regulation. In Lehrbuch der speziellen patho
logischen Anatomie von E. KAUFMANN, herausgeg. von 
M.STAEMMLER, 11th and 12th ed., Bd. 1, part 2, p. 1285. 
Berlin: W. de Gruyter & Co. 1955. 

WEGELlN, C.: Schilddrlise, S. 1. In: F. HENKE U. O. LUBARSCH, 
Handbuch der speziellen pathologischen Anatomie, Bd. 8. 
Drlisen mit innerer Sekretion. Berlin: Springer 1926. 

WOLFF, J., CHAIKOFF, J. L., NICHOLS, C. W. JR.: The accumu
lation of thyroxine-like and other iodine compounds in 
the fetal bovine thyroid. Endocrinology 44,510 (1949). 

WOLLMANN, S. H., ZWILLING, E.: Radio-iodine metabolism 
in the chick embryo. Endocrinology 52, 526 (1953). 

Biochemistry and Physiology 

Reviews 

DUMONT, J.E.: The action of thyrotropin on thyroid meta
bolism. Vitam. and Horm. 29, 287 (1971). 

FELLENBERG, TH. VON: Das Vorkommen, der Kreislauf und 
der Stoffwechsel des Jods. Ergebn. Physiol. 25, 176 (1926). 

GALTON, V.A.: The physiological role of thyroid hormone 
metabolism. In: JAMES: Recent advances in endocrino
logy. 8th ed. London: Churchill 1968. 

HARINGTON, C. R.: Newer Knowledge of the biochemistry 
of the thyroid gland. J. chern. Soc. 1944, 193. 

HILLMANN, G.: Biosynthese und StolTwechselwirkungen der 
Schilddrlisenhormone. Stuttgart: Thieme 1961. 



References 

LARSEN, P. R.: Triiodothyronine: Review of recent studies of 
its physiology and pathophysiology in man. Metabolism 
21, 1073 (1972). 

PITT-RIVERS, R., TATA, J. R.: The thyroid hormones. London: 
Pergamon Press 1959. 

ROBBINS, J., RALL, J. E.: The iodine-containing hormones. 
In: GRAY, C.H., and A1. BACHARACH, Hormones in 
blood, 2nd ed. London-New York: Academic Press 
1967. 

Thyroid Hormone Chemistry and Analogues 

BANSI, H. W.: Schilddriisenhormonanaloge und -metaboliten 
unter besonderer Beriicksichtigung ihrer klinischen An
wendung. Ergebn. inn. Med. Kinderheilk. 18, 196 (1962). 

BARKER, S. B.: Chemistry, cellular and subcellular effects of 
thyroid hormones. In: The Thyroid S. C. WERNER and 
S. H. INGBAR, (eds.), p.79. New York: Harper and Row 
1971. 

BENUA, R. S., LEEPER, R. D., KUMAOKA, S., RAWSON, R. W.: 
Metabolic effects of thyroxine analogues in human myxe
dema. Ann. N. Y. Acad. Sci. 86, 563 (1960). 

CAMERMAN, N., CAMERMAN, A: Three-dimensional structure 
of L-thyroxine. Proc. nat. Acad. Sci. (Wash.) 69, 2130 
(1972). 

- - Triiodothyronine: The 3'-iodine is proximal to the 
(X-ring in crystal structure conformation. Science 175, 
764 (1972). 

JORGENSEN, E.C., BERTEAU, P. E.: Thyroxine analogs. 21. 
o-and m-L-thyroxine and related compounds. J. medi

cinal Chern. 14, 1199 (1971). 
MONEY, W. 1., KUMAOKA, S., RAWSON, R. W., KROC, R. 1.: 

Comparative effects of thyroxine analogues in experi
mental animals. Ann. N. Y. Acad. Sci. 86, 512 (1960). 

RHODES, B. A: The circulating iodotyrosines. Acta endocr. 
(Kbh.), Suppl. 127, to Bd. 57 (1968). 

ROBBINS, J., WOLFF, J., RALL, J. E.: iodoproteins in normal 
and abnormal human thyroid tissue and in normal 
sheep thyroid. Endocrinology 64, 37 (1959). 

Thyroid Hormone Biosynthesis and Release 

ALEXANDER, N. M., CORCORAN, B. J.: Reversible dissociation 
of thyroid iodide peroxidase into apoenzyme and 
prosthetic group. 1. bioI. Chern. 237, 243 (1962). 

ALEXANDER, W.D., KOUTRAS, D.A, CROOKS, J., BUCHANAN, 
W. W., MACDONALD, E. M., RICHMOND, M. H., WAYNE, 
E. J.: Quantitative studies of iodine metabolism in thyroid 
disease. Quart. J. Med., N.S. 31, 281 (1962). 

ARlMA, T., SPIRO, M.J., SPIRO, R.G.: Studies on the carbo
hydrate units of thyroglobulin. Evaluation of their micro
heterogeneity in the human and calf proteins. J. bioI. 
Chern. 247, 1825 (1972). 
SPIRO, R.G.: Studies on the carbohydrate units of 
thyroglobulin. Structure of the mannose N-acetylglucos
amine unit (unit A) ofthe human and calf proteins. J. bioI. 
Chern. 247, 1836 (1972). 

BENABDELJLIL, c., MICHEL-BECHET, M., LISSITZKY, S.: Iso
lation and iodinating ability of apical poles of sheep 
thyroid epithelial cells. Biochem. biophys. Res. Commun. 
27,74 (1967). 

BLASI, F., FRAGOMELE, F., COVELLI, I.: Enzymic pathway for 
thyroxine synthesis through p-hydroxy-3,5-diiodophenyl
pyruvic acid. Endocrinology 85, 542 (1969). 

BROWN-GRANT, K.: Extrathyroidal iodide concentrating 
mechanisms. Physiol. Rev. 41, 189 (1961). 

BORGI, H., ANDERSEN, M.-C., SCHWANDER, J., KOHLER, H., 
STUDER, H.: Secretion of thyroxine and non-thyroxine 
iodine by the normal human thyroid gland. Influence of 
carbimazole and pharmacological doses of iodine. Europ. 
J. din. Invest. 3, 142 (1973). 

247 

COVAL, M. 1., TAUROG, A: Purification and iodinating acti
vity of hog thyroid peroxidase. J. bioI. Chern. 242, 5510 
(1967). 

CROMBRUGGHE, B. DE, EDELHOCH, H.: The properties of 
thyroglobulin. XIV. The structure of reoxidized thyro
globulin. Biochem. J. 5, 2238 (1966). 

DANNER, D. J., MORRISON, M.: Isolation of the thyroid perox
idase complex. Biochim. biophys. Acta (Arnst.) 235, 44 
(1971). 

DE GROOT, 1. J.: Current views on formation of thyroid 
hormones. New Engl. J. Med. 272, 243 (1965). 

DEISS, W.P., PEAKE, R.L.: The mechanism of thyroid hor
mone secretion. Ann. intern. Med. 69, 881 (1968). 

DUMAS, P., MAZIERE, B., AUTISSIER, N., MICHEL, R.: Speci
ficite de l'iodotyrosine desiodase des micro somes thyroi
diens et hepatiques. Biochim. biophys. Acta (Arnst.) 293, 
36 (1973). 

EDELHOCH, H.: The structure of thyroglobulin and its 
role in iodination. Recent Progr. Hormones Res. 21, 1 
(ILJ65). 

GREGERMAN, R.I., GAFFNEY, G.W., SHOCK, N.W.: Thyrox
ine turnover in euthyroid man with special reference to 
changes with age. J. din. Invest. 41, 2065 (1962). 

HAlBACH, H.: Free iodothyron'ines in the rat thyroid gland. 
Endocrinology 88, 149 (1971). 

HALMI, N. S., PITT-RIVER, R.: The iodide pools of the rat 
thyroid. Endocrinology 70, 660 (1962). 

HARINGTON, c. R.: Newer knowledge of the biochemistry 
of the thyroid gland. J. chern. Soc. 1944, 193. 

HUBER, D., STUDER, H.: "Altes" und "junges" Jod in der 
Schilddriise: Hinweis auf die funktionelle Heterogenitat 
der menschlichen Schilddriise. Helv. med. Acta, Suppl. 
47, 117 (1967). 

KOJ, TO!, SALVATORE, G., CAHNMANN, H.J.: Model reactions 
for the biosynthesis of thyroxine. X. Non-enzymic for
mation of thyroxine and 3,3',5'-Triiodthyronine residues 
in thyroglobulin. Biochim. biophys. Acta (Arnst.) 97, 
523 (1965). 

LAMAS, 1., DORRIS, M. c., TAUROG, A.: Evidence for a cata
lytic role for thyroid peroxidase in the conversion of 
diiodotyrosine to thyroxine. Endocrinology 90, 1417 
(1972). 

LISSITZKY, S.: Biosynthese des hormones thyroidiennes. Ex
pos. ann. Biochim. med. 25, 1 (1964). 

- ROLLAND, M., REYNAUD, J., SAVARY, J., LASRY, S.: Struc
ture sous-unitaire de la thyroglobuline de mouton. 
Europ. J. Biochem. 4, 464 (1968). 

MAYBERRY, W. E., RALL, J. E., BERTOLI, D.: Kinetics of iodi
nation. J. Amer. chern. Soc. 86, 5302 (1964). 

MELTZER, R.I., STANABACK, R.J.: Reaction of 4-hydroxy-3,5 
diiodophenylpyruvic acid with 3,5-diiodotyrosine. J. 
organ. Chern. 26, 1976 (1961). 

M UTZENBECHER, P. VON: Uber die Bild ung von Thyroxin a us 
Dijodtyrosin. Hoppe-Seylers Z. physiol. Chern. 261, 253 
(1939). 

NADLER, N.J., LEBLOND, C.P.: The site and rate of the for
mation ofthyroid hormone. In: The thyroid. Brookhaven 
Symp. BioI. 7, 40 (1955). 

NAGATAKI, S., INGBAR, S.H.: Demonstration of a second 
thyroidal iodide pool in rat thyroid glands by double 
isotope labeling. Endocrinology 73, 479 (1963). 
SHIZUME, K., NAKAO, K.: Thyroid function in chronic 
excessive iodide ingestion: release of inorganic iodide 
from the thyroid gland in vitro in response to chronic 
iodide administration. Endocrinology 85, 899 (1969). 

NELSON, J.c., WEISS, R.M., LEWIS, J.E., WILCOX, R. B.: Ra
dioimmunoassay of diiodotyrosine in serum. Proc. 
48th Annual Meeting American Thyroid Association, 
p. 17 (1972). 

NICOLOFF,J.T., Low,J.C., DUSSAULT,J.H., FISHER,D.A: 
Simultaneous measurements of thyroxine and triiodo
thyronine peripheral turnover kinetics in man. J. din. 
Invest. 51, 473 (1972). 



248 

NUNEZ,J., MAUCHAMP,J., MACCHIA, V., ROCHE,J.: Bio
synthese in vitro d'hormones doublement marquees dans 
des coupes de corps thyroide. II. Biosynthese d'une 
prethyroglobuline non iodee. Biochim. biophys. Acta 
(Arnst.) 107, 247 (1965). 

- POMMIER, J.: Iodation des proteines par voie enzymatique. 
3. Complexe intermCdiaire enzyme-proteine et mecanisme 
de la reaction. Europ. J. Biochem. 7, 286 (1969). 

ODDIE, T. H., FISHER, D. A, MCCoNAHEY, W. M., THOMPSON, 
C.S.: Iodine intake in the United States: A reassessment. 
J. elin. Endocr. 30, 659 (1970). 

OGAWARA, H., CAHNMANN, H.J.: Nonenzymic synthesis of 
iodothyronine residues in thyroglobulin. Biochim. bio
phys. Acta (Arnst.) 257,328 (1972). 

OITEN, J., JONKHEER, M., DUMONT, J. E.: Thyroid albumin. 
II. In vitro synthesis of a thyroid albumin by normal 
human thyroid tissue. J. elin. Endocr. 32, 18 (1971). 

PITTMAN, J. A., DAILEY, G. E., BESCHI, R.J.: Changing normal 
values for thyroidal radioiodine uptake. New Engl. J. 
Med.280, 1431 (1969). 

PITT-RIVERS, R.: The biosynthesis of thyroid hormones. 
J. elin. Path. 20, 318 (1967), Suppl. 

POMMIER, J., DE PRAILAUNE, S., NUNEZ, J.: Peroxydase parti
culaire thyroidienne. Biochimie 54, 483 (1972). 

RIVLIN, R. S., AsPER, S. P.: Thyroxine and the thyroid hor
mones. Amer. J. Med. 40, 823 (1966). 

ROBBINS, J., WOLFF, J., RALL, J. E.: iodoproteins in normal 
and abnormal human thyroid tissue. Endocrinology 64, 
37 (1959). 

ROLLAND, M., LISSITZKY, S.: Polypeptides non-covalently 
associated with 19-5 thyroglobulin. Biochem. biophys. 
Acta (Amst.) 278, 316 (1972). 

- MONTFORT, M.F., VALENTA, L., LISSITZKY, S.: Iodoamino
acid composition of the thyroglobulin of normal and 
diseased thyroid glands. Clin. chim. Acta 39, 95 (1972). 
ROQUES, M., TORRESANI, J., SIMON, C., BOUCHILWN, S.: 
Iodination and biosynthesis of rat thyroglobulin. Bio
chern. biophys. Res. Commun. 16,249 (1964). 

ROSENBERG, I. N., ATHANS, 1. C., ISAACS, G. H.: Studies on 
thyroid iodine metabolism. Recent Progr. Hormone 
Res. 21, 33 (1965). 

SEED, R. W., GoLDBERG, I. H.: Biosynthesis of thyroglobulin. 
II. Role of subunits, iodination and ribonueleic acid 
synthesis. J. bioI. Chern. 240, 764 (1965). 

SPIRO, M.J.: Studies on the protein portion of thyroglobulin. 
Amino acid compositions and terminal amino acids of 
several thyroglobullns. J. bioI. Chern. 245,5820 (1970). 

SPIRO, R.G.: Glycoproteins: Biochemistry, biology, and role 
in disease. New Engl. J. Med. 281, 991 (1969). 

- SPIRO, M.J.: Glycoprotein biosynthesis. Studies ofthyro
globulin J. bioi. Chern. 241, 1271 (1966). 

TAUROG, A: The biosynthesis of thyroxine. Proc. Mayo 
Clinic 39, 569 (1964). 

- Thyroid peroxidase and thyroxine biosynthesis. Recent 
Progr. Hormone Res. 26, 189 (1970). 

TOiCHlRO, H., MORRISON, M.: The isolation and purification 
of thyroid peroxidase. J. bioI. Chern. 242, 2828 (1967). 

TORRIGIANI, G., DONIACH, D., ROITT,I.M.: Serum thyro
globulin levels in healthy subjects and in patients with 
thyroid disease. J. elin. Endocr. 29, 305 (1969). 

VANHERLE, A.J~ ULLER, R.P., MATTEWS, N.L~ BROWN,J.: 
Radioimmunoassay for measurement of thyroglobulin 
in human serum. J. elin. Invest. 52, 1320 (1973). 

VECCHIO, G., CLAAR, G.M., SALVATORE, G.: Biosynthesis of 
thyroid iodoproteins in vivo and in tissue slices. J. bioI. 
Chern. 247,4908 (1972). 

WALSER, M., RAHILL, W.J.: Renal tubular reabsorption of 
iodide as compared with chloride. J. elin. Invest. 44,1371 
(1965). 

WARTOWSKY, L., INGBAR, S.H.: Estimation of the rate of 
release of non-thyroxine iodine from the thyroid gland of 
normal subjects and patients with thyrotoxicosis. J. elin. 
Endocr. 33, 488 (1971). 

The Thyroid Gland 

WEINER, H., MASill, H., RAoICHEVICH, I., WERNER, S.c.: 
Materials indistinguishable from iodotyrosines in normal 
human serum and human serum albumin. J. elin. Invest. 
46, 1264 (1967). 

WILLIAMS, J.A: Cyclic AMP formation and thyroid secretion 
by incubated mouse thyroid lobes. Endocrinology, 91, 
1411 (1972). 

- WOLFF, J.: Thyroid secretion in vitro. Multiple actions 
of agents affecting secretion. Endocrinology 88, 206 
(1971). 

WOLFF, J.: Transport of iodide and other anions in the 
thyroid gland. Physiol. Rev. 44, 45 (1964). 

Thyroid Hormones in Plasma 

BAYLEY, T.A., HIGGINS, H.D., Row, V. V ~ JAMES, W., VIDA~ 
R.: The metabolic significance of thyroxine-binding 
globulin: studies in a family with decreased thyroxine
binding globulin. Acta endocr. (Kbh.) 61,137 (1969). 

BEIERWALTES, W.H., ROBBINS,J.: Familial increase in the 
thyroxine-binding sites in serum alpha globulin. J. elin. 
Invest. 38, 1683 (1959). 

BEISEL, W.R.,ZAINAL, H.,HANE, S.,DI RAIMONDO, V.C., FOR
SHAM. P. H.: Low thyroidal iodine uptake with euthyroi
dism associated with deficient thyroxine-binding globulin 
but normal cortisol binding. J. elin. Endocr. 22, 1165 
(1962). 

BERAUD, T.: Etudes biochimiques des hormones thyroidien
nes en pathologie humaine. Acta endocr. (Kbh.), Suppl. 
55 to Bd. 35 (1960). 

BRAVERMAN, L.E., DAWBER, N.A, INGBAR, S.H.: Observa
tions concerning the binding of thyroid hormones in sera 
of normal subjects of varying ages. J. elin. Invest. 45,1273 
(1966). 

- FOSTER, A E., INGBAR, S. H.: Sex related differences in 
the binding in serum ofthyroid hormones. J. elin. Endocr. 
27, 227 (1967). 

CLARK, F.: The estimation of thyroid hormone binding by 
plasma proteins and of unbound levels of thyroxine in 
plasma. J. elin. Path. 20, 344 (1967~ Suppl. 

DAVIS, P.J., GREGERMAN, R.I.: Separation of thyroxine
binding proteins in human serum at pH 7.4. II. Effect of 
pH and temperature on the binding capacities of thyro
xine-binding globulin (TBG) and thyroxine-binding 
prealbumin (TBPA). J. elin. Endocr. 33, 699 (1971). 

- HANDWERGER, B. S~ GREGERMAN, R.l.: Thyroid hormone 
binding by human serum prealbumin (TBP A). Electro
phoretic studies of triiodothyronine-TBPA interaction. 
J. elin. Invest. 51, 515 (1972). 

DE RUBERTIS, F.R., WOEBER, K.A.: Evidence for enhanced 
cellular uptake and binding of thyroxine in vivo during 
acute infection with diplococcus pneumoniae. J. elin. 
Invest. 51, 788 (1972). 

FERRIER, P.E., LEMARCHAND-BERAUD, T.: Variations of thy
roid hormone transport in the blood of normal children 
and of children with mongolism. Acta endocr. (Kbh.) 48, 
547 (1965). 

FLORSHEIM, W. H., DOWLING, J. T., MEISTER, L., BODFISH, 
R.E.: Familial elevation of serum thyroxine-binding 
capacity. J. elin. Endocr. 22, 735 (1962). 

HEINONEN, O. P., LAMBERG, B.-A, VIRTANO, J.: Inherited 
decrease of the binding capacity of thyroxine-binding 
globulin. Acta endocr. (Kbh.) 64,171 (1970). 

HODGSON, S. F., W AHNER, H. W.: Hereditary increased thyrox
ine-binding globulin capacity. Mayo Clin. Proc. 47, 720 
(1972). . 

HOLLANDER, C.S~ SCOTT, R.L~ TSCHUDY, D.P., PERLROTH, 
M., WAXMAN, A, STERLING, K.: Increased protein-bound 
iodine and thyroxine-binding globulin in acute inter
mittent porphyria. New Engl. J. Med. 277, 995 (1967). 

HORN, K., RUHL, T., SCRtBA, P.C.: Semiautomatic method 
for the separation and determination of total triiodo-



References 

thyronine and thyroxine in serum. Z. klin. Chem. 10, 99 
(1972). 

INGBAR, S. H., FREINKEL, N.: Regulation of peripheral meta
bolism of thyroid hormones. Recent Progr. Hormone 
Res. 16, 353 (1960). 

KRAEMER, E., WISWILL, 1. G.: Familiar thyroxine-binding glo
buline deficiency. Metabolism 17, 260 (1968). 

LARSEN, P. R., ATKINSON, A. 1., WELLMAN, H. N., GOLDSMITH, 
R. E.: The effect of diphenylhydantoin on thyroxine meta
bolism in man. 1. din. Invest. 49, 1266 (1970). 
Salicydate-induced increases in free triiodothyronine in 
human serum. Evidence of inhibition of triiodothyronine 
binding to thyroxine-binding globulin and thyroxine
binding prealbumin. 1. din. Invest. 51, 1125 (1972). 

LEMARCHAND-BERAUD, T., VANOTTJ, A.: Transport of thyroid 
hormones in human pathology. Europ. Rev. Endocr. 1, 
163 (1964). 

LIEBLICH, 1., UTJGER, R. D.: Triiodothyronine radioimmuno
assay. 1. din. Invest. 51, 157 (1972). 

MARSHALL, 1. S., LEVY, R. P., STEINBERG, A. G.: Human thy
roxine-binding globulin deficiency. A genetic study. New 
Engl. 1. Med. 274, 1469 (1966). . 

MCCONNON, 1., Row, V. V., VOLPE, R.: Simultaneous compa
rative studies of thyroxine and triiodothyronine distri
bution and disposal rates. 1. Endocr. 51, 17 (1971). 

MITSUMA, T, NIHEI, N., GERSHENGORN, M.e., HOLLANDER, 
e.S.: Serum triiodothyronine: measurements in human 
serum by radioimmunoassay with corroboration by gas 
liquid chromatography. 1. din. Invest. SO, 2679 (1971). 

NAUMAN,l.A., NAUMAN,A., WERNER,S.e.: Total and free 
triiodothyronine in human serum. 1. din. Invest. 46, 1346 
(1967). 

NICOLOFF, 1. T, DOWLING, 1. T, PATTON, D.D.: Inheritance 
of decreased thyroxine-binding by the thyroxine-binding 
globulin. 1. din. Endocr. 24, 294 (1964). 
Low, 1. e., DUSSAULT, 1. H., FISHER, D. A.: Simultaneous 
measurements of thyroxine and triiodothyronine peri
pheral turnover kinetics in man. 1. din. Invest. 51, 473 
(1972). 

NIKOLAI, T F., SEAL, U. S.: X-chromosome linked decrease 
in thyroxine-binding globulin activity. 1. din. Endocr. 26, 
835 (1966). . 

NUSYNOWITZ, M. L., CLARK, R. F., STRADER, W.l., ESTRIN, 
H. M., SEAL, U. S.: Thyroxine-binding globulin deficiency 
in three families and total deficiency in one normal 
woman. Amer. 1. Med. 50, 458 (1971). 

ODDIE, T. H., FISHER, D. A., DUSSAULT, 1. H., THOMPSON, e. S.: 
Triiodothyronine turnover in euthyroid subjects. 1. din. 
Endocr. 33, 653 (1971). 
MEADE, H., FISHER, D.A.: An analysis of published data 
on thyroxine turnover in human subjects. 1. din. Endocr. 
26,425 (1966). 

OPPENHEIMER, 1. H.: Role of plasma proteins in the binding, 
distribution and metabolism of the thyroid hormones. 
New Engl. 1. Med. 278, 1153 (1968). 

OSORIO, e.: Carriage of circulating thyroid hormones and 
the estimation of total plasma hormone levels. 1. din. 
Path. 20, 335 (1967), Suppl. 
PENSKY, 1.: Studies on human thyroxine-binding globulin 
(TBG). Purification of TBG and immunologic studies 
on the relationship between TBG from normal persons 
and those with TBG "deficiency". 1. din. Invest. 48, 508 
(1969). 

REFETOFF, S., ROBIN, N. I., ALPER, e. A.: Study of four new 
kindreds with inherited thyroxine-binding globulin ab
normalities. Possible mutations of a single gene locus. 
1. din. Invest. 51, 848 (1972). 

ROBBINS, 1., RALL, 1. E.: The iodine-containing hormones. 
In: GRAY, e.H., and A.L. BACHARACH. Hormones in 
blood, 2nd ed. London-New York: Academic Press 1967. 

SCAZZIGA, B. R.: Fonction thyroidienne et metabolisme 
iode dans la senescence. Schweiz. med. Wschr. 96, 1558 
(1966). 

249 

SHANE, S. R., SEAL, U. S., lONES, 1. E.: X-chromosome linked 
inheritance of elevated thyroxine binding globulin in 
association with goiter. 1. din. Endocr. 32, 587 (1971). 

STERLING, K.: Thyroxine in blood. Proc. Mayo Clin. 39, 586 
(1964). 
BELLABARBA, D., NEWMAN, E.S., BRENNER, M.A.: Deter
mination of triiodothyronine concentration in human 
serum. 1. din. Invest. 48, 1150 (1969). 
HAMADA, S., TAKEMURA, Y., BRENNER, M.A., NEWMAN, 
E. S., INADA, M.: Preparation and properties of thyroxine
binding globulin. 1. din. Invest. SO, 1758 (1971). 
SURKS, M.l., SCHWARTZ, H.L.: The metabolic signifi
cance of exchangable cellular thyroxine. Recent Progr. 
Hormone Res. 25; 381 (1969). 

TANAKA, S., STARR, P.: A euthyroid man without thyroxine 
binding globulin. 1. din. Endocr. 19,485 (1959). 

TORKINGTON, P., HARRISON, R.l., MACLAGAN, N. F., BUR
STON, D.: Familial thyroxine-binding globulin deficiency. 
Brit. med. J. 3, 27 (1970). 

WOEBER, K. A., INGBAR, S. H.: The contribution of thyroxine
binding prealbumin to the binding of thyroxine in human 
serum, as determined by immunoadsorption. 1. din. 
Invest. 47, 1710 (1968). 
SOBEL, R.l., INGBAR, S. H., STERLING, K.: The peripheral 
metabolism of triiodothyronine in normal subjects and 
in patients with hyperthyroidism. 1. din. Invest. 49, 643 
(1970). 

VANOTTJ, A., BERAUD, T.: Functional relationships between 
the liver, the thyroxine-binding protein of serum and the 
thyroid. 1. din. Endocr. 19,466 (1959). 

Thyroid Hormone Metabolism 

ANBAR, M., GUTTMANN, S., RODAN, G., STEIN,1.A.: The 
determination of the rate of deiodination of radioactive 
thyroxine in human SUbjects. 1. din. Invest. 44, 1986 
(1965). 

BURKE, e.W., SHAKESPEAR, R.A., FRASER, T.R.: Measure
ment of thyroxine and triiodothyronine in human urine. 
Lancet 1972 II, 1177. 

BRAVERMAN, L.E., INGBAR, S.H., STERLING, K.: Conversion 
of thyroxine to triiodothyronine in athyrotic human 
subjects. 1. din. Invest. 49, 855 (1970). 

CHAN, U., BESSER, G.M., LANDON, 1., EKINS, R.P.: Urinary 
triiodothyronine excretion as index of thyroid function. 
Lancet 1972 II, 253. 

CHOPRA, 1.1., FISHER., D.A., SOLOMON, D.H., BEALL, G.N.: 
Thyroxine and triiodothyronine in the human thyroid. 
J. din. Endocr. 36, 311 (1973). 

DOWLING, 1.T, ApPLETON, W.E., MIJSA, B. U.: Direct meas
urement of hepatic thyroxine flux in normal man. 1. din. 
Endocr. 28,1403 (1968). 

GREGERMAN, R. \., GAFFNEY, G. W., STROCK, N. W.: Thyr
oxine turnover in euthyroid man with special reference to 
changes with age. J. din. Invest. 41, 2065 (1962). 

INGBAR, S.H., FREINKEL, N.: Simultaneous estimation of 
rates of thyroxine degradation and thyroid hormone 
synthesis. 1. din. Invest. 34, 808 (1955). 

- - Regulation of the peripheral metabolism of the 
thyroid hormones. Recent. Progr. Hormone Res. 6, 353 
(1960). 

IRVINE, e.H.: Effect of exercise on thyroxine degradation in 
athletes and non-athletes. 1. din. Endocr. 28, 942 (1968). 

KOZYREFF, V., SURKS, M. I., OPPENHEIMER, J. H.: Demon
stration of membrane-linked iodoprotein in hepatic 
micro somes following metabolism of thyroid hormones. 
Endocrinology 86. 781 (1970). 

OPPENHEIMER, 1.H., BERNSTEIN, G., SURKS, M.l.: Increased 
thyroxine turnover and thyroidal function following 
stimulation of hepatocellular binding of thyroxine by 
phenobarbital. 1. din. Invest. 47, 1399 (1968). 



250 

PITTMAN, e.S., BUCK, M. W ~ CHAMBERS, J.B.: Urinary meta
bolites of 14C-Iabe1ed thyroxine in man. J. clin. Invest. 51, 
1759 (1972). 

- CHAMBERS, J.B., READ, V.H.: The extrathyroidal conver
sion rate of thyroxine to triiodothyronine in normal man. 
J. clin. Invest. 50, 1187 (1971). 

- READ, V.H., CHAMBERS, J.B., NAKAFUJI, H.: The inte
grity of the ether linkage during thyroxine metabolism in 
man. J. clin. Invest. 49, 373 (1970). 

SCHWARTZ, H.L., SURKS, M.I., OPPENHEIMER, J.H.: Quanti
tation of extrahthyroidal conversion of L-thyroxine to 
3,5,3' -triiodothyronine in the rat. J. clin. Invest. 50, 1124 
(1971). 

SOFFER, R.L., HECHTMAN, P., SANAGE, M.: L-Triiodothyro
nine aminotransferase. J. bioI. Chem. 248, 1224 (1973). 

STERLING, K., BRENNER, M.A., NEWMAN, E.S.: Conversion 
of thyroxine to triiodothyronine in normal human 
subjects. Science 169, 1099 (1970). 

SURKS, M.I., SCUADWW, A.R., STOCK, J.M., OPPENHEIMER, 
J.H.: Determination of iodothyronine absorption and 
conversion of L-thyroxine (T4) to L-triiodothyronine (T3) 
using turnover techniques. J. clin. Invest. 52, 805 (1973). 
SCHWARTZ, H.L., OPPENHEIMER, J.H.: Tissue iodoprote
in formation during the peripheral metabolism of the 
thyroid hormones. J. clin. Invest. 48, 2168 (1969). 

TATA, J.R.: Intracellular and extracellular mechanisms for 
the utilization and action of thyroid hormones. Recent 
Progr. Hormone Res. 18,221 (1962). 

Mechanism of Action of Thyroid Hormones 
ASKONAS, B. A.: Effect of thyroxine on creatine-phosphokin

ase activity. Nature (Lond.) 167, 933 (1959). 
BARKER, S. B., KLITGAARD, H. M.: Metabolism of tissues 

excised from thyroxine injected rats. Amer. J. Physiol.170, 
81 (1952). 

BRONK,J.A., BRONK, M.S.: The influence of thyroxine on 
oxidative phosphorylation in mitochondria from thyroid
ectomized rats. J. bioI. Chem. 237, 897 (1962). 

BUCHANAN, J.L., PRIMACK, M.P., TAPLEY, D.F.: Effect of 
inhibition of mitochondrial protein synthesis in vitro 
upon thyroxine stimulation of oxygen consumption. 
Endocrinology 89, 534 (1971). 

BUCCINO, R.A., SPANN, J.F., JR., POOL, P. E., SONNENBLICK, 
E.H., BRAUNWALD, E.: Influence of the thyroid state on 
the intrinsic contractile properties and energy stores of 
the myocardium. J. clin. Invest. 46, 1669 (1967). 

BUTTERFIELD, W.J.H., WHICHEWW, M.J.: Are thyroid hor
mones diabetogenic? A study of peripheral glucose, meta
bolism during glucose infusions in normal subjects and 
hyperthyroid patients before and after treatment. Meta
bolism, 13,620 (1964). 

CALDWELL, A., FAIN, J. N.: Triiodothyronine stimulation of 
cyclic adenosine 3',5'-monophosphate accumulation in 
fat cells. Endocrinology 89, 1195 (1971). 

CARTER, W.J., FAAS,F.H., WYNN,J.: Thyroxine stimulation 
of protein synthesis in vitro in the absence of mito
chondria. J. bioI. Chem. 246,4973 (1971). 

CHALWNER, D. D., ALLEN, D. 0.: An in vitro effect of triiodo
thyronine on lipolysis, cyclic AMP_C'4 accumulation 
and oxygen consumption in isolated fat cells. Metabolism 
19, 480 (1970). 

COHEN, P. P.: Biochemical differentiation during amphibian 
metamorphosis. Science 168, 533 (1970). 

CRISPELL, K.R., PARSON, W., HOLLIFIELD, G.: Study of the 
rate of protein synthesis before and during the administra
tion of L-triiodothyronine to patients with myxedema 
and healthy volunteers using N-15-glycine. 1. clin. Invest. 
35, 164 (1956). 

DAYTON, S., DAYTON, J., DRIMMER, F., KENDALL, F.E.: Rates 
of acetate turnover and lipid synthesis in normal hypo
thyroid and hyperthyroid rats. Amer. 1. Physiol. 199, 71 
(1960). 

The Thyroid Gland 

DEGROOT, W.J., LEONARD, J.J.: Hyperthyroidism as a high 
cardiac output state. Amer. Heart J. 79, 265 (1970). 

EpSTEIN, F. H.: Bone and mineral metabolism in hyper
thyroidism. Ann. intern. Med. 68, 490 (1968). 

ERNSTER, L., IKKOS, D., LUFf, R.: Enzymatic activities of 
human skeletal muscle mitochondria: a tool in clinical 
metabolic research. Nature (Lond.) 184, 1851 (1959). 

FUHR, J. E., MEDICI, P.: An in vitro effect of thyroid hormone 
upon bone marrow synthesis of hemoglobin. FEBS Letter 
11, 20 (1970). 

GALTON, V.A., INGBAR, S.H.: Observation on the relation 
between the action and the degradation of thyroid hor
mones as indicated by studies in the tadpole and the frog. 
Endocrinology 70, 622 (1962). 

GELBER, S., CAMPBELL, P. L., DEIBLER, G. E., SOKOWFF, L.: 
Effects of L-thyroxine on amino acid incorporation into 
protein in mature and immature rat brain. 1. Neurochem. 
11, 221 (1964). 

GREIF, R.L.: Thyroxine and the release of protein from rat 
liver mitochondria. Endocrinology 70, 511 (1962). 

GRISWOLD, M.D., COHEN, P.P.: Alteration of deoxyribo
nucleic acid-dependent ribonucleic acid polymerase acti
vities in amphibian liver nuclei during thyroxine-induced 
metamorphosis. J. bioI. Chem. 247, 353 (1972). 
FISHER, M. S., COHEN, P. P.: Temperature dependent in
tracellular distribution of thyroxine in amphibian liver. 
Proc. nat. Acad. Sci. (Wash.) 69,1486 (1972). 

HEITZMANN, R.J., HIBITT, K.G., MATHER, I.: The effects of 
thyroxine on hepatic gluconeogenesis and ketogenesis in 
dairy cows. Europ. 1. Biochem. 21, 411 (1971). 

HOCH, F. L.: Thyrotoxicosis as a disease of mitochondria. 
New Engl. J. Med. 266, 446 (1962). 
Biochemical actions of thyroid hormones. Physiol. Rev. 
42, 605 (1962). 
Early action of injedted L-thyroxine on mitochondrial 
oxidative phosphorylation. Proc. nat. Acad. Sci. (Wash.) 
58, 506 (1967). 
LIPMANN, F.: The uncoupling of respiration and phos
phorylation by thyroid hormones. Proc. nat. Acad. Sci. 
(Wash.) 40,909 (1954). 

- MOTTA, M. V.: Reversal of early thyroid hormone action 
on mitochondria by bovine serum albumin. Proc. nat. 
Acad. Sci. (Wash.) 59, 118 (1968). 

HOFMANN, W. W., DENYS, E.H.: Effects of thyroid hormone 
at the neuromuscular junction. Amer. J. Physiol. 223, 
283 (1972). 

ISMAJL-BEIGI, F., EDELMAN,1.S.: The mechanism of the 
calorigenic action ofthyroid hormone. 1. gen. Physiol. 57, 
710 (1971). 

JEANRENAUD, B.: Dynamic aspects of adipose tissue metabo
lism: a review. Metabolism 10, 535 (1961). 

KAPLAY, S.S., SANADI, D.R.: Thyroxine-induced mitochon
drial protein and its effect on respiration. Arch. Biochem. 
144,440(1971). 

KIMAT A, S., T ARJAN, E. M.: Effects of in vivo and in vitro admin
istered thyroxine on substrate metabolism of isolated rab
bit ventricle mitochondria Endocrinology 89,378 (1971). 

KRANE, S. M., BROWNELL, G. L., STANBURY, 1. B.: The effect of 
thyroid disease on the metabolism of calcium in man. 
J. clin. Invest. 34, 946 (1955). 

KRISHNA, G., HYNIE, S., BRODIE, B. B.: Effects of thyroid hor
mones on adenyl cyclase in adipose tissue and on free 
fatty acid mobilization. Proc. nat. Acad. Sci. (Wash.) 59, 
884 (1968). 

KUULBACK, B.: Creatine and creatinine metabolism in 
thyrotoxicosis and hypothyroidism. Acta med. scand., 
Suppl. 331 (1957). 

LARDY, H. A.: p. 54 in Hormonal regulation of Energy Meta
bolism by L. W. KINSELL, Springfield: Thomas 1957. 

- MALLEY, G. F.: Metabolic effects of thyroid hormones in 
vitro. Recent. Progr. Hormone Res. 10, 129 (1954). 

LEHNINGER, A. L.: Reversal of thyroxine induced swelling of 
rat liver mitochondria by adenosine triphosphate. J. bioI. 
Chern. 234, 2187 (1959). 



References 

- Water uptake and extrusion by mitochondria in relation 
to oxidative phosphorylation. Phys. Rev. 42, 467 (1962). 

LEVEY, G. S.: Catecholamine sensitivity, thyroid hormone 
and the heart. Are-evaluation. Amer. J. Med. SO, 413 
(1971). 
EpSTEIN, S.E.: Myocardial adenyl cyclase activation by 
thyroid hormones and evidence for 2 adenyl cyclase 
systems. J. c1in. Invest. 48, 1663 (1969). 
SKELTON, C. L., EpSTEIN, S. E.: Influence of hyperthyro
idism on the effects of norepinephrine on myocardial 
adenyl cyclase activity and contractile state. Endocrino
logy 85, 1004 (1969). 

LOOMIS, W. F., LIPMANN, F.: Reversible inhibition of the 
coupling between phosphorylation and oxidation. J. bioI. 
Chern. 173, 807 (1948). 

MARTIUS, c.: Die Wirkungsweise des Schilddriisenhormones. 
In: Hormone und ihre Wirkungsweise. Berlin-Gottingen
Heidelberg: Springer 1955. 

OPPENHEIMER, J. H., KOERNER, D., SCHWARTZ, H. L., SURKS, 
M.l.: Specific nuclear triiodothyronine binding-sites in 
rat liver and kidney. J. clin. Endocr. 35, 330 (1972). 
SHAPIRO, H. c., SCHWARTZ, H. L., SURKS, M.l.: Disso
ciation between thyroxine metabolism and hormonal 
action in phenobarbital treated rats. Endocrinology 88, 
115 (1971). 

PAIK, W. K., METHENBERG, R. L., COHEN, P. P.: Biochemical 
studies on amphibian metamorphosis. III. Metabolism 
of nucleic acids and nucleotides in tadpole liver during 
thyroxine-induced metamorphosis. J. bio!. Chern. 236, 
536 (1961). 

PRIMACK, M. P., BUCHANAN, J.L., TAPLEY, D.F.: Earlystimu
lation of mitochondrial protein synthesis in livers from 
triiodothyronine injected mice. Endocrinology 87, 1355 
(1970). 

RAWSON, R W.: Physiologic effects of thyroxine in man. 
Proc. Mayo Clin. 39, 637 (1964). 

RICH, c., BIERMAN, E.L., SCHWARTZ, I.L.: Plasma nonesteri
fied fatty acids in hyperthyroid states. J. clin. Invest. 38, 
275 (1959). 

SCHAD LOW, A R., SURKS, M.l., SCHWARTZ, H. L., OPPEN
HEIMER, J. H.: Specific triiodothyronine binding sites in 
the anterior pituitary of the rat. Science 176, 1252 (1972). 

SNYDER, L. M., REDDY, W. J.: Mechanism of action of thyroid 
hormones on erythrocyte 2,3-diphosphoglyceric acid 
synthesis. J. c1in. Invest. 49, 1993 (1970). 

SOKOLOFF, L., FRANCIS, C. M., CAMPBELL, P. L.: Thyroxine 
stimulation of amino acid incorporation into protein 
independent of any action on messenger RNA synthesis. 
Proc. nat. Acad. Sci. (Wash.) 52,728 (1964). 
KAUFMAN, S.: Thyroxine stimulation of amino acid in
corporation into protein. J. bio!. Chern. 236, 795 (1961). 
- GELBOIN, H. V.: Thyroxine stimulation of soluble 
ribonuclei acid bound amino acid transfer to microsomal 
protein. Biochim. biophys. Acta (Arnst.) 52, 410 (1961). 
ROBERTS, P. A., JANUSKA, M. M., KLINE, J. E.: Mechanism 
of stimulation of protein synthesis by thyroid hormones 
in vivo. Proc. nat. Acad. Sci. (Wash.) 60, 652 (1968). 

STERLING, K., BRENNER, M.A, SALDANHA, V.F., MILCH, 
P.O.: Cytosol binding protein of thyroxine in human and 
rat kidney. Proc. 48th Ann. Meeting Am. Thyroid Assoc. 
1972, p. 43. 

STOCKER, W. W., SAMAHA, F.J., GROOT, L.J. DE: Coupled 
oxidative phosphorylation in muscle of thyrotoxic pa
tients. Amer. J. med. 44, 900 (1968). 

TAPLEY, D. F.: Mode and site of action of thyroxine. Proc. 
Mayo Clin. 39, 626 (1964). 

- KIMBERG, D. V., BUCHANAN, J. L.: The mitochondrion. 
New Eng!. J. Med. 276, 1182 (1967). 

TATA,J.R.: Is there a relationship between the metabolism 
of thyroid hormones and their action? Mem. Soc. Endo
crino!' 11, 90 (1961). 
The action of thyroid hormones. J. clin. Path. 20, 323 
(1967), Supp!. 

251 

Thyroid hormones and the formation and distribution 
of ribosomes. Acta endocr. (Kbh.), Supp!. 124, to Vo!. 56 
(1967) p. 141. 
Ribosomes and thyroid hormones. In: Wirkungsmecha
nismen der Hormone. Berlin-Heidelberg-New York: 
Springer 1967. 
Hormonal regulation of growth and protein synthesis. 
Nature (Lond.) 219,331 (1968). 
WIDNELL, C. c.: Ribonucleic acid synthesis during the 
early action of thyroid hormones. Biochem. J. 98, 604 
(1966). 

VOLFIN,P., KAPLAY,S.S., SANADI,D.R.: Early effects of 
thyroxine in vivo on rapidly labeled mitochondrial 
protein fractions and respiratory control. J. bio!. Chern. 
244,5631 (1969). 

WALLACH, S., BELLAVIA, J. V., GAMPONIA, P.J., BRISTRIM, P.: 
Thyroxine-induced stimulation of hepatic cell transport 
of calcium and magnesium. J. c1in. Invest. 51,1572 (1972). 

WANG, E.: Creatine metabolism and endocrine regulation. 
Acta med. scand., Suppl. 169, 1 (1946). 

WAYNE, E.J.: Clinical and metabolic studies in thyroid 
disease. Brit. med. J. 1960 I, 1, 78. 

WILDENTHAL, K.: Studies of isolated fetal mouse hearts in 
organ culture. Evidence for a direct effect of triiodo
thyronine in enhancing cardiac responsiveness to cate
cholamines. J. clin. Invest. 51, 2702 (1972). 

WILKINS, L., FLEISCHMANN, W.: Effects of thyroid on creatine 
metabolism with a discussion of the mechanism of storage 
and excretion of creatine bodies. J. c1in. Invest. 25, 360 
(1946). 

WOLFF, J.: The effect of thyroxine on isolated dehydrogena
ses. III. J. bio!. Chern. 237, 236 (1962). 

WYSOCKI, S. J., SEGAL, W.: Influence of thyroid hormones on 
enzyme activities of myelinating rat central nervous 
tissue. Europ. J. Biochem. 28, 183 (1972). 

ZAIMIS, E., PAPADAKI, L., ASH, A.S.F., LARBI, E., KAKARI, S., 
MATTHEW, M., PARADELIS, A: Cardiovascular effects of 
thyroxine. Cardiovasc. Res. 3, 118 (1969). 

Control of Thyroid Function: TRH, TSH, 
Autoregulation 

ADAMS, D. D., KENNEDY, T. H., UTIGER, RD.: Comparison 
of bioassay and immunoassay measurements of serum 
thyrotropin (TSH) and study of TSH-Ievels by immuno
assay of serum concentrates. J. clin. Endocr. 34, 1074 
(1972). 

ANDERSON, M. S., BOWERS, C. Y., KASTIN, A J., SCHALCH, 
D. S., SCHALLY, A. V., SNYDER, P. J., UTIGER, R. D., WIL
BER, J. F., WISE, A. J.: Synthetic thyrotropin-releasing hor
mone. A potent stimulator of thyrotropin secretion in 
man. New Eng!. J. Med. 285,1279 (1971). 

AVERILL, RL. W., PURVES, H.D., SIRETT, N.E.: Relation of 
the hypothalamus to anterior pituitary thyrotropin 
secretion. Endocrinology 69, 735 (1961). 

BAKKE, J. L., LAWRENCE, N.: Circadian periodicity in thyroid 
stimulating hormone titer in the rat hypophysis and 
serum. Metabolism 14, 841 (1965). 
- ARNETT, F., MACFADDEN, W.: The Fractionation of 
exogenous and endogenous thyroid-stimulating hormone 
from human and rat plasma and tissues. J. c1in. Endocr. 
21,1280 (1961). 
- RoY, S.: Disappearance rate of exogenous thyroid
stimulating hormone (TSH) in man. J. clin. Endocr. 22, 
351 (1962). 

BARAKAT, R. M., INGBAR, S. H.: The effect of acute iodide 
depletion on thyroid function in man. J. c1in. Invest. 44, 
1117 (1965). 

BATES, R. W., CONDLIFFE, P. G.: Studies on the chemistry and 
bioassay of thyrotropins from bovine pituitaries, trans
plantable pituitary tumors of mice and blood plasma. 
Recent Progr. Hormone Res. 16, 309 (1960). 



252 

BATES, R., GARRISON, M. M., COOPER, J. A., CONDLIFFE, P. G.: 
Further studies on the purification of a human thyro
tropin. Endocrinology 83, 721 (1968). 

BAUER, W. c., MEYER, J. S.: Origin and fate of colloid drop
lets of the thyroid gland. A study using iodine-l25 
electromicroscopic autoradiography. Lab. Invest. 14, 
1795 (1965). 

BECKERS, c., MACHIELS, J., SOYEZ, C., CORNETTE, C.: Meta
bolic dearance rate and production rate of thyroid stimu
lating hormone in man. Horm. Metab. Res. 3, 34(1971). 

BROWN-GRANT, K.: The "feed-back" hypothesis of the con
trol of thyroid function. Ciba Coli. Endocr. 10, 97 (1957). 

- Hypothalamus and the thyroid gland. Brit. med. Bull. 16, 
165 (1960). 

- The control of thyroid secretion. J. din. Path. 20, 327 
(1967), Suppl. 

BURKE, G.: The cell membrane: A common site of action of 
thyrotropin (TSH) and long-acting thyroid stimulator 
(LATS). Metabolism 18, 720 (1969). 

- Thyroid stimulators and thyroid stimulation. Acta 
Endocr. (Kbh.) 66,558 (1971). 

BURGUS, R., DONN, TH.F., DESIDERIO, D.M., WARD, D.N., 
VALE, W., GUILLEMIN, R., FELIX, P. M., GILLESSEN, D., 
STUDER, R. 0.: Biological activity of synthetic poly
peptide derivatives related to the structure of hypo
thalamic TRF. Endocrinology 86, 573 (1970). 

CONDLIFFE, P. G., ROBBINS, J.: Pituitary thyroid stimulating 
hormone and other thyroid-stimulating substances. In: 
GRAY, C. H., and A. L. BLACHARACH, Hormones in blood, 
2nd ed. London-New York: Academic Press 1967. 

DEISS, W. P., JR., PEAKE, R. L.: The mechanism of thyroid 
hormone secretion. Ann. intern. Med. 69, 881 (1968). 

DUMONT, J. E.: The action of thyrotropin on thyroid meta
bolism. Vitam. and Horm. 29, 287 (1971). 

FALCONER, 1. R., HETZEL, B. S.: Effect of emotional stress and 
TSH on thyroid vein hormone level in sheep with ex
teriorized thyroids. Endocrinology 75, 42 (1964). 

FIELD, J. 8.: Studies on the mechanism of action of thyroid 
stimulating hormone. Metabolism 17, 226 (1968). 

FREINKEL, N.: Extrathyroidal actions of pituitary thyrotro
pin: effects on the carbohydrate, lipid and respiratory 
metabolism of rat adipose tissue. J. din. Invest. 40, 476 
(1961). 

GILLESSEN, D., FELIX, A. M., LERGIER, W., STUDER, R. 0.: 
Synthese des Thyrotropin releasing-Hormons (TRH) 
(Schal) und verwandter Peptide. Helv. chim. Acta 53, 
63 (1970). 

GUILLEMIN, R.: Hypothalamic factors releasing pituitary 
hormones. Recent Progr. Hormone Res. 20, 89 (1964). 

HALL, R., AMOS, J., ORMSTON, B.J.: Radioimmunoassay of 
human serum thyrotropin. Brit. med. J. 1971 I, 582. 

HALMI, N.S., STUELKE, R.G.: Problems of thyroidal self 
regulation. Metabolism 5, 646 (1956). 

HERSHMAN, J. M., PITTMAN, J. A.: Utility ofthe radioimmuno
assay of serum thyrotropin in man. Ann. intern. Med. 74, 
481 (197n 

- - Control of thyrotropin secretion in man. New Engl. 
J. Med. 285, 997 (1971). 

INGBAR, S.H.: Autoregulation of the thyroid. Response to 
iodide excess and depletion. Mayo Clin. Proc. 47, 814 
(1972). 

ISHII, J., SHIZUME, K., OKINAKA, S.: Effect of stimulation of 
the vagus nerve on thyroid release of I'3'_labelled hor
mones. Endocrinology 82,7 (1968). 

LEAK, D.: The Thyroid and the Autonomic Nervous System. 
London: Heinemann 1970. 

LEMARCHAND-BOOUD, TH., V ANNOTTI, A.: Relationships 
between blood thyrotropin leve~ protein-bound iodine 
and free thyroxine concentration in man under normal 
physiological conditions. Acta endocr. (Kbh.) 60, 315 
(1969). 

LIAO, T.H., PIERCE, J.G.: The primary structure of bovine 
thyrotropin. J. bioI. Chern. 246, 850 (1971). 

The Thyroid Gland 

LmERTI,P., STANBURy,J.B.: The pharmacology of sub
stances affecting the thyroid gland. Ann. Rev. Pharmacol. 
11, 113 (1971). 

MAAY AN, M. L., INGBAR, S. H.: Epinephrine: effect on up
take of iodine by dispersed cells of calf thyroid gland. 
Science 162, 124 (1968). 

- MILLER, S. L., INGBAR, S. H. : Effects of serotonin on 
iodide and intermediary metabolism in isolated thyroid 
cells. Endocrinology 88,620 (1971). 

MAYBERRY, W. E., GHARIB, H., BISTAD, J. M., SIZEMORE, 
G. W.: Radioimmunoassay for human thyrotropin. Clini
cal value in patients with normal and abnormal thyroid 
function. Ann. intern. Med. 74, 471 (1971). 

MELANDER, A., SUNDLER, F.: Interactions between catechol
amines, 5-hydroxytryptamine and TSH on the secretion 
of thyroid hormone. Endocrinology 90,188 (1972). 

NAIR, R. M. G., BARRETT, J. F., BOWERS, C. Y., SCHALL Y, A. V. : 
Structure of porcine thyrotropin releasing hormone. Bio
chemistry 9, 1103 (1970). 

NICOLOFF, J. T.: A new method for the measurement of 
thyroidal iodine release in man. J. din. Invest. 49, 1912 
(1970). 

ODELL, W.D., WILBER,J.F., UTIGER,R.: Studies of thyro
tropin physiology by means of radioimmunoassay. Re
cent Progr. Hormone Res. 23, 47 (1967). 

PATEL, Y.C., BURGER,H.G., HUDSON, 8.: Radioimmuno
assay of serum thyrotropin: sensitivity and specificity. 
J. din. Endocr. 33, 768 (1971). 

PIERCE, J.G., BAHL, O.-P., CORNELL, J.S., SWAMINATHAN, N.: 
Biologically active hormones prepared by recombination 
of the L-chain of human chorionic gonadotropin and the 
hormone-specific chain of bovine thyrotropin or of 
bovine luteinizing hormone. J. bioI. Chern. 246, 2321 
(1971). 

PURVES, H.D.: On the mechanism of hypothalamic control 
of thyrotropin secretion. Acta endocr. (Kbh.), Suppl. SO, 
21 (1960). 

RAPPAPORT, L., LETERRIER, J., NUNEZ, J.: Soluble phospho
protein kinases from thyroid tissue. Biochimie 53, 721 
(1971). 

REICHERT, L. E., JR.: On the relationship between human 
thyrotropin research standard A, the United States 
Pharmacopeia thyrotropin standard (bovine) and the 
international standard for thyrotrophin (bovine). J. din. 
Endocr. 31, 331 (1970). 

REICHLIN, S., UTIGER, R. D.: Regulation of the pituitary
thyroid axis in man: relationship of TSH concentration 
to concentration of free and total thyroxine in plasma. 
J. din. Endocr. 27, 251 (1967). 

SCHREIBER, V.: Thyrotrophin-releasing factor: purification, 
mechanism and blockage of action (a review). Neuro
endocrinology 2, 175 (1967). 

SODERBERG, U.: Temporal characteristics ofthyroid activity. 
Phys. Rev. 39, 777 (1959). 

STEIGER, H., STUDER, H., GREER, M.A., KOHLER, H.: In vivo 
relationship between T 4 and T 3 synthesis in the rat thyroid 
gland and their secretion and concentration in thyroid 
vein and aortic blood. Acta endocr. (Kbh.) (1969). 

STUDER, H.: Die Regulation der Schilddriisenfunktion bei 
Jodmangel. Bern: Huber 1966. 
GREER, M.A.: A study of the mechanism involved in the 
production of iodine deficiency goiter. Acta endocr. 
(Kbh.) 49, 616 (1965). 

STUDER, R., WERNER, 1.: Thyrotropin-releasing factor (TRF). 
Schweiz. med. Wschr. 100, 1086 (1970). 

TAUROG, A., THIO, D. T.: TSH-induced thyroxine release 
from puromycin-blocked thyroid glands of intact rabbits. 
Endocrinology 78, 103 (1966). 

VANHAELST, L., VAN CAUTER, E., DEGAUTE, J.P., GoLSTEIN,J.: 
Circadian variations of serum thyrotropin levels in man. 
J. din. Endocr. 35,479 (1972). 

WEBSTER, 8. R., GUANSING, A. R., PAICE, J. c.: Absence of 
diurnal variation of serum TSH. J. din. Endocr. 34, 899 
(1972). 



References 

WERNER, S.C.: Thyrotropin. Springfeld: Thomas 1963. 
WILBER, J.F., BAUM, D.: Elevation of plasma TSH during 

surgical hypothermia. J. c1in. Endocr. 31, 372 (1970). 
PORTER, J. c.: Thyrotropin and growth hormone releasing 
activity in hypophyseal portal blood. Endocrinology 87, 
807 (1970). 

ZOR, u., KANEKO, T., LOWE, I. P., BLOOM, G., FIELD, J. B.: 
Effect of thyroid stimulating hormone and prostaglandins 
on thyroidal adenyl cyclase activation and cyclic adenine 
3',5' -monophosphate. J. bioI. Chern. 244, 5189 (1969). 

Relationship of Thyroid Gland to Adrenal Medulla 
and Catecholamines 

BRAY, G. A: Studies on the interactions of thyroid hormone 
and catecholamines. J. c1in. Invest. 43, 285 (1964). 

BREWSTER, W. R., JR., ISAACS, J. P., OSGOOD, P. F., KING. T.L.: 
The hemodynamic and metabolic interrelationships in 
the activity of epinephrine, norepinephrine and the 
thyroid hormones. Circulation 13. I (1956). 

CULLHED. \., PARROW, A.: Acute hemodynamic changes fol
lowing betaadrenergic blockade in hyperthyroidism. 
Acta med. scand. 184, 235 (1968). 

DE GROOT, W.1., LEONARD, J.J.: Hyperthyroidism as a high 
cardiac output state. Amer. Heart 1. 79, 265 (1970). 

FALCONER, I. R.: Effects of fear and adrenaline on blood flow 
from the thyroid vein in sheep with exteriorized thyroids. 
J. Physiol. (Lond.) 177, 215 (1965). 
The effect of adrenaline and noradrenaline on hormone 
secretion and blood flow from the thyroid veins in sheep 
with exteriorized thyroids. J. Physiol. (Lond.) 188, 425 
(1967). 

GAFFNEY, T. E., BRAUNWALD, E., KAHLER, R. L.: Effects of 
guanethidine on triiodothyronine-induced hyperthyroi
dism in man. New Engl. J. Med. 265, 16 (1961). 

GALTON, V.A.: Thyroid hormone-catecholamine relation
ship. Endocrinology 77, 278 (1965). 

GROSSMAN, W., ROBIN, N.J., JOHNSON, L. W., BROOKS, H.L., 
SELENKOW, H. A, DEXTER, L.: The enhanced myocardial 
contractility of thyrotoxicosis. Ann. intern. Med. 74, 869 
(1971 ). 

HARRISON, T. S.: Adrenal medullary and thyroid relation
ships. Phys. Rev. 44, 161 (1964). 

HOWITT, G., ROCOLANDS, 0.1.: The heart in hyperthyroi
dism. Amer. Heart J. 73, 282 (1967). 

LEAK, D.: Adrenergic blockade and thyrotoxicosis. Acta 
endocr. (Kbh.) 43, 131 (1963). 

- The thyroid and the autonomic nervous system. London: 
Heinemann 1970. 

LEE, W. Y., BRONSKY, D., WALDSTEIN, S. S.: Studies of thyroid 
and sympathetic nervous system interrelationships. II. 
Effects of guandethidine on manifestations of hyper
thyroidism. J. clin. Endocr. 22, 879 (1962). 

MOWBRAY,J.F., PEART, W.S.: Effects of noradrenaline and 
adrenaline on the thyroid. J. Physiol. (Lond.) 151, 261 
(1960). 

PARSONS, V., RAMSAY, 1.: Thyroid and adrenal relationships. 
Postgrad. med. J. 44, 377 (1968). 

PIETRAS, R.J., REAL, M.A, PonCHA, G.S., BRONSKY, D., 
WALDSTEIN, S. S.: Cardiovascular response in hyperthyro
idism. The influence of adrenergic receptor blockade. 
Arch. intern. Med. 129,426 (1972). 

W ALDSTEIN, S.S.: Thyroid-catecholamine interrelations. Ann. 
Rev. med. 17, 123 (1966). 

WILSON, W. R., THEILEN, E. 0., FLETCHER, F. W.: Pharma
codynamic effects of p-adrenergic receptor blockade in 
patients with hyperthyroidism. J. clin. Invest. 43, 1697 
(1964). 
- HEGE, J. H., V ALENCA, M. R.: Effects of p-adrenergic 
receptor blockade in normal subjects before, during and 
after triiodothyronine induced hypermetabolism. 1. clin. 
Invest. 45, 1159 (1966). 

253 

ZAIMIS, E., PAPADAKI, L., ASH, A. S. F., LARBI, E., KAKARI, S., 
MATTHEW, M., PARADELIS, A.: Cardiovascular effects of 
thyroxine. Cardiovasc. Res. 3, 118 (1969). 

Relationship of the Thyroid Gland 
to Adrenal Cortex 

BROWN-GRANT, K.: Inhibition of the release of thyroidal 
radioiodine in the rat by cortisone. Endocrinology 56, 
607 (1955). 

FELBER, 1. P., REDDY, W. J., SELENKOW, H. A, THORN, C. W.: 
Adrenocortical response to the 48-hour ACTH test in 
myxedema and hyperthyroidism. J. c1in. Endocr. 19,895 
(1959). 

FREDRICKSON, D. S., FORSHAM, P. H., THORN, G. W.: The ef
fect of massive cortisone therapy on measurements of 
thyroid function. J. din. Endocr. 12, 541 (1952). 

HELLMAN, L., BRADLOW, H. L., ZUMOFF, B., GALLAGHER, T. F.: 
Influence of thyroid hormone on hydrocortisone pro
duction and metabolism. J. clin. Endocr. 21,1231 (1961). 

HERNBERG, C. A, LAMBERG, B. A: Adrenal function and 
thyrotoxicosis. Acta endocr. (Kbh.) 18, 4 (1955). 

PETERSON, R. E.: The influence of the thyroid on adrenal 
cortical function. J. clin. Invest. 37, 736 (1958). 

TOMKINS, G., McGUIRE, J. M., JR.: The effect of thyroid hor
mones on adrenal steroid metabolism. Ann. N.Y. Acad. 
Sci. 86, 600 (1960). 

YATES, F. E., URQUART, J., HERBST, A L.: Effects of thyroid 
hormones on ring A reduction of cortisone by liver. 
Amer. 1. Physiol. 195,373 (1958). 

ZINGG, W., PERRY, W. F.: The influence of adrenal and gona
dal steroids on the uptake of iodine by the thyroid gland. 
J. clin. Endocr. 13, 712 (1953). 

Relationship of the Thyroid Gland to Gonads 
Placenta and Pregnancy 

DOWLING, J. T., FREINKEL, N., INGBAR, S. H.: Effect of diethyl
stilboestrol on the binding of thyroxine in serum. J. clin. 
Endocr. 16, 1491 (1956). 
INGBAR, S. H., FREINKEL, N.: Iodine metabolism in hydati
form mole and choriocarinoma. J. clin. Endocr. 20, 1 
(1960). 

ENGBRING, N. H., ENGSTROM, W. W.: Effects of estrogen and 
testosterone on circulating thyroid hormone. J. clin. 
Endocr. 19,783 (1959). 

FEDERMAN, D. D., TOBBINS, J., RALL, J. E.: Effects of methyl
testosterone on thyroid function, thyroxine metabolism 
and thyroxine-binding protein. J. clin. Invest. 37, 1024 
(1958). 

GREENBERG, A H., CERNICHOW, P., REBA, R. c., TYSON, J., 
BLIZZARD, R. M.: Observations on the maturation of 
thyroid function in early fetal life. J. clin. Invest. 49, 1790 
(1970). 

HELLMAN, L., BRADLOW, H. L., ZUMOFF, B., FUKUSHIMA, 
D. K., GALLAGHER, T. F.: Thyroid-androgen interrelations 
and the hypocholestermic effect of androsterone. J. clin. 
Endocr. 19, 939 (1959). 

HOLLANDER, CH. S., GARCIA, A. M., STURGIS, S. H., SELEN
KOW, H.A.: Effect of an ovulatory suppressant on the 
serum protein-bound iodine and the red-cell uptake of 
radioactive tri-iodothyronine. New Engl. J. Med. 269, 501 
(1963). 

JENSEN, S. E.: Studies ofthe effect of diethylstiltroestrol on the 
plasma lipids and thyroid function. Acta med. scand., 
Suppl. 346 to Bd. 164 (1959). 

KEITEL, H. G., SHERER, M. G.: Marked depression of the 
plasma protein bound iodine concentration in the ab
sence of clinical hypothyroidism during testosterone 
medication. J. clin. Endcr. 17, 854 (1957). 



254 

MYANT, N.B.: Passage of thyroxine and triiodothyronine 
from mother to fetus in pregnant women. Clin. Sci. 17,75 
(1958). 

RAITI, S., HOLZMAN, G. B., SCOTT, R. L., BLIZZARD, R. M.: 
Evidence for the placental transfer of triiodothyronine 
in human beingn New Eng!. J. Med. 277, 456 (1967). 

ROBIN, N.l., SELENKOW, H.A., FANG, V.S., REFETOFF, S., 
PIASECKI, G., RAUSCHECKER, H., JACKSON, B. T.: Bidirec
tional thyroxine exchange in pregnant sheep. Hormones 
3,235 (1972). 

ROSENBERG, l.N., AHN, C.S., MITCHELL, M.L.: Effects of 
anabolic steroids upon circulating thyroid hormones. 
J. clin. Endocr. 22, 612 (1962). 

STEIN, R.B., NICOWFF, J. T.: Thyroid function in pregnancy. 
Postgrad. Med. 53,72 (1973). 

Changes of Thyroid Function in Disease 
of Other Organs 

CRUCHAUD, S., MAHAIM, c., SCAZZIGA, B., VANNOTTI, A.: 
Fonction thyroidienne et nephrose lipoidique. Schweiz. 
med. Wschr. 84, 478 (1954). 

FANKHAUSER, S., HUBER, D., STUDER, H.: Zur Beurteilung 
der Schilddriisenfunktion bei Patienten mit Niereninsuf
thienz. Schweiz. med. Wschr. 98, 698 (1968). 

HERRMANN, J., BAHLMANN, J., KROSKEMPER, H.L.: Das Ver
halten des Thyroxins sowie des Thyroxin-bindenden Glo
bulins in Serum und V rin von Patienten mit renalen 
Thyroxinverlusten infolge nephrotischen Syndroms un
terschiedlicher Genese. Acta endocr. (Kbh.) 69, 13 (1972). 

HOLLANDER, D., MEEK, J.C., MANNING, R.T.: Free thyrox
ine in serum of patients with cirrhosis of the liver. New 
Eng!. J. Med. 276, 900 (1967). 

IFF, H. W., STUDER, H.: Passage of pituitary hormones 
through the nephrotic rat kidney and its possible bio
logical significance. Experientia (Basel) 25,1151 (1969). 

INADA, M., STERLING, K.: Thyroxine turnover and transport 
in Laennec's cirrhosis of the liver. 1. clin. Invest. 46, 1275 
(1967). 

MCCoNNON, J., Row, V. V., VOLPE, R: The influence of liver 
damage in man on the distribution and disposal rates of 
thyroxine and triiodothyronine. 1. clin. Endocr. 34, 144 
(1972). 

ODDIE, T.H., FLANIGAN, W.J., FISHER, D.A.: Iodine and 
thyroxine metabolism in anephric patients receiving 
chronic peritoneal dialysis. J. clin. Endocr. 31, 277 (1970). 

RASMUSSEN, H.: Thyroxine metabolism in the nephrotic 
syndrome. 1. clin. Invest. 35, 792 (1956). 

VANNOTTI, A., BERAUD, T.: Functional relationship between 
the liver, the thyroxine-binding protein of serum and the 
thyroid. 1. clin. Endocr. 19, 466 (1959). 

Hypothyroidism in the Adult 

Classification, Etiology and Incidence 
of Hypothyroidism 

ANDERSON, 1. R., BUCHANAN, W. W., GOUDIE, R. B.: Auto
immunity, clinical and experimental. Springfield: Tho
mas 1967. 

BASTENIE, P. A., ERMANS, A. M.: Thyroiditis and thyroid 
function. Oxford: Pergamon Press 1972. 
VANHAELST, L., BONNYNS, M., NEVE, P., STAQUET, M.: 
Preclinical hypothyroidism: a risk factor for coronary 
heart disease. Lancet 1971 L 203. 

BEGG, T. B., HALL, R.: Iodide goiter and hypothyroidism. 
Quart. 1. Med. 32, 251 (1963). 

BERENS,S.C., WOLFF,l., MURPHY,D.L.: Lithium concen
tration by the thyroid. Endocrinology 87, 1085 (1970). 

The Thyroid Gland 

BRAVERMAN, L. E., INGBAR, S. H., VAGENAKIS, A. G., ADAMS, 
L., MAWOF, F.: Enhanced susceptibility to iodide myxe
dema in patients with Hashimoto's disease. 1. clin. 
Endocr. 32, 515 (1971). 
WOEBER, K.A., INGBAR, S.H.: Induction of myxedema by 
iodide in patients euthyroid after treatment of toxic 
goiter. New. Eng!. J. Med. 281, 816 (1969). 

BURROW, G. N., BURKE, W. R., HIMMELHOCH, 1. M., SPENCER, 
R P., HERSHMAN, 1.M.: Effect of lithium on thyroid func
tion.1. clin. Endocr. 32, 647 (1971). 

CANDY, 1.: Severe hypothyroidism-an early complication 
oflithium therapy. Brit. med. 1. 1972 III, 277. 

DoNIACH, D., ROITT, LM., TAYLOR, K.B.: Autoimmune 
phenomena in pernicious anaemia. Serological overlap 
with thyroiditis, thyrotoxicosis andsystemic1upus erythe
matodes. Brit. med. 1. 19631, 1374. 

GLATSTEIN, E., McHARDY-YOUNG, S., BRAST, N., ELTRING
HAM, 1. E., KRISS, 1. P.: Alterations in serum thyrotropin 
(TSH) and thyroid function following radiotherapy in 
patients with malignant lymphoma. 1. clin. Endocr. 32, 
833 (1971). 

GLENNON, 1. A., GORDON, E. S., SAWIN, C. T.: Hypothyro
idism after low dose 131 I treatment of hyperthyroidism. 
Ann. intern. Med. 76, 721 (1972). 

HARGREA YES, A. W., GARNER, A.: Significance of lympho
cytic infiltration of thyroid gland in thyrotoxicosis. Brit. 
1. Surg. 55, 543 (1968). 

HARRISON, M.T., ALEXANDER, W.D., HARDEN, R.M.: Thy
roid function and iodine metabolism in iodine induced 
hypothyroidism. Lancet 1963 I, 1238. 

HERSHMAN, 1. M., KONERDING, K.: Effects of sulfonylurea 
drugs on thyroid and serum protein-binding of thyroxine 
in the rat. Endocrinology 83, 74 (1968). 

HUNTON, R. B., WELLS, M. V., SKIPPER, E. W.: Hypothyroi
dism in diabetics treated with sulphonylurea. Lancet 
1965ll,449. 

Ivy,H.K.: Permanent myxedema: an unusual complication 
of granulomatous thyroiditis. 1. clin. Endocr. 21, 1384 
(1961). 

KOCHER, TH.: Uber Kropfextirpation und ihre Folgen. Lan
genbecks Arch. klin. Chir. 29, 254 (1883). 

LAZARUS, 1. H., BENNIE, E. H.: Effect of lithium on thyroid 
function in man. Acta endocr. (Kbh.) 70, 266 (1972). 

MARKSON, 1. L., FLATMAN, G. E.: Myxoedema after deep 
x-ray therapy to the neck. Brit. med. 1. 19651,1228. 

- MOORE, 1. M.: Thyroid auto-antibodies in pernicious 
anaemia. Brit. med. 1. 196211, 1352. 

MEANS,l.H., DE GROOT, L.l., STANBURY,l.B.: The thyroid 
and)ts diseases. New York: McGraw-Hill 1963. 

MICHIE, W., PEGG, c.A.S., BEWSHER, P.D.: Prediction of 
hypothyroidism after partial thyroidectomy for thyro
toxicosis. Brit. med. 1. 1972 I, 13. 

MURRAY, l. P. C., STEWART, R.D.H.: Iodide goiter. Lancet 
19671,922. 

PARIS, 1., MCCONAHEY, W.M., QWEN, c.A., JR., WooLNER, 
L.B., BATUR, RC.: Iodide goiter. 1. clin. Endocr. 20,57 
(1960). 

PASTERNAK, D. P., SOKOWW, E. L., INGBAR, S. H.: Synergistic 
action of phenazone and iodide on thyroid hormone 
biosynthesis in the rat. Endocrinology 84, 769 (1969). 

RALLISON, M. L., KUMAGAI, L. F., TYLER, F. H.: Goitrous hy
pothyroidism induced by amino-glutethimide, anticon
vulsant drug. 1. clin. Endocr. 27,265 (1967). 

SCHOU, M., AMDISEN, A., JENSEN, S. E., OLSON,T.: Occurrence 
of goiter during lithium treatment. Brit. med. J. 1968 III, 
710. 

SUZUKI, H.T., HIGUCKI, S.K., OKTAKI, S., HOCIUCHI, Y.: 
"Endemic coast goiter" in Hokkaido lapan, Acta endocr. 
(Kbh.) SO, 161 (1965). 

WERNER, S.c. : Classification ofthyroid disease. 1. clin. Endocr. 
29,860 (1969). 

WILLIAMS, 1. A., BERENS, S. c., WOLFF, 1.: Thyroid secretion 
in vitro: inhibition of TSH and dibutyryl cyclic AMP 



References 

stimulated 1311 release by lithium. Endocrinology 88, 
1385 (1971). 

VAGENAKIS, A C., DOWNS, P., BRAVERMAN, L. E., BURGER, A., 
INGBAR, S. H.: Control of thyroid hormone secretion in 
normal subjects receiving iodides. 1. din. Invest. 52, 528 
(1973). 

WOLFF,l.: Iodide goiter and the pharmacologic effects of 
excess iodide. Amer. 1. Med. 47, 101 (1969). 

Pathologic Anatomy of Various Organs 
im Hypothyroidism 

ANDERSEN, H., ASBOE-HANSEN, G., QUAADE, F.: Histopatho
logic examination of the skin in the diagnosis of myx
edema in children. 1. clin. Endocr. 15,459 (1955). 

DOERR, W., HOLLDECK, K.: Ueber das Myxoedemherz. Vir
chows Arch. path. Anat. 315, 653 (1948). 

GABRILOVE, 1. L., LUDWIG, A. W.: The histogenesis of myxe
dema. J. clin. Endocr. 17, 925 (1957). 

EZRIN, c., SWANSON, H.E., HUMPHREY, 1.G., DAWSON, J.W., 
HILL, F. M.: The cells of the human adenohypophysis in 
thyroid disorders. J. clin. Endocr. 19, 958 (1959). 

M6sLI, P., HEDINGER, CHR.: Nodullire Hyperplasie und 
Adenome des HypophysenvorderJappens bei Hypo
thyreose. Acta endocr. (Kbh.) 58,507 (1968). 

PEARSE, A. G. E.: Cytochemical localisation of the protein 
hormones of the anterior hypophysis. Ciba Found. Coli. 
Endocr. 4, 1 (1952). 

- Histochemistry, 2nd ed. London: Churchill 1960. 
RUSSFIELD, A. B.: Histology of the human hypophysis in 

thyroid disease-Hypothyroidism, hyperthyroidism and 
cancer. 1. clin. Endocr. 15, 1393 (1955). 

Clinical Picture, Differential Diagnosis, 
Course and Treatment of Adult Hypothyroidism 

AIKAWA,J.K.: The nature of myxedema: Alterations in the 
serum electrolyte concentrations and radiosodium space 
and in the exchangeable sodium and potassium contents. 
Ann. intern. Med. 44, 30 (1956). 

ARDEMAN, S., CHAMARIN, I., KRAFCHICK, B., SINGER, W.: Ad
disonian pernicious anaemia and intrinsic factor anti
bodies in thyroid disorders. Quart. J. Med. N.S. 35, 421 
(1966). 

ASPER, S.P., WIswELL,1.G.: Physiology and treatment of 
myxedema. Amer. J. Med. 20, 732 (1956). 

AXELROD, A R., BERMAN, L.: The bone marrow in hyper
thyroidism and hypothyroidism. Blood 6, 436 (1951). 

BALZE, F. A. DE LA, ARRILLAGA, F., MANCINI, R. E., 1 ANCHES, 
M., DAVIDSON, O. W., GURTMAN, AI.: Male hypogona
dism in hypothyroidism: A study of six cases. J. din. 
Endocr. 22, 121 (1962). 

BASTENIE, P.A., NEVE, P., BONNYNS, M., VANHAELST, L., 
CHAILLY, M.: Clinical and pathological significance of 
asymptomatic atrophic thyroiditis. Lancet 1967 I, 915. 

- VANHAELST, L., BONNYNS, M., NEVE, P., STAQUET, M.: 
Preclinical hypothyroidism: A risk factor for coronary 
heart disease. Lancet 1971 I, 203. 

BERNSTEIN, R.S., ROBBINS, J.: Intermittent therapy with 
L-thyroxine. New Eng!. J. Med. 281, 1444 (1969): 

BLACK, M. M., BORROMS, E., SHUSTER, S.: Skin collagen and 
thickness in hyperthyroidism and myxedema. Clin. 
Endocr. 1, 253 (1972). 

BLAND, 1. H., TRYMOYER, 1. W.: Rheumatic syndromes of 
myxedema. New Eng!. 1. Med. 282, 1171 (1970). 

BILLEWICZ, W.Z., CHAPMAN, R.S., CROOKS, J., DAY, M.E., 
GOSSAGE, J ., WAYNE, E., YOUNG, 1. A.: Statistical methods 
applied to the diagnosis ofthyroid disease. Quart. J. Med., 
N.S. 38, 255 (1969). 

BLEULER, M.: Endokrinologische Psychiatrie. In: Psychiatrie 
der Gegenwart, GRUHLE, lUNG, MAYER-GROSS U.MULLER, 
(eds.). Berlin-Gottingen-Heidelberg: Springer 1964. 

255 

BLOOMER, H.A, KYLE, L.H.: Myxedema. Arch. intern. Med. 
104, 234 (1959). 

BRAUNMAN, H., CORVILAIN, J.: Growth hormone response 
to hypoglycemia in myxedema. J. clin. Endocr. 28, 301 
(1968). 

BRONSKY, D., MELTZER, J. L., W ALDSTEIN, S. S.: Idiopathic 
juvenile myxedema and myasthenia gravis. Amer. 1. Med. 
43,956 (1967). 

BURGESS, A.M.: Myxedema-controlled by thyroid extract 
for fifty-two years; report of a case. Ann. intern. Med. 25, 
146 (1946). 

CASSANO, c., FABBRINI, A, ANDRES, G.A, CINOTTI, G.A, 
MARTINO, C. DE, MINIO, F.: Functional, light and electron 
microscopic studies of the kidney in myxoedema. Europ. 
Rev. Endocr. 1, 1 (1964). 

CASSIDY, C. E., EDDY, R. L.: Hypothyroidism in patients with 
goiter. Metabolism 19, 751 (1970). 

CHEW, C. U., PAIN, R. W.: A comparison of thyroid function 
tests. Med. J. Aust. 19621, 435. 

DERuBERTIS, F.R., MICHELIS, M.F., BLOOM, M.E., MINTZ, 
D. H., FIELD, 1. B., DAVIS, B. B.: Impaired water excretion 
in myxedema. Amer. J. Med. 51, 41 (1971). 

DISCALA, V.A, KINNEY, M.J.: Effects of myxedema on the 
renal diluting and concentrating mechanism. Amer. J. 
Med. 50, 325 (1971). 

EDWARDS, C. R. W., FORSYTH, I. A, BESSER, G. M.: Amenorr
hoea, galactorrhoea, and primary hypothyroidism with 
high circulating levels of prolactin. Brit. med. 1. 1971 III, 
462. 

EVERED, D., YOUNG, E.T., ORMSTON, B.J., MENZIEs, R., 
SMITH, P.A., HALL, R.: Treatment of hypothyroidism: a 
reapraisal of thyroxine therapy. Brit. med. 1.1973111,131. 

FITZGERALD, L. T., WILLIAMS, C. M.: A computer program 
for the diagnosis ofthyroid disease. Amer. J. Roentgeno!. 
97,901 (1966). 

FORD, R. V., OWENS,l.C., CURD, G. W., lR., MOYER,l.H., 
SPURR, C. L.: Kidney function in various thyroid states. 
1. clin. Endocr. 21, 549 (1961). 

FOWLER, P.B.S., SWALE, 1.: Premyxoedema and coronary 
artery disease. Lancet 1967 1,1077. 

- - ANDREWS, H.: Hypercholesterolemia in borderline 
hypothyroidism. Lancet. 1970 II, 488. 

FRAIGU, P., THOUIN, A., BAZIN,l.-P., TUBIANA, M.: Com
paraison de la valeur diagnostique de difierents tests 
fonctionnels thyroidiens. Ann. Endocr. (Paris) 33, 5 
(1972). 

FUHR, I.E., MEDICI, P.: An in vitro effect ofthyroid hormone 
upon bone marrow synthesis of hemoglobin. FEBS 
Letter 11, 20 (1970). 

GORDON, A., GROVER, N. B., BARZILAI, D., EHRENFELD, E. N., 
LEWITUS, Z., GRosS,l.: Computer study of thyroid 
diseases. II Results. IsraelI. med. Sci. 6, 333 (1970). 

GRAETTINGER,l.S., MUENSTER,l.l., CHECCHIA, C.S., GRIS
SOM, R. L., CAMPBELL, 1. A: A correlation of dinical and 
hemodynamic studies in patients with hypothyroidism. 
1. din. Invest. 37, 502 (1958). 

GRAIG, F.A, SMITH,l.C.: Serum creatine phosphokinase 
activity in altered thyroid states. 1. din. Endocr. 25, 723 
(1965). 

HEINONEN, O. P., GORDIN, A., AHO, K., PUNSAR, S., PYORALA, 
K.: Symptomless autoimmune thyroiditis in coronary 
heart disease. Lancet 1972 I, 785. 

HAYS,M.T.: Absorption of oral thyroxine in man. 1. clin. 
Endocr. 28, 749 (1968). 

IRVINE, W.1., DAVIES, S. H., DELAMORE, K. W., WILLIAMS, 
A W.: Immunological relationship between anaemia and 
thyroid disease. Brit. med. 1.196211,454. 

IvY, H.K.: Myxedema precoma, complications and therapy. 
Proc. Mayo Clin. 40, 403 (1965). 

lELLINEK, E. H.: Fits, faints, coma and dementia in myxe
dema. Lancet 1962 II, 1010. 
KELLY, R.E.: Cerebellar syndrome in myxoedema. Lan
cet 1960 II, 225. 



256 

KEKKI, M.: Serum protein turnover in experimental hypo
and hyperthyroidism. Acta end ocr. (Kbh.), Supp!. 91, 1 
(1964). 

KIELY, J. M., PURNELL, D. e., OWEN, CH. A.: Erythrokinetics 
in myxedema. Ann. intern. Med. 67, 533 (1967). 

KIRKEBY, K.: Fatty acid composition of serum lipids in hyper
and hypothyroidism. Acta endocr. (Kbh.) 71, 62 (1972). 

KLION, F. M., SEGAL, R., SCHAFFNER, F.: The effect of altered 
thyroid function on the ultrastructure of the human liver. 
Amer. J. Med. SO, 317 (1971). 

KOCEN, R.S., ATKINSON, M.: Ascites in hypothyroidism. 
Lancet 1963 I, 527. 

KONIG, M.P., SCHMIDHAUSER, M.: Neurologische Stiirungen 
als Leitsymptom einer langdauernden Hypothyreose mit 
Tod in Myxodemcoma. Schweiz. med. Wschr. 93, 1083 
(1963). 

LAMBERG, B. A, GRAsBECK, R.: The serum protein pattern 
in disorders of thyroid function. Acta endocr. (Kbh.) 19, 
91 (1955). 

LAVE, e.E., BIRD, E.D., THOMAS, W.e.: Hypercalcemia in 
myxedema. J. clin. Endocr. 22, 261 (1962). 

LEE, W.Y., MORIMOTO, P.K., BRONSKY, D., WALDSTEIN, S.S.: 
Studies of thyroid and sympathetic system interrelation
ships.I. The blepharoptosis of myxedema. J. clin. Endocr. 
21, 1402 (1961). 

LEEPER,R.D., BENUA,R.S., BRENER,J.L., RAWSON,R.W.: 
Hyperuricemia in myxedema. J. clin. Endocr. 20, 1457 
(1960). 

LEITHOLD, S.L., DAVID, D., BEST, W.R.: Hypothyroidism 
with anemia demonstrating abnormal vitamin B 12 ab
sorption. Amer. J. Med. 24, 535 (1958). 

LILLINGTON, G. A., GASTINEAU, e. F., UNDERDAHL, L. 0.: The 
sedimentation rate in primary myxedema. Proc. Mayo 
Clin. 34, 605 (1959). 

McBIEN, D.J., HINDLE, W.: Myxedema and heart failure. 
Lancet 1963 I, 1066. 

MCCONNON, J., Row, V. V., VOLPE, R.: Simultaneous com
parative studies of thyroxine and trioodothyronine pro
duction rates in health and disease. In: Further Adv. 
Thyroid Research (K. FELLINGER, R. HOFER, eds.), p. 335. 
Wiener Medizinische Akademie 1971. 

MEANS, M. A., DOBSON, R. L.: Cytological changes in the 
sweat gland in hypothyroidism . .I. Amer. med. Ass. 186, 
113 (1963). 

NIKKILA, E.A, KEKKI, M.: Plasma triclyceride metabolism 
in thyroid disease. J. clin. Invest. 51, 2103 (1972). 

ODDIE, T.H., FLANIGAN, W.J., FISHER, D.A: Iodine and 
thyroxine metabolism in anephric patients receiving 
chronic peritoneal dialysis. 1. clin. Endocr. 31, 277 (1970). 

O'HARA, D. D., PORTE, D., WILLIAMS, R. H.: The effect of 
diet and thyroxine on plasma lipids in myxedema. Meta
bolism 15, 123 (1966). 

PETTINGER,W.A., TALNER,L., FERRIS, TH.F.: Inappropriate 
secretion of antidiuretic hormone due to myxedema. 
New Eng!. J. Med. 272, 362 (1965). 

RAVEN, H. M.: Life history of a case of myxeodema Brit. med. 
J. 192411, 622. 

RAVEN, TH.F.: Myxoedema treated with thyroid tabloids. 
Brit. med. J. 18941, 12. 

RAWSON, R. W., RALL, J. E., PEARSON, O. H., ROBBINS, J., Pop
PELL, H.F., WEST, e.D.: I-triiodothyronine versus I-thy
roxine. A comparison of their metabolic effects in human 
myxedema. Amer. J. med. Sci. 226, 405 (1953). 

READ,D.G., HAYS,M.T., HERSHMAN,J.M.: Absorption of 
oral thyroxine in hypothyroid and normal men. 1. clin. 
Endocr. 30, 798 (1970). 

RITTER, F. N.: The effects of hypothyroidism upon the ear 
nose and throat. Laryngoscope (St. Louis) 67,1427 (1967). 

RIVES, K.L., FURTH, E.D., BECKER, D.V.: Limitations of the 
ankle jerk test. Intercomparison with other tests of thyroid 
function. Ann. intern. Med. 62, 1139 (1965). 

Ross, G. T., SCHOLZ, D. A., LAMBERG, E. H., GERACI, J. E.: 
Severe uterine bleeding and degenerative skeletal-muscle 

The Thyroid Gland 

changes in unrecognized myxedema. J. clin. Endocr. 18, 
492 (1958). 

SALOMON, M.I., DISCALA, V., GRISHMAN, E., BREUER, J., 
CHURG, 1.: Renal lesions in hypothyroidism: a study 
based on kidney biopsies. Metabolism 16, 846 (1967). 

SANDERS, V.: Neurologic manifestations of myxedema. New 
Eng!. J. Med. 266, 547 (1962). 

SCHAUB, F.: Ober die Herzveranderungen bei Myxoedem 
und einfacher Hypothyreose. Cardiologia (Basel) 30, 185 
(1957). 

SCHWARZ, K.: Therapie der Hypothyreose. Internist (Berl.) 
4,312 (1963). 

SELENKOW, H.A, WOOL, M.S.: A new synthetic thyroid 
hormone combination for clinical therapy. Ann. intern. 
Med. 67, 90 (1967). 

SMITH, R. N., TAYLOR, S.A., MASSEY, J.e.: Controlled clini
cal trial of combined triiodothyronine and thyroxine in 
the treatment of hypothyroidism. Brit. med. J. 1970 IV, 
145. 

SNYDER, L. M., REDDY, W. J.: Mechanism of action of thyroid 
hormones on erythrocyte 2,3-diphosphoglyceric acid 
synthesis. J. clin. Invest. 49, 1993 (1970). 

STANBURY, J.B.: Cretinism and the fetal-maternal relations
hip. In: Human development and the thyroid gland. 
Relation to endemic cretinism (J.B. STANBURY and 
R. L. KROC, eds.), p.487. New York: Plenum Press 1972. 

STARR, P.: Sodium I-thyroxine. J. Amer. med. Ass. 155,732 
(1954). 

STEINBERG, AD.: Myxedema and coronary artery disease: 
a comparative autopsy study. Ann. intern. Med. 68, 
338 (1968). 

SURKS, M.l., SCHADLOW, A. R., OPPENHEIMER, J. H.: A new 
radioimmunoassay for plasma L-triiodothyronine. Mea
surements in thyroid disease and in patients maintained 
on hormonal replacement. J. clin. Invest. 51, 3104 (1972). 

TUDHOPE, G.R.: The thyroid and the blood. London: 
Heinemann 1969. 

- WILSON, G.M.: Anemia in hypothyroidism. Quart. J. 
Med. 29, 513 (1960). 

- - Deficiency of vitamin B 12 in hypothyroidism. Lancet 
19621,703. 

TULLOCH, B. R., LEWIS, B., FRASER, T. R.: Triglyceride meta
bolism in thyroid disease. Lancet 19731, 391. 

V ALLOTTON, M. B., PRETELL, J. Y., FORBES, A P.: Distinction 
between idiopathic primary myxedema and secondary 
pituitary hypothyroidism by the presence of circulating 
thyroid antibodies. J. clin. Endocr. 27, 1 (1967). 

VANHAELST, L., NEVE, P., CHAILLY, P., BASTENIE, P.A.: Coro
nary artery disease in Hypothyroidism. Lancet 1967 II, 
800. 

WALDSTEIN, S.S., BRONSKY,D., SHRlFfER,H.B., OESTER, Y.T.: 
The electromyogram in myxedema. Arch. intern. Med. 
101,97 (1958). 

W ATANAKUNAKORN, C., HODGES, R. E., EVANS, T. e.: Myxe
dema. Arch. intern. Med. 116, 183 (1965). 

WILLIAMS, G.A., CRISPELL, K.R., PARSON, W.: Adreno
cortical function in myxedema. J. din. Endocr. 17, 1347 
(1957). 

WILSON, W. R., BEDELL, G. N.: The pulmonary abnormalities 
in myxedema. J. din. Invest. 39,42 (1960). 

WOOL, M.S., SELENKOV, H.A: Physiologic combinations of 
synthetic thyroid hormones in myxedema. Clin. Phar
maco!. Ther. 6, 710 (1965). 

WYSS, F.: Hypothyreose. Schweiz. med. Wschr. 97, 1671 
(1967). 

Secondary Hypothyroidism 

BRAUNMAN, H~ CORVILAIN, J.: Growth hormone response to 
hypoglycenia in myxedema. J. din. Endocr. 38, 301 (1968). 

COSTOM, B. H., GRUMBACH, M. M., KAPLAN, S. L.: Effect of 
thyrotropin-releasing factor on serum thyroid stimu
lating hormone. An approach to distinguishing hypo-



References 

thalamic from pituitary forms of idiopathic hypopituitary 
dwarfism. J. clin. Invest. SO, 2219 (1971). 

FOLEY, T.P.,JACOBS, L.S.,HOFFMAN, W.,DAUGHADAY, W.H., 
BLIZZARD, R. M.: Human prolactin and thyrotropin 
concentrations in the serums of normal and hypo
pituitary children before and after thyrotropin-releasing 
hormone. J. clin. Invest. 51, 2143 (1972). 
OWINGS, J., HAYFORD, J. T., BLIZZARD, R. M.: Serum thy
rotropin responses to synthetic thyrotropin releasing 
hormone in normal children and hypopituitary patients: 
A new test to distinguish primary releasing hormone 
deficiency from primary pituitary hormone deficiency. 
J. clin. Invest. 51, 431 (1972). 

KAPLAN, S.L., GRUMBACH, M.M., FRIESEN, H.G., COSTOM, 
B.H.: Thyrotropin-releasing factor (TRF) effect on se
cretion of human pituitary prolactin and thyrotropin in 
children and in idiopathic hypopituitary dwarfism: 
Further evidence of hypophysiotropic hormone deficien
cies. J. clin. Endocr. 35, 825 (1972). 

LESSOF, M. H., LYNE, e., MAISEY, M. N., STURGE, R. A.: Effect 
of thyroid failure on the pituitary-adrenal axis. Lancet 
1969 1,642. 

LI, M. e., RALL, J. E., MACLEAN, J. P., LIPSETT, M. B., RAY, 
B. S., PEARSON, O. H.: Thyroid function following hypo
physectomy in man. J. clin. Endocr. 15, 1228 (1955). 

MIYAI, K., AZUKIZAWA, M., KUMAHRA, Y.: Familial iso
lated thyrotropin deficiency with cretinism. New Eng!. 
J. Med. 285, 1043 (1971). 

ODELL, W. D.: Isolated deficiencies of anterior pituitary hor
mones: symptoms and diagnosis. J. Amer. med. Ass. 197, 
1006 (1966). 

PITTMAN, J. A., HAIGLER, E. D., HERSHMAN, J. M., PITTMAN, 
C.S.: Hypothalamic hypothyroidism. New Eng!. J. Med. 
285,844 (1971). 

SAMPSON, M.e., ROSE, E., HERBERT, E.: Solitary ("monotro
pic") thyrotropin deficiency with secondary hypothyroi
dism. Amer. J. Med. 17,871 (1954). 

SAWIN, C. T., McHUGH, J. E.: Isolated lack of thyrotropin in 
man. J. clin. Endocr. 26, 955 (1966). 

SHENKMAN, L., MITSUMA, T., SUPHA V AI, A, HOLLANDER, e. S.: 
Hypothalamic hypothyroidism. J. Amer. med. Ass. 222, 
480 (1972). 

SHUMAN, CH. R.: Hypothyroidism due to thyrotropin defi
ciency without other manifestations of hypopituitarism. 
J. clin. Endocr. 13, 795 (1953). 

Borderline Hypothyroid States 

DELANGE, F., CAMUS, M., ERMANS, AM.: Circulating thyroid 
hormones in endemic goiter. J. clin. Endocr. 34, 891 
(1972). 

GHARIB, H., WAHNER, H. W., MCCONAHEY, W. M.: Serum 
levels of thyroid hormones in Hashimoto's thyroiditis. 
Mayo Clin. Proc. 47,175 (1972). 

GOLDBERG, M.: The case for euthyroid hypometabolism. 
Amer. J. med. Sci. 240,479 (1960). 

HEDLEy,AJ., HALL,R., AMOS,J., MICHIE,W., CRooKS,J.: 
Serum thyrotropin levels after subtotal thyroidectomy 
for Graves' disease. Lancet 1971 I, 455. 

HERTOGHE: De l'hypothyroidie benigne ou myxoedeme 
fruste. Nouv. Iconogr. Salpet. Juli/Aug. (1899). 

JEFFERIES, W.McK.: Occult hypothyroidism and "metabolic 
insufficiency". J. chron. Dis. 14, 582 (1961). 

- KELLY, L. W., JR., LEVY, R. P., COOPER, G. W., PROUTY, 
R. L.: The significance of low thyroid reserve. J. clin. 
Endocr. 16, 1438 (1956). 

KEATING, F. R.: Metabolic insufficiency. J. clin. Endocr. 18, 
531 (1958). 

KURLAND, G. S., HAMOLSKY, M. W., FREEDBERG, A. S.: Stu
dies in non-myxedematous hypometabolism I. The 
clinical syndrome and the effects of triiodothyronine 
alone or combined with thyroxine. J. clin. Endocr. 15, 
1345 (1955). 

257 

LEVIN, M. E.: Metabolic insufficiency: A double-blind study 
using triiodothyronine, thyroxine and a placebo: Psycho
metric evaluation of the hypometabolic patient. 1. clin. 
Endocr. 20, 106 (1960). 

POWELL, G.F., BLIZZARD, R.M.: An attempt to establish a 
test for thyrotropin (TSH) reserve. J. clin. Endocr. 26, 
1389 (1966). 

SCHNEEBERG, N.G., KANSAC, P.e.: Commentary on a pro
posed TSH reserve test. J. clin. Endocr. 26, 579 (1966). 

SIKKEMA, S. H.: Triiodothyronine in the diagnosis and treat
ment of hypothyroidism: Failure to demonstrate the 
metabolic insufficiency syndrome. J. clin. Endocr. 20, 546 
(1960). 

SLINGERLAND, D. W., HERSHMAN, J. M., DELL, E. S., BURROWS, 
B.A.: Thyrotropin and PBI in radioiodine-treated hyper
thyroid patients. 1. clin. Endocr. 35, 912 (1972). 

STERLING, K., BRENNER, M.A., NEWMAN, E.S., ODELL, W.D., 
BELLABARBA, D.: The significance of triiodothyronine 
(T 3) in maintainance of euthyroid status after treatment 
of hyperthyroidism. J. clin. Endocr. 33, 729 (1971). 

STUDER, H., WYSS, F., IFF, H. W.: A TSH-reserve Test for de
tection of mild secondary hypothyroidism. 1. clin. Endocr. 
24,965 (1964). 

WYSS, F., STUDER, H.: Die pathophysiologische Bedeutung 
der eingeschriinkten Leistungsreserve des Hypophysen
Schilddrlisen-Systems. Schweiz. med. Wschr. 93, 1057 
(1963). 
- Peripherer euthyreoter Hypometabolismus oder se
kundiire Hypothyreose? Schweiz. med. Wschr. 93, 1680 
(1963). 

Myxedema Coma 

HOLVEY, D.N., GOODNER, e.J., NICOWFF, J.T., DOWLING, 
J. T.: Treatment of myxedema coma with intraveinous 
thyroxine. Arch. intern. Med. 113, 89 (1964). 

JELLINEK, E. H.: Fits, faints, coma, and dementia in myx
oedema. Lancet 1962 II, 1010. 

LEON-SOTOMAYOR, L., BOWERS, e. Y.: Myxedema coma. 
Springfield: Thomas 1964. 

LOVEL, T. W. I.: Myxoedema coma. Lancet 1962 I, 823. 
MASSUMI, R. A., WINNACKER, 1. L.: Severe depression of the 

respiratory center in myxedema. Amer. J. Med. 36, 876 
(1964). 

NICKERSON, J. F., HILL, S.R., McNEIL, J.H., BARKER, S.B.: 
Fatal myxedema with and without coma. Ann. intern. 
Med. 53, 475 (1960). 

NIELSON, P. E., RANLOW, P.: Myxoedema coma. Acta endocr. 
(Kbh.) 45, 353 (1964). 

NORDQUVIST, P., DHUNER, K. G., STERNBERG, K., ORNDAHL, 
G.: Myxoedema coma and CO2-retention. Acta med. 
scand. 166, 189 (1960). 

ORD, W. M.: Cases of myxoedema. Trans clin. Soc. Lond. 13, 
15 (1879-1880). 

PERLMUTTER,., COHN, H.: Myxedema crisis of pituitary 
or thyroid origin. Amer. 1. Med. 36, 883 (1964). 

RmGw AY, E. e., MCCANNON, J. A., BENOTTI, J., MALOOF, F.: 
Acute metabolic responses in myxedema to large doses 
of intraveinous L-thyroxine. Ann. intern. Med. 77, 549 
(1972). 

VERBOV, J. L.: Modern treatment of myxoedema coma asso
ciated with hypothermia. Lancet 1964 I, 194. 

Congenital and Childhood Hypothyroidism 

Reviews 

ANDERSEN, H.J.: Non-goitrous hypothyroidism. In: GARD
NER, L. I., Endocrine and genetic diseases of childhood. 
Philadelphia-London: Saunders 1969. 

HAYLES, A B.: Problems of childhood Graves' disease. Mayo 
Clin. Proc. 47, 850 (1972). 



258 

HUTCHISON, J.H.: Familial goitrous hypothyroidism. In: 
GARDNER, L. I., Endocrine and genetic diseases of child
hood. Philadelphia-London: Saunders 1969. 

KLEIN, E.: Inborn errors of iodine metabolism. Acta endocr. 
(Kbh.). Suppl. 123 (1965). 

KONIG, M. P.: Die kongenitale Hypothyreose und der ende-
mische Kretinismus. Berlin-Heidelberg-New York: 
Springer 1968. 

STANBURY,J.B.: Familial goiter. In: STANBURY,J.B.; WYN
GAARDEN, J. B.; FREDRICKSON, D. S., The metabolic basis 
of inherited disease, 3rd ed., p. 223. New York: McGraw
Hill 1972. 

Specific References 

ANDERSEN, H., AsBOE-HANSEN, G., QUAADE, F.: Histopatho
logic examination of the skin in the diagnosis of myxede
ma in children. J. elin. Endocr. 15, 459 (1955). 

- Studies in hypothyroidism in children. Dissertation. 
Copenhagen 1960. Acta paediat. (Uppsala), Suppl. 125 
(1961). 

- SKiNHOJ, K.: A longitudinal study of mental retardation 
in hypothyroid children during treatment. J. Pediat. 65, 
1095 (1964). 

BAMATTER, F., FRANCESCHETTI, A., KLEIN, D.: Amelioration 
tardive d'un cas de nanisme athyroidien congenital avec 
alteration intrasellaire. Helvet. paediat. Acta 2, 154 
(1947). 

BELLABARBA, D., BENARD, B~ VEDY, M., GATTERAU, A.: Con
genital goiter with triiodothyronine as the main circu
lating thyroid hormone. Horm. Metab. Res. 4, 488 (1972). 

BLIZZARD, R. M., CHANDLER, R. W., LANDING, B. H., PETTIT, 
M.D., WEST, C.D.: Maternal autoimmunization as a 
probable cause of athyrotic cretinism. New Engl. 1. Med. 
263,327 (1960). 

BODE. H.H., DANON, M~ WEINTRAUB, B.D., MALOOF, F., 
CRAWFORD, J.D.: Partial target organ resistance to 
thyroid hormone. J. elin. Invest. 52, 776 (1973). 

BONGIOVANNI, A.M.: The use and misuse of thyroid hor
mone in pediatric practice. Pediatrics 33,585 (1964). 

BURROW, G.N~ SPAULDING, S.W., ALilxANDER, N.M., 
BoWER, B.F.: Normal peroxidase activity in Pendred's 
syndrome. J. clin. Endocr. 36, 522 (1973). 

CANLORBE, P., CHEFNEUX, A.: Le reflexogramme achilleen 
chez I'enfant. Sem. Hop. Paris 41, 1253 (1965). 

CARSWELL, F., KERR, M. M., HUTCHISON, J. H.: Congenital 
goitre and hypothyroidism produced by maternal in
gestion of iodides. Lancet 19701, 7659. 

CHAN, A.M., LYNCH,M.J.G., BAlLEY,J.D., EZRIN,C., FRA
SER, D.: Hypothyroidism in cystinosis. A clinical, epi
demiologic and histologic study involving 16 patients 
with cystinosis. Amer. 1. Med. 48, 678 (1970). 

CHANDLER, R. W., BLIZZARD, R.M., HUNG, W., KYLE, M.: 
Incidence of thyrotoxic factor and other antithyroid 
antibodies in the mothers of cretins. New Engl. J. Med. 
267,376 (1962). 

CHILDS, B., GARDNER, L. I.: Etiological factors in sporadic 
cretinism. An analysis of ninety cases. Ann. hum. Genet. 
19,90 (1954). 

COURVOISIER, B., DEGROOT, L.J., STANBURY, J. B., BwUD, 
TH., KORALNIK, L.: Insuffisiances thyroidiennes par ano
malies congenitales de la synthese hormonale. Schweiz. 
med. Wschr. 89, 973 (1959). 

CROSS, H. E., HOLLANDER, C. S., RIMOIN, D. L., McKUSICK, 
V.A.: Familial agoitrous cretinism accompanied by 
muscular hypertrophy. Pediatrics 41, 413 (1968). 

DEBRE, R., SEMELAIGNE, G.: Syndrome of diffuse muscular 
hypertrophy in infants causing athletic appearance. 
Amer. 1. Dis. Child. SO, 1351 (1935). 

DE GROOT, L.l., POSTEL, S., LITVAK, J., STANBURY, J.B.: Pep
tide-linked iodotyrosines and iodothyronines in blood 
of a patient with congenital goiter. 1. clin. Endocr. 18, 158 
(1958). 

The Thyroid Gland 

STANBURY, J.B.: The syndrome of congenital goiter with 
butanol-insoluble serum iodine. Amer. J. Med. 27, 586 
(1959). 

DONIACH, D., NILSSON, L. R., ROITT, I. M.: Autoimmune thy
roiditis in children and adolescents. II. Immunological 
correlations and parent study. Acta paediat. (Uppsala) 
54,260 (1965). 

DoRFF, G. B.: Sporadic cretinism in one of twins. Report of 
cases with roentgen demonstration of osseous changes 
that occurred in utero. Amer. 1. Dis. Child. 48, 1316 
(1934). 

EAYRS, J. T.: Thyroid hormones and brain differentiation. 
Ciba Found. Study Group 18. Brain-thyroid relationship, 
p. 60-71. London: Churchill 1964. 

FISHER, D. A., HAUMOND, G. D., PICKERING, D. E.: The hypo
thyroid infant and child; therapy with sodium I-thyrox
ine. Amer. J. Dis. Child. 90,6(1955). 

FISHER, W.D., VooRHESS, M.L., GARDNER, L.I.: Congenital 
hypothyroidism in infants following maternal 1131 therapy. 
J. Pediat. 62, 132 (1963). 

FOLEY, T. P., SCHUBERT, W. K., MARNELL, R. T., McADAMS, 
A.J.: Chronic lymphocytic thyroiditis and juvenile 
myxedema in uniovular twins. J. Pediat. 72, 201 (1968). 

FRASER, G.R., MORGANS, M.E., TROTTER, W.R.: The syn
drome of sporadic goiter and congenital deafness. Quart. 
J. Med. 29, 279 (1960). 

FRENCH, F.S., WYK, J.J. VAN: Fetal hypothyroidism. J. Pe
diat. 64, 589 (1964). 

GABR, M.: The role of thyroid dysgenesis and maldescent 
in the etiology of sporadic cretinism. J. Pediat. 60, 830 
(1962). 

GILBOA, V., BER, A., LEWITUS, Z., HASENFRATZ, J.: Goitrous 
myxedema due to iodide trapping defect. Arch. intern. 
Med. 112, 212 (1963). 

GREIG, W. R., HENDERSON, A. S., BoYLE, J. H., McGIRR, E.M., 
HUTcmsoN,J.A.: Thyroid dysgenesis in two pairs of 
monozygotic twins and in a mother and child. 1. elin. 
Endocr. 26, 1309 (1966). 

GRlBETZ, D., TALBOT, N.B., CRAWFORD, J.D.: Goiter due 
to lymphocytic thyroiditis: Its occurrence in preadoles
cent and adolescent girls. New Engl. 1. Med. 250, 555 
(1954). 

HAGEN, G. A., NIEPOMNISZCE, H~ HAlBACH, H., BIGAZZI, M., 
HAT!, R., RAPoPORT, B., JIMENEZ, C., DE GROOT, L.J., 
FRAWLEY, T.F.: Peroxidase deficiency in familial goiter 
with iodide organification defect. New Eng!. J. Med. 285, 
1394 (1971). 

HARNACK, G. A. V.: Eineiige Zwillinge mit diskordanter 
Hypothyreose. Arch. Kinderheilk. 146, 60 (1953). 

- HORST, W., LENZ, W.: Das erbliche Syndrom: Innenohr
schwerhorigkeit und Jodfehlverwertung im Kropf. Dtsch. 
med. Wschr. 86, 2421 (1961). 

- LENTZ, W., ZUCKSCHWERDT, L.: Hormontransplantation 
von Schilddriisengewebe bei einem eineiigen Zwillings
paar. Dtsch. med. Wschr. 83, 549 (1958). 

- WALLIs, H.: Zur Psychopathologie der Hypothyreose 
im Kindesalter. Mschr. Kinderheilk. 108, 373 (1960). 

HARRIs, F., KOUTSOULIERIs, E.: Hypothyroidism due to auto
immune thyroiditis in a young child with Down's Syn
drome. Arch. Dis. Child. 42, 449 (1967). 

HUBBLE, D.: Precocious menstruation in a mongoloid child 
with hypothyroidism. Hormonal overlap. 1. elin. Endocr. 
23, 1302 (1963). 

IM8ACH, T.: Normalwerte der Achillessehnenreflexzeit beim 
Kind. Helv. paediat. Acta 24, 463 (1969). 

IWATSUBO, H., OMORI, K., OKADA, Y., FUKUCHI, M., MIYAI, 
K., ABE, H., KUMAHARA, Y.: Human growth hormone 
secretion in primary hypothyroidism before and after 
treatment. J. clin. Endocr. 27, 1751 (1967). 

JENKINS, M. E.: Precocious menstruation in hypothyroidism. 
Amer. 1. Dis. Child. 109, 252 (1965). 

JEUNE, M., BERAND, C.: Osteopetrose myxoedemateuse. Arch. 
fran~. Pediat. 12, 368 (1955). 



References 

KENDLE, F. W.: Cause of precocious puberty in female cretin. 
Brit. med. J. 19051, 246. 

KENNY, F.M., ITURZAETA, N., PREEYASOMBAT, C., TAYLOR, 
F.H., MIGEON, c.J.: Cortisol production rate. YII. 
Hypothyroidism and hyperthyroidism in infants and 
children. J. din. Endocr. 27, 1616 (1967). 

KOENIG, M. P., BAUMANN, TH., SCHARER, K., HERREN, CH.: 
Famililire kongenitale Storung der Schilddriisenhormon
synthese. Fehlerhafte Oxydation von anorganischem zu 
organischem Jod. Schweiz. med. Wschr. 94,319 (1964). 
SCHMIDHAUSER, M.: Neurologische Storungen als Leit
symptom einer langdauernden Hypothyreose mit Tod im 
Myxoedem-Koma. Schweiz. med. Wschr. 93,1183 (1963). 

LAMBERG, B. A.: Congenital euthyroid goitre and partial 
peripheral resistance to thyroid hormones. Lancet 1973 I, 
854. 
HINTZE, G., KARLSSON, R.: Non-butanol extractable iod
ine in the serum of eumetabolic adult goitre patients. 
Acta endocr. (Kbh.) 44, 291 (1963). 

LELONG, M., JOSEPH, R., CANLORBE, P., JOB, J. c., PLAIN
FONE, B.: L'hypothyroidie par anomalie congenitale de 
l'hormogenese. Arch. fran!,'. Pediat. 13, 341 (1956). 

L!SSITZKY, S., BISMUTH, J., JAQUET, P., CASTAY, M., MICHEL
BECHET, M., KOUTRAS, D. A., PHARMAKIOTIS, A. D., Mo
SCHOS, A., PSARRAS, A., MALAMOS, B.: Congenital goiter 
with impaired thyroglobulin synthesis. 1. din. Endocr. 36, 
17 (1973). 

LJUNGGREN, J. G., LINDSTROM, H., HJERN, B.: The concentra
tion of peroxidase in normal and adenomatous human 
thyroid tissue with special reference to patients with 
Pendred's syndrome. Acta endocr. (Kbh.) 72,272 (1973). 

LOWREY, G.H., ASTER, R.H., CARR, E.A., RAMON, G., BEIER
WAITES, W.H.: Early diagnostic criteria of congenital 
hypothyroidism. Amer. J. Dis. Child. %, 131 (1958). 

MCGIRR, E. M., CLEMENT, W. E., CURRIE, A. R., KENNEDY, 
J. S.: Impaired dehalogenase activity as a cause of goiter 
with malignant changes. Scot. med. J. 4, 232 (1959a). 
HUTCHISON, J. H., CLEMENT, W. E., KENNEDY, J. S., CURRIE, 
A.R.: Goitre and cretinism due to the production of an 
abnormal iodinated thyroid compound. Scot. med. J. 
5, 189 (1960). 

MEDEIROS, G., LEVY, I.A., ULHOA CINTRA, A.B.: Congenital 
hypothyroidism with dishormonogenesis accompanied 
by muscular dystrophy. Acta endocr. Panam. 3, 79 (1972). 

MEDEIROS-NETO, G.A., Bloise, W., ULHOA-CiNTRA, A.B.: 
Partial defect of iodide trapping mechanism in two 
siblings with congenital goiter and hypothyroidism. I. 
din. Endocr. 35, 370 (1972). 

MILUTINOVIC, P.S., STANBURY, 1. B., WICKEN, I. V., JONES, 
E. W.: Thyroid function in a family with the Pendred 
syndrome. J. din. Endocr. 29, 962 (1969). 

MONACO, F., ROBBINS, J.: Defective thyroglobulin synthesis 
in an experimental rat thyroid tumor. Lack of membrane
bound sialyitransferase activity. I. bioI. Chern. 248, 2328 
(1973). 

MONEY, J., LEWIS, V.: Longitudinal study of intelligence 
quotients in treated congenital hypothyroidism. Ciba 
Found. Study Group 18. Brain-thyroid relationship, 
p. 75-88. London: Churchill 1964. 

NAJJAR, S.S., NACHMAN, H.S.: Kocher-Debre-Semelaigne 
syndrome: Hypothyroidism with muscular "hypertro
phy". J. Pediat. 66, 901 (1965). 

NAKAJIMA, J., NUMI, H., FUJIMORI, M.: Defective deiodi
nation of 131I-labeled L-diiodotyrosine in a family with 
cases of euthyroid goiter and hyperthyroidism. Endocr. 
jap. 18,205 (1971). 

NIEPOMNISZCZE, H., CASTELLS, S., DEGROOT,L.J., REFETOFF, 
S., KIM, O. S., RAPOPORT, B., HATI, R.: Peroxida.se defect 
in congenital goiter with complete organification block 
J. din Endocr. 36, 347 (1973). 

NIEPOMNIZCE, H., DE GROOT, L. 1., HAGEN, G. A.: Abnormal 
thyroid peroxidase causing iodide organification defect. 
J. din. Endocr. 34, 607 (1972). 

259 

OUVER, R.A.M., BAKER,G.P.: Juvenile pernicious anemia 
and hypothyroidism. A family study. Brit. med. J. 
19691,27. 

PENDRED, V.: Deaf-mutism and goitre. Lancet 1896 II, 532. 
PRADER, A., PERABO, F.: Korperwachstum, Knochen- und 

Zahnentwicklung bei der endokrinen Erkrankung im 
Kindesalter. Helv. paediat. Acta 7, 517 (1952). 

REFETOFF, S., DE GROOT, L. J., BENARD, B., DEWIND, L. T.: 
Studies of a sibship with apparent hereditary resistance 
to the intracellular action of thyroid hormone. Meta
bolism 21, 723 (1972). 
DE WIND, L. T., DE GROOT, L.J.: Familial syndrome com
bining deaf-mutism. stippled epiphysis, goiter and ab
normally high PBI: possible target organ refractoriness 
to thyroid hormone. J. din. Endocr. 27, 279 (1967). 

REINWEIN, D.: Hormonsynthese und Enzymspektrum bei 
Erkrankungen der menschlichen Schilddriise. Acta 
endocr. (Kbh.) 47, Suppl. 94 (1964), 

- HACKENBERG, K.: Euthyreote Struma mit Jodisations
defekt und vorwiegender Bildung von Trijodthyronin 
als neuer Form von Jodfehlverwertung. Schweiz. med, 
Wschr, 100, 1067 (1970). 
KLEIN, E.: Eine besondere Form von Jodfehlverwertung 
bei sporadischem Kretinismus. Klinische und biochemi
sche Untersuchungsergebnisse. Schweiz. med. Wschr. 
93, 1213 (1963). 

ROSSlER, A., JOB, 1.-c., CANLORBE, P., PISSARO, P., RIORON, J., 
GALLET, P., PIZZO, P.: Myxoedeme acquis de l'enfant. 
Arch. fran!,', Pediat. 23, 23 (1966). 

ROYER, P., MEGEVAND, A.: Les anomalies squelettiques du 
myxoedeme congenital et leur valeur diagnostique. Arch, 
fran!,'. Pediat. 11, 125 (1954). 

SACREZ, R., JUIF, J.-G., MANDRY, J., KELLERSHON, c., RI
VIERE, R., COMAR, D.: Le syndrome de Pendred. I. Etudes 
critiques, diniques et genetiques. Ann. Pediat. 43, 5 
(1967). 

SAXENA, K.M., CRAWFORD, J.D.: Juvenile lymphocytic thy
roiditis. Pediatrics 30, 917 (1962), 

SHIMAOKA, K.: Recurrent goiter with production of an 
unusual iodocompound. 1. din. Endocr. 34, 638 (1972). 

SMITH, D. W., BLIZZARD, R. M., WILKINS, L.: The mental 
prognosis in hypothyroidism of infancy and childhood: 
Review of 128 cases. Pediatrics 19, 1011 (1957). 

STANBURY, J. B., CHAPMAN, E. M.: Congenital hypothyroi
dism with goitre: Absence of an iodide-concentrating 
mechanism. Lancet 1960 II, 1162, 
HEDGE, A. N.: A study of a family of goitrous cretins, 
J. din. Endocr. 10, 1471 (1950). 
KASSENAAR, A.A.H., MEIJER, J. W.A., TERPSTRA, J.: The 
occurrence of mono- and diiodotyrosine in the blood of 
a patient with congenital goiter. J. din. Endocr. 15, 1216 
(1955). 
RICCABONA, G., JANSSEN, M.-A.: Iodotyrosyl coupling 
defect in congenital hypothyroidism with goitre. Lancet 
19631,917. 

- ROCMANS, P., BUHLER, U.K., OCHI, Y.: Congenital hypo
thyroidism with impaired thyroid response to thyro
trophin. New Engl. J. Med. 279, 1132 (1968). 

SWOBODA, W.: Typische OssifikationsstOrung der Wirbel
saule beim angeborenen Myxodem, Helv. paediat. Acta 
10, 462 (1955). 

- WOLF, H. G.: Der Icterus neonatorum prolongatus beim 
kongenitalen Myxodem. Neue osterr. Z, Kinderheilk. 1, 
149 (1955). 

V AGUE, J., LISSITZKY, S., CODACCIONI, J. L., SIMONIN, R., MIL
LER, G., BOYER, J., AUDIBERT, G.: Infantile hypothyroi
dism with goitre and defect of deiodination of iodotyro
sines: treatment with Lugol's solution. Lancet 19621, 
1070. 

VALENTA, L.J., BODE, H., VICKERY, A.L., CAULFIELD, J.B., 
MALOOF, F.: Lack of thyroid peroxidase activity as the 
cause of congenital goitrous hypothyroidism. J. din. 
Endocr. 36, 830 (1973). 



260 

WERNER, S.c., BLOCK, R.J., MANDL, R.H.: Probable genetic 
basis for abnormal circulating iodoprotein (butanol in
soluble serum iodine): Study of a family with several 
hypothyroid members with and without goiter. J. din. 
Endocr. 20, 205 (1960). 

WILKINS, L.: The diagnosis and treatment of endocrine 
disorders in childhood and adolescence, 3rd ed. Spring
field: Thomas 1965. 

WINTIlR, J., EBERLEIN, W. R., BoNGIOVANNI, A. M.: The re
lationship of juvenile hypothyroidism to chronic lympho
cytic thyroiditis. J. Pediat. 69, 709 (1966). 

WOLFF, J., THOMPSON, R. H., ROBBINS, J. : Congenital goitrous 
cretinism due to absence of iodide-concentrating ability. 
J. din. Endocr. 24, 699 (1964). 

WYK, J.J. VAN, GRUMBACH, M.: Syndrome of precocious 
menstruation and galactorrhea in juvenile hypo
thyroidism: An example of hormonal overlap in pituitary 
feedback. J. Pediat. 57, 416 (1960). 

Thyroid Ectopism and Aplasia 

BERNHEIM, R.M., BERGER, M., BERTRAND, J., FRANYOES, B.: 
Etude genetique de l'insulTisance thyroidienne de I'en
fant. 18. Congr. Assoc. Pediatres Langue Fran~aise, 
Geneve, 1961. Vol. 1., p. 249. Basel-New York: Karger 
1961. 

DORTA, T., BERAUD, TH., V ANNOTTl, A.: Le metabolisme de 
l'iode dans la thyroide ectopique. Schweiz. med. Wschr. 
90, 150 (1960). 

HERLANT, M., LINQUETTE, M., LAINE, E., FOSSATI, P., MAY, 
J. P., LEGEBORE, J.: Adenome hypophysaire a cellules 
thyreotropes avec syndrome amenorrbeegalactorrbee 
chez une malade porteuse d'un myxoedeme congenital 
par ectopie thyroidienne. Ann. Endocr. (Paris) 27, 181 
(1966). 

Joss, E., KONIG, M. P.: Bedeutung der Schilddriisenektopie 
bei der sporadischen kongenitalen Hypothyreose. 
Schweiz. med. Wschr. 96, 722 (1966). 

KEELING, J. H., OCHSNER, A.: Carcinoma in thyreoglossal 
remnants. Cancer (Philad.) 12, 596 (1959). 

KELLERSOHN, c., MARTIN, J.: Sur la mise en evidence par 
1131 de la frequence des thyroides linguales dans Ie myx
oedeme. Acta radiol. (Stockh.) 51, 137 (1959). 

KONIG, M. P., ESCHER, F.: Zungengrundschilddriisen mit 
verschiedener klinischer Symptomatologie. Schweiz. med. 
Wschr. 89, 1234 (1959). 

LITfLE, G., MEADOR, C. K., CUNNINGHAM, R., PITTMAN, J.A.: 
"Cryptothyroidism ", the major cause of sporadic "athy
reotic" cretinism. J. din. Endocr. 25, 1529 (1965). 

McGIRR, E. M., HUTCHISON, J. H.: Dysgenesis of the thyroid 
gland as a cause of cretinism and juvenile myxedema. 
J. clin. Endocr. 15, 668 (1955). 

NEIMANN, N., KELLERSOHN, c., PIERSON, M., MARTIN, J.: Le 
role de l'ectopie thyroidienne dans la genese du myx
oedeme. Arch. fran~. Pediat. 15, 315 (1958). 

- PIERsoN, M., MARTIN, J.: Hypothyroidies par trouble du 
deveioppement et lesions inflammatoires du corps thyroi
de. 18e. Conge. Ass. Pediatres Langue fran~. Geneve 
1961, vol. 1, p.89. Basel: Karger 1961. 

RANDOLPH, J., GRUNT, J. A., VAWTER, G. F.: The medical and 
surgical aspects of intratracheal goiter. New Eng!. J. 
Med. 268, 457 (1963). 

SLOAN, L. W.: Normal and anomalous development of the 
thyroid: In: WERNER, S.C., The thyroid, 2nd, ed. New 
York: Hoeber 1962. 

Thyrotoxicosis 

Historical Papers and Reviews 

CHVOSTEK, F.: Morbus Basedow und die Hyperthyreosen. 
Berlin: Springer 1917. 

The Thyroid Gland 

IRVINE, W. J.: Thyrotoxicosis. Proceedings of Symposium 
Edinburgh 1967. Edinburgh-London: Livingstone 1967. 

MAGNUS-LEVY, A.: Uber den respiratorischen Gaswechsel 
unter dem EinfluB der Thyreoidea sowie unter verschie
denen pathologischen Zustanden. Ber!' klin. Wschr. 
1895,650. 

MOEBIUS, P. 1.: Die Basedow'sche Krankheit. Bd. XXII von 
Nothnagels Handbuch der speziellen Pathologie und 
Therapie. Wien: Alfred HOlder 1896. 

MULLER, F. : Beitrage zur Kenntnis der Basedow'schen 
Krankheit. Arch. klin. Med. 51, 335 (1893). 

SATTLER, H.: Die Basedow'sche Krankheit. In: GRAEF
SAEMISCH, Handbuch der gesamten Augenheilkunde. 
Bd. IX. Leipzig 1909. 

Symposium on Graves' disease. Mayo Clin. Proc. 47, 801 
(1972). 

Definition, C lassification, Thyroid Hormone 
Kinetics 

HOCH, F.: Biochemistry of Hyperthyroidism and hypo
thyroidism. Postgrad. med. J. 44, 347 (1968). 

HOCH, F. L.: Thyrotoxicosis as a disease of mitochondria. 
New Eng!. J. Med. 266, 446 (1962). 

INADA, M., STERLING, K.: Thyroxine transport in thyrotoxi
cosis and hypothyroidism. 1. clin. Invest 46, 1442 (1967). 

INGBAR, S.H., FRElNKEL, N.: Studies of thyroid function and 
the peripheral metabolism of P 31 labelled thyroxine in 
patients with treated Graves' disease. J. din. Invest 37, 
1603 (1958). 

MCCONNON, J., Row, V. V., VOLPE, R.: Simultaneous com
parative studies of thyroxine and triiodothyronine distri
bution and disposal rates. 1. Endocr. 51, 17 (1971). 

NICOWFF, 1. T., Low, J. C., DUSSAULT, 1. H., FISHER, D. A.: 
Simultaneous measurement of thyroxine and triiodo
thyronine peripheral turnover kinetics in man. 1. din. 
Invest. 51, 473 (1972). 

SLINGERLAND, D. W., BURROWS, B. A.: A probable abnor
mality in intrathyroidal iodine metabolism in hyper
thyroidism. J. din. Endocr. 22, 368 (1962). 

STANBURY,J.B., JANSSEN, M.A.: The iodinated albumin
like component of the plasma of thyrotoxic patients. 
1. din. Endocr. 22, 978 (1962). 

WARTOFSKY, L., INGBAR, S.H.: Estimation of the rate of 
release of non-thyroxine iodine from the thyroid glands 
of normal subjects and patients with thyrotoxicosis. 
1. clin. Endocr. 33, 488 (1971). 

WERNER, S.C.: Classification of thyroid disease. J. clin. 
Endocr. 29, 860 (1969). 

WOEBER, K.A., SoBEL, R.J., INGBAR, S.H., STERLING, K.: The 
peripheral metabolism of triiodothyronine in normal 
subjects and in patients with hyperthyroidism. 1. clin. 
Invest. 49, 643 (1970). 

Graves' Disease 

Incidence 

FURSZYFER, J., KURLAND, L. T., MCCONAHEY, W. M., ELVE
BACK, L. R.: Graves' disease in Olmsted County, Minne
sota, 1935 through 1967. Mayo Clin. Proc. 45, 636 (1970). 
- - WOOLNER,L.B., ELVEBACK,L.R.: Epidemiologic 
aspects of Hashimoto's thyroiditis and Graves' disease 
in Rochester, Minnesota (1935-1967), with special ref
erence to temporal trends. Metabolism 21, 197 (1972). 

GREENWALD, I.: Epidemiologic aspects of thyrotoxicosis. 
Acta endocr. (Kbh.) 51, 57 (1966). 

LAMBERG, B.A., GoRDIN, A., VlHERKOSKI, M., KVIST, G.: 
Long acting thyroid stimulator (LATS) in toxic nodular 
goiter, toxic adenoma and Graves' disease. Acta endocr. 
(Kbh.) 62, 199 (1969). 



References 

RONNov-JESSEN, V., KIRKEGARD, c.: Hyperthyroidism-A 
disease of old age? Brit. med. J. 1973 1,41. 

Etiology and Pathogenesis, LATS 
Familial Incidence 

ADAMS, D. D.: Pathogenesis of the hyperthyroidism of 
Graves' disease. Brit. med. J. 1965 1,1015. 
The presence of an abnormal thyroid-stimulating hor
mone in the serum of some thyrotoxic patients. J. clin. 
Endocr. 18, 699 (1958). 
KENNEDY, T. H.: Occurrence in thyrotoxicosis of a gam
ma-globulin which protects LATS from neutralisation 
by an extract of thyroid gland. J. clin. Endocr. 27, 173 
(1967). 

- - Evidence to suggest that LATS protector stimulates 
the human thyroid gland. J. clin. Endocr. 33, 47 (1971). 

- PURVES, H. D.: The role of thyrotropin in hyperthyroi
dism and exophthalmos. Metabolism 6, 26 (1957). 

ALEXANDER, W. D., KOUTRAS, D. A., BROOKS, J., BUCHANAN, 
W. W., MACDONALD, E. M., RICHMOND, M. H., WAYNE, 
E. J.: Quantitative studies of iodine metabolism in thyroid 
disease. Quart. J. med. 31, 281 (1962). 

AMINO, N., MIYAI, K., AZUKIZAWA, M., KUMAHAR, Y: Stu
dies on the interaction of long-acting thyroid stimulator 
(LATS) with soluble thyroid fractions. Acta endocr. 
(Kbh.) 68,625 (1971). 

ARNAUD, C. D., KNEUBUHLER, H. A., SEILING, V. L., WIGHT
MAN, B. K., ENGBRING, N. H.: Responses of the normal 
human to infusions of plasma from patients with Graves' 
disease. J. clin. Invest. 44, 1287 (1965). 

BARTELS, E. D.: Heredity in Graves' disease. Copenhagen: 
Ejnar Munksgaards Forlag 1941. 

BEALL, G. N., SOLOMON, D. H.: On the immunological nature 
of the long acting thyroid stimulator. J. clin. Endocr. 26, 
1328 (1966). 

- - Thyroid-stimulating activity in the serum of rabbits 
immunized with thyroid micro somes. J. clin. Endocr. 28, 
503 (1968). 

BECKERS, D. V.: Effects of hypophysectomy on certain para
meters of thyroid function in two patients with Graves' 
disease. J. clin. Endocr. 19,840 (1959). 

BENHAMOU-GLYNN, N., EL KABIR, D.J., ROITT, J. M., Do
NIACH, D.: Studies on the antigen reacting with the 
thyroid-stimulating immunoglobulin (LA TS) in thyro
toxicosis. Immunology 16, 187 (1969). 

BENHAMOU-GLYNN, N., EL KABIR, J., DONIACH, D., ROITT, 
I. M.: Inhibition of the thyroid-stimulating globulin 
(LA TS) by particulate and soluble cell fractions. Proc. 
roy. Soc. Med. 61, 1303 (1968). 
- ROITT, I. M., DONIACH, D.: Studies on the antigen 
reacting with the thyroid-stimulating immuno-globulin 
(LATS) in thyrotoxicosis. Immunology 16, 187 (1969). 

BOAS, N. F., OBER, W. B.: Hereditary exophthalmic goiter
report of eleven cases in one family. J. clin. Endocr. 6, 575 
(1946). 

BONNYNS, M., DEMEESTER-MIRKINE, N., CALAY, R., BASTE
NIE, T.A.: Evaluation of the relationship between long
acting thyroid stimulator, clinical and biological thyro
toxicosis and exophthalmus. Acta endocr. (Kbh.) 58, 581 
(1968). 

BRODY, J.I., GREENBERG, S.: Lymphocyte dysfunction in 
thyrotoxicosis. J. clin. Endocr. 35, 574 (1972). 

BROWN, J., ENSOR, J., MUNRO, D.S.: A comparison of the 
actions of thyroid stimulating hormone and the long
acting thyroid stimulator in an in vitro assay. Proc. roy. 
Soc. Med. 61, 652 (1968). 

BURKE, G.: On the interaction of long acting thyroid stimu
lator with thyroid micro somes. 1. clin. Endocr. 27, 1095 
(1967). 
On the competitive interaction of long-acting thyroid 
stimulator and thyrotropin in vivo. J. clin. Endocr. 28, 
286 (1968). 

261 

The long-acting thyroid stimulator of Graves' disease. 
Amer. J. Med. 45, 435 (1968). 
Thyroid stimulators and thyroid stimulation. Acta 
Endocr. (Kbh.) 66, 538 (1971). 

CARNEIRO, L., DORINGTON, K.J., MUNRO, D.S.: Recovery of 
the long-acting thyroid stimulator from serum of patients 
with thyrotoxicosis by concentration of immunoglobulin 
G. Clin. Sci. 31, 215 (1966). 

CHERTOW, B.C., FIDLER, W.J., FARISS, B.L.: Graves' disease 
and Hashimoto thyroiditis in monozygous twins. Acta 
endocr. (Kbh.) 72, 18 (1973). 

CHOPRA,I.J., BEALL, G.N., SOLOMON, D.H.: LATS inhi
bition by a soluble lipoprotein from human thyroid. 
J. clin. Endocr. 32, 772 (1971). 
SOLOMON, D. H., JOHNSON, D. E., CHOPRA, U.: Thyroid 
gland in Graves' disease: victim or culprit? Metabolism 
19, 760 (1970). 

DONIACH, D., ROITT, I. M., BENHAMON-GLYNN, N., JAYSON, 
M.1. V., EL KABIR, D. J.: Thyrotoxicosis and non-toxic 
Hashimoto goiter in monozygotic twins. In: IRVINE, W.1., 
Thyrotoxicosis. Edinburgh-London: Livingstone 1967. 
- TAYLOR, K.B.: Autoimmune phenomena in perni
cious anaemia, serological overlap with thyroiditis, thyro
toxicosis and systemic lupus erythematodus. Brit. med. 
J. 1963 I, 1374. 

Editorial: Inheritance of hyperthyroidism. Brit. med. J. 
197311,5. 

EIKHOFF, W.: Schilddriise und Basedow. Stut~art: Thieme 
1949. 

F AJANS, S. S.: Hyperthyroidism in a patient with post-partum 
necrosis of the pituitary: Case report and implications. 
J. clin. Endocr. 18, 271 (1958). 

F ARID, N. R., MUNRO, R. E., Row, V. V., VOLPE, R.: Peripheral 
thymis-dependant (T)lymphocytes in Graves' disease and 
Hashimoto's thyroiditis. New Eng\. J. Med. 288, 1313 
(1973). 

FATOURECHI, V., MCCONAHEY, W.M., WooLNER, L.B.: Hy
perthyroidism associated with histologic Hashimoto'S 
thyroiditis. Mayo Clin. Proc. 46, 682 (1971). 

FLORSHEIM, W. H., WILLIAMS, A. D., SCHONBAUM, E.: On the 
mechanism of the McKENZIE bioassay. Endocrinology 
87,881 (1970). 

GARRY, R., HALL, R.: Stimulation of mitosis in rat thyroid 
by long-acting thyroid stimulator. Lancet 1970 I, 693. 

HALES, I. B., DOBYNS, B. M.: The metabolism of triiodothyro
nine in Graves' disease. J. clin. Endocr. 20, 68 (1960). 

HALL, R.: Hyperthyroidism. Pathogenesis and diagnosis. 
Brit. med. J. 1970 1,743. 

HASSAN, T. H. A., GREIG, W. R., BOYLE, J. A., BOYLE, I. T., 
WALLACE, T.J.: Toxic diffuse goitre in monozygotic 
twins. Lancet 1966 II, 306. 

HETZEL, E. S.: The etiology and pathogenesis of hyper
thyroidism. Postgrad. med. J. 44, 363 (1968). 

HILTON, J.G., BLACK, W.C., ATHOS, W., McHUGH, B., WE
STERMANN, C. D.: Increased ACTH-like activity in plasma 
of patients with thyrotoxicosis. J. clin. Endocr. 22, 900 
(1062). 

IRVINE, W.J.: Thyroid auto-immunity as a disorder of im
munological tolerance. Quart. 1. expo Physio\. 49, 324 
(1964). 

JAYSON, M.1. V., DONIACH, D., BENHAMON-GLYNN, N., ROITT, 
I. M., EL KABIR, D. J.: Thyrotoxicosis and Hashimoto 
goitre in a pair of monozygotic twins with serum long
acting thyroid stimulator. Lancet 1967 II, 15. 

KANEKO, T., ZOR, U., FIELD, J. B.: Stimulation of thyroid 
adenyl cyclase activity and cyclic adenosine 3',5' -mono
phosphate by long-acting thyroid stimulator. Meta
bolLsm 19,430 (1970). 

KRISS, 1. P.: Inactivation of long-acting thyroid stimulator 
(LATS) by anti-kappa and anti-lambda antisera. 1. clin. 
Endocr. 28, 1440 (1968). 
PLESHAKOW, V., CHIEN, J. R., ROSENBLUM, A.: Studies on 
the formation of long-acting thyroid globulin (LATS) 



262 

and the alteration of its biologic activity by enzymatic 
digestion and partial chemical degradation in Current 
topics in thyroid research. New York-London: Academic 
Press 1965. 
PLESHAKOV, V., CHIEN, J. R.: Isolation and identification 
of the long-acting thyroid stimulator and its relation to 
hyperthyroidism and circumscribed pretibial myxedema. 
J. din. Endocr. 24, 1005 (1964). 
- ROSENBLUM,A.L., HOLDERNESS,M., SHARP,G., UTI
GER, R.: Studies on the pathogenesis of the ophthalmo
pathy in Graves' disease. J. din. Endocr. 27, 582 (1967). 

LAMKI, L., Row, V. V., VOLPE, R.: Cell-mediated immunity 
in Graves' disease and in Hashimoto's thyroiditis as 
shown by the demonstration of migration inhibition 
factor (MIF). J. din. Endocr. 36, 358 (1973). 

Leading Artide: Placental transmission of autoimmune 
diseases. Brit. med. J. 1966 I, 1554. 

LEVIIT, T.: The thyroid. Edingbourgh-London: Livingstone 
1954. 

LIDDLE, G. W., HEYSSEL, R. M., McKENZIE, 1. M.: Graves' 
disease without hyperthyroidism. Amer. J. Med. 39, 845 
(1965). 

LIPMAN, L.M., GREEN, D.E., SNYDER, N.J., NELSON, J.C., 
SOWMON, D.H.: Relationship of long-acting thyroid 
stimulator to the dinical features and course of Graves' 
disease. Amer. J. Med. 43, 486 (1967). 

MAHAUX, J.E., DELCOURT, R., CHAMLA-SOUMENKOFF, J., NA
GEL, M.: Aspect autoimmunitaire du goitre exophthal
mique. Activation des structures Iymphoides cervicales 
et production d'immunoglobulines IgM et IgG. Ann. 
Endocr. (Paris) 30, 139 (1969). 

MARTIN, L., FISHER, R.A.: The hereditary and familial 
aspects oftoxic nodular goiter (secondary thyrotoxicosis). 
Quart. J. Med. 20, 293 (1951). 

MAJOR, P. W., MUNRO, D. S.: Observations on the stimulation 
of thyroid function in mice by the injection of serum from 
normal subjects and from patients with thyroid disorder. 
Clin. Sci. 23, 463 (1962). 

McKENZIE, J. M.: Neonatal Graves' disease. 1. din. Endocr. 
24, 660 (1964). 

- The long-acting thyroid stimulator: its role in Graves' 
disease. Recent Progr. Hormone Res. 23, 1 (1967). 
Humoral factors in the pathogenesis of Graves' disease. 
Physiol. Rev. 48, 252 (1968). 
Experimental production of a thyroid-stimulating anti
thyroid antibody. J. din. Endocr. 28, 596 (1968). 
Does LATS cause hyperthyroidism in Graves' disease? 
(A review biased toward the affirmative). Metabolism 21, 
883 (1972). 
MCCULLAGH, E.P.: Observations against a causal rela
tionship between the long-acting thyroid stimulator and 
ophthalmopathy in Graves' disease. J. din. Endocr. 28, 
1077 (1968). 
SOWMON, S. H.: Neuroendocrine factors in thyroid dis
ease. In: An introduction to dinical neuroendocrinology, 
E.BAIUS (ed.) New York: Karger 1967. 

MIY AI, K., WERNER, S. c.: Concentration of long-acting 
thyroid stimulator (LATS) by subfractonation of yG
globulin from Graves' disease serum J. din. Endocr. 26, 
504 (1966). 

MORI, T., KRISS, J. P.: Measurements by competitive binding 
radio assay of serum antimicrosomal and antithyroglobu
lin antibodies in Graves' disease and other thyroid dis
orders. J. din. Endocr. 33, 688 (1971). 

NOGUCHI, A., KURIKARO, H., SATO, S.: Clinical studies on 
the long-acting thyroid stimulator. J. din. Endocr. 24, 160 
(1964). 

NOTTER, G.: Influence of ACTH on the accumulation of 
radioiodine in the human thyroid-a new extra-adreno
cortical effect of ACTH. J. din. Endocr. 22, 817 (1962). 

OBERDISSE, K., KLEIN, E.: Die Krankheiten der Schilddriise. 
(p. 179, zum sog. Schreckbasedow). Stuttgart: Thieme 
1967. 

The Thyroid Gland 

OCHI, Y., DE GROOT, L.J.: Current concepts: The long acting 
thyroid stimulator of Graves' disease. New Engl. 1. Med. 
278,718 (1968). 

- - Stimulation of thyroid hyperplasia and protein syn
thesis by LATS. Endocrinology 85,344 (1969). 

PATEL, Y.C., BURGER, M.G., HUDSON, B.: Radioimmuno
assay of serum thyrotropin: sensitivity and specificity. 
J. din. Endocr. 33, 768 (1971). 

PAZIANOS,A.G., BENUA,R., RAY,B.S., PEARSON,O.H.: Per
sistent thyroid function following hypophysectomy. J. 
din. Endocr. 20, 1051 (1960). 

PLiMSTONE, B.L., HOFFENBERG, R., BLACK, E.: Parallel assays 
ofthyrotropin, long-acting thyroid stimulator and exoph
thalmos-producing substance in some endocrine dis
orders. J. din. Endocr. 23, 236 (1963). 

PINCHERA, A., PINCHERA, M.G., STANBURY, J.B.: Thyrotro
pin and long-acting thyroid stimulator assays in thyroid 
disease. J. din. Endocr. 25, 189 (1965). 

PINCHERA, A., LIBERTI, P., MARTINO, E., FENZI, G. F., GRAS
so, L., ROVIS, L., BASCHIERI, L., DORIA, G.: Effects of anti
thyroid therapy on the long-acting thyroid stimulator 
and the antithyroglobulin antibodies. J. din. Endocr. 29, 
231 (1969). 
ROVIS, L., GRASSO, L., LIBERTI, P., MARTINO, E., FENZI, 
G.F., BASCHIERI,L.: Radioimmunological studies on the 
long-acting thyroid stimulator. Endocrinology 87, 217 
(1970). 

SATO, S., NOGUCHI, S., NOGUCHI, A.: Purification and cha
racterization of long-acting thyroid stimulator inhibiting 
factor from human thyroid tissue. Biochim. biophys. 
Acta (Arnst.) 273, 299 (1972). 

SCAZZIGA, B. R., LEMARCHAND-BERAUD, TH.: Le role de 
I'hypophyse en pathologie thyroidienne. Schweiz. med. 
Wschr.98, 148 (1968). 

SCHAFER, H., Voss, c., NENSCHEL, H.J., HARTMANN, N.: Jod
tyrosin-Dejodasen im Stoffwechsel der Schildriisen
Hormone ("Schreck-Basedow"). Hoppe Seylers Z. 
physiol. Chern. 341, 268 (1965). 

SCHERMER, D. R., ROENlK, H. H., SCHUMACHER, O. P., 
McKENZIE, J. M.: Relationship of long-acting thyroid 
stimulator to pretibial myxedema. Arch. Derm. 102, 62 
(1970). 

SCHLEUSENER, H., MURTHY, P. V. N., McKENZIE, J. M.: Stu
dies on the thyroid gland component inhibiting LA TS. 
Metabolism 20, 299 (1971). 

SELLERS, E.A., AWAD, A. G., SCHONBAUM, E.: Long-acting 
thyroid stimulator in Graves' disease. Lancet 1970 II, 335. 

SHISHIBA, Y., SHIMIZU, T., YOSHIMURA, S .• SHIZUME, K.: Di
rect evidence for human thyroidal stimulation by LA TS 
protector. J. din. Endocr. 36, 517 (1973). 

SILVERSTEIN, G.E., BURKE, G.: Thyroid suppressibility and 
long-acting thyroid stimulator in thyrotoxicosis. Arch. 
intern. Med. 126,615 (1970). 

SKILLERN, P.G.: Genetics of Graves' disease. Mayo Clin. 
Proc. 47, 848 (1972). 

SMITH, B. R., MUNRO, D. S.: The nature of the interaction 
between thyroid stimulating y-G-g1obulin (long-acting 
thyroid stimulator) and thyroid tissue. Biochim. biophys. 
Acta (Arnst.) 208, 285 (1970). 

SOWMON, D. H., BEALL, G. N.: Thyroid stimulating activity in 
the serum of immunized rabbits. II. Nature of the thyroid 
stimulating material. 1. din. Endocr. 28, 1496 (1968). 

- - CHOPRA, I.J.: Stimulation of release ofthyroid iodine 
by serum of thyroid-immunized rabbits. J. din. Endocr. 
31,603 (1970). 

STUDER, H.: Hyperthyreose and "long acting thyroid stimu
lator" (LATS). Schweiz. med. Wschr. 97, 622 (1967). 

SUNSHINE, P., KUSUMOTO, H., KRISS, J.P.: Survival time of 
circulating long-acting thyroid stimulator in neonatal 
thyrotoxicosis. Pediatrics 36, 869 (1965). 

TAUNTON, O. D., PITTMAN, J. A., JR.: Hyperthyroidism follow
ing secondary hypothyroidism. 1. din. Endocr. 24, 934 
(1964). 



References 

UTHGENANNT, H., MULLER, W., WEINREICH, J.: Ober Hiiufig
keit und klinische Bedeutung von Autoantikorpern bei 
Schilddrtisenerkrankungen, insbesondere bei der Hyper
thyreose. Dtsch. med. Wschr. 91, 437 (1965). 

VOLPE,R.,EDMONDS, M.,LAMKI, L.,CLARK,P.V.,Row, V.V.: 
The pathogenesis of Graves' disease. A disorder of 
delayed hypersensitivity? Mayo Clin. Proc. 47, 824 (1972). 

WALL,J.R., GooD,B.F., HETZEL, B.S.: Long-acting thyroid 
stimulator in euthyroid relatives of thyrotoxic patients. 
Lancet 1969 II, 1024. 

WEISBECKER, L., UTHGENANNT, H., SCHEMMEL, K., MUL
LER, W., HEESEN, H., EICKENBUSCH, W., BINDEBALLE, W.: 
Long-acting thyroid stimulator (LATS) bei Schild
driisenerkrankungen und seine Beziehung zu den Schild
driisenantikorpern. Schweiz. med. Wschr. 97, 898 (1967). 

WERNER, S. c., WEGELlUS, 0., FIERER, 1. A., Hsu, K. c.: Im
munoglobulins (E, M, G) and complement in thyroid of 
Graves' disease. New Engl. J. Med. 287, 421 (1972). 

Pathology of Thyroid Gland in Hyperthyroidism 

OLEN, E., KLINCK, G. H.: Hyperthyroidism and thyroid 
cancer. Arch. Path. 81, 531 (1966). 

Cardiovascular System and Lungs 

BREWSTER, W. R., JR., ISAACS, 1. P., OSGGOD, P. F., KING, T. L.: 
The hemodynamic and metabolic interrelationships in 
the activity of epinephrine, norepinephrine and the 
thyroid hormones. Circulation 13, 1 (1956). 

BUCCINO, R.A., SPANN, J.F., JR., POOL, P. E., SONNENBLlCK, 
E. H., BRAUNW ALD, E.: Influence of the thyroid state on 
the intrinsic contractile properties and energy stores of 
the myocardium. J. c1in. Invest. 46,1669 (1967). 

DE GROOT, W.J., LEONARD, J.J.: Hyperthyroidism as a high 
cardiac output state. Amer. Heart J. 79, 265 (1970). 
- PALEY, H. W., JOHNSON, 1. E., WARREN, 1. V.: The im
portance of autonomic integrity in maintaining the hyper
kinetic circulating dynamics of human hyperthyroidism. 
J. c1in. Invest. 40, 1033 (1961). 

FR YE, R. L., BRAUNWALD, D. E.: Studies on digitalis. III. The 
influence of triiodothyronine on digitalis requirements. 
Circulation 23, 376 (1961). 

GRAETTINGER, J. S., MUENSTER, J.J., SILVERSTONE, L.A., 
CAMPBELL, 1. A.: A correlation of clinical and hemo
dynamic studies in patients with hyperthyroidism with 
and without congestive heart failure. 1. c1in. Invest. 38, 
1316 (1959). 

GROSSMAN, W., ROBIN, N.J., JOHNSON, L. W., BROOKS, H.L., 
SELENKOW, H.A., DEXTER, L.: The enhanced myocardial 
contractility of thyrotoxicosis. Ann. intern. Med. 74, 869 
(1971). 

HOWITT, G., ROWLANDS, D. J.: The heart in hyperthyroidism. 
Amer. Heart J. 73, 282 (1967). 

KONTOS, A. H.: Mechanism of certain abnormalities of the 
circulation to the limbs in thyrotoxicosis. J. c1in. Invest. 
44,947 (1965). 

MASSEY, D. G., BECKLAKE, M. R., McKENZIE, J. M., BATES, 
D. V.: Circulatory and ventilatory response to exercise in 
thyrotoxicosis. New Engl. J. Med. 276, 1104 (1967). 

MORROW, D. H., GAFFNEY, T. E., BRAUNWALD, E.: Studies on 
digitalis. VII. Influence of hyper- and hypothyroidism on 
the myocardial response to ouabain. J. Pharmacol. expo 
Ther. 140, 324 (1963). 

ROWE, G. G., HUSTON, J. H., WEINSTEIN, A. B., TUCHMAN, H., 
BROWN, J. F., CRUMPTON, C. W.: The hemodynamics of 
thyrotoxicosis in man with special reference to coronary 
blood flow and myocardial oxygen metabolism. J. c1in. 
Invest. 35, 272 (1956). 

SANDLER, G., WILSON, G. M.: The nature and prognosis of 
heart disease in thyrotoxicosis. Quart. J. Med. 28, 347(1959). 

263 

SCHOOT, J. B. VAN DER, MORAN, N. c.: An experimental eval
uation of the reputed influence of thyroxine on the 
cardiovascular effects of catecholamines. J. Pharmacol. 
expo Ther. 149,336 (1965). 

STEIN, M., KIMBEL, P., JOHNSON, R.L.: Pulmonary function 
in hyperthyroidism. J. c1in. Invest. 40, 348 (1961). 

SUMMERS, V. K., SUR TEES, S. J.: Thyrotoxicosis and heart 
disease. Acta med. scand. 169, 661 (1961). 

UEHLlNGER, A., SCHAUB, F., BUHLMANN, A.: Die Kreislauf
anpassung bei Hyperthyreose. Untersuchungen mittels 
Herzkatheterismus. Klin. Wschr. 40, 130 (1962). 

WILSON, W.R., THEILEN, E.O., FLETCHER, F.W.: Pharmaco
dynamic effects of /i-adrenergic receptor blockade in pa
tients with hyperthyroidism. J. c1in. Invest. 43,1697 (1964). 
- HEGE, J. H., VALENCA, M. R.: Effects of beta-adren
ergic receptor blockade in normal subjects before, during, 
and after triiodothyronine-induced hypermetabolism. 
J. c1in. Invest. 45, 1159 (1966). 

Neuromuscular System 

ADAMS, R. D., DENNy-BROWN, D., PEARSON, C. M.: Diseases 
of muscle. A study in pathology. New York: Harper and 
Row 1967. 

BOSTROM, H., HED, R.: Thyrotoxic myopathy and polymyo
sitis in elderly patients: Differential-diagnostic view
points. Acta med. scand. 162, 225 (1958). 

EAYRS, J. T.: Influence of the thvroid on the central nervous 
system. Brit. med. Bull. 16, i 22 (1960). 

ENGEL, A. G.: Thyroid function and periodic paralysis. 
Amer. 1. Med. 30, 327 (1961). 

- Neuromuscular manifestations of Graves' disease. Mayo 
Clin. Proc. 47, 919-924 (1972). 

ERNSTER, L., IKKOS, D., LUFT, R.: Enzymatic activites of 
human muscle mitrochondria: a tool in metabolic 
research. Nature (Lond.) 184, 1851 (1959). 

HAVARD, C. W. H., CAMPBELL, E. D. R., Ross, H. B., SPENCE, 
A. W.: Electromyographic and histologic findings in 
muscles of patients with thyrotoxicosis. Quart. J. Med. 
32, 145 (1963). 

LUDlN, H.P., SPIESS, H., KOENIG, M.P.: Neuromuscular dys
function associated with thyrotoxicosis. Eur. Neurol. 2, 
269 (1969). 

MCCOMAS, A.J.: Neuropathy in thyrotoxicosis. New Engl. 
J. Med. 289, 219 (1973). 

McFADZEAN, A. J. S., YEUNG, R.: Periodic paralysis com
plicating thyrotoxicosis in Chinese. Brit. med. J. 19671, 
451. 

MILLIKAN, c., HAINES, S. F.: The thyroid gland in relation to 
neuromuscular disease. Arch. intern. Med. 92, 5 (1953). 

NOSEDA, G.: Die chronische Myopathie bei Schilddriisen
iiberfunktion. Schweiz. med. Wschr. 97, 797, 842 (1967). 

OHINAKA, S., SHIZUME, K., INO, S., WATANABE, A., IRIE, M., 
NOGUCHI, A., KUMA, S., KUMA, K., IFO, T.: The associa
tion of periodic paralysis and hyperthyroidism in Japan. 
J. c1in. Endocr. 17, 1454 (1957). 

OKIHIRO, M. M., BEDDOW, R. M.: Thyrotoxic periodic para
lysis in Hawaii. Its predilection for the Japanese race. 
Neurology (Minneap.) 15, 253 (1965). 

RAMSAY, l. D.: Muscle dysfunction in hyperthyroidism. Lan
cet 196611,931. 

- Thyrotoxic muscle disease. Postgrad. med. J. 44, 385 
(1968). 

RESNICK, J.S., DORMAN, J.D., ENGEL, W.K.: Thyrotoxic per
iodic paralysis. Amer. 1. Med. 47, 831 (1969). 

SHIZUME, K., SHISHIBA, Y., SAKUMA, M., YAMANCHI, H., NA
KAO, K., OKINAKA, S.: Studies on electrolyte metabolism 
in idiopathic and thyrotoxic periodic paralysis. Meta
bolism 15, 138 (1966). 

SIERSBAEK-NIELSON, K., HANSEN, J. M., SCHIOLER, M., KRI
STENSEN, M., STOlER, M., OLSEN, P. Z.: Electroencephalo
graphic changes during and after treatment of hyper
thyroidism. Acta endocr. (Kbh.) 70,308 (1972). 



264 

SOKOLOFF, L., WBCHSLER, R.L., BALlS, K., KETY, S.: The 
relation of the cerebral O 2 consumption to the total 
body metabolism in hyperthyroidism. J. clin. Invest. 29, 
847 (1950). 

STOCKER, W. W., SAMAHA, F.J., DE GROOT, L.J.: Coupled 
oxidative phosphorylation in muscle of thyrotoxic 
patients. Amer. J. Med. 44, 900 (1968). 

WHITFIBLD, A. G. W., HUDSON, W. A.: Chronic thyrotoxic 
myopathy. Quart. J. Med. 30, 257 (1961). 

Bones, Joints and Calcium Metabolism 

ASKANAZY, M., RUTISHAUSBR, E.: Die Knochen des Basedow
kranken. Virchows Arch. path. Anat. 291, 653 (1933). 

BAXTER, J.D., BONDY, P.K.: Hypercalcemia of thyrotoxi
cosis. Ann. intern. Med. 65, 429 (1966). 

FOLLIS, H. R., JR.: Skeletal changes associated with hyper
thyroidism. Bull. Johns Hopkins Hosp. 92, 405 (1953). 

FRASER, S. A., ANDERSON, J. B., SMITH, D. A., WIlSON, G. M.: 
Osteoporosis and fractures following thyrotoxicosis. 
Lancet 19711, 981. 

GIMLETTB, T.M.D.: Thyroid acropachy. Lancet 19.601, 22. 
HARDBN, R. M., HARRISON, M. T., ALExANDER, W. D., NOR

DIN, B. E. C.: Phosphate excretion and parathyroid func
tion in thyrotoxicosis. J. Endocr. 28, 281 (1964). 

HARPER, P. S., HUGHES, R. 0.: Severe hypercalcemia from 
hyperthyroidism with unusual features. Brit. med. J. 
19701,213. 

JALLUT,O., LABHART,A., UBHLINGER,E., KONIG,M.P.: 
Akropachie bei thyreo-hypophysiirem Syndrom. Schweiz. 
med. Wschr. 92, 255 (1962). 

KLBIN, E.: Die thyreogenen Osteopathien. Dtsch. med. 
Wschr. 21, 1087 (1963). 

KONIG, M.P., GUBLER, R.: Hypercalciimie bei Hyperthyre
ose. Schweiz. med. Wschr. 89, 369 (1959). 

KRANE, S. M., BROWNELL, G. L., STANBURY, J. B., CORRIGAN, 
H.: The effect of thyroid disease on calcium metabolism 
in man. J. clin. Invest. 35, 874 (1956). 

MEGLIOLI, G. T.: Osteopathie bei Hyperthyreose. Schweiz. 
med. Wschr. 96, 647 (1966). 

MICHIE, W., STOWERS, J. M., DUNCAN, T., PEoo, C. A. S., HA
MER-HODGBS, D. W., HEMS, G., BBwsHER, P.D., HEDLEY, 
A.J.: Mechanism of hypocalcemia after thyroidectomy 
for thyrotoxicosis. Lancet 1971 I, 508. 

NIXON, D. W., SAMOlS, E.: Acral changes associated with 
thyroid diseases. J. Amer. med. Ass. 212, 1175 (1970). 

PARFITT, A.M., DBNT,C.E.: Hyperthyroidism and hyper
calcaemia Quart. J. Med. 39,171 (1970). 

SATALINE, L. E., POWBL, CH., HAMWI, G. J.: Suppression of 
the hypercalcemia of thyrotoxicosis by corticosteroids. 
New Engl. J. Med. 267, 646 (1962). 

TWYCRoss, R.G~ MARKs, V.: Symptomatic hypercalcemia 
in thyrotoxicosis. Brit. med. J. 197011, 701. 

Skin 

HALl, R., HOLLI, G., STEVENSON, J. C.: Treatment oflocalized 
myxoedema. Brit. med. J. 1965 II, 1368. 

KIRKEBY, K., HANGAARD, G., LINGJABRDB, P.: The pigmenta
tion of thyrotoxic patients. Acta med. scand. 174, 257 
(1963). 

KRISS, J.P., PLESHAKOV, V., CHIEN, J.R.: Isolation and identi
fication of the long-acting thyroid stimulator and its 
relation to hyperthyroidism and circumscribed pretibial 
myxedema. J. clin. Endocr. 24, 1005 (1964). 

- - ROSENBLUM, A., SHARP, G.: Therapy with occlusive 
dressings of pretibial myxedema with fluocinolone 
acetonide. J. clin. Endocr. 27, 595,1967. 

Ocm, Y., DB GROOT, L.J.: Vitiligo in Graves' disease. Ann. 
intern. Med. 71, 935 (1969). 

SISSON, J.C.: Hyaluronic acid in localized myxedema. J. din. 
Endocr. 28, 433 (1968). 

The Thyroid Gland 

Gastrointestinal Tract, Liver 

BAKER, J. T., HARVEY, R. F.: Bowel habit in thyrotoxicosis 
and hypothyroidism. Brit. med. J. 1971 I, 322. 

BocK, O. A. A., WITT, L. J.: Gastric acidity and gastric biopsy 
in thyrotoxicosis. Brit. med. J. 196311, 20. 

CRANE, C. W., EVANS, D. W.: Thyrotoxic steatorrhoea. Brit. 
med. J. 196611, 1575. 

GREENBERGER, N.J., MILLIGAN, F.D., GROOT, L.J. DB, ISSBL
BACHER, K.: Jaundice and thyrotoxicosis in the absence 
of congestive heart failure. Amer.J.Med. 36, 840 (1964). 

KLION, F.M~ SEGAL, R~ SCHAFFNER, F.: The effect of altered 
thyroid function on the ultrastructure of the human liver. 
Amer. J. Med. 50, 317 (1971). 

LAMBERG, B. A., GoRDIN, R.: Liver function in thyrotoxi
cosis. Acta endocr. (Kbh.) 15, 82 (1954). 

MOVITT, E. R., GERSTL, B., DAVIS, A. E.: Needle liver biopsy 
in thyrotoxicosis. Arch. intern. Med. 91, 729 (1953). 

SIURALA, M., LAMBERG, B. A.: Stomach in thyrotoxicosis. 
Acta med. scand. 165, 181 (1959). 

THOMAS, F.B.,CALDWELL, J.H., GREENBERGER, N.J.: Steator
rhea in thyrotoxicosis. Ann. intern. Med. 78, 669 (1973). 

WEBER, S.: Leberfunktionsstorungen bei Hyperthyreose. 
Praxis 57, 2 (1968). 

Lipid and Carbohydrate Metabolism 

DIETERLE, P., BOTTERMANN, P., LANDGRAF, R., SCHWARZ, K., 
SCRIBA, P. C.: Der Kohlenhydratstoffwechsel bei Schild
driisenfunktionsstorungen. Med. Klin. 64,489 (1969). 

JONES, J. E., DEsPER, P. C., SHANE, S. R., FLINK, E. B.: Mag
nesium metabolism in hyperthyroidism and hypo
thyroidism. J. din. Invest. 45, 891 (1966). 

KOSAK, G.P.: Diabetes and other endocrinologic disorders. 
In: Joslin's Diabetes mellitus (A. MARBLE et at., eds.), 
p.666. Philadelphia: Lea & Febiger 1971. 

LAMBERG, B.A.: Glucose metabolism in thyroid disease. 
Acta med. scand. 178, 351 (1965). 

NIKKILA, E.A., KEKKI, M.: Plasma triglyceride metabolism 
in thyroid disease. J. clin. Invest. 51, 2102 (1972). 

Blood 

MDEMAN, S., CHANARIN, I., KRAFCmK, B., SINGER, W.: Ad
disonian pernicious anaemia and intrinsic factor anti
bodies in thyroid disorders. Quart. J. Med., N. S. 35, 421 
(1966). 

FURSZYFER, J., MCCONAHEY, W. M., KURLAND, L. T., MAL
DONADO, J. E.: On the increased association of Graves' 
disease with pernicious anemia Mayo Clin. Proc. 46, 
37 (1971). 

IvY, H.K.: Severe hypoproteinemia: unusual manifestations 
ofthyrotoxicosis. Arch. intern. Med. 111, 607 (1963). 

KEKKI, M.: Serum protein turnover in experimental hypo
and hyperthyroidism. Acta endocr. (Kbh.), Suppl. 91, 1 
(1964). 

MAHAUX,J.E., CHAMLA-SOUMBNKOFF,J., DELCOURT,R., LE
VIN, S.: Painful enlargement of left supratrapezoid lymph 
nodes in Graves' disease. Brit. med. 1. 19711, 384. 

MICHIE, W., BECK, J., MAHAFFY, R.G., HONEIN, E.F., Fow
LER, G.: Quantitative radiological and histological stu
dies ofthe thymus in thyroid disease. Lancet 19671,691. 

PINCHERLE, G.: Case of thyrotoxicosis presenting as hypo
proteinaemic oedema. Brit. med. J.I965I, 632. 

RIVLlN, R.S., WAGNER, H.N.: Anemia in hyperthyroidism. 
Ann. intern. Med. 70, 507 (1969). 

SCmLLER, K. F. R., SPRAY, G. H., WANGEL, A. G., WRIGHT, 
R.: Clinical and precursory forms of pernicious anemia 
in hyperthyroidism. Quart. J. Med. 147,451 (1968). 

ULTMANN,J.E., HYMAN,G.A., CAWER,B.: The occurrence 
of lymphoma in patients with long standing hyper
thyroidism. Blood 21, 282 (1963). 



References 

VAGENAKIS, A.G., COTE, R., MILLER, M.E., BRAVERMANN, 
L. E., STOHLMAN, F.: Enhancement of warfarin-induced 
hypoprothrombinemia by thyrotoxicosis. Hopkins med. 
1.131,69 (1972). 

W ANGEL, A. G., SCHILLER, K. F. R.: Diagnostic significance 
of antibody to intrinsic factor. Brit. med. 1. 19661, 1249, 
1274. 

WILLIAMS, M.l., SCOTT, G. 8., BECK, 1.S., BLAIR, D. W.: Anti
gastric antibodies in hyperthyroidism: their relationship 
to impaired acid secretion. Brit. med. 1. 19661, 388. 

Kidney 

CUTLER, R. E., GLATTE, H., DOWLING, 1. T.: Effect of Hyper
thyroidism on the renal concentrating mechanism in 
humans. 1. c1in. Endocr. 27,453 (1967). 

EpSTEIN, F. H., FREEDMAN, L. R., LEVI fiN, H.: Hypercalcemia, 
nephrocalcinosis and reversible renal insufficiency asso
ciated with hyperthyroidism. New Eng!. J. Med. 258, 782 
(1958). 

FORD, R. V., OWENS, 1. C, CURD, G. W., lR., MOYER, 1. H., 
SPURR, C L.: Kidney function in various thyroid states. 
1. c1in. Endocr. 21, 548 (196\). 

HUTH, E. 1., MAYOCK, R. L., KERR, R. M.: Hyperthyroidism 
associated with renal tubular acidosis. Amer. 1. Med. 
26,818 (1959). 

LABHART, A., SCHEITLIN, W.: Niere bei Endokrinopathien. 
In: Handbuch der inneren Medizin, 5. Aufl., Bd. VIII, 
TeiI3, H. SCHWIEGK (ed.). Berlin-Heidelberg-New York: 
Springer 1968. 

Other Endocrine Glands 

ASHKAR, F.S., SMOAK, W.M., GILSON, A 1., MILLER, R.: Gyn
ecomastia and mastoplasia in Graves' disease. Meta
bolism 19, 946 (1970). 

BEISEL, W. R., DIRAIMONDO, V. C, CHAO, P. Y., ROSNER, 1. M., 
FORSHAM, P. H.: The influence of plasma protein binding 
on the extraadrenal metabolism of cortisol in normal, in 
hyperthyroid and hypothyroid subjects. Metabolism 13, 
942 (1964). 

BURKE, G., FELDMAN,1.M.: Addison's disease and hyper
thyroidism. Amer. 1. Med. 38, 470 (1965). 

CHOPRA, 1.1., ABRAHAM, G.E., CHOPRA, U., SOLOMON, D.H., 
ODELL, W. D.: Alterations in circulating estradiol-17 f3 
in male patients with Graves' disease. New Eng!. 1. Med. 
286, 124 (1972). 

GALLAGHER, T. F., HELLMAN, L., FINKELSTEIN,1., YOSHIDA, 
K., WEITZMAN, E. D., ROFFWARG, H. D., FUKUSHIMA, D. 
K.: Hyperthyroidism and cortisol secretion in man. 1. 
c1in. Endocr. 34, 919 (1972). 

GASTINEAU,CF., MYERS, W.R., ARNOLD,1.W., MCCONAHEY, 
W.M.: Graves' disease in Addison's disease. Proc. Mayo 
Clin. 39, 939 (1965). 

KAPPELER, H.l.: Zusammentreffen von Morbus Addison 
und Hyperthyreose. HeIv. med. Acta 32, 435 (1965). 

LARSSON,O., SUNDBOM, C. M., ASTEDT, B.: Gynaecomastia 
and diseases of thyroid. Acta endocr. (Kbh.) 44, 133 
(1963). 

Natural Course 

McLARTY, D. C., ALEXANDER, W.D., McG. HARDEN, R.,Ro
BERTSON, 1. W. K.: Self-limiting episodes of recurrent 
thyrotoxicosis. Lancet 1971 I, 6. 

MURRAY, G. R.: The clinical history and symptoms of 120 
cases of exophthalmic goiter. Med. chir. Trans. 86, 141 
(1903). 

265 

Differential DiagnOSis, Diagnostic Indices 

CHAPMAN, M., MALOOF, F.: Bizarre clinical manifestations 
of hyperthyroidism. New Eng!. 1. Med. 254, 1 (1956). 

CROOKS, 1., MURRAY, I.P.C, WAYNE, E.l.: Statistical methods 
applied to the clinical diagnosis of thyrotoxicosis. Quart. 
1. Med. 28, 211 (1959). 

FISCHER,l.A, BOLLINGER, A., LICHTLEN, P., WELLAUER,l.: 
Fibrous dysplasia of the bone and high cardiac output. 
Amer.1. Med. 49, 160 (1970). 

GORLIN, R.: The hyperkinetic heart syndrome. 1. Amer. med. 
Ass. 182, 823 (1962). 

GURNEY, C., OWEN, S. G., HALL, R., ROTH, M., HARPER, M., 
SMART, G.A.: Newcastle thyrotoxicosis index. Lancet 
1970 II, 1275. 

HARVEY, R.F.: Indices of thyroid function in thyrotoxicosis. 
Lancet 1971 II, 230. 

HUBER, A., ESSLEN, E.: Diagnostic des myopathies oculaires 
a I'aide de electromyographie. BulL Soc. franc;:. Ophtha!. 
SO, 460 (1967). 

KRAYENBUHL, H.: The value of orbital angiography for 
diagnosis of unilateral exophthalmos. 1. Neurosurg. 4, 
289 (1962). 

LEON-SOTOMAYOR, L., CHRISTIE, 1. N., ZERZAN, CH. 1.: 
Masked thyrotoxicosis. Amer. 1. Med. 41, 473 (1966). 

LUFT, R., IKKOS, D., PALMIERI, G., ERNSTER, L., AFZELIUS, B.: 
A case of severe hypermetabolism of non thyroid origin 
with a defect in the maintenance of mitochondrial re
spiratory control: a correlated clinical, biochemical and 
morphological study. 1. c1in. Invest. 41, 1776 (1962). 

SLOMAN, G.: Propranolol in management of muscular sub
aortic stenosis. Brit. Heart. 1. 29, 783 (1967). 

YASARGIL, M. G.: Die Rontgendiagnostik des Exophthalmus 
unilateral is. Basel: Karger 195.7. 

Laboratory Tests 

FRAGU, P., THOUIN, A, BAZIN, 1. P., TUBIANA, M.: Com
paraison de la valeur diagnostique de differents tests 
fonctionnels thyroidiens. Interet de I'utilisation des 
fonctions discriminantes. Ann. Endocr. (Paris) 33, 5 
(1972). 

GORDON, A, GROVER, N. B., BARZILAI, D., EHRENFELD, E. N., 
LEWITUS, Z., GROSS, 1.: Computer study of thyroid 
disease. II. Results. Israel 1. med. Sci. 6, 333 (1970). 

RIVES, K. L., FURTH, E. D., BECKER, D. V.: Limitations of the 
ankle jerk test. Intercomparison with other tests of 
thyroid function. Ann. intern. Med. 62, 1139 (1965). 

Drug Treatment of Graves' Disease 

ALEXANDER, W. D., HARDEN, R. McG., SHIMMINS, 1.: Studies 
of the thyroid iodide "trap" in man. Recent Progr. 
Hormone Res. 25, 423 (1969). 
McHARDEN, R., SHIMMINS, 1., McLARTY, D. G., MCGILL, 
P.: Treatment of thyrotoxicosis based on thyroidal sup
pressibility. Lancet 1967 II, 681. 
McLARTY, D.G., HORTON, P., PHARMAKIOTIS, A.D.: Se
quential assessment during drug treatment of thyrotoxi
cosis. Clin. Endocr. 2, 43-50 (1973). 
ROBERTSON,l., SHIMMrNS,l., BROWNLIE, B.E., HARDEN, 
R. McG., PATEL, A. R.: Prediction of the long-term results 
of antithyroid drug therapy for thyrotoxicosis. 1. c1in. 
Endocr. 30, 540 (1970). 

ASTWOOD, E.B.: Mechanism of action of antithroid com
pounds. Brookhaven Symposia in Biology No.7, 61 
(1955). 

- Use of antithyroid drugs. In: IRVINE, W.l., Thyrotoxi
cosis. Edinburgh-London: Livingstone 1967. 

BARTELS, E. C.: Hyperthyroidism. An evaluation of treat
ment with antithyroid drugs followed by subtotal 
thyroidectomy. Ann. intern. Med. 37, 1123 (1952). 



266 

BINSWANGER, CH., STUDER, H., GUBLER, R~ WYss, F.: Does 
propylthiouracil have extra-thyroidal effects in man? 
Helv. med. Acta 33, 197 (1966). 

BRAVERMAN, L.E., INGBAR, S.H.: Changes in thyroidal func
tion during adaptation to large doses of iodide. J. din. 
Invest. 42, 1216 (1963). 

BUHLER, U. K., DEGROOT, L. 1.: Effect of stable iodine on 
thyroid iodine release. J. din. Endocr. 29, 1546 (1969). 

BURKE, G.: Effects of iodide on thyroid stimulation. J. din. 
Endocr. 30, 76 (1970). 

CASSIDY, C. E.: Use of thyroid suppression test as a guide to 
prognosis of hyperthyroidism treated with antithyroid 
drugs. J. din. Endocr. 25, 155 (1965). 

- Thyroid suppression test as index of outcome of hyper
thyroidism treated with antithyroid drugs. Metabolism 
19, 745 (1970). 

CHEVALLEY, J., MCGAVACK, T. H., KENIGSBERG, S., PEARSON, 
S.: Afour-year study of the treatment of hyperthroidism 
with methimazole, J. elin. Endocr. 14,948 (1954). 

CHOPRA,I.J., SOLOMON, D.H., JOHNSON, D.E., CHOPRA, U., 
FISHER, D.: Dissociation of serum LA TS content and 
thyroid suppressibility during treatment of hyperthyro
idism. J. din. Endocr. 30, 524 (1970). 

FEINBERG, W. D., HOFFMAN, D. L., OWEN, C. A.: The effects 
of varying amounts of stable iodide on the function of the 
human thyroid. J. din. Endocr. 19, 567 (1959). 

FISCHER, M. G., NAYER, H. R., MILLER, A.: Methimazole
induced jaundice. J. Amer. med. Ass. 223, 1028 (1973). 

FRIEND, D.G.: Iodide therapy. New Engl. J. Med. 263,1358 
(1960). 

FURTH, E. D., RIVES, K., BECKER, D. V.: Nonthyroidal action 
of propylthiouracil in euthyroid, hypothyroid and hyper
thyroid man. J. din. Endocr. 26, 239 (1966). 

GALTON, B., PITT-RIVERS, R.: The effect of excessive iodine 
on the thyroid of the rat. Endocrinology 64, 835 (1959). 

GREER, M.A., MEIHOFF, W.e., STUDER, H.: Treatment of 
hyperthyroidism with a single daily dose of propylthio
uracil. New Eng!. J. Med. 272, 888 (1965). 

GODLEY, A.F., STANBURY, J.B.: Treatment of hyperthyroid
ism with K-perchlorate. J. elin. Endocr. 14, 70 (1954). 

HERRMANN, E.: Die Bedeutung fortgesetzter Thiouracil
medikation flir die Proliferation des Schilddriisengewebes. 
Schweiz. med. Wschr. 81, 1097 (1951). 

HERSHMAN, J. M., GIVENS, J. R., CASSIDY, e. E., ASTWooD, 
E.B.: Long-term outcome of hyperthyroidism treated 
with antithyroid drugs. J. elin. Endocr. 26, 803 (1966). 

HUNTON, R.B., WELLS, M. V., SKIPPER, E. W.: Hypothyroid
ism in diabetics treated with sulphonylurea Lancet 
196511,449. 

JOHNSON, R.S., MooRE, G. W.: Fatal aplastic anaemia after 
treatment of thyrotoxicosis with potassium perchlorate. 
Brit. med. J. 19611, 1369. 

KREVANS, J.R., ASPER, S.P., JR., RmNHOFF, W.F., JR.: Fatal 
aplastic anemia following use of potassium perchlorate 
in thyrotoxicosis. J. Amer. med. Ass. 181, 162 (1962). 

LOWRY, R.e., LOWE, D., HADDEN, D. R., MONTGOMERY, D. 
A.D., WEAVER,J.A.: Thyroid suppressibility: follow-up 
for two years after antithyroid treatment. Brit. med. J. 
197111, 19. 

MALOOF, F., SooDAK, M.: Intermediary metabolism of thy
roid tissue and the action of drugs. Pharmacol. Rev. 15, 
43 (1963). 

MARCHANT, B., ALEXANDER, W.D.: The thyroid accumu
lation, oxidation and metabolic fate of 35S-methimazole 
in the rat. Endocrinology 91,747 (l 972 a). 
- LAZARUS, J. H., LEES, J., CLARK, D. H.: The accumu
lation of 35S-antithyroid drugs by the thyroid gland. 
J. elin. Endocr. 34, 847 (1972b). 

MCGAVACK, TH.H., CHEVALLEy,J.: Untoward hematologic 
responses to the antithyroid compounds. Amer. 1. Med. 
17, 36 (1954). 

McLARTY, D. G., ALEXANDER, W. D., HARDEN, R. McG., 
CLARK, D. H.: Results of treatment of thyrotoxicosis 

The Thyroid Gland 

following relapse after antithyroid drug therapy. Brit. 
med. J. 196911,203. 
- - - Results of treatment of thyrotoxicosis after 
postoperative relapse. Brit. med. 1. 1969 III, 200. 

MORGANS, M.E., TROTTER, W.R.: Treatment of thyrotoxi
cosis with potassium perchlorate. Lancet 19541, 749. 

MORREALE DE ESCOBAR, G., ESCOBAR DEL REY, F.: Extra
thyroidal effects of some antithyroid drugs and their 
metabolic consequences. Recent Progr. Hormone Res. 
23, 87 (1967). 

NAGATAKI, S., SHIZUME, K., NAKAO, K.: Effects of iodide on 
thyroidal iodine turnover in hyperthyroid subjects. 
J. elin. Endocr. 30, 469 (1970). 

OPPENHEIMER, J. H., SCHWARTZ, H. L., SURKS, M.I.: Propyl
thiouracil inhibits the conversion of L-thyroxine to L
triiodothyronine. An explanation of the anti thyroxine 
effect of propylthiouracil and evidence supporting the 
concept that triiodothyronine is the active thyroid hor
mone. J. elin. Invest. 51, 2493 (1972). 

PITTMAN, J.A., BESCHI, R.J., SMITHERMAN, T.C.: Methima
zole: Its absorption and excretion in man and tissue 
distribution in rats. J. elin. Endocr. 33, 182 (1971). 

PLUMMER, H. S.: Results of administering iodine to patients 
having exophthalmic goiter. J. Amer. med. Ass. 80, 1955 
(1923). 

RAWSON, R.W., MooRE,F.D., PEACOCK, W., MEANS,J.H., 
COPE, 0., RIDDELL, C. B.: Effect of iodine on the thyroid 
gland in Graves' disease when given in conjunction with 
thiouracil. J. elin. Invest. 24, 869 (1945). 

REINWEIN, D., KLEIN, E.: Der EinfluB des anorganischen 
BIutjodes auf den Jodumsatz der menschlichen Schild
driise. Acta endocr. (Kbh.) 35, 485 (1960). 

SHIZUME, K., IRIE, M., NAKATAKI, S., MATSUZAKI, Y., SHIS
HIBA, V., SUEMATSU, H., TSUSHIMA, T.: Long-term results 
of antithyroid drug therapy for Graves' disease: foIlow
up for more than 5 years. Endocr.jap. 17,327 (1970). 

SLINGERLAND, D. W., BURROWS, B. A.: A probable abnor
mality in intrathyroidal iodine metabolism in hyper
thyroidism. J. din. Endocr. 22, 368 (1962). 

SOLOMON, D.H., BECK, J.C., VANDERLAAN, W.P., ASTWooD, 
E. B.: Prognosis of hyperthyroidism treated by anti
thyroid drugs. J. Amer. med. Ass. 152,201 (1953). 

TEMPLE, R., BERMAN, M., CARLSON, H. E., ROBBINS, J., WOLFF, 
J.: The use of lithium in Graves' disease. Mayo CIin. 
Proc. 47, 872 (1972). 

VANDERLAAN, W.P.: Antithyroid drugs in practice. Mayo 
Clin. Proc. 47, 962 (1972). 

- STORRIE, V. M.: A survey of the factors controlling 
thyroid function, with special reference to newer views 
on antithyroid substances. Pharmacol. Rev. 7, 301 (1955). 

VANPILSUM,J.F., BOEN,J.R., BANS,L.: Evidence that the 
goitrogen methimazole interferes with the extrathyroidal 
utilization of exogenous thyroxine. Endocrinology 92, 
135 (1973). 

WARTOFSKY, L., RANSIL, B.J., INGBAR, S.H.: Inhibition by 
iodine of the release of thyroxine from the thyroid glands 
of patients with thyrotoxicosis. J. elin. Invest. 49, 78 
(1970). 

WEGELIN, C.: Uber den EinfluB des Methylthiouracils auf 
das histologische Bild der Schilddriise bei Hyper
thyreose. Helv. med. Acta 15, 3 (1948). 

WIBERG,1.J., NUTTALL, F.Q.: Methimazole toxicity from 
high doses. Ann. intern. Med. 77,414 (1972). 

WOLFF, J.: Iodide goiter and the pharmacologic effects of 
excess iodide. Amer. J. Med. 47,101 (1969). 

Subtotal Thyroidectomy for Graves' Disease 

BARTELs, E. e.: Preparation of the hyperthyroid patient for 
subtotal thyroidectomy. Surg. Clin. N. Amer. 33, 757 
(1953). 

BEATUS, O. H., V ANDERTOLL, D. J.: Complications of second
ary thyroidectomy. Surg. Gynec. Obstet. 117, 535 (1963). 



References 

BUCHANAN, W. W., KOUTRAS, D.A., CROOKS, J., ALEXAN
DER, W. D., BRASS, W., ANDERSON, J. R., GOUDlE, R. B., 
GRA Y, K. G.: The clinical significance of the complement
fixation test in thyrotoxicosis. J. Endocr. 24, 115 (1962). 

CURRAN, R.C., ECKERT, H., WILSON, G.M.: The thyroid 
gland after treatment of hyperthyroidism by thyroid
ectomy or iodine 131. J. Path. Bact. 76, 541 (1958). 

DAVIS, R.H., FOURMAN, P., SMITH, J. W.: Prevalance of para
thyroid insufficiency after thyroidectomy. Lancet 1961 II, 
1432. 

FOWLER, E. F., DURHAM, W. R., COLE, W. H.: The complica
tions and implications of thyroidectomy. Trans. Am. 
Goiter Assoc. 1956, p.463. Springfield: Ch. e. Thomas 
1957. 

GIRLING, J. A., MURLEY, R. S.: Parathyroid insufficiency after 
thyroidectomy. Brit. med. J. 19631, 1323. 

HARGREAVES, A. W., GARNER, A.: Significance oflymphocytic 
infiltration of thyroid gland in thyrotoxicosis. Brit. J. 
Surg. 55, 543 (1968). 

HEDLEY, A.J., FLEMMING, e.J., CHESTERS, M.l., MICHIE, W., 
CROOKS, J.: Surgical treatment of thyrotoxicosis. Brit. 
med. J. 1970a 1,519. 
HALL, R., AMOS, J., MICHIE, W., CROOKS, J.: Serum thyro
tropin levels after subtotal thyroidectomy for Graves' 
disease. Lancet 1970b I, 455. 
Ross, 1. P., BECK, J. S., DONALD, D., ALBERT-RECHT, F., 
MICHIE, W., CROOKS,J.: Recurrent thyrotoxicosis after 
subtotal thyroidectomy. Brit. med. J. 1971 IV, 258. 

McLARTY, D.G., ALEXANDER, W.D., HARDEN, R.McG., 
CLARK, D.H.: Results of treatment of thyrotoxicosis 
after postoperative relapse. Brit. med. J. 1969 II, 201. 

McNEIL,A.D., THOMSON,J.A.: Long-term follow-up of 
surgically treated thyrotoxic patients. Brit. med. J. 
1968111,643. 

MICHIE,W., PEGG,e.A.S., BEWSHER,P.D.: Prediction of 
hypothyroidism after partial thyroidectomy for thyro
toxicosis. Brit. med. J. 1972 I, 13. 
STOWERS, J. M., DUNCAN, T., PEGG, e. A. S., HAMER-HoD
GES, D.W., HEMS, G., BEWSHER, P.D., HEDLEY,A.J.: Mech
anism of hypocalcemia after thyroidectomy for thyro
toxicosis. Lancet 1971 I, 508. 

NOFAL, M. M., BEIERWALTES, W. H., PATUO, M. E.: Treatment 
of hyperthyroidism with sodium iodide 1131. J. Amer. 
med. Ass. 197, 605 (1966). 

Roy, A. D., QUIE, P. G., MENWISSEN, H. J., HONG, R.: A fol
low-up of thyrotoxic patients treated by partial thyroid
ectomy. Lancet 196711, 684. 

TAYLOR, G. W., PAINTER, N.S.: Size of the thyroid remnant 
in partial thyroidectomy for toxic goiter. Lancet 1962 I, 
287. 

Radioiodine Treatment of Graves' Disease 

ALLEN, H.e., JR., GOODWIN, W.E.: Scintillation counter as 
instrument for in vivo determination of thyroid weight. 
Radiology 58, 68 (1952). 

ANDREWS, G. A., KINSELEY, R. M., BIGEWW, R. R., ROOT, 
S. W., BRUCE, B.: Pathologic changes in normal human 
thyroid tissue following large does of 1131. Amer. J. Med. 
16,372 (1954). 

BAKER, H. V.: Anaplastic thyroid cancer 12 years after treat
ment of thyrotoxicosis with radioiodine. Cancer(Philad.) 
22, 885 (1969). 

CANTOLINO, S.J., SCHMICKEL, R.D., BALL, M., CiSAR, e.S.: 
Persistent chromosomal aberrations following radio
iodine therapy for thyrotoxicosis. New Eng!. J. Med. 
275, 739 (1966). 

DAILY, M.E., LINDSAY, S., MILLER, E. R.: Histologic lesions 
in the thyroid glands of patients receiving radioiodine for 
hyperthyroidism. J. clin. Endocr. 13, 1513 (1953). 

DOBYNS, B. M., ROBISON, L. R.: Deoxyribonucleic acid con
tent associated with nuclear changes in I l31 -irradiated 
human thyroids. J. clin. Endocr. 28, 875 (1968). 

267 

DOERING, P., KMAER, K.: Die Bestimmung des Schilddrusen
gewichtes mit der Szintigraphie nach Gabe von Radiojod. 
Strahlentherapie 105, 245 (1958). 

DUNN, J. T., CHAPMAN, E. M.: Rising incidence of hypo
thyroidism after radioactive-iodine therapy in thyro
toxicosis. New Eng!. J. Med. 271, 1037 (1964). 

Editorial: Radioiodine treatment of thyrotoxicosis. Lancet 
19721,23. 

EINHORN, J., WICKLUND, H.: Hypothyroidism following 131-1 
treatment for hyperthyroidism. J. clin. Endocr. 26, 33 
(1966). 

ENGELBRECHT, W.: Zurcher Ergebnisse der Radioresektion 
bei 698 Patienten mit Morbus Basedow und der Radio
elimination bei 404 Patienten mit toxischem Adenom -
1102 Patienten mit Hyperthyreose. Thesis, Zurich, 1970. 

FISHER, D. A., PANOS, T. C.: "Due caution" and radioiodine 
in children. Amer. J. dis. Chid. 103,729 (1962). 

GAUWERKY, F.: Kritische Obersicht uber die Behandlung 
mit kiinstlich radioaktiven Isotopen. In: Strahlenbiologie, 
Strahlentherapie. Nuklearmedizin und Krebsforschung. 
Stuttgart: Thieme 1959. 

GLENNON, lA., GORDON, E.S., SAWIN, C. T.: Hypothyroi
dism after low dose 131 I treatment of hyperthyroidism. 
Ann. intern. Med. 76, 721 (1972). 

GOOLDEN, A. W. G., FRASER, T. R.: Treatment of thyrotoxi
cosis with low doses of radioactive iodine. Brit. med. J. 
1969 II, 442. 

GOOLDEN, A. W. G., FRASER, T. R.: Effect of pretreatment with 
carbimazole in patients with thyrotoxicosis subsequently 
treated with radioactive iodine. Brit. med. J. 1969 II, 443. 

GREEN, M., WILSON, G. M.: Thyrotoxicosis treated by sur
gery or iodine-131 with special reference to development 
of hypothyroidism. Brit. med. J. 1964 I, 1005. 

GREIG, W. R.: Radiation, thyroid cells and 1131 therapy. A 
hypothesis. J. din. Endocr. 25, 1411 (1965). 

HAGEN, G. A., OULETTE, R. P., CHAPMAN, E. M.: Comparison 
of high and low dosage of 1-131 in the treatment of 
thyrotoxicosis. New Eng!. J. Med. 277, 559 (1967). 

HORST, W.: Strahlentherapie der Schilddrusenerkrankungen 
mit Radiojod (1131 ). Internist (Berl.) 8, 373 (1960). 

KAESTNER, F., OTTO, R., ENGELBRECHT, W., HORST, W.: Zur 
Radioresektion von hyperthyreoten und euthyreoten 
Strumen und Radioelimination von toxischen Adenomen 
mit 131 Jod. (In preparation.) 

KEIDERLING, W.: Therapie der Schilddruse mit Radiojod. 
Ergebn. inn. Med. Kinderheilk. 8, 245 (1957). 

LAMBERG, B. A., HERNBERG, e. A., WAHLBERG, P., HAKKILA, 
R.: Treatment of toxic nodular goiter with radioactive 
iodine. Acta med. scand. 165, 245 (1959). 

Leading Article: Hypothyroidism after treatment of thyro
toxicosis with radioiodine. Lancet 19651,637. 

LEVENE, M. B., ANDREWS, G. A., KNISELY, R. M.: Large doses 
of 1131 in dogs: Radiation dosage correlated with histo
logic and autoradiographic changes. Amer. J. Roentgeno!. 
73, 88 (1955). 

LIMA, J. B., CATZ, B., PERJIK, S.L.: Thyroid cancer following 
131 I therapy of hyperthyroidism. J. nucl. Med. 11, 46 
(1970). 

LINDSAY, S., DAILEY, M.E., JONES, M.D.: Histologic effects 
of various types of ionizing radiation on normal and 
hyperplastic human thyroid glands. J. din. Endocr. 14, 
1179 (1954). 

MARINELLI, L. D., QUIMBY, E. H., HINE, G. J.: Dosage deter
mination with radioactive isotopes. Amer. J. Roentgeno!. 
59, 260 (1948). 

McDOUGALL, 1. R., GREIG, W. R., GILLESPIE, F. e.: Radio
active iodine e 25I) therapy for thyrotoxicosis. New Eng!. 
J. Med. 285, 1099 (1971). 
KENNEDY, J. S., THOMPSON, l A.: Thyroid Carcinoma 
following 1-131 therapy. Report of a case and review of 
the literature. J. din. Endocr. 33, 287 (1971). 

MILLER, E. R., LINDSAY, S., DAILEY, M. E.: Studies with radio
iodine. V. Validity of histologic determination of J131 



268 

radiation. Changes in the thyroid gland. Radiology 65, 
384 (1955). 

NOFAL, M.M., BElERWALTES, W.H., PATNO, M.E.: Treat
ment of hyperthyroidism with sodium iodide 1131. J. 
Amer. med Ass. 197,605 (1966). 

OESER, H., BILLION, H., KOHNE, P.: Die Behandlung der 
Hyperthyreose mit Radiojod. In: Kiinstliche radioaktive 
Isotope in Physiologie, Diagnostik und Therapie. Berlin
Giittingen-Heidelberg: Springer 1961. 

PERRY, C. H.: Internal dose determination of isotopes. 
AE.C. Report No. W.7405-eng-26 (ORNL-1950, 591). 

PmLP, J. R, DuTHIE, M. B., CROOKS, J.: A follow-up scheme 
for detecting hypothyroidism in thyrotoxic patients 
treated with radioiodine. Lancet 1968 II, 1336. 

POCHIN, E. E.: Leukaemia following radioiodine treatment 
of thyrotoxicosis. Brit. med. J. 1960B, 1545. 

SAENGBR, E. L., THOMA, G. E., TOMPKINS, E. A: Incidence of 
leukemia following treatment of hyperthyroidism. J. 
Amer. med. Ass. 205, 147 (1968). 

SCHNEIDER, C.: Behandlung der Thyreotoxikose mit 131-
Radiojod. Strahlentherapie 127, 65 (1965). 

SCHULTZ, A L., ZIEVE, L.: Alterations in thyroid 1 131 uptake, 
basal metabolic rate and serum cholesterol following 
treatment of hyperthyroidism with radioactive iodine. 
Amer. J. Med. 20, 30 (1956). 

SEGAL, RL.,SILVER, S., YOHALEM, S. B., FEITELBERG, S.:Myx
edema following radioactive iodine therapy of hyper
thyroidism. Amer. J. Med. 31, 354 (1961). 

SHELINE, G. E., LINDSAY, S., BELL, H. G.: Occurrence of thy
roid nodules in children following therapy with radio
iodine for hyperthyroidism. J. c1in. EndoCf. 19, 127 (1959). 

- - MCCORMACK, D.B.: Thyroid nodules occurring late 
after treatment of thyrotoxicosis with radioiodine. J. c1in. 
Endocr. 22, 8 (1962). 

SINCLAIR, W. K., ABBATT, Z., FARRAN, H. E. A, HARRIS, E. B., 
LAMERTON, L.F.: A quantitative autoradiographic study 
of radioiodine distribution and dosage in human thyroid 
glands. Brit. J. Radiol. 29, 36 (1956). 

SMITH, R. N., WILSON, G. M.: Clinical trial of different doses 
of 131 I in the treatment of thyrotoxicosis. Brit. med. J. 
19671, 129. 

STANBURY, J.B., GROOT, L.J. DE: Problem of hypothyroidism 
after 1131 therapy of hyperthyroidism. New Engl. J. Med. 
271, 195 (1964). 

UTHGENANNT, H., MULLER, W., WEINREICH, J.: Dber Hiiufig
keit und klinische Bedeutung von Autoantikiirpem bei 
Schilddriisenerkrankungen insbesondere bei der Hyper
thyreose. Dtsch. med. Wschr. 91, 437 (1965). 

VIHERKOSKI, M., LAMBERG, B.A, HERNBERG, C.A, NIEMI, E.: 
Treatment of toxic nodular and diffuse goiter with radio
active iodine. Acta endocr. (Kbh.) 64, 159 (1970). 

WERNBR, S. C., JOHNSON, P. M., GooDWIN, P. N., WIENER, 
J.D., LINDEBooM,G.A: Long-term results with iodine-
125 treatment for toxic diffuse goiter. Lancet 1970 B, 681. 

Ancillary Treatment of Graves' Disease: 
Antiadrenergic Agents, Sedatives 

BECKER, F. 0., SCHWARTZ, T. B.: Sympathetic blockade in 
hyperthyroidism. Arch. intern. Med.129, 967 (1972). 

CLARK, F., HALL, R., ORMSTON, B.: Diazepam and tests of 
thyroid function. Brit. med. J. 1971 I, 585. 

CULLHED,1., PARROW, A: Acute hemodynamic changes fol
lowing beta-adrenergic blockade in hyperthyroidism. 
Acta med. scand. 184, 235 (1968). 

GROSSMAN, W., ROBIN, N. I., JOHNSON, L. W., BROOKS, H., SE
LENKOW, H.A., DEXTER, L.: Effects of beta blockade on 
the peripheral manifestations of thyrotoxicosis. Ann. 
intern. Med. 74, 875 (1971). 

HADDEN, D. R, BELL, T. K., McDEVITT, D. G., SHANKS, R. G., 
MONTGOMERY, D.A.D.: Propranolol and the utilization 
of radioiodine by the human thyroid gland. Acta endocr. 
(Kbh.) 61, 393 (1969). 

The Thyroid Gland 

HOWITT, G., ROWLANDS, D.l.: Beta-sympathetic blockade 
in hyperthyroidism. Lancet 1966 I, 628. 

McLARTY, D. G~ BROWNLIE, B. E. W., ALEXANDBR, W. D., PA
PAPETROU, P.D~ HORTON, P.: Remission of thyrotoxi
cosis during treatment with propranolol. Brit. med. I. 
1973B,332. 

SHANKS, R G., HADDEN, D. R~ LoWE, D. C., McDEVITT, 
D.G.: Controlled trial of propranolol in thyrotoxicosis. 
Lancet 19691, 993. 

STOUT, B. D., WIENER, L., Cox, I. W.: Combined alpha- and 
beta-sympathetic blockade in hyperthyroidism. Ann. 
intern. Med. 70, 963 (1969). 

TURNBR, P., GRANVILLE-GROSSMAN, K. L., SMART, J. V.: 
Effect of adrenergic receptor blockade on the tachy
cardia and axiety state of thyrotoxicosis. Lancet 1965B, 
1316. 

W ALDSTEIN, S. S., WEST, G. H., LEE, W. Y., BRONSKY, D.: 
Guanethidine in hyperthyroidism. J. Amer. med. Ass. 
189, 609 (1964). 

WERNBR, S. c., PLA TMAN, S. R: Remission of hyperthyroi
dism and altered pattern of serum-thyroxine binding 
induced by prednisone. Lancet 196511, 751. 

WILSON, W. R, THEiLEN, E.O., FLETCHER, F. W.: Pharmaco
dynamic effects of beta-adrenergic receptor blockade in 
patients with hyperthyroidism. I. c1in. Invest. 43, 1698 
(1964). 

Thyroid Crisis 

ASHKAR, F.S., KATIMS, R.B., SMOAK, W.M., GILSON, A.I.: 
Blood exchange and plasmapheresis for thyroid storm. 
J. Amer. med. Ass. 214, 1275 (1970). 

BucKLE, R. M.: Treatment of thyroid crisis by beta-adrener
gic blockade. Acta endocr. (Kbh.) 57, 168 (1968). 

DILWN,P.T~ BABE,J., MEWNI,C.R., CANARY,J.J.: Reser
pine in thyrotoxic crisis. New Engl. J. Med. 283, 1020 
(1970). 

HERRMANN, J., BEISENHERZ, W., GILLICH, K. H,. JESTER, H., 
KLUGE, R., NISSEN, P., KRUsKEMPER, H.L.: Peritoneal
dialyse bei thyreotoxischer Krise. Dtsch. med. Wschr. 
SO, 2615 (1969). 

HOFFENBERG, R., Louw, J.H., VOSS, T.J.: Thyroidectomy 
under hypothermia in a pregnant patient with thyroid 
crisis. Lancet 1961 B, 687. 

INGBAR, s. H.: Management of emergencies: Thyrotoxic 
storm. New Engl. J. Med. 274, 1252 (1966). 

LAHEY, F. H.: The crisis of exophthalmic goiter. New Engl. 
J. Med. 199,255 (1928). 

LAMBERG, B.A.: The medical thyroid crisis. Acta med. scand. 
164, 479 (1959). 

LOGOTHETIs, I., WARNER, J.: Acute thyrotoxic "encephalo
myopathy" associated with low serum potassium. Amer. 
J. Med. 32, 631 (1962). 

McARTHUR,J.W., RAWSON,R.W., MEANS,J.H., COPE, 0.: 
Thyrotoxic crisis. J. Amer. med. Ass. 134, 868 (1947). 

PIETRAs, R.J., REAL, M.A, POTICHA, G.S., BRONSKY, D., 
WALDSTEIN, S.S.: Cardio-vascular response in hyper
thyroidism. The influence of adrenergic receptor blockade. 
Arch. intern. Med. 129, 426 (1972). 

ROIZEN, M., BECKER, C.E.: Thyroid storm. Calif. Med. 115, 
5 (1971). 

THOMAS, F. B., MAZZAFERR!, E. L., SKILLMAN, T. G.: Apathet
ic thyrotoxicosis: a distinctive clinical and laboratory 
entity. Ann. intern. Med. 72, 679 (1970). 

WAHLBERG, P., LAMBERG, B.A.: Iodine metabolism in a case 
ofthyrotoxic crisis. J. c1in. Endocr. 23, 397 (1963). 

WALDSTEIN, S.S., SLODKI, S.J., KAGANIE, G.I., BRONSKY, D.: 
A clinical study of thyroid storm. Ann. intern. Med. 52, 
626 (1960). 

WIENER, L., STOUT, B. D., Cox, I. W.: Influence of beta-sym
pathetic blockade (propranolol) on the hemodynamics of 
hyperthyroidism. Amer. 1. Med. 46, 227 (1969). 



References 

Apathetic Thyrotoxicosis 

Editorial: Apathetic thyrotoxicosis. Lancet 1970 11,809. 
RONNOV-JESSEN, V., KIRKEGARD, c.: Hyperthyroidism-A 

disease of old age? Brit. med. J. 1973 I, 4l. 
THOMAS, F. B., MAZZAFERRI, E. L., SKILLMAN, T. G.: Apathetic 

thyrotoxicosis: A distinctive clinical and laboratory 
entity. Ann. intern. Med. 72, 679 (1970). 

Graves' Disease in Pregnancy 

BURROW, G. N.: The thyroid gland in pregnancy. Phila
delphia: W. B. Saunders Co. 1972. 

Editorial: Thyrotoxicosis during pregnancy. New Eng\. J. 
Med. 273, 661 (1965). 

ELPHINSTONE, N.: Thiouracil in pregnancy. Its effect on the 
foetus. Lancet 1953 I, 128l. 

FREEDBERG, I. M., HAMOLSKY, M. W., FREEDBERG, AS.: The 
thyroid gland in pregnancy. New Eng\. 1. Med. 256, 505, 
551 (1957). 

GREENBERG, A.H., CZERNICHOW, P., REBA, R.C., TYSON, J., 
BLIZZARD, R. M.: Observations on the maturation of 
thyroid function in early fetal life. J. c1in. Invest. 49, 1790 
(1970). 

HA WE, PH., FRANCIS, H. H.: Pregnancy and thyrotoxicosis. 
Brit. med. J. 1962 11,817. 

HERBST, A L., SELENKOW, H. A.: Hyperthyroidism during 
pregnancy. New Eng\. J. Med. 273, 627 (1965). 

STEIN, R. B., NICOLOFF, 1. T.: Thyroid function in pregnancy. 
Postgrad. Med. 53, 72 (1973). 

ZANINOVICH, A.A.: Effects of oestrogens on thyroxine turn
over in hyperthyroidism. Acta endocr. (Kbh.) 71, 491 
(1972). 

Neonatal and Childhood Thyrotoxicosis 

GAUTIER, E., JUILLARD, E., LEMARCHAND-BERAUD, T.: "Long 
acting thyroid stimulator" et hormone thyreotrope dans 
la thyreotoxicose du nouveau-ne. Schweiz. med. Wschr. 
98,8(1968). 

HAYLES, A.B.: Problems of childhood Graves' disease. Mayo 
Clin. Proc. 47, 850-853 (1972). 
CHAVES-CARBALLO, E., MCCONAHEY, W.M.: Treatment 
of hyperthyroidism (Graves' disease) in children. Proc. 
Mayo Clinic 42, 218 (1967). 

JAVETT, S. N., SENIOR, B., BRAUDO, J. L., HEYMANN, S.: Neo
natal thyrotoxicosis. Pediatrics 24, 65 (1959). 

KOGUT, M. D., KAPLAN, S. A, COLLIPP, P. J., TIAMSIC, T., 
BOYLE, D.: Treatment of hyperthyroidism in children. 
Analysis of forty-five patients. New Eng\. J. Med. 272, 
217 (1965). 

Leading article: Thyrotoxicosis in children. Brit. med. J. 
196511,1139. 

Leading article: Placental transmission of autoimmune 
diseases. Brit. med. 1. 19661,1554. 

LEWIS, I. C., MACGREGOR, A G.: Congenital hyperthyroid
ism. Lancet 19571, 14. 

MAENPAA, J., HIEKKALA, H., LAMBERG, B. A: Childhood hy
perthyroidism. Report on 39 cases. Acta end ocr. (Kbh.) 
51,321 (1966). 

McKENZIE, J. M.: Neonatal Graves' disease. J. din. Endocr. 
24,660 (1964). 

ROSENBERG, D., GRAND, M. J. H., SILBERT, D.: Neonatal hy
perthyroidism. New Eng\. J. Med. 268, 292 (1963). 

SAXENA, K. M.: Thyrotoxicosis in children. A discussion of 
present methods of treatment. Clin. Pediat. (Phila.) 4, 
325 (1965). 

SCHWARZ, G.: Ein Fall von diaplacentar iibertragenem Ex
ophthalmus. Acta end ocr. (Kbh.) 30, 616 (1959). 

SUNSHINE, P., KUSUMOTO, H., KRISS, J. P.: Survival time of 
circulating long-acting thyroid stimulator in neonatal 
thyrotoxicosis. Pediatrics 36, 869 (1965). 

269 

T 3 -Thyrotoxicosis 

Editorial: Triiodothyronine. Lancet 1971 I, 898. 
Editorial: Triiodothyronine thyrotoxicosis. 1. Amer. med. 

Ass. 218,438 (1971). 
HOLLANDER, C. S., MITSUMA, T., NIHEI, N., SHENKMAN, L., 

BURDAY, S.Z., BLUM, M.: Clinical and laboratory obser
vations in cases of triiodothyronine toxicosis confirmed 
by radioimmunoassay. Lancet 1972 I, 609. 
- SHENKMAN, L., STEVENSON, c., PINEDA, G., SILVA, E.: 
T 3 toxicosis in an iodine-deficient area. Lancet 1972 II, 
1276. 
SHENKMAN, L., MITSUMA, T., BLUM, M., KASTI~, A. J., AN
DERSON, D. G.: Hypertriiodothyroninemia as a premoni
tory manifestation of thyrotoxicosis. Lancet 1971 II, 731. 

IvY, H. K., WAHNER, H. W., GORMAN, C.A: Triiodothyronine 
(T 3) toxicosis. Arch. intern. Med. 128,529 (1971). 

MITSUMA, T., OWENS, R., SHENKMAN, L., REITER, E., HOL
LANDER, C. S.: T 3-thyrotoxlcosis in childhood. 1. Pediat. 
81, 982 (1972). 

STERLING, K., BELLABARBA, D., NEWMAN, E.S., BRENNER, 
M. A.: Determination of triiodothyronine concentration 
in human serum. J. din. Invest. 48,1150 (1969). 

- REFETOFF, S., SELENKOW, M.A.: T 3-thyrotoxicosis. J. 
Amer. med. Ass. 213, 571 (1970). 

SUNG, L.c., CAVALIERI, R.R.: T3 thyrotoxicosis due to 
metastatic thyroid carcinoma. J. din. Endocr. 36, 215 
(1973). 

Endocrine Ophthalmopathy 

ADAMS, D.O., PURVES, H.D.: The role of thyrotropin in 
hyperthyroidism and exophthalmos. Metabolism 6, 26 
(1957). 

ARANOW, H., DAY, R. M.: Management of thyrotoxicosis in 
patients with ophthalmopathy: Antithyroid regimen 
determined primarily by ocular manifestations. J. din. 
Endocr. 25, 1 (1965). 

BAUER, R. K., CATZ, B.: Radioactive iodine therapy for pro
gressive malignant exophthalmos. Acta endocr. (Kbh.) 
51, 15 (1966). 

BERMAN, B.: Voluntary propulsion of the eyeballs. The 
double Whammy syndrome. Arch. intern. Med. 117, 
648 (1966). 

BRUNISH, R., HAYASHI, K., HAYASHI, J.: Purification and 
property of exophthalmos-producing substance. Arch. 
Biochem. 98, 135 (1962). 

BURROW, G.N., MITCHELL, M.S., HOWARD, R.O., MORROW, 
L.B.: Immunosuppressive therapy for the eye changes of 
Graves' disease. J. din. Endocr. 31, 307 (1970). 

CATZ, B., PERZIK, S. L.: Subtotal vs. total surgical ablation 
of the thyroid, malignant exophthalmos and its relation 
to remnant thyroid. In: Current topics in thyroid research. 
New York-London: Academic Press 1965. 

CONDLIFE, P.G.: Chemistry of exophthalmos-producing 
substance. In: WERNER, S.c., Thyrotropin. Springfield: 
Thomas 1963. 

COLEMAN, D.J., JACK, R.L., FRANZEN, L.A., WERNER, S.c.: 
High resolution B-scan ultrasonography of the orbit. 
V. Eye changes of Graves' disease. Arch. Ophtha\. 88, 
465 (1972). 

CROMBIE, A, LAWSON, A A. H.: Long-term trial of local 
guanethidine in treatment of eye signs of thyroid dys
function and idiopathic lid retraction. Brit. med. J. 1967 
IV, 592. 

DESANTO, L. W.: Surgical palliation of ophthalmopathy of 
Graves' disease. Transantral approach. Mayo Clin. Proc. 
47,989-992 (1972). 

DONALDSON, S.S., BAGSHAW, M.S., KRISS, J.P.: Supervoltage 
orbital radiotherapy for Graves' ophthalmopathy. J. din. 
Endocr. 37, 276 (1973). 

Editorial: Endocrine exophthalmos. Brit. med. J. 1972111, 
68. 



270 

ESSLEN,E~ PAPST, W.: Die Bedeutung der Elektromyo
graphie fUr die Analyse von Motilitiitsstorungen der 
Augen. Basel: Karger 1961. 

FURTH, E.D., BECKER, D., RAY, B.S~ KANE, J. W.: Appearan
ce of unilateral infiltrative exophthalmos of Graves' 
disease after the successful treatment of the same process 
in the contralateral eye by apparently total surgical hypo
physectomy. J. elin. Endocr. 22, 518 (1962). 

GARBER, M.I.: Methylprednisolone in the treatment of 
exophthalmos. Lancet 19661, 958. 

GREEN, D.E., SNYDER, N.J~ SOWMON, D.H.: Gluco-corti
coid-induced disappearance of the long-acting thyroid 
stimulator in Graves' ophthalmopathy. J. elin. Invest. 42, 
939 (1963). 

GREIG, W. R., ABoUL-KHAIR, S. A., MOHAMED, S. D., 
CROOKS, J.: Effect of treatment of thyrotoxicosis on 
exophthalmos. Brit. med. J. 1965ll, 509. 

HADDAD,H.M.: Endocrine exophthalmus. J. Amer. med. 
Ass. 199, 559 (1967). 

HALL, R., DoNIACH, D., KIRKHAM, K .. EL KABIR, D.: Oph
thalmic Graves' disease. Lancet 1970 L 375. 

HAMBURGER,J.I., SUGAR,H.S.: What the internist should 
know about the ophthalmopathy of Graves' disease. 
Arch. intern. Med. 129, 131 (1972). 

HAMILTON, R.D., MAYBERRY, W.E., MCCONAHEY, W.M., 
HANSON, K.C.: Ophthalmopathy of Graves' disease: 
Comparison between surgical and radioiodide therapy. 
Mayo Clin. Proc. 42, 812 (1967). 

HORST, W., SAUTTER, H., ULLERICH, K.: Radiojoddiagnostik 
und Strahlentherapie der endokrinen Ophthalmopathie. 
Dtsch. med. Wschr. 85, 730, 794 (1960). 

HORSTER, F. A., SCHLEUSENER, H., SCHIMMELPFENNING, K.: 
Die Bedeutung von thyreotropern Hormon (TSH~ long 
acting thyroid stimulator (LATS) und exophthalmus
produzierendem Faktor (EPF) bei verschiedenen Formen 
der Schilddriiseniiberfunktion. Dtsch. med. Wschr. 92, 
673 (1967). 

HUBER, A., ESSLEN, E.: Diagnostic des Myopathies oculaires 
a l'aide de l'electromyographie. Bull. neurol. Soc. fran~. 
Ophthal. SO, 460 (1967). 

IGERSHEIMER, J.: Visual changes in progressive exophthal
mos. Arch. Ophthal. 53, 94 (1955). 

IVY, H.K.: Medical approach to ophthalmopathy of Graves' 
disease. Mayo Clin. Proc. 47, 980-985 (1972). 

JALLUT,O., GALLETTI, P. M.: L'exophtalmie maligne (syn
drome thyreohypophysaire) Presentation de 28 cas. 
Schweiz. med. Wschr. 90, 639 (1960). 

KINDEREN, P.J. DER: EPS, LATS and Exophthalmos. In: 
IRVINE, W.J., Thyrotoxicosis. Edinburgh-London: 
Livingstone 1967. 

- HOUTSTRA-LANZ, M., SCHWARZ, F.: Exophthalmos-pro
ducing substance in human serum. J. elin. Endocr. 20, 
712 (1960). 

KOHN, L. D~ WINAND, R. J.: Relationship of thyrotropin to 
exophthalmus-producing substance. J. bioI. Chern. 246, 
6570 (1971). 

KOUTRAS, D. A., ALEXANDER, W. D., BUCHANAN, W. W., 
McG. HARDEN, R.: Effect of thyroxine on exophthalmos 
in thyrotoxicosis. Brit. med. J. 1965 L 493. 

- BoUZAS,A.G., LIVIDAS,D.P., VAGENAKIS,A.P., Kou
KOUWMMA TI, A. S.: Comparative drug treatment of endo
crine exophthalmos. Europ. J. elin. Pharmacol. 3, 32 
(1970). 

KRAYENBiiHL, H.: The value of orbital angiography for 
diagnosis of unilateral exophthalmos. J. Neurosurg. 4, 
289 (1962). 

KIuss, J.P~ ROSENBLUM, A.L~ HOLDERNESS, M~ SHARP, G., 
UTIGER, R.: Studies on the pathogenesis of the oph
thalmopathy of Graves' disease. J. clin. Endocr. 27, 582 
(1967). 

LAMBERG, B.A.: The thyro-hypophysical syndrome. I. The 
primary reaction of the hypophysical eye signs (including 
exophthalmos) to the treatment of thyrotoxicosis. Acta 
med. scand. 148, 225 (1954). 

The Thyroid Gland 

- The thyro-hypophysial syndrome. II. Roentgen irra
diation of the pituitary region in the treatment of the 
hypophysial eye signs (ineluding exophthalmos) after 
thyroidectomy. Acta med. scand. 156, 361 (1957). 

- HERNBERG, C. A.: The thyro-hypophysial syndrome. III. 
Pituitary roentgen irradiation in the treatment of the 
hypophysial eye signs (including exophthalmos) during 
treatment of thyrotoxicosis with thyrostatic drugs. Acta 
med. scand. 156, 378 (1957). 

- The thyro-hypophysial syndrome. IV. Hypophysial eye 
signs (including exophthalmos) without thyrotoxicosis 
(solitary thyro-hypophysial syndrome) and their treat
ment by roentgen irradiation of the pituitary region. 
Acta med. scand. 156, 392 (1957). 

LIPMAN, L.M., GREEN, D.E., SNYDER, N.J., NELSON, J.C., SO
WMON, D.H.: Relationship oflong-acting thyroid stimu
lator to the elinical features and course of Graves' disease. 
Amer. J. Med. 43, 486 (1967). 

MAHIEU, P., WINAND, R.: Demonstration of delayed hyper
sensitivity to retrobulbar and thyroid tissue in human 
exophthalmos. J. clin. Endocr. 34, 1090 (1972). 

McGILL, D.A., AsPER, S.A., JR.: Endocrine exophthalmos: 
a review and a report on antibody studies. New Engl. 
J. Med. 267, 133/188 (1962). 

McKENZIE,J.M., McCuLLAGH,E.P.: Observations against 
a causal relationship between the long-acting thyroid 
stimulator and ophthalmopathy of Graves' disease. J. 
elin. Endocr. 28, 1177 (1968). 

MORGAN, D.C~ MASON, A.S.: Exophthalmos in Cushing's 
syndrome. Brit. med. J. 1958 II, 481. 

NAFFZIGER, H. C., JONES, O. W., JR.: The surgical treatment of 
progressive exophthalmos following thyroidectomy. J. 
Amer. med. Ass. 99, 638 (1932). 

OGURA, J.H., WALSH, I.E.: The transantral orbital decom
pression operation for progressive exophthalmos. Laryn
goscope (St. Louis) 72, 1078 (1962). 

OSSOINlG, K.: Echographie der Orbita Methode der Wahl 
flir die Diagnostik des einseitigen Exophthalmus. Schweiz. 
med. Wschr. 99, 1034 (1969). 

PEQUEGNAT, E.P.: Large doses of radioiodide in Graves' 
disease: Effect on ophthalmopathy and long-acting 
thyroid stimulator. Mayo Clin. Proc. 42, 802 (1967). 

PLIMSTONE, B.L., HOFFENBERG, R., BLACK, E.: Parallel assays 
of thyrotrophin, long-acting thyroid stimulator and ex
ophthalmos-producing substance in endocrine exoph
thalmos and pretibial myxedema J. elin. Endocr. 24, 
976 (1964). 

RILEY, F.C.: Surgical management of ophthalmopathy in 
Graves' disease. Transfrontal orbital decompression. 
Mayo Clin. Proc. 47, 986-988 (1972). 

SCHWARZ, F ~ KINDEREN, P.J. DER, HOUTSTRA-LANZ, M.: The 
correlation between endocrine exophthalmos and ex
ophthalmos producing substance (EPS). Acta endocr. 

. (Kbh.) 51, 359 (1966). 
SEGAL, R.L~ ROSENBLATT, S., ELIASOPH, I.: Endocrine exoph

thalmos during lithium therapy of manic depressive 
disease. New Engl. J. Med. 289, 136 (1973). 

SMELSER, G.K.: Experimental studies on exophthalmus. 
Amer. J. Ophthal. 54, 929 (1962). 

SNYDER, J. N., GREEN, D. E., SOLOMON, D. H.: Glucocorti
coid-induced disappearance oflong-acting thyroid stimu
lator in the ophthalmopathy of Graves' disease. J. din. 
Endocr. 24, 1129 (1964). 

SUMMERSKILL, W. H. J., MOLNAR, G. D.: Eye signs in hepatic 
cirrhosis. New Engl. J. Med. 266, 1244 (1962). 

. VOLPE, R., DESBARAT8-SCUONBAUM, M.L., SCUONBAUM, E., 
Row, V. V., EZRIN, C.: The effect of radioablation of the 
thyroid gland in Graves' disease with high levels of 
long-acting thyroid stimulator (LATS). Amer. J. Med. 
46, 217 (1969). 

WOOELIUS, 0., AsBOE-HANSEN, G., LAMBERG, B.A.: Retro
bulbar connective tissue changes in malignant exoph
thalmos. Acta endocr. (Kbh.) 25, 452 (1957). 



References 

WERNER, S. C.: The severe eye changes of Graves' disease. 
J. Amer. med. Ass. 177, 551 (1961). 
Prednisone in emergency treatement of malignant ex
ophthalmos. Lancet 19661,1004. 
Immunosuppression in the management of the active 
severe eye changes of Graves' disease. In: IRVINE, W. J., 
Thyrotoxicosis. Edinburgh-London: Livingstone 1967 a. 
Classification of the eye changes of Graves' disease. J. 
din. Endocr. 29, 782 (1969). 
The eye changes of Graves' disease. Overview. Mayo 
Clin. Proc. 47, 969 (1972). 
FEIND, CR., AIDA, M.: Graves' disease and total thyroid
ectomy. Progression of severe eye changes and decrease 
in serum long-acting thyroid stimulator after operation. 
New Eng!. J. med. 276, 132 (1967b). 

WINAND, R. J., KOHN, L. D.: The binding of (3H) thyrotropin 
and 3H-Iabeld exophthalmogenic factor by plasma mem
branes ofretroorbital tissue. Proc. nat. Acad. Sci. (Wash.) 
69, 1711 (1972). 

WYSE, E. P., McConahey, W. M., WOOLNER, L. B., SCHOLZ, 
D. A., KEARNS, TH. P.: Ophthalmopathy without hyper
thyroidism in patients with histologic Hashimoto's 
thyroiditis. J. din. Endocr. 28, 1623 (1968). 

Y ASARGIL, M. G.: Die Rontgendiagnostik des Exophthalmus 
unilateralis. Basel-New York: Karger 1957. 

ZIZMOR, J., FASANO, C v., SMITH, B., RABETT, W.: Roentgeno
graphic diagnosis of unilateral exophthalmos. J. Amer. 
med. Ass. 197, 343 (1966). 

Toxic Nodular Goiter (Toxic Adenoma) 

BAY, V.: Das toxische Adenom der Schilddruse. Ergebn. 
Chir. Orthop. 47, 132 (1965). 

BECKER, F. 0., ECONOMO, P. G., SCHWARTZ, T. B.: Occurrence 
of carcinoma in "hot" thyroid nodules: report of two 
cases. Ann. intern. Med. 58, 877 (1963). 

BURKE, C, SZABO, M.: Dissociation of in vivo and in vitro 
"autonomy" in hyperfunctioning thyroid nodules. 1. clin. 
Endocr. 35, 199 (1972). 

COPE,O., RAWSON, R. W., McARTHUR, J. W.: The hyper
functioning single adenoma of the thyroid. Surg. Gynec. 
Obstet. 84, 415 (1947). 

ENGELBRECHT, W.: Zurcher Ergebnisse der Radioresektion 
bei 698 Patienten mit Morbus Basedow und der Radio
elimination bei 404 Patienten mit toxischem Adenom -
1102 Patienten mit Hyperthyreose. Thesis Zurich, 1970. 

ERMANS, A. M., CAMUS, M.: Evidence of a regulation of the 
thyroid activity by the level of dietary iodine in some 
thyroid disorders. In: Further Adv. Thyroid Res. 
(K. FELLINGER, R. HOFER, eds.), p.85. Vienna: Wiener 
Med. Akademie 1971. 

FELLINGER, K., HOFER, R., EGERT, H., VETTER, H.: Clinical 
and laboratory observations in patients with hyperactive 
thyroid nodules. Advances in thyroid research, p. 347. 
London: Pergamon Press 1961. 

FERRIMAN, D., HENNEBRY, T. M., T ASSOPOULOS, C N.: True 
thyroid adenoma. Quart. 1. Med. (N.S.) 41,127 (1972). 

FUCHSIG, P.: Die Struma: weder ein internistisches noch 
chirurgisches, sondern ein arztliches Problem. Chirurg 
39, 158 (1968). 

GARNIER, H., REYNIER, J., SAVOIE, J.C., CALMETTES, C., MEIL
LERE, D., CORDIER, G.: L'adenome toxique du corps 
thyroide. A propos de 100 cas operes. Ann. Chir. 18, 264 
(1964). 

GILBERT-DREYFUS, GALl, P.: Les criteres de guerison des 
adenomes toxiques traites par I'iode radioactif. Rev. 
fran~. Endocr. clin. 4, 27 (1963). 

GREENE,R., FARRAN,H.E.A.: On single "hot" nodules of 
the thyroid gland. J. Endocr. 33, 537 (1965). 

GUINET, P., TOURNIAlRE, J., GUILLAUD, M., BRIERE, J., DAL
MAIS, J., CHALENDAR, D.: Adenome toxique et cancer 
thyroidien. Ann. Endocr. (Paris) 32, 513 (1971). 

271 

HALL, R.: Hyperthyroidism. Pathogenesis and diagnosis. 
Brit. med. 1. 1970 I, 743. 

HORST, W., ROSLER, H., SCHNEIDER, C, HEINZEL, F., CON
RAD, B.: Differentialdiagnostik, Therapie und Patho
physiologie des toxischen Adenoms. In: Radio-Isotope 
in der Endokrinologie. Stuttgart: F.K. Schattauer 1965. 
- - LABHART, A.: 306 cases of toxic adenoma: clinical 
aspects, findings in radiochromatography and histology, 
radioiodine diagnostics, results of 1131 and surgical 
therapy. J. nuc1. Med. 8, 515 (1967). 
SCHNEIDER, C, THIEMANN, K,1.: Ergebnisse der Radio
papierchromatographie, Szintigraphie und Radioelimi
nation bei 58 Fallen von toxischem Adenom der Schild
druse. Verh. Dtsch. Ges. Inn. Med. 66. Kongr. p.356, 
1960. 

KARLBERG, B.E.: Thyroid nodule autonomy: Its demon
stration by the thyrotrophin releasing hormone (TRH) 
stimulation test. Acta endocr. (Kbh.) 73, 689 (1973). 

KRAMPF, K., AKOVBIANTZ, A., ROSLER, R.: Diagnose und 
Therapie des toxischen Schilddrusenadenoms. Helv. 
chir. Acta 34, 132 (1967). 

LARSEN,P.R., YAMASHITA,K., DEKKER, A., FIELD,J.B.: Bio
chemical observations in functioning human thyroid 
adenomas. J. clin. Endocr. 36,1009 (1973). 

MOLNAR, G. D., CHILDS, D. S., WOOLNER, L. B.: Histologic 
evidence of malignancy in a thyroid gland bearing a 
"hot" nodule. 1. clin. Endocr. 18, 1132 (1958). 
WILBER, R.D., LEE, R.E., WOOLNER, L.B., KEATING, F.R., 
JR.: On the hyperfunctioning solitary thyroid nodule. 
Proc. Mayo Clinic 40, 665 (1965). 

PLUMMER, H. S.: The clinical and pathological relationship 
of simple and exophthalmic goiter. Trans. Ass. Amer. 
Physns 28, 587 (1913). 

- The clinical and pathologic relationships of hyperplastic 
and nonhyperplastic goiter. J. Amer. med. Ass. 61, 650 
(1913). 

POHL, G., GALVAN, G., STEINER, H., SALIS-SAMADEN, R.: Das 
autonome Adenom der Schilddruse im Struma-Endemie
Gebiet. Dtsch. med. Wschr. 98, 189 (1973). 

SAVOIE, 1. C: Etude clinique et biologique de quarante-trois 
cas d'adenome toxique thyroidien. Rev. fran". Etud. clin. 
bio!. 6, 263 (1961). 

SHELINE, G. E., MCCORMACK, K.: Solitary hyperfunctioning 
thyroid nodules. J. clin. Endocr. 20, 1401 (1960). 

SHIMAOKA, K.: Toxic adenoma of the thyroid with triiodo
thyronine as the principal circulating thyroid hormone. 
Acta endocr. (Kbh.) 43, 285 (1963). 

SILVERSTEIN, G.E., BURKE, G., COGAN, R.: The natural his
tory ofthe autonomous hyperfunctioning thyroid nodule. 
Ann. intern. Med. 67, 539 (1967). 

SKILLERN, P. G., MCCULLAGH, E. P., CLAMEN, M.: Radio
iodine in diagnosis and therapy of hyperthyroidism cau
sed by hyperfunctioning thyroid adenoma. Arch. intern. 
Med. 110, 888 (1962). 

STERLING, K., REFETOFF, S., SELENKOW, H. H. A.: Tr Thyro
toxicosis. J. Amer. med. Ass. 213, 571 (1970). 

VIGIER, R., VON: Probleme der Hyperthyreosediagnostik. 
Helv. med. Acta 31, 191 (1964). 

WERNER, S.C: Toxic goiter. In: The thyroid, 3rd ed. (S.C 
WERNER and S.H.INGBAR, eds.), p.491. New York: 
Harper & Row 1972. 

ZUKSCHWERDT, L., BAY, V.: Die gezielte Operationstechnik 
im Nichtendemiegebiet. Wien. med. Wschr. 113, 823 
(1963). 

Factitious Thyrotoxicosis, Struma ovarii 

BROWN, W. W., RETTY, K.R., ROSENFELD, P.S.: Hyperthyroi
dism due to struma ovarii: demonstration by radioiodine 
scan. Acta endocr. (Kbh.) 73, 266 (1973). 

HARVEY, R.F.: Thyroxine "addicts". Brit. med. J. 197311, 35. 



272 

KIRKEBY, K.: Fatty acid composition of serum lipids in 
hyper- and hypothyroidism. Acta endocr. (Kbh.) 71, 73 
(1972). 

ROSE, E., SANDERS, T. P., WEBB, W. 1., HINES, R. C.: Occult 
factitial thyrotoxicosis. Ann. intern. Med. 71, 309 (1969). 

Iodine-Induced Thyrotoxicosis 

ADAMS, D. D., KENNEDY, T. H., CHOUFOER, 1. c., QUERlDO, A.: 
Endemic goiter in Western New Guinea III. Thyroid 
stimulating activity of serum from severely iodine
deficient people. J. elin. Endocr. 28, 685 (1968). 

CONNOLLy,R.J., VIDOR,G.I., STEWART,J.C.: Increase in 
thyrotoxicosis in endemic goiter area after iodation of 
bread. Lancet 1970 J, 500. 

ERMANS, A M., CAMUS, M.: Evidence of a regulation of the 
thyroid activity by the level of dietary iodine in some 
thyroid disorders. In: Further Adv. Thyroid Res. 
(K. FELLINGER, R. HOFER, eds.), p.85. Vienna: Wiener 
Med. Akademie 1971. 

KOCHER, TH.: Uber Jodbasedow. Langenbecks Arch. klin. 
Chir. 92, 1166 (1910). 

LAROCHE, G., HIRSCH, M.: Les troubles thyroidiens d'origine 
iodee: goitre, iode-myxoedeme, iode-Basedow. Presse 
med. 69, 2219 (1960). 

MATOVINOVIC, J., RAMALINGASWAMI, V.: Therapy and pro
phylaxis of endemic goiter. In: Endemic goiter. Geneva: 
WHO 1960. 

QUERVAIN, F. DE: Zur Kropfprophylaxe durch Jodkochsalz. 
Schweiz. med. Wschr. 59, 1099 (1929). 

RILLIET, F.: Sur Ie iodisme constitutionel. Bull. Acad. imp. 
Med. 25, 382, 479 (1859/60). 

ROCH, M.: Le corps thyroide et Ie metabolisme de l'iode. In 
Glandes endocrines et vitamines. Geneve: Les presses 
accademiques 1943. 

STANBURY, J. B., BROWNELL, G. 1., RIGGS, D. S., PERiNETTI, H., 
Hmz, J., CASTILLO, E. B. DEL: Endemic goiter, the adap
tation of man to iodine deficiency. Cambridge, Mass. 
USA: Harvard University Press 1954. 

VAGENAKIS, A. G., WANG, C., BURGER, A., MALOOF, F., BRA
VERMAN, 1. E., INGBAR, S. H.: Iodide-induced thyrotoxi
cosis in Boston. New Eng!. 1. Med. 287, 523 (1972). 

Hydatidiform Mole and Choriocarcinoma 

BURGER, A.: Further studies on a thyroid stimulating factor 
in crude chorionic gonadotrophin preparations and in 
urine. Acta endocr. (Kbh.) 55, 587 (1967). 

GALTON, V. A, INGBAR, S. H., JIMENEZ-FoNESCA, J., HERSH
MAN, J. M.: Alterations in thyroid hormone economy in 
patients with hydatidiform mole. J. elin. Invest. SO, 1345 
(1971). 

HERSHMAN, J.M., HIGGINS, H.P.: Hydatidiform mole-A 
cause of elinical hyperthyroidism. New Eng!. J. Med. 284, 
573 (1971). 

- - STARNES, W.R.: Differences between thyroid stimu
lator in hydatiform mole and human chorionic thyro
tropin. Metabolism 19,735 (1970). 

ODELL, W. D., BATES, R. W., RIOLIN, R. S., LIPSETT, M. B., 
HERTZ, R.: Increased thyroid function without elinical 
hyperthyroidism in patients with choriocarcinoma. J. 
elin. Endocr. 23, 658 (1963). 

STEIGBIGEL, N. H., OPPENHEIM, J. J., FISHMAN, 1. M., CAR
BONE, P. P.: Metastatic embryonal carcinoma of the testis 
associated with elevated plasma TSH-like activity and 
hyperthyroidism. New Eng!. J. Med. 271, 345 (1964). 

Thyrotoxicosis Due to Thyroid Carcinoma 

FEDERMAN, D. D.: Hyperthyroidism due to functioning met
astatic carcinoma of the thyroid. Medicine (Baltimore) 
43, 267 (1964). 

The Thyroid Gland 

GHOSE, M. K., GENUTH, S. M., ABELLERA, R. M., FRIEDMAN, 
S., LIDSKY, I.: Functioning primary thyroid carcinoma 
and metastases producing hyperthyroidism. J. elin. 
Endocr. 33, 639 (1971). 

HUNT, W.B., CRISPELL, K.R., McKEE,J.: Functioning met
astatic carcinoma of the thyroid producing elinical 
hyperthyroidism. Amer. J. Med. 28, 995 (1960). 

STUDER, H., VERAGUTH, P., WYSS, F.: Thyrotoxicosis due to 
a solitary hepatic metastasis of thyroid carcinoma. J. elin. 
Endocr. 11, 1334 (1961). 

Thyrotoxicosis Due to TSH Producing Pituitary 
Tumors 

EMERSON, C.H., UTIGER, R.D.: Hyperthyroidism and ex
cessive thyrotropin secretion. New Eng!. 1. Med. 287, 328 
(1972). 

F AGLIA, G., FERRARI, C., NERI, V., BECK-PECCOZ, B., AM
BROSI, B., VALENTINI, F.: High plasma thyrotrophin levels 
in two patients with pituitary tumor. Acta endocr. (Kbh.) 
69, 649 (1972). 

HAMILTON, C.R., ADAMS,1.C., MALOOF, F.: Hyperthyroid
ism due to thyrotropin-producing pituitary chromo
phobe adenoma. New Engl. J. Med. 283, 1077 (1970). 

- MALOOF, F.: Acromegaly and toxic goiter. J. elin. Endocr. 
35, 659 (1972). . 

MORNEX, R., TOMMASI, M., CURE, M., FARCOT,J., ORGIAZZI, 
J., ROUSSET, B.: Hyperthyroidie associee it un hypopituit
arisme au cours de l'evolution d'une tumeur hypo
physaire secretant T. S. H. Ann. Endocr. (Paris) 33, 390 
(1972). 

Endemic Goiter and Cretinism 

ADAMS, D.D.,KENNEoy, T. H., CHOUFOER, J.C.,QUERIDO, A: 
Endemic goiter in Western New Guinea. III. Thyroid 
stimulating activity of serum from severely iodine
deficient people. J. elin. Endocr. 28, 685 (1968). 

ALEXANDER, W. D., KOUTRAS, D. A., CROOKS, J., BUCHANAN, 
W. W., MACDONALD, E. M., RICHMOND, M. H., WAYNE, 
E. J.: Quantitative studies of iodine metabolism in thyroid 
disease. Quart. J. Med. 31, 281 (1962). 

ASTWOOD, E. B., CASSIDY, C. E., AURBACH, G. D.: Treatment 
of goiter and thyroid nodules with thyroid. J. Amer. med. 
Ass. 174,459 (1960). 

BAHNER, F.: Erfahrungen iiber die Behandlung der Struma 
mit Schilddriisenhormonen. In: Testosteron-Schilddriise. 
13. Symp. Dtsch. Ges. Endokr. Berlin-Heidelberg-New 
York: Springer 1968. 

BANSI, H. W.: Zur Prophylaxe und internen Therapie der 
Adoleszenten- und Erwachsenenstruma. Internist (Ber!.) 
4, 322 (1963). 

BASTENIE, P. A., ERMANS, AM., THYS, 0., BECKERS, c., 
SCHRIECK, H.G. VAN DEN, VISSCHER, M. DE: Endemicgoi
ter in the Uele region. III. Endemic cretinism. J. elin. 
Endocr. 22, 187 (1962). 

BECKERS, CH.: L'hormonogenese dans les goitres endemiques 
et sporadiques. Bruxelles: Arscia 1962. 

BECKERS, C., VISSCHER, M. DE: Proteolytic activity of thyroid 
enzymes in endemic goiter. 1. elin. Endocr. 22, 711 (1962). 

BEIERWALTES, W.H., DoDSON, V.N., WHEELER,A.H.: Thy
roid antibodies in the families of cretins. 1. elin. Endocr. 
19, 179 (1959). 

BERGFELT, G., RISHOLM, 1.: Postoperative thyroid hormone 
therapy in nontoxic goitre. Acta chir. scand. 126, 531 
(1963). 

BUTTFIELD, I. H., BLACK, M.1., HOFFMANN, M. 1., MASON, 
E. K., HETZEL, B. S.: Iodised oil injection. Lancet 1965 II, 
767. 
- - - WELLBY, M.1., GOOD, B. F., HETZEL, B. S.: Stu
dies of the control of thyroid function in endemic goiter 
in Eastern New Guinea. J. elin. Endocr. 26, 1201 (1966). 



References 

HETZEL, B. S., ODELL, W. D.: Effect of iodized oil on 
serum TSH determined by immunoassay in endemic 
goiter subjects. 1. din. Endocr. 28, 1664 (1968). 

CARR, E.A., JR., BEIERSWALTES, W. H., RAMAN, G., DODSON, 
V.N., TANTAN,J., BETTS,J.S., STAMBAUGH,R.A.: The 
effect of maternal thyroid function on fetal thyroid 
function and development. 1. din. Endocr. 19, 1 (1959). 

CASSANO, C., BASCHIERI,1., ANDREANI, D.: Etude de 48 cas 
de goitre simple avec elevation de la dearance renale de 
I'iode. In: Advances in thyroid research (R. PITT-RIVERS). 
Oxford: Pergamon Press 1961. 

CHOUFOER, 1. C., RHIJN, M. VAN, KASSENAAR, A. A. H., QUE
RIDO, A.: Endemic goiter in western New Guinea: Iodine 
metabolism in goitrous and nongoitrous subjects. J. din. 
Endocr. 23, 1203 (1963). 
- QUERIDO, A.: Endemic goiter in western New Guinea. 
II. Clinical picture, incidence and pathogenesis of en
demic cretinism. J. din. Endocr. 25. 38511965). 

CLEMENTS, F. W.: Health significance of endemic goitre and 
related conditions. Endemic goitre. Geneva: World 
Health Organization 1960. 

COBLE, Y.D., KOHLER, P.O.: Plasma TSH levels in endemic 
goiter subjects. 1. din. Endocr. 31, 320 (1970). 

CONOLLY, R.J., VIDOR, G.I., STEWART, J.e.: Increase in 
thyrotoxicosis in an endemic goitre area after iodination 
of bread. Lancet 19701, 500. 

COSTA, A.: Has endemic cretinism any relation to iodine 
deficiency? J. din. Endocr. 17, 801 (1957). 
COITINO, F.: Research on iodine metabolism in endemic 
goiter in Piedmont. Metabolism 12, 35 (1963). 
- MORTARA, M., VOGLIAZZO, U.: Endemic cretinism in 
Piedmont. Panminerva med. 6, 250 (1964). 
MORT ARA, M.: A review of recent studies of goitre in 
Italy. Bull. Wid. Hlth. Org. 22, 493 (1960). 
- COTTINO, F., PELLERITO, N., DALL'ACQUA, R.: Re
cherches sur la fonction de la thyroide, l' electroence
phalographie et la structure du squelette dans Ie cretinis
me endemique. Ann. Endocr. (Paris) 20, 237 (1959). 

DAY, T.K., POWELL-JACKSON, P.R.: Fluoride, water hard
ness and endemic goiter. Lancet 1972 II, 1135. 

DELANGE, F.: Le goitre endemique de I'ile d'Idjwi (Lac Kivu, 
Republique du Congo). Donnees preliminaires. Ann. 
Endocr. (Paris) 27, 256 (1966). 
CAMUS, M., ERMANS, A. M.: Circulating thyroid hormones 
in endemic goiter. J. din. Endocr. 34, 891 (1972). 
ERMANS, A. M., VIS, H.1., STANBURY, J.B.: Endemic cre
tinism in Idjwi island. J. din. Endocr. 34, 1059 (1972). 
THILLY, e., ERMANS, A. M.: Iodine deficiency, a per
missive condition in the development of endemic goiter. 
J. din. Endocr. 28, 114 (1968). 

DIETERLE, D.: Beitrag zur Kasuistik der Vererbungsfrage des 
endemischen Kretinismus. Untersuchung an blutsver
wandten kretinen Eltern und deren Nachkommen. Arch. 
Klaus-Stift. Vererb.-Forsch. 27, 69 (1952). 

DIMITRIACLOU, A., SUWANIK, R., FRASER, T. R., PEARSON, 
J.D.: Endemic goiter in Thailand. J. Endocr. 34, 23 (1966). 

DUMONT, 1. E., ERMANS, A. M., BASTENIE, P.A.: Thyroid func
tion in a goiter endemic. IV. Hypothyroidism and endemic 
cretinism. J. din. Endocr. 23, 325 (1963). 

EA YRS, J. T.: Effects of thyroid hormones on brain differentia
tion. In: Brain-thyroid relationships, edit. by M.P. 
CAMERON and M. O'CONNOR. Ciba found. Study group 
No 18. London: CurchillI964. 
Thyroid and central nervous development. In: The 
scientific basis of medicine. London: Athlone 1966. 

EGGENBERGER, H.: Kropf und Kretinismus. In: HIRSCH. 
Handbuch der inneren Sekretion. Leipzig: e. Kabitzsch 
1932. 

EGLOFF, B.: Bosartige Schilddriisengeschwiilste mit beson
derer Beriicksichtigung maligner Rezidive primlir gut
artiger Kropfe. Schweiz. med. Wschr. 91, 424 (1961). 

EKPECHI, 0.1., DIMITRIADOU, A., FRASER, T. R.: Food goi
trogens from Nigeria. In: Current topics in thyroid 

273 

research. Ed. by CASSANO, e., ANDREOLI, M. New York: 
Academic Press 1965. 

ERMANS, A. M., BASTENIE, P. A., GALPERIN, H., BECKERS, e., 
SCHRIECK, H. G. VAN DEN, VISSCHER, M. DE: Endemic goi
ter in the Uele region. II. Synthesis and secretion of 
thyroid hormones. J. din. Endocr. 21, 996 (1961). 
DUMONT,J.E., BASTENIE,P.A.: Thyroid function in a 
goiter endemic. I: Impairment of hormone synthesis 
and secretion in the goitrous gland. 1. din. Endocr. 23, 
539 (1963). 
- - Thyroid function in a goiter endemic: II. Non
hormonal iodine escape from the goitrous gland. 1. din. 
Endocr. 23, 550 (1963). 
KINTHAERT, J., CAMUS, M.: Defective intrathyroidal io
dine metabolism in nontoxic goiter. Inadequate iodination 
ofthyroglobulin. J. din. Endocr. 28,1307 (1968). 

EUGSTER, J.: Zur Erblichkeitsfrage des endemischen Kretinis
mus. Untersuchungen an 204 Kretinen und deren Bluts
verwandten. Arch. Klaus-Stift. Vererb.-Forsch. 12, 383 
(1938). 
Endemic goiter and cretinism. Investigations based on 
more than 15000 dinical observations. 3rd Internat. 
goiter conference; transactions. Portland, Ore, American 
Ass. Goiter 1938. 
Wie sieht die Schilddriise eines Kretinen zur Zeit der 
Geburt? Beitr. path. Anat. 100, 392 (1938). 
Zur Erblichkeitsfrage des endemischen Kretinismus. 
Fortschr. Erbpath., Rassenhyg. 5, 156 (1941). 

F AGGE, e. H.: On sporadic cretinism, occurring in England. 
Med.-chir. Trans. 54, 155 (1871). 

FELLENBERG, TH. v.: Kropf und Trinkwasser in der Schweiz. 
Mitt. Lebensmitt. Hrsg. 24, 123 (1933). 

- Das Vorkommen, der Kreislaufund der Stoffwechsel des 
Jods. Ergebn. Physiol. 25, 176 (1926). 

FIERRO-BENITEZ, R., RAMIREZ, I., SUAREZ, J.: Effect of iodine 
correction early in fetal life on intelligence quotient. A 
preliminary report. In: Human development and the 
thyroid gland (J. B. STANBURY and R.1. KROC, eds.), 
p. 239. New York: Plenum Press 1972. 

GAITAN, E., ISLAND, D.P., LIDDLE, G. W.: Identification of 
goitrogenic substances in water. Clin. Res. 17,65 (1969). 

GHALIOUG NUl, P.: Thyroid enlargement in Africa with re
ference to the Nile basin. Nat. inform document. center. 
Nidoc, Cairo, 1965. 

GOLDSCHMIDT, V. M.: Geochemistry. (ed.). A. MUIR (ed.) 
Oxford: Clarendon Press 1954. 

GREENBERG, A. H., CZERNICHOW, P., REBA, R. C., TYSON, J., 
BLIZZARD, R. M.: Observations on the maturation of 
thyroid function in early fetal life. J. din. Invest. 49, 1790 
(1970). 

GREER, M. A.: The natural occurrence of goitrogenic agents. 
Recent Progr. Hormone Res. 18. 187 (1962). 

GYR, N.: Der EinlluB der Jodsalzprophylaxe auf die Gesamt
zahl der Kropfoperationen in der Schweiz im Zeitraum 
von 1945-1961. Praxis 53,1382 (1964). 

HUNZIKER, H.: Kropfmessungen am Lebenden. Schweiz. 
med. Wschr. 50, 87 (1920). 

- Die Prophylaxe der groBen Schilddriise. Bern, Leipzig: 
Bircher 1924. 

JENNY, H., BLOCK, M. A., HORN, R. e., MILLER, J. M.: Recur
rence following surgery for benign thyroid nodules. 
Arch. Surg. 92, 525 (1966). 

KEIDERLING, W., EMRICH, D., HAUSWALDT, CH., HOFFMANN, 
G.: Ergebnisse der Radiojod-Verkleinerungstherapie 
euthyreoter Strumen. Dtsch. med. Wschr. 89, 453 
(1964). 

KELLY, F. e., SNEDDEN, W w.: Prevalence and geographical 
distribution of endemic goitre. In: Endemic goitre, p. 27. 
Geneva: World Health Organization 1960. 

KICH';' M., MILUTINOVIC, P., DJORDJEVIC, S., RAMZIN, S.: 
Endocrinological aspect of an endemic focus of cretinism. 
In: R. PITT-RIVERS, Advances in thyroid research. Lon
don: Pergamon Press 1961. 



274 

KILPATRICK, R., MILNE, J. S., RUSHBROOKE, M., WILSON, 
E. S. B., WILSON, G. M.: A survey of thyroid enlargement 
in two general practices in Great Britain. Brit. med. J. 
19631. 29. 

KITCHIN, F. D .• EVANS, W. H.: Genetic factors in thyroid dis
eases. Brit. med. Bull. 16, 148 (1960). 

KLEIN, E.: Strumen im Wachstumsalter. Internist (Berl.) 6, 
30 (1965). 

KONIG, M.P.: Nutzen und Gefahren der Kropfprophylaxe 
mit Jod. Internist (Berl.) 4, 327 (1963). 

- Die kongenitale Hypothyreose und der endemische Kreti
nismus. Berlin-Heidelberg-New York: Springer 1968. 
NEIGER, M.: The pathology of the ear in endemic cre
tinism. In: Human development and the thyroid gland 
(1.B. STANBURY and R.L. KROC, eds.), p. 325. New York: 
Plenum Press 1972. 

LAMBERG, B.A., HINTZE, G.: Das Syndrom des butanol-un
loslichen Jodproteins im Serum erwachsener eumetabo
lischer Kropfpatienten. Dtsch. med. Wschr. 88, 434 (1963). 
HONKAPOHJA, H., HAIKONEN, M., JUSSILA, R., HINTZE, G., 
AxELSON, E., CHOUFOER, J. C.: Iodine metabolism in en
demic goitre in the east of Finland with a survey of 
recent data on iodine metabolism in Finland. Acta med. 
scand. 172,237 (1962). 

LEMARCHAND-BERAUD, T., SCAZZIGA, T., VANNOTTI, A.: Plas
ma thyrotropin levels in thyroid diseases and effect of 
treatment. Acta endocr. (Kbh.) 62,593 (1969). 

LOBO, L.c.G., POMPEN, F., ROSENTHAL, D.: Endemic cretin
ism in Goiaz, Brazil. J. clin. Endocr. 23,407 (1963). 

LOGOTHETOPOULOS, J., SCOTT, R. F.: Active iodide transport 
across the placenta of the guinea-pig, rabbit and rat. J. 
Physiol. (Lond.) 132, 365 (1956). 

LucA, F. DE, CRAMAROSSA, L., TONELLI, S., BENEDETTI, G.A., 
NEGRI, M., BASCHIERI, L., CASSANO, C.: Iodine deficiency 
in two endemic goiter areas of central and southern 
Italy. J. clin. Endocr. 26, 393 (1966). 

MALAMOS, B., KOUTRAS, D. A., RIGOPOULOS, G. A., PAPA
PETROU, P. D., GOUGAS, E., KELPERI, H., MORAITOPOU
LOS,C., DAVI,E., LEONARDOPOULOS,J.: Endemic goiter 
in Greece: Some new epidiomologic studies. J. clin. 
Endocr. 32, 130 (1971). 

MARINE, D., KIMBALL, O.P.: Prevention of simple goiter in 
man. Fourth paper. Arch. intern. Med. 25, 661 (1920). 

MATOVINIVIC,J., RAMALINGASWAMI, V.: Therapy and pro
phylaxis of endemic goitre. In: Endemic goitre, p.385. 
Geneva: World Health Organization 1960. 

MCCARRISON, R.: Observations on endemic cretinism in the 
Chitral and Gilgit valleys. Lancet 1908 II, 1275. 

Medical Research Council Goitre Subcommittee. Endemic 
goitre in England. Lancet 1944 I, 107. 

MERKE, F.: Weshalb unser Kochsalz am 1. Sept. 1962 endlich 
hoher jodiert wurde. Praxis 53, 1388 (1964). 
Die Eiszeit als primordiale Ursache des endemischen 
Kropfes. Schweiz. med. Wschr. 95, 1183 (1965). 
Weitere Belege flir die Eiszeit als primordiale Ursache 
des endemischen Kropfes: Eiszeit und Kropf im Wallis. 
Schweiz. med. Wschr. 97, 131 (1967). 
Fiihrt die starke Zunahme des Meerfischkonsums in der 
Schweiz zu einer neuen "Jodquelle"? Schweiz. med. 
Wschr. 98, 1535 (1968). 
Geschichte und Ikonographie des endemischen Kropfes 
und Kretinismus. Bern: Huber 1971. 

MURRAY,I.P.C., STEWART, R.D.H.: Iodide goitre. Lancet 
19671,922. 

MYANT, N.B.: Passage of thyroxine and triiodothyronine 
from mother to foetus in pregnant women. Clin. Sci. 17, 
75 (1958). 

- The thyroid and reproduction in mamals. In: R. PITT
RIVERS and W. R. TROTTER, The thyroid gland I. London: 
Butterworths 1964. 

NEGRI, M.: Endemic and congenital goiter. In: Current topics 
in thyroid research. New York: Academic Press Inc. 
1965. 

The Thyroid Gland 

ODDIE, T. H., FISHER, D. A., MCCONAHEY, W. M., THOMPSON, 
C.S.: Iodine intake in the United States. A reassessment. 
J. clin. Endocr. 30, 659 (1970). 

PELTOLA, P.: The goitrogenic effect of milk obtained from the 
region of endemic goitre in Finland. In: Advances in 
thyroid research, ed. by R. PITT-RIVERS and J.R. TATA, 
p.10. New York: Pergamon Press 1961. 

PEREZ, c., SCRIMSHAW, N. S., MuNOZ,J. A.: Technique of 
endemic goiter surveys. In: Endemic goiter, p.369. 
Geneva: WHO 1960. 

PHAROA, P. O. D., BUTTFIELD, I. H., HETZEL, B. S.: Neurologi
cal damage to the fetus resulting from severe iodine 
deficiency during pregnancy. Lancet 1971 I, 308. 

PODOBA, J., LANGER, P.: Naturally occurring goitrogens and 
thyroid function. Bratislava: Pub!. House Slovak Acad. 
Sci. 1964. 

- STUKOVSKY, R.: Thyroid function after stopping iodinated 
salt distribution. Acta Endocr. Panam. 3,135 (1972). 

PRETELL, E. A.: The optimal program for prophylaxis of 
endemic goiter with iodized oi!. In: Human development 
and the thyroid gland. Relation to endemic cretinism 
(J.B.STANBURY, R.L.KROC, eds.), p.267. New York: 
Plenum Press 1972. 

QUERIDO, A.: History of iodine prophylaxis with regard to 
cretinism and deaf-mutism. In: Adv. in exptl. BioI. Med., 
vol. 30, Human development and the thyroid gland 
(J.B. STANBURY, ed.), p.191. New York: Plenum Press 
1972. 

QUERV AIN, F. DE, WEGELIN, c.: Der endemische Kretinis
mus. Berlin u. Wien: Springer 1936. 

RAMALINGASW AMI, V., SUBRAMANIAN, T. A. V.: The aetiology 
of Himalayan endomic goiter. Lancet 1961 I, 791. 

RAMAN, G., BEIERSWALTES, W.H.: Correlation of goiter, 
deaf-mutism and mental retardation with serum thyroid 
hormone levels in noncretinous inhabitants of a severe 
endemic goiter area in India. J. clin. Endocr.19, 228 (1959). 

RANDOLPH,J., GRUNT,J.A., VAROTER,G.F.: The medical 
and surgical aspects of intratracheal goiter. New Engl. 
J. Med. 268, 457 (1963). 

REINWEIN, D.: Uber die Pathogenese der Struma. Dtsch. 
med. Wschr. 88, 2493 (1963). 

- Hormonsynthese und Enzymspektrum bei Erkrankun
gen der menschlichen Schilddriise. Acta endocr. (Kbh.), 
Suppl. 94 (1964). 

- HORSTER, F.A.: Die enthyreoten Strumen. Testosteron
Schilddriise. 13. Symp. Dtsch. Ges. Endokr. Berlin-Hei
delberg-New York: Springer 1968. 

- KLEIN, E.: Der EinfluB des anorg. Blutjodes auf den Jod
umsatz blander Strumen. Acta endocr. (Kbh.) 39, 328 
(1962). 

RICCABONA, G.: Die endemische Struma im Tirol. Acta 
endocr. (Kbh.) 55, 545 (1967). 

- Die endemische Struma. Miinchen: Urban & Schwarzen
berg 1972. 

ROCHE, J., LISSITZKY, S.: Etiology of endemic goitre. In: 
Endemic goitre, Geneva: World Health Organization 
1960. 

ROCHE, M.: Elevated thyroidal 1131 uptake in the absence of 
goiter in isolated Venezuelan indians. J. clin. Endocr. 19, 
1440 (1959). 

- PERINETTI, H., BARBEITO, A.: Urinary excretion of stable 
iodine in a small group of isolated Venezuelan Indians. 
J. clin. Endocr. 21, 1009 (1961). 

ROsLER, H., HORST, W., SCHNEIDER, C., BRUNNER, E.: Die 
Radiojodresektion der euthyreoten Struma. In: Radio
Isotope in der Endokrinologie. Stuttgart: Schattauer 
1965. 

SCHOU, M., AMoISEN, A., ESKIAER JENSEN, S., OLSEN, T.: Oc
currence of goiter during lithium treatment. Brit. med. 
J. 1968III, 710. 

SRINIVASAN, S., SUBRAMANYAN, T. A. V., SINTRA, A., DEO, 
M.G., RAMALINGASWAMI, V.: Himalayan endemic deaf
mutism. Lancet 1964 II, 176. 



References 

STANBURY, J. B.: A survey of some recent studies on the 
problem of endemic goitre. In: Radioisotopes in tropical 
medicine. Vienna: Int. Atomic Energy Agency 1962. 
BROWNELL, G. L., RIGGS, D. S., PERINETTI, H., I TOIZ, J., 
DEL CASTILLO, E. B.: Endemic goiter. The adaptation of 
man to iodine deficiency. Cambridge, Mass.: Harvard 
Univ. Press 1954. 
KROC, R.L. (Eds.): Human development and the 
thyroid gland. Relation to endemic cretinism. Advanc. 
expo bioI. Med., vol. 30. New York: Plenum 1972. 
QUERIDO, A.: Genetic and environmental factors in 
cretinism: a classification. J. clin. Endocr. 16, 1522 (1956). 

STEINER, H., RICCABONA, G., BAUMGARTL, E., LUGGER, L.J.: 
Probleme der medikamentosen Strumarezidiv-Prophy
laxe. MUnch. med. Wschr. 10, 569 (1969). 

STUDER, H.: The regulation of thyroid function in iodine 
deficiency. Bern: Huber 1968. 
GREER, M.A.: A study of the mechanisms involved in the 
production of iodine-deficiency goiter. Acta endocr. 
(Kbh.) 49,610 (1965). 
KOHLER, H., BURGI, H.: Iodine deficiency. Handbook 
Series of the American Physiologic Society, Volume 
"Thyroid". Ed. by D.H. SOLOMON and M.A. GREER 
(1974, in press). 

SUZUKI, H., HIGUCHI, T., SAWA, K., OHTAKI, S., HORINCHI, 
V.: Endemic coast goitre in Hokaido, Japan. Acta 
end ocr. (Kbh.) 50, 161 (1965). 

TAYLOR, S.: Calcium as a goitrogen. J. clin. Endocr. 14, 1412 
(1954). 

TAYLOR, S.: The size of follicles in nontoxic goitre. Lancet 
19521, 1975. 

TERPSTRA, J .. QUERIDO, A.: Endemic goitre in the Nether
lands. Acta endocr. (Kbh.) 31, 433 (1959). 

TROTTER, W. R.: The association of deafness with thyroid 
dysfunction. Brit. med. Bull. 16,92 (1960). 

VISSCHER, M. DE, BECKERS, c., SCHRIECK, H. G. VAN DEN, 
SMET, M. DE, ERMANS, A. M., GALPERIN, H., BASTENIE, 
P.A.: Endemic goiter in the Uele Region (Republic of 
Congo). I. General aspects and functional studies. J. din. 
Endocr. 21, 175 (1961). 

VOEGELI, E.: Anatomische Kontrolle der Jod-Prophylaxe 
des endemischen Kropfes im Kanton Bern 1957-1961. 
Dissertation. Bern, 1963. 

WALTHARD, B.: Uber den derzeitigen Stand der Jodsalz
prophylaxe des endemischen Kropfes in der Schweiz. 
Wien. med. Wschr. 112,389 (1962). 

WARREN, S., MEISSNER, W.A.: Tumors of the thyroid gland. 
Atlas of tumor pathology, Sect. 4, Fasc 14. Washington: 
A. F.1. P. 1953. 

WAYNE, E. J., KOUTRAS, D. A., ALEXANDER, W. D.: Clinical 
aspects of iodine metabolism. Oxford: Blackwell 1964. 

WELLBY, M. L., POWELL, K., CARMAN, M., HETZEL, B. S.: 
Comparative studies of diiodotyrosine deiodinase acti
vities in endemic goiter and congenital goiter. J. din. 
Endocr. 35, 762 (1972). 

WESPI, H.J.: Die Kropfprophylaxe. Ergebn. inn. Med. 
Kinderheilk. 61, 489 (1942). 

- Abnahme der Taubstummheit in der Schweiz als Folge 
der Kropfprophylaxe mit jodiertem Kochsalz. Schweiz. 
med. Wschr. 75, 625 (1945). 
40 Jahre Kropfprophylaxe mit jodiertem Salz. Bull. eidg. 
Gesundh.-Amt. 2, I (1962). 
The influence of time in iodine prophylaxis. Rev. europ. 
Endocr. 3, 337 (1966). 
Kropfprophylaxe mitjodiertem Kochsalz in der Schweiz. 
Bull. eidg. Gesundh.-Amt 4, 153 (1968). 

WHO: Endemic goitre. leva: World Health Org. 1960. 
WOLFF, J.: Iodide goiter and the pharmacologic effects of 

excess iodide. Amer. J. Med. 47, 101 (1969). 

Sporadic Euthyroid Goiter 

AGERBAEK, H.: Non-toxic goiter. Dyshormonogenesis. Acta 
endocr. (Kbh.) 72, 671 (1973). 

275 

BERGFELT, G., RISHOLM, L.: Postoperative thyroid hormone 
therapy in nontoxic goitre. Acta chir. scand. 126, 531 
(1963). 

CASSIDY, C. E., EDDY, R. L.: Hypothyroidism in patients with 
goiter. Metabolism 19, 751 (1970). 

ERMANS, A. M., KINTHAERT, J., CAMUS, M.: Defective intra
thyroidal iodine metabolism in nontoxic goiter. Inade
quate iodination of thyroglobulin. J. din. Endocr. 28, 
1307 (1968). 

GREER, M.A.: The natural occurrence of goitrogenic agents. 
Recent Progr. Hormone Res. 18, 187 (1962). 

LANGER. P., GREER, M.A.: Antithyroid activity of some 
naturally occurring isothiocyanates in vitro. Metabolism 
17. 596 (1968). 

LEMARCHAND- BERAUD, T., SCAZZIGA, B. R., VANNOTTI, A.: 
Plasma thyrotropin levels in thyroid diseases and effect 

of treatment. Acta endocr. (Kbh.) 62,593 (1969). 
Medical Research Council Goitre Sub-Committe: Ende
mic goitre in England. Lancet 19441, 107. 

RAPOPORT, B., NIEPOMNISZCZE, H., BIGAZZI, M., HATI, R., 
DE GROOT, L.J.: Studies on the pathogenesis of poor 
thyroglobulin iodination. J. din. Endocr. 34, 822 (1972). 

TUBIANA,M., FRAGU,P., DE TOVAR, G., BAZIN,J.P.: The 
radioactive iodine uptake and the absolute iodine uptake 
in euthyroid _ subjects with and without sporadic goiter. 
Rev. europ. Etud. din. et bioI. 16, 250 (1971). 

Thyroiditis 

General Reviews 

BASTENIIo. P. A., ERMANS, A. M.: Thyroiditis and thyroid 
function. Clinical, morphological and physiopathological 
studies. Oxford: Pergamon Press 1972. 

HARLAND, W.A., FRANTZ, V. K.: Clinico-pathologic study 
of 261 surgical cases of socalled "thyroiditis". J. din. 
Endocr. 16, 1433 (1956). 

WERNER, S.c.: Classification of thyroid disease. J. din. 
Endocr. 29, 860 (1969). 

Acute and Subacute N onsuppurative 
(De Quervain's) Thyroiditis 

BERGEN, S. S., JR.: Acute nonsuppurative thyroiditis. Arch. 
intern. Med. 102, 747 (1958). 

CZERNIAK, P., HARELL-STEINBERG, A.: The chronology of 
events in the development of subacute thyroiditis, 
studied by radioactive iodine. J. din. Endocr. 17, 1448 
(1957). 

EYLAN, E., ZMUCKY, R., SHEBA, CH.: Mumps virus and sub
acute thyroidits. Lancet 19571, 1062. 

GREENE, J. N.: Subacute thyroiditis. Amer. J. Med. 51, 97 
(1971). 

HINTZE, G., FORTELINS, P., RAlLO, J.: Epidemic thyroiditis. 
Acta end ocr. (Kbh.) 45,381 (1964). 

HORST, W.: Radiologische Diagnostik und Therapie von 
benignen SchilddrUsenerkrankungen bzw. Tumoren. 
Strahlenforschung und Strahlenbehandlung. III. MUn
chen u. Berlin: Urban & Schwarzenberg 1962. 

INGBAR, S.H., FREINKEL, N.: Thyroid function and the 
metabolism of iodine in patients with subacute thy
roidits. Arch. intern. Med. 101, 339 (1958). 

IvY, H. K.: Permanent myxedema: an unusual complication 
of granulomatous thyroid its. J. din. Endocr. 21, 1384 
(1961). 

LAMBERG, B.A., HINTZE, G., JUSSIBAR, R., BERLIN, M.: Sub
acute thyroiditis. Acta endocr. (Kbh.) 33, 457 (1960). 

LiNDSAY, S., DAILEY, M. E.: Granulomatous or giant cell 
thyroiditis. Surg. Gynec. Obstet. 98, 197 (1954). 

PERSON, P. S.: Cytodiagnosis of thyroiditis. Acta med. scand., 
Suppl. 483, (1968). 



276 

QUERVAIN, F. DE: Zur Klinik und pathologischen Anatomie 
der nicht eitrigen Thyreoiditis. Schweiz. med. Wschr. 
1936,1174. 
Zur Entstehung der akuten bis chronischen nichteitrigen 
Thyreoiditis. Schweiz. med. Wschr. 1938, 815. 
GIORDANENGO, G.: Die akute und subakute nichteitrige 
Thyreoiditis. Mitt. Grenzgeb. Med. Chir. 44, 538 
(1936). 

SWANN, N.H.: Acute thyroiditis. Five cases associated with 
adenovirus infection. Metabolism 13,908 (1964). 

VAGENAKIS, A. G., ABREAU, C. M., BRAVERMAN, L. E.: Pre
vention of recurrence in acute thyroiditis following corti
costeroid withdrawal. J. elin. Endocr. 31,705 (1970). 

VANDERLINDE, R.J., MILNE, J.: Subacute thyroiditis. J. Amer. 
med. Ass. 173, 1799 (1960). 

VOLPE, R., JOHNSTON, M. W., HUBER, N.: Thyroid function 
in subacute thyroiditis. J. din. Endocr. 18, 65 (1958). 

WEBER, M.: La thyroidite aseptique de de Quervain. Praxis 
52,294 (1963). 

WERNER, S.c.: ACTH and Cortisone therapy of acute 
nonsuppurative (subacute) thyreoiditis. J. din. Endocr. 
13, 1332 (1953). 

WooLNER,L.B., MCCONAHEY, W.M., BEAHRS,O.H.: Gran
ulomatous thyroiditis (de Quervain's thyroiditis). J. din. 
Endocr. 17, 1201 (1957). 

Chronic Lymphocytic (Hashimoto's) Thyroiditis 

ARDEMAN, S., CHANARlN, J., KRAFCHICK, B., SINGER, W.: Ad
disonian pernicious anemia and intrinsic factor anti
bodies in thyroid disorders. Quart. 1. Med. N. S. 35, 421 
(1966). 

BALFOUR, B. M., DONAICH, D., ROITT, I. M., COUCHMAN, K. G. : 
Fluorescent antibody studies in human thyroiditis: 
Autoantibodies to an antigen of thyroid colloid distinct 
from thyroglobulin. Brit. 1. expo Path. 42, 307 (1961). 

BECKER, K. L., FERGUSON, R. H., MCCONAHEY, W. M.: Con
nective tissue diseases and symptoms associated with 
Hashimoto's thyroiditis. New Engl. 1. Med. 268, 277 
(1963). 

BLIZZARD, R. M., HUNG, W., CHANDLER, R. W., ACETO, T., 
lR., KYLE, M., WINsmp, T.: Hashimoto's thyroiditis
Clinical and laboratory response to prolonged cortisone 
therapy. New Engl. J. Med. 267, 1015 (1962). 

BRAVERMAN, L. E., INGBAR, S. H., VAGENAKIS, A G., ADAMS, 
L., MALOOF, F.: Enhanced susceptibility to iodide myxe
dema in patients with Hashimoto's disease. 1. din. Endocr. 
32, 515 (1971). 

BROWN, H., MCGARITY, W.C.: Chronic thyroiditis in child
hood. J. Amer. med. Ass. 171, 1182 (1959). 

BUCHANAN, W. W., KOUTRAS, D. A., ALEXANDER, W. D., 
CRooKS,l., RICHMOND, M. H., MACDONALD, E. M., 
WAYNE, E.J.: Iodine metabolism in Hashimoto's thy
roidits. 1. elin. Endocr. 21, 806 (1961). 

McG. HARDEN, R., KOUTRAS, D.A, GRAY, K.G.: Ab
normalities of iodine metabolism in euthyroid non
goitrous women with complement-fixing antimicrosomal 
thyroid auto-antibodies. 1. din. Endocr. 25, 301 (1965). 

CHERTOW,B.C., FIDLER, W.l., FARlSS,B.L.: Graves' disease 
and Hashimoto thyroiditis in monozygous twins. Acta 
endocr. (Kbh.) 72, 18 (1973). 

DAILEY, M. E., LINDSAY, S., SKAHEN, R.: Relation of thyroid 
neoplasms to Hashimoto disease of the thyroid gland. 
Arch. Surg. 70, 291 (1955). 

DECOURT,l., EYQUEM, A., CALMETTES, C., LOUCHART, 1.: Sur 
un cas de goitre de Hashimoto consecutif a une thyroidite 
ourlienne. Mise en evidence d'auto-anticorps. Bull. Soc. 
med. Hop. Paris 22, 773 (1959). 

DONIACH, D.: Auto-immune thyroiditis. London: Inter
national Academy of Pathology 1964. 
HUDSON,R.V., ROITT,I.M.: Human auto-immune thy
roiditis. Clinical studies. Brit. med. 1.19601, 365. 

The Thyroid Gland 

ROITT, I. M.: Family studies on gastric autoimmunity. 
Proc. roy. Soc. Med. 59, 691 (1966). 
- BENHAMOU-GLYNN, N., lAYSON, M.1. V., EL KABIR, 
D.l.: Thyrotoxicosis and non-toxic Hashimoto goiter 
in monozygotic twins. In: IRVINE, W.l., Thyrotoxicosis. 
Edinburgh-London: Livingstone 1967. 

Editorial: Auto-immune thyroid disease. Brit. med. 1. 19601, 
407. 

EL KABIR, D.l., DONIACH, D., TURNER-WARWICK, R.: Se
rum content of thyrotrophic hormone in human thy
roiditis: low TSH levels with high radioiodine uptake in 
mild autoimmune thyroidits. l. clin. Endocr. 23, 510 
(1963). 

FATouREcm, V., MCCONAHEY, W.M., WooLNER,L.B.: Hy
perthyroidism associated with histologic Hashimoto's 
thyroditis. Mayo Clin. Proc. 46, 682 (1971). 

FEDERLIN, K., OPPERMANN, W., PFEIFFER, E.F.: Beitrage zur 
Immunthyreoiditis. I. Serologische und fluoreszenz
mikroskopische Untersuchungen bei der Hashimoto
Thyreoiditis. Dtsch. med. Wschr. 90, 247 (1965). 

FUJIMOTO, Y., SUZUKI, H., ABE, K., BROOKS, l.R.: Autoanti
bodies in malignant lymphoma of the thyroid. New Engl. 
1. Med. 276, 380 (1967). 

FURSZYFER, l., KURLAND, L. T., MCCONAHEY, W. M., WOOL
NER,L.B., ELVEBACK,L.R.: Epidemiologic aspects of 
Hashimoto's thyroiditis and Graves' disease in Rochester, 
Minnesota (1935-1967), with special reference to tempo
ral trends. Metabolism 21, 197 (1972). 

GHARlB, H., WAHNER, H. W., MCCONAHEY, W. M.: Serum 
levels of thyroid hormones in Hashimoto's thyroiditis. 
Mayo Clin. Proc. 47,175 (1972). 

GROOT, L.1. DE, HALL, R., McDERMOTT, W.V., lR., DAVIS, 
A. M.: Hashimoto's thyroiditis, a genetically conditioned 
disease. New Engl. 1. Med. 267, 267 (1962). 

HAFERKAMP,O.: Autoantikiirperbedingte Thyreoditis. 
Dtsch. med. Wschr. 88, 1275 (1963). 

HALL, R., SAXENA, K. M., OWEN, S. G.: A study of the parents 
of patients with Hashimoto's disease. Lancet 1962 II, 
1291. 

HAMLIN, E., lR., VICKERY, AL.: Needle biopsy of the thyroid 
gland. New Engl. 1. Med. 254, 742 (1956). 

1 AYSON, M.1. V., DONIACH, D., BENHAMOU-GLYNN, N., ROITT, 
I.M., ELKABIR, D.l.: Thyrotoxicosis and Hashimoto 
goitre in a pair of monozygotic twins with serum long
acting thyroid stimulator. Lancet 1967 II, 15. 

LINDSAY, S. M., DAILY, E.: Malignant lymphoma of the thy
roid and its relation to Hashimoto's disease. A clinical 
and pathological study of 8 patients. 1. clin. Endocr. 15, 
1332 (1955). 
FRIEDLANDER, 1., YCE,G., SOLEy,M.H.: Chronic thy
roiditis: A clinical and pathologic study of 354 patients. 
l. clin. Endocr. 12, 1578 (1952). 

MASI, A. T., HARTMANN, W. H., HAHN, B. H., ABBEY, H., 
SHULMAN, L. E.: Hashimoto's disease. A clinicopatho
logical study with matched controls. Lancet 19651, 123. 

MCCONAHEY,W.M., KEATING,F.R.,lR., BEATUS,O.H., 
WooLNER, L.B.: On the increasing occurrence of Hashi
motos thyroidits. 1. clin. Endocr. 22, 542 (1962). 

MORGANS, M.E., TROTTER, W.R.: Defective organic binding 
of iodine by the thyroid in Hashimoto's thyroiditis. 
Lancet 19571, 553. 

MORl, T., KRISs, 1. P.: Measurements by competitive binding 
radioassay of serum anti-microsomal and antithyro
globulin antibodies in Graves' disease and other thyroid 
disorders. l. clin. Endocr. 33, 688 (1971). 

MULHERN, L. M., MASI, E. M., SHULMAN, L. E.: Hashimoto's 
disease. Lancet 1966 II, 508. 

MURRAY, I. P. C., MCGIRR, E. M.: Radioactive iodine stud
ies in the diagnosis of Hashimoto'S thyroiditis. Brit. med. 
1.1960 1,838. 

NEVE, P., ERMANS, AM., BASTENIE, P. A.: Struma lympho
matosa (Hashimoto). In: P.A. BASTENIE, AM. ERMANS 
thyroiditis and thyroid function, p. 109. Oxford: Perga
mon Press 1972. 



References 

OWEN, c.A.: A review of auto-immunization in Hashi
moto's disease. 1. clin. Endocr. 18, 1015 (1958). 

PAPAPETROU,P.D., LAZARUS,l.H., MCSWEEN, R.N., McG. 
HARDEN, R.: Long-term treatment of Hashimoto's thy
roiditis with thyroxine. Lancet 1972 II, 1045. 

PERLOFF, W. H.: Thyrotoxicosis foIlowing acute thyroiditis. 
A report of 5 cases. 1. din. Endocr. 16,542 (1956). 

PIRIBAUER,l., KEMINGER, K.: Zur Pathologie und Klinik 
der Struma Iymphomatosa. Dtsch. med. Wschr. 85, 1166 
(1960). 

SCAZZIGA, B. R.: Thyroidite auto-immune. Helv. med. Acta, 
Supp!. 46, 42 (1967). 
LEMARCHAND-BERAUD, T., VANNOTTI, A.: Aspects dini
ques et biologiques de la thyroidite chronique auto
immunitaire. Schweiz. med. Wschr. 95, 897 (1965). 

SCHILLER, K. F. T., SNYDER, F. M., VALLOTTON, M. B.: Gast
ric pathological and immunological abnormalities in 
Hashimoto's thyroiditis. Gut 8, 582 (1967). 

SHULMAN, L. E., HARVEY, A. M.: Hashimoto's thyroiditis in 
false-positive reactors to the test for syphilis. Amer. 1. 
Med.36, 174 (1964). 

STUART, A. E., ALLAN, W. S. A.: The significance of basement
membrane changes in thyroid disease. Lancet 195811, 
1204. 

VICKERY, A. L., HAMLIN, E.: Struma lymphomatosa (Hashi
moto's thyroiditis). Observations on repeated biopsies 
in 16 patients. New Eng!. 1. Med. 264, 226 (1961). 

VOLPE, R., Row, V. V., WEBSTER, B. R., 10HNSTON, W., EZRIN, 
c.: Studies of iodine metabolism in Hashimoto's thy
roiditis. 1. clin. Endocr. 25, 593 (1965). 

WAKSMAN, B. H.: Auto-immunization and the lesions of auto
immunity. Medicine (Baltimore) 41, 93 (1962). 

WALSER, A., IVANKOVIC, M., BAUR, M.: Sjogren-Syndrom 
und Struma Iymphomatosa Hashimoto. Schweiz. med. 
Wschr.95, 763 (1965). 

WooLNER, L. B., MCCONAHEY, M. W., BEAHRS, O. H.: Struma 
lymphoma to sa (Hashimoto's thyroiditis) and related 
disorders. 1. din. Endocr. 19,53 (1959). 

Chronic Invasive Fibrous (Riedel's) Thyroiditis 

BARTHOLOMEW, L.G., CAINT, J.c., WooLNER, B., UTZ, D.C., 
FERRIS, D. 0.: Sclerosing cholangitis. Its possible associa
tion with Riedel's struma and fibrous retroperitonitis. 
Report of 2 cases. New Eng!. J. Med. 269, 8 (1963). 

BASTENIE, P.A., ERMANS, A.M.: Thyroiditis and thyroid 
function. Clinical, morphological and physiopathological 
studies. Oxford: Pergamon press 1972. 

GOETSCH, E., KAMNER, M.: Chronic thyroiditis and Riedel's 
struma: Etiology and pathogenesis. 1. clin. Endocr. 15, 
1010 (1955). 

HARDMEIER, TH., HEDINGER, CHR.: Beziehungen zwischen 
der retroperitonealen Fibrose und der sog. Takayasu
schen Arteriitis. Schweiz. med. Wschr. 94, 1669 (1964). 

- - Die eisenharte Struma Riedel - eine primare Gef<i/3-
erkrankung? Virchows Arch. path. Anat. 337, 547 (1964). 

RAPHAEL, H. A., BEAHRS, O. H., W ooLNER, L. B., SCHOLZ, D.A. : 
Riedel's struma with fibrous mediastinitis. Proc. Mayo 
Clin. 41, 375 (1966). 

WooLNER, L. B., MCCONAHEY, W. M., BEAHRS, O. H.: Inva
sive fibrous thyroiditis (Riedel's struma). 1. clin. Endocr. 
17,202 (1957). 

Thyroid Neoplasia 

Benign Thyroid Tumors and the Solitary Nodule 

DE GROOT, L.l.: Lack of iodide trapping in "cold" thyroid 
nodules. Acta endocr. Panam 1, 27 (1970). 

DE RUBERTlS, F., YAMASHITA, K., DEKKER, A., LARSEN, P. R., 
FIELD, 1. B.: Effects of thyroid stimulating hormone on 
adenyl cyclase activity and intermediary metabolism of 

277 

"cold" thyroid nodules and normal thyroid tissue. 1. din. 
Invest. 51, 1109 (1972). 

Editorial: Thyroid nodules: Thyroid cancer. Lancet 1964 II, 
129. 

Editorial: The solitary thyroid nodule. Brit. med. J. 1971 III, 
720. 

FUJIMOTO, Y., OKA, A., NAGATAKI, S.: Occurrence of pa
pillary carcinoma in hyperfunctioning thyroid nodule. 
Report of a case. Endocr. jap. 19,371 (1972). 

GUINET, P., TOUNIAlRE,l., GUILLAUD, M., BRIERE,l., DAL
MAls,l., CHALENDAR, D.: Adenome toxique et cancer 
thyroidien. Ann. Endocr. (Paris) 32, 513 (1971). 

KENDALL, L. W., CONDON, R.E.: Prediction of malignancy 
in solitary thyroid nodules. Lancet 1969 I, 1071. 

MILLER, J. M.: Carcinoma and thyroid nodules. The problem 
in an endemic goiter area. New Eng!. 1. Med. 252, 247 
(1955). 

MURRAY, I. P. C., STEWART, R. D. H., INDYK, 1. S.: Thyroid 
scanning with 131CS. Brit. med. 1. 1970 IV, 653. 

TAYLOR, S., PSARRAS, A.: The solitary thyroid nodule- benign 
or malignant. Praxis 56, 370 (1967). 

VEITH, F.l., BROOKS, 1. R., GRIGSBY, W. P., SELENKOW, H.A.: 
The nodular thyroid gland and cancer. A practical ap
proach to the problem. New Eng!. 1. Med. 270, 431 (1964). 

WELCH, C. E.: Therapy for multinodular goiter. 1. Amer. med. 
Ass. 195, 339 (1966). 

Malignant Thyroid Tumors 

ALHADEFF, R., SCOTT, F., TAYLOR, S.: A clinico-pathological 
study of thyroid carcinoma. Brit. 1. Surg. 43, 617 
(1955/56). 

BLACK, B. M., KIRK, T. A., lR., WOOLNER, L. B.: M ulticentri
city of papillary adenocarcinoma of the thyroid: Influence 
of treatment. 1. clin. Endocr. 20, 130 (1960). 

BLAHD, W. H., NORDYKE, R. A., BAUER, F. K.: Radioactive 
iodine 1'3' in the postoperative treatment of thyroid 
cancer. Cancer (Philad.) 13, 745 (1960). 

BRUNNER, K.: Schilddriisenkarzinom im Kindesalter nach 
Rontgenbestrahlung eines Naevus vasculosus cutaneus 
vor 12 Jahren. Schweiz. med. Wschr. 91, 389 (1961). 

BUCKWALTER, 1.A.: Age and thyroid carcinoma. Arch. Surg. 
82,916 (1961). 

BURN, 1.1., TAYLOR,S.F.: Natural history of thyroid carci
noma. Brit. med. 1. 1962 II, 1218. 

CHESKY, V. E., DREESE, W. C., HELLWIG, C. A.: Haemangio
endothelioma of the thyroid. 1. din. Endocr. 13, 801 
(1953). 

CONARD, R. A., DOBYNS, B. M., SUTOW, W. W.: Thyroid neo
plasia from radioactive faIl out. 1. Amer. med. Ass. 214, 
316 (1970). 

- RALL, J. E., SUTOW, W. W.: Thyroid nodules as a late 
sequela of radioactive faIlout. New Eng!. 1. Med. 274 
1391 (1966). 

CRILE, G., lR.: Late results of treatment for papillary cancer 
of the thyroid. Ann. Surg. 160, 178 (1964). 

- Endocrine dependence of papiIlary carcinomas of the 
thyroid. 1. Amer. med. Ass. 195, 721 (1966). 

CRILE, 1. R.G., lR., HAZARD, 1. B.: Incidence of cancer in stru
ma Iymphomatosa. Surg. Gynec. Obstet. 115, 101 (1962). 

DONAHOWER, G.F., SCHUMACHER, O.P., HAZARD, 1.B.: Me
duIlary carcinoma of the thyroid-a cause of Cushing's 
syndrome: report of two cases. New Eng!. J. Med. 28, 
1199 (1968). 

DUFFY, B. 1.: Can radiation cause thyroid cancer? 1. din. 
Endocr. 17, 1383 (1957). 

EGLOFF, B.: Bosartige Schilddriisengeschwiilste mit beson
derer Beriicksichtigung maligner Rezidive primar gut
artiger Kropfe. Schweiz. med. Wschr. 91, 424 (1961). 

- HEDINGER, CHR.: Zum Begriff der wuchernden Struma 
Langhans. Schweiz. med. Wschr. 94,1417 (1964). 

Editorial: Phaeochromocytoma and thyroid cancer. Brit. 
med. 1. 1965 II, 549. 



278 

FEDERMAN, D. D.: Hyperthyroidism due to functioning meta
static carcinoma of the thyroid. Medicine (Baltimore) 43, 
267 (1964). 

FRANSSILA, K.: Value of classification of thyroid cancer. 
Acta path. microbiol. scand., Suppl. 225 (1971). 

FRAZELL, E. L., FOOTE, F. W.: Papillary cancer of the thyroid. 
Cancer (Philad.) 11, 895 (1958). 

GERARD-MARCHANT, R.: Thyroid follicle inclusions in cer
vlcallymph nodes. Arch. Path. 77, 633 (1964). 

- P1LARD, J. D., BABINET, J., CASQUET, e.: Les calcifications 
thyroidiennes. Presse med. 70, 1849 (1962). 

GooLDEN, A. W. G.: Carcinoma of the thyroid following ir
radiation. Brit. med. J. 195811, 954. 

GRICOUROFF, G.: La thyroidose metastatique benigne et ses 
tumeurs. Bull. Ass. fran~. Cancer 49, 300 (1962). 

HAYNE, TH.P., NOFALL, M.M., BEIERWALTES, W.H.: Treate
ment of thyroid carcinoma with 1131. J. Amer. med. Ass. 
183, 303 (1963). 

HAZARD, J. B., HAWK, W. A., CRlLE, G., JR.: Medullary (so
lid) carcinoma of the thyroid. J. clin. EndoCf. 19, 152 
(1959). 

HEDINGER, CHR.: Normale und pathologische Anatomie der 
Schilddriise. Verh. dtsch. Ges. inn. Med. 66, 13 (1960). 

- CORBAT, F., EGLOFF, B.: Schilddriisenmetastasen hyper
nephroider Nierenkarzinome. Schweiz. med. Wschr. 97, 
1420 (1967). 

- SoBIN, L. H. et al.: Histological typing of thyroid tumors. 
Geneva: World health organization 1973. 

- Thyroid cancer, UICC Monograph Series, vol. 12. 
Berlin-Heidelberg-New York: Springer 1969. 

HEDINGER, E.: Zur Lehre der Struma sarcomatosa. Die Blut
geraBendotheliome der Struma. Frankfurt. Z. Path. 3, 
487 (1909). 

- Dber Intima-Sarcomatosa von Venen und Arterien in 
sarcomatosen Strumen. Virchows Arch. path. Anat. 164, 
199 (1901). 

HERRMANN, E.: Die Bedeutung fortgesetzter Thiouracilmedi
kation fUr die Proliferation des Schilddriisengewebes. 
Schweiz. med. Wschr. 81, 1097 (1951). 

HILL, e.S., CLARK, R.L., WOLF, M.: The effect of subsequent 
pregnancy on patients with thyroid carcinoma. Surg. 
Gynec. Obstet. 122, 1219 (1966). 

- IBANEZ, M.L., SAMAAN, N.A., AHEARN, M.J., CLARK, 
R.L.: Medullary (solid) carcinoma of the thyroid gland: 
An analysis of the M.D. Anderson Hospital experience 
with patients with the tumor, its special features, and its 
histogenesis. Medicine (Baltimore) 52, 141 (1973). 

HILTON, G., POCHIN, E. E., CUNNINGHAM, R. M., HALNAU, 
K.E.: The role of radioiodine in the treatment of carci
noma ofthe thyroid. Brit. J. Radiol. 29, 297 (1956). 

HIRABAYASHI, R. N., LINDSAY, S.: Carcinoma of the thyroid 
gland: statistical study of 390 patients. J. clin. Endocr. 
21, 1596 (1961). 

- - Thyroid carcinoma and chronic thyroiditis of the 
Hashimoto type: A statistical study of their relationship. 
Int. ColI. Tum. thyr. Gland. Marseilles 1964, p.272. 
Basel: Karger 1966. 

HORN, R.C.: Hiirthle cell tumors of the thyroid. Cancer 
(Philad.) 7, 234 (1954). 

HORST, W.: Strahlentherapie der Schilddriisenerkrankungen 
mit Radiojod 1131. Internist (Berl.) 1, 373 (1960). 

- Radiojod in Diagnostik und Therapie der Schilddriisen
neoplasmen. In: H. SCHWlEGK and F. TURBA. Kiinstliche 
radioaktive Isotope in Physiologie, Diagnostik und The
rapie, 2nd ed. Berlin-Heidelberg-New York: Springer 
1961. 

HUNT, W. B., CRISPELL, K. R., McKEE, J.: Functioning meta
static carcinoma of the thyroid producing clinical hyper
thyroidism. Amer. J. Med. 28, 995 (1960). 

JACKSON, C.E., TASHJIAN, A.H, BLOCK, M.A.: Detection of 
medullary thyroid cancer by calcitonin assay in families. 
Ann. intern. Med. 78, 845 (1973). 

JANOWER, M. L., MIETTINEN, O. S.: Neoplasms after thymus 
irradiation. 1. Amer. med. Ass. 215, 753 (1971). 

The Thyroid Gland 

JOHNSON, R. W. P.: The so-called lateral aberrant thyroid. 
Brit. med. J. 1962 I, 1668. 

KIND, H.P.: Die Haufigkeit der Struma maligna in Sektions
und Operationsgut des pathologischen Instituts der U ni
versitat Ziirich von 1900 bis Mitte 1964. Schweiz. med. 
Wschr. 96, 560 (1966). 

KLINCK, G. H.: Hemangioendothelioma and sarcoma of the 
thyroid. In: Thyroid cancer, UICC monograph series, 
vol. 12 (CHR. HEDINGER, ed.), p.60. Berlin-Heidelberg
New York: Springer 1969. 

- WINSHIP, T.: Psammoma bodies and thyroid cancer. 
Cancer (Philad.) 12, 656 (1959). 

LANGHANS, TH.: Dber die epithelialen Formen der malignen 
Struma Virchows Arch. path. Anat.189, 69 (1907). 

LEMARCHAND-BERAuD, TH., SCAZZIGA, B. R., V ANNOTTI, A. : 
Etude de la biosynthese et du transport des hormones 
thyroidiennes dans Ie cancer de la thyroide. Schweiz. 
med. Wschr. 96,348 (1966). 

LINDSAY, S.: Carcinoma of the thyroid gland. Springfield: 
Ch.e. Thomas 1960. 

- DAILEY, M.E.: Malignant lymphoma ofthe thyroid gland 
and its relation to Hashimoto disease: A clinical and 
pathological study of 8 patients. J. clin. Endocr. 15, 1332 
(1965). 

LUNDSGAARD-HANSEN, P.: Zur Frage der Bedeutung der 
Thiouracil-Derivate fUr die Entstehung maligner Tumo
ren, insbesondere von Schilddriisentumoren. Oncologia 
(Basel) 9, 33 (1956). 

MAJARAKIS, 1. D., SLAUGHTER, D. P., COLE, W. H.: Thyroid 
cancer in childhood and adolescence. 1. clin. Endocr. 16, 
1487 (1956). 

MARKEY, W.S., RYAN, W.G, ECONOMOU, S.G., SIZEMORE, 
G.W., ARNAUD, C.: Familial medullary carcinoma and 
parathyroid adenoma without pheo-chromocytoma. Ann. 
intern. Med. 78, 898 (1973). 

MARTZ, G., MEIER, E.: Uber die Radiojodbehandlung der 
Struma maligna. Schweiz. med. Wschr. 94, 852 (1964). 

MASSINI, M.A.: Dber Sarkome der Schilddriise mit beson
derer Beriicksichtigung der Lympho- und Retothelsar
kome. Schweiz. Z. Path. 19, 259 (1956). 

MEISSNER, W. A., PHILLIPS, M. J.: Diffuse small-cell carci
noma ofthe thyroid. Arch. Path. 74, 291 (1962). 

MEISSNER, W.A.: Pathology of the thyroid. In: The thyroid 
(S. C. WERNER and S. H. INGBAR, ed.), 3rd ed., p. 343. 
New York: Harper & Row 1971. 

MELVIN, K.E. W., MILLER, H.H., TASHJIAN, A.H.: Early dia
gnosis of medullary carcinoma of the thyroid gland by 
means of calcitonin assay. New Engl. 1. Med. 285, 1115 
(1971). 

MEYER, 1. S., ABDEL-BARI, W.: Granules and thyro-calcito
nine-like activity in medullary carcinoma of the thyroid 
gland. New Engl. J. Med. 278, 523 (1968). 

MILLER, J. M.: Carcinoma and thyroid nodules. The prob
lem in an endemic goiter area. New Engl. J. Med. 252, 
247 (1955). 

NEHER, R., RINIKER, B., RITTEL, W., ZUBER, H.: Mensch
liches Calcitonin. Struktur von Calcitonin M und D 
Helv. chim. Acta 51, 1900 (1968). 

NISHIYAMA, R. H., SCHMIDT, R. W., BATSAKIS, J. G.: Carci
noma of the thyroid gland in children and adolescents. 
J. Amer. med. Ass. 181, 1034 (1962). 

PEARSE, A.G.E.: Common cytochemical and ultrastructural 
characteristics of cells producing polypeptide hormones 
(the APUD series) and their relevance to thyroid and 
ultimobranchial C cells and calcitonin. Proc. roy. Soc. B 
170, 71-80 (1968). 

POCHIN, E. E.: What is a permissible dose? Hlth. Phys. 9, 
1091 (1963). 

- Prospects from treatment of thyroid carcinoma with 
radioiodine. Clin. Radiol. 18, 113 (1967). 

RALL, J.E., ALPERS, J.B., LEWALLEN, C.G., SONENBERG, M., 
BERMAN, M., RAWSON, R. W.: Radiation pneumonitis and 
fibrosis: A complication of )131 treatment of pulmonary 



References 

metastases from cancer of the thyroid. 1. din. Endocr. 17, 
1263 (1957). 

RAWSON, R. W.: Physiological considerations in the manage
ment of thyroid cancer. In: Radioisotope in der Endo
krinologie. Stuttgart: Schattauer 1965. 

ROONEY, D. R., POWELL, R. W.: Carcinoma of the thyroid in 
children after X-ray therapy in early childhood. 1. Amer. 
med. Ass. 169, 1 (1959). 

ROSE, R. G., KELSEY, M. P .. RUSSEL, W.O., STANER, M. L., 
WHITHE, E.C., CLARK. R. L.: Follow up study of thyroid 
cancer healed by unilakral lobectomy. Amer. 1. Surg. 
106, 494 (1963). 

SAUTER, C.: Psammomkorper in Schilddriisen eines Kropf
endemiegebietes. Virchows Arch. path. Anat. 337, 328 
(1964). 

SCHIMKE, R.N., HARTMANN, W.H.: Familial amyloid-pro
ducing medullary thyroid carcinoma and phaeochromo
cytoma. A distinct genetic entity. Ann. intern. Med. 63, 
1027 (1965). 
- PROUT, T.E., RIMOIN, D.L.: Syndrome of bilateral 
pheochromocytoma, medullary thyroid carcinoma and 
mUltiple neuromas. New Engl. 1. Med. 279, 1 (1968). 

SHIMAOKA, K., SOKAL, 1. E., PICKREN, 1. W.: Metastatic neo
plasms in the thyroid gland. Cancer (Philad.) 15, 557 
(1962). 

SIPPLE, 1. H.: The association of pheochromocytoma with 
carcinoma of the thyroid gland. Amer. 1. Med. 31, 163 
(1961). 

SISSON, 1. c., SCHMIDT, R. W., BEIERWALTERS, W.H.: Seques
tered nodular goiter. New Engl. 1. Med. 270, 927 (1964). 

SLOAN, L. W.: Of the origin, characteristics and behavior of 
thyroid cancer. 1. din. Endocr. 14, 1309 (1954). 

SOCOLOW, E.L., HASHIZUME, A., NERIISHI, S., NUTANI, R.: 
Thyroid carcinoma in man after exposure to ionizing 
radiation. A summary of the findings in Hiroshima and 
Nagasaki. New Engl. 1. Med. 268, 406 (1963). 

SOLLBERGER, W.: Das groJ3zellige Adenom der Schilddriise. 
Schweiz. Z. Path. 20, 286 (1957). 

STEINER, A. L., GOODMAN, A. D., POWER, S. R.: Study of a 
kindred with pheochromocytoma, medullary thyroid 
carcinoma, hyperparathyroidism and Cushing's disease. 
MUltiple endocrine neoplasia, type 2. Medicine (Balti
more) 47,371 (1968). 

STUDER, H., VERAGUTH, P., WySS, F.: Thyrotoxicosis due to 
a solitary hepatic metastasis of thyroid carcinoma. 1. 
din. Endocr. 11, 1334 (1961). 

TAYLOR, S.: Thyroid carcinoma Postgrad. Med. 1. 44, 404 
(1968). 
Non-toxic goiter: sporadic. In: The thyroid. S.c. WER
NER and S. H. INGBAR, eds., p.424. New York: Harper 
and Row 1971. 
PSARRAS, A.: The solitary thyroid nodule-benign or 
malignant. Praxis 56, 370 (1967). 

THALMANN, A.: Die Haufigkeit der Struma maligna am Ber
ner Pathologischen Institut von 1910 bis 1950 und ihre 
Beziehungen zur 10dprophylaxe des endemischen Krop
fes. Schweiz. med Wschr. 84, 473 (1954). 

TILL, A. S.: Carcinoma of the thyroid. Proc. roy. Soc. Med. 
58, 309 (1965). 

TUBIANA, M., MILHAUD, G., COUTRIS, G., LACOUR, 1., PAR
MENTIER, c., BOK, B.: Medullary carcinoma and thyro
calcitonin. Brit. med. 1. 4, 87 (1968). 

UEHLINGER, E.: Nomenclature, p.64, in: Thyroid cancer, 
ed. by CHR. E. HEDINGER, UICC Monograph Series, 
vol. 12. Berlin-Heidelberg-New York: Springer 1969. 

VALENT A, L., LEMARCHAND-BERAUD, TH., V ANNOTTI, A., SIL
NIK, K.: L'hormonogenese dans Ie neoplasme thyroidien. 
Schweiz. med. Wschr. 98, 101 (1968). 

VARMA, V.M., BEIERWALTES, W.H., NOFAL, M.M., NISHI
Y AMA, R. H., Copp, 1. A.: Treatment of thyroid cancer. 
1. Amer. med. Ass. 214, 1437 (1970). 

VILLARD, G.: Le sarcome thyroidien: frequence et problemes 
de diagnostic histologique. Schweiz. med. Wschr. 100, 
369 (1970). 

279 

WAHNER, H. W., CUELLO, C., AUURE, F.: Hormone-induced 
regression of medullary (solid) thyroid carcinoma. Amer. 
1. Med. 45, 789 (1968). 

WALNER, H. W., CUELLO, c., CORREA, P., URIBE, L. F., GAI
TAN, E.: Thyroid carcinoma in an endemic goiter area, 
Cali, Colombia. Amer. 1. Med. 40, 58 (1966). 

WALT,A.l., WooLNER,L.B., BLACK,B.M.: Primary malig
nant lymphoma of the thyroid. Cancer (Philad.) 10, 663 
(1957). 

WALTHARD, B.: Der Gestaltwandel der Struma maligna in 
bezug auf die 10dprophylaxe des Kropfes. Schweiz. med. 
Wschr. 93, 809 (1963). 

WARREN, S., MEISSNER, W.A.: Tumors of the thyroid gland 
Atlas of tumor pathology, Sect. 4. Fasc. 14, A. F.1. P. 
Washington 1953. 

WEGELIN, c.: Schilddriise. In: Handbuch der speziellen 
pathologischen Anatomie und Histologie. O. LUBARSCH, 
F. HENKE, R. ROSSLE, E. UEHLINGER (eds.). Berlin: Sprin
ger 1926. 

WEGMANN, W.: Schilddriisensarkom nach Bestrahlung 
im Erwachsenenalter. Schweiz. med. Wschr. 92, 39 (1962). 

WELCH, C.E.: Therapy for multinodular goiter. 1. Amer. 
med. Ass. 195, 339 (1966). 

WELCH, 1. W., HELLWIG, c.A.: Multiple malignant tumors of 
the thyroid. 1. into CoIl. Surg. 40, 492 (1963). 

WERNER, S. C.: Classification of thyroid disease. 1. din. 
Endocr. 29, 860 (1969). 

WILLIAMS, E. D.: A review of 17 cases of carcinoma of the 
thyroid and phaeochromocytoma. 1. clin. Path. 18, 288 
(1965). 
Diarrhoea and thyroid carcinoma. Proc. roy. Soc. med. 
59,602 (1966). 
Histogenesis of medullary carcinoma of the thyroid. 
J. clin. Path. 19, 114 (1966). 
KARIM, S. M. M., SANDLER, M.: Prostaglandin secretion 
by medullary carcinoma of the thyroid. Lancet 1968 I, 
22. 

WINSHIP, TH., ROSVOLL, R. V.: A study of thyroid cancer in 
children. Amer. J. Surg. 102, 747 (1961). 

WOLFE, H.l., MELVIN, K. E.W., CERVI-SKINNER, S.l.,ALSAADI, 
A.A., lULIAR, 1.F., lACKSON, CH.E., TASHJIAN, A.H., lR.: 
C-cell hyperplasia preceding medullary thyroid carcin
oma. New Engl. 1. Med. 289, 437 (1973). 

Thyroid Function Tests 

LAMBERG, B.A.: Thyroid function tests. Acta end ocr. (Kbh.), 
Suppl. 124, to Vol. 56,153 (1967). 

SOLOMON, D.H., BENOTTI,J., DE GROOT, L.l., GREER, M.A., 
PILEGGI, V.I., PITTMAN, 1. A., ROBBINS,l., SELENKOW, 
H.A., STERLING, K., VOLPE, R.: A nomenclature for tests 
of thyroid hormones in serum: A report of a committee 
of the American Thyroid Association. 1. clin. Endocr. 34, 
884 (1972). 

STUDER, H., HUBER, D.: Schilddriisenfunktionspriifungen: 
Diagnostische Ausbeute und Fehlerquellen. Schweiz. 
med. Wschr. 97, 1337 (1967). 

Serum Thyroxine, T4 

CHOPRA,I.J., SOLOMON, D.H., Ho, R. R.: A radioimmuno
assay of thyroxine. 1. din. Endocr. 33, 865 (1971). 

MURPHY, B. E. P., PATTEE, C. 1.: The measurement of thyr
oxine in blood. In: Clinical endocrinology II, ed. by 
E. B. ASTWooD and C. E. CASSIDY. New York: Grune & 
Stratton 1968. 

MURPHY, B. P.: The determination of thyroxine by compe
titive protein-binding analysis employing an anion
exchange resin and radiothyroxine. 1. Lab. din. Med. 
66, 161 (1965). 



280 

Serum Triiodothyronine, T3 

GHARIB, H., RYAN, R.J., MAYBERRY, W.E.: Triiodothyro
nine (T 3) radioimmunoassay: A critical evaluation. Mayo 
Clin. Proc. 47, 934 (1972). 

HORN, K~ RUHL, T ~ SCIUBA, P. C.: Semiautomatic method 
for the separation and determination of total triiodo
thyronine and thyroxine in serum. Z. klin. Chem. 10, 99 
(1972). 

HiiFNER, M~ HESCH, R.-D.: Radioimmunoassay for triiodo
thyronine in human serum. Acta endocr. (Kbh.) 72, 
464-474 (1973). 

LARSEN, P.R.: Direct immunoassay of triiodothyronine in 
human serum. J. elin. Invest. 51, 1939 (1972). 

PATEL, Y.C., BURGER, H.G.: A simplified radioimmuno
assay for triiodothyronine. J. elin. Endocr. 36,187 (1973). 

SPARAGANA, M., PHILLIPS, G., KUCERA, L.: Serum thy
roxine by competitive protein binding analysis: clinical, 
statistical and comparative evaluation. J. elin. Endocr. 
29, 191 (1969). 

STERLING, K., BELLABARBA, D., NEWMAN, E. S., BRENNER, 
M. A.: Determination of triiodothyronine concentration 
in human serum. J. clin. Invest. 48,1150 (1969). 

Percent Free Thyroxine, %FT4 

LIEWENDAHL, K., LAMBERG, B.A.: Free thyroxine in serum 
determined by dialysis and sephadex-G-25 filtration. J. 
elin. Endocr. 25,991 (1965). 

OSORIO, C., JACKSON, D. J., GARTSIDE, J. M., GooLDEN, 
A. W. G.: The assessment offree thyroxine in plasma Clin. 
Sci. 23, 525 (1962). 

STERLING, K., BRENNER, M.A.: Free thyroxine in human 
serum: simplified measurement with the aid of magnesium 
precipitation. J. elin. Invest. 45, 153 (1966). 

Resin T3 Uptake, RT3U and Free Thyroxine 
Index 

ASHKAR, F.S., BEZJIAN, A.A.: Use of normalized serum 
thyroxine. J. Amer. med. Ass. 221, 1483 (1972). 

BWMSTEDT, B., ErNHORN, J.: Effect of cortisone on the PBI 
and the resin uptake of 1131-Triiodothyronine: Meta
bolism 16, 319 (1967). 

CHRISTENSEN, L. K.: Triiodothyronine uptake by erythro
cytes. Acta med. scand.I66, 141 (1960). 

CLARK, F.: Resin uptake of 1131_ Triiodothyronine. Lancet 
196311, 167. 

- The estimation of thyroid hormone binding by plasma 
proteins and of unbound levels of thyroxine in plasma. 
J. c1in. Path., Suppl. 20, 344 (1967). 

- HORN, D.B.: Assessment ofthyroid function by the com
bined use of the serum protein-bound iodine and resin 
uptake of Ji31-Triiodothyronine. J. elin. Endocr. 25, 39 
(1965). 

HAMOLSKY, M. W., GoWDETZ, A., FREEDBERG, A. S.: The 
plasma protein thyroid hormone complex in man: 
III. Further studies on the use of the in vitro red blood 
cell uptake ofl131-I-triiodothyronine as a diagnostic test 
in thyroid function. J. elin. Endocr. 19, 163 (1959). 

HORSTER, F.A., KLinN, E.: Die Anwendung von radioakti
vem Trijodthyronin zur Diagnostik der Schilddriisen
funktion in vitro. Dtsch. med. Wschr. 89, 983 (1964). 

IRVINE, W.J., STANDEVEN, R.M.: Serum triiodothyronin up
take using coated charcoal in the assessment of thyroid 
function. J. Endocr. 41, 31 (1968). 

NAVA, M., GROOT, L.J.DE: Resin uptake of 1131 labeled tri
iodothyronine as a test of thyroid function. New Engl. 
J. Med. 266, 1307 (1962). 

OSORIO,C.,JACKSON,D.J.,GARTSIDE,J.M., GooLDEN,A.W.G.: 
The assessment of free thyroxine in plasma. Clin. Sci. 23, 
525 (1962). 

The Thyroid Gland 

RAGAZ, A., STUDER, H.: Conjunct interpretation of serum 
1311-triiodothyronine binding and protein bound iodine 
as indices of thyroid function in patients with abnormal 
thyroxine-binding globulin levels. Helv. med. Acta 33, 
460 (1967). 

SCRIBA, P. C., HENZE, H. G., LANDGRAF, R., FREY, K. W., 
SCHWARZ, K.: Klinische Bedeutung der Bestimmung der 
Bindung von Trijodthyronin an Serumproteine mitte1s 
Dextran-Gel-Filtration. Klin. Wschr. 44, 131 (1966). 

STERLING, K., TABACHNIK, M.: Resin uptake ofI131-Triiodo
thyronine as a test of thyroid function. J. elin. Endocr. 
21,456 (1961). 

THORSON, S.C., MINCEY, E.K., McINTOSH, H. W., MORRISON, 
R.T.: Evaluation of a new in-vitro blood test for deter
mining thyroid status: the effective thyroxine ratio. Brit. 
med. J. 197211, 67. 

YEN, W.: In vitro studies of thyroid function with erythro
cyte uptake of 1131-labelled-l-Triiodothyronine. Acta 
endocr. (Kbh.), Suppl. 76 (zu Bd.42) (1963). 

Protein-Bound Iodine, Butanol Extractable 
Iodine, P BI, BEl 
BARKER, S.B., HUMPHREY, M.J., SoLEY, M.H.: The elinical 

determination of protein-bound iodine. J. elin. Invest. 11, 
91 (1951). 

BLACKBURN, CH. M., POWER, M. H.: Diagnostic accuracy of 
serum protein-bound iodine determination in thyroid 
disease. J. elin. Endocr. 15, 1379 (1955). 

BWMSTEDT, B., ErNHORN,J.: Effect of cortisone on the PBI 
and the resin uptake of 1131 triiodothyronine. Meta
bolism 16, 319 (1967). 

DANOWSKI, T. S., JOHNSTON, S. Y., PRICE, W. C., McKELOY, 
M., STEVENSON, S.S., MCCLUSHEY,E.R.: Protein-bound 
iodine in infants from birth to one year of age. Pediatrics 
7,240 (1951). 

DAVIS, P.J.: Factors affecting the determination of the 
serum protein-bound iodine. Amer. J. Med. 40, 918 
(1966). 

FOLDENAUER, A., MEYNEN, Cu., BOHN, P.: Dber das Verhal
ten des proteingebundenen Jods (PBI127) im Serum 
nach Verabreichung jodhaltiger Substanzen, insbeson
dere Rontgenkontrastmittel. Dtsch. med. Wschr. 92, 745 
(1967). 

HOCHULI, E., WEGMANN, T., ROSENMUND, H.: Die Beeinflus
sung des eiweiBgebundenen Jods im Blut durch die Schil
lersche Jodprobe. Schweiz. med. Wschr. 91, 1561 (1961). 

JONES,J.E., SHULTZ,J.S.: Determination of the thyroxine 
iodine content of serum contaminated by organic iodi
nes. A method based on gel-filtration. J. c1in. Endocr. 
27, 877 (1967). 

MAN,E.B.; KYDD,D.M., PIrrERs,J.P.: Butanol extractable 
iodine of serum. J. c1in. Invest. 30, 531 (1951). 

SCHATZ, D.L., VOLPE, R.: Lack of diurnal variation in the 
level of serum protein-bound iodine. J. elin. Endocr. 19, 
1495 (1959). 

SONKSEN, P. H., EKINs, R. P., STEVENs, H. G., WILLIAMS, E. S., 
NABARRo, J. D. N.: Serum levels of protein-bound iodine 
and thyroxine after a course of Clioquinol. Lancet 196811, 
425. 

Radioactive Iodine Uptake 

CLARK, F., HALL, R., ORMSTON, B.: Diazepam and tests of 
thyroid function. Brit. med. J. 19711, 585. 

CHAPLAN, R. H., GAIDULA, J.J.: Thyroid uptake of radio
active iodine. J. Amer. med. Ass. 215, 916 (1971). 

FISHER, D.A., PANOS, T.C.: "Due caution" and radioiodine 
in children. Amer. J. Dis. Child. 103,729 (1962). 

FREUND,G., THOMAS, W.C.,JR., BIRD,E.D., KINMAN, R.N., 
BLACK, A. P.: Effect of iodinated, water supplies on 
thyroid function. J. din. Endocr. 26, 619 (1966). 

GRAYSON, R.R.: Factors which influence the radioactive 
iodine thyroidal uptake test. Amer. J. Med. 28, 397 (1960). 



References 

HORST, W.: Klinische Radiojoddiagnostik der Schilddriisen
erkrankungen. Strahlenbiologie Ergebn. 1952-58. Stutt-
gart: Thieme 1959. .. 
Radiologische Diagnostik und Theraple von bemgnen 
Schilddriisenerkrankungen bzw. -tumoren. Strahlenfor
schung und Strahlenbehandlung, Bd. III. Miinchen
Berlin: Urban & Schwarzenberg 1962. 
PETERSEN, I., THIEMANN, KL.J., ZUKSCHWERDT, L.: Me
thoden und Ergebnisse der DilTerentialdiagnostik von 
Schilddriisenerkrankungen durch die Szintigraphie und 
das Radiojod-Dreiphasenstudium. Dtsch. med. Wschr. 
85,711,728 (1960). 

- SAUTTER, H., ULLERlCH, K.: Radiojoddiagnostik und 
Strahlentherapie der endokrinen Ophthalmopathie. 
Dtsch. med. Wschr. 85, 730. 805 (1960). 

IAEA Panel: Calibration and standardization of thyroid 
radioiodine uptake measurements. Int. J. appJ. Radial. 
17, 183 (1962). 

IAEA Panel: Thyroid radionuclide uptake measurements. 
Int. J. appl. Radiat. 23, 305 (1972). 

KOHN, L.A., NICHOLS, E. B.: Interference with uptake of 
radioiodine tracer during the administration of 
vitamin-mineral mixtures. New Engl. J. Med. 253, 286 
(1955). 

LIEWENDAHL, K.: Iodochloroxyquinoline and the thyroid 
gland. Acta endocr. (Kbh.), Suppl. 133 to Bd. 59 (1968). 

LONDON, W. T., VOUGHT, R.L., BROWN, F.A: Bread - a 
dietary source of large quantities of iodine. New Engl. 
J. Med. 273, 381 (1965). 

ODDIE, T. H., GLANIGAN, W. J., FISHER, D. A: Iodine and 
thyroxine metabolism in anephric patients receiving 
chronic peritoneal dialysis. J. c1in. Endocr. 31, 277 (1970). 

PITTMAN, J.A., JR., DAILEY, G.E., BESCH!, R.J.: Changing 
normal values for thyroidal radioiodine uptake. New 
Engl. J. Med. 280, 1431 (1969). 

RALL, J. E.: The role or radioactive iodine in the diagnosis 
of thyroid disease. Amer. J. Med. 20, 719 (1956). 

RICCABONA, G.: J125 in the clinical evaluation of thyroid 
disease. New EngJ. J. Med. 273,126 (1965). 

SACKS, B.A., SIEGEL, E., HORWITT, B.N.: Bread iodine con
tent and thyroid radioiodine uptake: A tale of two cities. 
Brit. med. J. 19721, 79. 

SAXENA, K. M., CHAPMAN, E. M., PRYLES, C. V.: Minimal dos
age of iodide required to suppress uptake of iodine-131 
by normal thyroid. Science 138, 430 (1962). 

SELENKOW, H.A, REFETOFF, S.: Common tests of thyroid 
function in serum. J. Amer. med. Ass. 202,135 (1967). 

SILVER, S.: Radioactive isotopes in clinical medicine. New 
Engl. J. Med. 272, 466 (1965). 

SOENKSEN, P. H., EKINS, R. P., STEVENS, H. G., WILLIAMS, E. S., 
NABARRO, J. D. L.: Serum-levels of protein-bound iodine 
and thyroxine after a course of Clio qui no I. Lancet 196811, 
425. 

STECK, A., STECK, B., KOENIG, M. P., STUDER, H.: Auswir
kungen einer verbesserten Jodprophylaxe auf Kropf
endemie und JodstolTwechsel. Schweiz. med. Wschr. 102, 
829 (1972). 

STUDER, H.: Der TSH-Rervetest mit Carbimazol. Helv. med. 
Acta 29, 275 (1962). 
LIPS B., KOENIG, M. P., BUCHER, H. J., ROHNER, R., KOH
LER,'H., LEMARCHAND-BERAUD, T.: Recovery of initially 
suppressed thyroidal radioiodine uptake during long
term antithyroid treatment of euthyroid volonteers and 
hyperthyroid patients. Acta endocr. (Kbh.) 70, 697 (1972). 

THOMAS I.D. ODDIE, T.H., MyHILL,J.: A diagnostic radio
iodi~e uptake test in patients receiving antithyroid 
drugs. J. c1in. Endocr. 20, 1601 (1960). 

Radioactive Technetium Uptake 

GOOLDEN,AW.G., GLASS,H.I., WILLIAMS,E.D.: Use of 
99Tcm for the routine assessment of thyroid function. 
Brit. med. J. 1971 IV, 396. 

281 

VAN T'HoFF, W., POVER, G. G., ElSER, N. M.: Technetium-99m 

in the diagnosis of thyrotoxicosis. Brit. med. J. 1972 III, 
203. 

Basal Metabolic Rate 

Du BOIS, E.F.: Basal metabolism in health and disease, 
3rd ed. Philadelphia: Lea & Febiger 1936. 

FLEISCH, A: Nouvelle methode d'etude des echanges ga
zeux et de la fonction pulmonaire. Basel: Benno Schwabe 
& Co. 1954. 

FOWLER, W. S., BLACKBURN, CH. M., HELMHOLTZ, F., JR.: De
termination of basal rate of oxygen consumption by open 
and closed circuit methods. J. c1in. Endocr. 17,786 (1957). 

KARLBERG, P., LIND, J. : Determination of the electrical 
capacity of the body surface. Acta paediat. (Stockh.) 39, 
454 (1950). 

KEATING, F.R.: In defense of the basal metabolic rate. J. 
c1in. Endocr. 17, 797 (1957). 

ROSSlER, P.H.: Der Grundumsatz und seine Bedeutung. 
Helv. med. Acta 18, 261 (1951). 

TALBOT, N.B.: Basal metabolism standards for children. 
Amer. J. Dis. Child. 55, 455 (1938). 

TATA, J. R.: Basal metabolic rate and thyroid hormones. 
In: Advances in metabolic disorders I. New York: Aca
demic Press 1964. 

WEDGWOOD, R.J., BASS, D.E., KLIMAS, J.A, KLEEMAN, C.R., 
QUINN, M.: Relationship of body compositio~ to basal 
metabolic rate in normal man. J. appl. PhyslOl. 6, 317 
(1955). 

Ankle Reflex Time 

BINSWANGER, J., STUDER, H., WySS, F.: Der Ablauf der Seh
nenreflexe bei Funktionssttirungen der Schilddriise. Helv. 
med. Acta 28, 482 (1961). 

CANLORBE, P., CHEFUEUX, A: Le reflexogramme achilleen 
chez I'enfant. Sem. Hop. Paris 41, 1253 (1965). 

EMRICH, D., MAROUGIN, F.: Die Registrierung des Achilles
sehnenreflexes als diagnostisches Hilfsmittel bei Schild
driisenerkrankungen. Dtsch. med. Wschr. 91, 101 (1966). 

FOWLER, P. B. S., BANIM, S. 0., IKRAM HAMID: Prolonged 
ankle reflex in anorexia nervosa. Lancet 1972 II. 307. 

GoRDON, M.B.: The Achilles Reflex Test (AR.T.) in the 
diagnosis of thyroid dysfunction. Manhassel, N.Y.: 
Pierson 1962. 

IMBACH, T.: Normalwerte der Achillessehnenreflexzeit beim 
Kind. Helv. paediat. Acta 24, 463 (1969). 

LAWSON, J.D.: The free Achilles reflex in hypothyroidism 
and hyperthyroidism. New Engl. J. Med. 259, 761 (1958). 

MILES, D.W., SURVEYOR, I.: Role of the ankle-jerk in the 
diagnosis and management of thyroid disease. Brit. med. 
J. 19651, 158. 

NUTTALL,F.Q., DOE,R.P.: The Achilles reflex in thyroid 
disorders. A critical evaluation. Ann. intern. Med. 61, 
269 (1964). 

REINFRANK, R. F., KAUFMANN, R. P., WETSTONE, H.J., GLEN
NON,J.A.: Observations of the Achilles reflex test. J. 
Amer. med. Ass. 199, 1 (1967). 

RIVES, K. L., FURTH, E. D., BECKER, D. V.: Limitations of the 
ankle jerk test. Ann. intern. Med. 62, 1139 (1965). 

TSCHUDI N.: Die Bedeutung des Achillessehnenreflexes in 
der SChilddriisenfunktionsdiagnostik im Vergleich mit 
anderen Schilddriisenfunktionspriifungen. Praxis 31, 858 
(1966). . 

WEISS, S., FANKHAUSER, S.: Veranderungen der Achiliesseh
nenreflexzeit bei Patienten mit Niereninsuffizienz. Helv. 
med. Acta, Suppl. 46, 135 (1967). 

ZACHMANN, M.: Influence of glucose and insulin adminis
tration on the Achilles tendon reflex time. Brit. med. J. 
196711, 528. 



282 

Plasma Cholesterol 

ESCAMILLA, R.F.: Why is there no elevation of the plasma 
cholesterol level in pituitary myxedema? J. clin. Endocr. 
13, 746 (1953). 

PETERS, J. P., MAN, E. B.: The significance of serum choles
terol in thyroid disease. J. clin. Invest. 29, 1 (1950). 

ROSENMANN, R.H., BYERS, S.O., FRIEDMAN, M.: The mech
anism responsible for the altered blood cholesterol con
tent in deranged thyroid states. J. clin. Endocr. 12, 1287 
(1952). 

TSH Radioimmunoassay 

BAKKE, J.L.: The assay of human thyrotropin by 21 dilTerent 
assay laboratories in 9 dilTerent countries using 14 dif
ferent methods. In: Current topics in thyroid research. 
New York: Academic Press 1965. 

Editorial: Thyrotrophin immunoassay. Brit. med. J. 1971 IV, 
761. 

HERSHMAN, J., PITTMAN, J.A.: Utility of the radioimmuno
assay of serum thyrotrophin in man. Ann. intern. Med. 
74,481 (1971). 

LEMARCHAND-BERAUD, TH., FELBER, J. P., VANNOTTI, A.: De
veloppement d'une methode radio-immunologique pour 
la determination de la thyreostimuline. Resultats pre
liminaires. Schweiz. med. Wschr. 95, 772 (1965). 

MAYBERRY, W. E., GHARIB, H., BILSTAD, J. M., SIZEMORE, 
G. M.: Radioimmunoassay of human thyrotrophin. Ann. 
intern. Med. 74, 471 (1971). 

ODELL, W.D., WILBER,J.F., PAUL, W.E.: Radioimmuno
assay of thyrotropin in human serum. J. clin. Endocr. 
25, 1178 (1965). 

- - UnGER, R.D.: Studies of thyrotropin physiology by 
means of radioimmunoassay. Recent Progr. Hormone 
Res. 23, 47 (1967). 

UnGER, R.D.: Radioimmunoassay of human plasma thyro
tropin. J. clin. Invest. 44, 1277 (1965). 

TRH Stimulation Test 

ANDERSON, M.S., BOWERS, C. Y., KASTIN, A.J., SCHALCH, 
D.S., SCHALLY, A. V., SNYDER, P.J., UnGER, R.D., WIL
BER, J. F., WISE, A. J.: Synthetic thyrotropin releasing hor
mone. A potent stimulator of thyrotropin secretion in 
man. New Eng!. J. Med. 285,1279 (1971). 

COSTOM, B. H., GRUMBACH, M. N., KAPLAN, S. L.: ElTect of 
thyrotropin-releasing hormone on serum thyroid-stimu
lating hormone. An approach to distinguishing hypo
thalamic from pituitary forms of idiopathic hypopituitary 
dwarfism. J. clin. Invest. SO, 2219 (1971). 

FLEISCHER, N., BURGUS, R., VALE, W., DUNN, T., GUILLE
MIN, R.: Preliminary observations on the elTect of 
synthetic thyrotropin releasing factor on plasma thyro
tropin levels in man. J. clin. Endocr. 31, 109 (1970). 

HAIGER, E. D., PITTMAN, J.A., HERSHMAN, J. M., BAUGH, 
C. M.: Direct evaluation of pituitary thyropin reserve 
utilizing synthetic thyrotropin releasing hormone. J. clin. 
Endocr. 33, 573 (1971). 

HERSHMAN, J.H., PITTMAN, J.A.: Response to synthetic thy
rotropin-releasing hormone in man. J. clin. Endocr. 31, 
457 (1970). 

ORMSTON, B.J.,GARRY, R.,CRYER, R.J.,BESSER, G.M.,HALL, 
R.: Thyrotropin-releasing hormone as a thyroid function 
test. Lancet 1971a n, 10. 

- KILBORN,J.R., GARRY, R., AMos,J., HALL, R.: Further 
observations on the elTect of synthetic thyrotrophin
releasing hormone in man. Brit. med. 1. 1971 bII, 199. 

STAUB, J. J., WEISS, S., KOHLER, H., BURGI, H., KOENIG, M. P., 
STUDER, H.: ElTekt von peroral verabreichtem "TSH re

leasing hormone" (TRH) auf die Thyroxinkonzentration 
des Blutes. Schweiz. med. Wschr. 36,1295 (1971). 

The Thyroid Gland 

TSH Stimulation Test 

BISHOPRIC, G.A~ GARRETT, N.H., NICHOLSON, W.N.: Clini
cal value of the TSH stimulation test in the diagnosis of 
thyroid disease. Amer. J. Med. 18, 15 (1955). 

FoRE, W., WYNN, J.: The thyrotropin stimulation test. Amer. 
J. Med. 40, 90 (1966). 

JEFFRIES, W. Mc. K., LEVY, R. P., PALMER, W. G., STORAASLI, 
J.P., KELLY,L.W.: The value of a single injection of 
thyrotropin in the diagnosis of obscure hypothyroidism. 
New Engl. J. Med. 249, 876 (1953). 

SCHNEEBERG, N.G., PERLOFF, W.H., LEVY, L.M.: Diagnosis 
of equivocal hypothyroidism using TSH. J. clin. Endocr. 
14, 223 (1954). 

SKANSE, B.: The use of thyrotropin in the dilTerential diag
nosis of primary and secondary hypothyroidism. Acta 
endocr. (Kbh.) 13, 358 (1953). 

TAUNTON, O. D., McDANIEL, H. G., PiTTMAN, J. A., JR.: 
Standardization of TSH testing. J. clin. Endocr. 25, 266 
(1965). 

TSH Reserve Test with Carbimazole 

BRICAlRE, H., JOLY, J., MATHIEUDE FOSSEY, B., COMPARET, J., 
BAILLET, J. : Exploration du couple hypophyso-thyroidien 
a l'aide d'un derive de l'imidazo!. Presse med. 72, 2505 
(1964). 

IFF, H. W., BURGER, A., STUDER, H., WYSS, F.: Thyrotrophin 
in rat and human serum after withdrawal of carbimazole. 
Amer. J. Physio!. 213, 250 (1967). 

JENSEN, S. E.: A new way of measuring thyrotropin (TSH) 
reserve. J. clin. Endocr. 29,409(1969). 

MORNEX, R., BERTHEZENE, F.: Comments on a proposed 
new way of measuring thyrotropin (TSH) reserve. J. clin. 
Endocr. 31, 587 (1970). 

POWELL, G.F., BLIZZARD, R.M.: An attempt to establish a 
test for thyrotropin (TSH) reserve. J. clin. Endocr. 26, 
1389 (1966). 

SCHNEEBERG, N.G., KANSAL, P.C.: Commentary ()n a pro
posed TSH-reserve test. J. clin. Endocr. 26, 579 (1966). 

STUDER, H.: Der TSH-Reservetest mit Carbimazo!' Helv. 
med. Acta 29, 275 (1962). 

- GREER, M. A.: Thyroid function during the rebound 
phase following the discontinuation of antithyroid drugs. 
Endocrinology 80, 52 (1967). 

- WYSS, F., IFF, H. W.: A TSH reserve test for detection of 
mild secondary hypothyroidism. J. clin. Endocr. 24, 965 
(1964). 

Triiodothyronine Suppression Test 

BURKE, G.: The triiodothyronine suppression test. Amer. J. 
med. 42, 600 (1967). 

FRIIS, T.: ElTect of I-Triiodothyronine on the thyroid gland 
and its clinical application (triiodothyronine suppression 
test). Acta med. scand. 173, 569 (1963). 

KRISTENSEN, H. P. (j)., DYRBYE, M., CHRISTENSEN, L. K.: The 
triiodothyronin suppression test. Acta med. scand. 173, 
411 (1963). 

WERNER, S. c., SPOONER, M. A.: A new and simple test for 
hyperthyroidism employing I-triiodothyronine and the 
24 hour 1131 uptake method. Bull. N. Y. Acad. Med. 31, 
137 (1955). 

Perchlorate Discharge Test 

BASCHIERI, L., BENEDETTI, G., LucA, F. DE, NEGRI, M.: Eva
luation and limitations of the perchlorate test in 
the study of thyroid function. J. clin. Endocr. 23, 786 
(1963). 



References 

STANLEY, M.M., ASTWooD, E.B.: The accumulation of 
radioactive iodide by the thyroid gland and the elTect of 
thiocyanate on its discharge. Endocrinology 42, 107 
(1948). 

Test for Deiodinase Deficiency 

ALBERT, A., KEATING, F. R., JR.: Metabolic studies with 1131 

labeled thyroid compounds: Distribution and excretion 
of radiodiiodotyrosine in human beings. J. c1in. Endocr. 
11,996 (1951). 

GRAY, H. W., HOOPER, L. A., GREIG, W. R.: An evaluation of 
the twenty-minute perchlorate discharge test. J. c1in. 
Endocr. 37, 351 (1973). 

- - - McDoUGALL, I. R.: A twenty-minute perchlorate 
discharge test. J. c1in. Endocr. 34, 594 (1972). 

REINWEIN, D., KLEIN, E.: Eine besondere Form von Jod
fehlverwertung bei sporadischem Kretinismus. Schweiz. 
med. Wschr. 93, 1213 (1963). 

STANBURY,J.B., MEIJER,J.B.A., KASSENAR,A.A.H.: The 
metabolism of iodotyrosines. I. The fate of mono- and 
di-iodotyrosine in normal subjects and in patients with 
various diseases. J. c1in. Endocr. 16,735 (1956). 

- - - The metabolism of iodotyrosines. II. The meta
bolism of mono- and di-iodotyrosine in certain patients 
with familial goiter. J. c1in. Endocr. 16, 848 (1956). 

Serum Antibodies to Thyroid TIssue 

ANDERSON, J. W., MCCONAHEY, W. M., ALARCON-SEGOVIA, 
D., EMSLANDER,R.F., WAKIM,K.G.: Diagnostic value 
of thyroid antibodies. J. c1in. Endocr. 27, 937 (1967). 

BUCHANAN, W. W., KOUTRAS, D.A., CROOKS, J., ALEXANDER, 
W.D., BRASS,W., ANDERSON,J.R., GoUDIE,R.B., GRAY, 
K.G.: The clinical significance of the complement-fixa
tion test in thyrotoxicosis. J. Endocr. 24, 115 (1962). 

BURGER, N.: Schilddriisen-Autoantikorper. Praxis 53, 1646 
(1964). 

FORBES, I.J., ROITT, I.M., DONIACH, D., SOLOMON, T.L.: The 
thyroid cytotoxic autoantibody. J. c1in. Invest. 41, 996 
(1962). 

HJORT, T.: The occurrence of antibody against "second 
colloid antigen" (CA-2 antibody) in patients with and 
without thyroid disease. Acta med. scand. 174, 147 (1963). 

Added in Proofs: 

DEGROOT, L. J., PALOYAN, E.: Thyroid carcinoma and radia
tion. J. Americ. med. Ass. 225, 487 (1973). 

GATTERAU, A., BENARD, B., BELLABARBA, D., VERDY, M., 
BRUN, B.: Congenital goiter in four euthyroid siblings 
with glandular and circulating iodoproteins and defec
tive iodothyronine synthesis. J. c1in. Endocr. 37, 118 
(1973). 

KUSAKABE, T.: A goitrous subject with defective synthesis 
of diiodotyrosine due to thyroglobulin abnormalities. J. 
c1in. Endocr. 37, 317 (1973). 

LARSEN, P. R.: Triiodothyronine: Review of recent studies 
of its physiology and pathophysiology in man. Metab
olism 21, 1073 (1972). 

NEINAS. F. W., GORMAN, C. A., DEVINE, K. D., WooLNER, 
L. B.: Lingual thyroid. Ann. intern. Med. 79, 205 (1973). 

OGIHARA, T., YAMAMOTO, T., AZUKIZAWA, M., MIYAI, K., 
KUMAHARA, Y.: Serum thyrotropin and thyroid hor
mones in the course of subacute thyroiditis. J. din. 
Endocr. 37, 602 (1973). 

283 

ROITT, I. M., DoNIACH, D.: Thyroid auto-immunity. Brit. 
med. Bull. 16, 152 (1960). 

Thyroid Biopsy 

GALVAN, G., POHL, G. B.: Feinnadelpunktion und zytolo
gische Auswertung von 2523 kalten Strumaknoten. 
Dtsch. med. Wschr. 98, 2107 (1973). 

HAMLIN, E., VICKERY, A. L.: Needle biopsy of the thyroid 
gland. New Engl. J. Med. 254, 742 (1956). 

HAWK, W. A., CRILL, G., HAZARD, J. B., BARRETT, D. L.: Nee
dle biopsy of the thyroid gland. Surg. Gynec. Obstet. 
122, 1053 (1966). 

Clinical Indices. Value of Laboratory Tests 

BILLEWICZ, W. Z., CHAPMAN, R. S., CROOKS,1., DAY, M. E., 
GOSSAGE, J., WAYNE, E., YOUNG, J.A.: Statistical methods 
applied to the diagnosis ofthyroid disease. Quart. J. Med. 
38, 255 (1969). 

CHEW, C. K., PAIN, R. W.: A comparison of thyroid function 
tests. Med. J. Aust. 19621,435. 

CROOKS, J., MURRAY, I. P.C., WAYNE, E.J.: Statistical meth
ods applied to the diagnosis of thyrotoxicosis. Quart. J. 
Med. 28,211 (1959). 

FRAGU, P., THOUIN, A., BAZIN, J. P., TUBIANA, M.: Com
paraison de la valeur diagnostique de dilTerents tests 
fonctionnels thyroidiens. Interet de I'utilisation des fonc
tions discriminantes. Ann. Endocr. (Paris) 33,5 (1972). 

GORDON,A.,GROVER, N.B.,BARzILAI, D., EHRENFELD, E. N., 
LEWITUS, Z., GROSS, J.: Computer study of thyroid 
disease. II. Results. Israel J. med. Sci. 6, 333 (1970). 

GURNEY, C., OWEN, S. G., HALL, R., ROTH, M., HARPER, M., 
SMART, G. A.: Newcastle thyrotoxicosis index. Lancet 
1970 II, 1275. 

HARVEY, R. F.: Indices of thyroid function in thyrotoxicosis. 
Lancet 1971 II, 230. 

LUDDECKE, H. F.: Basal metabolic rate, protein-bound iodine 
and radioactive iodine uptake: a comparative study. 
Ann. intern. Med. 49, 305 (1958). 

RIVES, K. L., FURTH, E. D., BECKER, D. V.: Limitations of the 
ankle jerk test. Intercomparison with other tests of thyroid 
function. Ann. intern. Med. 62,1139 (1965). 

POMMIER, J., DEME, D., NUNEZ, J.: ElTect of iodide concen
tration on thyroxine synthesis catalyzed by thyroid 
peroxidase. Europ. J. Biochem. 37, 406 (1973). 

RILEY, F. C.: Orbital pathology in Graves' disease. Mayo 
Clin. Proc. 47, 975 (1972). 

RUBENSTEIN, H. A., BUTLER, V. P., WERNER, S. C.: Progres
sive decrease in serum triiodothyronine concentrations 
with human aging: radioimmunoassay following extrac
tion of serum. J. c1in. Endocr. 37, 247 (1973). 

RUSKIN, A. V., TANG, S. C., SHENKMAN, L., MITSUMA, T., 
HOLLANDER, C. S.: Serum triiodothyronine concentra
tions in infancy, childhood, adolescence and pediatric 
disorders. J. c1in. Endocr. 37, 235 (1973). 

THILLY, C. H., DELANGE, F., GOLSTEIN-GOLAIRE, J., ERMANS, 
A. M.: Endemic goiter prevention by iodized oil: a 
reassessment. J. c1in. Endocr. 36,1196 (1973). 



VII. Adrenal Cortex 

A. LABHART 

With Contributions by 

CHR. HEDINGER, G. KISTLER, 1. MULLER, A. PRADER, R. SIEBENMANN, 
G. TONDURY, and M. ZACHMANN 

A. Historical Dates 

1563 BARTHOLOMAEUS EUSTACHIUS SANCTOSE
VERINA TUS describes the adrenals and 
recognizes them as an organ in his 
treatise "De glandulis quae renibus in
cumbunt". 

1855 THOMAS ADDISON gives the classic de
scription of adrenal insufficiency and of 
the disease which bears his name in his 
book "On the constitutional and local 
effects of disease of the suprarenal cap
sules" . 

1856 BROWN-SEQUARD discovers in animal ex
periments that the adrenals are necessary 
to life. 

1896 SIR WILLIAM OSLER recognizes the ef
ficiency of perorally administered adrenal 
extracts in ADDISON'S disease. 

1926 SMITH demonstrates that hypophysectomy 
leads to atrophy of the adrenals and 
EVANS succeeds in preventing this atrophy 
by the administration of pituitary ex
tracts. 

1928-1930 effective adrenal extracts are made 
by ROGOFF and STEWART, HARTMANN 
and McARTHUR, PFIFFNER and SWINGLE. 

1932 CUSHING describes the syndrome of pi
tuitary-adrenal hyperactivity. 

1933 LOEB discovers disturbances of serum 
electrolytes in ADDISON'S disease and 
bases the treatment with sodium chloride 
on these discoveries. 

1937-1952 Isolation, elucidation of the con
stitution, and synthesis of the adrenal 
hormones corticosterone, deoxycortico
sterone, cortisone and cortisol by REICH
STEIN, KENDALL, WINTERSTEINER and col
laborators. 

1942 LI and SAYERS isolate ACTH. 
1946 SEL YE describes the general adaptation 

syndrome. 
1948 HENCH and collaborators detect the anti

inflammatory effect of cortisone. 
1953-1955 Isolation and elucidation of the con

stitution of aldosterone by SIMPSON and 
T AIT, WETTSTEIN and NEHER, REICHSTEIN 

and VON Euw. Synthesis by WETTSTEIN 
and SCHMIDLIN. 

1954 CONN describes primary aldosteronism. 
1958 GROSS suggests the control of aldosterone 

secretion by angiotensin. 
1960 DAVIS and GENEST confirm the regulation 

of aldosterone secretion by angiotensin II. 
1962 HOFMANN, LI, and SCHWYZER describe 

the amino-acid sequence of ACTH. 
1966 SCHWYZER and SIEBER succeed in syn

thesizing beta-corticotropin. 

B. Embryology, Gross Anatomy and 
Histology 

G. TONDURY and G. KISTLER 

Embryology. The two main components of the 
adrenal (suprarenal) gland, the cortex and the 
medulla, differ not only in morphology and 
function, but also in origin. The cortex develops 
from cells of the coelomic epithelium and is 
therefore of mesodermal origin, while the 
chromaffin and sympathetic ganglion cells of 
the medulla are derived from the neural 
ectoderm. In amphibians, reptiles, and birds the 
chromaffin cells are diffusely distributed within 
the cortical tissue throughout life. In mammals, 
however, the cortex finally surrounds the medulla 
like a capsule. 

In the four-week-old human embryo, coelo
mic epithelial (mesothelial) cells situated on 
both sides between the root of the mesentery 
and the gonadal anlagen begin to proliferate 
and to invade the underlying mesenchymal 
tissue. Here, they differentiate into compact, 
acidophilic epithelial masses which lose contact 
with the coelomic epithelium and form the 
primitive or fetal cortex of the suprarenal 
glands. During the 6th embryonic week, neural 
ectodermal elements, the pheochromoblasts, 
start to invade the primitive cortex (see Chap. 
VIII, p.419). Soon afterward, they can be 
observed singly or in small groups between 
the cortical cells. Early in the third month, the 
coelomic epithelium proliferates again and a 
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new wave of mesothelial cells is shed into the 
underlying mesenchyma. These cells, which 
are smaller than those of the first wave, surround 
the fetal cortex to form the definitive cortex of 
the adrenal gland. During the last month of 
intra-uterine life, the fetal cortex begins to 
regress. At the time of birth, the suprarenal 
glands are nevertheless very large, their volume 
being approximately one third that of the 
kidneys. In the newborn, the atrophy of the 
fetal cortex proceeds rapidly, except for its 
outermost cell layers which appear to be taken 
up into the zona reticularis of the definitive 
cortex (see below). In the adult human, the size 
of the suprarenal glands is only about 1/30 of 
that of the kidneys. 

The function of the primitive suprarenal 
cortex is still poorly understood. Since the 
adrenal glands are atrophic in anencephalic 
infants (in whom the hypophysis is absent), 
it is assumed that the very large size of the fetal 
glands is due to the release of adrenocortico
trophic hormone (ACTH) from the fetal pi
tuitary. ACTH secretion by the fetus can also 
be inhibited by cortisone administration to the 
mother. In such cases, the fetal suprarenal 
gland is often found to be hypo- or even atrophic. 

Gross Anatomy. In the adult, each of the adrenal 
glands weighs about 3-5 g. They are situated 
retro-peritoneally and on the supero-medial 
aspect of the front of the kidneys. Both glands 
are surrounded by adipose tissue and by the 
renal fasciae, to which they adhere firmly. 
Unlike the kidneys, the glands are not displaced 
during respiration or changes in posture. The 
right adrenal gland is pyramidal in shape. Its 
base rests on the kidney and its medial portion 
projects to some extent behind the inferior vena 
cava. Behind, it lies against the diaphragm, 
whereas in front, it is in direct contact with the 
right lobe of the liver, with the dorsal wall of 
the vena cava and with the peritoneum. The 
left suprarenal gland is usually semilunar in 
shape and more flattened. In front, it is in close 
contact with the splenic artery, with the peri
toneum of the lesser sac and with the pancreas. 
Its dorsal portions rest on the diaphragm. 

The phrenic artery supplies the adrenal 
gland with multiple branches, the superior 
adrenal arteries. The middle suprarenal artery 
reaches the gland directly from the aorta, 
whereas the inferior adrenal arteries emerge 
from the renal artery. The arrangement of these 
blood vessels varies widely not only in different 
people, but also on the two sides of the body. 
The suprarenal vein leaves the gland in the hilus. 
In addition, some small veins accompany the 
arteries. The left adrenal vein enters the renal 
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vein, whereas the right vein supplies the inferior 
vena cava. A number of lymphatic vessels arise 
in the adrenal medulla. They follow the veins 
and supply adjacent lymph nodes. In contrast, 
the cortex contains only a very few lymphatics. 

The predominantly preganglionic, sympa
thetic nerve fibers of the adrenal glands arise 
in the celiac plexus or are branches of the 
thoracic and lumbar splanchnic nerves. Most 
of these fibers supply the specific medullary 
cells; a few of them, however, contact the 
ganglion cells in the organ capsule and in the 
medulla. Postganglionic nerve fibers extend to 
the blood vessels walls. No parasympathetic 
fibers seem to enter the glands. 

Histology. A thick capsule of collagenous 
connective tissue surrounds the suprarenal gland 
and extends as trabeculae into the cortex. It 
contains an extensive arterial plexus which is 
supplied by the various suprarenal arteries 
(see above). The cortical arterioles arising from 
this plexus branch into the sinusoidal capillaries 
which surround the cords and groups of 
cortical parenchymal cells. In addition, the 
capsule and its trabeculae display some lym
phatic vessels as well as a nerve plexus. The 
latter includes a large number of mainly 
preganglionic fibers and a few sympathetic 
ganglion cells. Its branches penetrate the cortex 
in the trabeculae and terminate in the medulla 
(see Chap. VIII, p. 420). A framework of 
reticular fibers extends between the trabeculae, 
the organ capsule and the blood vessels. It 
supports the specific cortical cells as well as 
the medullary cells, and surrounds the capillary 
network of the organ. 

The adrenal cortex constitutes approximately 
80% of the total organ volume and is composed 
of three easily distinguishable concentric zones. 
The thin zona glomerulosa adjacent to the 
organ capsule consists of groups of rather 
small, epitheloid cells which contain a deeply 
staining nucleus displaying one or two nucleoli. 
The cytoplasm is acidophilic and contains some 
small clumps of basophilic material. The small 
lipid droplets and the elongated mitochondria 
are randomly distributed throughout the cyto
plasmic matrix, whereas the Golgi apparatus is 
situated in ajuxtanuclearposition. Both reticular 
fibers and sinusoidal capillaries surround the 
cell groups. Electron-microscopically, the zona 
glomerulosa cells are characterized by an 
anastomosing network of smooth-surfaced endo
plasmic reticulum extending all over the cell 
body. Only a few profiles of granular endo
plasmic reticulum can usually be observed. 
The mitochondria possess lamellar cristae thus 
differing from those of the other cortical zones. 
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The cytoplasmic matrix contains large numbers 
of polyribosomes and the lipid droplets are 
often arranged in small groups. The Golgi 
apparatus does not differ from that of the cells 
of other organs. 

The cell columns of the largest cortical zone, 
the zona fasciculata, are continuous with the cell 
groups of the zona glomerulosa. Their poly
gonal cells form long cords which are usually 
one to two cells thick and are arranged radially 
to the organ capsule. The individual columns 
are separated by reticular fibers and by the 
sinusoidal capillaries. The fasciculata cells 
often contain two nuclei, and their cytoplasm 
is characterized by the presence oflarge numbers 
oflipid droplets. In routine histological sections, 
the cytoplasm appears highly vacuolated. When 
observed under the electron microscope, the 
cells of this zone display an extensive network 
of agranular endoplasmic reticulum. A few 
parallel arrd) ~ of granular endoplasmic retic
ulum are usually situated in the neighborhood 
of the nucleus (or nuclei). The rounded mito
chondria vary considerably in size but are 
usually much larger than those of the other 
cortical zones. Their numerous cristae appear 
as vesicular invaginations of the inner mito
chondrial membrane or as vesicles lying free in 
the mitochondrial matrix. The lipid droplets 
are dispersed throughout the cytoplasmic matrix. 
In the Golgi region, which is generally larger 
than that of the other zones, lysosomes as well 
as deposits of lipofuscin pigment are often 
present. 

The zona reticularis adjacent to the adrenal 
medulla consists of an anastomosing network 
of epitheloid cells which vary considerably in 
size and shape. Within the cell groups, "light" 
and "dark" cells can be distinguished, the latter 
presumably being degenerative elements, since 
they contain hyperchromatic and shrunken 
nuclei and large masses of lipofuscin pigment. 
Compared with the fasciculata cells, the light 
cells of the zona reticularis contain a much 
smaller number of lipid droplets. The shape of 
the mitochondria and the amount of agranular 
endoplasmic reticulum, however, do not differ 
significantly. 

The surface of the cortical cells of the three 
zones is usually enlarged by small infoldings as 
well as by numerous small microvilli which 
project into the intercellular and perivascular 
spaces. The endothelium of the sinusoidal 
capillaries is, over large regions, extremely 
attenuated and fenestrated. The endothelial 
fenestrae or pores are closed only by a very 
thin diaphragm which separates the blood 
from the basal lamina surrounding the sinusoids. 
A few small bundles of collagen fibrils are 
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dispersed in the perivascular spaces. They 
correspond to the reticular fibers revealed by 
light microscopy. 

C. Biochemistry 

1. MULLER 

1. Steroid Hormones 

The hormones of the adrenal cortex, the gonads 
and the placenta, provitamin D, cholesterol, 
bile salts, and the cardiac glycosides are steroids, 
i.e. structural derivatives of sterane, a com
pletely hydrated cyclopentanophenanthrene. 
Sterane consists of three hexagonal rings and 
one pentagonal ring, which are designated by 
the letters A, B, C, and D. Each carbon atom 
is marked by a number (Fig. 1). 

12 \"" 

\3 

Sterane (Gonane) 

CH 21 
I 3 

18 CH 2 10 

19 

H H 
Pregnane Androstane 

I k 

Estrane 

Fig. 1. Basic structures of steroid hormones 

The steroid structure can be expanded by a 
side chain on C-17 and by angular methyl 
groups on C-10 and C-13. The individual 
steroid hormones are further characterized 
by double bonds, hydroxyl, and ketone 
groups. 

The hormones of the adrenal cortex and the 
corpus luteum have 21 C-atoms and are derived 
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from pregnane, a sterane with two angular 
methyl groups and an ethyl side chain. The 
male sexual hormones are derived from an
drostane with 19 C-atoms, the female sexual 
hormones from estrane with 18 C-atoms. 

The additional carbon atoms are numbered 
in a continuous sequence (angular methyl 
groups: C-18, C-19, ethyl side chain: C-20, 
C-21). 

2. Stereoisomerism and Nomenclature * 
Different stereoisomerisms of steroids are due 
to a number of asymmetric carbon atoms. In 
general, the stereo structure of a steroid is 
clearly defined by the nomenclature, because 
the biological activity is closely related to it. 
Thus, etiocholanolone, the stereoisomer of the 
active androgen androsterone, has no androgenic 
activity but is an active pyrogenic substance 
(Fig. 5, Chap. IX, p. 448). 

Sterane has six asymmetrical carbon atoms. 
Thus, 26 = 64 stereoisomerisms are theoretically 
possible. However, in natural steroid hormones 
rings BjC and CjD are always connected by 
trans-fusion; the H-atoms or methyl groups on 
the two angular C atoms are placed on opposite 
faces of the molecular plane. The rings A and 
B are combined either by cis- or by trans
fusion. Additional stereoisomerisms are due 
to side chains, methyl and hydroxyl groups. 
The methyl group on C-I0 has been chosen 
as the stereo point of reference for the position 
of such substitutes. It is considered to lie on the 
near side of the plane of writing and is de
signated by a solid valency stroke and the 
affix ~. In contrast, substitutes lying on the 
far side of the plane of writing are designated 
by dotted valency strokes and the affix r:t.. In 
natural steroids, the side chain at C-17 is 
always in the ~-position. In a C21 steroid, a 
17-hydroxyl group is therefore always in the 
r:t.-position, whereas it can occur in the r:t.- or 
~-position in a Cll! or C19 steroid. In adrenal 
cortical steroids, an ll-hydroxyl group is always 
in the ~-position, but 3- or 20-hydroxyl groups 
can occur in r:t.- or ~-position. 

Steroids hydroxylated in certain positions 
can be conjugated with sulfuric acid or glu
curonic acid. Steroid conjugates are generally 
inactive. They are always more water-soluble, 
and usually more rapidly excreted in the urine 
than unconjugated steroids. For a long time 
they were considered as breakdown and waste 

* The nomenclature of the steroids is ruled by the recom
mendations of the International Union of Pure and Applied 
Chemistry (IUPAC-IUB 1967 Revised Tentative Rules for 
Steroid Nomenclature. Biochim. Biophys. Acta 1964, 453 
(1968)). 
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products of steroid hormones. Recently, howev
er, the question of the physiologic role of 
steroid conjugates was reexamined, since it 
was found that steroid sulfates were secreted 
by the adrenal glands into the blood stream 
and that conjugated androgens were biochem
ically transformed before being excreted 
in the urine (BAULIEU, 1965). Conjugation 
with sulfuric acid is an esterification, whereas 
conjugation with glucuronic acid is ~-glyco
sidic. 

In the chemical nomenclature, one dif
ferentiates between so-called trivial names, short 
and convenient designations for individual com
pounds, and systematic names, which are -in
convenient but define the exact structure. They 
are formed by adding pre- and suffixes' to the 
name of the basic carbon structure (Fig. 2) 
and define the type, number and position of all 
substitutes. Hydroxyl groups are referred to 
by the suffix "-01" or the prefix "hydroxy-", 
ketone groups by the suffix "-one" or the 
prefix "keto-" (also "oxo-"). Double bonds are 
designated by the suffix" -ene"; the localization 
is given by inserting the number of the first of 
the two C-atoms involved. When a double 
bond connects two C-atoms with non-con
secutive numbers, both numbers are written. 
Occasionally, the position of a double bond is 
denoted by a "/').." prefix according to an 
outdated nomenclature system. The position of 
substitutes on optically active C-atoms are 
designated by r:t., ~ or ~ (unknown). The prefix 
"allo-" refers to trans-fusion of the A and B 
rings. The prefixes "desoxy-", "dehydro-", 
"dihydro-", "tetrahydro-", "epi-" and "iso-" 
are only used for trivial names. The trivial name 
of the most important adrenocortical hormone 
is cortisol, synonymous with hydt:,ocortisone; 
its systematic name is 

4-pregnene-ll~,17r:t.,21-triol-3,20-dione . 

Terms such as "corticoids", "corticosteroids", 
and "17-ketosteroids", are frequently used to 
describe certain groups of steroids. Corticoids 
or corticosteroids refer to adrenal cortical 
hormones with 21 C-atoms which influence 
electrolyte and carbohydrate metabolism as 
well as their inactive breakdown products with 
an intact side chain. The group of 17-keto
steroids includes both the androgenically active 
and the hormonally inactive C-19 steroids with 
a ketone group in the 17-position. 

Basic information about the structure and 
nomenclature of the steroid hormones for the 
non-chemist can be found in the reviews by 
ZIMMERMANN, KLYNE, MASON, HUBENER, and 
STAIB. More detailed information is given by 
FIESER and FIESER. 
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Androstenedione 
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Fig. 2. The most important steroids of the adrenal cortex 
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3. The Adrenal Cortical Hormones 

Among the approximately 70 different steroids 
which have been isolated from animal adrenal 
glands, cortisol, corticosterone, and androgens 
are the main secretory products of the human 
adrenal cortex. In addition, the mineralocorti
coid aldosterone, secreted in small amounts, is 
of very great physiological importance. Along 
with these biologically active adrenal cortical 
hormones, other less active or inactive pre
cursors or byproducts are also found in human 
adrenal venous blood, such as deoxycortico
sterone (cortexone), cortexolone (compound 
S), 18-hydroxycorticosterone, 17a-hydroxypro
gesterone, and 17a-hydroxypregnenolone. The 
androgen dehydroepiandrosterone is mainly 
secreted in the conjugated form as a sulfate. 
It was recently confirmed that the human 
adrenals secrete testosterone. However, there is 
as yet no direct evidence for production of 
estrogens by the human adrenal cortex. Meas
urable amounts of estrogens have been found 
in the urine of ovariectomized women, which 
increased in response to ACTH treatment and 
disappeared after adrenalectomy. 

The concentrations of steroids in adrenal 
venous blood taken during operations under 
general anesthesia give only very limited infor
mation about normal secretion rates, because 
the adrenal glands are maximally stimulated 
by ACTH under these conditions. However, 
the basal daily secretion rates of the most 
important adrenocortical hormones have been 
indirectly determined by isotope dilution me
thods (see Table 1). 

The ratio of cortisol to corticosterone secre
tion varies among the different species, but also 
among individuals within the same species. In 
man, cortisol predominates by a factor of 
10 : 1, whereas in the rat corticosterone is the 
prevailing glucocorticosteroid. 

Table 1. Adrenal cortical hormones of man 

Cortisol 
Corticosterone 
Aldosterone 
Cortexolone (compound S) 
Deoxycorticosterone (cortexone, DOC) 
18-Hydroxycortico<terone 
170(-Hydroxyprogesterone 
170(-Hydroxypregnenolone 
Dehydroepiandrosterone( -sulfate) 
Androstenedione 
11 f3-Hydroxyandrostenedione 
Testosterone 
Estrogens (?) 

Adrenal Cortex 

For a review dealing with the amounts of 
steroids in adrenal venous blood in man and 
different animal species see YATES (1962). 

4. The Biosynthesis of the Adrenal Cortical 
Hormones 

The biosynthesis of the steroid hormones of 
the adrenal cortex have been studied most 
with the following experimental models: 

1. Perfusion of adrenal glands in vitro or in 
vivo. 

2. Incubation of slices of surviving adrenal 
tissue. 

3. Incubation of adrenal homogenates or 
cell fractions. 

These methods are very useful for isotope 
studies. Biological precursors (acetate, mevalo
nic acid, steroids) labeled with 14C or tritium 
are added to the perfusion fluid or the incuba
tion medium. The conversion to radioactive 
steroids is determined by extraction, isolation, 
and isotope counting. 

The biosynthetic pathway of adrenal cor
tical hormones from acetyl coenzyme A via 
cholesterol, pregnenolone, and 17 a-hydroxy
pregnenolone is outlined in Fig. 3. One-step 
conversions are designated by solid arrows, 
multistep conversions by dotted arrows. They 
are catalyzed by specific enzymes (desmolase, 
isomerase, 3 ~- and 18-dehydrogenase, 20a-, 
22~-, 17a-, 21-, 11~-, 18-hydroxylases) and are 
dependent on coenzymes, such as NADH and 
NADPH. In the adrenal cortex as well as in other 
organs, cholesterol can be fully synthesized via 
the important intermediary products mevalonic 
acid and squalene. The biosynthetic pathway 
leading to cholesterol has been mainly elu
cidated by the investigations of BLOCH. Chole
sterol is abundantly stored in the adrenal 
cortex, but can be only partially utilized for 
the production of adrenal cortical hormones. 

Secretion rate 
(per day) 

15-40 mg 
1- 4mg 

50- 250!!g 
100-1500 !!g 
200- 800!!g 
150- 450!!g 

6-9mg 

Concentration in 
peripheral plasma 

6 -25 !!g/100 ml 
0.4 - 2.0 !!g/100 ml 
2 -15 ng/l00 ml 
0.01- 0.11 !!g/100 ml 
2 -10 ng/l00 ml 
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Fig. 3. The biosynthesis of adrenal cortical hormones. (Solid arrows: one-step conversions; broken arrows: multistep 
conversions. The circled numbers refer to hydroxylases) 

Cholesterol is probably the normal precursor 
of all adrenal cortical hormones. In animals 
fed with radioactive cholesterol for several 
weeks the corticosteroids in the peripheral 
blood had the same specific radioactivity as the 
adrenal cholesterol and the serum cholesterol 
even during short-term stimulation with ACTH 
(WERBIN, 1961; KRUM, 1964). 

Addition of ACTH to the perfusion fluid 
or the incubation medium of adrenal slices 
increases the steroid biosynthesis in vitro by a 
factor of 5-10, which corresponds to the 
stimulation of corticosteroid excretion in human 
urine during ACTH treatment. See p. 296 for 
the site and mode of action of ACTH. 

Aldosterone is formed only in the zona 
glomerulosa, whereas all other steroid hor
mones are formed in the inner zones of the 
adrenal cortex. It is the only steroid with an 
aldehyde group in position 18. This group 
is probably formed in two stages, i.e. hydroxyla
tion followed by dehydrogenation. The im
mediate precursor of aldosterone is most prob
ably 18-hydroxycorticosterone. Aldosterone can 
occur as either a dihydroxyaldehyde or a cyclo
hemiacetal (Fig. 2). In vivo, however, it probably 
exists only in the latter form. The physiological 

significance of 18-hydroxycorticosterone and 
18-hydroxy-DOC is unknown, apart from their 
possible role as precursors of aldosterone. 
18-Hydroxy-DOC has a weak mineralocorticoid 
activity. In the human, the secretion rate of 
18-hydroxycorticosterone is twice that of aldo
sterone. In the rat, 18-hydroxy-DOC is produced 
in very high amounts, but mainly by the zona 
fasciculata. 

17 a-Hydroxypregnenolone or 17 a-hydroxy
progesterone appear to be essential intermediates 
in the biosynthesis of the androgens. A direct 
conversion of cholesterol to C19 steroids has 
never been demonstrated, though cholesterol 
sulfate can be converted to pregnenolone sulfate 
and this to dehydroepiandrosterone sulfate. If 
estrogens are really produced in the adrenals, 
androstenedione, testosterone and their 19-hy
droxy derivatives are the most probable inter
mediates, as they are in the ovary and the 
placenta. 

5. Transport of Adreno-Cortical Hormones 

At normal concentrations, only a small part 
of the total blood cortisol and corticosterone is 
in the free form, i.e. susceptible to dialyzation 
and filtration. 
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Most of the 25 percent adsorbed onto the 
erythrocytes can be separated by washing with 
physiological saline solution. The uptake by 
leukocytes is of no quantitative importance. 

At body temperature, 90 percent of the 
plasma cortisol is bound to an alpha-globulin. 
This protein is called "transcortin" or "cortico
steroid-binding globulin" (CBG). It is a glyco
protein with a molecular weight of 52000. 
Transcortin has a high affinity to cortisol and 
corticosterone, but its binding capacity is lim
ited. It is fully saturated at a plasma cortisol 
concentration of 20 J.1g/100 ml. Up to this con
centration, only 10% of the plasma cortisol is 
in the free form. At higher concentrations, free 
plasma cortisol increases to 20-30 %; the 
remaining 70-80% are then bound to albumin, 
which has a low affinity but a large capacity 
(Fig. 4). 

Fig. 4. Protein-binding of cortisol in normal human plasma 
at 4°C. (From W. H. DAUGHADAY and I. K. MARIZ, 1960) 

The binding affinity to transcortin is deter
mined by specific groups of the cortisol molecule. 
In addition to cortisol and corticosterone, 
deoxycorticosterone is also bound. On the 
other hand, transcortin-binding affinity to cor
tisol metabolites is very low, and aldosterone is 
bound only to other plasma proteins. 

The concentration and binding capacity of 
transcortin are independent of ACTH. ACTH 
stimulation of the adrenal cortex induces a 
relatively larger increase in the free than in the 
bound plasma cortisol. The transcortin con
centration is unaltered in adrenal insufficiency 
and in Cushing's syndrome, while a striking 
increase in transcortin level can be induced by 
estrogens. The amounts of estrogens produced 
by the ovaries during normal cycles are not 
sufficient for this effect, but transcortin levels 
are elevated in response to the high amounts 
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of endogenous estrogens produced during preg
nancy or to pharmacological doses of exogenous 
estrogens (oral contraceptive medication). This 
increase in plasma transcortin is always coin
cident with an increase in the plasma cortisol 
concentration and can at least partially explain 
why the plasma concentration of corticoids can 
be up to 3 times higher than normal during the 
last trimester of pregnancy with no obvious 
signs of hyperadrenocorticoidism. Conversely, 
transcortin can be decreased in liver dis
eases and dysproteinemia, thus accounting 
for the absence of adrenal insufficiency in 
spite of very low concentrations of plasma 
corticosteroids. 

Transcortin concentration is much lower 
in the lymph than in the plasma. It is also very 
low in the cerebrospinal fluid. Correspondingly, 
the cortisol content in these two body fluids is 
lower than in the plasma. The transcortin
bound cortisol is very probably biologically 
inactive. In the extravascular space there is 
probably a state of equilibrium between the 
binding of cortisol to transcortin on the one 
hand, and to certain cell structures (hormone 
receptors) on the other hand. The cortisol bound 
to trans cortin is also more slowly inactivated by 
liver enzymes in vitro. This is probably due to 
competition between binding sites of the trans
cortin and of the micro somes of the liver cells. 
Only the free plasma cortisol is filtered by the 
kidneys; a major part of it is reabsorbed by the 
tubules. The renal clearance of the free plasma 
cortisol is 40-50 ml per minute. When renal 
function is normal, the daily excretion of free 
cortisol in the urine is a good index of the 
concentration of the free plasma cortisol. 

The physiological role of transcortin prob
ably lies in a sort of buffering effect, which 
prevents rapid variations of the plasma cortisol 
level. Transcortin restrains the active cortisol 
from reaching the target organ and also protects 
it from rapid inactivation by the liver and 
excretion through the kidneys. 

The plasma aldosterone is predominantly 
bound to albumin, and also to another protein 
which is probably not identical to transcortin. 
The relatively low degree of protein binding of 
plasma aldosterone could provide a partial 
explanation for the very low plasma concen
tration and the short biological half-life of this 
hormone. 

6. Metabolic Breakdown and Excretion of 
Adrenal Cortical Hormones 

In the organism, cortisol is very rapidly con
verted to inactive steroids by enzymes. Only 
very small amounts (less than 1 %) are excreted 
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unaltered in the urine. The liver plays the most 
important part in the inactivation of the steroid 
hormones. Catabolism by other organs is not 
quantitatively important. The major reactions 
of cortisol metabolism usually occur in the 
following order: 

1. Reduction of the double bond between 
C-4 and C-S. 

2. Reduction of the 3-keto group. 
3. Reduction of the 20-keto group. 
4. Fission of the side chain at C-17. 
Most of the cortisol is metabolized to stage 

2 (40-SO %) or stage 3 (20-30 %). Less than 
10% is converted to 17-ketosteroids. 

Cortisol can be reversibly converted to 
cortisone in the liver under the action of an 
11 ~-dehydrogenase. 

Dihydrocortisone, dihydrocortisol, and their 
allo-isomers are formed by the action of Sa
and ~-reductases. The reduction of the double 
bond is practically irreversible and is probably 
rate-limiting for subsequent metabolic break
down. NADPH is an essential coenzyme. The 
reaction is also dependent on thyroxine. It is 
accelerated in hyperthyroidism and delayed in 
hypothyroidism and in liver diseases. 

The second reaction leads to the formation 
of tetrahydro derivatives by reduction of the 
3-keto group. This reaction is reversible. NADPH 
and NADH are equi-effective coenzymes. 

A part of these tetrahydro derivatives is 
further converted to cortol and cortolone by 
reduction of the 20-ketone group. Finally, a 
small percentage is broken down to 11 ~-hy
droxy-17-ketosteroids and 11-17-diketosteroids 
by side-chain fission. 

Inactivation through 6 ~-hydroxylation oc
curs mainly in the newborn and only to a small 
extent in adults . 
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The action of the enzyme glucuronyl-trans
ferase conjugates the reduced metabolites to uri
dine-diphosphate glucuronic acid to form glu
cosiduronates (glucuronides). A very small 
percentage is conjugated with sulfuric or phos
phoric acid. Conjugated corticosteroids are 
water-soluble and are rapidly voided in the 
urine by glomerular filtration and probably 
also by tubular excretion. Approximately two 
thirds of the total plasma corticosteroids are 
conjugated. The formation of steroid glucu
ronides is not restricted to the liver, but can also 
take place in the kidneys. However, reduction 
to tetra hydro derivatives occurs almost ex
clusively in the liver, and generally these meta
bolites are also conjugated by the liver as soon 
as they are formed. 

Only traces of unconjugated cortisol meta
bolites are found in the plasma. Nevertheless, 
steroid hormones can be metabolized extra
hepatically, but only at a reduced rate. Steroid 
catabolism has been shown to occur in vitro in 
fibroblast cultures and also in eviscerated 
animals. 

About 30 to 40% of the cortisol is excreted 
in the urine as tetrahydrocortisol and tetra
hydrocortisone-glucuronide. A further 20 to 
30% appears ascortol andcortolone glucuronide. 
The chemical nature of all the cortisol meta
bolites has not yet been elucidated. After the 
intravenous injection of a tracer dose of 14C_ 
labeled cortisol or corticosterone, 70 to 80% 
of the radioactivity is recovered in the urine 
within 24 hours and 9S% within 72 hours. No 
radioactive CO2 is found in the expired air. 
These findings indicate that the steroid skeleton 
itself remains intact. 

The catabolic pathway of corticosterone is 
similar to that of cortisol, with the exception 

.--------------------Cortisol 

Free urinary 
cortisol 

0,5/,o 

Cortol 
E 

Cortolone 

colol-Glucuronide 

Cortolone-Glucuronide 

20-30% 

li 
Cortisone 

1 
Dihydrocortisol 

Dihydrocortisone 

1 . 
TetrahydrocortIsol 

-------~. 17-Ketosteroids 
Tetrahydrocortisone 
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Fig. 5. Catabolism and excretion of cortisol and its metabolites 
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that no 17 -ketosteroids are formed. The adrenals 
of the newborn secrete corticosterone mainly 
as the sulfate, and metabolites of this substance 
have been found in the urine. 

Aldosterone is not only converted to tetra
hydroaldosterone-3-glucuronide, but also to a 
so-called "3-oxo-conjugate" which is most prob
ably aldosterone-18-glucuronide*. The conjuga
tion of unaltered aldosterone is also possible 
outside the liver, mainly in the kidneys. Only 
very small amounts of free aldosterone are 
excreted in the urine (less than 0.5% of the 
aldosterone secreted), whereas the major part 
is excreted as tetrahydroaldosterone glucuronide 
(30 to 50%) and aldosterone-18-glucuronide 
(5 to 15%). In liver diseases and during preg
nancy, the ratio of these two metabolites is 
altered and relatively more aldosterone-18-
glucuronide is excreted. 

A small percentage of 14C-Iabeled cortisol 
or corticosterone given by i. v. injection is 
excreted in the bile. Most of it is probably 
reabsorbed by the intestines. 

Kinetics of Cortisol Metabolism. When a pharma
cological dose of cortisol or a tracer dose of 
radioactive - labeled cortisol is injected i.v. the 
logarithm of the plasma cortisol concentration 
or the logarithm of the specific radioactivity 
of the plasma cortisol decreases linearly per 
unit time after a short mixing period. Thus, 
the removal of cortisol from plasma apparently 
follows first-order kinetics. However, studies 
with large pharmacological doses of cortisol 
and with tracer doses of labeled cortisol lead 
to different results. Whereas a tracer dose is 
distributed only in one pool, two pools of 
distribution have to be assumed to explain 
the kinetics of a pharmacological dose of 
cortisol; metabolism apparently occurs in only 
one of them. The major part of a pharma
cological dose of cortisol is probably not 
attached to transcortin, so that it can leave the 
intravascular space and only gradually returns 
to the blood stream. 

The kinetics of aldosterone disappearance 
also indicate the existence of two pools of 
distribution. 

In healthy humans, the biological half-life 
of plasma cortisol is on average 110 min, that 
of corticosterone 90 minutes, and that of 
aldosterone 15 and 35 min**. 

The biological half-life of the adrenal cor
tical hormones is prolonged in liver diseases, in 

* This substance has also been refered to as the "pH 1 
metabolite" in the literature, because it can be hydrolyzed 
by acidification to pH 1. 
** Depending on the smaller or larger pool of distribution, 
the real nature of which is still unknown. 
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cachexia, in shock, myxedema, as well as 
during estrogen therapy and during pregnancy. 
It is also increased in old age, in acute poly
arthritis, and in uremia. The biological half
life is decreased in thyrotoxicosis and oc
casionally in obesity. 

The rate of removal of cortisol from the 
plasma can be mathematically approximated. 
The calculated removal-rate coefficient cor
responds to a clearance and is dependent on the 
activity of the steroid-5-reductases in the liver, 
the availability of NADPH, the concentration 
of plasma cortisol, the binding to transcortin, 
and the hepatic circulation. However, the last 
factor appears to be negligible, since the 
enzymes catabolize cortisol more efficiently 
when the hepatic circulation is reduced. 

The biological half-life of prednisone and 
prednisolone is almost twice as long as that 
of cortisol. Halogenation at position 9 delays 
catabolism. This at least partly explains the 
increased potency of synthetic fluorated or 
dehydrogenated steroids. The miscible meta
bolic pool of cortisol is 1.5 mg, that of 
corticosterone 0.2 mg, and that of aldosterone 
0.01 mg. 

Plasma cortisol varies during the day be
tween 6 and 25 ~g per 100 ml and plasma 
corticosterone concentration between 0.4 and 
2 ~g per 100 ml, whereas the aldosterone level 
is considerably lower and varies between 2 and 
15 ng per 100 ml during unrestricted sodium 
intake. 

7. Structure of Corticotropin (ACTH) and the 
Melanotropins (MSH) 

Corticotropin or ACTH, which regulates the 
activity and growth of the adrenal cortex, is a 
polypeptide consisting of 39 amino acids and 
has a molecular weight of 4540. The structures 
of human, porcine, ovine, and bovine ACTH 
are known (Fig. 6). Ovine and bovine ACTH 
differ in their sequence of the amino acids 
from number 25 to 33. Porcine ACTH differs 
from bovine ACTH by having a leucine in 
the 31-position in place of a serino Human 
corticotropin contains the same amino acids 
as bovine and ovine ACTH, but in a different 
sequence. 

In 1966, SCHWYZER and SIEBER succeeded 
in synthesizing a complete molecule of ~1-39 
corticotropin. It has the same amino-acid 
sequence and the same biological activity as 
the natural purified porcine ACTH (110 U.S.P. 
units per mg). A synthetic tetracosapeptide, 
~1-24 corticotropin is commercially produced 
and can be used for diagnostic and therapeutic 
purposes. This compound contains the first 



Biochemistry 295 

ACTH H -Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Try-Gly-Lys-Pro-Val-Gly-Lys-Lys-Arg 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Arg-Pro-Val-Lys-Val-Tyr-Pro(--)Ala-Phe-Pro-Leu-Glu-Phe-OH 
18 19 20 21 22 23 24 34 35 36 37 38 39 

(25 26 27 28 29 30 31 32 33) 

NH2 

Porcine ACTH 
I 

Asp-Gly-Ala-Glu-Asp-Glu-Leu-Ala-Glu 

NH2 

Ovine ACTH 
I 

Ala-Gly-Glu-Asp-Asp-Glu-Ala-Ser-Glu 

NH2 

Bovine ACTH 
I 

Asp-Gly-Glu-Ala-Glu-Asp-Ser-Ala-Glu 

NH2 

Human ACTH 
I 

Asp-Ala-Gly-Glu-Asp-Glu-Ser-Ala-Glu 

Fig. 6. ACTH structure in 4 different species. (From G. SAYERS. in: Hormones in the blood. 2nd ed .. vol. 1. p. 169. ed. 
by C. H. GRAY and A. L. BACHARACH. London: Academic Press 1967) 

24 amino acids of the N-terminal end of the 
complete corticotropin. Like other polypeptides 
containing the first 20 or more amino acids 
of the N-terminal end in natural sequence. it 
has a biological activity of 100 to 110 units 
per mg. Its activity per molecule is therefore 
somewhat lower than that of ~l - 3Q cortico
tropin. Shorter polypeptides have a much 
lower ACTH activity. Peptides with less than 
16 amino acids have no effect on the adrenal 
cortex, but have an increased MSH activity. 
Thus, the amino acids at the C-terminal end 
of the corticotropin molecule appear to inhibit 
MSH activity. 

Recently an immunoreactive ACTH compo
nent in plasma and pituitary considerable larger 
than ~1-39 ACTH, "Big ACTH" has been 
identified by gel filtration and ultracentrifuga
tion. It seems to contain within it ACTH 
covalently linked to the carboxyl group of a 
basic amino acid of a larger, more acidic, 
peptide (YALOw, 1973). 

The structure of a-MSH is the same in all 
mammalian species so far investigated. It consists 
of 13 amino acids, which are identical to the 
first 13 amino acids of ACTH. On the other 
hand, ~-MSH differs from species to species. 
Whereas the human hormone consists of 22 
amino acids, most animal hormones contain 

only 18 amino acids. However, the sequence 
of some of the amino acids also corresponds 
to that of corticotropin. Synthetic melano
tropins have no corticotropic activity. On the 
other hand, some MSH activity is associated 
with all the corticotropins (Fig. 6). 

Most of the traditional commercial ACTH 
preparations contained animal corticotropin 
extracted from pituitary tissue by glacial 
acetic acid and partially purified by adsorp
tion onto oxycellulose. These preparations 
have now been replaced by synthetic cortico
tropins. Long-acting ACTH preparations con
tain the corticotropin as a zinc salt or dis
solved in gelatine and have a prolonged effect 
lasting 12 to 48 hours following intramuscular 
injection. 

Little is known about the biological in
activation and excretion of ACTH. The form 
in which ACTH circulates in the plasma is 
also unknown. ACTH has never been definitely 
isolated from the urine. Values reported for 
the biological half-life of corticotropin vary 
between a few minutes and several hours. The 
plasma concentration of ACTH in the normal 
human, measured with the most reliable biolog
ical assays, is approximately 0.25 mU per 100 ml 
in the morning and about 0.11 mU per 100 ml 
in the evening (NEY, 1963). 

CH 3 CO-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Try-Gly-Lys-Pro-Val(NH 2) 
(X-MSH 

Ala-Glu-Lys-Lys-Asp-Glu-Gly-Pro-Tyr-Arg-Met-Glu-His-Phe-Arg-Try-Gly-Ser-Pro-Pro-Lys-Asp-OH 
fJ-MSH 

Fig. 7. Structure of human melanocyte-stimulating hormones. (From 1. M. WALKER in: Hormones in the blood, 2nd ed., 
vol. 1, p. 161, ed. by C. H. GRAY and A. L. BACHARACH. London: Academic Press 1967) 
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D. Physiology 
A. LAB HART and 1. MULLER 

1. Biological Effects of Corticotropin 

a) Action on the Adrenal Cortex 

ACTH is the physiologically most important 
regulator of adrenal cortical function. Only 
in the presence of ACTH can the adrenal cortex 
synthesize normal amounts of glucocorticoids 
and androgens and secrete them into the blood 
stream. In the intact organism, any increase 
in the secretion of these hormones is due to 
an elevated ACTH blood level, and any reduc
tion is due to a decreased ACTH concentration. 
In addition, ACTH plays a supporting role in 
the regulation of the secretion of the mineralo
corticoid aldosterone, although the production 
of this hormone is controlled mainly by other 
factors (see p. 297). ACTH regulates the secre
tion of adrenal cortical hormones by stimulating 
their biosynthesis. In contrast to the thyroid 
gland and to the adrenal medulla, the adrenal 
cortex is unable to store its secretory products 
and release them on demand. The almost 
instantaneous elevation of the corticosteroid 
concentration in the adrenal venous blood 
induced by an intravenous injection of ACTH 
is also due to increased production, since the 
corticosteroid content of the adrenal cortex 
increases at the same time. Production and 
secretion of adrenal cortical hormones are 
practically identical (see Chap. I, p. 3). In 
addition to regulating the production of steroid 
hormones, ACTH also controls the size and 
growth of the adrenal cortex: excessive secretion 
of ACTH leads to hyperplasia, while failure 
leads to atrophy. The fact that synthetic ACTH 
also stimulates adrenal growth and cortico
steroid production makes the existence of a 
separate adrenal growth-promoting hormone 
appear unlikely. 

Experiments with radioactive-labeled pre
cursors of corticosteroids indicate that ACTH 
stimulates the synthesis of steroid hormones 
mainly at the stage of the conversion of chole
sterol to pregnenolone (STONE, 1954; KARA
BOYAS, 1965). This step is common to the bio
synthesis of all steroid hormones. It is still 
uncertain whether the effect of ACTH is 
mediated by the activation of one of the three 
enzymes involved in this conversion or by an 
increased availability of the essential coenzyme 
NADPH. However, intracellular transport mech
anisms or morphological changes of the mito
chondria may also play an important part. 
Whereas an intravenous injection of ACTH 
leads to immediate cholesterol depletion of 
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the adrenal cortex, long-term ACTH administra
tion induces an increased cholesterol content, 
indicating that ACTH may also stimulate 
cholesterol biosynthesis. Prolonged ACTH ad
ministration also leads to enhanced 11 ~-hydroxy
lase activity (GRANT, 1957). 

The exact biochemical mechanism of action 
of ACTH is controversial. According to the 
classic theory of HAYNES and BERTHET (1957), 
ACTH stimulates the formation of cyclic AMP. 
Cyclic AMP activates phosphorylase, which in 
turn mediates the conversion of glycogen to 
glucose-1-phosphate. Glucose-1-phosphate is 
converted to glucose-6-phosphate by phospho
glucomutase. Metabolism of glucose-6-phos
phate by the hexose monophosphate shunt 
results in the production of NADPH, a coen
zyme necessary to several steps of steroido
genesis. More recent evidence does not confirm 
this theory in toto (HILF, 1966). However, it 
has been amply demonstrated that ACTH 
acutely raises the cyclic AMP content of adrenal 
cortical tissue. Moreover, cyclic AMP simulates 
the steroidogenic effect of ACTH on perfused 
adrenal glands or incubated adrenal tissue. 

ACTH also promotes protein synthesis in 
the adrenal cortex. This effect, however, seems 
to be related to the chronic growth-stimulating 
effect rather than to the acute stimulation of 
steroidogenesis, but ACTH induces a rapid 
increase of the ribonucleic acid concentration 
in the adrenal tissue (FIALA, 1956). The cortico
steroid-stimulating effect of ACTH is blocked 
in vivo and in vitro by puromycin and chloram
phenicol (FERGUSON, 1963; GARREN, 1965), 
which indicates that the acute effects of ACTH 
are also dependent on the integrity of protein 
synthesis. 

The significance of the high content of 
ascorbic acid in the adrenal cortex and its 
rapid disappearance under the influence of 
ACTH is unknown. Biosynthesis of steroid 
hormones and the adrenal responsiveness to 
ACTH are normal in patients with scurvy. 

b) Extra-Adrenal Effects 

In addition to its action on the adrenal cortex, 
ACTH exerts specific effects on other tissues, 
which are demonstrable particularly in vitro, 
but sometimes also in adrenalectomized animals 
in vivo. One of these extra-adrenal actions is 
the stimulation of the melanocytes, which has 
already been mentioned (see p. 295). 

The best-known extra-adrenal activity of 
ACTH is its lipolytic action on adipose tissue. 
In extremely low concentrations it stimulates the 
hydrolysis of the triglycerides. This effect is 
probably due to activation of a specific lipase 
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of adipose tissue, which is not identical to 
lipoprotein lipase. This action of ACTH is 
also mediated by cyclic AMP. ACTH as well 
as catecholamines or glucagon stimulate lipo
lysis acutely, whereas growth hormone has a 
delayed action; its lipolytic activity is probably 
due to the stimulation of lipase synthesis 
(FAIN, 1965, 1967; VAUGHAN, 1965). 

2. The Regulation of Adreno-Cortical Hormone 
Secretion 

a) The Regulation of Aldosterone Secretion 

The complex physiological and biochemical 
control mechanisms which regulate the secretion 
of aldosterone are only partially known. The 
original assumption that a specific aldosterone
stimulating hormone regulated the secretion of 
aldosterone in a similar manner to the way 
ACTH regulates the secretion of cortisol led 
to the discovery of the multiple functional 
relations between the renin-angiotensin system 
and aldosterone production by the adrenal 
cortex (GROSS, 1958; DAVIS, 1961; GENEST, 
1961; LARAGH, 1960). Angiotensin II does 
indeed have many properties of a trophic 
aldosterone-stimulating hormone. Very low doses 
of angiotensin II stimulate the aldosterone 
production by isolated adrenal glands in vivo 
and in vitro without affecting the production 
of glucocorticoids. In several diseases associated 
with secondary aldosteronism the increased 
aldosterone secretion is very probably due to 
increases in plasma renin and angiotensin II 
concentrations. Plasma renin activity is elevated 
in Addison's disease and depressed in primary 
aldosteronism. Nevertheless, the analogy be
tween angiotensin II and ACTH is incomplete 
and the regulation of aldosterone secretion 
differs from the regulation of cortisol secretion 
in several respects. 

1. Whereas ACTH is the only substance 
which can stimulate the secretion of gluco
corticoids in physiological concentrations, a 
number of different humoral factors can stimu
late aldosterone production. 

2. Aldosterone production can be regulated 
at different stages of the biosynthetic pathway. 

3. The regulation of plasma aldosterone 
concentration does not include a direct negative 
feedback mechanism. 

4. There may be wide species differences 
in the regulation of aldosterone secretion. 

The following factors have been found to 
stimulate the biosynthesis of aldosterone by 
incubated adrenal tissue or in perfused adrenal 
glands directly. 

angiotensin II, 
elevated potassium concentration, 
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reduced sodium concentration, 
ACTH, 
serotonin. 
During short-term experiments, all these 

factors stimulate aldosterone biosynthesis by 
enhancing the conversion of cholesterol to 
pregnenolone in the cells of the zona glomerulosa 
(MULLER, 1966). Most of these stimulators act 
exclusively or preferentially on zona glomerulosa 
cells, whereas ACTH also acts on the inner 
zones, thus stimulating the production of gluco
corticoids and androgens (MULLER, 1970). 

In man and in animals, the aldosterone
stimulating effect of ACTH is limited to a 
few days, whereas the cortisol production is 
stimulated for however long ACTH is given. 
The mechanism of this escape of aldosterone 
secretion from the stimulating effect of ACTH 
is as yet unknown. Hypophysectomy is followed 
by an initial decrease of 50-90 % in the aldo
sterone secretion rate, but a return to normal 
values can be observed after a short period. 

A decreased sodium concentration in adrenal 
arterial plasma directly stimulates aldosterone 
output. On the other hand, experimental hypo
natremia induced by pitressin injection and 
increased water intake does not enhance aldo
sterone secretion, probably because renin secre
tion is simultaneously suppressed by the hyper
volemia. By contrast, an increased potassium 
intake stimulates aldosterone production al
though plasma renin activity decreases under 
these experimental conditions (VEYRAT, 1967). 

Serotonin directly stimulates aldosterone 
biosynthesis, but this effect has as yet been 
demonstrated only in vitro (ROSENKRANTZ, 1959; 
MULLER and ZIEGLER, 1968) and it is not 
known whether this substance is of any physio
logical significance in the regulation of aldo
sterone secretion. 

Table 2 presents experimental or patho
physiological situations regularly associated with 
an increased or reduced aldosterone secretion 
rate. A reduction in the circulating blood 

Table 2. Control of aldosterone secretion 

Aldosterone secretion 

StimulatIng 

Sodium depletion 
Potassium loading 
Hypovolemia (hemorrhage) 

Diminution of cardiac 
output 

Diminution of renal 
blood flow 

Upright posture 
Constriction of the inferior 

vena cava 

Suppressing 

Sodium loading 
Potassium depletion 
Hypervolemia 

(plasma infusion) 
Increase of cardiac 

output 
Nephrectomy 

Supine posture 
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volume is probably the stimulus leading to 
an increased aldosterone secretion, not only 
after hemorrhage but also in diseases charac
terized by edema (cirrhosis of the liver, nephrotic 
syndrome). Hypovolemia leads to an increase 
in renin production and an elevated level of 
plasma angiotensin II which then stimulates the 
aldosterone secretion. The receptors presumably 
lie in the kidneys, but their exact locations is 
unknown. They may be located in the juxta
glomerular cells or in the macula densa cells 
of the distal tubules, which are in the immediate 
vicinity of the juxta-glomerular cells. It is 
not known whether these are primarily pressure-, 
volume-, flow-, or chemo-receptors. An in
crease in aldosterone secretion in response 
to upright posture is also secondary to elevated 
renin production, which is probably mediated 
by the sympathetic nervous system. 

A number of different factors appear to be 
involved in the adaptation of aldosterone secre
tion to alterations in sodium intake or sodium 
balance. A significant decrease in the serum 
sodium concentration is only observed in severe 
sodium deficiency. Even a moderate sodium 
deficiency, however, leads to hypovolemia and 
thus to an increase in renin production. How
ever, in sodium-deficient sheep an increased 
aldosterone secretion rate is maintained for 
many hours after bilateral nephrectomy (BLAIR-

Adrenal Cortex 

WEST, 1964). In addition, the aldosterone
stimulating effect of angiotensin II, potassium 
ions, and ACTH is considerably more potent 
in sodium deficiency than in sodium balance, 
which is due partly to an increased sensitivity 
of the adrenal cortex and partly to increased 
activity of the enzymes involved in the con
version of corticosterone to aldosterone (MA
RUSIC, 1967; MULLER, 1968; DAVIS, 1968). 
Certain parts of the central nervous system 
also seem to be involved. In, sodium-deficient 
sheep, midcollicular decerebration impairs the 
rapid decrease of aldosterone secretion in 
response to resumed sodium intake. 

b) Regulation of the Plasma Cortisol 
Concentration 

In the human, the cortisol secretion is directly 
dependent on the plasma concentration of 
corticotropin. The cortisol concentration in 
the plasma and the excretion of urinary 17-
hydroxycorticosteroids are linearly correlated 
to the logarithm of the ACTH concentration 
in the plasma. The adrenal cortex is maximally 
stimulated by an ACTH concentration of 
3 mUj100 ml. There is a circadian rhythm of 
ACTH concentration with an average value 
of 0.25 mUj100 ml at 6 a.m. and a fall to 
0.1 mUj100 ml at 6 p.m. (Fig. 8). 
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Fig. 8. Plasma ACTH in different clinical conditions. (From LIDDLE, ISLAND, and MEADOR, 1962) 
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An intravenous infusion of 0.25 units over 
8 hours causes a significant rise in urinary 
corticosteroid excretion measured every 4 hours. 
A maximum response is elicited by 1 unit. 
Higher doses have a more prolonged effect. 
A basal ACTH secretion rate of 0.5 to 1 units 
per day has been calculated from infusion ex
periments. The rise in plasma cortisol in the 
morning is elicited by a dose of ACTH cor
responding to a secretion rate of 4 units per 
day. The approved standard dose for diagnostic 
and therapeutic purposes is 25 units given in 
an intravenous infusion over 8 hours. 

The plasma concentrations of cortisol or 
corticosterone are regulated by a control system 
which can be described in cybernetic terms as 
a closed-loop control with a negative feedback 
and a variable set-point. Most ofthe experimental 
and clinical data available on cortisol and 
corticosterone concentrations, secretion rates, 
metabolism, and excretion easily fit into a 
theoretical model of this type (YATES and 
URQUHART, 1962). Peripheral stimuli promoting 
the secretion of cortisol are integrated in the 
hypothalamus, elicit the release of a neuro
hormone (CRF, corticotropin releasing factor), 
which in turn mediates the secretion of cortico
tropin by the anterior pituitary gland. ACTH 
then stimulates the production and secretion of 
cortisol by the adrenal cortex. When the plasma 
cortisol concentration has reached the desired 
level the hypothalamic secretion of CRF is 
turned off, to keep the plasma cortisol concen
tration constant. As soon as the concentra
tion of cortisol in the plasma decreases due 
to degradation by the liver, the inhibitory 
effect on the hypothalamic regulator ceases, 
CRF is again secreted, ACTH is released, and 
more cortisol is produced to restore the plasma 
concentration (Fig. 9). 
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This closed-loop control functions very 
rapidly. Cortisol can be secreted within seconds 
in response to a stimulus. The negative feed
back control is effective within 15 sec. 

Even the increased plasma cortisol concen
tration following acute stress and adrenal hyper
plasia following chronic stress are consistent 
with the hypothesis of a closed-loop control 
system, if a variable set-point of the hypo
thalamic regulator is assumed. In chronic stress 
the system works in the normal way, main
taining an increased plasma cortisol level and 
an elevated secretion rate. However, an in
creased ACTH secretion in response to the 
stress of a surgical operation cannot be in
hibited even by high doses of dexamethasone 
(LIDDLE, 1960). In a more recent publication, 
YATES (1967) therefore extended his model to 
include the possibility of a CRF secretion 
independent of negative feedback control. In 
this new model, the afferent stimuli are divided 
into a "corticosteroid-sensitive" and a "cortico
steroid-insensitive" class. 

Most experimental evidence indicates that 
the cortisol-sensitive regulator is located in 
the hypothalamus. Cortisol implants into closely 
defined sites of the median eminence and the 
post-optical region inhibit the stress reaction 
in animal experiments. Although certain animal 
experiments have suggested that cortisol has 
a direct inhibitory effect on the pituitary 
(DE WIED, 1961), cortisol implants are less 
effective in the pituitary gland than in the 
hypothalamus. Experiments using a micro
electrophoretic technique and involving re
cordings of the action currents of individual 
neurons have recently suggested that the in
hibitory action of the glucocorticoids is registered 
by the neurons in the upper central gray matter 
around the 3rd ventricle (RUF, 1967). A direct 

Different stimuli 
thyroid activity 
blood flow 

Plasma
Corticosteroid
concentration 
free bound 
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Fig. 9. Closed-loop regulation of the hypothalamic-pituitary adrenocortical system with variable set-point. (Simplified 
from YATES and URQUART, 1962) 
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inhibitory effect of cortisol on the adrenal 
cortex is only manifest at extremely high levels 
and is of no physiological importance. 

c) The Hypothalamic ACTH-Releasing 
Neurohormone "CRF" (Corticotropin-Releasing 
Factor) 

Information is transmitted from the hypo
thalamus to the pituitary gland by a humoral 
signal, since the functional unity is dependent 
on an intact portal venous system in the pituitary 
stalk, whereas there are no nervous connections 
to the anterior pituitary gland. Presumably, 
the neurohormones are formed in the tubero
infundibular nucleus and particularly in the 
median eminence. The exact structure of the 
natural neurohormone CRF is still unknown. 
Several attempts to isolate the hormone have 
failed, mainly because the in-vivo and in-vitro 
bioassays used have not been sufficiently specific. 
Fractionation of hypothalamic and posterior 
pituitary extracts has yielded two types of 
active polypeptides which stimulate the pro
duction of ACTH in vivo and in vitro: 

(l-CRF is less active. It is a polypeptide 
consisting of 10 amino acids, and is structurally 
related to (l-melanotropin. It is not known 
whether this substance is hormonally active or 
promotes ACTH synthesis by being one of its 
structural elements. A synthetic heptapeptide 
proved to have CRF activity in vitro, but not 
in vivo. 

~-CRF, on the other hand, which is obtained 
from crude posterior pituitary extracts, is active 
even at extremely low concentrations and has 
a structure similar though not identical to that 
of vasopressin. Vasopressin itself exerts a CRF
like action, but only in high concentrations. 
In the intact animal, it acts predominantly as 
a stimulator of endogenous CRF secretion. 

d) Suppressive Action of the Glucocorticoids on 
the Hypothalamus 

The inhibitory effect of different natural and 
synthetic adrenal cortical hormones on the 
hypothalamus generally parallels their gluco
corticoid and anti-inflammatory activity. Thus, 
among the synthetic corticosteroids, prednisone 
and prednisolone are 5 times more active and 
dexamethasone 40 times more active than 
cortisol in suppressing ACTH secretion. 

Certain synthetic 21-deoxysteroids have a 
strong suppressive effect on ACTH secretion, 
whereas their action on the eosinophils and 
on carbohydrate metabolism is very weak. Thus, 
a dissociation of the various activities of synthetic 
steroids is possible at least in theory. 

Adrenal Cortex 

The administration of high doses of cortisol 
and cortisone leads to gradual functional im
pairment and atrophy of the adrenal cortex 
with a regressive transformation similar to 
that observed after hypophysectomy (see p. 95). 
Adrenal atrophy is prevented by the simultane
ous administration of corticotropin. In man, a 
daily dose of 75 mg of cortisone acetate com
pletely suppresses ACTH secretion. Adrenal 
atrophy develops rapidly. The adrenal response 
to ACTH is reduced even after a few days and 
is completely absent after a long-term therapy 
with high doses of cortisone. After withdrawal 
of cortisone therapy, the adrenals can only 
maintain a basal cortisol secretion, and are 
unable to increase their cortisol output in re
sponse to stress. Death due to adrenal failure 
secondary to cortisone therapy has been de
scribed. Adrenal atrophy due to either hypo
physectomy or cortisone therapy is generally 
reversible. Intensive therapy with ACTH for 
two to four days usually restores adrenal 
cortical function to normal, even after many 
years of suppression (see secondary insuffi
ciency, p. 325ff.). 

Certain C19- and C21-steroids have the property of 
preventing adrenocortical atrophy in rats treated with 
cortisone. The mechanism of this effect is unknown. It 
brings to mind the maintenance of the tubular testicular 
apparatus under testosterone therapy after hypophysectomy. 
Most of the active compounds are androgens. However, 
the adrenal atrophy preventing activity is not parallel to 
their androgenic activity. The effect was not demonstrable 
in man. It seems to be different from the general anabolic 
activity common to all androgens. 

e) Circadian Rhythm of Plasma Cortisol 

In the absence of extraordinary stress, the 
plasma cortisol concentration of healthy humans 
varies within certain limits in a fixed diurnal 
rhythm (5 to 25 Ilg per 100 ml). Plasma cortisol 
reaches its peak in the early hours of the morn
ing, between 6 and 9 a.m., and falls continuously 
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Fig. 10. Diurnal variation of plasma and urinary 17-hy
droxycorticosteroids (17-0HCS). Mean values of 8 normal 
subjects. (From C. L. COPE, 1965; according to R. P. DOE, 
E. B. FLINK, M. G. GOODSELL, 1956) 
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during the day, reaching its lowest level around 
midnight (Fig. 10). At about 2 a.m. it rises 
again rapidly. When the urinary excretion 
of 17-hydroxycorticosteroids is measured every 
hour, the highest values are observed before 
noon, the lowest after midnight. The blood 
eosinophil count follows this rhythm in the 
opposite direction with a four-hour delay. It is 
highest during the night, and lowest in the morn
ing. Plasma corticosterone levels follow the 
same circadian rhythm as plasma cortisol con
centrations. 

This rhythm is independent of light percep
tion (occurring in blind subjects and in miners) 
and of physical activity, but is related to the 
sleep rhythm. After weeks of continuous night 
work and sleep during the day the rhythm can 
adapt to the new conditions (ORTH, 1967). 

The circadian rhythm is controlled by the 
central nervous system and is altered or absent 
in brain diseases. It is mediated by ACTH 
secretion and disappears following prolonged 
stimulation or long-term administration of 
cortisone. The adrenals are more responsive 
to a standard dose of ACTH during the day 
than after midnight. This difference, however, 
disappears when a small amount of ACTH is 
given before midnight. 

In Cushing's syndrome, the diurnal varia
tion is characteristically absent. Abnormalities 
or absence of the circadian rhythms are also 
observed in certain psychoses, in cardiac diseases, 
and in renovascular hypertension. Elevated 
levels of plasma cortisol due to an increase of 
transcortin during estrogen therapy or during 
pregnancy, on the other hand, are charac
terized by a pronounced diurnal variation. 

3. Biological Actions of the Adrenal Cortical 
Hormones 

The physiologically most important adrenal 
cortical hormones can be divided into three 
groups according to their biological activity. 

Hormones acting predominantly on sodium 
and potassium balance are called mineralo
corticoids after SEL YE, and hormones affecting 
carbohydrate and protein metabolism gluco
corticoids. In both sexes, the adrenal cortex 
produces hormones with the properties of the 
male gonadal hormones: the adrenal androgens. 
It is not known whether their weak anabolic, 
i.e. protein synthesis-promoting, effect is of 
any physiological significance, or whether they 
play some part in maintaining normal libido 
in the woman (see p. 310). 

The action of the individual hormones is 
not always restricted to one type of functions, 
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and their activities can overlap. Cortisol, the 
most important glucocorticoid in man, also 
has a weak mineralocorticoid activity; some 
of its metabolites are slightly androgenic and 
thus also anabolic. The effect of glucocorticoids 
on carbohydrate metabolism is generally, but 
notalways, paralleled by their anti-inflammatory, 
eosinopenic, thymolytic, and ACTH -suppressive 
activities. 

Biological activity is always related to chem
ical structure. All steroids with mineralocorticoid 
or glucocorticoid activity are pregnane deriv
atives with 21 C-atoms, a 3-keto group, a double 
bond between C-4 and C-5 and an a-ketol side 
chain at C-17. The glucocorticoid activity is 
dependent on a hydroxyl or keto group at 
C-11, and is enhanced by a 17a-hydroxyl group. 
Adrenal androgens are derived from andro
stane; they have 19 C-atoms and a keto- or 
hydroxyl group at position 17. The structural 
basis of mineralocorticoid activity is still poorly 
understood. 

In theory all the cells in the organism are 
under the influence of all the adrenal cortical 
hormones. However, whereas the tubular renal 
apparatus is the main target organ of the 
mineralocorticoids, the metabolism of all the 
cells is considerably influenced by the gluco
corticoids. 

The effects and activities of natural adrenal 
cortical hormones and synthetic derivatives of 
therapeutic value are listed in Tables 3 and 4. 

a) Mineralocorticoids 

a) Aldosterone 

By regulating sodium and potassium balance, 
aldosterone controls the volumes and the cationic 
composition of the extracellular and intra
vascular fluids. Aldosterone receptors are found 
in the epithelia which are actively transporting 
sodium and potassium ions, and the most 
important target organs of aldosterone are the 
kidneys, the gut, the salivary and the sweat 
glands. In the human, its main action is on the 
tubular apparatus of the kidneys. Aldosterone 
promotes reabsorption of sodium in the distal 
tubule and leads to increased excretion of 
potassium and hydrogen ions. Although sodium 
reabsorption does not quantitatively correspond 
to potassium and hydrogen excretion, and the 
ratio of potassium to hydrogen ions is variable, 
the effect of aldosterone virtually consists of 
an exchange of sodium ions against potassium 
and hydrogen ions. According to the inves
tigations of KASSIRER (1967), aldosterone does 
not directly promote the excretion of hydrogen 
ions. An additional effect of aldosterone on 
proximal tubular sodium reabsorption, sug-



302 

gested by indirect evidence (WIEDERHOLT, 1965; 
HIERHOLZER, 1966), is still controversial. Aldo
sterone also promotes the excretion of magne
sium and ammonium ions. The increased for
mation of ammonium in aldosteronism is, 
however, a result of the hypokalemia. 

In primary aldosteronism or after prolonged 
administration of high doses of aldosterone (in 
man, 1 to 3 mg/day for 2 weeks), a compensatory 
mechanism for sodium retention, but not for 
potassium loss, can be observed. This so-called 
escape phenomenon only concerns the kidneys 
and does not involve the salivary and sweat 
glands. It is absent in diseases associated with 
edema (nephrosis, cirrhosis of the liver). The 
escape phenomenon is partly due to hemo
dynamically increased glomerular filtration. 
However, since it is also effective when glo
merular filtration is decreased, other mechanisms 
must be involved. The escape phenomenon may 
be due to the action of an unidentified sodium 
excretion-promoting hormone, the so-called 
third factor, originating in the hypothalamus or 
the kidneys (BRICKER, 1967; LICHARDUS, 1966; 
JOHNSTON, 1967; MARTINEZ-MALDONALDO, 
1967; DOLLE, 1968; FREAZIER, 1968). 

The mucosal epithelium of the toad bladder 
is functionally similar to the mammalian distal 
tubular epithelium. It reabsorbs sodium and 
water from the urine and thus initiates their 
transport into the interstitial fluid. This activity 
can be reproduced in vitro and can be stimulated 
by vasopressin or aldosterone (LEAF, 1955; 
CRABBE, 1961). However, there is no exchange 
between sodium and potassium in this tissue. 
When aldosterone is added to the incubation 
medium in extremely small amounts (3 x 10- 10 

to 10- 7 mol per liter), there is a dose-dependent 
increase in sodium transport after a latency 
period of 1 to 2 hours. The action of aldosterone 
is associated with binding of the hormone to 
the nuclei of the mucosal epithelium cells, 
which can be demonstrated by autoradio
graphy (PORTER, 1964). Binding occurs within 
30 to 45 min. Aldosterone can be competitively 
dissociated from the active binding sites by 
other steroids with mineralocorticoid activity, 
as well as by aldosterone antagonists (pro
gesterone, spironolactone). The inhibitory effect 
of certain antibiotics suggests that the action of 
aldosterone on sodium transport involves the 
synthesis of a deoxyribonucleic acid-dependent 
ribonucleic acid. It is assumed that under the 
influence of this RNA a specific short-lived 
protein is synthesized, which facilitates the entry 
of sodium into the mucosal cells. Stimulation 
of the sodium transport by aldosterone requires 
the presence of specific energy-supplying sub
strates (pyruvate, acetoacetate). Aldosterone is 

Adrenal Cortex 

chemically unaltered while exerting its bio
logical effect. Although the mammalian kidney 
is only partly comparable to the toad bladder, 
experiments with this model have yielded va
luable information on a general mode of action 
of the mineralocorticoids. 

Outside the kidneys, aldosterone also in
hibits sodium excretion and promotes potas
sium excretion in the salivary and the sweat 
glands and in the gut. However, it is uncertain 
whether aldosterone can also directly influence 
the sodium and potassium transport across the 
plasma membranes of other cells. It is also 
uncertain whether aldosterone has a direct 
vasotonic effect and whether its digitalis-like 
positive inotropic action on the myocardium 
is physiologically important. 

In physiological doses, aldosterone has no 
effect on carbohydrate metabolism, no anti
inflammatory properties, no suppressive effect 
on ACTH secretion, and no clear-cut eosinopenic 
effect, and it does not alleviate pigmentation 
in Addisonian patients. Due to the low aldo
sterone concentration in the plasma, its gluco
corticoid activity, which is only approximately 
one third that of cortisol, is not apparent. 

According to the normal daily secretion 
rate, the normal maintenance dose for an 
adrenalectomized man is 100 to 300 Ilg given 
subcutaneously or intramuscularly, 1 to 2 mg 
taken sublingually or 3 mg taken orally. Aldo
sterone is, however, seldom used for chronic 
maintenance therapy, since an equivalent oral 
dose of 0.1 mg of 9cx-fluorocortisol is much 
more convenient and economical. 

Aldosterone deficiency leads to hyperkale
mia, hyponatremia, hypovolemia, hypotension, 
and metabolic acidosis, and aldosterone excess 
to hypokalemia, metabolic alkalosis, hypo
kalemic dysfunction of the kidney tubules with 
hyposthenuria, and hypertension. Aldosterone 
has no direct negative feedback effect on aldo
sterone production by the adrenal cortex or on 
renin production by the kidneys. However, an 
indirect feedback axis leads from sodium reten
tion to hypervolemia and to the suppression of 
renin production. Long-term administration 
of mineralocorticoids results in atrophy of the 
zona glomerulosa of the adrenal cortex. 

~) Deoxycorticosterone (Cortexone) 

Deoxycorticosterone is a biological precursor 
of corticosterone and aldosterone and is only 
found in traces in the adrenal venous blood. It 
generally has the same mineralocorticoid effects 
as aldosterone, but is 20 to 40 times less active. 
On the other hand, it has no glucocorticoid 
activity. 
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Fig. 11. Structure of ~-glycyrrhetinic acid 

Glycyrrhicic acid from licorice juice has a pronounced 
mineralocorticoid activity, but no glucocorticoid activity. 
Excessive intake, e.g. in the form of cough drops or in certain 
soft drinks, can lead to a disease very similar to primary 
aldosteronism (Fig. 11). 

y) Mineralocorticoid Antagonists 

A natural adrenal cortical hormone which 
promotes sodium diuresis in physiological con
centrations by inhibition of aldosterone action 
on the renal tubules has so far not been dis
covered in man. Progesterone in high doses 
corresponding to the secretion rate in advanced 
pregnancy, 17 ct-hydroxyprogesterone and testo
sterone can competitively inhibit the action of 
aldosterone on the kidneys and other target 
organs. By contrast, 3p,16ct-dihydroxyallopreg
nanc-20-one is inactive in man. Synthetic 
steroids of the spironolactone group are more 
effective aldosterone antagonists. They act only 
in the presence of mineralocorticoids and have 
no natriuretic effect in adrenalectomized animals 
not treated with mineralocorticoids (Fig. 12). 
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Fig. 12. Structure of the aldosterone antagonist spirono
lactone (aldactone) 

Triamterene, a pteridine derivative, has a similar 
action to spironolactone, but is also effective in the absence 
of mineralocorticoids. It is, therefore, not a true aldosterone 
antagonist. 

The substance 3-(1,2,3,4-tetrahydro-1-oxo-
2-naphthyl)-pyridine (SU 9055, Ciba) directly 
inhibits 18-hydroxylation and leads to a de
crease in aldosterone secretion and to an 
increase in corticosterone secretion. Heparin 
and natriuretic heparinoids act by indirect 
inhibition of aldosterone biosynthesis. The 
reader is referred to p. 302 for a discussion on 
the natriuretic "third" factor, which may be a 
hormone. 

b) Glucocorticoids 

ct) Corticosterone 
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Corticosterone is a natural adrenal cortical 
hormone with glucocorticoid and mineralo
corticoid properties. When taken orally, its 
activity is very weak, but it is more effective 
when administered parenterally. It has a weak 
aldosterone-like effect on sodium and potassium 
balance. It has a slight effect on glucose tolerance 
and protein metabolism. Eosinopenic and anti
inflammatory activities are absent. 

P) Cortisol 

Although the text below only refers to cortisol, 
cortisone and numerous synthetic corticosteroids 
have the same physiological and pharmaco
logical activities. 

The metabolic action of cortisol supplies 
glucose to the body by the transformation of 
proteins. Thus, the overall effect of cortisol is an 
ergotropic one, directing metabolism from a 
phase of growth and storage towards increased 
physical activity and energy consumption. Very 
little is known about any cellular or molecular 
base of the mode of action. The reader is 
referred to the reviews by WEISSMANN (1964), 
WEBER (1968), and RAY (1968). 

1. Effect on Carbohydrate Metabolism. Cortisol 
stimulates gluconeogenesis, i.e. the formation 
of carbohydrates from amino acids by mobili
zation and degradation of protein. Gluco
neogenesis makes it possible for blood 
glucose levels to be kept constant during 
fasting without depletion of the glycogen stores 
of the liver. 

Newly formed glucose is partially con
verted to fat under the influence of insulin. 
The glucose turnover rate is thus accelerated, 
the blood sugar elevated by 10 to 20 mg%, and 
glucose tolerance and insulin sensitivity de
crease. However, carbohydrate metabolism is 
still firmly controlled as long as the pancreatic 
islets are functionally intact. 

So-called "steroid diabetes", i.e. a benign 
form of diabetes with a low incidence of ketosis, 
a low sensitivity to insulin and a decreased 
renal threshold for glucose, develops in only 
20% of patients treated with high doses of 
cortisone. It is striking that 20 to 25% of the 
Western population are estimated to be pre
disposed to diabetes mellitus. 

Gluconeogenesis is maintained mainly by 
the liver with slight contributions by the 
kidneys and the intestinal epithelia. 

The mechanism of action is not clear. Under 
the influence of cortisoL the content of certain 
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glycolytic enzymes, as well as of glutamate
pyruvate-transaminase, fructose-1,6-diphospha
tase, glucose-6-phosphatase among others, in
creases in the liver. However, this may be the 
consequence of increased availability of sub
strates rather than the primary effect of cortisol. 
The effect on gluconeogenesis is not blocked by 
inhibitors of protein synthesis, such as actino
mycin D (for literature see RAY, 1968). 

Cortisol increases the very low physiolog
ical glycosuria (by 50 to 200 mg/24 hours) by 
simultaneously raising blood sugar and glo
merular filtration rate. On the other hand, 
glucose reabsorption in the proximal tubule is 
not inhibited. The maximum capacity for tu
bular glucose reabsorption remains unaltered 
(FROESCH, 1958). 

Cortisol apparently also has a permissive 
effect on the glycogenolytic action of adrenaline; 
i.e. normal glycogenolysis due to adrenaline is 
only possible in the presence of cortisol. 

An earlier assumption that cortisol inhibits 
peripheral glucose degradation has not been 
confirmed. The increased level of pyruvic acid 
in the blood is due to increased glucose turnover 
rather than to decreased catabolism. Glucose 
uptake is inhibited only in the isolated adipose 
tissue (see below). 

2. Effects on Protein Metabolism. Cortisol leads 
to a negative nitrogen balance which can be 
alleviated by a high intake of carbohydrates 
or protein. As demonstrated by studies with 
labeled albumin, protein degradation is in
creased, and is not fully compensated by a 
simultaneously increased protein synthesis. The 
synthesis of ribonucleic acids and of certain 
enzymes involved in protein metabolism in the 
liver is accelerated. Protein degradation also 
occurs outside the liver. 

Cortisol increases amino-acid excretion. The 
kidney threshold for amino acids remains 
constant, but the plasma concentration in
creases. Cortisol promotes the excretion of 
uric acid without affecting its serum con
centration. According to studies with iso
topically labeled uric acid, this is due to an 
increase in uric acid clearance. 

The negative nitrogen balance induced by the 
catabolic effect of glucocorticoids can lead to 
bone, muscle or skin damage, as well as to 
growth impairment in children. Degradation 
of bone matrix and osteoporosis, muscular 
waste, atrophy and vulnerability of the skin 
are manifestations of the negative protein 
balance induced by long-term therapy with 
high doses of cortisol or cortisone, or by 
Cushing's syndrome. Experiments with thymo
cytes have yielded valuable information about 
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the mode of action of cortisol through RNA 
and DNA (see p. 305) (MAKMAN, 1967). 

3. Effect on Lipid Metabolism. Cortisol has an 
indirect effect on lipid metabolism by its action 
on carbohydrate metabolism. Adrenalectomy 
is followed by loss of appetite and thus by lipid 
depletion in the organs. After exhaustion of 
the carbohydrate stores, fat is used mainly as a 
source of energy, because in the absence of 
glucocorticoids proteins are not accessible. In 
vitro, cortisol inhibits glucose uptake by isolated 
adipose tissue. This decreases the rate of gly
cerophosphate formation and thus the re
esterification of free fatty acids to triglycerides, 
resulting in an increased output of free fatty 
acids. In the intact organism, this effect is 
overcompensated by an increased insulin secre
tion leading to fat deposition, as for instance 
in Cushing's syndrome (see p. 340ff.). 

4. Effects on Electrolytes. Cortisol acts in a 
similar manner to the mineralocorticoids on 
urinary and plasma electrolytes by promoting 
sodium retention and potassium excretion, but 
is approximately 1000 times less potent than 
aldosterone. This effect, however, is dependent 
on the mode of administration, the dosage, and 
the duration of cortisol administration. In low 
doses, cortisol can promote sodium diuresis. 
Cortisol and cortexone, given simultaneously in 
low doses, have an additive, and not a com
petitive effect on electrolytes. The serum potas
sium may be elevated despite an increased ex
cretion of potassium in the urine, which indicates 
that high doses of cortisone primarily promote the 
transport of intracellular potassium into the 
extracellular space. In the healthy human, the 
effect is most marked early in cortisone therapy. 
With continued administration, it gradually 
decreases and may finally become reversed, 
resulting in sodium loss and potassium retention. 
Potassium retention may be due to increased 
glycogen storage in the liver. The loss of intra
cellular potassium is compensated by the uptake 
of sodium and hydrogen ions from the extra
cellular space, which leads to metabolic alkalosis. 
The excretion of H-ions is not directly in
fluenced by cortisol, but depends on phosphate 
excretion. Nor is any promoting effect of 
cortisol on bicarbonate reabsorption demon
strable. The alkalosis is therefore only a result 
of altered potassium distribution. 

Calcium and phosphate excretion are stim
ulated by cortisol. They exceed the expected 
values calculated from the nitrogen balance. 
This is partially due to increased phosphate 
clearance. In addition, cortisol promotes cal
cium excretion into the gut, and inhibits 
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intestinal and renal tubular reabsorption and 
calcium mobilization from the bones. In healthy 
subjects, this hypocalcemic action is effectively 
compensated by the normal mechanisms reg
ulatingcalcium homeostasis. However, in various 
diseases, cortisol and its derivatives can lower 
an increased blood calcium level. Hypercalcemia 
is occasionally observed in adrenal cortical 
failure (see p. 318f.). 

5. Effect on Water Homeostasis. The inability 
to achieve rapid diuresis in response to a water 
load has long been recognized as a symptom 
of Addison's disease and has been used as a 
diagnostic test (see p. 391). Normal rapid water 
diuresis is restored by cortisol therapy but not 
by treatment with mineralocorticoids such as 
cortexone or aldosterone. 

The deficient water diuresis in adrenal 
failure is not due to delayed absorption from the 
gastrointestinal tract, but rather to insufficient 
excretion through the kidneys. The diuretic 
effect of cortisol is partly due to increased 
glomerular filtration. It also acts permissively 
on water permeability of the distal tubular 
segments during diuresis. An effect on vaso
pressin action is probable (see Chap. IV, p. 
49). 

6. Effects on Tissues. Cortisol does not act 
uniformly on all the tissues, since the sensitivity 
of the cells to cortisol varies according to their 
origin and their stage of development. 

In general, tissues arising from entoderm 
are little affected, whereas mesenchymal and 
ectodermal epithelial components are strongly 
influenced. The action of cortisol depends 
very much on the species, and information 
obtained from animal experiments can only be 
extrapolated to human pathophysiology with 
reservations. 

Some tissues are directly affected by cortisol, 
and others indirectly via metabolic changes. 
Direct effects have been observed in connective 
tissue, adipose tissue, the lymphatic system, 
and blood, and predominantly indirect effects 
in muscle and bone. On the other hand, con
nective tissue, in particular the fibroblasts, can 
inactivate cortisol by conversion and degrada
tion (see p. 293). 

Connective Tissue. Undifferentiated mesen
chymal tissues are particularly sensitive, in 
contrast to mature tissues such as granulation 
tissue of scars, which is hardly affected. Growth 
of fibroblasts is inhibited. Collagenous fibers 
are converted into a homogeneous mass. Basic 
substance is reduced, and its content of acidic 
mucopolysaccharides is decreased. Elastic fibers 
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are not affected, but appear to be more numerous 
due to the loss of other tissue components. 

The inhibitory effect of cortisol on con
nective tissue is most pronounced in inflam
matory reactions with proliferation of granula
tion tissue. However, exsudation is affected as 
well as proliferation. Vascularization is in
hibited, capillary permeability is decreased. The 
infiltration of leukocytes and phagocytes is 
reduced. Experimental peritoneal adhesion can 
be prevented by cortisol. Cortisol protects the 
lysosomes against various noxious influences 
(WEISSMANN, 1964). 

Whenever inflammation is purposeful as in 
resistance to infection, the anti-inflammatory 
effect of cortisol is harmful. However, it is of 
greatest therapeutic importance when the or
ganism might be damaged by the inflammatory 
process, as in allergic conditions. The anti
inflammatory activity of cortisol is only mani
fest at doses well above the physiologic range 
of 20 to 40 mg per day, which corresponds to 
the endogenous production rate under normal 
conditions. As a rule, an anti-inflammatory 
effect can be achieved only with doses of over 
75 mg of cortisol per day in adults and 45 mg/m2 

in children. 
Wound healing is closely related to inflam

matory processes and is also inhibited by the 
anti-inflammatory action of cortisol. In par
ticular, cortisol impairs the formation of gran
ulation tissue, but hardly affects epithelization. 
In practice, however, wound healing is not 
much affected in patients treated with high 
doses of cortisol. Healing of the operation 
wound following adrenalectomy is not much 
delayed, even with daily doses of 50 to 100 mg 
of cortisol. 

SEL YE contrasted the anti-inflammatory ac
tion of glucocorticoids with the inflammatory 
effect of mineralocorticoids. Large doses of 
cortexone promoted inflammatory processes in 
animals following unilateral nephrectomy or 
during excessive salt intake. This effect was 
suppressed by cortisol. However, it is very 
questionable whether mineralocorticoids play 
any role in the pathogenesis of inflammatory 
diseases (see p. 311). 

Muscles. Cortisol is necessary for normal mus
cular activity. Excessive cortisol leads to atrophy 
and fibrosis due to protein degradation. 

Lymphatic Tissue and Thymus. During cortisol 
therapy, lymphocytes disappear from the lymph 
nodes and from the thymus. Reticular tissue 
shrivels. The nuclei become pyknotic, and the 
reticular network is destroyed. The rarity of 
intermediate forms between immature and ma-
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ture lymphocytes and signs of degeneration of 
the mother cells indicate that the formation of 
lymphocytes and thymocytes is impaired. Cor
tisol also affects the lymphocytes, reducing 
their cytoplasm, destroying the nuclei, and 
inhibiting mitosis. Recent investigations on the 
influence of cortisol on thymocyte metabolism 
give some insight into the mode of action of 
glucocorticoids on protein and RNA meta
bolism, and into the role of these biochemical 
events in the immunization process. In rat 
thymocytes exposed to cortisol in vivo or in 
vitro, RNA, DNA and protein synthesis are 
reduced, and the transport of precursors of 
nucleic acids and proteins across the cell 
membrane is delayed. This inhibitory effect can 
only be observed when the medium contains a 
source of energy. Cortisol injected in vivo 
causes a further reduction in the activity of the 
DNA-dependent RNA polymerase and thus 
in ribosomal-protein synthesis (MAKMAN, 1967). 
All these effects are interdependent. Cortisol 
also produces signs of degeneration in the 
mast cells and causes a reduction of their number. 

An effect of cortisol on phagocytosis of the 
reticuloendothelial system is controversial. 

7. Effect on Blood Cells. Blood cells are m
fluenced by cortisol. Cortisol leads to an in
crease of total leukocytes, but reduces the 
numbers of eosinophils and lymphocytes. It 
increases the number of thrombocytes. The 
effect on the red blood cells is less distinct: 
adrenalectomy leads to normochromic, normo
cytic anemia with increased osmotic resistance 
of the erythrocytes, which can be prevented by 
cortisol administration. Whereas polycythemia 
can be a manifestation of Cushing's syndrome, 
it has not been observed to result from cortisol 
administration. 

Eosinophils. The eosinophil count is usually in 
inverse proportion to the cortisol concentration 
in the plasma, but the individual variations in 
this parameter are very wide (for diurnal 
variation see p. 301). 

Eosinopenia induced by cortisol is of some 
diagnostic importance. It can be observed 
after oral as well as after intravenous administra
tion of cortisol, and reaches a maximum 
within 4 hours. The resorption of cortisol given 
by i.m. injection is too slow to provoke a distinct 
eosinopenic effect. The eosinophils return to 
the original level as the cortisol concentration 
falls in the blood. The eosinophil count remains 
low in the presence of constant high cortisol 
concentration. 

The mechanism of the eosinopenic effect 
of cortisol is still not clearly understood. The 
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following possibilities have been considered: 
1. Inhibition of supply from bone marrow. 
2. Fixation and decomposition in specific 

organs (spleen, lungs, reticuloendothelial sys
tem). 

3. Direct destruction by cortisol. 
Observations on an influence of cortisol on 

the eosinophils of bone marrow are contra
dictory. The eosinopenic effect of cortisol is 
manifest even in the absence of the spleen. An 
increased number of degenerative forms of 
eosinophil leukocytes in body fluids has been 
observed during cortisol administration. Howev
er, extensive investigations have excluded a 
direct effect of cortisone and cortisol on the 
eosinophils. The eosinopenic action of cortisol 
is abolished when the reticuloendothelial sys
tem is blocked. Cortisol appears to sensitize the 
eosinophils to destructive forces independent of 
the adrenals and also to inhibit the efflux of the 
eosinophils from organs in which they are formed, 
stored, or degraded. Cortisol may attack the 
enzyme systems of nucleic acid metabolism. For 
mast cells see p. 305. 

Lymphocytes. In contrast to the eosinophil 
count, the lymphocyte count returns to normal 
after a short period of time in spite of continued 
cortisol administration. It is uncertain whether 
cortisol destroys lymphocytes or whether the 
lymphopenia is due to the inhibition of efflux 
from the reticuloendothelial system. The lym
phopenic action affects the lymphocytes in the 
blood-stream as well as the fixed lymphocytes 
of the lymphatic tissue and the thymus. 

Neutrophil Leukocytes. The neutrophil leuko
cyte count increases under the effect of cortisol. 
This is due to stimulation of the bone marrow, 
and long-term cortisol therapy can lead to 
myeloid hyperplasia. Fatty infiltration of the 
bone marrow, with increased erythroblasts and 
decreased myeloblasts, has also been observed 
during cortisol therapy. 

Thrombocytes. The thrombocyte count is in
creased by 30 to 60 % within 6 hours after 
cortisol administration. The other clotting fac
tors are not influenced. 

8. Effect on Circulation. Cortisol is probably 
involved in blood pressure regulation, for 
hypotension is a sign of Addison's disease and 
hypertension of Cushing's syndrome. However, 
whereas cortisol can restore normal blood 
pressure in adrenal failure, hypertension cannot 
be induced in healthy subjects even by long
term administration of cortisol in high doses 
unless they have a predisposition. Cortisol 
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does not affect plasma renin and angiotensin 
levels. On the other hand, there is a synergism 
between noradrenaline and cortisol. Cortisol 
has a permissive effect on noradrenaline action. 
Noradrenaline raises blood pressure only in 
the presence of cortisol. Deoxycorticosterone 
is ineffective. Cortisol can lead to morphological 
alterations of the blood vessels. In experimental 
animals it induces vascular reactions similar to 
those observed in the Kimmelstiel-Wilson syn
drome in diabetics. In man, changes reminis
cent of diabetic retinopathy have been ob
served during cortisol administration. Capil
lary resistance increases, but increased fragility 
of the large vessels leads to suffusions: this 
is frequently observed in Cushing's syndrome. 

There seems to be some connection between 
the action of cortisol on vessels and arterio
sclerosis. Serum cholesterol is not changed by 
cortisol. Nevertheless, arteriosclerosis has been 
observed in ll-year-old children after long
term administration of cortisone in high doses. 
On the other hand, cortisol apparently has no 
influence on the Sf 10-20-lipoproteins, which 
are related to arteriosclerosis. 

9. Effects on the Gastrointestinal Tract. Cortisol 
promotes the production of hydrochloric acid 
and pepsin by the stomach, but not regularly. 
The increased excretion of uropepsin is due 
to increased clearance. Neither the first vagal 
phase nor the second phase of hydrochloric 
acid secretion is mediated by increased cortisol 
secretion. On the other hand, cortisol appears 
to stimulate the sensitivity of the gastric mucosa 
to histamine and to increase the number and 
height of its parietal cells. Gastric ulcers occur 
more frequently during high-dose cortisol ther
apy. They are rarely found in untreated Ad
disonian patients, but are not more frequent 
in Cushing patients than in normals. Even 
achylia does not prevent the development of 
cortisol-induced ulcers. The pathogenesis is 
uncertain. Cortisol appears to alter the com
position of the gastric mucus, thus affecting 
its protective action on the gastric mucosa 
(SPIRO, 1960). 

10. Effects on the Nervous System. In animals, 
high doses of cortisol can lead to chromatolysis 
and cytoplasmatic vacuolization in the regions 
of the hypothalamic paraventricular and supra
optic nuclei. 

Retardations in the electroencephalogram of 
Addisonian patients disappear during cortisone 
maintenance therapy. In Cushing's syndrome 
and after treatment with high doses of cortisone, 
abnormalities not due to changes in glucose 
metabolism are observed in the electroencephalo-
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gram. Cortisol increases the excitability of the 
brain. This is seen in the lowered threshold 
for the induction of generalized convulsions 
by an electric shock. Deoxycorticosterone has 
the opposite effect. 

Cortisol therapy can lead to the develop
ment of an endocrine psychosyndrome charac
terized by chronic changes in mood and motiva
tion, excessively uncertain temper, and sudden 
compulsive urges, which may develop into a 
short-term psychosis. 

The stimulation of appetite by cortisol is 
possibly due to increased carbohydrate turn
over. 

11. Effect on Pregnancy. In rats but not in 
monkeys, malformation of the fetus has been 
observed after treatment with high doses of 
cortisol during pregnancy. In humans, fetal 
damage has not yet been observed following 
treatment with cortisone or ACTH in normal 
anti-inflammatory doses during pregnancy. In
tensive treatment during the last month of 
pregnancy may result in temporary adrenal 
insufficiency of the newborn (hypoglycemic 
coma). 

12. Correlation with Other Enducrine Glunds. 
Cortisol inhibits TSH secretion at a supra
hypophyseal level (WILBER, 1969). For cor
relation with catecholamines, see Chap. VIII, 
p.424. 

13. Effects on the Whole Organism. Cortisol 
plays a significant role in the defense mechanism 
of the body and in nonspecific as well as specific 
resistance. The lack of resistance in patients 
with adrenal failure has been known since 
ADDISON'S classic description. The classic bio
assay for adrenocortical hormones is based on 
increased tolerance of poisons in adrenalectomi
zed animals. 

Little is known about the mechanism of this 
striking increase in nonspecific resistance under 
the influence of cortisol. Its metabolic effects 
may playa role, in particular the rapid availa
bility of glucose and the influence on enzyme 
systems. See also general adaptation syndrome, 
p. 310. 

On the one hand, the effect of cortisol on 
specific resistance, i.e. immunity, is related to 
its anti-inflammatory effect. The anti-inflam
matory action (p. 305) is not restricted to in
hibition of local inflammatory processes, but 
also pertains to general reactions, such as 
fever and other general toxic manifestations. 
However, resistance is not always increased 
by these anti-inflammatory effects, but may 
also be diminished, because the impairment 
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of an inflammatory reaction can be harmful 
and promote the propagation of infectious 
agents (BEISEL, 1969). 

On the other hand, cortisol may inhibit 
the formation of antibodies when it is admin
istered prior to the antigen, possibly through 
inhibition of protein synthesis or by some 
effect on the antigenic stimulus. This effect is 
probably related to the involution of the 
thymolymphatic apparatus. Cortisol may en
hance the transport of antibodies into the 
intracellular space. 

Cortisol suppresses allergic reactions by 
altering the reactivity of the tissues. The antigen
antibody reaction itself cannot be inhibited. 
It affects the formation of histamine, but not 
the action of formed histamine. Cortisol im
pairs the conversion of kininogen to kinin by 
kallikrein (see Chap. XV). 

y) Cortisone 

Cortisone has been isolated from the adrenal 
cortex, but is found only in traces in adrenal 
venous blood and in peripheral blood. Cortisol 
is partly converted to cortisone before it is 
inactivated by the liver. Conversely, cortisone 
can also be converted to cortisol. In principle, 
cortisone has the same physiological activities 
as cortisol, but is approximately 25 to 50% 
less active. In contrast to cortisol, cortisone 
has no anti-inflammatory effect when applied 
locally. 

h' 
o 

CH20H 
I co 
I 
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0) Synthetic Corticosteroids 

The introduction of halogen atoms or methyl 
groups and the reduction with formation of 
new double bonds lead to qualitative and 
quantitative changes in the activities of cortisol, 
thereby increasing the desired therapeutic prop
erties and diminishing or abolishing undesirable 
side-effects. 

Dissociation of the various activities is 
possible in principle. Thus, the sodium-retaining 
activity, unwanted in anti-inflammatory ther
apy, has been successfully removed. On the 
other hand, the anti-inflammatory effect has 
not yet been dissociated from the harmful 
catabolic and gluconeogenetic activities, which 
are always in proportion to the therapeutic 
effect. Also, ACTH suppression always parallels 
the anti-inflammatory activity in all compounds 
used in therapy, although some corticosteroids 
are known which actively suppress ACTH 
secretion but have only minimal effects on the 
eosinophils and on glucose metabolism (KEN

DALL, 1963). 
The following alterations of the cortisol 

molecule are of therapeutic importance: 
- Reduction of the A ring (double bond be

tween C-1 and C-2) increases glucocorticoid 
activity and decreases mineralocorticoid activity. 

- Fluorination in position 9(1 greatly in
creases the glucocorticoid activity, but enhances 
the mineralocorticoid activity even more strik
ingly. 

CH,OH 
I co 

T'H,OH 

co 

Trivial name: Prednisone Prednisolone 9:x-Fluorocortlsol 

CH, 

CH,OH 
I co 

6:x Methyl-Prednisolone Triamcinolone 

Fig. 13. Structures of the most important synthetic corticosteroids 

CH,OH I -
co 

Dexamethasone 
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- Methylation In 6a increases glucocorti
coid activity. 

- Methylation or hydroxylation in 16a 
decreases the mineralocorticoid activity. 

The following synthetic corticosteroids are 
of therapeutic importance: 

Prednisone, Prednisolone. These are the two 
synthetic steroids most frequently used today. 
Their glucocorticoid activity is 4 to 5 times 
greater than that of cortisol, whereas their 
mineralocorticoid activity is much lower. Even 
when given in high anti-inflammatory doses 
their sodium- and water-retaining effect is 
negligible. Their other side-effects, such as 
hyperglycemia, negative nitrogen balance lead
ing to osteoporosis, peptic ulcers, rounding 
of the face, and acne, parallel their increased 
therapeutic effect. 

Dexamethasone. Among the corticosteroids used 
in therapy, dexamethasone has the highest 
anti-inflammatory, hyperglycemic and ACTH
suppressive activity per mg. Sodium-retaining 
activity is completely absent. Since its meta
bolites in the urine are quantitatively negligible, 
this compound is useful for the diagnostic 
dexamethasone-suppression test (see p. 389), 
as well as for suppressive therapy in which the 
excretion of urinary steroids is used as a para
meter of pituitary activity. 

Table 3. Steroids with equivalent antiphlogistic activity 

Cortisone 
Cortisol (hydrocortisone) 
Prednisone 
Prednisolone 
Methyl-prednisolone 
Triamcinolone 
Paramethasone 
Dexamethasone 
Betamethasone 

Water-soluble preparations: 
Cortisol-hemisuccinate 
Prednisolone-hemisuccinate 
Prednisolone-N a -tetrahydrophthalate 
Methyl-prednisolone-hemisuccinate 
Dexamethasone-phosphate 

25 mg 
20 mg 

5 mg 
5 mg 
4mg 
4mg 
2 mg 
0.75 mg 
0.75 mg 

The glucocorticoid activIties of other syn
thetic corticosteroids, such as triamcinolone, 
methyl-prednisolone, paramethasone, and beta
methasone, are between those of prednisone 
and those of dexamethasone. These compounds 
offer no advantages. They are characterized by 
differences in protein binding and in biologic 
half-life. It is not known whether this is of 
therapeutic importance (see Chap. XX). 
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Fluorocortisol. 9a-Fluorocortisol has a high 
glucocorticoid activity but an even more potent 
mineralocorticoid activity, equal to that of 
aldosterone. It can only be used locally as an 
anti-inflammatory agent, because of its potent 
sodium-retaining activity. 

However, it is fully active as a mineralo
corticoid when given orally and is therefore 
very useful as a supplement to cortisone in 
maintenance therapy of adrenal failure (see 
p. 329). 

Table 4. Effects of adrenocortical hormones 

Mineralocorticoids: Sodium retention 
K + -, H+ -, Mg+ + -, NH; -excretion 
Expansion of extracellular space 

Glucocorticoids: Increase of glucose turnover 
Elevation of blood sugar 
Promotion of gluconeogenesis 
Diminution of glucose tolerance 
Catabolic activity 
Promotion of glomerular filtration 
Eosinopenic activity 
Lympholytic activity 
Antiphlogistic activity 
Immunosuppressive activity 

Androgens: Pubic and axillary hair of the woman 
Excessive amounts: 
Acne 
Anabolic and virilizing activity 

c) Adrenal Androgens 

Little is known about the physiological im
portance of the secretion of adrenal androgens 
(dehydroepiandrosterone sulfate, androstene
dione, 11 ~-hydroxyandrostenedione), which is 
considerable both in man and in woman. The 
anabolic effect of these predominantly weak 
androgens becomes important only when they 
are secreted in excessive amounts. ALBRIGHT'S 
term "N-hormone" (nitrogen-retaining hor
mone) is not applicable to these androgens. It is 
still uncertain whether dehydroepiandrosterone, 
which, strangely, is secreted mainly as a sulfate, 
has any biological function at all or is merely 
a by-product of corticosteroid synthesis. The 
concentration of this compound in the plasma 
is almost as high in the newborn as in adults, 
but rapidly decreases to levels too low for 
assay after birth. It reappears in both boys 
and girls at the time of puberty, reaches a 
maximum between the ages of 20 and 40, 
disappears again in advanced age. The diurnal 
variation parallels that of cortisol. It is possible 
that dehydroepiandrosterone first promotes the 
spurt of growth during puberty in girls (see 
Chap. XIX) and then terminates it. 
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The only definite physiological effects of 
the adrenal androgens are the production and 
maintenance of pubic and axillary hair, and 
the stimulation of the sebaceous glands in the 
woman. The assumption that the psychosexuality 
of the woman is dependent on adrenal androgens 
is only partially true. The isolated loss of these 
hormones does not always affect the sexuality 
of the mature woman. The individual life history 
appears to be more important. Androgens 
are less important than estrogens. They are 
not important to the psychological maturation 
of girls (BLEULER, 1964). 

Recently, the possibility has been' considered 
that certain metabolites of steroid hormones 
may be of physiological or pathological im
portance. Thus, it is known that androsterone 
lowers serum cholesterol. Steroid metabolites 
can be active as coenzymes of various dehy
drogenases. New possibilities have been sug
gested by the discovery that etiocholanolone 
and other steroid metabolites with 5~-H con
figuration (pregnanolone, pregnanediol, 11-keto
pregnanolone, lithocholic acid) can produce 
fever in man. Intramuscular injection leads to 
a local inflammation, but not to an increased 
plasma concentration of this steroid. In contrast, 
elevated levels of plasma etiocholanolone are 
found during the periodic attacks of fever in 
patients with so-called etiocholanolone fever. 
This is probably due to an impairment of 
androgen metabolism and conjugation of genetic 
origin (see Chap. IX, p. 449). Moreover, C19 -

and C21 -steroids and their metabolites, such 
as etiocholanolone and pregnanolone, can pro
mote the synthesis of porphyrin (KAPPAS, 
1968). 

4. The General Adaptation Syndrome 

According to SEL YE'S theory of the general 
adaptation syndrome, various stresses, such 
as cold, heat, exhaustion, hunger, infection, 
intoxication and somatic and psychic trauma, 
lead to specific alterations in the organism, 
depending on the type of stress, and to a stereo
type response of the organism in the form of 
a clearly defined syndrome. The most striking 
manifestations of this general adaptation syn
drome are involution of the thymolymphatic 
apparatus, eosinopenia, gastroduodenal ulcers, 
hyperplasia of the adrenal cortex with depletion 
oflipids and cholesterol, and increased excretion 
of corticosteroids in the urine. 

A major role within this mechanism of 
adaptation is played by the pituitary adreno
cortical system, as is suggested by the fact that 
several important manifestations of the syn
drome, i.e. eosinopenia, involution of the lym-
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phatic system and increased secretion of adreno
cortical hormones, are not observed after hypo
physectomy or adrenalectomy. The develop
ment of gastro-duodenal ulcers is not dependent 
on the integrity of the pituitary adrenal system. 
Their pathogenesis is not known. 

The course of the general adaptation syn
drome is characterized by three distinct phases: 
During the first phase, the so-called alarm 
reaction, adaptation is not yet developed. This 
stage is characterized by shock, hemoconcentra
tion and increased capillary permeability. In 
response to shock, counterdirectional changes 
occur. The second stage, increase in resistance, 
is characterized by optimal adaptation. The 
third phase is the stage of exhaustion, when 
adaptation is lost again. 

The mechanism of adaptation is as follows: 
A damaged area of the organism informs the 
pituitary adrenal system through a primary 
mediator of unknown nature. The pituitary 
reacts by releasing ACTH, which activates the 
adrenals. 

According to SELYE, the adaptation syn
drome can be beneficial or harmful to the 
organism, depending on the conditions. During 
the phase of resistance, the defense against 
other noxious influences may be either in
creased or decreased. SEL YE called the first 
process crossed resistance and the second crossed 
sensitization. Thus, even in the stage of resist
ance, the defense against all nocuous influences 
is not increased. 

This part of SELYE'S theory has been con
firmed by clinical experience. It explains why 
patients with adrenal failure due to Addison's 
disease or hypopituitarism are defenseless against 
additional stress and can die in shock during 
infection, accidents, or surgery. 

The theory of the general adaptation syn
drome has also solved the problem of the 
connection between the thymus gland and 
sudden death. In cases of sudden death, an 
enlarged thymus gland and strongly developed 
lymph nodes are generally found. This has led 
to the term "status thymolymphaticus". The 
overdeveloped thymus and lymphatic tissue 
used to be considered a direct cause of sudden 
death. However, during the First World War 
it was observed that status thymolymphaticus 
was also a common finding in youths dying 
from war injuries. Thus, the pronounced develop
ment of the thymus and the lymphatic system 
is normal in youths, whereas the atrophy of 
these organs found at autopsy is the result of 
prolonged illness. 

The overactivity of the pituitary adreno
cortical system during the stage of resistance 
evoked by stress leads to shrinkage of lym-
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phatic and thymus tissue. It is uncertain to 
what extent the status thymolymphaticus may 
also be due to insufficiency of the pituitary 
adrenal system. It is possible that individuals 
with status thymolymphaticus cannot respond 
adequately to stress with an increase in the 
activity of the pituitary adrenal cortical system. 

Clinical investigation of the reaction to 
stress by the human organism with an intact 
pituitary adrenal cortical system has largely 
confirmed SEL YE'S experimental findings. Both 
muscular work and hypoglycemia lead to an 
increase in plasma corticosteroids. Surgery 
can cause a rise in plasma corticosteroids, but 
so can anesthesia alone, or even the strain of 
the preoperative day. Psychological strain in 
soldiers awaiting a battle, or the psychological 
excitement of sport contests rather than the 
physical exertion, lead to increased cortisol 
secretion. A submaximal rise in plasma cortico
tropin accounts for the rise in plasma cortisol 
during surgical operations. 

In particular, acutely developing illnesses 
accompanied by pain cause a rapid rise of plasma 
cortisol, which is due rather to the pain than 
to the organic lesion. Analgesic treatment brings 
the plasma corticoids back to normal. An 
elevation in plasma cortisol is characteristic in 
myocardial infarction, pancreatitis, aortic aneu
rysm, pulmonary edema, renal infarction and 
diabetic coma. However, it is not pronounced 
in chronic febrile conditions where there is 
septicemia but no acute complications. In other 
diseases, an increase in plasma cortisol may be 
entirely absent despite an intact pituitary adrenal 
system, according to a normal ACTH test. 
Finally, the extreme agonal increase in plasma 
cortisol immediately before death is not due 
to a final stimulation of the extremely overactive 
adrenal cortex, but rather to insufficient cata
bolism by the damaged liver. Similarly, a 
postoperative rise in plasma cortisol is due 
partly to increased secretion, but partly also 
to delayed degradation and inactivation. 

Whereas it is true that the pituitary adrenal 
system is activated by stress, the usefulness of 
this reaction and the possible therapeutic value 
of cortisol and ACTH in this situation is still 
debatable. 

First, there is no correlation between the 
extent of adrenal stimulation and the severity 
of the stress or the damage to the organism. 
The fact that the degree of adrenal reaction is 
dependent on the subjective effects of stress, in 
particular pain and fright, rather than on 
physical damage leads one to doubt the usefulness 
of this reaction in the defense of the body 
against stress. Recovery from surgery is not 
dependent on the level of plasma cortisol. 
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Patients with moderately increased plasma corti
sol can recover rapidly, whereas even a high 
plasma cortisol cannot prevent a fatal outcome. 
A slight increase in plasma steroids does not 
indicate an unfavorable course of the illness. 
It is therefore not reasonable to stimulate the 
system further by ACTH or to administer 
cortisol. An intact pituitary adrenal system is 
always capable of producing the cortisol needed 
for the defense reaction. In some cases, sup
pression of this system may be preferable 
(hypothermia, anabolic hormones). 

Finally, experiments have shown that cortisol 
plays only a permissive or conditioning role 
in the metabolic events following stress. As 
demonstrated by INGLE, the negative nitrogen 
balance ind uced by stress depends on the presence 
of cortisol, but is quantitatively related only 
to the extent of damage and not to the amount 
of cortisol present. 

Administration of cortisol to improve non
specific resistance is only indicated in established 
pituitary or adrenal insufficiency. This state
ment does not apply to the pharmacological 
use of cortisone and prednisone as anti-inflam
matory drugs when this is clearly indicated 
(see Chap. XX). 

Besides describing this specific manner of 
reaction of the organism, SELYE has also 
attempted to explain a number of diseases 
(polyarthritis, periarteritis nodosa, nephroscle
rosis, myocarditis) on the basis of the general 
adaptation syndrome by assuming overshooting, 
i.e. a harmful reaction of the organism in response 
to noxious agents. He proposed that the min
eralocorticoids promoted inflammation while 
the glucocorticoids had anti-inflammatory prop
erties. The anti-inflammatory hormones would 
be stimulated by ACTH, the pro-inflammatory 
hormones by somatotropin or by an adreno
glomerulotropic hormone. The diseases of adap
tation would thus result from a dysfunction 
of the adaptation syndrome, i.e. from either 
too much or too little of the pro- or anti-in
flammatory hormones, or from a shift in their 
ratio. Finally, the responsiveness of the end
organs might be altered by the influence of 
conditioning factors, thus leading to patho
logical reactions. Although SEL YE has tried to 
support his theories by extensive experimental 
evidence, they are not consistent with clinical 
experience. Experimental induction of inflam
mation by pro-inflammatory hormones is not 
possible in intact animals, but only in animals 
subjected to partial nephrectomy or salt loading. 
Although these experimental changes are mor
phologically similar to diseases of adaptation, 
they cannot be compared to human diseases. 
Moreover, it can be argued that chronic stress 
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does not lead to diseases of adaptation in the 
human. 

Since the beginning of this century, the 
problem of defense has fascinated the most 
eminent physiologists and clinicians. CANNON, 
HEss, and HOFF have centered their studies 
on the role of the autonomic nervous system. 
A first ergo tropic phase aimed at immediate 
action and dominated by the sympathetic nervous 
system is followed by a trophotropic, para
sympathetic recovery phase aimed at restitution. 
The nervous system plays a central role in the 
regulation of this mechanism of defense. 

SEL YE deserves the credit for recognizing 
and emphasizing the importance of the endocrine 
system, and in particular that of the pituitary 
adrenal system, in defense. There are striking 
parallels between SELYE'S model and that of 
CANNON, HESS, and HOFF. Accoding to both 
theories, the organism switches its metabolism 
from construction to performance in the interest 
of rapid action; in the emergency reaction this 
is achieved by secretion of adrenaline and 
increased activity of the sympathetic nervous 
system, and in the general adaptation syndrome 
by secretion of glucocorticoids which shunt 
away the available substrates from protein 
synthesis to glucose production. In this situation, 
adrenal medulla and cortex serve the same 
purpose, with adrenaline and the sympathetic 
nervous system responding immediately and 
the adrenal cortex coming into action when 
stress is prolonged and metabolism must be 
readjusted. The theory of the general adaptation 
syndrome has had a very stimulating effect on 
modern medicine, since it emphasizes the reac
tivity of the organism in illness. The primary 
noxious agent is not as important as the way 
in which the organism reacts to it. SEL YE has 
brought back the "terrain" to the center of 
attention. 

E. Adrenocortical Insufficiency 

1. Classification 

As an organ of central importance in homeo
stasis, the adrenal gland itself has a high capacity 
for adaptation to the needs of the organism. 
Its size depends on the degree of stimulation 
by the pituitary gland (see p. 296). A manifold 
increase in its volume can be observed after 
chronic hyperfunction; inactivity of the pitui
tary gland leads to reversible atrophy of the 
organ. Even fragments of normal adrenals can 
maintain an adequate hormone production. 
Overt symptoms of chronic insufficiency can 
only be observed when over 90% of the organ 
has been destroyed. The adrenal gland has a 
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very high capacity for regeneration. Extensive 
resection is known to have been followed by 
considerable regeneration during ACTH stimula
tion. 

The term adrenocortical insufficiency in
cludes all conditions in which hormone produc
tion does not meet hormone requirements, 
whether these are due to functional disorders 
of the pituitary adrenal system or to destruction 
of the organ. The differentiation between pri
mary and secondary adrenal insufficiency is 
of major theoretic and therapeutic importance. 

Primary adrenocortical insufficiency is caused 
by damage of the adrenal cortex itself. In 
secondary insufficiency, the stimulation by the 
pituitary gland is insufficient. The adrenal 
cortex itself is intact, but may be atrophic. 

Acute adrenocortical insufficiency, or Ad
disonian crisis, is a special illness and necessitates 
special treatment. It can arise from primary as 
well as from secondary chronic adrenal in
sufficiency. 

The term "relative adrenal insufficiency" 
does not define a clinical entity and should 
be avoided (see p. 327). 

2. Primary Chronic Adrenal Cortical 
Insufficiency, Addison's Disease 

The disease of adrenal failure described by 
ADDISON in 1856 is characterized by a slow 
onset and a chronic course. Acute exacerbations 
and crises, however, may occur at any time 
during the course of the disease. Notinfrequentiy, 
it is the acute crisis which leads to the diagnosis. 
Classic Addison's disease, however, is typically 
a chronic illness. 

a) Incidence 

Addison's disease is rare. In five years, this 
diagnosis was made in only 8 of 66841 patients 
attending the Medical Outpatients' Clinic of 
Zurich University Hospital. Between 1958 and 
1963, there were only 31 cases of Addison's 
disease among 17620 hospital admissions to 
the Department of Medicine. According to 
foreign statistics, the incidence of Addison's 
disease is 1 per 4000-6000 hospital admissions. 
General statistics of the cause of death, which 
are not very reliable, show one case of Addison's 
disease in 250000 deaths. In the 5 years from 
1948 to 1952, 12 cases of Addison's disease 
were observed among 8413 autopsies carried 
out by the Department of Pathology of the 
Zurich University Hospital. In an epidemiologi
cal study, the morbidity of the disease among 
the adult population of England was estimated 
to be 0.04%0 (MASON, 1968). 
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The incidence of the disease appears to be 
increasing slightly. However, this is probably 
only an apparent increase due to improved 
diagnostic methods. Some statistics show a 
predominance of male over female patients in 
a ratio of 2: 1 (PASCHKIS, 1967; THORN, 1951). 
According to other authors, the disease is 
equally distributed between the two sexes (SOF
FER, 1961). The age group from 30 to 50 is 
particularly prone to the disease. The disease 
is uncommon in the very aged and in children 
under 15. Combined statistics of Zurich and 
Baltimore give an incidence of only 2 cases of 
Addison's disease in 143000 patients under 15. 
An increased familial incidence of the disease 
is typical for primary adrenal atrophy and 
related syndromes (see below). The fact that 
certain races (negroes, Spaniards) are particularly 
affected may be related to the higher incidence 
of tuberculosis in these populations. 

b) Etiology, Pathogenesis, and Pathologic 
AnatomJ' 

Addison's disease is caused by destruction of 
the adrenal cortex, As stated on p. 312, at 
least 90% of the cortex must be destroyed 
before the typical signs of insufficiency become 
apparent, 

Among the causes of Addison's disease, 
tuberculosis seems to be decreasing. The ratio 
of tuberculous to non-tuberculous destruction 
of the adrenal cortex is shifting in favor of the 
latter form. GUTTMAN (1930) found an incidence 
of tuberculosis of nearly 70% among the 566 
cases he observed personally or reviewed from 
the literature. In Switzerland it is still the most 
frequent cause of Addison's disease, 

Primary or cytotoxic idiopathic adreno
cortical atrophy, whose etiology had been 
completely unexplained until recently, is now 
increasing in importance. In Switzerland it is 
not uncommon, but has not reached the relative 
frequency found in the United States, where 
FRIEDMAN (1948) observed 10 cases of tuber
culous Addison's disease and 15 cases of pri
mary adrenocortical atrophy in a study carried 
out at the Armed Forces Institute of Phatology 
from 1941 to 1946. According to a more recent 
epidemiological study, the incidence of tuber
culous Addison's disease is 0.012%0 and that 
of primary atrophy is 0.027%0 among the 
adult population of England (MASON, 1968). 

Other bilateral infections of the adrenal cor
tex, degenerative and inflammatory processes, 
such as mycosis (blastomycosis, histoplasmosis, 
coccidiomycosis) and tumor metastases are of 
minor importance as causes of Addison's 
disease (less than 10%, GUTTMAN, 1930). 

IX) So-Called Primary, Cytotoxic, 
or Idiopathic Adrenocortical Atrophy 
("Immune Adrenalitis") 
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Radiological evidence of adrenal calcification 
is never found in so-called primary adrenal 
cortical atrophy. Autopsy reveals no evidence 
of caseation, no signs of specific inflammation, 
such as tuberculosis or histoplasmosis, or of 
other rare causes of adrenocortical destruction 
such as hemorrhage or tumor metastases, but 
extensive lymphocytic infiltration with severe 
atrophy of the adrenal cortex. Occasionally, 
the adrenals are enlarged with striking lympho
cytic infiltration. Whereas the female: male 
ratio for the incidence of tuberculous Addison's 
disease is given variously as 1 : 1 or 0.6: 1, the 
incidence of primary adrenal atrophy is quite 
definitely higher in women, with a sex ratio of 
2.5 : 1. Although primary adrenocortical atrophy 
can occur at any age, it is more often found in 
younger patients than tuberculous Addison's 
disease and is not uncommon before the age 
of 20. Familial occurrence is common in pri
mary adrenal atrophy, but rare in tuberculous 
Addison's disease. 

Circulating organ-specific antibodies to mi
crosomes and mitochondria of human adrenals 
are found in over 50% of patients with primary 
adrenocortical atrophy (leading article, 1967), 
and in 88% of female patients. In tuber
culous Addison's disease, some investigators 
have never found antibodies, and others only 
in a few instances. These antibodies are organ
specific but not species-specific and can be 
determined either with the relatively insensitive 
immunofluorescence method according to COONS 
or with the complement fixation test (ANDERSON, 
1967; BLIZZARD, 1967; IRVINE, 1967). Con
sequently the term "autoimmune adrenalitis" 
is currently used for primary adrenal atrophy. 
Some investigators have succeeded in inducing 
inflammatory lesions of the adrenals in guinea 
pigs by injecting homologous or autologous 
adrenal tissue together with FREUND'S adjuvant. 
However, it is occasionally possible to induce 
lesions of this kind by means of the adjuvant 
alone (ANDERSON, 1967; IRVINE, 1967). 

The majority of patients with primary 
adrenal atrophy or autoimmune adrenalitis 
prove to have besides the antibodies to adrenal 
tissue also antibodies to thyroid, gastric mucosa 
and intrinsic factor; antibodies to the para
thyroids are also occasionally found (see Chap. 
XVIII). However, antibodies to components of 
the cell nuclei, which are typical of the so-called 
collagen diseases, are only rarely found in 
Addison's disease. These diseases also are not 
more frequent in Addisonian patients. The reader 
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is referred to Chap. XVIII for a discussion of 
the hypothetical pathogenesis of autoimmune 
polyendocrinopathy. 

P) Adrenal Tuberculosis 

The adrenals may be greatly enlarged and 
extensively caseated. Occasionally, the caseation 
may extend to the surrounding adipose tissue. 
However, very shrivelled, fibrous and scarred 
organs may also be found. Cortical remnants 
with hyperplastic areas are often detectable 
only by microscopy. The medulla is usually 
completely destroyed. Extensive calcification 
such as would be detectable by X-rays is rarely 
present, and was found at autopsy in only 
three out of 32 cases by GSELL and UEHLINGER 
(1933). The adrenals are practically always 
infected by way of the bloodstream from a 
primary tuberculous complex or a postprimary 
tuberculous focus, except in the very rare 
placental infections with fatal outcome during 
early infancy. Since adrenal tuberculosis pro
gresses very slowly and becomes manifest only 
after destruction of 90% of the adrenal cortex, 
the time lapse between tuberculous dissemina
tion into the adrenals and the development of 
overt adrenal insufficiency, i.e. Addison's dis
ease, may be many years; according to GSELL 
and UEHLINGER between 7 and 27 years. 
Tuberculous Addison's disease is therefore a 
typically adult disease. In one third of the 
cases examined by GSELL and UEHLINGER, 
the adrenal tuberculosis was the only active 
focus. In a further third, Addison's disease was 
associated with urogenital tuberculosis, and in 
a quarter with tuberculosis of bones and joints. 
Secondary miliary tuberculosis originating in 
the adrenals is only seldom observed, in older 
patients with poor resistance. Pulmonary tuber
culosis has a benign course in Addison's dis
ease, whereas tuberculosis of extrapulmonary 
organs remains progressive. 

y) Other Inflammatory or Parasitic Diseases 
of the Adrenals 

All other types of inflammation which can 
lead to adrenal failure are of minor importance 
against tuberculosis, at least in Switzerland 
(see p. 313). However, extensive destruction of 
the adrenals, and thus Addison's disease, may 
be due to fungal infections, such as histo
plasmosis, coccidiomycosis, and blastomycosis, 
or to parasites such as Echinococcus alveolaris, 
which is not uncommon. Syphilis often spreads 
to the adrenals, particularly in the congenital 
form, and in rare instances may cause fatal 
adrenal failure in infants. 
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3) Changes in Other Organs 

In Addison's disease, the number of sparingly 
granulated mucoid cells in the pituitary gland 
is increased, while there is a decline in the 
number of densely granulated, markedly baso
philic cells. See p. 316 f. for notes on the pigmen
tation. Hyperplasia of the lymphatic system with 
enlargement of the thymus is often seen in 
primary or secondary insufficiency. Apart from 
generalized cachexia, there are no other signifi
cant morphological changes in the organs. 

c) Clinical Features 

ex) History 

Although familial occurrence is rare, it has been 
described in several instances. 

Addison's disease begins gradually, and 
patients are usually unable to say exactly when 
the illness started. 

Fatigue. Fatigue is an obligatory and early 
symptom. In contrast to neurasthenic tiredness, 
it is characterized by organic muscular weakness 
(adynamia) and increased fatigability. Addiso
nian patients can be efficient in the morning, 
but they become exhausted towards evening 
after the day's demands, whereas the neurasthenic 
is generally aware of fatigue mainly in the morn
ing ("Ie triste du matin") and improves in 
efficiency during the day. Adynamia varies in 
severity from a barely perceptible decrease in 
muscular efficiency to near paralytic muscular 
weakness necessitating complete bed rest. As
cending symmetric palsy has been observed. 
In the advanced stages of the illness, adynamia 
affects the whole of the musculature. It becomes 
manifest in the facial expression. Speech is 
slowed down, the voice becomes weak, and the 
heart sounds are hardly audible. 

Often the fatigue first becomes apparent 
as an unusually slow convalescence or as a 
severely weakened state in minor infections or 
gastrointestinal disorders. 

An objective assessment of the degree of 
muscular weakness can be obtained by means 
of the dynamometer. Progression and success 
of treatment can be assessed by repeated meas
urements. FLEISCH'S bicycle ergometer yields 
exact data on the muscular function and the 
fatigability. 

The muscular weakness is due partly to an 
electrolyte disturbance, but mainly to impaired 
carbohydrate metabolism. An uncommon but 
impressive symptom, which may dominate the 
clinical picture, is muscular pain, particularly 
in the calfs and flanks. In rare instances, spasm 
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of the flexor muscles of the limbs is observed, 
particularly in elderly patients, which regresses 
with cortisone therapy. Paresthesia may also 
occur. Periodic joint pains without inflammatory 
signs have also been observed. There are no 
morphologic changes and the cause is unknown. 
Muscular wasting is no more severe than in 
other chronic illnesses. 

A Lowered Gustatory Threshold for Salt is 
demonstrable in most patients not treated with 
cortisone and is often associated with salt 
hunger. 

Weight Loss. The second obligatory symptom 
is weight loss. Extreme emaciation is not always 
found, and there are rare cases of overweight 
Addisonian patients. But weight loss is always 
present in the history of untreated patients, 
and the diagnosis is doubtful if weight increases 
or remains constant. Weight loss is partially 
due to dehydration. Addisonian patients drink 
strikingly little, which is a protective measure 
against excessive sodium loss. However, weight 
loss is mainly a consequence of anorexia which 
varies in severity and may progress to continual 
nausea and frequent vomiting. 

Gastrointestinal Disturbances. Irritation of the 
gastrointestinal tract is common but not oblig
atory in advanced stages of the disease. It 
becomes apparent as weight loss, fat intolerance, 
nausea, vomiting, constipation and periodic 
diarrhea, and finally in uncharacteristic ab
dominal pains, sometimes chronic and some
times acute, which can lead to a mistaken 
diagnosis of peptic ulcer, cholecystopathy, or 
chronic appendicitis. The gastrointestinal dis
turbances are probably due to the increased 
secretion of sodium chloride into the intestinal 
lumen (see p. 302). Reduced production of 
hydrochloric acid and pepsin by the gastric 
mucosa, and sometimes histamine-refractory 
achylia (see Chap. XVIII) may also be involved. 
Insufficient resorption of fat may also cause 
weight loss, even without clinically manifest 
steatorrhea. Cortisone therapy normalizes the 
fat resorption. Vomiting and diarrhea are 
dangerous because they can precipitate a crisis 
by water and sodium loss. 

Hypoglycemia. Complaints of numbness, diz
ziness, or fainting may be due partly to the 
hypotension (see below), but are often mani
festations of hypoglycemia, particularly when 
accompanied by the typical symptoms of sudden 
weakness, cold sweat, trembling, hunger, and 
pallor, and disappear promptly upon adminis
tration of rapidly absorbed carbohydrates. 
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These symptoms are generally observed after 
fasting, in the early morning, or before meals. 
but occasionally even 1 to 2 hours after meals 
rich in carbohydrates. Hypoglycemia occurs 
frequently in gastrointestinal disorders. 

The tendency to hypoglycemia is due to the 
lack of glucocorticoids and disappears upon 
treatment with cortisone. When glucose is 
urgently needed, it cannot be made available 
quickly enough, since gluconeogenesis and gly
cogen mobilization from the liver are impaired. 
The blood sugar levels at which symptoms of 
hypoglycemia become apparent are higher in 
Addisonian patients (about 60 to 80 mg%) than 
in healthy subjects (50 mg%). The fasting blood 
sugar concentration of Addisonian patients is 
usually in the low normal range. Attacks of 
hypoglycemia are observed in about half the 
patients. 

Nycturia. Nycturia is a frequent symptom of 
the impaired diuresis (see p. 305) with larger 
volumes of urine during the night than during 
the day. It is the only symptom resulting from 
the disturbed renal function. 

Mental Changes. Mental changes may be non
characteristic, appearing as mental fatigability, 
retardation, and inability to concentrate, and 
can be the main symptoms of the illness. One 
of our patients with Addison's disease had 
been treated by a psychologist for inability to 
concentrate for 6 months before consulting a 
doctor. According to STOLL and BLEULER, 
advanced stages of the mental disorder are 
characterized by persistent personality changes 
and an amnestic psycho syndrome ; in rare 
instances acute severe psychoses develop. De
pressive moods, lack of initiative, and in
difference are the main characteristics of the 
personality changes in untreated patients. How
ever, alterations of mood and drive in the opposite 
direction, resulting in euphoria, excitement, and 
tension, are also observed. Sexuality and appetite 
are often reduced. As in other cerebral diseases, 
the amnestic syndrome consists mainly of 
reduced attention and impaired memory, and 
is caused by disturbed cerebral metabolism. 
Acute psychoses of the exogenous reaction 
type (coma, delirium, dazed condition, excite
ment, confusion, and hallucinations) may occur 
in Addisonian crisis. Mental changes regress 
when adequate maintenance therapy is not 
started too late. Lack of adrenal androgens 
sometimes has a negative influence on women's 
psychosexuality. In these cases, temporary an
drogen substitution therapy may be indicated. 

The disturbances of cerebral function can 
be objectivated by a pathologic electroence-
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phalogram. Mental symptoms disappear and 
electroencephalograms become normal upon 
treatment with cortisol or cortisone, but not 
with deoxycorticosterone. Spastic paraplegia 
has repeatedly been observed (HARRIS-JONES, 
1955; PENMAN, 1960). 

~) Physical Examination 

1. Pigmentation. Pathologic pigmentation of the 
skin is the most obvious sign, and is rarely 
absent. When fully developed, it allows diag
nosis at first glance. It is caused by an increase 
of the normal skin pigment, melanin, and its 
catabolite, melanoid, and differences from nor
mal complexion are only quantitative (Fig. 14). 

Fig. 14. 59-year-old woman with Addison's disease. Ex
treme brown pigmentation of the skin, marked weight loss 

Slight qualitative changes in the form of an 
olive gray tinge due to diminished capillary 
circulation and a relative increase of reduced 
hemoglobin are, however, possible (Fig. 15). 
The degree of pigmentation depends more on 
the patient's individual ability to form pigments 
than on the duration and severity of the disease. 
Healthy Mediterranean types may present the 
same type of pigmentation as Addisonian 
patients, including the pigmental spots of the 
buccal mucosa which are often considered to 
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Fig. 15. 15-year-old girl with Addison's disease. Pale, 
brownish grey complexion, multiple pigmentous nevi in 
the face and on the neck. Fatigue and severe orthostatic 
hypotension. After substitution therapy complete remis
sion; the patient became a nurse, married and had two 
children 

be pathognomonic for Addison's disease. On 
the other hand, increased pigmentation may 
be completely absent in extremely light-com
plexioned blond or red-haired patients, or 
be limited to an increase in the number and 
size of freckles (white Addison's disease). The 
decisive factor in the diagnosis is thus not 
the degree of pigmentation, but an increase 
which is not explained by exogenous causes. 
Often, the patients first become aware of the 
hyperpigmentation when a suntan does not 
fade as usual after exposure is discontinued. 

The increase in pigmentation usually affects 
the whole body with a predilection for certain 
areas. These are 1. areas exposed to light, 
2. areolas of the nipples, perianal and perigenital 
regions, 3. skin folds and areas subjected to 
pressure and friction, and 4. scars acquired 
after the onset of the illness. Scars which were 
present before the illness usually remain pale. The 
dark palmar lines become conspicuous (Fig. 16). 
The knees, elbows, and knuckles, and areas 
subjected to pressure from belts and braces 
take on a dirty grayish-brown color. The 
characteristic spotty pigmentations of the buccal 
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Fig. 16. 35-year-old man with Addison's disease. Pigmentation of the palmar lines and of the finger joints 

mucosa can vary from the size of a grain of 
rice to that of a coin, and from brown to blue
black in color. They are most often found 
on the inside of the cheeks, frequently on the 
gums and lips and may also appear on the 
tongue, the palate, and on the vaginal and 
rectal mucosa, However, they are never patho
gnomonic for Addison's disease. Increased 
pigmentation includes the hair. Darkening of 
the hair is suggestive of Addison's disease, 
Besides the diffuse pigmentation, spotty pig
mentation in the form of dark brown to black 
freckles on the face and chest is occasionally 
observed, Finally, in 10 to 20% of cases, a 
pigment anomaly appears in the form of vitiligo 
with irregularly localized areas where pigment 
is completely absent (Fig. 17). 

A perceptible increase in pigmentation ap
pears within three months after total adrenalec
tomy. However, it may precede the other clinical 
manifestations of Addison's disease by up to 
10 years. 

As discussed on p. 295 f., formation of melanin 
in man is controlled by the melanocyte-stimu
lating hormone of the anterior pituitary gland 
(MSH) and ACTH. Addisonian pigmentation 
is found whenever excessive amounts of ACTH 
are produced or administered; thus, apart 
from Addison's disease, after adrenalectomy, 
in the congenital adrenogenital syndrome and 
after long-term ACTH administration. Pig
mentation decreases in panhypopituitarism and 
in secondary adrenocortical insufficiency. At 
present, it is still uncertain to what extent 
human hyperpigmentation is caused by in
creased MSH, ACTH, or both (see p. 295). 

Pigmentation may be fully developed in 
latent Addison's disease (see p. 324), because 

Fig. 17. 24-year-old patient. Vitiliginous form of skin pig
mentation in Addison's disease 

the remaining adrenocortical residue is under 
constant maximum corticotropin stimulation. 

Addisonian pigmentation also regresses 
markedly during long-term treatment with cor
tisone, which inhibits ACTH secretion. However, 
only melanin pigmentation is reversible, whereas 
melanoid pigment remains constant 

The skin is otherwise dry and brittle, in 
contrast to the skin of neurasthenic patients, 
which is moist and vasolabile. The skin folds 
remain elevated due to dehydration. 

2. Pubic and Axillary Hair. Pubic and axillary 
hair is sparse in male Addisonian patients. In 
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women, it is completely absent or is reduced 
to a minimum. Body hair does not grow again 
after shaving. Although the absence of pubic 
or axillary hair in a woman is very suggestive 
of adrenocortical insufficiency, it may be due 
to constitutional factors. This is, however, very 
rare in white in contrast to yellow races. 

3. Circulatory Organs. Hypotension: The ab
sence of mineralocorticoids leads to sodium 
loss and thus to decreased extracellular and 
intravasal volumes. In addition, the presence of 
glucocorticoids is necessary for the tonic action 
of noradrenaline upon the arterioles and the 
capillaries. Thus, hypotension, a major feature 
of Addison's disease, has two separate causes. 
Systolic blood pressure is generally below 80 
and 90, and rarely above 110 mm Hg. Diastolic 
blood pressure is always below 70 mm Hg. In 
preexisting hypertension, blood pressure is lowe
red, but may still be above normal. 

A loss of vascular tone becomes particularly 
apparent as orthostatic hypotension. Whereas 
in healthy subjects a change from a recumbent 
to a sitting or upright posture induces an in
crease in blood pressure (measured after 5 min 
in each posture), it leads to a decrease in 
Addisonian patients. Addisonian patients fre
quently complain of dizziness, palpitations, and 
tachycardia when maintaining an upright pos
ture. A positive orthostatic test is not, however, 
conclusive, as it can also be a sign of vegetative 
lability. Treatment with deoxycorticosterone 
may restore the plasma volume and vascular 
tone. However, only treatment with cortisol or 
cortisone can prevent an orthostatic fall in 
blood pressure. 

A decreased plasma volume leads to a 
decreased stroke volume and a reduction in 
cardiac output, leading to a small, soft and 
retarded pulse. The pulse rate increases rapidly 
on exertion. The size of the heart is related to 
the intravasal volume and is reduced in untreated 
Addison's disease. Adequate therapy brings 
it back to normal. 

The ECG of untreated Addisonian patients 
is characterized either by nonspecific changes 
in the repolarisation phase, such as flattened 
or negative T waves, prolongation of the 
QT, PR, and QRS intervals, depression of the 
ST segment and low voltage, or signs of hyper
kalemia, particularly during Addisonian crisis, 
such as high, pointed, symmetrical T waves, 
usually with normal QT intervals. In treated 
Addison's disease, ECG findings are usually 
normal. 

4. Pathologic Calcification. Calcification of the 
adrenals can be detected by X-rays in 23% of 
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Addisonian patients. The position is para
vertebral at the level of the 1 st lumbar vertebra. 
It can confirm a diagnosis of Addison's disease, 
but does not exclude an adequate function of 
the adrenal cortex. 

Striking induration of the auricles may be 
found in Addison's disease of long duration, 
occasionally even calcification of the cartilage. 
This is possibly related to the hypocalcemic 
effect of cortisol. 

y) Laboratory Findings 

Anemia. In uncomplicated Addison's disease, 
anemia is not severe. It is normochromic and 
normocytic in type, and the hemoglobin is 
usually between 60 and 75%. It may be masked 
by hemoconcentration, especially during Ad
disonian crisis. All hematological investigations 
should therefore be repeated after rehydration. 
See Chap. XVIII for pernicious anemia in 
adrenocortical insufficiency due to primary 
atrophy. (Pathogenesis is discussed on p. 306.) 
Leukocytes. The total leukocyte count is at the 
lower limit of normal, between 3000 and 4000. 
The rise during infections is inadequate. There 
is a relative lymphocytosis, usually of above 
35%, which may even be mistaken for leukemia. 
Infections lead to lymphopenia. The eosinophils 
are increased, ranging between 100 and 1000/ 
mm3 with an average value of 300, i.e. 8 to 10% 
of the total number of leukocytes (normal 
value 100 to 250 by direct counting, see p. 386). 
Addison's disease is not likely when the 
eosinophil count is below 50/mm3 , but can not 
be excluded. There are constitutional forms of 
aneosinophilia. 

Sedimentation Rate. Sedimentation rate is 
often increased, even in the absence of infection. 
Electrophoresis reveals displacement of albumin 
by globulins, particularly by gamma-globulins. 

Serum Electrolytes. Serum electrolytes are only 
disturbed in advanced stages of the illness. 
Normal values do not exclude adrenal in
sufficiency. In severe cases, there is hypo
natremia and, to a lesser extent, hypochloremia, 
both of which may be masked by hemocon
centration. Hyperkalemia is therefore usually 
better demonstrable. Values of less than 130 
mEq/1 of sodium (300 mg%) and of more 
than 5 mEq/1 of potassium are suggestive of 
adrenocortical insufficiency. The sodium/po
tassium ratio can be altered even when the 
sodium and potassium values are still within 
the normal range. A value of below 30 (both 
electrolytes measured in mEq/l) is suggestive of 
adrenal insuffiency (normal value 32). Hyper-
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calcemia is frequently, but not regularly, found 
in untreated Addison's disease (DE LORME, 1964; 
PRADER, 1959). The generally mild, but some
times considerable hypercalcemia (up to 17 
mg%) may be associated with hypercalciuria, 
thirst, hyposthenuria, polyuria, and normal or 
elevated serum phosphate values. Intestinal 
calcium absorption is increased, as is calcium 
mobilization from the bones. Active calcium 
excretion through the gut is decreased. The 
hypercalcemic syndrome disappears with cor
tisone therapy. According to animal experiments, 
ionized calcium remains unchanged, whereas 
protein-bound and complex-bound calcium may 
be considerably increased. 

Urinary, Salivary, and Sweat Electrolytes. In
creased sodium excretion in the urine and 
saliva is even more indicative of adrenocortical 
insufficiency than a low serum sodium. Whereas 
urinary excretion is dependent on the dietary 
sodium intake, estimation of the sodium-po
tassium ratio in saliva or sweat gives valid 
information even when the diet is unknown 
(see p. 391 f.). 

Plasma pH. The electrolyte disturbance is 
paralleled by moderate metabolic acidosis, usu
ally compensated by hyperventilation. It is 
mainly due to a shift of H-ions from the intra
cellular into the extracellular space and to 
deficient ammonium formation and H-ion ex
cretion of the renal tubuli. Severe acidosis IS 

only observed in crisis and in renal failure. 

Disorders of Renal Function. The specific renal 
dysfunction in primary adrenocortical insuf
ficiency consists of three components: 

1. Glomerular filtration rate is reduced even 
when extracellular fluid and plasma volumes 
are normal. It can only be normalized by 
cortisol or other glucocorticoids. 

2. The patients are unable to produce rapid 
diuresis. In the healthy subject, a water load of 
1 to 1.5 liters is excreted within 4 hours. In 
adrenal insufficiency, diuresis begins gradually, 
often during the following night, and the patient 
is in danger of water intoxication. 

Cortisol and other glucocorticoids, but not 
aldosterone, can normalize diuresis. Deficient 
diuresis is not due to the reduction of the 
glomerular filtration rate. Perhaps more anti
diuretic hormone is secreted, or its degradation 
retarded in adrenal insufficiency (AHMED, 1967). 
Alternatively, cortisol may have a sealing 
effect on the distal tubular sections and col
lecting ducts and be necassary for suppres
sion of facultative water reabsorption (KLEE
MAN, 1964). 
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These two types of renal disorder are found 
in both primary and secondary adrenal failure. 

3. Lack of aldosterone leads to loss of 
sodium and retention of potassium. Finally, 
during crisis sodium loss leads to dehydration, 
fall in blood pressure, and shock. Renal cir
culation decreases and severe renal insufficiency 
with a rise in blood urea nitrogen develops. 

Renal concentrating capacity is only rarely 
impaired, in contrast to the ability to dilute 
the urine. 

Basal Metabolic Rate. The BMR is usually 
slightly reduced and varies between - 20 and 
-10%. Thyroid function itself is not impaired, 
as is indicated by a normal radioiodine uptake 
and a normal protein-bound plasma iodine. 
The absence of glucocorticoids, however, leads 
to retardation of the peripheral metabolic 
processes. 

Carbohydrate Metabolism. Disturbances of car
bohydrate metabolism can be recognized both 
from the history and from stimulation tests 
(see p. 389). Determination of fasting blood 
sugar is not very informative. 

Urinary Steroids. Determination of 17-keto
steroids, 17-hydroxycorticosteroids, or 17-keto
genic steroids in the urine is highly significant 
in the diagnosis of adrenal insufficiency. Their 
failure to respond in the ACTH test is more 
conclusive than their basal values. Normal 
values of these three urinary steroid fractions 
do not exclude adrenal insufficiency, and de
creased values may also be due to other factors 
than adrenal insufficiency. 

Plasma Corticosteroids. In advanced Addison's 
disease, plasma corticosteroids are decreased or 
too low for assay. However, the values found 
in Addisonian patients may be within the range 
of normal diurnal variation. The responsiveness 
of plasma corticosteroids to ACTH is also 
more important in the diagnosis of Addison's 
disease than their absolute values. 

Aldosterone. In some cases, determination of 
the aldosterone excretion or secretion rate 
can help to differentiate between primary and 
secondary adrenal insufficiency. Whereas nor
mal aldosterone values are found in secondary 
adrenal insufficiency, aldosterone is found in 
the urine of Addisonian patients only in traces, 
even after salt restriction. 

Plasma renin is increased in untreated Ad
disonian patients, even when they are hypo
tensive; this is probably due to hypovolemia 
(PEART, 1965). 
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0) Test of Adrenocortical Functional Reserve 

The laboratory findings mentioned above can 
be normal in early mild Addison's disease. 
Tests for assessment of the adrenocortical 
functional reserve are therefore essential for a 
definite diagnosis. The ACTH test (Thorn test) 
is particularly important. This test clearly 
indicates whether the adrenals are still function
ing, to what extent, and how great their functional 
reserve is. The previously used tolerance tests 
have been completely abandoned since they 
are less reliable and more harmful than ACTH 
tests (see p. 391). It is advisable to treat patients 
with suspected Addison's disease with dexa
methasone, 0.5 mg twice daily to prevent a 
hypersensitivity reaction to ACTH. However, 
the eosinophil count is valueless in these 
conditions. The risk of side-effects can also be 
reduced by use of a synthetic ACTH preparation. 

c) Review of Diagnostic Procedure 

Usually the history, the physical examination 
including the orthostatic test, and the rapid 
ACTH test and 48-hour depot ACTH test are 
sufficient to allow a decision on whether 
Addison's disease is present or not. If the 
diagnosis is doubtful, it is advisable to admit 
the patient to hospital for about 8 days, and 
weight, pulse rate, and blood pressure must be 
measured daily during this period. Strong 
laxatives and morphine are contraindicated. 
Barbiturates should be given with caution. 

Table 5. Frequency of clinical symptoms in Addison's dis
ease. (Based on 94 cases of THORN, 1951) 

Weakness and fatigue 
Weight loss 
Increase in pigmentation 
Anorexia 
Vomiting 
Nausea 
Abdominal pains 
Obstipation 
Diarrhea 
Salt hunger 
Muscular pains 

100% 
100% 
94% 
90% 
84% 
81% 
32% 
28% 
21% 
19% 
16% 

Table 6. Synopsis of the most important clinical symptoms 
and laboratory findings in Addison's disease 

Clinical symptoms: 
Weakness, weight loss, hypotension, increased pigmentation 

Laboratory findings: 
Pathological results of ACTH-tests, low plasma and urinary 
corticosteroids, eosinophilia and lymphocytosis, hyponatre
mia, hypochloremia, hyperkalemia, azotemia, impossibility 
of quick diuresis 
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The following examinations are important 
in the diagnosis of Addison's disease: 

1. Hematologic examination: blood smear, 
sedimentation rate, hematocrit, total protein, 
sodium, potassium, chloride, urea. Arterial 
blood: pH, carbon dioxide tension and bicar
bonate concentration; 

2. Urinary 17-ketosteroids and 17-hydroxy
corticoids, plasma cortisol; 

3. A two-day 8-hour i.v. ACTH test with 
determination of urinary steroids, plasma cor
tisol, or both; 

4. X-rays: chest or cardiac teleradiography, 
abdominal X-ray to reveal adrenal calcifica
tion; 

5. Renal function tests: creatinine clearance, 
phenolphthalein excretion; 

6. Ergometry, to be repeated after cortisone 
therapy. 

d) Course of Addison's Disease 

Untreated Addison's disease has a progressive 
course over many years. Remission of single 
symptoms may occur, but the hypotension 
remains unchanged. Remissions can last for 
weeks or months. They may be due in part to 
regeneration of adrenal tissue. More often, 
the remission is due to an adaptation of the 
life style to the reduced amounts of hormones 
produced by an adrenal residue, and thus to a 
new hormone balance. The disease may thus 
come to a standstill for many years, persisting 
as latent Addison's disease with few symptoms 
(see p. 324). Earlier reports of complete recovery 
from Addison's disease were probably based on 
mistaken diagnosis and inadequate laboratory 
tests. Complete recovery is extremely rare 
(NORDIN, 1955). 

The lack of resistance is characteristic of 
untreated Addison's disease. The adrenals play 
a central role in the maintenance of homeo
stasis (see p. 312). When they are absent, or 
their functional reserve is exhausted, the organ
ism is incapable of withstanding stress. Physical 
exertion, trauma, surgery, and infections upset 
the precariously maintained balance between 
the production of and the requirement for 
adrenocortical hormones, leading to collapse 
and Addisonian crisis. Sudden death may 
occur at any time without premonitory signs. 

Addisonian patients are no more susceptible 
to infections than healthy subjects, but the 
course of infections is usually more severe. 
Allergic diseases often develop at the same time 
as Addison's disease. The lack of resistance of 
Addisonian patients is also manifest in in
tolerance of many drugs, although this may be 
improved by cortisone treatment. Addisonian 
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patients are particularly sensitive to narcotics, 
such as morphine and codeine, and to a lesser 
extent to sedatives such as bromides and 
barbiturates. These drugs have to be used 
carefully and in low doses, particularly when 
sedatives are needed for restlessness during fever. 

e) Pregnancy during Addison's Disease 

Important changes in corticosteroid metabolism 
occur from the second trimester of pregnancy. 
These are partly due to the increased level of 
estrogens in the maternal blood. As during 
therapy with estrogens (see p. 292), the total 
cortisol concentration in the blood increases. 
This increase, however, is only due to protein
bound cortisol, whereas the free plasma cortisol 
remains unaltered. Estrogens also interfere 
with the enzymatic metabolism of cortisol in the 
liver. However, whereas estrogen therapy leads 
to a decreased excretion of urinary steroids, 
there is a marked increase in the urinary ex
cretion of 17-hydroxycorticoids and 17-keto
steroids in advanced pregnancy, reflecting in
creased maternal cortisol production (COPE, 
1959). The increased urinary levels of aldo
sterone-18-g1ucuronide are partly due to the 
fact that a smaller percentage of secreted aldo
sterone is converted to tetrahydroaldosterone 
during pregnancy and more aldosterone is 
excreted in the form of aldosterone-18-g1ucu
ronide. However, the aldosterone secretion rate 
is also increased, perhaps to compensate the 
natriuretic effect of progesterone. 

NEHER and STARK (1961) have isolated 
cortisol and cortisone from human placenta, 
but it is highly uncertain whether the placenta 
actually releases corticosteroids into the mater
nal blood. In any case, maintenance therapy 
cannot be abandoned during pregnancy in an 
Addisonian patient. Experience has shown that 
the corticosteroid requirements are increased 
only immediately before and during delivery. 

In the past, pregnancy was rare and hazardous 
in Addison's disease. Now, however, the in
cidence of pregnancy is steadily increasing and 
does not involve any additional risk if adequate 
maintenance therapy is given. 

The daily oral maintenance dose consists of 
25 to 50 mg of cortisone acetate and 0.1 mg 
of fluorocortisol. On the day before and the 
day after delivery, the daily cortisone dose has 
to be increased to 200 mg and gradually re
duced to the maintenance dose within a week. 
As a precaution, an intravenous cortisol in
fusion is started during delivery, as during 
adrenalectomy. Frequent check-ups are neces
sary, particularly during the first trimester of 
pregnancy (weight, edema, blood pressure, 
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blood sugar, electrolytes). The newborn infants 
of Addisonian mothers weigh 500 g less than 
normal on average. This is due to the lower 
maternal blood sugar levels. Pregnancy lasts 
an average of 13 days longer. Cesarean sections 
are not usually indicated. There is no cause 
for anxiety if spontaneous delivery does not 
occur until two weeks after term. The newborn 
needs no hormone therapy. 

3. Other Forms of Adrenocortical Insufficiency 

a) Acute Adrenal Insufficiency, Addisonian Crisis 

Any stress increases the organism's requirement 
for cortisol. If this requirement is not met by 
increased secretion or administration, disorders 
with a further stress-producing effect develop, 
causing a vicious circle in the patient and 
leading to acute adrenocortical insufficiency. 
In particular, vomiting and diarrhea can result 
in massive losses of sodium, chloride and 
water. Nausea and severe adynamia lasting 
several days may be the premonitory symptoms 
of an imminent crisis. However, it can also 
occur suddenly as a consequence of stress. 
Acute infectious diseases, physical overexertion 
combined with salt loss by sweating, and 
particularly surgery leading to a greatly in
creased requirement for adrenocortical hor
mones are dangerous stress situations for Ad
disonian patients, from which a crisis may 
develop if appropriate therapy is not instituted. 
The same applies to secondary insufficiency in 
panhypopituitarism and to abrupt withdrawal 
of long-term cortisone administration. 

Clinical Features. Addisonian crisis is a very 
impressive clinical situation. The patient is 
irritable and restless at first, then becomes in
creasingly apathetic and finally falls into col
lapse and coma. There is always a state of 
extreme weakness, in which even talking is an 
effort. Dehydration becomes manifest in a dry 
tongue and dry skin, which can be lifted up in 
folds. The skin is cold and the body temperature 
is usually below normal. Development of fever 
in persisting crisis is a sign of impending death. 
The systolic blood pressure is below 70 mm Hg, 
and the diastolic pressure immeasurably low. 
Pigmentation increases due to dehydration. 
Circulatory failure adds a cyanotic tint. Vomit
ing almost always occurs during the crisis. 
Diarrhea is frequent, and severe abdominal 
colics, often leading to confusion with acute 
abdominal processes, may be the predominant 
feature. Hypoglycemia may cause twitching 
and choreiform movements. Circulatory col
lapse leads to renal insufficiency. Azotemia is 
always present. 
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Addisonian crisis occurring in patients treated 
with deoxycorticosterone only in normal or 
excessive doses is not very different. De
hydration is, however, absent and edema may 
even be present. 

b) "Adrenal Apoplexy": Acute Adrenal 
Insufficiency due to Hemorrhagic Infarction 

Acute adrenal insufficiency due to hemorrhagic 
infarction occurs in: 

1. Newborns; 
2. Sepsis, particularly acute meningococcal 

sepsis, usually in children and rarely in adults 
(W aterhouse-Friderichsen syndrome); 

3. Anticoagulation; 
4. Bilateral thrombosis of the adrenal veins; 
5. Hemorrhagic diathesis, hypertension. 

Cl) Acute Adrenal Insufficiency in Newborns 

The acute adrenal insufficiency of the newborn 
has been thought to be due to birth trauma. 
Possibly, however, hemorrhagic diathesis of 
the newborn (hypoprothrombinemia) is the 
major factor, and post-natal physiological in
volution contributes to the susceptibility of the 
adrenal glands. Adrenal hemorrhage is not 
uncommon in newborns, and may be consid
erable. The adrenals are converted into pouches 
of blood, which are occasionally larger than the 
kidneys. Most of the infants die within the first 
days of life. Chances of survival are better in 
unilateral than in bilateral hemorrhage. A 
common complication is rupture of hematomas 
with intra-abdominal hemorrhage. Old hema
tomas tend to be calcified. 

The clinical feature is that of shock in the 
newborn with tachycardia, irregular pulse, pal
lor and cyanosis, and cold limbs. Fever and 
dyspnea may simulate pneumonia, but chest 
examination is negative. 

~) Waterhouse-Friderichsen Syndrome 

This syndrome is characterized by the acute 
onset of lethal sepsis with no noticeable signs 
of resistance to infection, meningitis, or leuko
cytosis, with petechial eruptions, and generalized 
discoloration of the skin reminiscent of post
mortem hypostasis, with adrenal hemorrhage 
ranging from just microscopically detectable to 
massive bleeding. The patients may be in good 
health in the morning, fall ill in the evening, 
and be dead by the following morning. The 
illness seldom lasts longer than 24 hours. The 
patients unexpectedly develop high fever and 
rapidly decline into a state of shock resulting 
in irreversible circulatory collapse. There are 
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few signs of adrenal insufficiency besides cir
culatory failure. The eosinophil count is hardly 
ever increased. Hyponatremia, hyperkalemia, 
and hypoglycemia are only rarely observed. 

As a rule, the adrenals are only slightly 
enlarged, but they are diffusely or patchily 
discolored to a deep dark red. They can show all 
stages of hemorrhagic infiltration, up to com
plete hemorrhagic infarction of the medulla 
and cortex. The medulla is necrotic even when 
the damage is less extensive. Portions of the 
subcapsular layer of the cortex, however, may 
still be intact. The cortical tissue shows the 
features of excessive overactivity with glandular 
transformations. Cortical necrosis, and par
ticularly hemorrhage of varying extent with 
inflammatory reactions, are also seen. Thrombi 
are often seen in the small vessels but rarely in 
the larger veins. 

Pathogenesis. As recognized by BAMATTER in 
1935, the illness is almost always due to men
ingococcal sepsis. The syndrome is only rarely 
caused by Pfeiffer's bacillus (hemophilus in
fluenzae) or by hemolytic streptococci of group 
A. The syndrome must be distinguished from 
meningococcal meningitis, which is associated 
with leukocytosis and now usually has a good 
prognosis. According to present theories on 
the pathogenesis, the disease is due to a process 
similar to the Sanarelli-Shwartzmann reaction. 
The vascular endothelia are sensitized by bac
terial toxins and react to repeated exposure 
with intravascular clotting. This leads to hypo
fibrinogenemia with hemorrhagic diathesis and 
to infarction. 

Originally, treatment with cortisol was re
commended in addition to antibiotic and chemo
therapeutic therapy, especially when adrenal 
failure was indicated by an increased eosinophil 
count as well as by hyperkalemia or hypo
natremia. Blocking of intravascular clotting 
with heparin is now advocated (STUBER, 1961). 
Cortisol might even be harmful, because it 
accelerates the Sanarelli-Shwartzmann reaction. 
Exchange transfusions should be considered. 
The shock, however, has to be treated with 
angiotensin II or noradrenaline, and if these 
agents are not effective, also with cortisol. 
Until now, no unequivocal case of Water
house-Friderichsen's syndrome has been cured, 
although the prognosis of meningococcal sepsis 
has improved considerably in this era of 
chemotherapy and antibiotics. 

y) Adrenal Hemorrhage during Anticoagulant 
Therapy 

Acute adrenal insufficiency caused by adrenal 
hemorrhage during anticoagulation with di-
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coumarol derivatives and particularly with 
heparin, has been described. 

Bilateral adrenal hemorrhage may lead to 
acute abdominal distress 7 to 10 days after 
institution of the correct anticoagulation the
rapy; abdominal pains occur, and meteorism, 
combined with or immediately followed by 
muscular defense, fall in blood pressure, pallor, 
stupor, nausea, vomiting, diarrhea, cyanosis, 
and shock. 

Laboratory findings include leukocytosis 
with absolute eosinophilia, low serum sodium 
and chloride, high potassium and blood urea 
nitrogen, low or unmeasurable plasma and 
urinary corticoids. The hemorrhagic diathesis 
may be restricted to the adrenals. Dermato
logical symptoms, ecchymosis and suffusions 
are absent. 

Immediate substitution therapy can save the 
patient's life (see p. 330). 

Adrenocortical function may recover or 
may remain permanently damaged. 

The pathogenesis is not explained. In some 
cases, the adrenals may have been previously 
damaged. An increased secretion of ACTH 
induced by endogenous or exogenous stimuli 
may play a role. The time interval between 
anticoagulation and "adrenal apoplexy" is al
ways 1 to 2 weeks, and the syndrome has not 
been observed in the further course of long
term anticoagulation. 

8) Thrombosis of the Adrenal Veins 

Bilateral adrenal venous thrombosis is rare, 
and may occur post partum and after severe 
burns. It has the clinical features of severe 
shock with very painful abdominal colics and 
a soft abdomen. Damage to the adrenals may 
be the primary event in this illness and throm
bosis of the veins its consequence. 

c) Congenital Chronic Adrenocortical 
Insufficiency 

A. PRADER 

The signs and symptoms of congenital chronic 
adrenocortical insufficiency only rarely appear 
immediately after birth, usually developing after 
a few days or weeks. They are nonspecific and 
consist of vomiting, failure to thrive, weight loss, 
dehydration, and circulatory failure. After one 
to three months, an Addisonian pigmentation of 
the skin can be observed. Beside hemorrhagic 
infarction of the adrenals (see above), the 
following three groups of prenatal adrenocortical 
disorders have to be considered as the cause of 
this form of adrenocortical failure: 
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IX) Congenital adrenal hypoplasia (see p. 
325f.). 

~) Congenital adrenocortical hyperplasia 
(various forms of the congenital ad reno genital 
syndrome, p. 358 ff.). 

y) Congenital adrenocortical lipoid hyper
plasia. This syndrome, together with the various 
forms of congenital adrenogenital syndrome, is 
one of the congenital disorders of steroid bio
synthesis with adrenal hyperplasia and is also due 
to a genetic factor (see Table 16, p. 359). Clinical
ly, this disease is characterized mainly by signs of 
adrenal insufficiency, appearing at the age of 
a few weeks (PRADER, 1957), whereas at au
topsy the lipoid hyperplasia of the adrenals is 
the striking feature (SIEBENMANN, 1957). The 
involvement of the electrolytes is similar to 
that in Addison's disease, 21-hydroxylase defi
ciency with salt loss (see p. 369 f.) and 3~-hy
droxysteroid-dehydrogenase deficiency (see p. 
371 f.). However, the syndrome differs from 
21-hydroxylase deficiency in that the external 
genitalia are always of the female type, even 
in patients with a male chromosomal con
figuration and male gonads. In boys, internal 
and external genitalia are similar to those in 
testicular feminization (see p.726f.). In girls, 
the genitalia are absolutely normal. As in some 
other forms of congenital adrenocortical hyper
plasia, these children die during the first 
months of life unless they are treated with 
cortisol, salt, and perhaps mineralocorticoids 
(see p. 370). The prognosis is poor, however, 
even with adequate treatment. 

The adrenals are very much enlarged and 
strikingly yellow. Histology shows extreme 
adrenocortical hyperplasia with large cells 
densely filled with lipids. In addition, there are 
calcium deposits, crystalline lipoid deposits, 
and multinuclear giant cells. In one case, 
neither androgens nor estrogens could be found 
in an extract of adrenocortical tissue. Steroids 
cannot be detected in the urine of these patients. 
As in other forms of congenital adrenocortical 
hyperplasia, the pathogenesis can be explained 
by an enzyme deficiency leading to a decrease 
in corticol production. Since no steroids at all 
are found in these patients, the site of the dis
order must be one of the earliest stages of 
steroid biosynthesis, i.e. one or several of the 
enzymes involved in the conversion of chole
sterol to 5-pregnenolone (Fig. 27, p. 358) must 
be absent or inactive. Thus, the disease could 
be due to a deficiency of 20-hydroxylase, 
22-hydroxylase, and/or 20,22-desmolase. This 
enzyme deficiency is not restricted to the adrenal 
cortex, but also affects the Leydig cells of the 
testes (PRADER, 1957). This would explain the 
development of female-type genitalia in boys. 
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The lack of cortisol leads to adrenocortical 
failure and to increased ACTH production 
causing adrenocortical hyperplasia with accu
mulation of nonutilizable cholesterol, while on 
the other hand, the absence of androgen pro
duction by the fetal adrenals and the fetal 
testes impedes male differentiation of the gen
italia as in 3 ~-hydroxysteroid-dehydrogenase 
deficiency (see p. 371 f.) and 17-hydroxylase de
ficiency (see p. 372). 

In girls, it is hardly possible to differentiate 
lipoid hyperplasia from other forms of con
genital adrenocortical insufficiency, such as 
hemorrhagic infarction of the adrenals, by 
clinical examination. Differentiation from tes
ticular feminization is possible on the basis 
of steroid excretion when the patient has male 
chromosomes. In testicular feminization, the 
excretion of all steroids is normal for age, 
whereas in lipoid hyperplasia all steroids are 
absent. Differentiation from 3 ~-hydroxysteroid
dehydrogenase deficiency is very simple in both 
sexes, since in this condition the total 17-keto
steroids, and particularly dehydroepiandroste
rone, are elevated. Deficiency of 17-hydroxylase 
can be excluded in spite of female-type deve
lopment of the external genitalia, because the 
electrolyte disorder in these patients is not like 
that in Addison's disease, but is due to over
production of deoxycorticosterone (see p. 340) 
with hypokalemia and hypertension. 

d) Latent Addison's Disease (Partial, Potential 
Addison's Disease, cf p. 312) 

It has long been known that ADDISON'S disease 
can vary in severity. In view of the slow deve
lopment of the disease, the patients go through 
a stage where impaired adrenal function is 
apparent during abnormal stress before reaching 
the stage where adrenal failure is manifest 
under basal conditions. 

A latent insufficiency always becomes mani
fest in situations of stress, such as infection, 
overexertion, surgery, and trauma. However, 
the patients are still capable of leading a normal 
daily life without maintenance therapy. They 
may feel healthy and even the important 
symptom of fatigue may be absent or incon
spicuous. Symptoms of hypoglycemia are not 
usually present. Generally, these patients are 
not aware of their illness as long as they lead a 
life without undue exertion. 

The patients' appearance is not altered except 
for the skin, which may assume the charac
teristic pigmentation of Addison's disease at a 
relatively early stage or merely show increasing 
numbers of dark brown freckles. Laboratory 
examinations, however, clearly reveal the in-
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sufficient adrenocortical function even at this 
latent stage of the disease: although the adrenals 
do function, there is no functional reserve. 
Urinary 17-ketosteroids and 17-hydroxycortico
steroids may be, but are not necessarily reduced. 
Plasma corticosteroids are not completely ab
sent, but are in the low normal range. However, 
neither urinary nor plasma corticosteroids in
crease under ACTH stimulation. Pathologic 
results are obtained in any form of ACTH test, 
including the 8-hour intravenous infusion test 
repeated over several days: there is no fall in 
the eosinophil count and no adequate rise in 
urinary and plasma steroids. Electrolyte dis
orders are not demonstrable in the blood, saliva, 
or sweat. These findings indicate that the 
adrenocortical remnant is capable of producing 
sufficient amounts of hormones for the basal 
demands of life only under maximal ACTH 
stimulation. This explains the pigmentation as 
well as the pathologic ACTH test. Exogenous 
ACTH is ineffective because the adrenal cortex 
is already maximally stimulated by endogenous 
ACTH. 

e) Familial Addison's Disease 

There is an increased familial incidence of 
adrenal insufficiency due to primary atrophy. 
This disease may be a form of autoimmune 
polyendocrinopathy (see Chap. XVIII). 

Other forms of polyendocrinopathy are 
Addison's disease associated with hypopara
thyroidism, with hypo- or hyperthyroidism, with 
diabetes mellitus and with pernicious anemia. 

f) Addison's Disease with Cerebral Sclerosis 

This well-defined syndrome is probably in
herited through a recessive gene linked to the 
X chromosome. So far 10 cases have been 
observed. The disorder usually becomes notice
able in late childhood (between the ages of 3 
and 14) and progresses inevitably to death 
within months or years. Addison's disease 
begins with increased pigmentation of the skin 
and gradually presents all the signs and symptoms 
typical of primary adrenal cortical insufficiency. 
At about the same time, signs of the neurologic 
disorder appear. These are ataxia, and myo
clonic and choreiform movements, finally pro
gressing to spastic tetraplegia with pyramidal 
signs, dysarthria and incontinence. The neuro
logic illness leads to progressive invalidity, the 
simultaneous organic psychosyndrome to com
plete dementia. The protein concentration in 
the cerebrospinal fluid is increased, whereas the 
cell count is normal. 
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The pathologic anatomical changes in the 
adrenals take the form of primary atrophy 
with few remaining cortical cells. There is no 
inflammatory infiltration and no scar tissue. 
The medulla is not altered and the other endo
crine organs, particularly the pituitary gland, 
are intact. There is extensive demyelinization 
in the cerebellum and the cerebrum; this is 
sometimes patchy and sometimes diffuse, as 
in diffuse cerebral sclerosis (Schilder's disease). 
The pathogenesis is unknown, and simultaneous 
involvement of two such different organs is 
puzzling. Antibodies to adrenal tissue have not 
been found in any of the cases examined. Only 
the adrenocortical insufficiency can be treated. 
The brain disease progresses inevitably to 
death. 

g) Selective Deficiency of Single Hormone 
Groups 

D suall y all three adrenocortical hormone groups, 
i.e. the mineralocorticoids, glucocorticoids, and 
androgens, are deficient in ADDISON'S disease. 

Selective absence of androgens is a physiologic 
condition in childhood up to the onset of 
"adrenarche" betwcen the 8th and 10th years. 
Isolated complete adrenal androgen deficiency 
is only observed occasionally in the very aged. 

Glucocorticoid and androgen deficiency as
sociated with near-normal aldosterone secretion 
is typical of secondary adrenocortical insuf
ficiency due to panhypopituitarism, long-term 
corticosteroid or ACTH therapy, or a cortisol
producing adrenocortical adenoma. Primary 
adrenocortical insufficiency without hypoaldo
steronism has occasionally been observed, partic
ularly in the familial form of the disease. 

Selective hypoaldosteronism or analdosteron
ism occurs rarely. Theoretically, there are two 
possible enzyme deficiencies which can lead to 
congenital isolated hypoaldosteronism: these 
are 18-hydroxylase and 18-hydroxydehydro
genase deficiencies. The patients with isolated 
hypoaldosteronism and salt loss described by 
VISSER and COST (1964) were probably suffering 
from 18-hydroxylase deficiency due to a hered
itary autosomal recessive defect. 

Congenital hypoaldosteronism and salt loss 
were attributed to 18-hydroxydehydrogenase 
deficiency in a case described by DUCK (1964) 
because the secretion rate of 18-hydroxycortico
sterone was found to be increased. An im
pairment of aldosterone biosynthesis at the 
level of 21-hydroxylation is at least partly 
responsible for the salt -losing syndrome 0 bserved 
in certain cases of the congenital adrenogenital 
syndrome (see p. 369f.). This appears to be a 
separate disease and also to be genotypically 
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different from simple virilizing 21-hydroxylase 
deficiency, in which the aldosterone secretion 
rate is normal or elevated. 

Several cases of acquired selective hypo
aldosteronism have been described. The patho
genesis is uncertain. Particularly in the cases in 
which orthostatic hypotension was the predom
inant clinical feature, the decreased aldosterone 
secretion rate was probably due to impaired 
secretion of renin rather than a primary adreno
cortical disorder (see Chap. XV) (SLATON, 1967). 
A decreased aldosterone secretion rate has 
been observed in cases of pretectal brain 
tumors. Long-term treatment with heparin, 
which inhibits aldosterone biosynthesis by an 
unknown mechanism, can lead to hypoaldo
steronism with orthostatic hypotension. 

h) Secondary Adrenocortical Insufficiency 

ex) Panhypopituitarism 

Whereas primary insufficiency is due to damage 
of the adrenals, secondary adrenal insufficiency 
is caused by pituitary corticotropin deficiency. 
The adrenal insufficiency in panhypopituitarism 
is a prototype of this form (see p. 91 ff.). As 
mentioned above, patients with secondary adre
nal insufficiency differ from normals and Ad
disonian patients by a marked pallor of the 
skin; the disease is further characterized by a 
preferential failure of cortisol and androgens 
associated with intact aldosterone secretion. 

~) Congenital Adrenal Hypoplasia 

Congenital adrenal hypoplasia is regularly found 
in anencephaly and is associated with under
development and malformation of the pituitary 
gland. Children with this condition usually die 
within the first few days of life. Only a few 
cases of congenital adrenal hypoplasia have 
been observed in which brain development was 
normal. The most frequent symptoms, appear
ing shortly after birth or within a few days or 
weeks, are anorexia, vomiting, insufficient weight 
gain, dehydration, cyanosis, and circulatory 
failure, all of which could as well be due to 
gastrointestinal or cardiac disorders. Addisonian 
pigmentation may appear within the first few 
months of life, which may possibly indicate a 
primary adrenocortical disorder. As in Ad
dison's disease, serum sodium and glucose 
concentrations are decreased, whereas the po
tassium concentration is elevated. Steroid ex
cretion at this age is so low in any case that a 
distinction between normal and decreased values 
is very difficult. Death usually occurs within 
days or months. When the disease is suspected, 
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oral substitution therapy with a daily dose of 
12.5 to 25 mg of cortisone and 1 to 2 g of 
sodium chloride should be tried. A few cases 
of isolated glucocorticoid and androgen defi
ciency have been described (STEMPFEL, 1960). 
However, similar symptoms and electrolyte 
dis('rders in early infancy are more frequently 
caused by congenital adrenocortical hyperplasia 
(adrenogenital syndrome with salt loss, see p. 
369 f.). The main characteristics of this disorder 
are malformation of the female genitalia and 
an elevated excretion of 17-ketosteroids. Sec
ondary adrenal insufficiency without failure of 
the other glands regulated by the pituitary, and 
thus due to an isolated ACTH deficiency may 
occur spontaneously in rare instances (ODELL, 
1960). 

y) Adrenal Insufficiency due to Cortisone 
Therapy 

Adrenal insufficiency secondary to treatment 
with cortisone, its derivatives, or ACTH, or 
occurring after surgical removal of a cortisol
producing adrenocortical adenoma, is of great 
clinical importance. Adrenal insufficiency last
ing several days is induced by treatment with 
cortisone for over a week in a dosage of over 
75 mg per day, or with over 15 mg of prednisone 
given in three to four daily doses. The adrenals 
secrete a minimal amount of cortisol and are 
less responsive to ACTH. Although the respon
siveness becomes normal within two to three 
days, the cortisol secretion rate does not exceed 
basal values since the pituitary reserve of 
ACTH is minimal. Maximal adrenocortical 
atrophy can be induced by a dose of 60 mg of 
cortisol within 15 to 20 weeks. Adrenocortical 
insufficiency may then persist for weeks and 
occasionally up to 6 months. As in latent 
Addison's disease, the patients' resistance is 
low, and death due to stress has been described. 
Although the extent and duration of secondary 
adrenal insufficiency are dependent on the 
duration and dosage of steroid therapy to some 
extent, individual factors appear to play a 
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major role. Even the site of the disorder is not 
the same in all patients. In many patients, there 
is a temporary phase of hypo reactivity to ACTH 
and the increase in the plasma ACTH concen
tration precedes the increase of the plasma 
cortisol concentration for a few months (GRABER, 
1965). But in other cases, deficient ACTH 
secretion is the predominant disorder (CARREON, 
1960; JASANI, 1967). Several cases have also been 
observed in which no adrenocortical insuf
ficiency was demonstrable after years of cortico
steroid therapy in high doses. 

A corticosteroid preparation for intravenous 
administration should always be to hand when 
patients treated with cortisone up to 6 months 
previously are subjected to surgery. Preventive 
corticosteroid therapy is not recommended as 
a general rule, however, since only 5 to 10% 
of patients treated with cortisone respond to 
surgical stress with an inadequate increase in 
cortisol secretion. The cortisone withdrawal 
syndrome can, but need not, lead to fatigue and 
anorexia, nausea and fainting. There is no 
adrenocortical atrophy after ACTH therapy, 
but the ACTH reserve of the pituitary is re
duced. Serious incidents have been rarely 
observed. It is advisable to withdraw cortisone 
or prednisone gradually. In order to reestablish 
the diurnal variation of plasma cortisol, the 
night dose is withdrawn first, followed by the 
evening dose while administration of a single 
morning dose is continued. Intramuscular in
jection of long-acting ACTH preparations for 
3 to 5 days after or during cortisone withdrawal 
restores adrenocortical responsiveness, but is of 
little benefit, since it inhibits pituitary ACTH 
secretion further. 

It has recently been recommended that high 
pharmacological doses of cortisone be ad
ministered intermittently as a single morning 
dose on alternate days. Another recommendation 
is that synthetic glucocorticoids with a long 
half-life be given once daily in the morning. 
With these methods Corticotrophin secretion 
recovers after 12 and 36 hours respectively, and 
adrenal atrophy is thought to be avoided without 

Table 7. Synopsis of symptoms and tests in various forms of adrenocortical insufficiency 

Pigmentation Electrolyte Hypoglycemia Decreased ACTH tests 

Primary: Addison's disease + + + 
Latent Addison's disease + + 

Secondary: Pituitary insufficiency 
(Pallor) 

Addisonism 

disturbances urinary steroids 

+ ++ ++ 
+ 

+++ +++ 

+ 

+ 
Repeated on 3 
successive days 
l.V. 

+++ 
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impairment of the therapeutic effect of the 
corticosteroid therapy. 

i) "A ddison ism " , "Relative Adrenal Insuffi
ciency" ("Benign Hypoadrenia") 

A syndrome consisting of rather nonspecific 
symptoms vaguely reminiscent of ADDISON'S 
disease, such as fatigue, hypotension, weight 
loss, and tendency to hypoglycemia, may occur 
from unknown causes or may accompany severe 
acute or chronic illnesses. In the past, such a 
condition was often assumed to be due to toxic 
damage of the adrenals and was refered to by 
such terms as "Addisonism" (THADDEA) or 
"benign hypoadrenia" (GOLDZIEHER). This as
sumption, however, is no longer acceptable, 
since the adrenals always respond normally 
to ACTH in these cases. On the other hand, low 
urinary steroids, which are often observed 
during severe acute and chronic illnesses as 
well as in convalescence and anorexia nervosa, 
must be due either to inadequate pituitary 
stimulation or to altered metabolism, because 
they increase normally in response to ACTH. 

These conditions are clinically totally dif
ferent from Addison's disease, latent Addison's 
disease or secondary insufficiency in panhypo
pituitarism or after cortisone therapy. They 
never lead to acute adrenal failure or to 
dangerous crises. Hormone therapy is contra
indicated (see p. 329). The organism is always 
capable of satisfying increasing demands and 
adapting even to severe stress. With the excep
tion of low urinary steroids, laboratory findings 
indicate normal adrenocortical function. 

A diagnosis of adrenal insufficiency must 
never be based solely on noncharacteristic 
symptoms such as fatigue, hypotension, and 
weight loss. "Addisonism", as characterized 
by the symptoms of any severe illness, is not a 
pathologic entity and is of no clinical importance. 
Diagnoses of "Addisonism" and "benign hypo
adrenia" should be avoided, because they may 
lead to unnecessary hormone treatment. 

Pathologic anatomical findings of "Ad
disonism" have of course never been described. 
In one large series of autopsies, such findings 
as turbid swelling, cystic degeneration, and 
thrombotic changes of the adrenals were at
tributed to "benign hypoadrenia" (GOLDZIEHER), 
but adrenal insufficiency was not clinically sub
stantiated. For similar reasons, the question of 
to what extent the status thymolymphaticus is 
due to functional disorders of the pituitary
adrenocortical system is also still unsolved, 
since the pathologic anatomical findings have 
never yet been correlated with the results of 
endocrine function tests in the same patients. 

4. Differential Diagnosis of Adrenocortical 
Insufficiency 
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Diagnosis can be very easy in fully developed 
Addison's disease, but very difficult when the 
symptomatology is incomplete. The differen
tiation between sprue and Addison's disease 
can be particularly difficult. The clinical picture 
of these two conditions can be so similar that 
differentiation is only possible with the help of 
laboratory tests. Patients with sprue complain 
of fatigue, hypotension, weight loss, and di
arrhea, which are also characteristic symptoms 
of Addison's disease. Moreover, objective signs, 
such as scanty pubic and axillary hair, partic
ularly in women, and even pigmentation can be 
observed. Pigmentation of sprue, however, can 
usually be distinguished from Addisonian's 
pigmentation, because it is dirty gray in coloar, 
chloasma-like, and localized around the mouth 
and on the forehead without affecting the 
buccal mucosa and palmar lines. The diarrhea 
in sprue is characterized by voluminous, grey
yellow, offensive-smelling, mushy, fatty stools 
with a greasy gloss. Anemia is more severe in 
sprue than in Addison's disease and finally, 
sprue can be suspected when bone pains, 
indicating osteomalacia, and Chvostek's and 
Trousseau's signs, indicating tetany, are pres
ent. In sprue, the adrenals always respond 
normally to ACTH. Urinary steroids may be 
decreased, but the functional reserve of the 
adrenals is intact. No disorders of sodium and 
potassium balance or carbohydrate metabolism 
are demonstrable. A flat blood sugar curve 
obtained in the oral glucose tolerance test may 
be due to impaired absorption, as suggested 
by the normal results of an intravenous glucose 
tolerance test or an insulin tolerance test. 

Chronic interstitial nephritis also has many 
clinical features in common with Addison's 
disease. This condition is mainly characterized 
by tubular damage and is referred to by such 
terms as renal acidosis, Lightwood-Albright 
syndrome, diabetes salinus renalis, or salt
losing nephritis, depending on the electrolyte 
disorder. In this disease, as in Addison's 
disease, a severe loss of sodium and also of 
chloride is possible, but it is not due to a defi
ciency of aldosterone, but to the damaged 
target organ, the tubules, which can no longer 
respond to the hormone. 

Asthenia, hypotension, anorexia, and an
emia are the predominant clinical features of 
diabetes salinus renalis. Tubular damage can 
also lead to potassium and calcium deficiency, 
and thus to pareses and renal osteomalacia. 
Surprisingly, diffuse and localized pigmentation 
of the skin, and even buccal mucosal pigmen-
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tation of the Addisonian type, may be observed. 
Its pathogenesis is unexplained. Laboratory 
findings always permit a differential diagnosis: 
whereas serum urea nitrogen and nonprotein 
nitrogen can be elevated in both diseases, 
serum potassium is increased in Addison's 
disease and initially normal or decreased in salt
losing nephritis. The ACTH test is always 
decisive, because it is abnormal only in primary 
adrenocortical insufficiency. Hypo- and iso
sthenuria, severe metabolic acidosis, and de
layed phenolphthalein excretion are indicative 
of chronic interstitial nephritis. A patient with 
renal disease is unable to concentrate his urine, 
whereas the dilution test is pathologic in 
adrenocortical insufficiency. 

Differential diagnosis concerns the following 
features of Addison's disease: increased pig
mentation is found in sprue and certain forms 
of nephritis as well as in chronic gastrointestinal 
disorders (melanosis of gastrointestinal poly
posis, Peutz-Jeger syndrome Cronkhite-Ca
nada syndrome), in pregnancy, and during treat
ment with hormonal inhibitors of ovulation. Per
sistent hyperthyroidism can also cause pigmenta
tion, due to increased ACTH secretion induced 
by accelerated metabolism of cortisol. Cirrhosis 
of the liver can lead to pigmentation similar to 
that in Addison's disease. Pigmentation due to 
exogenous causes such as chronic ultraviolet 
radiation, physical irritation of the skin (cutis 
vagantium) and vitamin deficiency (pellagra) 
may be reminiscent of Addison's disease. In 
rare cases, a metastasizing melanoma may lead 
to diffuse cutaneous pigmentation. Iatrogenic 
pigmentation of the skin can result from 
chronic administration of hydantoin prepa
rations, from alkylating cytostatic therapy of 
Hodgkin's disease, and also from administra
tion of arsenic, bismuth, gold, and silver. The 
blue lines induced by chronic lead intoxication 
have to be differentiated from buccal mucosal 
Addisonian pigmentation. Biopsies are indicated 
in doubtful cases. The skin pigmentation of 
hemochromatosis can usually be distinguished 
from Addisonian pigmentation by its grayish 
violet tinge. However, differentiation can be 
difficult, since melanin is the major pigment 
present in hemochromatosis also, and iron 
deposits are not always histologically demon
strable. Hemochromatosis can be differentiated 
from Addison's disease by the enlarged firm 
liver and by the diabetes-like disorder of 
carbohydrate metabolism. Vitiliginous pigmen
tation can occur in neurofibromatosis and in 
polyostotic dysplasia with pubertas praecox 
(Albright's syndrome, see Chap. XIX). 

Asthenia is a symptom associated with most 
illnesses and by itself does not justify suspicion 
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of Addison's disease. The asthenia of neu
rasthenia and of anorexia nervosa may some
times be suggestive of Addison's disease. Howev
er, neurasthenic symptoms do not have the 
characteristics of organic fatigue. The ACTH 
test permits a clear differentiation in ambiguous 
cases. All chronic infections, particularly tuber
culosis and brucellosis, can lead to the type of 
organic fatigue usually found in Addison's 
disease. 

It is sometimes difficult to differentiate true 
Addison's disease from the secondary adrenal 
insufficiency of Simmond's disease, although 
Addisonian patients are hyperpigmented, 
whereas patients with hypopituitarism are pale. 
Secondary adrenal insufficiency can be recog
nized by hypothyroidism, complete absence of 
the axillary and pubic hair, absence of electrolyte 
disorders, and a positive response to the intra
venous ACTH test repeated on 3 days. 

Adynamia, pareses, and paralysis of my
asthenia gravis are immediately alleviated by 
treatment with prostigmine and tensilone. Myo
pathy in the apathic type of thyrotoxicosis may 
resemble Addison's disease, especially since 
the patients are hyperpigmented. Fatigue and 
atony combined with increased irritability are 
common to hyperparathyroidism and Addison's 
disease. 

Hypoglycemia with blood sugar values below 
60 mg% can also be due to hypopituitarism and 
to hyperinsulinism in the adult (see Chap. XIII). 
Adenomas and hyperplasia of the islet cells, 
however, lead to overweight and a healthy 
appearance. In vegetative lability, reactive hypo
glycemia never reaches values below 50 mg%. 
Finally, in childhood, glycogen storage disease 
and the so-called spontaneous hypoglycemia 
have to be considered in the differential diag
nosis. 

Hypotension is very common and by itself 
does not suggest Addison's disease. It can be 
due to constitutional factors and is not neces
sarily a sign of other diseases. See p. 426 for a 
discussion of orthostatic hypotension due to 
adrenal medullary insufficiency. 

s. Therapy of Adrenal Insufficiency 

a) Diet 

Dietary therapy with a low-potassium diet and 
a daily salt intake of 10 to 15 g was important 
before pure hormones were available. Today, Ad
disonian patients do not require any special diet. 

b) Organ Transplantation 

Organ transplantation is completely outdated, 
at least for the present. Animal adrenal glands 
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contain only a fraction of the necessary the
rapeutic dose of cortical hormones and are soon 
rejected or resorbed by the organism. The few 
cases of successful homotransplantation are of 
only theoretic interest. Only when the im
munological problems associated with trans
plantation surgery have been successfully solved 
will interest in the treatment of primary adreno
cortical insufficiency by organ transplants be 
renewed. 

c) Adrenocortical Hormone Preparations 

Adrenal tissue extracts are no longer in use. 
Deoxycorticosterone has a purely mine

ralocorticoid effect. Overdosage causes edema, 
hypertension, and hypokalemia. Deoxycortico
sterone acetate in sesame oil is given intra
muscularly. A microcrystalline suspension of 
trimethylacetate esters of deoxycorticosterone 
has a prolonged activity over 4 weeks. After a 
single injection of 30 mg, approximately 1 mg 
per day is absorbed. 

Cortisone has a pronounced glucocorticoid 
and a weak mineralocorticoid activity. Cor
tisone acetate tablets are administered orally. 
In contrast to deoxycorticosterone, oral cor
tisone is completely resorbed, enters the blood 
stream quickly, and persists for 8 to 12 hours in 
a sufficient concentration. Oral administration 
is therefore the method of choice. 

Cortisol, like cortisone, has a potent gluco
corticoid and a weak mineralocorticoid activ
ity. It is 25 percent more effective than cor
tisone. 

Cortisol acetate tablets are resorbed more 
quickly than cortisone acetate. In long-term 
maintenance therapy it has therefore no ad
vantages over cortisone, since it must be taken 
every 6 hours instead of every 12 hours. It can 
be used in preference to cortisone when re
sorption is insufficient or when fast action is 
required. 

Cortisol hemisuccinate can be administered 
intramuscularly and intravenously even in high 
concentrations. Intramuscular injection results 
in an adequate plasma concentration for several 
hours. During operations and in acute emer
gencies, it must always be given in an intra
venous infusion. 

9rx-Fluorocortisol is available as the acetate in 
tablets. It has a strong glucocorticoid and a 
very strong mineralocorticoid activity. A daily 
oral dose of 2 mg is sufficient for complete 
adrenocortical substitution therapy, but leads 
to sodium retention. A daily dose of 0.25 mg 
maintains electrolyte balance. Full substitution 
therapy is provided by 0.1 mg of fluorocortisol 
combined with 25 mg of cortisone acetate. 
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d) Substitution Therapy in Addison's Disease 
(Primary Adrenal Insufficiency) 

Modern substitution therapy is simple and 
rewarding. Weak, bed-ridden patients regain 
their vigor and can lead a completely normal 
life. They recover the capacity to perform even 
hard physical and intellectual work and to take 
part in sport. 

The standard therapy is 25 to 37.5 mg of 
cortisone acetate orally and 0.1 mg of fluoro
cortisol orally. Cortisone tablets are taken in 
two daily divided doses, one at breakfast and 
one at 4 p.m. to simulate the physiological 
diurnal variation in plasma concentrations. 
We usually give 1 tablet of 25 mg of cortisone 
and 1 tablet of 0.1 mg of fluorocortisol in the 
morning, and one half tablet of cortisone 
(12.5 mg) in the afternoon. Often 25 mg of 
cortisone is sufficient, in rare instances even 
12.5 mg. In general, the smallest possible dose 
which maintains well-being and maximal ef
ficiency should be given. A daily dose of 0.05 
to 0.2 mg of fluorocortisol is generally needed. 
Overdosage leads to edema, and underdosage 
to weight loss and hypotension. In heart 
failure, it is sometimes advisable to withdraw 
fluorocortisol, but to permit unrestricted salt 
intake. 

Instead of fluorocortisol, an intramuscular 
injection of 25 mg of trimethylcortexone in 
crystalline suspension can be given every 3 to 
4 weeks. Finally, a daily supplement of 5 to 
10 g of salt can replace the mineralocorticoids. 
The natural mineralocorticoid d-aldosterone 
would have to be given intramuscularly as an 
acetate in an oily solution in a daily dose of 
75 to 150llg. The maintenance dose of aldo
sterone would be 20 to 40 times higher for oral 
administration and 2 to 6 times higher for 
sublingual administration. Aldosterone is now 
only rarely used for maintenance therapy. 

The use of prednisone or other synthetic 
steroids instead of cortisone is pointless, since 
they have no sodium-retaining activity and thus 
necessitate higher doses of mineralocorticoids 
at the same time. 

Whenever parenteral hormone administra
tion is indicated, cortisol hemisuccinate should 
be given i.m. twice daily and 2.5 mg of deoxy
corticosterone daily by i.m. administration. 
When cortisol hemisuccinate is not available, 
5 mg of prednisolone hemisuccinate or phthalate 
can be given twice daily as well as 5 to 10 mg of 
deoxycorticosterone intramuscularly. 

It is not advisable to administer cortisone 
acetate by i.m. injection as a suspension, because 
it is absorbed too slowly. Tablet implantation 
has also been discontinued. 
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In the woman, adrenocortical failure leads 
to a complete lack of androgens. They do not 
usually need to be replaced. It is not known 
whether they have any influence on the psyche. 
Loss of libido justifies a trial therapy with 
fluoxymesterone, 2.5 to 5 mg orally. 

e) Treatment of Complications 

Any additional stress induced by physical 
exertion, trauma, or acute illness increases the 
requirement for cortisone. Addisonian patients 
must be aware that they are exposed to serious 
danger by every injury, infection, and operation, 
and they must learn to meet this danger by 
increasing the cortisone dose. They should 
always carry a supply of cortisone tablets on 
them and if possible, cortisol for i.m. injection 
also. A dose of 75 to 150 mg of cortisone must 
be taken orally at once in febrile illnesses. If 
vomiting occurs, a doctor should be consulted 
and 50 to 100 mg of cortisol hemisuccinate 
should be given i.m. twice daily. Deoxycortico
sterone acetate should be given in a dose of 
5 to 10 mg i.m. in oily solution when signs of 
dehydration are observed. Immediate hospi
talization is indicated in every severe illness. 

Cortisone is not contraindicated in active or 
inactive tuberculosis treated with tuberculo
static drugs. However, the patient should be 
carefully supervised. The unequivocally favor
able effect on the general condition outweighs 
possible impairment of the induration process. 
However, when cortisone has a clearly negative 
effect, the patients must be maintained on 
deoxycorticosterone alone. Under this therapy, 
they are considerably less resistant to stress, 
and particular caution is indicated during 
anesthesia and when morphine preparations are 
used. In view of the disturbed carbohydrate 
metabolism, frequent small meals are indicated. 
A snack containing 50 g of carbohydrate and 
25 g of protein should be taken before retiring. 

f) Substitution Therapy during Surgery and 
during Adrenalectomy 

Today, even extensive surgery is possible in 
Addisonian patients under the cover of an 
intravenous cortisol infusion without a higher 
risk than in normals. Even total adrenalectomy 
is not hazardous when performed under ade
quate substitution therapy. Adrenalectomy in 
Cushing's syndrome requires a higher dose of 
cortisol and a slower reduction to the main
tenance dose, since the organism has been 
overloaded with cortisol. 

The treatment is outlined in Table 8. 
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Table 8. Adrenocortical substitution during surgery 

1. Substitution therapy for minor operations (tooth extraction) 
1 hour before, cortisone acetate, 75 to 100 mg p.o. 

2. Substitution therapy during adrenalectomy and during sur
gery in patients with adrenal insufficiency 
Starting from the beginning of anesthesia, intravenous 
infusion of 1 liter of 2: 1 physiological glucose solution/ 
physiological NaCI solution with cortisol hemisuccinate, 
100 mg, over 8 hours. During the following 16 hours, 
again 1 liter of the same 2: 1 infusion solution with cor
tisol hemisuccinate, 100 mg. In hypotension (less than 
100 mm Hg systolic) 2nd infusion with L-noradrenaline, 
10 mg, or angiotensin II, 10 mg, in 500 ml physiological 
sodium chloride solution at a rate of 5 to 40 drops per 
minute, i.e. 0.3 to 2.4 mg of L-noradrenaline and angio
tensin respectively per hour. Infusion must never be inter
rupted. 
1 st postoperative day: 
2 liters of 2: 1 solution with cortisol hemisuccinate, 50 mg 
per liter, i.v. 
2nd postoperative day: 
If possible, switch to oral cortisone acetate, 4 x 25 mg. 
3rd postoperative day: 
cortisone p.o., 3 x 25 mg. 
Thereafter, gradual reduction over 3 to 6 days according 
to clinical criteria to the maintenance substitution dose 
of 25 to 37.5 mg of cortisone acetate p.o. and 0.1 mg of 
fluorocortisol p.o. 

3. Substitution therapy during adrenalectomy for Cushing's 
syndrome 
Starting from the beginning of anesthesia, an intravenous 
infusion of 1 liter of 2: 1 physiological glucose/physio
logical saline solution with cortisol hemisuccinate, 200 mg, 
over 8 hours. In the following 16 hours, 1 liter of the same 
2: 1 infusion solution with 200 mg of cortisol hemisuc
cinate. 
In hypotension (less than 100 mm Hg systolic) 2nd in
fusion with L-noradrenaline, 10 mg, or angiotensin II, 
10 mg, in 500 ml of physiological saline solution at a rate 
of 5 to 40 drops per minute, i.e. 0.3 to 2.4 mg of L-nor
adrenaline and angiotensin II respectively per hour. The 
infusion must never be interrupted. 
1 st postoperative day: 
2 liters of2: 1 solution with 100 mg of cortisol perl iter, i.v. 
2nd postoperative day: 
2 liters of 2: 1 solution with cortisol, 100 mg per liter, i.v. 
3rd postoperative day: 
If possible, switch to oral cortisone acetate in a dose of 
4 x 50 mg. 
4th postoperative day: 
3 x 50 mg of cortisone, p.o. 
Thereafter, gradual reduction over 2 to 3 weeks according 
to clinical criteria to a maintenance substitution dose of 
25 to 35 mg of cortisone acetate p.o. and 0.1 mg of 
fluorocortisol p.o. 

g) Treatment of Acute Adrenal Insufficiency 

Addisonian Crisis. When chronic adrenal in
sufficiency exacerbates into acute crisis under 
the influence of infection, trauma or surgery, 
the patient's life is in serious danger and imme
diate intensive treatment is necessary. Every 
delay and every stressful diagnostic procedure 
can cause death. When the diagnosis is uncertain 
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and the patient is in a relatively good condition, 
a blood sample may be taken for the deter
mination of potassium, sodium, chlorides, urea, 
cortisol, and blood sugar. Afterwards, the 
following therapeutic procedure should be fol
lowed: 

Addisonian crisis in a patient treated or 
overtreated with deoxycorticosterone alone is 
characterized by symptoms of hypoglycemia 
together with signs of water retention. There 
may be edema, high blood pressure, coma, 
epileptic seizures, and pulmonary edema. So
dium chloride and fluid administration are 
contraindicated in these cases. Intravenous 
administration of cortisol in 10% glucose 
solution and plasma infusions are indicated. 
If hypokalemia has been demonstrated, KCl, 
6 g, is given in enteric-coated tablets or an 
intravenous infusion of 2 g of KCl in 1000 ml 
of 5% glucose solution is given within one hour. 

Table 9. Therapy of Addisonian crisis (for children reduce 
doses by 0-50%) 

1. Intravenous infusion over 3 hours of 100 mg of cortisol 
hemisuccinate in 500 ml of physiological saline solution 
to which 50 ml of a 40% glucose solution can be added. 
Tfno water-soluble cortisol preparation is available, pred
nisolone hemisuccinate or prednisolone phthalate, 25 mg. 
If intravenous infusion is impossible, cortisol hemisucci
nate, 100 mg or prednisolone hemisuccinate, 25 mg, i.m. 

2. In hypotension (systolic blood pressure below 100 mm 
Hg), infusion of 10 mg of noradrenaline or angiotensin II 
in 500 ml of physiological saline solution at a rate of 5 to 
40 drops per minute, i.e. 0.3 to 2.4 mg per hour ofl-nor
adrenaline or angiotensin. It may be advisable to give 
500 ml of plasma or blood after rehydration. 

3. Continued intravenous infusion of cortisol. 10 mg per 
hour, until patient is able to drink and to take cortisone 
tablets orally (4 x 50 mg per day). 

4. Gradual reduction of cortisone to maintenance dosage of 
25 to 37.5 mg of cortisone p.o. and 0.1 mg of fluorocorti
sol p.o. within 3 to 6 days. 

5. Antibiotics may be necessary. 

h) Therapy of Latent Addison's Disease 

In these patients, the reduced endogenous 
production of adrenocortical hormones is ade
quate to meet the requirements caused by a 
normal life style. Blood pressure and weight, 
but mainly the general condition and efficiency 
indicate whether and in what dosage long
acting deoxycorticosterone, fluorocortisol or 
cortisol should be given. Even when hormones 
are not usually needed, the patients must 
always carry cortisone on them, so that they 
can take 100 to 150 mg of cortisone at once in 
case of infection or trauma. If acute insuffi-
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ciency develops, it must be treated in the same 
way as the Addisonian crisis. 

i) Therapy of Secondary Adrenal Insufficiency 
in Panhypopituitarism and after Cortisone Treat
ment 

Adrenal atrophy due to ACTH deficiency can 
usually be reversed by intensive ACTH stim
ulation even after years. However, maintenance 
therapy with ACTH has not been very satis
factory, because ACTH always has to be given 
by injection, whereas cortisone can be taken 
orally. 

In secondary adrenal insufficiency, the secre
tion of mineralocorticoids is normal under basal 
conditions. Cortisone alone is sufficient for full 
substitution therapy. The basal secretion of 
cortisol may be adequate for a vita minima. 
Every additional stress can precipitate a crisis 
in these patients. In addition to small doses of 
cortisone acetate (12.5 to 25 mg p.o.) in pan
hypopituitarism, sodium-I-thyroxine must be 
given for the thyroid deficiency and testosterone 
for male gonadal insufficiency (see p. 105). 

See p. 326 for a discussion of secondary 
adrenal insufficiency after long-term treatment 
with high doses of cortisone. 

When a sudden stress precipitates these 
patients into acute adrenal insufficiency, cor
tisol must be given intravenously at once, as in 
Addisonian crisis, although it promotes further 
atrophy. ACTH, even when given intravenously, 
cannot stimulate the atrophic adrenals fast 
enough to be of use in an emergency situation, 
and thus cannot replace cortisone. Children 
receive between half and the full adult dose. 

6. Prognosis of Adrenal Insufficiency 

The prognosis of Addison's disease has changed 
completely with the development of therapy. 
Before 1930, when no specific treatment was 
available, 63% of Addisonian patients died 
within 11/2 years. Between 1930 and 1937, with 
treatment with salt and adrenal extracts, only 
43% died within 11/2 years. Since deoxy
corticosterone has been added to the therapy, 
only 14% have died within 11/2 years. The 
introduction of cortisone has lowered the 
mortality further. Prognosis is further influ
enced by additional diseases, such as urogenital 
tuberculosis. Simultaneous pulmonary tuber
culosis is rare. Addison's disease due to adrenal 
atrophy is thought to have a more favorable 
prognosis than the tuberculous form of the 
illness. A slow onset of the symptoms also 
indicates a better prognosis. Patients who only 
show an increase in pigmentation and hypo-
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tension over a long period of time and have no 
gastrointestinal or hypoglycemic symptoms may 
live without hormone therapy for many years. 
A tendency to hypoglycemia is an ominous 
sign which calls for immediate treatment. The 
prognosis, however, is mainly a function of the 
therapy and the care with which it is carried 
out. Patients have to be given as much informa
tion as possible about their illness. They must 
be taught to recognize their symptoms and to 
act accordingly. After the establishment of 
optimal maintenance therapy we make a point 
of seeing and examining the patient at first 
every three months and later once a year. 

F. Hyperfunction of the Adrenal Cortex 

1. Classification 
As shown on p. 288 and in Table 1, the human 
adrenal cortex produces mainly cortisol, cor
ticosterone, and dehydroepiandrosterone sulfate. 
Aldosterone, which is produced in small 
amounts, is of great physiological importance, 
whereas the other less active or inactive pre
cursors or by-products of adrenocortical hor
mones which are found in the blood have no 
clinical significance under normal conditions. 
Secretion of small amounts of testosterone is 
proven, and estrogens are probably also se
creted. 

Thus there are three distinct clinical syn
dromes of hyperfunction: 

1. Excess of mineralocorticoids (primary 
aldosteronism, Conn's syndrome); 

2. Excess of cortisol (Cushing 's syndrome); 
3. Excess of androgens (adrenogenital syn

drome). 
A combination of Cushing's syndrome and 

adrenogenital syndrome can be due to an 
adrenal adenoma. Combinations of all three 
syndromes, particularly characterized by mas
sive secretion of precursors, can be caused by 
adrenal carcinoma. Hirsutism and acne are 
signs of pure Cushing's syndrome, whereas 
virilism indicates an associated adrenogenital 
syndrome. 

2. Mineralocorticoid Excess 

a) Primary Aldosteronism (Conn's Syndrome) 

cr) Definition, Incidence 

The term primary aldosteronism designates 
autonomous overproduction of aldosterone by 
the adrenals. The disease is always caused by 
an aldosterone-producing tumor of the adrenal 
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cortex * ("aldosteroma", "aldosteronoma"). The 
classic Conn's syndrome consisted of the symp
toms of hypokalemia, such as muscular weak
ness or periodic pareses and polyuria, and of 
benign hypertension. However, CONN no longer 
considers hypokalemia a main feature of the 
disease. In many patients, hypertension precedes 
hypokalemia by several years, and CONN has 
been able to diagnose primary aldosteronism in 
a few normokalemic hypertensive patients from 
laboratory findings showing an increased aldo
sterone secretion rate and a decreased plasma 
renin activity. However, only very few cases of 
normokalemic primary aldosteronism have been 
diagnosed so far. 

The incidence of the disease is also still very 
controversial. In the decade following Conn's 
first description of the illness (1955), a few 
hundred cases were described in the literature. 
Until 1965, primary aldosteronism was consid
ered to be a rare cause of hypertension. In the 
United States, where about 17 million in
habitants suffer from hypertension, less than 
1 000 cases of primary aldosteronism had been 
diagnosed. CONN (1965/1966), however, sug
gested that actually at least 20% of all patients 
with "essential" hypertension suffered from 
undiagnosed primary aldosteronism. This hypo
thesis was based on the incidence of a raised 
aldosterone excretion rate in patients with 
essential hypertension (GARST, 1960) and on 
the incidence of adrenocortical adenomas found 
at autopsy of patients with essential hyper
tension. Although it is quite possible that the 
disease will be more frequently diagnosed in 
future due to improved laboratory methods and 
mass screening of hypertensive patients, evidence 
presented by a number of other investigators is 
not compatible with Conn's hypothesis. Ac
cording to clinical studies carried out with 
double isotope assays, aldosterone secretion 
rate is normal in the majority of patients with 
benign hypertension. LARAGH (1966) did not 
find a single case of increased aldosterone 
secretion among 73 patients with benign essen
tial hypertension. Aldosterone excretion rate 
was normal in 43 patients with benign hyper
tension studied by KAPLAN (1967). In a pro
spective study carried out in 90 unselected 
cases of "essential" hypertension, primary aldo
steronism could be excluded by a normal 
aldosterone secretion rate, a normal plasma 
renin activity, or both in 87 patients. By contrast, 

* Some authors use the term "primary aldosteronism" also 
for cases of aldosterone excess of unknown etiology as
sociated with bilateral adrenocortical hyperplasia and a 
decreased plasma renin concentration (p. 339). According 
to some authors, this disease is as frequent as tumorous 
primary aldosteronism (GEORGE, 1970). 
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primary aldosteronism was found in 4 out of 
10 patients with hypertension and hypokalemia 
(FISHMAN, 1968). Moreover, an adrenocortical 
adenoma found at operation or autopsy of a 
hypertensive patient does not prove that the 
hypertension was of adrenal origin. The steroid 
content of adenomas of patients with essential 
hypertension was normal, whereas adenomas 
of patients with primary aldosteronism contained 
10 to 100 times more aldosterone and 10 times 
more corticosterone per unit weight than normal 
human adrenocortical tissue. Until proved 
otherwise, primary aldosteronism must there
fore still be considered a rare cause of hyper
tension. 

The female sex is affected 21/2 times more 
frequently. Two thirds of cases are diagnosed 
during the 4th and 5th decade of life. The 
disease can, however, occur at any age. Although 
juvenile "congenital aldosteronism" with bi
lateral adrenal hyperplasia is a form of secondary 
aldosteronism (see p. 339), several cases of 
primary aldosteronism due to adrenal adenomas 
during childhood have been described. 

~) Pathologic Anatomy 

The adenomas occur 2 to 3 times more fre
quently on the left side than on the right. In 
90% of the cases, they are solitary, in 10% 
they are multiple, and in only 2% are they 
bilateral. They are usually very small and can 
therefore not be diagnosed radiologically. The 
weight of 63% of the adenomas is less than 
6 g, and the greatest diameter is less than 3 cm 
in 86%. 

They are composed of cells reminiscent of 
the zona fasciculata. The adenoma itself and 
the adjacent cortical tissue show no specific 
alterations indicative of mineralocorticoid ex
cess. Atrophy of the remaining cortex has, 
however, been described. 

Considerable amounts of aldosterone can be 
isolated from the tumors, whereas the aldo
sterone content of the adjacent adrenal tissue 
is strikingly low. In most cases, however, 
corticosterone and not aldosterone is found 
to be the prevalent steroid in tumors causing 
primary aldosteronism. Considerable amounts 
of cortisol are also often found which could 
explain the contralateral atrophy observed in 
some cases, necessitating temporary substitu
tion therapy. 

The kidneys usually show typical signs of 
hypokalemic nephropathy. In addition, arterio
sclerosis resulting from hypertension is often 
found. Signs of chronic pyelonephritis are not 
uncommonly observed. 
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y) Clinical Features 

The leading symptoms are caused by hyperten
sion and hypokalemia. Headache due to hyper
tension is rarely absent. Potassium is lost 
mainly in the urine, but also in the colon 
(SHIELDS, 1968). Hypokalemia leads to muscular 
weakness, which may be constant or, frequently, 
progressing to periodic pareses and paralyses, 
and also to polyuria, especially during the 
night, accompanied by isosthenuria and poly
dipsia, which are not always very pronounced 
(see Chap. III, p. 56). 

Tetany is often, but not always present and, 
like hypocalcemic tetany in the latent stage can 
be recognized by positive Chvostek's and 
Trousseau's signs. It is due either to metabolic 
alkalosis or to magnesium deficiency. There is 
usually no edema. Only a few cases of classic 
Conn's syndrome with edema have been de
scribed and a special reason for the edema was 
found in most of them. 

Paresthesia is not uncommon and is probably 
due to the alkalosis. 

Table 10. Frequency of clinical manifestations of primary 
aldosteronism. (From KOCZOREK. 1964) 

a) Symptoms 
Polyuria, nycturia 73% 
Muscular weakness 71% 
Headache 53% 
Polydipsia 48% 
Intermittent paralysis 25% 
Parasthesia 24% 
Tetanic .seizures 21% 
No symptoms 5% 

b) Clinical findings 
Benign hypertension 100% 
Retinopathy I to III 53% 
Increased heart size 42% 
Trousseau 17% 
Chvostek 8% 
Atonic pareses 4% 

The hypertension is usually benign, although 
diastolic blood pressure may vary between 90 
and 160 mm Hg. The heart is enlarged in only 
half the cases. Hypertension is not progressive, 
does not lead to arteriolar necrosis, and produces 
retinopathy of grade I to III. Papilledema is not 
found. The symptomatology may, however, be 
incomplete and there are known cases of surgi
cally verified primary aldosteronism where there 
were no symptoms at all; the hypertension was 
discovered at a routine examination and hypo
kalemia was then detected. 
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0) Laboratory Findings 

1. Electrolyte Balance. In most cases the main 
laboratory finding is hypokalemia, which gener
ally varies between 1.4 and 3.2 mEq/l. Normo
kalemic primary aldosteronism is rare. In most 
normolkalemic cases, hypokalemia can be pro
voked by oral sodium loading (200 mEq of 
Na + over several days). Potassium balance is 
negative and urinary potassium excretion is 
inappropriately high in relation to the low 
serum potassium level. The urinary potassium 
loss is substantiated by the fact that daily 
potassium excretion is not reduced to 20 mEq 
or less when a potassium-deficient diet (20 mEq 
daily) is given or when the serum potassium is 
below 3 mEq/l. Potassium excretion does not 
stop completely in healthy subjects, but it is 
considerably reduced. Characteristic changes 
in potassium balance can be induced by in
crease or reduction of sodium intake. When 
potassium intake is kept constant (100 mEq per 
day) and sodium intake is increased to 200 mEq 
per day, there is a marked rise in urinary potas
sium excretion and a further fall in serum 
potassium after a few days. This is due to a 
stimulated sodium-potassium exchange in the 
distal renal tubules under the influence of an 
elevated plasma aldosterone. Conversely, potas
sium excretion decreases and serum potassium 
rises when dietary sodium intake is restricted 
and no sodium is available for exchange with 
potassium in the distal tubules. In time, 
the negative potassium balance leads to a 
considerable deficit in total body potassium, 
and exchangeable body potassium as estimated 
with 42K may fall to 70% of normal. A very 
high potassium intake (200 mEq per day) 
may reduce the potassium deficit to some 
extent, but does not usually normalize the 
hypokalemia. 

A decrease in potassium excretion and a rise 
in serum potassium in response to spironolactone 
are characteristic of primary aldosteronism and 
help to differentiate this condition from tubular 
nephropathy with potassium loss. 

Hypernatremia is not as common and not 
as pronounced as hypokalemia. Serum sodium 
varies between 137 and 160 mEq/l and overlaps 
with normal values. Exchangeable body sodium, 
as measured by 24Na, is elevated by an average 
of 15%. However, interpretation of this para
meter is difficult because of the sodium stored 
in the bones. The extracellular fluid volume 
is increased and the plasma volume shows an 
average increase of 15%. There may be some 
overlap with normal values. A definite decrease 
in serum sodium or in plasma volume indicates 
secondary rather than primary aldosteronism. 
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In primary aldosteronism, the sodium-potas
sium ratio is often more strikingly reduced 
in the sweat and saliva than in the urine. How
ever, the sodium content of these two body 
fluids varies with their secretion rate, and 
standardization is difficult. The estimation of the 
sodium-potassium ratio in the sweat related to the 
secretion rate may be used as a simple diagnostic 
test for primary aldosteronism in mass screening 
of hypertensives (GRANDCHAMP, 1967). 

Hypomagnesemia of uncertain origin is 
found in many cases and may increase the 
predisposition to tetany. The hypokalemia is 
accompanied by metabolic alkalosis with plasma 
bicarbonate levels between 24 and 54 mEq/l 
(average 35) and an increased plasma pH. 
Although aldosterone promotes the excretion 
of H-ions, the urine is usually alkaline with a 
pH between 7 and 7.5. 

Polyuria, polydipsia, nycturia, and hypo
sthenuria are caused by the hypokalemia. The 
polyuria is not reduced by vasopressin and the 
urinary osmolality is always lower than the 
plasma osmolality. 

2. Aldosterone. Proof of a pathologically elevated 
and relatively autonomous aldosterone secre
tion rate is one of the most important criteria 
for the diagnosis of primary aldosteronism. 
In most cases, estimation of urinary aldosterone-
18-g1ucuronide hydrolyzable at pH 1, is suffi
cient. However, when aldosterone metabolism 
by the liver is impaired (liver diseases, preg
nancy), the aldosterone secretion rate has to 
be determined. In most cases, the aldosterone 
secretion rate is moderately increased, to approx
imately twice the normal value. Massive in
creases in aldosterone secretion rate are more 
frequently found in secondary (malignant hyper
tension) than in primary aldosteronism. Elec
trolyte status must always be taken into con
sideration when interpreting aldosterone secre
tion or excretion rates. An elevated aldosterone 
excretion rate is pathologic only when the daily 
sodium intake exceeds 100 mEq (6 g of sodium 
chloride). 

Aldosterone secretion rate in primary aldo
steronism is characteristically not or only slightly 
inhibited by measures leading to increased 
plasma volume: 

daily intake of 200 mEq of sodium (12 g of 
sodium chloride, possibly in the form of gelatine 
capsules) for 5 days; 

infusion of 2 liters of physiologic saline 
solution given over 4 hours on each of two 
consecutive days; 

parenteral administration of deoxycortico
sterone acetate, 20 mg daily for 3 consecutive 
days, with normal salt intake. 
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However, it must be borne in mind that in 
edematous patients these measures only in
crease the extracellular fluid volume and have 
no effect on circulating plasma volume. In this 
type of secondary aldosteronism, aldosterone 
secretion is not suppressed, and autonomy may 
be simulated. 

3. Renin, Angiotensin. Determinations of renin 
activity, renin concentration, or angiotensin II 
concentration in the plasma are the most 
important laboratory methods for differentiating 
primary from secondary aldosteronism, since 
the increased aldosterone secretion rate is 
directly attributable to an elevated renin-angio
tensin level in almost all known forms of secon
daryaldosteronism. By contrast, in primary aldo
steronism, renin activity, renin concentration, 
and angiotensin II concentration in the plasma 
are reduced or in the lower normal range and 
do not increase in response to sodium deficiency 
or orthostasis. When a direct estimation of 
plasma renin is not possible, an angiotensin 
infusion test may give indirect information 
about the activity of the patient's renin-angioten
sin system. Patients with renovascular hyperten
sion respond only to high doses of angiotensin II 
by an increase in blood pressure, whereas 
patients with primary aldosteronism are extrem
ely sensitive and respond even to very low 
doses. The test, however, is not without risk 
in hypertensive patients. 

4. Carbohydrate Metabolism. Whereas fasting 
blood sugar levels are usually normal, patho
logically reduced glucose tolerance is found in 
50% of patients with primary aldosteronism. 
The glucocorticoid activity of corticosterone, 

Table 11. Differential diagnosis of primary aldosteronism 

Primarv aldosteronism 
Cushing's syndrome 
Malignant hypertension 
Renal hypertension 
Tubular nephropathy 
Chronic diarrhea 

Abuse of laxatives 
Anorexia mentalis 
Familial potassium-losing 

Nephropathy (LIDDLE) 
Juxtaglomerular hyperplasia 

(BARTTER) 

17-Hydroxylase deficiency 

Iatrogenic: 

Salidiuretics 
Cortexone 
Liquorice juice 

Blood pressure 

+ 
(+ ) 
+++ 
++ 

+ 

+ 

+ 
+ 

Blood 

K HC03 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
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which is often secreted in excess, may contribute 
to this. It is, however, primarily due to the 
potassium deficiency. Hypokalemia impairs the 
formation of glycogen and retards insulin 
secretion. 

E) X-Ray Examinations 

Retroperitoneal pneumoradiography is generally 
unsatisfactory for the preoperative lateraliza
tion of an aldosterone-producing adrenocortical 
adenoma, because small adenomas are not 
usually revealed by this technique. Better results 
can be obtained by selective adrenal phlebo
graphy(CoNN, 1969). An unequivocallateraliza
tion can be achieved by the determination of 
aldosterone in adrenal venous plasma from 
both sides, obtained by vena cava catheteriza
tion (MELBY, 1967). However, only very skillful 
and experienced radiologists are capable of 
catheterizing both adrenal veins. If preoperative 
lateralization is impossible or doubtful, the 
left adrenal should be operated upon first, 
because most aldosterone-producing adenomas 
are found on the left side (CONN, 1969). 

Suprarenal aortography only occasionally 
reveals an adrenal tumor, but does disclose 
renal arterial stenosis. 

Recently visualisation and localisation of the 
adenoma has been achieved by scintillation 
scanning after administration of 131 I -19-iodo
cholesterol (CONN, 1971). 

1;;) Differential Diagnosis 

Differential diagnosis of primary aldosteronism 
must eliminate other causes of first hypokalemia 
(Table 11) and secondly hypertension. 

Urine Aldosterone 17-Hydroxy-

Renin K Volume 
corticoids 

+ + + 
+ + + 

+ + + ++ 
+ + + ++ 

+ + 

+ 
+ + 

+ + + + 

+ + 

+ + + + 
+ + 
+ + 
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It must first be determined whether potassium 
is lost in the urine, in the stools, or by displace
ment into the intracellular space. As a rule, in 
primary aldosteronism more than 20 mEq of 
potassium are excreted in 24 hours, even when 
the diet is potassium-deficient or the serum 
potassium is below 3 mEqjl, unless the potassium 
reserves are completely exhausted after years 
of illness. Hypokalemia without hyperkaluria 
is typical of chronic diarrhea, or is suggestive 
of concealed abuse of laxatives. Much work 
can be saved by the demonstration of phenolph
thalein in the feces or urine. Many laxatives 
contain phenolphthalein, and feces or urine 
turn red after alkalization. If salidiuretics are 
used in addition to laxatives because of the 
development of edema, the diagnosis becomes 
difficult, since hyperkaluria as well as an 
elevated aldosterone secretion rate may then 
develop. However, urinary potassium excretion 
decreases when salidiuretics are withdrawn for 
a few days. Hypokalemia with hyperkaluria 
and concurrent obstipation are found in anorexia 
mentalis (ROSSlER, 1955). 

When hyperkaluria has been established, a 
tubular renal disorder has to be excluded. 
In the absence of a primary renal disease, 
hypokalemia is always associated with metabolic 
alkalosis, whereas metabolic acidosis is found 
in most tubular nephropathies, because they 
often cause impaired hydrogen ion excretion. 
On the other hand, hypokalemia of long 
standing can lead to impaired tubular epithelial 
function with the development of hyposthenuria. 
Renal disorders which may be associated with 
hypokalemia are renal acidosis, chronic inter
stitial nephritis, occasionally chronic pyelone
phritis, and congenital tubular diseases, such 
as Fanconi's syndrome. Whereas these diseases 
are associated with normal or low blood pressure 
and metabolic acidosis, the syndrome offamilial 
potassium-losing nephropathy described by 
LIDDLE (1964) leads to alkalosis and hyper
tension. The disease seems to be due to a 
generalized abnormality in membrane sodium 
transport (GARDNER, 1971). 

Hyperkaluria together with metabolic al
kalosis primarily suggests iatrogenic hypo
kalemia. Hypokalemia due to salidiuretic ther
apy in hypertension is often mistaken for 
primary aldosteronism. Salidiuretics promote 
sodium excretion, and thus lead to an increase 
in aldosterone secretion and excretion rate. 
Liquorice juice has a mineralocorticoid-like 
activity (see p. 303) and excessive intake (it is a 
component of certain soft drinks) leads to 
hypokalemia, hyperkaluria, alkalosis, and hyper
tension, but to a decreased aldosterone secretion 
rate. Similarly, a decreased aldosterone secretion 
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rate is induced by chronic deoxycorticosterone 
acetate administration and is also found in 
Liddle's familial potassium-losing nephropathy. 

Finally, when hypokalemia, alkalosis and 
hyperkaluria are associated with an increased 
secretion and excretion rate of aldosterone, 
primary aldosteronism has to be differentiated 
from secondary aldosteronism. Secondary aldo
steronism due to idiopathic edema, nephrosis, 
cirrhosis of the liver with ascites, and cardiac 
failure is usually quite easy to differentiate 
from Conn's syndrome, because blood pressure 
is normal and severe hypokalemia is rare. 
It is more difficult to differentiate primary 
aldosteronism from malignant essential hyper
tension or renal hypertension due to unilateral 
stenosis of the renal arteries, which promote 
aldosterone secretion through the renin-angio
tensin system and occasionally lead to adreno
cortical hyperplasia. Extremely malignant, pro
gressive hypertension with retinopathy grade IV 
and papilledema, is not likely to be due to 
primary aldosteronism, but has been observed 
in confirmed cases. Whereas hypernatremia is 
usually found in primary aldosteronism, serum 
sodium is normal or even decreased in malignant 
hypertension with secondary aldosteronism. 
In every case, intravenous pyelography, aorto
graphy, and possibly also HOWARD'S test to 
assess the differential sodium excretion of both 
kidneys must be carried out to exclude renovas
cular hypertension. A correct preoperative diag
nosis is the basis of successful surgery. When 
plasma renin or angiotensin levels can be 
determined, high values distinguish renal and 
malignant hypertension from primary aldo
steronism with low renin and angiotensin levels. 
The angiotensin infusion test, which, however, 
is not completely harmless in hypertensive 
patients, can be used to differentiate essential 
hypertension and primary aldosteronism with 
a marked response from renal hypertension 
with a decreased response. In many patients 
with essential hypertension plasma renin activity 
is subnormal (FISHMAN, 1968). 

Evidence of autonomy of aldosterone secre
tion, i.e. little or no response to salt loading, 
salt restriction or volume expansion, strongly 
support the diagnosis of primary aldosteronism 
due to an aldosterone-producing tumor. How
ever, aldosterone secretion is not always com
pletely autonomous in primary aldosteronism. 
Finally, primary aldosteronism has to be dif
ferentiated from Bartter's syndrome (1962, 
see secondary aldosteronism), i.e.juxta-glomeru
lar hyperplasia, which is thought to be due to 
an extremely decreased vascular responsiveness 
to angiotensin II, leading to renin excess and 
secondary aldosteronism without hypertension. 
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In the rare syndrome of 17-hydroxylase de
ficiency, the clinical features of hypermineralo
corticoidism are associated with signs of hypo
gonadism (amenorrhea, absence of secondary 
sex characteristics). Aldosterone secretion rate 
is decreased, but urinary and plasma 17-hydroxy
corticoids and 17-ketosteroids are also very 
low. In this disease, as in ACTH-dependent 
secondary aldosteronism, potassium balance 
and blood pressure become normal under 
suppressive therapy with low doses of gluco
corticoids. Primary aldosteronism has to be 
distinguished from Cushing's syndrome, which, 
however, is mainly characterized by the classic 
features of glucocorticoid excess, whereas hypo
kalemia is usually moderate. Cushing's syn
drome due to ectopic secretion of ACTH by a 
malignant tumor, however, can be very similar 
clinically to Conn's syndrome, because hypo
kalemia is very pronounced and the classic 
Cushing's signs may be absent. But aldosterone 
excretion and secretion rate are usually normal 
or decreased, whereas the urinary cortisol 
metabolites. such as 17-hydroxycorticoids, are 
increased in Cushing's syndrome, in contrast 
to Conn's syndrome. 

The diagnosis of primary aldosteronism 
is difficult, since there are no definite pathogno
monic findings. Frequently, a high aldosterone 
excretion rate due to other factors leads to the 
wrong diagnosis of primary aldosteronism, 
even when the estimation has been carried out 
in the correct conditions with a diet containing 
at least 6 g of sodium chloride. The differential 
diagnosis between Conn's syndrome and malig
nant or renal hypertension is the most difficult. 
It should always be carried out at a specialized 
clinical center with adequate laboratory facilities. 

A suspected diagnosis of primary aldo
steronism should always be substantiated by 
means of electrolyte balance studies before 
expensive and time-consuming aldosterone, 
renin, and angiotensin estimations are carried 
out. 

ll) Therapy 

When the diagnosis of primary aldosteronism 
is supported by the classic clinical features and 
has been confirmed by laboratory findings, 
and when malignant hypertension and unilateral 
kidney disease have been excluded, exploratory 
surgery of the adrenals is indicated. As a rule, 
substitution therapy with cortisol is not necessary, 
but it should always be prepared. If an adenoma 
is found the affected adrenal gland must be 
removed. Exploration of the opposite side can 
be omitted, because the tumor is unilateral in 
98% of all cases. It is advisable to restore body 
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potassium as far as possible by preoperative 
treatment with potassium, 200 mEq per day, 
spironolactone for 7 to 10 days, and sodium 
restriction. When surgery is contraindicated, 
spironolactone can be used for chronic therapy. 
The effectiveness of inhibitors of aldosterone 
biosynthesis, such as SU 9055 and amino
glutethimide, in the definite or preoperative 
treatment of primary aldosteronism has not 
been definitely evaluated. The heparinoid RO 
18307 is not yet available for clinical use. 

After removal of an aldosterone-producing 
adrenal adenoma, the metabolic syndrome with 
hypokalemia disappears within a few days. 
The blood pressure returns to normal within 
a few months in two-thirds of cases; hypertension 
is alleviated in 20% and unchanged in 13% 
of the patients. 

b) Secondary Aldosteronism 

ex) Detinition and Pathogenesis 

The term "secondary aldosteronism" refers to 
increased aldosterone secretion due to extra
adrenal causes. In most cases, elevated renin 
and angiotensin production is responsible for 
the increase in aldosterone secretion. In diseases 
with edema, increased renin production is a 
normal renal response to the decreased circulat
ing blood volume. In cases of malignant renal 
hypertension, however, in response to an im
paired renal circulation, it is pathologic. Hyper
secretion of aldosterone alone does not lead 
to edema. Other factors, such as reduced oncotic 
pressure or abnormal capillary permeability, 
must have a primary role in the formation of 
edema. Aldosteronism in the 3rd trimester of 
a normal pregnancy is probably physiological 
and compensates for the sodium diuretic action 
of progesterone excess. 

Since methods for measuring renin concen tra
tion or activity in the plasma have become 
available a few cases of what appears to be sec
ondary aldosteronism have been described, in 
which renin-angiotensin production is not in
creased and in which another stimulatory mech
anism had to be sought for the elevated aldo
sterone secretion rate. In some of these cases, the 
increased aldosterone secretion appeared to be 
dependent on ACTH. In other cases, the 
pathogenesis was completely unknown. 

~) Aldosteronism Secondary to Edema 

1. Nephrotic Syndrome. In the nephrotic syn
drome of any etiology, oncotic pressure decreases 
due to renal loss of albumin, thus facilitating 
a shift of water and sodium chloride from the 
capillaries to the interstitial space and impairing 
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the reentry of these substances into the blood 
stream. Hypovolemia develops, which is a 
physiological stimulus of aldosterone produc
tion. Aldosterone secretion and excretion rates 
are usually markedly increased and may reach 
excessive values. More sodium is reabsorbed in 
the distal tubules, which further increases the 
interstitial fluid volume, setting up a vicious 
circle. It is still not known why this type of 
secondary aldosteronism does not lead to 
hypokalemia. 

2. Liver Cirrhosis. Secondary aldosteronism is 
usually found in liver cirrhosis with ascites. 
Transudation from the blood stream leads to 
hypovolemia, which induces an increased secre
tion of renin and aldosterone. Moreover, in
activation of aldosterone by the liver is impaired, 
resulting in high values of urinary free aldo
sterone and 18-glucuronide, and a relatively 
decreased excretion of tetrahydroaldosterone. 

3. Idiopathic Edema. Generalized edema not 
caused by renal, cardiac, or liver disease and 
occurring exclusively in women, usually in 
younger age groups and often characterized 
by premenstrual exacerbation, must be primarily 
due to an increased capillary permeability. 
Aldosterone excretion and secretion rates are 
not suppressed by intravenous infusion of sodium 
chloride. Sodium administration does not expand 
the intravascular volume, since the sodium 
immediately escapes into the interstitial space. 
Hypovolemia provides the stimulus for the 
increased production of aldosterone, occasion
ally leading to the formation of adrenocortical 
adenomas. In very severe cases leading to 
invalidity, subtotal or total adrenalectomy has 
been attempted. Idiopathic edema is related to 
cyclic edema, which occurs premenstrually in 
nervous women. There are intermediate forms 
of the two conditions. In some cases, occurrence 
of abnormal proteins has been demonstrated 
(THORN, 1968; VEYRAT, 1968; GILL, 1972). 

4. Heart Failure. Cardiac insufficiency is usually 
accompanied by sodium retention and edema 
formation. Aldosterone excretion rate is often 
but not always increased. The secretion rate 
is normal in most cases. The role of aldosterone 
in edema formation of cardiac failure is not 
considered to be very important. The increased 
renal retention of sodium is thought to be due 
mainly to hemodynamic factors because renal 
sodium retention is promoted to a greater extent 
by anoxemia than by renal ischemia. Since 
aldosterone secretion rate is usually normal, the 
existence of aldosteronism secondary to cardiac 
failure is no longer unanimously accepted. The 
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paradoxical reactions of cardiac patients to 
sodium restriction or loading are striking. 
Sodium restriction leads to disappearance of 
the edema, alleviates heart failure, and decreases 
aldosterone excretion. On the other hand, 
sodium loading in preexisting hypovolemia leads 
to a further expansion of the interstitial volume, 
increases edema, aggravates the cardiac failure, 
and induces an additional increase in aldosterone 
secretion. In heart failure, an inadequate renal 
blood flow (forward failure) leads to increased 
renal salt retention, whereas an increased venous 
pressure (backward failure) has the same effect 
on the kidneys by diminishing their oxygen 
supply. 

y) Aldosteronism Secondary to Malignant or 
Renovascular Hypertension with Renin Excess 

Contrary to previous reports, aldosterone secre
tion or excretion rate is not increased in un
complicated essential hypertension. However, 
in hypertensives the response to sodium restric
tion or sodium loading is blunted. It is still not 
known whether the diurnal variation in aldo
sterone secretion is greater in hypertensive 
patients than in normal healthy subjects. 

Complications occurring in the course of 
essential hypertension, such as heart failure, 
renal insufficiency, or disorders of cerebral 
circulation, occasionally lead to an increased 
aldosterone secretion rate. 

Malignant hypertension, which is always 
rapidly progressive and is characterized by 
high diastolic blood pressure, papilledema and 
renal damage due to necrotizing arteriolitis, 
is almost always associated with a strikingly 
increased aldosterone secretion rate. Despite 
manifest renal failure, there is a tendency to 
develop hypokalemia and alkalosis, so that 
primary aldosteronism is simulated. In contrast 
to primary aldosteronism, however, hyper
natremia is never found and the serum sodium 
may even be slightly decreased. In malignant 
hypertension, aldosterone secretion is presum
ably stimulated by the renin-angiotensin system. 

Excessive aldosterone production is often, 
but not regularly found in unilateral kidney 
diseases, particularly in stenosis of the renal 
artery with frequently malignant hypertension. 
These diseases are often associated with hypo
kalemia, but never with hypernatremia. 

After surgical removal of the affected kidney, 
hypertension regresses and aldosterone secre
tion becomes normal. The increased aldosterone 
secretion rate is most probably mediated by the 
renin-angiotensin system. This condition may 
be mistaken for primary aldosteronism and the 
differential diagnosis has to be based on the 
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following tests: intravenous pyelography, How
ard's test (comparison of sodium excretion on 
both sides), aortography, and where possible, 
determination of renin or angiotensin in pe
ripheral blood, preferably in blood from the 
right and left renal veins, obtained by venous 
catheterization. 

A few cases of a peculiar illness in which 
hypokalemia, polyuria and alkalosis are present 
but not hypertension ("Bartter's syndrome") 
have been described by BARTTER (1962) and other 
clinical investigators. This condition was at 
first confused with CONN'S syndrome. The 
histology of the kidneys revealed hyperplasia 
of the renin-producing juxta-glomerular cells. 
BARTTER assumed that the disorder was pri
marily due to a failure of the blood vessels to 
respond to angiotensin, which was demonstrable 
by means of an angiotensin infusion test. This 
would lead to overproduction of renin and 
angiotensin, which in turn would stimulate 
aldosterone secretion and generate secondary 
aldosteronism. Hypernatremia is not found 
and the serum sodium may even be decreased. 
Some authors have suggested that the primary 
disorder might be renal salt loss or an anomaly 
in the regulation of extracellular fluid volume 
(BEILIN, 1967). Similar cases have been observed 
in association with growth retardation. Some 
cases may previously have been mistaken for 
primary aldosteronism with bilateral adrenal 
hyperplasia. 

8) Glucocorticoid-Suppressible Secondary 
Aldosteronism 

SUTHERLAND (1966) first described a disease 
which occurred simultaneously in father and 
son and was characterized by benign hyper
tension, potassium deficit, increased plasma 
volume, elevated aldosterone secretion rate, 
intermittent elevation of urinary 17-hydroxy
corticoids and 17-ketosteroids, normal secre
tion rate of corticosterone and compound S, 
normal plasma ACTH and low plasma renin 
activity. Surgery in the father revealed no 
adrenal tumors. Treatment with dexamethasone, 
2 mg per day, led to marked suppression of 
aldosterone secretion and normalization of 
blood pressure and serum potassium in father 
and son. A similar disease was observed by 
NEW (1967) in a 12-year-old boy. He had a 
moderately elevated aldosterone secretion rate, 
reduced plasma renin activity, elevated plasma 
ACTH concentration and low normal values 
or urinary 17-ketosteroids and 17-hydroxy
corticosteroids with a delayed response to 
ACTH. Treatment with prednisone in a dose 
of 10 mg daily suppressed aldosterone secre-
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tion and normalized blood pressure and serum 
potassium. 

E) Secondary Aldosteronism of Unknown 
Etiology ("Primary Aldosteronism with 
Bilateral Adrenal Hyperplasia", "Pseudo
Primary Aldosteronism", 
"Idiopathic Aldosteronism") 

Since the determination of plasma renin con
centration or activity was introduced as a 
diagnostic tool for the detection of primary 
aldosteronism, several cases have been described 
in which a preoperative diagnosis of primary 
aldosteronism was based on an increased aldo
sterone secretion rate and a simultaneous sup
pression of plasma renin activity and surgery 
did not reveal a tumor but bilateral adrenal 
hyperplasia. It must be assumed that an unknown 
stimulatory principle was responsible for the 
increased aldosterone secretion rate and the 
adrenocortical hyperplasia (DAVIS, 1967; SALTI, 
1969). This disease occurs almost as frequently 
as primary aldosteronism due to an aldosterone
producing adrenal adenoma (BAER, 1970). Hyper
tension is generally not improved by subtotal 
or total bilateral adrenalectomy. A definite 
preoperative differential diagnosis between this 
disease and primary aldosteronism can only be 
made by the determination of aldosterone in 
adrenal venous plasma obtained from both 
sides by catheterization. 

1::) Therapy of Secondary Aldosteronism 

Treatment of secondary aldosteronism consists 
primarily in removing the cause, i.e. treatment 
of the underlying disease. Occasionally, treat
ment with aldosterone antagonists, which act 
on the target organs of aldosterone, or with 
inhibitors of aldosterone biosynthesis can be 
helpful. SU 9055, a specific inhibitor of aldo
sterone biosynthesis, in a daily dose of 4.8 g 
reduces the elevated aldosterone secretion rate 
to very low levels and promotes sodium excre
tion in the urine. The clinical value of this drug 
has not yet been definitely assessed. 

c) Excess of Other Mineralocorticoids 

ex) 17-Hydroxylase Deficiency 

This rare disease is a congenital disorder of 
corticosteroid biosynthesis. However, it is not 
characterized by an adrenogenital syndrome, 
but rather by hypogonadism and hypermineralo
corticoidism. Less than 10 cases have been 
described. Most of these patients have been 
young women with primary amenorrhea, lack 
of secondary sexual characteristics, hyperten-
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sion, hypokalemia, and metabolic alkalosis. 
In boys, the disease is characterized by pseudo
hermaphroditism (NEW, 1970). The secretion 
of aldosterone, cortisol, androgens, and estro
gens is strikingly decreased, while the production 
of corticosterone, deoxycorticosterone and pro
gesterone is increased. Plasma renin activity 
is very low, while levels of ACTH, LH and FSH 
are elevated. Suppressive therapy with dexa
methasone (1 to 2 mg per day) or with cortisone 
decreases corticosterone and deoxycortico
sterone production and leads to normalization 
of blood pressure and potassium balance. 

~) Deoxycorticosterone Excess 

A case of hypermineralocorticoidism due to a 
pathologically increased deoxycorticosterone se
cretion rate with a normal aldosterone secre
tion rate has been described by BIGLIERI. The 
39-year-old female patient had edema, hypo
volemia, hypotension, and hypokalemic alka
losis. A bilateral nodular adrenal hyperplasia 
was found at operation. 

y) 18-Hydroxydeoxycorticosterone Excess 

An increased secretion rate of 18-hydroxy-11-
deoxycorticosterone (18-0H-DOC) or an elevat
ed urinary excretion rate of tetrahydro-18-0H
DOC was found by MELBY (1972) in patients 
with benign hypertension, low plasma renin 
and normal or slightly decreased aldosterone 
secretion rate. Some of these patients became 
normotensive under suppressive therapy with 
dexamethasone (1.5 mg per day). 

3. Cushing's Syndrome 

a) Definition 

The typical clinical features of Cushing's syn
drome are always due to an excess of endogenous 
cortisol or exogenous glucocorticoids. There 
are various causes of the disease (see below). 

The differentiation between Cushing's syn
drome without specification of the etiology and 
Cushing's disease due to a basophilic pituitary 
adenoma is no longer justified, since the existence 
of an autonomous basophilic adenoma of the 
pituitary gland has become questionable. 

b) Incidence 

Cushing's syndrome is a rare disease. PLOTZ 
(1952) reported 189 cases, verified by autopsy 
or hormone determinations, from the literature, 
SOFFER (1961) 450 cases. At the Department of 
Medicine of the University Hospital of Zurich, 
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30 cases of Cushing's syndrome have occurred 
among 30000 patients within the last 10 years. 
In the Zurich Children's Hospital, 6 cases were 
observed among 70000 patients. The syndrome 
has been observed 15 times in 33000 autopsies 
carried out during the last 20 years at the 
Pathology Institute of the University of Zurich. 
The syndrome is 3 to 4 times more common in 
women than in men, and often appears follow
ing pregnancy. Its incidence is greatest in the 
3rd and 4th decades, but it may occur at any 
age, from earliest childhood (youngest case 
4 months old) to senescence. 

c) Pathogenesis and Etiology, Pathophysiology 

Cushing's syndrome is always caused by an 
overproduction of steroids with glucocorticoid 
activity, which are almost exclusively formed in 
adrenocortical tissue. In some instances, cortisol 
has been reported to originate from ovarian and 
testicular tumors which were probably derived 
from detached portions of adrenocortical tissue. 

Glucocorticoid excess can result from: 
1. Primary adrenal lesion (adenoma, car

cinoma); 
2. A disorder of the hypothalamic-pituitary 

mechanism regulating adrenocortical activity 
(bilateral hyperplasia); 

3. Excessive stimulation of the adrenals by 
ACTH produced by ectopic tumors (bilateral 
hyperplasia) ; 

4. Excessive administration of exogenous 
cortisol or its derivatives (adrenal cortical 
atrophy) or of ACTH (bilateral hyperplasia). 

1. Adenomas (15%) and carcinomas (10%) 
of the adrenal cortex, and in a few cases of 
detached adrenocortical tissue in the ovaries 
and testes, usually grow autonomously, i.e. 
independently of pituitary control, in the same 
manner as other benign or malignant tumors. 
Their steroid production is also autonomous to 
a great extent and therefore not suppressible 
in the 8 mg dexamethasone test. The cortisol 
production of adrenal adenomas can occa
sionally be stimulated by exogenous ACTH, 
but only to a small extent, whereas carcinomas 
are usually not responsive. The cortisol secreted 
by the tumor suppresses the endogenous ACTH 
secretion, and thus leads to atrophy of both 
the ipsilateral and the contralateral adrenal 
glands. Normal or hyperplastic adrenal glands 
with small multiple adenomas found at operation 
indicate that the disease is most probably due 
to hypothalamic-pituitary factors. 

2. Cushing's syndrome with adrenocortical 
hyperplasia is due to excessive ACTH produc
tion by the anterior pituitary gland. Small, or 
less commonly large, basophilic or chromo-
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Fig. 18 a-d. Causes of Cushing's syndrome. a) Adrenocortical tumor; b) Adrenocortical hyperplasia of hypothalamic origin ; 
c) Adrenocortical hyperplasia due to ectopic ACTH production ; d) Exogenous cortisol administration 

phobe adenomas may, but need not be found , 
Occasional invasive extracellular growth of 
these tumors can lead to lesions of cerebral 
nerves, in particular of the oculomotor nerve, 
The existence of autonomous pituitary tumors 
producing excessive ACTH in proportion to 
their size is no longer accepted. Since it has been 
known that these tumors develop particularly 
often after total adrenalectomy, i,e. after removal 
of the suppressive influence of cortisol, they 
have been considered to be hyperplasiogenic, 
developing under increased stimulation by the 
hypothalamic corticotropin-releasing factor. 
Cushing's syndrome with bilateral adrenal 
hyperplasia is thus due to impaired regulation 
of ACTH secretion. The hypothalamus is less 
sensitive to the negative feedback effect of 
cortisol, i.e. the regulatory circle is set to a higher 
cortisol level (Fig, 19). Cortisol exerts its sup
pressive effect on the hypothalamus and the 
pituitary gland only at higher concentrations, 

LIDDLE (1960, 1962) has substantiated this 
hypothesis by the determination of ACTH in 
human plasma and by assessing its suppressibility 
by various concentrations of cortisol and dexa
methasone, and has at the same time introduced 
the dexamethasone suppression tests (see p. 389) , 
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b) Adrenalectomy 
with normal 
subst(tut,on 

c) Cushing's 
syndrome 

which are the most reliable tools currently 
available for the diagnosis and differential 
diagnosis of Cushing's syndrome. Whereas in 
healthy subjects the plasma ACTH concentra
tion varies between 0.1 and 0.5 mU per 100 ml 
and is thus just measurable by the most sensitive 
bioassays, it increases 10- to 100-fold in Ad
disonian patients and returns to the normal 
range after substitution with cortisol, 30 mg 
per day . Plasma corticotropin concentration in 
untreated Cushing's syndrome is slightly eleva
ted or in the upper normal range (NELSON, 1966), 
since a certain, although insufficient suppression 
of ACTH release is exerted by the markedly 
elevated cortisol concentration in the plasma. 
The diurnal variation is lost, and the absence 
of the nocturnal fall in ACTH secretion leads 
to a twofold increase in the daily cortisol output 
(RETIENE, 1965). After total adrenalectomy in 
a patient with Cushing's syndrome and under 
normal substitution with 30 mg of cortisol per 
day, the ACTH concentration increases mark
edly, The corticotropin concentration only re
gresses to normal values when the dose of cortisol 
is increased several times (8-fold) (Fig, 19). 

Thus, therapeutic adrenalectomy and normal 
replacement therapy in patients with Cushing's 
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Fig. 19 a-e. The hypothalamic-pituitary control of adrenocortical function in normal subjects, in patients after adrenalectomy 
and in Cushing's syndrome. a) Normal ; b) Adrenalectomy with normal substitution therapy ; c) Cushing's syndrome; 
d) Cushing's syndrome after adrenalectomy with normal substitution therapy; e) Dexamethasone suppression test in 
Cushing's syndrome 
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syndrome lead to a persistent increase in ACTH 
secretion, clinically manifested by a striking 
increase in pigmentation and a tendency to 
adenohypophyseal adenomas. Pituitary adeno
mas occurring in patients with Cushing's syn
drome after therapeutic adrenalectomy have 
been observed in dozens of cases. The plasma 
ACTH concentration is extremely high in these 
patients, and values of up to 1000 m U per 100 ml 
have been determined. The circadian rhythm 
is absent at first, but reappears at an elevated 
level. 

3. Peptides with ACTH activity can be 
produced outside of the pituitary gland by 
neoplastic tissue, particularly by bronchial car
cinomas and their metastases. As in the second 
type of Cushing's syndrome, bilateral hyper
plasia of the adrenal cortex develops. Strikingly 
elevated ACTH levels are found in the plasma. 
These tumors are not affected by feedback 
inhibition and their ACTH production is not 
suppressed by cortisol or dexamethasone. Very 
high ACTH levels and the complete absence of 
suppression indicate ectopic ACTH production 
(NELSON, 1966). 

4. Excessive administration of cortisol and 
its derivatives or ACTH for therapeutic purposes 
leads to the iatrogenic Cushing's syndrome, 
which differs very little from endogenous cortisol 
excess. 

Hirsutism and acne are more common in 
iatrogenic Cushing's syndrome due to ACTH 
administration than during treatment with high 
doses of corticosteroids. 

Cushing's syndrome may exceptionally de
velop during maintenance therapy with normal 
doses of cortisone (25 mg per day) when meta
bolic degradation is impaired, e.g. in secondary 
hypothyroidism. 

Every case of Cushing's syndrome (with 
the exception of the iatrogenic type) is due to 
increased cortisol production. The cortisol secre
tion rate shows a 2- to 3-fold increase. By contrast, 
the secretion rate of corticosterone is usually 
not elevated, or only slightly. However, mark
edly increased corticosterone production has 
been observed in cases of adrenal carcinoma 
and in the ectopic ACTH syndrome. The 
secretion rate of aldosterone is generally normal 
or decreased (BlGUERl, 1963; GUINET, 1967). 

The metabolic activity of cortisol (see p. 303), 
i.e. the promotion of gluconeogenesis, leads to 
a negative nitrogen balance, a tendency to high 
blood sugar levels, and a pathological result in 
the glucose tolerance test, which can initially 
be partly compensated by an increased insulin 
secretion. The normally minimal glucosuria 
is increased due to accelerated glucose filtration. 
On the other hand, peripheral carbohydrate 
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metabolism is not impaired in pure steroid 
diabetes. Ketosis does not occur and the liver 
glycogen is increased. The findings of elevated 
plasma levels of pyruvic acid and lactic acid 
(HENNEMANN, 1957) may possibly be related 
to the increased supply of substrates provided 
by gluconeogenesis. Manifest diabetes with 
reduced glucose assimilation in the course of 
Cushing's syndrome probably only occurs in 
individuals with a genetic predisposition for 
diabetes. Treatment with cortisone can be used 
as a screening test for diabetes (see p. 813 f.). 

d) Pathologic Anatomy 
()() Hyperplasia of the Adrenal Cortex 
In cortical hyperplasia, both adrenals are usually 
enlarged but maintain their shape. Enlargement 
often appears to be trivial. In the older statistics 
of the weight of normal adrenal glands, too 
little attention was paid to adrenocortical 
changes during adaptation to stress and diseases. 
The allegedly normal values given are therefore 
too high. If only glands from healthy subjects 
who have died suddenly and violently are 
considered, the normal average weight of both 
adrenals of adults is 10 g, with a range of 6 to 
11 g. Thus, a combined weight of 10 g is com
patible with adrenocortical hyperplasia. 

In simple hyperplasia, the cortical structure 
remains intact, but definite changes in the 
relative and absolute width of the individual 
zones are observed. 

Since hyperplasia is usually not quite uni
form, zones of increased proliferation develop, 
leading to nodular hyperplasia. These nodules 
can be situated in the cortical tissue itself and 
are frequently not clearly circumscribed. In 
the capsular region, they are often sequestered 
from the cortical tissue and become encap
sulated, which leads to a nodular surface of the 
adrenal. As in other endocrine organs, particu
larly in the anterior pituitary gland and the 
thyroid, the transition from nodular hyperplasia 
to adenomas is gradual. 

~) Bilateral Adrenocortical Adenomatosis and 
Adenomas 

The differentiation between nodular hyperplasia 
and adenomas is particularly difficult in bilateral 
adrenocortical adenomatosis of Cushing's syn
drome or adrenogenital syndrome. In typical 
cases, adrenocortical areas not affected by 
nodular hyperplasia become atrophic. Adenomas 
are usually solitary. According to a review by 
RAPAPORT (Table 12), both adrenals are affected 
with approximately the same frequency. Bilateral 
tumors occur in 1 to 2% of cases. In almost 
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Table 12. Classification of adrenocortical tumors of 278 patients according to their endocrine activity. [After a review by 
E. RAPAPORT, M. B. GOLDBERG, G. S. GORDAN, and F. HINMAN JR.: Postgrad. Med. 11,325 (1952). The figures refer to 
the statements made in the text which do not quite agree with those in the tables] 

1. Hormonally inactive tumors 
2. Tumors with androgenic activity 
3. Tumors with Cushing's syndrome 
4. Tumors with estrogenic activity 
5. Tumors with estrogelllc and androgelllc activity 
6. Tumors with hypoglycemia 
7. Chqriongonadotropin-producing tumors 
8. Non-classifiable tumors (insufficient information) 

Total 

2% of the cases observed the tumors have 
originated from aberrant adrenocortical tissue 
located near the adrenals and the kidneys, in 
the retroperitoneal space distal to these 
organs, and in the genital region (see adrenal 
dystopia). 

Many adenomas do not lead to clinical 
manifestations and they are found at autopsy 
more frequently than expected. 

Some adrenocortical adenomas become very 
large and reach a diameter of several cm and a 
weight of 100 to 200 g, occasionally even of 
kg. In 20% of cases, the tumors become mani
fest because of their size and are sometimes 
palpable. The adenomas are usually round 
and firmly encapsulated. In contrast to nodular 
hyperplasia, the adjacent cortical tissue is often 
compressed; cut surfaces are yellowish brown, 
lobular and sometimes penetrated by hemorrhage 
and cysts. Histology of the adenomas shows 
that they are composed of nests of cells similar 
in appearance to different layers of the normal 
cortex. Cells are usually large and often contain 
lipids and glycogen. The pigment, on the other 
hand, is not as abundant as in the zona reticularis. 
Occasional groups of spindle cells resembling 
pheochromocytoma tissue may be present. 

y) Carcinomas 

Adrenocortical carcinomas may be very similar 
to adenomas both microscopically and macro
scopically. Occasional invasion of the capsule 
and penetrations into the veins can be seen with 
the naked eye, as in hypernephroid renal 
carcinoma. Cones of the tumor may reach the 
vena cava, and this must be borne in mind 
by the surgeon attempting radical exstirpation. 
Necrosis and hemorrhage are not uncommon. 
Microscopic diagnosis is not difficult when the 
tumors are poorly differentiated and have the 
characteristic features of carcinoma. However, 

Number % of all % of the tumors 
of cases cases with hormonal 

activity only 

43 15.5 
80 28.8 34.0 

122 43.9 51.9 
7 2.5 3.0 
4 1.4 1.7 
3 1.1 1.3 
2 0.7 0.9 

17 6.1 7.2 

278 100.0 100.0 

if the tumors are more differentiated, distinction 
between adenomas and carcinomas may be 
very difficult. The structure of carcinomas may 
be very uniform, and adenomas may be charac
terized by cellular and nuclear polymorphia 
due to degenerative changes. In border-line 
cases, a decision is only possible on the basis 
of metastases. 

The morphology of adrenocortical tumors 
does not allow any definite conclusions about 
their endocrine activity. Thus, the histological 
structure of hormone-inactive tumors may be 
absolutely identical to that of hormone-active 
adrenal cortical tumors producing different 
steroids and leading to corresponding clinical 
syndromes. Fuchsinophilia according to VINES, 

and other staining reactions such as Ashbel
Seligman's reaction, are not specific for an
drogens (BACHMANN, LIEBEGOTT). Apart from 
the morphologically detectable secondary symp
toms, certain conclusions can be drawn from 
the pathologic anatomical nature of the remain
ing adrenal tissue. The state of the contralateral 
adrenal is of special significance, because an 
atrophy of the ipsilateral adrenal cortex may 
be due to pressure. Atrophy of the contra
lateral adrenal cortex caused by suppression of 
pituitary ACTH secretion is found in more 
than 70% of cases of Cushing's syndrome due 
to an adrenocortical adenoma or carcinoma. 
Contralateral adrenocortical atrophy is observed 
in approximately 30% of cases with androgen
producing tumors, but never in cases of hor
mone-inactive tumors. 

8) Metastases 

Adrenocortical metastases are common. Only in 
rare instances do they lead to endocrine failure, 
and the clinical picture is usually dominated 
by the manifestations of the metastasizing 
tumor. 
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F or a discussion ectopic hormone production 
and Cushing's syndrome see p. 353. 

e) Changes in the Pituitary Gland 

Changes in the pituitary gland in Cushing's 
syndrome are very variable. Only Crooke cells, 
which can be demonstrated in a large proportion 
of cases, are characteristic. THOMPSON and 
EISENHARDT found them in the pituitary glands 
of 58 out of 63 patients with Cushing's syn
drome. They are basophil cells with a peculiar 
hyalinization of the cytoplasma, with a tape
like hyalinized zone replacing the basophil 
granules (Fig. 20). The reader is referred to 
the reviews by PLOTZ (1952) and ROVIT (1969) 
for discussions of the incidence of pituitary 
changes. 

Fig. 20. CROOKE'S cell in the anterior pituitary gland in 
Cushing's disease with anterior pituitary mucoid cell 
adenoma and bilateral adrenocortical hyperplasia. In com
parison with a normal basophilic cell (left side) cytoplasm a 
and the nucleus are enlarged. The perinuclear cytoplasma 
shows hyaline transformation. The hyaline mass is not 
stained by period ide leucofuchsin. Marginal remains of 
granulose cytoplasma. SN 321 /55, 32-year-old women. 
Periodate leucofuchsin orange G stain according to PEARSE, 
enlargement 1137: 1 

The multiplicity of the hypophyseal changes 
becomes understandable when the transfor
mational capacity of the adeno-hypophyseal 
cells and the different possible pathogeneses of 
Cushing's syndrome are considered. Basophil 
and large chromophobe cells, at least the so
called sparsely granulated cells, may corre
spond to the same type of cells under different 
functional conditions. Thus it is understandable 
that in Cushing's syndrome basophil, chromo
phobe and mixed cell adenomas are found, 
which may also metastasize in exceptional 
cases (RoVIT, 1969). 

e) Clinical Features 

IX) History 
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When taking the case history, the doctor should 
try to fix the onset of the disease to a certain 
time. There is always some discontinuity in the 
life history in Cushing's syndrome. Physical 
and mental alterations may develop slowly 
without alarming the patient; but they can 
also appear quite suddenly, and the patient and 
his family may become aware of his altered 
appearance within weeks or days. The patient 
is always able to state a time at which he had 
not yet observed the changes. Earlier photo
graphs can be particularly informative, as in 
numerous other endocrine diseases. The dif
ferentiation of Cushing's syndrome from con
stitutional obesity, which is often associated 
with hypertension and diabetes, is usually 
possible just from the history, since constitu
tional obesity appears in childhood and no 
striking changes are observed by the patient 
and his family. 

The patients' main complaint is fatigue, 
which contrasts with the flourishing appearance. 
Fatigue can progress to adynamia and may 
finally cause complete confinement to bed. 
It is of the organic type, i.e. less pronounced 
in the morning than in the evening. 

Back pain with radiation along the costal 
arch is characteristic of osteoporosis (see p. 349). 
Kidney-stone or gall-stone colics can occa
sionally be the first symptoms of the disease: 
increased calcium excretion promotes calculus 
formation. When diabetes mellitus becomes 
severe, the patients may be troubled with thirst, 
polyuria, and pruritus. 

Mental Changes. Mental changes typical of 
endocrine psycho syndrome usually occur in 
manifest Cushing's syndrome. Apathia and 
excitement are frequent. Sexuality is often 
subdued; in rare cases it may be temporarily 
increased. Hunger and thirst are usually in
creased. Acute variations in mood can progress 
to episodes of psychosis in the patient with 
Cushing's syndrome. Confusion, hallucination, 
illusions, and delusional ideas may then occur. 
Although these psychoses can be very similar to 
schizophrenia, they must be considered as in
creases in the variation of mood and drive with 
progression into the acute exogenous reaction 
type. Amnestic symptoms are common in Cush
ing's syndrome. Mental disturbances are not cor
related to physical ch,anges. However, the psy
chopathology of a patient with Cushing's syn
drome is closely related to the premorbid person
ality, and the mental alterations may often be 
an exaggeration of preexisting peculiarities. 
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Fig. 21. 31-year-old patient with Cushing's disease due to 
a basophilic pituitary adenoma. Moon face, rubeosis, acne 
and moderate hirsutism. Low frontal hair border 

~) Physical Examination 

There is hardly any other illness as charac
teristic, impressive, and unforgettable as 
Cushing's syndrome. The disfigurement of a 
beautiful and expressive face to ridiculous 
ugliness by this disease can be a shock to both 
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patient and doctor. The experience of watching 
the face, characterized by the features of the 
patient's personality, reemerge from behind 
the mask of the disease after successful therapy 
can be just as impressive (Figs. 21-25). Briefly, 
the nature of the disease is an alteration in 
metabolism from protein synthesis to excessive 
glucose production, and thus indirectly to in
creased fat deposition. This leads to the 7 
cardinal signs of Cushing's syndrome (Table 13): 

Table 13. The 7 cardinal clinical manifestations of Cushing's 
syndrome 

1. Red, rounded face 
(plethora, moon face) 

2. Truncal obesity 
3. Decreased glucose tolerance-

diabetes mellitus 
4. Hypertension 
5. Osteoporosis 
6. Amenorrhea, hypogonadism 
7. Purple striae, ecchymosis 

Frequency ('Yo) 

90 

85 
85 

80 
70 
70 
60 

Obesity of the Trunk. Muscles and bones regress 
and excessive adipose tissue is formed. Obesity 
of the trunk results, in which the extremities 
remain thin, but the head, neck, and body, 
where most of the storage fat is deposited, 
become thick and unshapely. The peculiarity of 
this fat distribution cannot be explained by 
the metabolism. The characteristic body shape 
of an endocrine disease is due to variable 
responsiveness of the tissues to a certain hor
mone. Increased fat deposition in the cheeks 

a b 
Fig. 22. a) Very severe Cushing's syndrome with truncal obesity, intensely red moon face with teleangiectasias, increased 
beard and body hair, hypertensIOn up to 200/130 mm Hg. b) The same patient one year after total adrenalectomy (Dr. 
BIRNSTlEL, Pilegerinnenschule, Zurich) 
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a b 

c d 

Fig. 23. a) 12-year-old girl with Cushing's syndrome. Arrest of growth and truncal obesity, hypertension 200/120 mm Hg. 
b) 10 months following X-ray irradiation of the pituitary with complete remission. c) Severe relapse with multiple spon
taneous vertebral fractures 9 years later. d) The patient one year after total adrenalectomy (a and b KspZ) 

a b c 

Fig. 24a~. Alteration of facial expression in Cushing's syndrome. 4-year-old girl with Cushing's syndrome due to an 
adrenocortical carcinoma. a) Before removal of the tumor. b) One month after the operation. c) 7 months after the operation. 
(From GROB, PRADER, and ZOLLINGER) 
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leads to rounding of the face ("moon face") 
and also to slanting of the eyes and drooping 
of the corners of the mouth, which then resem
bles a carp's mouth. Simultaneous expressions 
of dignity and melancholia, often ridiculous by 
their contrast are often found in association 
with extreme forms of moon face, hiding the 
ears, in children. The striking redness and 
unnatural gleam of the skin leads to the impres
sion of an unnatural doll's or clown's face 
(Figs. 21 and 24). Individual traits and sex 
specificity in the facial expression are sup
pressed. 

The neck appears to be strikingly short, due 
partly to the collar-like fat deposit and the 
formation of a double chin, and partly to the 
pathologic increase of the physiological kyphosis 
of the thoracic vertebral column. The posture of 
the patient with Cushing's syndrome is char
acteristic in profile. The rounded head thrust 
forward and the short neck lend something 
threatening to the posture, in grotesque contrast 
to the portly stoutness of the body and the 
ugliness of the thin extremities. The panniculus 
adiposus of the lower abdomen is particularly 
developed, together with the flaccidity of the 
reduced abdominal muscles. Typical pendulous 
abdomen may appear, overhanging the genitalia 
like an apron. Adipose tissue is developed to a 

a 
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lesser extent in the region of the hips. The 
thighs are markedly conical. Excessive fat may 
also be deposited in the breasts, and the shoulders 
appear to be rounded and drooping. The angle 
between the neck and shoulder is filled out. An 
area of special predilection for fat deposit is 
the lower cervical spine, where a pillow-like 
fad pad may be formed, the so-called "buffalo 
hump" (JORES). The obesity may be severe 
but is not always so; excessive weight increase 
is not particularly typical of Cushing's syn
drome. The total body weight may even be 
unaltered, so that only the unusual distribution 
of fat is conspicuous. The picture of flourishing 
health suggested by obesity and the rosy complex
ion is not always predominant. The muscular loss 
may be more impressive than the fat formation 
and suggest deterioration of the patient by the 
feebleness in posture. Replacement of the 
locomotor system by storage tissue is a process 
of aging, and premature aging is a further 
feature of this disease. Thus, Cushing's syn
drome in a young woman leads to a caricature 
of the matronly type, and ALBRIGHT has in 
fact assumed that there is a relative predom
inance of the glucocorticoids over their anabolic 
antagonists in the interval between the me
nopause and the onset of senescence in the life 
of a woman (menopause-adrenopause). The 

b 

Fig. 25. a) 42-year-old patient with slowly developing Cushing's syndrome due to an adrenocortical adenoma. No obesity, 
moderate rounding and marked redness of the face. b) The same patient 3 years after removal of the adrenocortical adenoma: 
without weight loss disappearance of the redness, altered facial expression 
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apparent similarities may thus be based on the 
corresponding metabolic states rather than 
be coincidental. 

However, comparison with the matronly 
type does not give any impression of the inscru
table appearance evoked in patients with 
Cushing's syndrome by their tired and suffe
ring expression combined with the disfiguring 
fullness of the body. 

Reduction of the visual fields due to pituitary 
tumors, occurs in about 5% of cases (see p. 341). 
This is sometimes combined with paralysis of 
the ocular muscles. Whether the intraocular 
pressure is generally elevated and can lead to 
glaucoma (BAYER, 1967) has to be investigated 
in a larger number of patients. 

In some cases, pronounced exophthalmus 
may be caused by increased retrobulbar adipose 
tissue. The etiology is unknown. 

In women and children, all forms of 
Cushing's syndrome are accompanied by mild 
hirsutism in most instances. In its mildest form, 
it is a fine fluff on the upper lip and cheeks. Even 
in pure cortisol excess, the weakly androgenic 
cortisol metabolites may lead to hirsutism when 
they are present in large quantities. Acne is 
almost always present on the face and upper 
trunk (see Fig. 23). In pure Cushing's syn
drome, the forehead hairline descends further 
forward, particularly in the lateral areas, where 
angular baldness due to androgen activity 
develops. The eyebrows also become bushy 
with lateral widening. 

Skin. In Cushing's syndrome, the skin is thin, 
stretched, and shiny due to the effect of the fat. 
When the disease is of long duration, the skin 
becomes atrophic, as in old people. Its blood 
supply is ample. It is warm to the touch, oily, 
and moist. Pyodermia of the seborrhoic skin is 
frequent and heals poorly. The color of the 
skin, especially in the face, is a striking dark 
red, which is frequently described as "plethoric" 
or "congested". The remaining skin of the body 
may be mottled and the extremities are usually 
dark red to cyanotic. The plethoric appearance 
is not always compatible with the existing 
polycythemia. It must be due to an expansion 
of the capillaries and to a partial stasis. In 
addition to the plethoric tinge, there is increased 
pigmentation in a few cases, similar to that in 
Addison's disease, which may be due to the 
raised ACTH level or to increased MSH 
secretion by the pituitary gland. However, it 
never reaches the same severity as in Addison's 
disease. Violaceous striae are characteristic. 
Only in pregnancy are they similarly impressive. 
They are dark red to violet stripes running 
parallel to the tension lines of the skin. They 

Adrenal Cortex 

are due to dilated subcutaneous venous plexuses 
and perhaps also to extravasates into the sub
cutaneous adipose tissue shimmering through 
the overlying stretched and slightly pitted epi
dermis (Fig. 26). They occur most frequently 
on the anterolateral parts of the lower abdomen, 
on the breasts and the thighs, and in the adipose 
tissue of the axilla. Although they are found 
only in Cushing's syndrome and in pregnancy 
in this intensity, they are by no means patho
gnomonic of these conditions. Any form of 
obesity, developed rapidly and especially during 
youth, can give rise to striae, but they are then 
usually pink rather than dark red and more 
numerous, but finer (see p. 354). They may also 
occur during puberty, even without simulta
neous obesity. 

Fig. 26. Purple striae in Cushing's syndrome (KspZ) 

The prediposition to hemorrhage is not only 
apparent in the violaceous striae, but also leads 
to the additional or exclusive formation of 
petechia and patchy suffusions, especially on 
the extensor sides of the forearms, but also in 
other areas of the body exposed to pressure. 
This may finally lead to the picture of hemo
rrhagic diathesis. In rare cases, hemorrhage 
into the intestinal lumen may occur, resulting 
in death. Generally, the skin is more bruisable, 
and slight injuries may result in extravasation 
of blood under the epidermis. Neither the 
striae nor the remaining adipose tissue are 
exceptionally tender. Edema occurs in appro
ximately half the cases. 

The pathogenesis of the cutaneous changes 
is assumed to be related to the antianabolic 
properties of cortisol. Violaceous striae can also 
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be provoked by exogenous ACTH and cortisol. 
Blood coagulation factors are unaltered. Blee
ding time and coagulation time are always 
normal, whereas Rumpel-Leede's sign may be 
positive. Hemorrhage is thus due to vascular 
factors. 

Hypertension. Raised blood pressure is an 
important observation in the general examina
tion. It varies in severity. It rarely leads to the 
picture of malignant hypertension with nephro
sclerosis, albuminuria, renal insufficiency, and 
apoplexy. Blood pressure values are often only 
slightly elevated. Apparently some other con
stitutional factor is necessary for the develop
ment of hypertension, since only some of the 
patients develop hypertension during treatment 
with high doses of cortisone. The pathogenesis 
of the hypertension is still unexplained. It must 
be due to the cortisol excess, because the secretion 
of mineralocorticoids is not increased. An in
creased supply of sodium to the arteriolar 
musculature may play some part, since cortisol 
impairs the renal sodium excretion. In addition, 
cortisol is essential for the hypertonic action 
of noradrenaline (permissive action, see p. 307). 

Osteoporosis. Diffuse osteoporosis of varying 
severity is an important sign of CUSHING'S 
syndrome. Under the effects of cortisol, the 
transformation of bone is extensively retarded, 
with a preponderance of catabolism over ana
bolism (FROST, 1963). The calcium balance of 
the body becomes negative since enteral resorp
tion is diminished, and calciuria results from 
decreased tubular reabsorption. Osteoporosis 
leads to static deformation of the vertebral 
bodies, occasionally combined with infractions. 
Spontaneous fractures of the ribs and vertebral 
bodies often occur, resulting in conspicuous 
proliferative callus formation. Wedge-shaped 
vertebrae may be formed in the thoracic section 
and fish vertebrae in the lumbar section of the 
spine. Demonstration of vertebral deformation 
confirms osteoporosis. It is extremely difficult 
to diagnose osteoporosis from the diminished 
shadow density of the bones alone. Osteoporosis 
is diagnosed much too frequently in corpulent 
patients whose X-ray pictures are poor in 
contrast. Demonstration of greatly accentuated 
borders of the vertebral body, which looks as 
if it had been drawn in by pencil, may be 
significant in the differentiation between osteo
porosis and apparent radiolucency. 

Muscular Atrophy. Atrophy of the muscles is 
due to the catabolic, anti anabolic activity of 
cortisol. It can lead to complete invalidity, but 
is reversible by effective therapy. There is 
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creatinuria and a negative nitrogen balance. 
Severe hypokalemia can contribute to adynamia, 
particularly in the paraneoplastic' Cushing's 
syndrome. 

Diabetes Mellitus. Diabetes mellitus is part of 
the fully developed Cushing's syndrome. Mani
fest diabetes is not common (15%); however a 
diabetic type of altered metabolism can be 
recognized by determination of blood sugar or 
a glucose tolerance test in almost every case. 
So-called "steroid diabetes", is a special type of 
diabetes mellitus, which is not due to insulin in
sutliciency, but to cortisol excess. As in the 
usual form of diabetes, too much glucose is 
formed, but in contrast to the usual form, 
peripheral utilization of glucose is normal. 
Steroid diabetes is benign at first with mod
erately elevated blood sugar values; the course 
is stable, and ketoacidosis never develops. 
Insulin, however, has little effect, and com
plications are not infrequent despite the ap
parent benignity. Diabetic angiopathy can de
velop within a few years of the onset of Cushing's 
syndrome. 

Hypogonadism. Hypogonadism in Cushing's 
syndrome is primary and not due to gonado-

Tablt: 14. Prcqucncy of clinical manifestations in 450 cases 
of Cushing's syndrome. [According to SOFFER, DORFMAN, 
and GABRILOVE: The human adrenal gland (Philadelphia: 
Lea & Febiger 1961) and in 601 cases according to Ross, 
MARSHALL-JONES, and FRIEDMAN: Quart. J. Med., N.S. 35, 
149 (1966)]. 

Clinical Frequency (O~) 
manifestation 

According According 
to SOFFER to Ross 

Moon face 88 75 
Obesity 86 88 
Hypertension 85 
Red face with" plethora" 77 
Amenorrhea in women 77 60 
Hirsutism in women 73 65 
Muscular weakness 67 61 
Purple striae 60 
Hemorrhagic diathesis 59 42 
Osteoporosis 58 
Ankle edema 57 
Buffalo hump 54 
Acne 54 45 
Backache and other 54 40 

skeletal pains 
Ecchymosis 52 
Mental changes 46 
Pathological fractures 38 
Impaired wound healing, 35 

leg ulcers 
Polyuria and nycturia 32 
Polydipsia 28 
Kyphosis 25 
Renal calculi 20 
Mild polycythemia 20 
Exophthalmus 14 
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tropin deficiency, as was previously assumed. 
It must, therefore, be due to a direct inhibitory 
action of cortisol on the ovaries or testes. 
Amenorrhea often occurs, but is not an ob
ligatory symptom. The corresponding pathologic 
anatomical finding is premature aging of the 
ovary. Pregnancy is possible, however, during 
untreated Cushing's syndrome. In the male, 
impotence is the predominant symptom. The 
testes may become smaller. No specific changes 
have been found in testicular biopsies. 

The incidence of clinical signs and symptoms 
according to the statistics compiled by SOFFER 
(1961) and Ross (1966) is shown in Table 14. 
The figures for individual series, such as those 
of PLOTZ (1952) and SOFFER (1961), and for 
our own 50 cases (FLURY, 1971) show only 
slight deviations. 

NUGENT (1964) has proposed a formula 
based on the occurrence of clinical symptoms 
and simple laboratory findings for estimating 
the probability of the disease in patients with 
a confirmed or suspected diagnosis of Cushing's 
syndrome. He concludes that even without 
steroid estimations, the diagnosis can be made 
or excluded with great probability in half the 
cases. 

Because of its therapeutic consequences, the 
diagnosis of Cushing's syndrome is of extreme 
importance and must be unequivocally founded 
on clinical experience as well as on reliable 
results of steroid determinations performed in 
a suitably equipped laboratory. As a rule, the 
patient has to stay in hospital for 8 to 14 days. 
A patient in whom Cushing's syndrome is 
only suspected, must never be referred to 
a surgeon for exploration of the adrenals. 
Cushing's syndrome may also be associated 
with adrenals of normal size, and the formation 
of scars after surgical inspection impairs or 
precludes subsequent adrenalectomy. In the 
fully developed syndrome, the clinical diagnosis 
is simple; but the patient should only be referred 
for adrenalectomy when the urinary levels of 
17-hydroxycorticosteroids are found to be in
creased and are not suppressible by dexametha
sone in a dose of 2 mg per day. In border-line 
cases, the decision as to whether Cushing's 
syndrome is actually present can be extremely 
difficult and sometimes impossible. In doubtful 
cases, it is best to wait several months and then 
repeat the laboratory tests. 

y) Laboratory Findings 

ACTH. In patients with Cushing's syndrome 
of hypothalamic origin, the plasma ACTH 
levels, as measured by sensitive bioassays, are 
not usually found to be definitely elevated 
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until the plasma corticosteroids have become 
normal following adrenalectomy and substitu
tion therapy (NELSON, 1966). In the future, 
reliable radioimmunological methods of measur
ing ACTH may become of importance in the 
clinical diagnosis and especially in the dif
ferentiation of Cushing's syndrome of hypo
thalamic origin from cortisol-producing adreno
cortical tumors and from paraneoplastic ACTH 
secretion. 

Urinary Corticoids. Direct assessment of an 
increased cortisol secretion rate is of primary 
importance in the laboratory diagnosis of 
Cushing's syndrome. Urinary cortisol meta
bolites measured as 17-hydroxycorticoids (Por
ter-Silber chromogens) or 17-ketogenic steroids 
are usually found to be elevated (15 to 40 mg 
instead of 3 to 13 mg per 24 hours). Estimation 
of urinary corticoids alone does not always 
confirm or exclude a diagnosis of Cushing's 
syndrome. Values for urinary corticoids can 
be in the high normal range in confirmed cases 
of Cushing's syndrome or slightly elevated in 
obesity. Base-line excretion of urinary corticoids 
can only be evaluated in association with clinical 
findings and other laboratory tests. 

Plasma Corticoids. Normal values of uncon
jugated plasma cocticoids, as measured by the 
Porter-Silber reaction, vary between 6 and 
25 ~g per 100 ml between 7 and 9 a.m. and fall 
to 5 ~g per 100 ml between 9 p.m. and mid
night. The absence of a diurnal variation is 
suggestive of Cushing's syndrome, but not 
conclusive. It can also be due to brain tumors, 
cranial trauma, cardiac insufficiency, or psycho
sis. However, a normal diurnal variation is 
not consistent with the diagnosis of Cushing's 
syndrome. 

Free Urinary Cortisol. Normally, less than 1 % 
of the secreted cortisol is excreted unchanged 
in the urine, i.e. 20 to 150 ~g per 24 hours. By 
contrast, values ranging from 200 ~g to several 
mg per 24 hours are found in Cushing's syn
drome. 

17-Ketosteroids. The importance of urinary 
17-ketosteroids in the diagnosis of Cushing's 
syndrome must not be overrated. They are 
elevated in about 50% of cases with adrenal 
hyperplasia. Strikingly elevated values, ranging 
between 30 and several hundred mg per 24 hours, 
are only found in adrenocortical carcinoma, 
and are generally associated with an increase 
in the 17-hydroxycorticoids. The 17-ketosteroids 
may, however, be reduced in adrenocortical 
adenomas, since the autonomous cortisol pro-
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duction by the adenoma suppresses ACTH 
secretion, thus leading to atrophy of the normal 
adrenocortical tissue. High relative amounts 
of dehydroepiandrosterone among the 17-keto
steroids and of tetrahydro-S among the 17-
hydroxycorticosteroids in the urine of patients 
with adrenocortical carcinoma are indicative 
of qualitative alterations of steroid biosynthesis 
in neoplastic tissue. 

Cortisol Secretion Rate. Determination of the 
cortisol secretion rate by isotope dilution methods 
reveals increased 24-hour values, but is not 
necessary for diagnostic purposes. 

Aldosterone, Pregnanediol and Pregnanetriol are 
not usually excreted in increased amounts. 
The urinary excretion of corticosterone meta
bolites and estrogens is occasionally elevated 
in hyperplasia and in carcinoma. For functional 
tests of the adrenal cortex, such as ACTH test, 
methopyrapone test, dexamethasone test, the 
reader is referred to pp. 385 - 390. 

Plasma Electrolytes. Even in the absence of 
aldosterone excess, hypokalemia can develop 
due to the weak mineralocorticoid activity of 
cortisol, which is produced in excessive amounts. 
This is usually associated with metabolic alkalo
sis, with a pH of up to 7.5. The serum chloride 
concentration is usually low; the sodium level 
can be low, normal, or elevated. For a discussion 
of the pathogenesis of hypokalemia and alkalosis 
see p. 304. Severe hypokalemia is alway sug
gestive of paraneoplastic Chusing's syndrome. 
Calcium values are usually in the lower normal 
range and phosphate is normal or slightly 
reduced while phosphate excretion index (see 
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Chap. XIV) is elevated. The alkaline phosphatase 
can be slightly elevated independently of 
osteoporosis. Hypercalcemia can occasionally 
occur after adrenalectomy. Thyroid function is 
normal; BMR and 131 I uptake can be decreased, 
elevated or normal. Serum cholesterol is usually 
slightly elevated. 

Hematological Changes. Morphological changes 
in the blood are of some diagnostic value when 
complicated laboratory tests are not available. 
The eosinophilic leukocytes are most extensively 
influenced. They disappear entirely or can be 
present in only small numbers. The simple 
direct eosinophil count can be of diagnostic 
value. As a rule of thumb, Cushing's syndrome 
is unlikely to be present when the eosinophil 
count is more than 100 cells per mm3 (normal 
values 100 to 300 per mm3). Lymphopenia 
is almost always present in Cushing's syndrome. 
Moderate leukocytosis is less characteristic. 
The effects on the red blood picture are less 
impressive. Contrary to a prevalent opinion, 
polycythemia does not occur commonly in 
Cushing's syndrome. Hemoglobin values of 
100 to 120% are often found, but the erythrocyte 
count is rarely elevated to the levels seen in 
polycythemia. 

Carbohydrate Metabolism. Impaired carbohy
drate metabolism can range from slightly reduced 
glucose tolerance to severe steroid diabetes. A 
normal fasting blood sugar does not by any 
means exclude Cushing's syndrome. The glucose 
tolerance test, however, almost always shows 
a rise of the blood sugar to values above 180 mg%, 
and a delayed return to normal. The intravenous 
insulin test usually reveals an inadequate fall 

Table 15. Laboratory investigations when Cushing's syndrome is suspected 

1. Single-dose dexamethasone suppression test (p. 389): Plasma corticosteroids at 8 a.m. before and at 8 a.m. after 1 mg 
of dexamethasone at midnight; 
when pathologic: 

2. White and red blood status. 
3. Direct eosinophilic count. 
4. Serum chemistry: Sodium, potassium, chloride, urea, standard bicarbonate, fasting blood sugar, when normal glucose 

tolerance test. 
Urine: protein and sugar. 

5. 17-ketosteroids, 17-hydroxycorticoids in 24-hour urine collection; 
when elevated: 

6.2 mg dexamethasone suppression test: 3 days 4 times 0.5 mg of dexamethasone, when 17-hydroxycorticoids > 4 mg
Cushing's syndrome. 

7. 8 mg dexamethasone suppression test: 3 days 4 times 2 mg of dexamethasone, 
no suppression of corticosteroids: Cushing's syndrome due to tumor. 

8. X-rays: skull lateral view, thoracic and lumbar spine lateral view, pelvis. 
Localization of suspected adrenocortical adenoma: retropneumoperitoneum with i.v. pyelography and tomography of 
the adrenals. Eventually selective phlebography and bilateral adrenal rein plasma cortisol. 

9. Plasma corticoids at 8 a.m. and at 8 p. m. normal: 8 p.m. value 50% lower than 8 a.m. value and lower than 25 f.lg/100 ml; 
Cushing's syndrome: > than 25 f.lgj100 ml; both values identical. Perhaps free urinary cortisol (p. 382) 
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of blood sugar. The plasma concentrations of 
pyruvic acid and lactic acid are elevated (see 
p. 303). 

8) Radiology 

The diagnosis of Cushing's syndrome is sup
ported by radiography of the adrenal glands. 
Sometimes a straight abdominal X-ray alone can 
suggest an adrenal tumor, but diagnosis cannot 
be confirmed or be excluded by this means. 

Only large adrenal tumors displacing the 
kidney are revealed by intravenous pyelography. 

The retroperitoneal pneumogram, however, 
reveals three-quarters of all tumors, especially 
when combined with tomography. Differentia
tion between normal and hyperplastic adrenals 
is doubtful even with the best technique. The 
risk involved in the retroperitoneal pneumogram 
have been reduced to a minimum with the 
present-day method of using oxygen and pre
sacral insufflation. Under local anesthesia, a 
pneumothorax needle is introduced to a depth 
of 3 to 5 cm at the midpoint between the 
anus and the tip of the coccyx, penetrating 
the ano-coccygealligament. One finger remains 
in the rectum during introduction of the needle. 
The simplest method of introducing the oxygen 
is to use a 50 cm3 injection syringe and a three
way tap. After control aspiration 1200 to 
1 500 cm3 of oxygen is introduced under mild 
pressure, the whole procedure being monitored 
by X-ray screening. Tomograms are made 1 to 
2 hours later. Adrenal demonstration varies 
widely individually. Beautiful anatomical pic
tures of the adrenals can be obtained when the 
layer of adipose tissue between the kidneys and 
the adrenals is well developed. 

Sometimes, however, the surrounding adi
pose tissue cannot be separated from the 
adrenal cortex in spite of a perfect technique, 
and evaluation of the adrenal size remains 
impossible. This occurs especially when fibrous 
changes are present in this area. Adrenal hyper
plasia cannot be diagnosed with certainty by 
radiological means. Normal adrenal size is at 
the most 3-4 x 4 cm. Hyperplasia, however, can 
only be considered as being present when 
enlargement is pronounced and the effective 
radiographic magnification is taken into con
sideration. Normal adrenal size does not exclude 
Cushing's syndrome. Aortography is less suit
able than renal angiography for demonstration 
of the adrenals. Occasionally, an adrenocortical 
tumor can be revealed by retrograde filling 
with contrast medium through a catheter in
troduced into the adrenal veins for bilateral 
blood sampling for cortisol determination (see 
p. 335 and Chap. VIII, p. 436). 
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An X-ray of the sella turcica is always 
indicated, although it is enlarged in only 10% 
of cases with Cushing's syndrome of hypo
thalamic origin. However, it is valuable to have 
a record of the original size of the sella turcica, 
because occasionally (6%) pituitary tumors 
develop after adrenalectomy. During childhood, 
a cortisol-secreting adrenal adenoma may lead 
to a small sella, which can become normal after 
treatment. 

Lateral views of the thoracic and lumbar 
spine are always indicated for the detection 
of osteoporosis and assessment of its severity. 
Sometimes it is necessary to complement this 
with the a.-p. view of the pelvis and ribs, which 
may often reveal fractures with excessive callus 
formation. 

Differentiation between adrenal hyperplasia 
and unilateral tumor can be achieved by scintil
lation scanning following administration of 
131I-19-iodocholesterol (BEIERWALTES, 1971). 

E) Special Forms of Cushing's Syndrome 

1. Mixed forms of Cushing's syndrome and 
adrenogenital syndrome may be due to adrenal 
adenomas or carcinomas. They are rare in 
adults, but occur frequently during childhood. 
Hirsutism and acne of various degrees of 
severity are also found in pure Cushing's 
syndrome. Virilization, however, is always sug
gestive of an adenoma or of carcinoma. In these 
cases, the anabolic action of the androgens can 
compensate the catabolic effect of cortisol, 
thus preventing muscular atrophy. The output 
of abnormal steroid hormones by carcinomas 
of the adrenal cortex indicates deficiencies of 
individual enzymes. The majority of these 
abnormal steroids are precursors of normal 
hormones and their metabolites, such as com
pound S, tetrahydro-S, and dehydroepiandro
sterone. According to the prevailing hormone, 
the features of Cushing's syndrome can be 
overshadowed by virilization, feminization, or 
hypertension and hypokalemia. 

Finally, carcinoma of the adrenal cortex 
is often not accompanied by any endocrine 
symptoms, despite excessive steroid production, 
when most of the steroids are inactive precursors. 
These tumors can only be recognized when they 
are large and lead to pressure symptoms. 
Combined adrenocortical-medullary tumors are 
extremely rare. Pheochromocytoma may also 
lead to symptoms reminiscent of Cushing's 
syndrome, and cortical tumors to increased 
catecholamine production. Finally, Cushing's 
syndrome may be due to ectopic ACTH pro
duction by the adrenal medulla (MELONI, 
1966). 
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2. Transitory and Periodic Cushing's Syndrome. 
A few cases of periodic cortisol excess and of 
spontaneous remission or healing of unequivocal 
Cushing's syndrome confirmed by hormone 
determinations have been described. This is 
extremely rare, so that postponement of treat
ment is never justified. In particular, conditions 
similar to Cushing's syndrome, which have 
been observed occasionally after cranial trauma, 
in encephalitis, and pulmonary tuberculosis, 
must not be mistaken for Cushing's syndrome, 
which can only be diagnosed by an increased 
secretion of 17-hydroxycorticoids not suppres
sible by 2 mg of dexamethasone. An "exo
genous" Cushing's syndrome can only be 
induced by ACTH, cortisol or its derivatives. 

3. Cushing's Syndrome due to Ectopic ACTH 
Production in Tumors (Paraneoplastic Cushing's 
Syndrome). Cortisol excess has been observed 
in hundreds of patients with non-endocrine 
tumors. It is characterized by the following 
features: 

1. hypokalemia and alkalosis; 
2. malignant course with an average life 

expectancy of 9 months; 
3. clinical features of Cushing's syndrome 

may be absent; 
4. marked pigmentation. 
Small-cell carcinomas of the bronchus 

(50%), thymus (25%), and pancreas (10%) 
are the tumors most frequently involved, but 
Cushing's syndrome may also be due to other 
tumors of other organs, such as the gallbladder, 
parotids, colon, kidney, trachea, central nervous 
system, breast, prostate, and even other endo
crine glands, such as the thyroid and adrenal 
medulla. Women are no more frequently affected 
than men. In about 50% of cases, the appear
ance typical of Cushing's syndrome and the 
typical symptoms are absent, although the 
cortisol secretion is definitely increased and the 
adrenals are always found to be hyperplastic. 
The absence of clinical symptoms may be 
explained by the rapid course. After surgical 
removal of the tumor, cortisol excess and its 
symptoms disappear; they reappear with the 
development of metastases. Hypokalemia and 
alkalosis, which indicate a considerable reduc
tion of the amount of exchangeable potassium, 
are due either to the strikingly excessive cortisol 
production or to the secretion of corticosterone 
and compound S. CRANE (1966) found a 10-fold 
increase in the secretion rate of deoxycortico
sterone in a case of Cushing's syndrome due 
to a bronchial carcinoma, but a normal rate 
in three cases of Cushing's syndrome of hypo
thalamic origin. The secretion rate of aldo
sterone is usually lowered. Diurnal variation 
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of plasma cortisol is absent. The elevated 
excretion of urinary 17-hydroxycorticoids is 
not suppressed even by 8 mg of dexamethasone. 

The pathogenesis of this syndrome has been 
explained by the demonstration oflarge amounts 
of a polypeptide with ACTH activity in the 
primary tumor, metastases, and blood, and a 
decreased ACTH content of the pituitary glands 
in these patients. In some of the tumors, more 
MSH than ACTH was found, which would 
explain the extreme pigmentation occasionally 
observed. 

With the exception of the pigmentation, all 
signs and symptoms of Cushing's syndrome 
disappear after total adrenalectomy, but the 
deleterious course is due to the tumors, which 
are usually extremely malignant. Ectopic ACTH 
formation by a tumor should always be suspected 
when Cushing's syndrome is associated with 
pronounced hypokalemia; when it is found, the 
patients can be spared the useless adrenalectomy 
(see Chapter XVI, paraneoplastic syndrome). 

4. Recurrent Cushing's Syndrome after Total 
Bilateral Adrenalectomy. Several well-document
ed cases of Cushing's syndrome recurring after 
total removal of both hyperplastic adrenals 
have been reported. This was probably due to 
local regeneration of residual adrenal tissue or 
to ectopic adrenocortical tissue becoming func
tional under increased ACTH secretion. Ectopic 
adrenocortical tissue has been found in different 
organs of the urogenital system, but also in the 
liver and pancreas. Only in the cases reported 
by CHAFFEE (1963) and NEY (1966) was ectopic 
adrenal tissue successfully localized at the lower 
or upper renal pole and surgically removed. 
Treatment with pituitary irradiation or methy
rapone was attempted in all other cases. In 
one case described by STAUB (1967), multiple 
ectopic adrenal cortical regeneration occurred 
after complete pituitary destruction with radio
active yttrium, probably under the influence 
of ectopic ACTH produced by a pancreatic 
tumor. 

5. Primary Adrenocortical Adenomatosis (Nodu
lar Dysplasia). In a few cases of Cushing's 
syndrome in which the 17-hydroxycorticoid 
excretion was not suppressed by high doses 
of dexamethasone, surgery has revealed multiple 
nodules of the adrenal cortex and not the 
expected adrenal tumor. MEADOR (1967) found 
such alterations in a 14-year-old girl whose sella 
turcica was reduced in size and in whom no 
ACTH could be detected in the plasma after 
bilateral adrenalectomy even with the most 
sensitive assays. This indicated that the disease 
was due to a primary adrenocortical disorder. 
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6. Cushing's Syndrome in Childhood. In a few 
respects, Cushing's syndrome in childhood 
differs from Cushing's syndrome in the adult. 
In childhood, Cushing's syndrome is caused 
almost without exception by a benign or malig
nant adrenal tumor. Adrenal hyperplasia occurs 
in children very seldom. One of the most 
important features of Cushing's syndrome 
during childhood is growth retardation due to 
the antianabolic state of metabolism. This 
symptom is obligatory and any diagnosis of 
Cushing's syndrome in a child of normal size 
and with a regular growth curve is dubious. 
Osteoporosis can be very extensive. The inter
vertebral discs can become broader than the 
vertebral bodies. In the mixed forms, the 
anabolic action of androgens and the catabolic 
effect of glucocorticoids may counteract each 
other. 

7. Cushing's Syndrome and Pregnancy. Preg
nancy very rarely occurs in active Cushing's 
syndrome. Diagnosis may be difficult, because 
the urinary excretion of 17-hydroxycorticoids 
and 17-ketosteroids and the plasma concentra
tion of corticoids are elevated in normal preg
nancy. In contrast to Cushing's syndrome, 
diurnal variation is maintained during normal 
pregnancy. Pregnancies in Cushing's syndrome 
often end in stillbirths. The fetal adrenals are 
small and the fetal zone is found to be pre
maturely regressed. There are many reports of 
adrenalectomy with continuation of the preg
nancy in patients with Cushing's syndrome. 
An exacerbation of Cushing's syndrome due 
to an adrenal adenoma during pregnancy has 
also been observed (PARRA, 1966). Pregnancies 
are usually uncomplicated in women subjected 
to bilateral adrenalectomy for Cushing's syn
drome and fully substituted. 

f) Differential Diagnosis of Cushing's Syndrome 

In the differential diagnosis of Cushing's syn
drome, a combination of simple obesity, essential 
hypertension, and diabetes must first be con
sidered; these constitutional diseases often occur 
together. The experienced clinician can recognize 
Cushing's syndrome from the specific facial 
expression. In contrast to constitutional anom
alies, the case history indicates a definite time 
at which the illness started and character 
changes were noted. Differential diagnosis be
comes more difficult when obesity is associated 
with red striae (which are not uncommon in 
rapidly developing juvenile obesity) and urinary 
17-hydroxycorticoids are found to be elevated. 
Cortisol secretion rate is elevated in overweight 
subjects, but plasma corticoids and diurnal 
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variation are normal. The 17-hydroxycorticoid 
excretion may be slightly increased. These 
patients may demonstrate certain constitutional 
characteristics (JACOBSON, 1964). After weight 
reduction, the cortisol secretion rate becomes 
normal in some patients, indicating that the 
increased cortisol turnover rate was due to the 
increased mass of adipose tissue with a higher 
capacity for lipid-soluble steroids. Striae in 
juvenile obese patients are said to be more 
pink than purple in colour, shorter, finer, and 
more numerous, and to be found not only on the 
lower abdomen and the hips, but also in the 
axilla, on the upper arms, the breast and the 
buttocks. However, this differentiation may be 
difficult in individual cases. The pathogenesis 
of red striae is explained in both instances by 
stretching of the skin, increased subcutaneous 
adipose tissue, and simultaneous involution of 
the elastic fibers due to the increased amount 
of cortisol. As a rule, obesity with striae can be 
differentiated from true Cushing's syndrome 
by the following laboratory tests: 

1. the increased excretion of urinary 17-
hydroxycorticosteroids is suppressible by dexa
methasone in a dose of 2 mg per day (see p. 389) 
in obesity but not in Cushing's syndrome; 

2. in obesity, there is a circadian rhythm 
of plasma corticosteroids, in Cushing's syn
drome, there.is a plateau; 

3. excretion of free urinary cortisol is very 
low in obese as well as in healthy subjects, but 
is elevated in Cushing's syndrome. 

The "diabete des femmes a barbe" of 
ACHARD and THIERES is, in our opinion, not a 
clinical entity, but a random coincidence of 
simple hirsutism and vegetative glycosuria caused 
by an accident in a 69-year-old woman. This 
suggestive term has since been used to describe 
several cases of Cushing's syndrome. 

Virilization with normal or only insignifi
cantly elevated urinary 17-ketosteroids is sug
gestive of an ovarian tumor (see p. 634). 

The differentiation of Cushing's syndrome 
from Stein-Leventhal syndrome (see p.609) 
can be difficult. The latter diagnosis can only 
be confirmed by the finding of specific ovarian 
alterations, whereas Cushing's syndrome is 
diagnosed from the increased corticoid excre
tion and the metabolic disorders. 

For the differentiation from adrenogenital 
syndrome compare p. 358. 

g) Course, Prognosis and Cause of Death 

The course of untreated Cushing's syndrome 
is deleterious, although a few cases of spontane
ous remission have been described (see p. 353). 
This occurs too rarely to justify any delay in 
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therapy. The course of the disease is extremely 
variable. The illness can lead from full health 
to death within 6 months or it can last for many 
years. There are known cases in which the 
illness lasted for over 20 years; this was, how
ever, at least partly due to remissions induced 
by pituitary X-ray irradiation. In general, a 
patient with untreated Cushing's syndrome 
has a life expectancy of 3 to 10 years, on average 
of 5 years. The major cause of death is now 
hypertension and its complications. Before the 
era of antibiotics, death was due predominantly 
to infections. Resistance to infection is reduced 
in Cushing's syndrome, and staphylococcal 
and streptococcal infections are especially com
mon; the incidence of fatal tuberculosis, how
ever, is not higher than in the normal population, 
but tuberculosis does tend to have a malignant 
course in preexisting Cushing's syndrome. The 
third major cause of death is carcinoma. The 
earlier assumption of any increased predisposi
tion to carcinoma has now been explained by 
the relative frequency of paraneoplastic Cu
shing's syndrome. In this condition, the life 
expectancy ranges from 30 days to 2 years 
with an average of 9 months. Complete cure 
through removal of the primary tumor has 
only been described once. The prognosis of 
adrenocortical carcinoma is poor. Only half 
the cases survive for more than 2 years and 
only an isolated few survive for over 5 years 
in spite of o,p'-DDD therapy. 

h) Therapy 

When an adrenal tumor has been diagnosed 
from X-rays or an adrenocortical function test 
with corticosteroid determinations, the only 
possible course of action is surgery. When 
preoperative findings favor a diagnosis of 
bilateral adrenal hyperplasia, there are three 
possible therapeutic approaches: 

1. medical treatment with anabolic hormones 
or adrenostatic drugs; 

2. pituitary irradiation; 
3. surgery: adrenalectomy, hypophysectomy. 

IX) Anabolic Hormones 

Testosterone or other anabolic steroids, which 
- at least in theory - can normalize the negative 
nitrogen balance, have at the most a palliative 
effect and can only be used for preoperative 
preparation. Estrogens, which should theoreti
cally act by promoting cortisol binding to 
transcortin, are not sufficiently active to in
fluence the course of the illness. 
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/3) Adrenostatic Drugs 

Amphenone-B can totally block adrenal cortical 
hormone production, but cannot be administered 
for long periods because of its toxicity. 

Methopyrapone, an inhibitor of 11/3-hy
droxylation, inhibits the production of cortisol, 
but leads to excessive production of compound 
S and deoxycorticosterone, resulting in hyper
tension or edema. 

o,p' -DDD (2,2-[4-chlorophenyl, 2-chlorophenyl] 
1 ,1-dichloroethane) is beneficial for patients 
with inoperable adrenocortical carcinoma, al
though it is not free of toxic side effects such 
as anorexia, diarrhea, vomiting, and depression. 
Before administration of o,p'-DDD, as much 
as possible of the tumor tissue should be 
surgically removed. When a radical operation 
is not possible and the urinary excretion of 
17-ketosteroids and 17-hydroxysteroids remains 
elevated or increases again with the formation 
of metastases, o,p'-DDD must be given con
tinuously or intermittently in a daily dose of 
up to 10 mg. It has been ineffective in 20 to 
25% of cases so far, but in two-thirds of the 
cases regression of the hormone production by 
the adrenal cortex has been achieved, associated 
with disappearance ofthc symptoms of Cushing's 
syndrome; in some cases substitution therapy 
has even become necessary. In one third of 
cases, mainly juvenile patients, primary tumor 
and occasionally even the metastases completely 
regress. Some patients have been successfully 
treated for up to two years with this drug. 
A few became refractory; permanent recovery 
has not yet been observed. F ormation of 
metastases was not avoided by prophylactic 
postoperative treatment. The production of the 
biologically active corticosteroids and androgens 
is suppressed within the adrenals by inhibition 
of several enzymes, mainly of 3/3-hydroxy
dehydrogenase, but the drug also affects the 
peripheral metabolism of steroid hormones. 

Trial therapy with triparanol, an inhibitor 
of cholesterol biosynthesis which is not com
pletely free of side effects, has been only partially 
successful. 

Aminoglutethimide. This substance was deve
loped as an antiepileptic drug under the trade 
name of Elipten. Animal experiments have 
shown that it inhibits the conversion of chole
sterol to pregnenolone, and thus the biosyn
thesis of cortisol and corticosterone, by blocking 
adrenal desmolase (DEXTER, 1967). Results of 
the first clinical trials indicate that amino
glutethimide is suitable for the suppression of 
excessive steroid production by autonomous 
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adrenal tumors (Cushing's syndrome due to 
adrenal adenoma or carcinoma, primary aldo
steronism), whereas the drug diminishes cortisol 
secretion rate only slightly in patients with 
Cushing's syndrome with bilateral adrenal 
hyperplasia. In healthy subjects, it does not 
induce a decrease in cortisol secretion rate, 
because its action is compensated by an in
creased ACTH production, but it does cause 
a decrease in aldosterone secretion rate (FISH
MAN, 1967). Suppression of thyroid function 
(see p. 193) has been described and has to be 
treated by substitution therapy. Side effects 
such as allergic skin reactions or nausea are 
relatively frequent (HORKY, 1968). 

The search for new, more effective and less 
toxic adrenostatic drugs, however, appears very 
promising. 

y) Radiotherapy 

X-ray irradiation of the adrenals has been 
ineffective, whereas intensive radiation of the 
pituitary gland has been really successful in 
a few cases. The chance of success with conven
tional X-ray radiation is estimated at 10 to 
25%; recurrences are frequent. The X-ray dose 
is limited to 3000 r because of the risk of 
damage to the surrounding organs. The applica
tion of strongly accelerated alpha particles or 
protons, which is possible in centers with special 
accelerators, appears to be considerably more 
promising according to the first reports of 
success. The incidence of recurrences with this 
new radiation method is not yet known. The 
success of pituitary irradiation can only be 
assessed after a waiting period of 6 months. 

Although pituitary irradiation has been 
almost completely abandoned because total 
adrenalectomy is more reliable, it is gaining 
renewed importance in view of the occurrence 
of pituitary adenomas in a certain percentage 
of patients with Cushing's syndrome who 
have been treated by total adrenalectomy. 

Pituitary irradiation may be tried first in 
mild cases of Cushing's syndrome with a 
chronic course and when a pituitary tumor has 
been clinically or radiologically detected. How
ever, when the course is severe and progressive, 
no time must be lost and total adrenalectomy 
is the treatment of choice. 

Transsphenoidal implantation of 90Yt or 
19M Au, possibly combined with 1921r, wich has 
recently been improved by a stereo tactical 
method (MUNDINGER, 1967) destroys 70 to 
90 % or 30 to 50 % of the pituitary gland 
respectively, and may cure Cushing's syn
drome. On the positive side, it does not in
volve severe stress to the patient, but dosage 
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is difficult, loss of the other pituitary hor
mones is possible, and the surrounding organs 
may be damaged, in particular the optic nerve 
with loss of visual fields, paralysis of the ocular 
muscles, and injury to the blood vessels. When 
the more effective 90Yt is used, cerebrospinal 
fluid fistulas occur sooner or later in 20 to 
30 % of the cases. Better results are obtained 
when the puncture opening is closed with a 
screw. Isotope implantation is beginning to be 
replaced by stereotactic high-frequency electro
coagulation of the pituitary gland, which is 
associated with less complications (ZERRAS, 
1965) or by the microsurgical transnasal-trans
sphenoidal operation according to HARDY (see 
Chap. V, p. 115). For the time being, isotope 
implantation appears to be justified only where 
adrenalectomy and hypophysectomy are con
traindicated. 

0) Operations 

1. Adrenalectomy. Total bilateral adrenalectomy 
is still the only reliable way of treating Cushing's 
syndrome with bilateral adrenal hyperplasia, 
and is thus the therapy of choice. Since it has 
become known that a pituitary tumor can 
develop and that the growth of a preexisting 
pituitary tumor can be accelerated after adrenal
ectomy, misgivings have come up about this 
form of treatment. After removal of the hyper
plastic adrenals, plasma ACTH rises to high 
levels, and apparently there is a positive cor
relation between this increase and the probability 
of a pituitary tumor developing later on (NELSON, 
1966). Nevertheless, we still consider total 
adrenalectomy the treatment with the best 
chance of success and with least risks. Up to 
1963,28 reactive pituitary tumors growing after 
adrenalectomy had been reported. Twelve of 
these were already known to be present before 
surgery (KRACHT, 1963). It is difficult to assess 
the incidence of these reactive pituitary tumors 
among all cases of total adrenalectomy, because 
this operation is often performed and not 
always reported in the literature. In a series 
reported by the Mayo Clinic, the incidence 
of reactive pituitary tumors growing after 
adrenalectomy waS found to be 7%. Growth 
of these pituitary tumors proceeds slowly and 
can be detected at an early stage if frequent 
check-ups are performed. Treatment is necessary 
in only about half the cases. Radiotherapy is 
the treatment of choice. 

When total adrenalectomy is performed, 
the treatment of Cushing's syndrome is purchas
ed at the price of Addison's disease, and the 
patient is then dependent on substitution therapy 
for the rest of his life. In spite of these disadvan-
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tages, i.e. the small risk of a reactive pituitary 
tumor and the necessity of substitution therapy, 
we still consider total adrenalectomy as the only 
reliable way currently available of converting 
a life not worth living and with an average life 
expectancy of 5 years into a symptom-free life 
with full activity and practically normal life 
expectancy. The development of more effective 
and harmless adrenostatic drugs or radio
therapeutic methods may alter the situation in 
the future. 

Subtotal adrenalectomy should no longer 
be performed; it is only effective when 90 to 
95% of the adrenal tissue is resected, which 
necessitates a substitution therapy in any case 
in almost half the patients, and the risk of 
recurrence is very high (25%). Since the realiza
tion of how high the plasma ACTH concentra
tion can rise after adrenalectomy in patients 
with Cushing's syndrome, it has become ap
parent that it is only a matter of time before the 
residual tissue regenerates and resumes produc
tion of excessive amounts of cortisol. Finally, 
the risk of acute adrenocortical insufficiency 
is considerably higher after subtotal adrenal
ectomy without substitution therapy than in 
substituted and well-instructed Addisonian pa
tients. The residual tissue is under maximum 
ACTH stimulation and cannot fulfill increased 
demands due to additional stress. The risk of 
the development of a reactive pituitary tumor 
is presumably the same after an effective subtotal 
adrenalectomy and after total adrenalectomy 
with substitution therapy. 

At present, the following procedure is re
commended: when the sella is normal, total 
adrenalectomy is performed. In mild cases only, 
a trial with radiotherapy may be considered. It 
must be remembered that a preoperative diag
nosis of hyperplasia is never unequivocal and 
that an adenoma or carcinoma can be definitely 
excluded only by surgical revision. When the 
sella is enlarged, irradiation of the pituitary 
gland is recommended, before or after adrenal
ectomy. Again, only in the mild cases is there 
time to wait for the effects of irradiation. In 
severe cases of Cushing's syndrome, total 
adrenalectomy must immediately follow irradia
tion. We consider a neurosurgical or transeth
moidal resection only when a pituitary tumor 
causes neurological complications, in particular 
a loss of visual fields. 

Removal of both adrenals at the same opera
tion is preferable to the previous two-stage 
method. It is unrealistic to expect a remission 
after the removal of only one adrenal. It occurs 
only in very rare instances. The disadvantage 
of the greater surgical stress is outweighed by 
the considerable advantage of terminating the 
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illness at once instead of over weeks or months, 
and of avoiding a repetition of general anesthesia 
and surgical trauma. 

Adrenalectomy has to be carried out in a 
medical center where a team of experienced 
surgeons, clinical endocrinologists and anesthe
siologists is available. The operation is complicat
ed technically by the obesity of the patients, 
their low resistance and their increased bleeding 
tendency. Small residues of adrenal tissue lead 
to recurrence, so that success is merely a 
temporary illusion; a second operation is gen
erally impeded by the formation of scar tissue. 
Medical pre- and postoperative treatment and 
supervision are essential to the success of the 
operation. The mortality is less than 5<%. 

At present, the transdiaphragmatic, extra
pleural approach is usually chosen for adrenal
ectomy, necessitating a bilateral incision along 
the 11th rib. In thin patients only, a trans
abdominal approach with a wide incision for 
both adrenals is feasible. 

The following procedure is recommended 
during operation: if exploration on the right 
reveals an atrophic adrenal, in all probability 
there is a tumor on the left side. The atrophic 
adrenal is left intact and the tumor on the 
other side is removed. When a tumor is found 
on the first side, it is removed and the other 
side is left intact. However, when the right 
adrenal is found to be normal or hyperplastic, 
it is totally removed. The left adrenal is then 
also removed. See Table 8 for substitution 
during and after operation. 

2. Hypophysectomy. In theory, hypophysectomy 
may also be considered in Cushing's syndrome 
with adrenal hyperplasia. Several approaches 
are possible: the neurosurgical transfrontal or 
better paranasal transethmoidosphenoidal, the 
microsurgical transnasal-transsphenoidal meth
od (HARDY, 1969), stereotactic implantation of 
~- and y-emittors (MUNDINGER, 1967) or stereo
tactic electrocoagulation (ZERRAS, 1965) (see 
p. 115). Advantages are a lesser surgical stress 
and the removal or prophylaxis of a pituitary 
tumor, but these are offset by the disadvantages 
of possible thyroid or gonadal failure and of 
the development of mild diabetes insipidUS. Radi
cal hypophysectomy is difficult, and after partial 
removal there is a tendency for regeneration 
and recurrence, particularly in Cushing's syn
drome, in which the pituitary is under neuro
humoral stimulation by the hypothalamus. 
Moreover, adrenocortical tumors cannot be 
excluded with absolute certainty, even with 
the most perfect diagnostic technique, except 
by surgical revision. We therefore recommend 
hypophysectomy only when the patient's con-
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dition precludes adrenalectomy, when reactive 
pituitary tumors grow to dangerous proportions 
in spite of irradiation, or in the extremely rare 
cases of primary enlargement of the sella, 
particularly when associated with loss of visual 
fields. 

3. Postoperative Course. The operation and 
postoperative course can be well controlled, 
initially by intravenous, later by oral administra
tion of cortisone. However, the cortisone dosage 
must not be reduced too quickly. Rapid re
construction of tissues may lead to the post
adrenalectomy syndrome, which is characterized 
by restlessness, tachycardia, and other vegetative 
circulatory disorders, anorexia, nausea, vom
iting, and abdominal pains. In most cases, these 
symptoms can be corrected by temporarily 
increasing the dose of cortisone. Occasionally, 
there is a fall in blood pressure due to hypo
volemia or tachycardia with pale, cold, moist 
extremities and nausea necessitating treatment 
with infusions of plasma or dextrane mixtures. 
Occasionally, often only after a few months, 
subacute hemorrhagic pancreatitis of unknown 
pathogenesis may develop. There may be hyper
calcemia in the presence of normal serum phos
phate levels. When these signs are observed, 
the patient must immediately be treated again 
with cortisone, with a daily dose up to 200 mg. 
The patients go through a critical phase be
tween the 10th and the 20th postoperative days. 
They must definitely be kept under hospital 
supervision for at least that period. When, in 
cases of adrenal tumors, atrophy of the con
tralateral adrenal is suspected, synthetic long
acting ACTH, 1 mg twice daily, can be 
given i.m. for a few days even before the opera-
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tion. Postoperatively, the same dose is continued 
for about a week; thereafter, it can be reduced 
to 1 mg once daily for another week. Sometimes, 
however, the atrophic adrenal recovers only 
after some months or not at all. In a few cases, 
persistent failure of ACTH secretion has been 
observed, lasting for years and necessitating 
continuous substitution therapy with cortisone. 

The first signs of success appear within a 
few weeks, as soon as the daily dose of cortisone 
is reduced to 50 mg. The premorbid condition 
is not generally recovered for 3 to 6 months, 
and the patients must be well supervised during 
this period. The blood pressure falls to the 
original values, unless it is fixed by irreversible 
vascular changes. The diabetes almost always 
disappears. Excessive fat deposits are broken 
down, and the pendulous folds of abdominal 
fat must sometimes be corrected by plastic 
surgery. The skin usually peels after 6 to 8 
weeks, as after scarlet fever. There is often 
loss of hair, which is immediately replaced by 
new hair, occasionally different in quality and 
color. Pigmentation of the skin can be of 
varying severity. Menstruation recommences 
after 2 to 3 months, and the chances of pregnancy 
after successful treatment of Cushing's syn
drome are good. Mental changes usually regress 
after successful treatment. Individual symptoms, 
such as loss oflibido, may persist. In the woman, 
this can be treated with small doses of androgens. 

4. The Adrenogenital Syndrome 

A. PRADER and M. ZACHMANN 

The term adrenogenital syndrome describes the 
clinical states induced by overproduction of 
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Table 16. Hereditary disturbances of steroid biosynthesis (enzyme deficiencies and clinical pictures) 

Enzyme deficiency Gonads Adrenal cortex Clinical picture 

With adrenal hyperplasia 
1. 21-Hydroxylase 

without salt loss 
with salt loss 

2. l1P-Hydroxylase 
3.3p-Dehydrogenase 
4. 17-Hydroxylase 

5. 20, 22-desmolase 

WililOUi adrenal hyperplasia 

6. 18-Hydroxylase } 
7. IS-Dehydrogenase 
8. 17-Reductase 

9. 17.20-Desmolase 

Intersexual 
genitalia in 
boys 

+ 
_iry 
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+ 

+ 

Intersexual 
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+ 
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androgenic steroids by the adrenal cortex. This 
group is well characterized clinically. In the 
last few years, increasing knowledge about the 
mechanisms involved in steroid synthesis has 
led to the discovery of clinical conditions 
which are closely connected with the congenital 
forms (see below) of the adrenogenital syn
drome biochemically but are clinically quite 
different. They are not associated with over
production of androgens and only some are 
associated with hyperplasia of the adrenal 
cortex. Fig. 27 and Table 16 give a survey of 
the congenital disorders of steroid biosynthesis 
currently known. Only the various forms of 
the true adrenogenital syndrome are discussed 
in this section. Since the other disorders in the 
biosynthesis of adrenocortical steroids become 
clinically manifest in different ways, they are 
dealt with in the appropriate chapters (lipoid 
hyperplasia, p. 323; 17-hydroxylase defect, p. 
371; 17,20-desmolase deficiency, p. 726; 17-
reductase deficiency, p. 726; hypoaldosteronism, 
p. 325). 

a) Classification, Definition 

The adrenogenital syndrome does not always 
have the same etiology and pathogenesis. Over
production of androgenic steroids of the adrenal 
cortex is, however, common to all forms. 
Three main forms are differentiated on the basis 
of pathogenetic and therapeutic features: 1. the 
hereditary adrenogenital syndrome due to con
genital adrenocortical hyperplasia (see below 
for the different forms), 2. the adrenogenital 

Progressive 
virilization 

+ 
+ 
+ 

(±) 

Salt 
loss 

+ 

+ 

+ 

Hyper
tension 

Congenital 
adrenogenital 
syndrome 

+ Irregular syndrome 
(p.336) 

Lipoid hyperplasia 
of the adrenals (p. 323) 

Hypoaldosteronism 
(p. 325) 
Atypical (partial) 

testicular feminization 
(p. 725) 

syndrome with acquired adrenocortical hyper
plasia, and 3. the adrenogenital syndrome 
resulting from an adrenocortical tumor. 

The symptomatology of the overproduction 
of androgenic steroids is, of course, much more 
striking in the female than in the male, regardless 
of whether the androgens arise from the adrenal 
cortex or from the gonads. The symptomatology 
is referred to as virilization in the female sex, 
whereas in the male sex no special term is 
available as there is no characteristic set of 
symptoms. Unfortunately, the terms viriliza
tion, hirsutism, and hypertrichosis are generally 
used rather inaccurately. This results in obscurity 
and confusion, so that definition of these terms 
seems indicated before discussion of the indi
vidual syndromes. The term virilization is used 
in girls or women when 1. the secondary sexual 
characteristics are predominantly masculine, 
2. female secondary sexual characteristics are 
absent or are undergoing regression, and 3. the 
clitoris is hypertrophic. This triad of symptoms 
only occurs during treatment with high doses 
of testosterone or in association with an in
creased androgen production due to either an 
adrenogenital syndrome or an androgen-pro
ducing tumor. 

Hirsutism signifies a male type of hair 
distribution in women - increased sexual, body, 
and facial hair. It is sometimes accompanied 
by acne without the development of other 
androgenic symptoms such as hypertrophy of 
the clitoris or deep masculine voice. Hirsutism 
is usually idiopathic (p. 377), but may arise 
with ovarian disorders (Stein-Leventhal syn-
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drome, p. 593) or adrenal disorders (Cushing's 
syndrome, p. 345). 

Hypertrichosis implies increased body hair 
without accentuation of the sexual hair. It can, 
therefore, arise in children before development 
of the secondary sexual characteristics and has 
nothing to do with androgens. 

b) Hereditary Congenital Adrenogenital 
Syndrome (Congenital Virilizing Hyperplasia of 
the Adrenal Cortex) 

These conditions are classic examples of "inborn 
errors of metabolism" due to enzyme defects. 
The large number of specific enzymes required 
for the synthesis of cortisol from cholesterol 
(see p. 358, Fig. 27) explains the multiplicity 
of the clinical symptoms. There is one factor 
common to all enzyme defects so far known 
and associated with adrenocortical hyperplasia: 
cortisol synthesis or rate of production is 
diminished, and there is an accumulation of 
intermediary metabolic products due to the 
absence or reduced activity of enzymes required 
for their further processing. Depending on type, 
amount, and biological activity of these inter
mediate metabolic products, clinical features 
such as virilization, hypertension, salt loss, and 
(due to a decrease in cortisol) even Addisonian 
crises, poor resistance and hypoglycemia can 
arise. 

cr) Frequency 

Statistics on' the frequency vary from about 
1: 500 (Eskimos) to 1: 67000. In Switzerland, 
the frequency is found to be 1 : 5000 (PRADER, 
1962). It is approximately the same in both 
sexes. In the past it was assumed that the fre
quency was higher in the female sex, but this 
can be explained by the more difficult diagnosis 
in male patients and the fact that male patients 
with milder forms do not consult their doctors. 

~) Heredity 

The condition very frequently occurs in siblings. 
Consanguinity between parents is uncommon 
or lies many generations back and is thus 
insignificant. Statistical investigations indicate 
an autosomal recessive inheritance. Affected 
siblings also demonstrate the same enzyme defect, 
but not always to the same extent (ROSENBLOOM, 
1966). Heterozygotes are common. If the rather 
low frequency of 1 : 40000 for homozygotes is 
accepted, at least 1 % of the population must 
be heterozygous. Other authors accept a gene 
frequency of 1: 16 (ROSENBLOOM, 1966) or 1 : 35 
(PRADER, 1962). The ability to recognize hetero-
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zygotes would have a decisive effect on genetic 
counselling, but no satisfactory method has 
yet been found. Pregnanetriol excretion in
creases more in response to ACTH in hetero
zygotes for the 21-hydroxylase defect than in 
normal controls (see below), but this is not a 
safe way of identifying individual heterozygotes. 
As in the healthy, no pregnanetriolone is found 
in the urine of heterozygotes (see below). It 
may be possible later to detect heterozygotes 
for the 21-hydroxylase defect by estimation of 
17cx-hydroxyprogesterone or testosterone in 
the plasma after stimulation with ACTH. 

y) Pathogenesis 

Theories on the pathogenesis of congenital 
hyperplasia of the adrenal cortex have changed 
with development of specific methods of steroid 
analysis. Originally, overproduction of an
drogens was claimed to be the primary patho
genic factor. It only became obvious after 
the introduction of specific methods that not 
only are certain steroids present in increased 
amounts but the production of other steroids 
is reduced. The idea that the reduced production 
of cortisol must be considered as the primary 
pathogenic factor became prevalent. Further
more, it has also been shown that the cause of 
the diminished cortisol production is not the 
same in all cases but that synthesis is inter
rupted at different stages (Fig. 27). Deficiency 
of 3 ~-dehydrogenase, 21-hydroxylase and 11~
hydroxylase can cause a reduction in cortisol 
production and an adrenogenital syndrome. 

Since cortisol is the chief regulator of 
ACTH secretion, a decrease in the amount of 
circulating cortisol can lead to the release of 
CRH (corticotropin releasing hormone) from 
the hypothalamus and thus to the liberation of 
increased amounts of ACTH from the anterior 
pituitary. The concentration of ACTH demon
strated by radioimmunological methods is thus 
found to be elevated in all forms of congenital 
hyperplasia of the adrenal cortex. The increase 
in ACTH secretion results in increased pro
duction of only those intermediary steroids 
formed before the particular enzyme block. 
The block, however, causes little or no increase 
in cortisol production, and ACTH secretion is 
not inhibited. Thus, hyperplasia of the adrenal 
cortex can be interpreted as a result of continuous 
overproduction of ACTH. The reason for the 
increased skin pigmentation found in some 
cases is the same as for that in ADDISON'S disease 
(see p. 317). 

The enzyme deficiency is not absolute in the 
majority of cases of congenital hyperplasia of 
the adrenal cortex, i.e. the minimum vital 
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amount of cortisol is practically always pro
duced. The degree of the cortisol deficit varies 
from case to case, and with a few exceptions 
(hypoglycemia, poor resistance) is not suffi
cient to become clinically obvious. In contrast, 
the deficient response of glucocorticoid pro
duction to ACTH is definitely perceptible. 
Steroid anomalies associated with adrenocor
tical hyperplasia have two common charac
teristics - they are accentuated by ACTH and 
normalized by glucocorticoids which inhibit 
ACTH. 

0) Pathologic Anatomy 

R. E. SIEBENMANN 

The reader is referred to the description of the 
clinical features (p. 364) for a discussion of the 
effects of androgen excess on the genital organs 
and on the organism as a whole. The effects 
of salt loss and hypertension in the special 
forms of the virilizing syndrome are described 
in the same section. The only other important 
pathologic changes are those found in the 
adrenals, the gonads and the pituitary gland 
(DHOM, 1965; SYMINGTON, 1969; SIEBENMANN, 

1973). 
The only observations so far recorded on 

the uncomplicated, simple virilizing syndrome 
(21-hydroxylase deficiency without salt-losing 
syndrome) are autopsy and biopsy findings in 
children and adults. A latent terminally de
compensated salt-losing syndrome cannot al
ways be excluded in children dying from the 
condition. 

A fairly characteristic bilateral hyperplasia 
of the adrenal cortex is found in all confirmed 
cases (Fig. 28). In children the glands may be 
4-10 times larger than normal, and in adults 
6-8 times larger. The increase in cortical mass 
parallels to a certain degree the severity of the 
genital masculinization and the virilization. 
The cortical hyperplasia is initially diffuse, but 
always becomes irregularly nodular with ad
vancing age. The surface, slightly folded at first, 
becomes increasingly knotted. Even in children 
the cut surface is intense brown in color,. 
turning to dark brown with advancing age. 
Narrow zones of yellowish cortex may be found 
only in the subcapsular peripheral or in the 
central cortical area. 

The histological structure of the cortex can 
only be studied as long as the hyperplasia is 
diffuse and not distorted by nodular growth, i.e. 
during childhood. The zona glomerulosa is 
then found to be definitely wider than normal. 
This layer is followed by a narrow zona fasci
culata, built up oflipid-containing spongiocytes. 
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In autopsy cases this zone is usually also 
lipid-depleted. The thickness of the zone varies 
and there is no definite border between it 
and the inner zona fasciculo-reticularis, which 
forms the main mass of the cortex. It consists 
of lipid-free "compact" cells. They are definitely 
enlarged and exhibit all signs of intensive 
activity. Intensive activity of phosphatases, 
succinic dehydrogenase and diaphorase can be 
demonstrated by enzyme-histochemical means. 
The activity of 3-~-hydroxysteroid-dehydro
genase, the only histochemically demonstrable 
enzyme of the biosynthetic steroid pathway, 
is marked. The 21-hydroxylase-deficiency has 
been demonstrated in incubation studies on 
slices of such glands, but cannot be shown 
by enzyme-histochemical means. In addition, 
the cells of this hyperplastic layer are loaded 
with an extraordinary amount of lipofuscin 
responsible for the deep brown color of the 
cortex. The pigment does not differ from that 
normally found in the adrenal cortex, but the 
reason for its excessive accumulation is not 
known. The outer layer of this zone still shows 
a fascicular structure, while further in toward 
the medulla the structure is predominantly 
reticular. It is this zone which forms more and 
more nodular and even adenomatous masses 
with advancing age. They extend right up to the 
capsule, often perforating it in a hernia-like 
manner, or break up the medullary tissue 
internally. Separated, distorted or flattened 
remnants of fasciculata or glomerulosa are 
always found. Whereas encapsulated and prob
ably autonomous adenomas have frequently 
been observed anatomically, only two cases 
of cortical carcinoma have been described in 
this type of cortical hyperplasia. 

Not only the normally situated tissue is 
found to be hyperplastic, but also ectopic 
adrenocortical tissue. Thus, in the female uni
or bilateral cortical nodules, which are some
times tumorous, arise in the mesovarium and 
broad ligament. In the male, nodular proli
ferations occur in the epididymis and testis 
and may almost completely replace testicular 
tissue, although they probably always arise 
from the aberrant cortical tissue which com
monly occurs in the hilar region of the testis. 
The nature ofthese testicular nodules, however, is 
still a matter of debate, since they cannot be 
distinguished from interstitial cell tumors by 
either morphologic or biochemical means. On the 
other hand, the question arises as to whether the 
cases of bilateral interstitial cell tumors are not in 
fact cases of unrecognized congenital adreno
genital syndrome. Regression in size of such tes
ticular masses during cortisone treatment sug
gests that they are of adrenocortical origin. 
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, I 
Fig. 28. Above: bilateral diffuse adrenocortical hyperplasia with moderate folding and segmentation of the surface in a 
5-year-old girl with congenital adrenogenital syndrome (MB 2302/63). Below: cerebriform adrenocortical hyperplasia in 
an 18-day-old infant with congenital adrenogenital salt losing syndrome (SN 969/55) 

The testes are definitely abnormal in all 
severer forms. During childhood there is some 
acceleration of tubular maturation up to the 
spermatocyte I, but the glands remain small, 
thus contrasting with the true precocious 

puberty, especially as no Leydig cells are found. 
They remain small also in the adult. The 
tubules show some incomplete spermatogenesis 
up to the spermatocyte I, fibrosis develops and 
no Leydig cells are found. Milder forms of the 
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syndrome may be responsible for some of the 
cases of spermatogenic arrest without further 
endocrine disorders. Exceptionally, intact sper
matogenesis and fertility are observed even in 
untreated males. 

The ovaries are usually normal in girls, but 
pubertal growth and maturation fail to occur 
in the fullblown syndrome, follicular develop
ment does not continue beyond the antrum 
stage, and ovulation and corpus luteum for
mation do not occur. The number of primordial 
and primary follicles diminishes rapidly, so 
that at the age of 30 years no more are found. 
In adults the number of usually small, but 
sometimes even large follicular cysts is in
creased and the result is the "small .I'c/ero
cystic ovary". In contrast to the Stein-Leventhal 
ovary there is no stromal hyperplasia and no 
hyperthecosis. The ovaries have not been studied 
in milder cases with aberration of ovarian 
function only. 

The pituitary does not show characteristic 
changes in the anterior lobe. An increase of the 
sparsely granulated mucoid cells cannot be 
distinguished from that observed in any stress 
situation. No Crooke cells are found. 

In the salt-losing form of 21-hydroxylase 
deficiency the endocrine organs show quite 
a different morphology. The adrenals of these 
infants are huge, their relative weight being 
increased to 6 to 10 times above the normal. 
Their surface is very characteristically folded 
and reminiscent of a cerebral cortex, so that 
the term "cerebriform hyperplasia" has been 
coined (Fig. 28). 

The cortex is several times thicker than 
normal even in an infant of 2-4 weeks, and is 
thrown up in high folds. They often form 
secondary folds, become superimposed and 
tightly packed together. The bulk of this cortex 
shows a fascicular structure. There is no zona 
glomerulosa and only the innermost layers, 
at the junction with the degenerating remnants 
of fetal cortex, exhibit some reticular arrange
ment of their cells. As a rule, all cortical cells 
are enlarged as well as their nuclei and mitoses 
are often found in the outer cortical layer. The 
cytoplasm is usually quite devoid of lipids, 
and granular; it contains vacuoles of hydropic 
degeneration, but never any lipofuscin. Ac
cordingly this cortical tissue is of dirty gray 
color. The typical folding is the result of two 
parallel processes: The inner, fetal cortex, 
which is still present a few days after birth in 
the youngest patients examined, undergoes 
complete involution as in the normal subject, 
although this process is somewhat delayed. It 
is the definite "adult" outer cortex which 
builds up the typical folded cortex by intensive 
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hyperplasia after birth. From observations in 
very young infants it can be assumed that 
the fetal cortex was definitely hyperplastic 
before birth. Accessory adrenocortical tissue 
shows the same type of hyperplasia. It is there
fore more easily detected at the usual sites. 

The gonads are found to be normal in both 
sexes. The pituitary, in contrast, always shows 
marked changes of the anterior lobe cells. The 
total number of sparsely and fully granulated 
mucoid cells and of large chromophobes is 
significantly increased at the expense of the 
acidophils. In addition to the cellular pattern 
consistent with an increased production and 
secretion of ACTH in cortisol deficiency, the 
fully granulated mucoid cells - formerly the 
basophils - are also increased for some unknown 
reason. This increase, however, is also'a reaction 
to the adrenocortical disorder, and is reversible 
by corticosteroid treatment. 

In summary the pathologic findings in both 
these forms of 21-hydroxylase deficiency are 
consistent with the present theory on their 
pathogenesis. They suggest a primary disorder 
of adrenocortical secretion. In the uncomplicated 
form a not very marked, but constant increase 
in ACTH stimulation causes not only lipid 
depletion and broadening of the inner fasciculo
reticular layer of "compact cells", but also a 
massive proliferation of this "functional" layer 
until a quantity of cortisol compatible with 
life is produced by these deficient cells. The 
hypertrophy of the zona glomerulosa reflects 
the secondary hyperaldosteronism compensat
ing the latent salt loss in these patients, as is 
borne out by the hypertrophy of the juxta
glomerular apparatus found in these cases. In 
the salt-losing form the cortex is found to be 
under maximal stimulation, in keeping with 
the more severe cortisol deficiency, and the 
anterior pituitary reflects this situation. The 
absence of a zona glomerulosa corresponds 
to the equally deficient production of aldo
sterone. Juxtaglomerular cells are also in
creased in number, although to a lesser degree. 

Biopsy and autopsy in cases of the rare 11-13-
hydroxylase-deficiency have so far revealed the 
same hyperplasia of the fasciculo-reticularis as is 
seen in the simple virilizing form. In addition, 
hypertrophy of the zona glomerulosa has been 
found, which seems to be integral to the disorder 
of cortical secretion and not due to secondary 
hyperaldosteronism. There is usually no salt 
loss in these patients and no hypertrophy 
of the juxtaglomerular apparatus has yet been 
found. 

In the patients dying of 3-f3-hydroxysteroid
dehydrogenase deficiency the adrenal changes 
very much resemble those of the virilizing form 
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with severe salt loss. The hyperplasia is more 
marked in the fatal cases so far examined. 

In the two studied cases, there was no 
detectable histochemical activity of 3-~-hy
droxysteroid-dehydrogenase, whereas the other 
enzymes of the adrenal cortex were active 
(SIEBENMANN, 1973). The enzyme activity of 
Leydig cells could not been investigated, since 
they had already been involuted in the infants 
examined up to now. 

E) Laboratory Data 

The analysis of three particular steroid groups 
is important for precise differentiation of the 
different types of the congenital adrenogenital 
syndrome. These three groups are: androgens, 
pregnane (and pregnene) derivatives, and cor
tisol and its metabolites. Group estimation of 
17-ketosteroids (see p. 381) is often not suf
ficient for differentiation. The individual 17-
keto steroids can be assayed by gas chromato
graphy. This is especially important in dif
ferentiation between a 21-hydroxylase and an 
11 ~-hydroxylase defect. Estimation of testo
sterone in the plasma or urine is also of signif
icance (see below). Among the pregnane de
rivatives, pregnanetriol and particularly preg
nanetriolone have become important since only 
small amounts of pregnanetriol and no preg
nanetriolone at all appear in the urine of normal 
subjects. Increased amounts excreted in the 
urine are therefore of pathognomonic signif
icance. Pregnene derivatives such as i\5-preg
nenediol, i\5-pregnenetriol and i\5-16-ct-hydro
xypregnenolone (in infants) are also of signif
icance, although they are more difficult to 
identify. Estimation of cortisol and cortico
sterone precursors tetrahydro-S and tetrahydro
DOC is also important in differentiation between 
different forms of congenital hyperplasia of the 
adrenal cortex (see below). The reader is 
referred to p. 379 for further details about the 
methods of estimating steroid hormones. Apart 
from the methods described in that section, 
gas-chromatographic methods have proved par
ticularly suitable for the measurement of testo
sterone, pregnane derivatives and individual 
17-ketosteroids. 

i;;) Clinical Features 

This section presents the clinical pictures and 
steroid findings in the three main forms of 
congenital hyperplasia. Since the clinical picture 
can vary considerably depending on the type 
of enzyme defect, a generalized account of the 
clinical picture in the adrenogenital syndrome 
is not given. 

Adrenal Cortex 

11) 21-Hydroxylase Deficiency 

This is the most common type of congenital hy
perplasia of the adrenal cortex, accounting for 
about 90% of cases. Cases with salt loss and 
those where there is no salt loss differ patho
genically only in the degree of the enzyme 
defect. However, a few authors postulate that 
there are two different 21-hydroxylases (see 

Fig. 29. External genitalia of 3 girls with congenital adreno
genital syndrome. Different degrees of virilization. Above: 
markedly enlarged clitoris with open urethral groove at the 
ventral side of the clitoris, small urogenital orifice (sinus 
urogenitalis) on the ventral basis of the clitoris and scrotum
like labia majora, corresponding to genital type IV in the 
scheme, p. 710. Middle: identical findings but larger uro
genital orifice (sinus urogenitalis), corresponding to genital 
type III. Below: moderately enlarged clitoris with almost 
normal vulva with separate urethral and vaginal orifices, 
corresponding to genital type I 



Hyperfunction of the Adrenal Cortex 365 

Fig. 30. Genitalia of a 3-year-old girl with congenital adrenogenital syndrome. Genital type IV according to scheme, p. 710. 
The superficial sinus urogenitalis can be recognized from an external flat groove. The internal urethral orifice (thin probe) 
and the vaginal orifice (thick probe) are localized where it ends in a pit (left side and middle) 

below). In the form without salt loss (simple 
virilizing adrenal hyperplasia), androgenic symp
toms are predominant. Developmental anomalies 
of the external genitalia in girls are the only 
effects caused by androgen overproduction in 
the fetus (PRADER, 1954). While the internal 
genitalia are unaffected, the external genitalia 
show masculine features under the pathologic 
action of androgens between the 12th and 16th 
weeks of pregnancy. The genitalia therefore 
have a more or less ambiguous appearance 
even in the newborn, and the term female 
pseudohermaphroditism is then applied. The 
clitoris is enlarged like a penis, is erectile, and 
continues to grow in later years if left untreated. 
An urogenital groove can often be seen on the 
ventral side (Fig. 29). The labia majora develop 
to be scrotum-like and fusion may even occur. 
The labia minora are usually completely absent. 
Instead of separate orifices for the urethra and 
vagina, usually only a single funnel-shaped or 
urethra-like urogenital opening is found on 
the ventral basis of the clitoris (Figs. 29 and 
30). In addition to these classic findings, which 
are the most frequent, there are also all inter
mediary forms, ranging from slight enlargement 
of the clitoris with a normal vulva and distinct 
labia minora, to complete masculinization of 
the external genitalia (STOLECKE, 1970). A 
prostate anlage is frequently found, but other
wise the internal genitalia are always feminine. 
Urethroscopy and retrograde urethrography 

with contrast medium show how the urethra
like urogenital sinus divides into vagina and 
urethra (Fig. 30). The urogenital sinus is sit
uated quite superficially, and can be recognized 
on external examination by a flat groove. 
This groove runs towards the anus and terminates 
in a small depression behind which the internal 
urethral and vaginal openings lie (Fig. 30). The 
genital changes can no longer be influenced 
even if treatment is instituted early. In contrast 
to the female genitalia, the male genitalia 
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Fig. 31. Mean course of length, weight, bone and tooth 
development in congenital adrenogenital syndrome. Note 
the growth acceleration, the precocious arrest of growth and 
the discrepancies between the accelerated bone development 
and the normal tooth development 
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develop in an absolutely normal manner. The 
penis alone may be strikingly enlarged even at 
birth, but it is more common for enlargement 
to occur during the first few years of life. The 
enlargement increases rapidly in untreated pa
tients in subsequent years, whereas the testes 
usually remain small. The genital region is 
often strikingly pigmented. 

Accelerated increase in height and bone 
maturation are the next androgenic symptoms 
to occur in untreated patients. Weight, height 
and bone development are normal in these 
patients at birth. Towards the end of the first 
year or later, acceleration in bone maturation 
can be recognized radiologically. This is rapidly 
followed by a striking acceleration in height. 
Within the next few years, height and bone age 
are considerably ahead of chronological age 
(Fig. 31), bone age in turn being strikingly in 
advance of height. This results in premature 
fusion of the epiphyses at the age of about 10. 
Growth thus comes to a stop before normal 
adult height is reached. The patients are there
fore of normal height in the first year, unusually 
tall between the 3rd and 10th years, and un
usually short after the 13th year. The height of 
adult untreated patients is usually between 135 
and 155 em, and they are usually disproportioned 
(Fig. 34). Correctly treated patients are usually 

Adrenal Cortex 

of normal height and their bone maturation 
(Fig. 35) is also normal. 

Shortly after acceleration of growth and 
bone maturation become recognizable, the 
secondary sexual characteristics develop in un
treated patients. Pubic hair appears between 
the 2nd and 5th year and axillary hair and 
gradually increasing body hair between the 
4th and 7th years. The voice breaks at about 
the age of 10, when pubic and body hair become 
more masculine in appearance and facial hair 
increases (Figs. 32 and 33). Baldness may occur 
in the adult woman (Fig. 33). 

Standstill of gonadal development contrasts 
with the premature appearance of the secondary 
sex characteristics. This developmental failure 
can be interpreted as hypogonadotropic hypo
gonadism since secretion of the pituitary gonado
tropins is inhibited by the androgens (p.452). 
In the girl, this causes failure of breast develop
ment and primary amenorrhea, and in the boy 
the testes remain strikingly small, contrasting 
with the marked development of the penis. 
Occasionally, however, normal testicular growth 
is observed, or the testis shows tumor-like 
enlargement. Biopsy may reveal hyperplastic 
adrenocortical tissue situated intratesticularly 
in these cases (HEDINGER, 1955; PIYARATN, 
1957; EARLL, 1969). Boys with normal spermato-

Fig. 32. Three boys with adrenogenital syndrome. The patient on the left has an adrenocortical tumor, the other two boys 
have adrenocortical hyperplasia 
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Fig. 33. Normal development and spontaneous puberty in a boy with congenital adrenogenital syndrome due to 21-hy
droxylase deficiency, treated since infancy 

Fig. 34.4 girls with congenital adrenogenital syndrome at the ages of 11 to 12 years. The three girls on the left are untreated. 
The girl on the right has been treated with cortisone for 3 years. Note the difference between the virilized untreated patients 
and the completely female development in body build and breast formation of the treated girl. (PRADER, 1956) 
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Fig. 35. Untreated 27-year-old woman, 145 cm tall, with 
congenital ad reno genital syndrome due to a 21-hydroxylase 
deficiency 

genesis and girls with some slight development 
of the breasts and sporadic genital bleeding 
have also exceptionally been observed. 

Thus, the premature physical development 
in untreated patients is not caused by true 
precocious puberty but rather by precocious 
pseudopuberty (see Chapter XIX). Since the 
precocity is of a masculine type in both sexes, it is 
described as isosexual in the boy and hetero
sexual in the girl. Normal gonadal development 
and normal spontaneous puberty are possible 
with treatment (Figs. 33 and 34). 

Whereas the acceleration in growth and 
premature appearance of the male secondary 
sexual characteristics become obvious early in 
untreated cases, the male stature and increased 
muscular development usually appear later on 
and are more conspicuous in girls. The strong 
skeletal structure, wide shoulders, rather narrow 
hips and strong athletic musculature are partic
ularly striking. The. adult female patient looks 
like a small, thick-set but very strong man. 
This impression is further accentuated by the 
voice, facial features, growth of beard and 
baldness which occasionally arise (Fig. 35). The 
skin is not only more hairy but also thicker 
and coarser than that of a healthy woman. 
Acne occasionally occurs but is usually not as 
severe as in some healthy subjects during 
puberty. Brownish spots or a diffuse Addison-
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like pigmentation (see p. 316f.) are seen on the 
skin and less frequently on the mucosa in a 
few untreated cases. 

In contrast to somatic development, intellec
tual, psychic and psychosexual development is not 
usually accelerated in untreated patients. The 
psychological picture is nonspecific and fits in 
with the general patterns ofBLEULER'S endocrine 
psychosyndrome. 

The physical efficiency is usually not im
paired. Most patients survive illnesses and 
surgery without complications. The life ex
pectancy is hardly reduced. However, there are 
frequent reports of patients dying suddenly in 
a state of shock during mild infectious diseases 
such as measles or following an operation. 
Death in these cases is due to the inability to 
react to stress with increased glucocorticoid 
production. 

The steroid findings can be deduced from 
Fig. 27. Increased amounts of steroids not 
hydroxylated in position 21 and their catabolites 
are found in the plasma and urine. Levels of 
21-hydroxylated steroids are lowered. The total 
17 -ketosteroids increase steadily from an approx
imate mean value of 2-3 mg/24 h in the young 
infant up to a mean of about 40-50 mg/24 h or 
more at the age of about 15 in untreated patients. 
There are wide individual variations, and values 
can rise even higher in conditions of stress. Frac
tionation of the 17-ketosteroids shows that it is 
predominantly catabolites of androstenedione 
and dehydroepiandrosterone, namely andro
sterone and etiocholanolone which are excreted 
in the urine. Since 11 ~-hydroxylation is un
inhibited in 21-hydroxylase deficiency, increased 
amounts of the corresponding 11-hydroxy-, and 
11-keto-17 keto steroids (11-hydroxy an droste
rone, 11-hydroxy-etiocholanolone, 11-ketoan
drosterone and 11-keto-etiocholanolone) are 
also excreted. 11-Hydroxylation of these 17-
keto steroids competes with 11-hydroxylation 
of the small amounts of substance S which 
are formed in spite of the deficiency (see Fig. 27). 
This leads to a further reduction in cortisol 
synthesis. Therefore, more tetrahydro-S (cata
bolite of S, see Fig. 27) is excreted in patients 
with 21-hydroxylase deficiency than in normal 
subjects, although significantly less than in 
patients with 11 ~-hydroxylase deficiency (see 
below). Excretion of dehydroepiandrosterone 
(principally as sulfate) is also elevated, but to 
a lesser degree. Testosterone arising in the 
adrenal cortex and periphery from andro
stendione and dehydroepiandrosterone, is also 
found to be raised in the plasma and urine 
(as glucuronide). This fact must be held pri
marily responsible for the clinical symptoms 
of the virilization (DEGENHART, 1965). Further, 
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estrogens (estrone and estradiol) arise from 
androstenedione or testosterone, and are also 
excreted in increased amounts (BONATI, 1968). 
Estriol has an exceptional position among the 
estrogens, since it is a 16-hydroxylated com
pound and develops mainly from 16cx-hydroxy
pregnenolone. 

Although the clinical symptoms are pre
dominantly due to the androgens, the increase 
in progesterone and 17cx-hydroxyprogesterone 
and their catabolites (steroids just "before" 
the block) is even more impressive. The plasma 
progesterone level is 6 to 10 times higher in 
children with 21-hydroxylase defect than in 
adult men, and plasma 17 cx-hydroxy-progeste
rone 50-200 times as high (STROTT, 1969). 
Pregnanetriol mainly arises directly from 17cx
hydroxy-progesterone (HALPERIN, 1967). Its rate 
of secretion can be increased almost 100-fold 
(240-280 mg/24 h, normal: 3 mg/24 h) in cases of 
21-hydroxylase deficiency. Pregnane trio lone dif
fers from pregnanetriol in having an additional 
keto-group in position 11, and is not normally 
found in urine even after ACTH stimulation 
(FINKELSTEIN, 1962). Several mg are, however, 
excreted daily. In most cases, more pregnanetriol 
than pregnanetriolone is excreted, but there are 
cases where the situation is reversed, especially 
in young infants. This appears to be connected 
with a predisposition to l1-hydroxylation in 
early life. Other steroids found to be elevated 
are: ~5-pregnenediol (from pregnenolone, see 
Fig. 27), ~5-pregnenetriol (from 17cx-hydroxy
pregnenolone) and 16cx-hydroxy-pregnenolone 
(from pregnenolone) which can be further 
metabolized into estriol (REYNOLDS, 1965; JA
NOSKI, 1969). Reduction in the excretion of 
17-hydroxycorticosteroids (Porter-Silber chro
mogens) can reflect the fall in the rate of cortisol 
production. However, cortisol production is 
frequently normal but does not rise or rises 
only slightly in response to ACTH. Individual 
cortisol metabolites and plasma 11-hydroxy
corticoids behave in a similar manner. However, 
it must be remembered at this point that in
creased amounts of l1-hydroxyandrostenedione 
and 21-desoxycortisol (which are measured at the 
same time by the nonspecific fluorometric meth
od; see p. 380) can simulate a normal or even a 
raised cortisol concentration, while cortisol 
itself is in fact reduced. Aldosterone secretion 
is normal or even raised in patients with 21-
hydroxylase deficiency without salt loss (PRA
DER, 1955; BLIZZARD, 1959; BONGIOVANNI 1968; 
GODARD, 1968). BARTTER (1968) has concluded 
from this that 21-hydroxylation is intact in 
compounds not hydroxylated in position 17 
(see Fig. 27), thus permitting normal aldosterone 
production. If this is so it must be assumed 
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that two different 21-hydroxylases exist in the 
human adrenal cortex (DEGENHART, 1965). The 
increased aldosterone secretion would then have 
to be interpreted as compensation for the in
creased production of natriuretic steroids in 
patients without the salt-losing syndrome (see 
below). 

The typical steroid changes are sometimes 
only found after stimulation with ACTH in 
newborns and young infants with 21-hydroxy
lase deficiency (p. 372). 

The most important steroid findings m 
21-hydroxylase deficiency are summarized m 
Table 17. 

Azoospermia is found in the untreated male, 
and testicular biopsy reveals immature tubules 
and only immature Leydig cells or none at all. 
These findings may be due to hypogonadotropic 
hypogonadism, but they are not constant and 
cases with normal spermiogenesis have been 
reported. Surprisingly, the vaginal smear of an 
untreated female shows no signs of estrogen 
activity, although chemical methods of measur
ing urinary estrogens show that elevated amounts 
are excreted in both sexes. 

3) 21-Hydroxylase Deficiency with Salt Loss 

This may be due to a deficiency of the same 
enzyme as simple 21-hydroxylase deficiency in a 
more pronounced form. It is, however, possible 
that 21-hydroxylase, which is responsible for 
the conversion of progesterone into DOC (see 
Fig. 27), is intact in the simple form and absent 
in the form with the salt-losing syndrome (see 
above). 

A clinically manifest electrolyte disturbance 
similar to that in Addison's disease is found 
in some patients with 21-hydroxylase deficiency. 
This is characterized particularly by renal loss 
of sodium. It is common during infancy, less 
frequent during late childhood, and rare during 
adulthood. This age distribution may very well 
be due to the fact that patients instinctively 
learn to eat more salt. In addition, however, 
there is probably a tendency for the salt-losing 
syndrome to improve with increasing age. It 
is doubtful whether there are any geographic 
differences in the incidence of the salt-losing 
syndrome. HIRSCHFELD (1969) found an ac
cumulation in Alaskan Eskimoes, MARKS (1969) 
found more cases than CHILDS (1956) in Mary
land. It must be remembered, however, that 
more recent work cannot be compared to 
earlier statistics without certain reservations. 
More sophisticated methods of diagnosis also 
detect more cases of the salt-losing syndrome. 

The symptoms of salt loss usually arise during 
the first few days or weeks of life. They usually 
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Table 17. Results of steroid determinations in congenital adrenogenital syndrome with 21-hydroxylase deficiency (enzyme 
deficiency No.1 in Fig. 27), altered steroids and their plasma and urinary metabolites 

Adrenocortical 
secretion 

Plasma 
concentration 

Urinary 
excretion 

Increased 
Androgens Dehydroepi

androsterone 
Androstenedione 
Testosterone 

Androsterone } 
Dehydroepi

androsterone 
Androstenedione 
Testosterone 

Sulfate 
Total 17-ketosteroids 
Dehydroepiandrosterone sulfate 

Androsterone 1 
11-Hydroxyandrosterone 
11-Ketoandrosterone 
Etiocholanolone Glucuronides 

+ Sulfates 11-Hydroxyetiocholanolone 
11-Ketoetiocholanolone 
Testosterone glucuronide 

Pregnane derivatives 17-hydroxy- 17-hydroxyprogesterone Pregnanetriol } 

Estrogens 

progesterone 

Estrone 
Estradiol 
Estriol 

Pregnanetriolone Glucuronides 
(= 11-ketopregnanetriol) 

Estrone 
Estradiol 
Estriol 

Decreased 
Cortisol 
and metabolites 

Cortisol 
Corticosterone 
Cortexolone 

11-Hydroxycorticoids a 

Cortisol 
Corticosterone 
Cortexolone (S) 

Total 17-Hydroxycorticoids 
Tetrahydrocortisol (THF) 
Tetrahydrocorticosterone (THB) 
Tetrahydrocortisone (THE) 
Tetrahydrocortexolone (THS)b 

a Often increased due to non-specific cross-reaction with 21-deoxycortisol and 11-hydroxyandrostenedione. 
b Often slightly increased (p. 369). 

arise gradually but occasionally develop sud
denly. The most common symptoms are anorexia, 
lethargy, inadequate weight gain, vomiting 
and frequent mild diarrhea. Vomiting is almost 
always present, usually occurring in a single 
stream, sometimes spastic in nature with visible 
gastric peristalsis. These symptoms of chronic 
salt loss are often followed by true crises, 
usually in association with an infection (stress). 
Without correct treatment, death may result. 
These crises are characterized by acute loss of 
weight, severe dehydration, and shock. If these 
patients survive, whether spontaneously or as 
a result of treatment, they often demonstrate 
a pronounced craving for salt towards the end 
of the first year or often even before. The 
symptoms disappear completely in some patients 
after 1-3 years, but the salt-losing syndrome 
can become manifest again at any time during 
intercurrent illnesses in early infancy. 

Apart from symptoms due to salt loss, all 
other symptoms of 21-hydroxylase deficiency 
without salt loss can also occur in these patients. 
The only difference is that growth and bone 
development are retarded during the first year 
or two years due to the severely impaired 
electrolyte metabolism, and the characteristic 
acceleration does not occur until later. 

Pathogenesis of the salt-losing syndrome 
can be explained in part by a relative aldosterone 
deficiency. In patients with severe salt loss, 

aldosterone and its metabolites are excreted 
in reduced amounts and the aldosterone pro
duction rate is decreased (BRYAN, 1965). Limita
tion of the sodium intake almost always induces 
a poor aldosterone increment in the salt-losing 
syndrome (BONGIOVANNI, 1967). Thus, appar
ently due to the enzyme deficiency, not enough 
aldosterone can be synthesized. This inter
pretation is also supported by the elevated 
plasma renin activity (lMAI, 1968) and the hyper
trophic juxtaglomerular cells in patients with the 
salt-losing syndrome. The fact that infections 
and ACTH promote sodium loss and gluco
corticoids inhibit it suggest that there are 
other pathogenic factors. In fact, there is 
evidence that progesterone and 17cx-hydroxy
progesterone as well as other unknown steroids 
exert an antagonistic effect on the action of 
mineralocorticoids on the renal tubules; in 
other words, these steroids have a natriuretic 
action. This would explain why a compensatory 
increase in aldosterone excretion is sometimes 
found in patients with simple 21-hydroxylase 
deficiency without the salt-losing syndrome (see 
p. 369). It has recently been shown that 16cx
hydroxy-progesterone has a natriuretic action. 
Since 16-hydroxylated compounds are found 
mainly in infants, this may explain the tendency 
towards spontaneous regression of the salt
losing syndrome with increasing age (JACOBS, 
1969). 
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1) 11-Hydroxylase Deficiency 

There are few cases of congenital hyperplasia 
of the adrenal cortex in which an increase in 
blood pressure is the dominant clinical feature 
arising in association with other symptoms due 
to androgens. These symptoms may be as 
severe as or less pronounced than in cases with 
21-hydroxylase deficiency. A salt-losing syn
drome never arises. As in the other forms, the 
disorder is uniformly present or uniformly ab
sent in siblings of the patient affected. The 
hypertension, like the salt-losing syndrome, 
is worsened by ACTH and improved by gluco
corticoids. These cases are due to deficiency of 
11 ~-hydroxylase, which converts substance S 
into cortisol and DOC into substance B 
(corticosterone) (Fig. 27). The steroid findings 
are therefore different from those found with 
21-hydroxylase deficiency: androgens are simi
larly raised but to a lesser extent. On the other 
hand, ll-hydroxy-17 ketosteroids are absent 
or their excretion is greatly reduced. The 
excretion of pregnanetriol is also raised in this 
condition, but not as strikingly as in 21-hydroxy
lase deficiency. Pregnanetriolone is absent or 
present only in small amounts. In contrast, 
more substance S and DOC are produced and 
this is reflected in a greatly increased excretion 
of their metabolites tetrahydro-S and tetra
hydro-DOC. Accumulation of the mineralo
corticoid DOC (which is, however, less active 
than aldosterone) explains the hypertension 
and absence of a salt-wasting syndrome. Cases 
without hypertension have, however, been re
ported, as have cases with hypertension but 
no increase in tetrahydro-DOC excretion. Never
theless, it must be remembered that in young 
infants, S and DOC are not only metabolized 
into the corresponding tetrahydro compounds 
but can also be excreted directly. Thus, low 
levels of tetrahydro-S and DOC in the urine 
of a baby in the first month of life does not 
exclude the diagnosis of an 11 ~-hydroxylase 
defect. The concentrations of plasma 11-hy
droxycorticoids and urinary 17-hydroxycorti
coids are greatly increased provided they are 
measured by nonspecific methods (p. 380). This 
increase is, however, not due to a rise in cortisol 
but to substance S. The rate of secretion of 
aldosterone is reduced (Kow ARSKI, 1968). Plas
ma renin is also lowered (probably suppressed 
by DOC; IMAI, 1968). 

Recently, a case of this deficiency has been 
described where only the 11 ~-hydroxylation of 
S to cortisol, but not that of DOC to cortico
sterone was impaired (ZACHMANN, 1971). This 
suggests that two 11 ~-hydroxylating systems 
exist in the human adrenal. 
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Metyrapone represents a model of 11~
hydroxylase deficiency. This substance, which 
is used in examination of the ACTH reserves 
of the anterior pituitary lobe (see p. 387), 
temporarily blocks 11 ~-hydroxylase. 

K) 3~-Hydroxysteroid-Dehydrogenase 
Deficiency 

This form of congenital hyperplasia of the 
adrenal cortex differs from the forms described 
above in that there is only a slight production 
of biologically active androgens, so that viriliza
tion may be absent or only mild. In the rare 
cases of deficiency of 3~-hydroxysteroid-dehy
drogenase, steroid synthesis is blocked at the 
stage of the Ll5 compounds (pregnenolone, 
17-hydroxypregnenolone and dehydroepiandro
sterone; see Fig. 27) (BONGIOVANNI, 1961, 1962). 
Thus dehydroepiandrosterone is the only andro
gen produced in excess. All the other steroids 
excreted in increased amounts are also Ll5 
compounds, namely Ll5-pregnenediol (from preg
nenolone), Ll5-pregnenetriol (from 17ct-hydroxy
pregnenolone) and, depending on age, also 
16ct-hydroxy-pregnenolone. Since 21-hydroxy
lase is intact in these cases, Ll5-pregnenetriol, 
for example, can still be hydroxylated in posi
tion 21, resulting in Ll5-pregnenetetrol. a sub
stance which BONGIOVANNI (1962) has demon
strated in a few cases. Pregnanetriol is absent 
or, with partial enzyme deficiencies, reduced or 
normal, but is not increased. Pregnane trio lone, 
testosterone and tetrahydro-S are absent. Since 
dehydroepiandrosterone is not very active bio
logically and cannot be converted into andro
stendione or testosterone (Fig. 27), only mild 
virilization arises in this syndrome if any at 
all. Male patients have incompletely masculini
zed genitalia (various degrees of hypospadia or 
phenotypic female genitalia). This can be ex
plained by the absence of 3~-dehydrogenase in 
the testes as well and by their failure to form 
the testosterone necessary for normal develop
ment of the male genitalia during organogenesis. 
In contrast to the situation in 21- and 11~
hydroxylase deficiencies, the genitalia in female 
patients are normal or virilization is only slight, 
much less pronounced than in the other types. 
In most of the known cases there is also a 
severe salt-losing syndrome (p. 369f.). 3~-Dehy
drogenase deficiency usually appears to be more 
complete than the other enzyme defects de
scribed. In the majority of cases, no cortisol 
metabolites at all are found in the urine. This 
would explain why patients with this syndrome 
almost always suffer from Addison-like crises 
and why most of them die in the first months 
of life despite adequate treatment. Lipoid hyper-
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plasia of the adrenals (20, 22 desmolase defect, 
Fig. 27) is described in another section (p. 323). 

17-Hydroxylase deficiency (Fig. 27) is con
nected with overproduction of corticosterone 
and desoxycorticosterone and is therefore also 
described in another section (p. 339). 

A) Diagnosis and Differential Diagnosis 

Diagnosis ofthe different forms of the congenital 
adrenogenital syndrome is based on the family 
and personal histories, typical clinical features 
and characteristic steroid findings. 

There is often a family history of sisters with 
intersexual genitalia or prematurely developed 
brothers. The differential diagnosis includes 
male pseudohermaphroditism in girls (p. 724) 
and true precocious puberty in boys (p. 1046). 

In taking the personal case history, it is 
important to establish in girls whether the 
ambiguous genitalia were present at birth or 
whether they became obvious only later. In 
boys, the time at which penis enlargement was 
first noticed must be determined. 

Clinical examination reveals the typical find
ings described above. Obesity and other symp
toms of CUSHING'S disease do not belong to 
the classic picture but rather suggest a tumor 
of the adrenal cortex. In addition to the steroid 
findings, the genital findings and the degree 
of development of the secondary sexual charac
teristics are decisive for the diagnosis, although 
the possibilities in the differential diagnosis 
vary with the sex. A raised specific steroid 
excretion is characteristic of each type of 
enzyme defect. This steroid excretion can be 
normalized by glucocorticoids. This contrasts 
with the situation in the adrenogenital syndrome 
due to a tumor of the adrenal cortex, where the 
greatly increased excretion of 17-ketosteroids 
(dehydroepiandrosterone in particular) is un
affected by glucocorticoids (e.g. dexamethasone, 
see p. 389). 

Infemale patients with a 21- or 11 ~-hydroxy
lase defect, the overproduction of androgen can 
be recognized immediately, suggesting a disorder 
in the adrenals or ovaries. The genital changes 
with the typical urogenital sinus permit the 
exclusion of "premature pubarche" (p. 1040) 
and prove the congenital nature of the disorder. 
The other types of intersexuality to be considered 
can be excluded during the first years of life 
by demonstration of chromosomal female sex 
and the presence of increased amounts of 
androgens. A case with hypertrophy of the 
clitoris without a urogenital sinus can be dif
ferentiated from androgenic tumors of the 
adrenal cortex and ovary by the steroid findings. 
A normal female fetus has been exposed to 
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androgens. This occurs when the mother receives 
gestagens containing androgens or steroids 
which can be metabolized into androgens 
during pregnancy. In rare cases, virilization of 
the fetus (or even complete masculinization) 
has been observed due to an ovarian tumor 
(arrhenoblastoma) or a virilizing adrenocortical 
adenoma in the mother. Steroid findings, how
ever, are normal in the children in all these 
cases and virilization does not progress after 
birth. Finally, forms of female pseudohermaph
roditism associated with malformations (partic
ularly of the kidneys) and probably not due to 
hormonal factors must also be considered in 
the differential diagnosis. 

Isosexual development in the male sex (with 
the exception of 3~-hydroxysteroid-dehydro
genase deficiency) makes diagnosis very dif
ficult. In the newborn, the penis is often of 
normal size or only slightly enlarged and the 
scrotum is sometimes only slightly pigmented. 
The testes are usually small in comparison to 
the general somatic development. They are 
seldom of normal size and are sometimes 
enlarged into tumor masses (p.366). In true 
precocious puberty, the tests are usually of nor
mal size. In contrast to 21- and 11 ~-hydroxylase 
deficiencies, the biopsy in a case of precocious 
puberty reveals Leydig cells and spermato
genesis, and the total 17-ketosteroids are not 
raised or only slightly. The same is true of 
"premature adrenarche" (p. 1040), where ac
celeration of somatic development is also ab
sent. In cases with tumor-like enlargement of 
the testes, it is often difficult to differentiate 
congenital adrenocortical hyperplasia from a 
Leydig cell tumor, on the basis of a testicular 
biopsy. Differentiation is, however, possible on 
the basis of these findings: the tumor can only 
decrease in size and steroid excretion can only 
be normalized in a case of adrenocortical hyper
plasia treated with glucocorticoids. 

The symptoms are usually insignificant in 
the adult man. Mild forms of 21-hydroxylase 
deficiency can only be detected by taking an 
exact case history and performing routine 
steroid estimations in every case where the 
testes are unusually small, in cases with tes
ticular tumors, sterility, and azoospermia, and 
in cases of small stature with full development 
of the secondary sexual characteristics. 

An early diagnosis is of utmost prognostic 
importance, since treatment started early enough 
can bring about absolutely normal physical 
development and prevent salt-losing crises. 
Characteristic steroid findings may be absent 
in the young baby. If there is clinical suspicion 
of an adrenogenital syndrome or the total 
17-ketosteroids are even only slightly elevated, 
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a provocation test with ACTH should be per
formed. As a rule, 1 mg/m2 body surface of a 
synthetic depot ACTH is sufficient to produce 
the typical steroid findings. The 24-hour urine 
is collected the day before the test, the day the 
injection is given, and the following day. In the 
presence of 21-hydroxylase deficiency with the 
salt-losing syndrome or 3 ~-hydroxysteroid-de
hydrogenase deficiency, this test is dangerous, 
since it may induce a potentially fatal salt
losing crisis. Glucocorticoids, mineralocorti
co ids and saline should be kept ready for intra
venous administration. 

When a congenital adrenogenital syndrome 
is suspected (affection of siblings) it may be 
possible to make the diagnosis in utero (CATHRO, 
1969). The estriol excretion is raised in the urine 
of pregnant women from the 20th week of 
pregnancy when the fetus has 21-hydroxylase 
deficiency. This phenomenon is due to the fact 
that the excessive amount, of 16cz-hydroxy
pregnenolone (p. 369) produced by the fetus are 
metabolized by the mother and the placenta 
into estriol. Theoretically, an even higher estriol 
excretion is to be expected in cases with a 
3~-hydroxysteroid-dehydrogenase deficiency. 

The differential diagnosis of 21-hydroxylase 
deficiency with the salt-losing syndrome is par
ticularly important in newborns. The free 
interval during the first few days or weeks, the 
weight loss, vomiting and the often visible 
gastric peristalsis usually suggest the much 
more common condition, pyloric stenosis. This 
diagnosis is contradicted by the rapid emptying 
of the stomach in the radiological investiga
tions, frequent mild attacks of diarrhea, and 
the electrolyte findings. Occasionally the syn
drome can also be mistaken for infectious 
gastroenteritis. A history stating that siblings 
were of indeterminate sex as babies, and that 
they suffered from pyloric stenosis or diarrhea 
before death occurred is very suggestive. The 
diagnosis is, however, confirmed by the steroid 
findings and electrolyte investigations: serum 
sodium and potassium are reduced in pyloric 
stenosis, whereas hyponatremia and hyper
kalemia are found in 21-hydroxylase deficiency. 

/-1) Treatment 

The only satisfactory basic treatment of all 
forms of congenital hyperplasia of the adrenal 
cortex is life-long treatment with cortisol or 
some other glucocorticoid. Cortisol acts in two 
ways: it inhibits the increased ACTH secretion, 
causing a reduction of the steroids accumulated 
"before" the enzyme defect, and it compensates 
for the inadequate endogenous production of 
cortisol. Treatment is thus both inhibitory and 
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substitutive. It is also assumed that the treat
ment removes any possible inhibition of gonado
tropin secretion. In any case, normal gonadal 
maturation is possible with adequate treatment. 

In principle, the lowest doses resulting in the 
disappearance of symptoms should be chosen. 
This is important for the following reasons: 
Cushing's syndrome arises only after massive 
over-dosage, but a dose which is even very 
slightly too high and causes no other external 
clinical signs can lead to definite retardation 
of growth (BERGSTRAND, 1966; RAPPAPORT, 
1968). This inhibitory action of cortisol on 
growth has also been observed in other con
ditions (e.g. asthmatics treated with steroids, 
or patients with rheumatoid arthritis or in 
pituitary dwarfism, see p. 98). This effect is 
due primarily on a peripheral antagonism be
tween cortisol and growth hormone, but also 
to inhibition of the release of growth hormone 
from the anterior pituitary. On the other 
hand it has to be considered that patients 
with congenital hyperplasia of the adrenal 
cortex cannot react to stress with an increase 
in endogenous cortisol production, or only 
inadequately. For this reason the dose some
times has to be massively increased during 
periods of stress. The treatment, although 
simple in principle, places considerable demands 
on the physician, who should keep the dose 
as low possible while recognizing the require
ments for increased doses of cortisol during 
periods of stress. 

Since the active physiological steroid absent 
is cortisol and treatment is partly substitutive, 
cortisol is generally chosen in preference to 
other glucocorticoids. Prednisone, prednisolone 
and the long-acting methyl prednisolone are 
sometimes used. Even in small doses, however, 
these compounds seem to exert an inhibitory 
effect on growth. It is best to refrain from using 
other synthetic glucocorticoids (especially the 
fluoridized), since they offer no advantages 
and sometimes produce unpleasant side effects. 

The rate of production of cortisol in normal 
children is about 12 ± 3 mg/m2/24 h in both 
sexes, and the basic dose for long-term treat
ment should correspond roughly to this figure. 
An intramuscular dose of about 12 mg/m2/24 h 
is therefore sufficient. With oral treatment it 
must be remembered that not all the cortisol 
taken is completely absorbed. If the dose is 
regulated according to the normal rate of 
production, the oral dose of cortisol must be 
somewhat higher (approximately 15-25 mg/m2 / 

24 h) (MIGEON, 1968). This dose is lower than 
that recommended so far by most authors. They 
suggest a dose of about 35 mg/m2/24 h. When 
prednisone is used, a quarter of this dose is 
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sufficient. Division of the daily dose over the 
day also seems to be of importance, but this 
point has not been thoroughly investigated. 
Theoretically, an effort should be made to 
imitate the physiological daily variations in the 
plasma level- of cortisol (p. 300). It would 
ther ~fore be betternot to divide the recommended 
dose equally throughout the day, but to give 
three-quarters of the daily dose early in the 
morning and the remaining quarter in the 
afternoon. 

The doses given are for long-term therapy. 
Initially, more (about twice as much) must be 
given for a few days or weeks. 

It seems to be important to keep the dosage 
low during the period of growth, and partic
ularly during the first two years of life. This is 
essential since only the optimal dose and early 
onset of treatment can ensure completely normal 
physical development. For this reason, regular 
follow-up examinations with monitoring of ste
roid excretion and any necessary correction 
of the dose of cortisol are important. Total 
17-ketosteroids should be measured every few 
days in the first few weeks and later at intervals 
of a few weeks. The other steroids (particularly 
pregnanetriol and pregnanetriolone (in cases of 
21-hydroxylase deficiency) should be checked 
every few months. It must be kept in mind 
during this procedure that not all steroid 
findings become normalized even with adequate 
treatment: in 21-hydroxylase deficiency, the 
total 17-ketosteroids and their fractions return 
completely to within normal ranges, whereas 
urinary pregnanetriol usually remains slightly 
elevated and pregnanetriolone continues to be 
demonstrable in the urine. A minimal ex
cretion of pregnanetriolone is if anything de
sirable, as an indicator that the cortisol dose 
is not too high. 

In addition to steroid excretion, body weight, 
blood pressure, growth, bone age and the 
secondary sex characteristics must be checked 
regularly, and menstruation should be exactly 
charted. 

Once treatment has been stabilized, the dose 
can usually remain the same for years in adult 
patients. During the phase of growth, however, 
the dose must be adjusted to the increasing 
body surface. 

Therapeutic success varies with the age and 
severity of symptoms at the onset of treatment 
and with the type of enzyme deficiency. Comple
tely normal development can be attained in the 
baby with 21-hydroxylase deficiency (Fig. 33). 
In the infant and school-age child, acceleration 
of growth and bone development already in 
progress can be brought to a stop and physical 
development can be at least partly normalized. 
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Masculine secondary sexual characteristics re
main stationary until bone age reaches normal 
pubertal age (in girls at about 11, in boys at 
13 years, p. 1024). At this point, cortisol treat
ment results in gonadal maturation and nor
mal development of the isosexual secondary 
sexual characteristics before normal pubertal 
age is reached. In this way, breast development 
and menarche can take place in girls even 
before the 7th year, and testicular development 
and spermatogenesis in boys.Tumor-like enlarge
ments of the testes can be reduced in size soon 
after the onset of treatment regardless of the 
age of the patient. This is due to the action of 
cortisol, which causes atrophy of the intra
testicular adrenocortical tissue. 

Without treatment the epiphyses fuse after 
the 10th year of life, so that it is then impossible 
to influence growth, and the masculine stature, 
enlargement of the clitoris and the masculine 
voice in female patients can be affected only 
to a slight degree. Gonadal maturation and 
regression of body hair can still be expected 
in female patients, however. The breasts develop 
within a few months and menarche occurs. 
Facial and body hair usually regress only 
several months later. In male patients, the 
external characteristics remain unchanged apart 
from maturation of the testes. 

Menstruation induced by treatment is more 
or less regular and usually due to a true 
ovulatory cycle. Frequency and duration of 
the bleeding are often the best indications of 
correct cortisol dosage. Spermatogenesis and 
pregnancy confirm the fertility arising in re
sponse to treatment. 

During long-term cortisol treatment, ACTH 
stimulation and intercurrent infections induce a 
rise in steroid excretion in the urine. Thus, the 
adrenals remain capable of reacting in spite of 
partial atrophy, even ifnot to the same extent as 
before treatment. Since regular cortisol intake 
cannot cover a sudden increase in glucocorticoid 
requirements, it is advisable to increase the 
cortisol dose temporarily during any serious 
intercurrent illness, and particularly for any 
surgical intervention. There is now more re
luctance to increase the dose, since mild in
fections with slightly raised temperature do not 
necessarily require an increase in dosage. The 
dose must be temporarily doubled in severe 
stress. The dose given should only be tripled in 
cases of severe infection and for operations. 

Discontinuation of the long-term treatment 
is hardly ever indicated. If it were discontinued, 
temporary adrenocortical insufficiency and a 
gradual return of symptoms would be expected. 

Malformation of the external genitalia is 
the only symptom which can no longer be 
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influenced by cortisol at any age. At the most, 
cortisol can inhibit further growth of the 
clitoris in the small girl. Surgical correction of 
the external female genitalia is therefore always 
indicated except in cases where the changes 
are minimal. Whenever possible, the procedure 
should be undertaken during babyhood or 
early infancy, before the child becomes aware 
of her genital anomalies and this has an 
untoward psychological effect. The operation 
should only be carried out under increased 
doses of cortisol and, in patients with the salt
losing syndrome, only when the serum elec
trolytes are normal. The clitoris can be excised 
or merely amputated. The latter procedure is 
adequate in most cases. An incision can be 
made into the superficial urogenital sinus, and 
the sinus can be exposed as far as the junction of 
urethra and vagina. A thorough genital check
up is necessary shortly before puberty so that 
a too-narrow vagina can be surgically corrected. 

Success with the treatment mentioned is 
especially satisfactory in 21- and 11 ~-hydro
xylase deficiency. Stabilization is more difficult 
in 3 ~-hydroxysteroid-dehydrogenase deficiency 
and crises due to salt loss can also arise frequently 
even during treatment. 

There are basically two possible treatments 
for the salt-losing syndrome. 1. Covering sodium 
foss by increased sodium intake. 2. Administra
tion of sodium-retaining steroids. In addition, 
cortisol may also inhibit the production of 
natriuretic steroids. As soon as the diagnosis 
has been made, the first and most important 
measure is the immediate administration of 
salt and fluid in adequate amounts. If the 
condition of the baby is alarming, 500-800 ml 
physiological saline and 250--400 ml glucose 
solution are given intravenously in the first 
few days. As soon as the baby can drink, this 
form of treatment is replaced by adding about 
3-5 g of salt to the usual daily food. During 
the subsequent days and weeks, the maintenance 
dose, which is lower than the initial dose, must 
be ascertained individually in each case on the 
basis of serum electrolytes and weight gain. 
The maintenance dose depends on the patient 
and lies between 1 and 6 g of salt daily. Children 
usually respond excellently to this therapy, even 
though steroid excretion remains elevated and 
serum potassium is often not normalized. 

Administration of desoxycorticosterone ace
tate (DOCA, in a daily dose of 2-6 mg in oily 
solution i.m.) or aldosterone (20-300 y daily) 
is also indicated during salt-losing crises and 
in severe cases. Instead of these two compounds, 
fluorohydrocortisone can be given (dose ad
justed to individual, approximately 50-200 y 1m2 
daily). The salt augmentation decreases with 
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this procedure. If salt administration is adequate 
and cortisol treatment is correct, long-term 
treatment with mineralocorticoids is hardly 
ever necessary before the 2nd or 3rd year of 
life. Long-term treatment with DOC may be 
necessary in the first years of life. Micro
crystalline injections are then given every 3-4 
weeks. 

In addition to the treatment described 
above, cortisol treatment based on the prin
ciples given is also instituted in patients with 
the salt-losing syndrome. Salt requirements 
decline as a result of treatment with cortisol, 
due either to the reduction of natriuretic 
steroids or to the sodium-retaining effect of 
cortisol itself (though this is slight). 

As has already been mentioned, salt and 
fluid requirements increase during intercurrent 
infections, even during common colds. Ex
perienced mothers give their children salted 
tea during these periods, and the children 
usually accept it readily. 

After 1 to 3 years, a cautious attempt can 
be made to reduce the dose of mineralocorti
coids and the daily salt supplement. Ultimately, 
treatment can be discontinued. More intensive 
treatment of longer duration is usually required 
in cases of salt-losing syndrome in 3 ~-hydroxy
steroid-dehydrogenase deficiency than in cases 
with 21-hydroxylase deficiency. 

Hypertension in patients with 11 ~-hydro
xylase deficiency requires no special treatment 
as a rule since it disappears with adequate 
cortisol treatment. It may be necessary to give 
an antihypertensive drug as well at the onset 
of treatment in severe cases. 

c) Acquired Adrenogenital Syndrome during 
Infancy 

The majority of cases of the adrenogenital 
syndrome during infancy are due to congenital 
hyperplasia of the adrenal cortex (p. 360) with 
a deficiency of 21- or 11 ~-hydroxylase. It is 
debatable whether congenital hyperplasia of the 
adrenal cortex can be latent, causing no symp
toms at first and become apparent later in infancy 
as an acquired adrenogenital syndrome. Some 
authors support this view (BROOKS, 1960; 
MAHESH, 1968). In general, however, the ac
quired adrenogenital syndrome is due to an 
androgen-producing adrenocortical tumor. This 
form of the adrenogenital syndrome is un
common, but nevertheless more common in 
children than in adults. 

The macroscopic and microscopic appear
ance of androgen-producing adrenocortical tu
mors is indistinguishable from that of tumors 
causing Cushing's syndrome, feminization or 
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no endocrine effects. Conclusions about the 
endocrine activity can, however, be drawn from 
the secondary symptoms, from the behavior of 
the cortex of the other adrenal gland and from 
the steroid findings. Thus, cortical atrophy of 
the other adrenal occurs considerably less 
frequently in cases of the adrenogenital syn
drome due to an adrenocortical tumor than in 
Cushing's syndrome. The tumors appear to be 
morphologically identical. The data on cortical 
tumors in the section on Cushing's syndrome 
(p. 330 and 357) is thus also applicable to 
androgen-active tumors. Carcinomas are more 
common than adenomas in this group, but 
they too are difficult to differentiate and 
occasionally they can only be definitely con
firmed by the formation of metastases. 

Broadly speaking, the androgenic symptoms 
are similar to those found in congenital hyper
plasia of the adrenal cortex with 21- or 11~
hydroxylase deficiency (p. 371). It is of ther
apeutic importance to differentiate between 
these forms and an adrenogenital syndrome due 
to adrenocortical tumors. The former group is 
treated with glucocorticoids, whereas surgery 
is necessary when tumors are present. Dif
ferentiation on purely clinical grounds is often 
difficult. The same disorder in siblings and 
enlargement of the clitoris or penis at birth 
are only possible in congenital hyperplasia. In 
tumor cases the female genital findings are 
normal except for enlargement of the clitoris. In 
congenital hyperplasia a urogenital sinus is 
formed except in cases of 3 ~-hydroxysteroid
dehydrogenase deficiency and mild 21-hydroxy
lase deficiency. The salt-losing syndrome only 
occurs in certain forms of congenital hyperplasia 
(p. 369). In contrast to congenital hyperplasia, 
where glucocorticoid synthesis is reduced, the 
adrenogenital syndrome is often associated with 
Cushing's syndrome in cases with tumors. 

Detailed steroid analysis is important for 
the differentiation. Estimation of the total 17-
ketosteroids does not allow any distinction. 
Measurement of the pregnane derivatives and 
fractionation of the 17-ketosteroids (p. 370) 
are useful in the differentiation. Characteristic 
steroid findings (Table 17, pp. 368 and 370) are 
detected in the different forms of congenital 
hyperplasia. In cases of adrenocortical tumors 
resulting in acquired adrenogenital syndrome, 
pregnanetriol is almost never excreted in in
creased amounts and pregnanetriolone (p. 369) 
does not appear in the urine. On the other hand, 
the major part (about 90%) of the 17-keto
steroids excreted consists Qf dehydroepiandro
sterone, which normally accounts for only a 
small part of the total 17-ketosteroids. Thus, 
the steroid findings in a tumor case are similar 
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to those in congenital hyperplasia with 3~
hydroxysteroid dehydrogenase deficiency (p. 
371). Cortisol or another glucocorticoid (dexa
methasone, p. 389) promptly causes a fall in the 
elevated amounts of steroids excreted in congen
ital hyperplasia, whereas no effect or merely a 
slight one is produced in tumor cases, since 
hormone production is autonomous and largely 
independent of ACTH. As in Cushing's syn
drome, pyelography, retropneumoperitoneum 
with tomography and oblique pictures, and 
possibly the aortography and renography can 
be employed for direct demonstration and 
localization of the tumor. 

Surgical removal of the adrenocortical tumor 
is the only possible therapeutic measure. Since 
androgens do not inhibit ACTH, the adrenal 
cortex theoretically does not undergo atrophy 
in a case with an androgen-producing tumor. 
This means there should be no fear of a post
operative adrenocortical insufficiency such as 
is encountered in cases of adrenocortical tumors 
with Cushing's syndrome. Unfortunately, in 
practice this is not always the case since tumors 
often produce not only androgens but also 
glucocorticoids. Thus, the same measures as 
in Cushing's syndrome are instituted for the 
removal of any hormone-active adrenocortical 
tumor as a precaution (p.330 and 357). 

Results are excellent if no metastases are 
present and the tumor can be removed easily. 
However, metastases occasionally arise 2-3 years 
later. The postoperative course of somatic 
development is normal in these children, but 
prematurely developed secondary sexual charac
teristics usually only partly regress. If bone 
development is greatly advanced, small stature 
in adulthood is inevitable. If bone development 
before the operation corresponds to normal 
pubertal age, sudden gonadal maturation can be 
expected after the operation, even if the chrono
logical age does not yet correspond to normal 
pubertal age. Cortisol treatment has the same 
effect in cases of congenital hyperplasia. 

d) Acquired Adrenogenital Syndrome in the Adult 

This syndrome is due to acquired hyperplasia 
of the adrenal cortex or to an adrenocortical 
tumor. It occurs predominantly in women. 
Virilization is as the dominant clinical feature. 
In contrast to congenital hyperplasia of the 
adrenal cortex, the genitalia, with the exception 
of the hypertrophic clitoris, are normally devel
oped. Body configuration is feminine and breast 
development is normal. Pubic, body and facial 
hair aremascuUne in type. Secondary amenorrhea 
arises only if virilization advances. Ovulatory 
cycles and fertility can, however, also remain 
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intact. The total 17-ketosteroids in the urine 
are increased in cases of acquired adrenocortical 
hyperplasia and tumors. As in the acquired 
adrenogenital syndrome in infancy, dehydro
epiandrosterone is the predominant steroid in 
the urine. Testosterone concentrations in the 
plasma and urine are also elevated. Pregnanetriol 
excretion is normal and pregnanetriolone cannot 
be detected. This excludes congenital hyperplasia 
of the adrenal cortex with 21-hydroxylase 
deficiency (p. 369). The differential diagnosis 
includes the different forms of hirsutism (p. 377) 
(although these are not usually accompanied 
by hypertrophy of the clitoris), ovarian tumors 
(arrhenoblastomas, p. 638) and the Stein-Leven
thal syndrome (p. 609). In virilizing ovarian 
tumors, testosterone production is also in
creased, but excretion of 17-ketosteroids is 
normal or only slightly raised. If testosterone 
and dehydroepiandrosterone are elevated in 
the plasma or urine an adrenal tumor must be 
sought first by the methods described (p. 376). 
If testosterone alone is raised an ovarian tumor 
is more likely. In some circumstances, a laparo
scopy or laparotomy to inspect the ovaries or 
surgical exploration of the adrenals may be 
necessary before diagnosis is possible. Un
necessary laparotomies in cases of idiopathic 
hirsutism must, however, be avoided. 

If an adrenal tumor is found it must be 
removed surgically. The same precautions must 
be taken as for the removal of an adrenal tumor 
in Cushing's syndrome (p. 330 and 357). 

Pathologic anatomy: these tumors are more 
commonly carcinomas than adenomas. Morpho
logical details and difficulties in histological 
differentiation between adenoma and carcinoma 
are described on p. 342. 

Some cases are not true acquired adreno
genital syndromes but a mild form of congenital 
21-hydroxylase deficiency. These cases are easily 
recognized from the steroid findings (pregnane
triol raised, pregnanetriolone present). Con
genital 11 ~-hydroxylase deficiency can become 
manifest for the first time during adulthood 
(GABRILOYE, 1965). It becomes apparent in a 
much increased excretion of tetrahydro-S and 
tetrahydro-DOC. In addition, 17-hydroxycorti
coids rise in the urine in response to ACTH 
in acquired hyperplasia or in tumor cases, 
whereas there is only a slight rise or none at all 
in congenital cases. 

Substitution with glucocorticoids may be 
indicated after surgical removal. 

e) Idiopathic Hirsutism 

Hirsutism (p. 359) signifies an increase in sexual, 
body, and facial hair in women with no con-
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comitant signs of virilization. There is no 
hypertrophy of the clitoris and the voice does 
not become deeper, or only to a slight extent. 
Some patients have menstrual disorders (oli
gomenorrhea, anovulatory cycles, secondary 
amenorrhea). Others menstruate normally and 
remain fertile. 

Hirsutism in women is extremely common. 
Conditions to be excluded are: congenital 
hyperplasia of the adrenal cortex (p. 359), 
acquired adrenocortical hyperplasia or an adre
nocortical tumor (p. 376), Stein-Leventhal syn
drome and a virilizing ovarian tumor (p. 638). 
The case history, thorough gynecological ex
amination, and steroid tests are useful in the 
investigation. If obesity is present as well, 
Cushing's syndrome must also be considered. 
Only when all these have been excluded can 
idiopathic hirsutism (i.e. caused by adrenal 
hyperactivity) be diagnosed. 

Excretion of the 17-ketosteroids in the urine 
and the concentration of testosterone in the 
plasma are slightly raised in idiopathic hirsutism 
and in hirsutism due to ovarian production 
of androgens. Differentiation is often possible 
if urinary 17-ketosteroids and the plasma con
centration of testosterone are examined after 
administration of ACTH (p. 385) and chorionic 
gonadotropin (during simultaneous treatment 
with dexamethasone (p. 389)). In idiopathic 
hirsutism, excretion of the 17-ketosteroids and 
the concentration of plasma testosterone in
crease more than is normal after ACTH. 
Dexamethasone has an inhibitory effect. Cho
rionic gonadotropin has only a slight effect or 
none at all. In contrast, in cases of hirsutism 
due to ovarian factors, urinary 17-ketosteroids 
and plasma testosterone rise most after chorionic 
gonadotropin, whereas ACTH and dexametha
sone only have a weak effect. 

Glucocorticoids often produce therapeutic 
success in idiopathic (adrenal) hirsutism. If, 
for example, cortisol is given in a dose which 
reduces urinary 17-ketosteroids to normal values 
(5-10 mg/24 h), menstruation is normalized and 
the hair gradually becomes less. Hirsutism due 
to androgens produced by the ovaries is not 
influenced by glucocorticoids but may decrease 
under estrogens and gestagens. 

5. Adrenal Feminization 

The term adrenogenital syndrome really in
cludes all adrenal disorders causing overpro
duction of sexual hormones. It is customary, 
however, to use this term only in connection 
with the syndrome with overproduction of 
androgen, i.e. with virilization. Disorders with 
overproduction of estrogens are much more 
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uncommon and are described as adrenal femini
zation. The most common cause of this syndrome 
is a feminizing adrenocortical tumor in the male. 
About 70 cases have been reported up to now 
(GABRILOVE, 1965). Clinical and hormonal find
ings vary considerably. Often, carcinoma of the 
adrenal cortex is the cause. In Gabrilove's 
series, 41 of 52 patients had carcinomas, 7 had 
adenomas and in 4 cases the diagnosis was 
doubtful. Gynecomastia and testicular atrophy 
are the presenting clinical features. Increased 
amounts of estrogens are excreted. Other steroid 
findings vary. All possible causes of gyneco
mastia must be considered in the differential 
diagnosis (p. 487). As with other tumors of the 
adrenal cortex (p. 351), radiological demonstra
tion of the tumor is of great importance. 

G. Assessment of Adrenocortical 
Function 

1. MOLLER 

For the exact methodology required for the 
determination of individual adrenocortical hor
mones and their metabolites and of the peptide 
and protein hormones which regulate their 
secretion, the reader is referred to review articles 
and original pUblications. In this section only 
the principles and normal values of hormone 
assays which are of diagnostic importance 
- mainly the practically important group deter
minations - are mentioned, but exact procedures 
for adrenal function tests will be described. 

1. Determination of Plasma ACTH 

The most sensitive biological methods for deter
mination of ACTH are based on the bioassay 
of LIpSCOMB and NELSON (1962), and can reliably 
detect concentrations of 0.1 mU/100 ml (1 ng/ 
100 ml) and more. In the method according to 
NEY (1963), the ACTH of 100 ml of blood is 
concentrated 20-fold with a carboxyl exchange 
resin. The extract is administered to hypo
physectomized rats by i.v. injection, and cortico
sterone is determined fluorimetrically in blood 
taken from the left adrenal vein. Suppression 
by dexamethasone instead of hypophysectomy 
considerably decreases the sensitivity of the 
assay. 

Normal values 
Morning: 
Evening: 
Stress (surgery): 

0.1-0.5 mU/100 ml; 
0.1-0.15 mU/100 ml; 
0.5-2 mU/100 ml. 

Elevated values are found in untreated 
Addison's disease, Cushing's syndrome of 
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pituitary-hypothalamic ongm after adrenal
ectomy and substitution therapy, ACTH-secret
ing carcinoma, and the congenital adrenogenital 
syndrome (see Fig. 8, p. 298). 

Minute amounts of ACTH can also be 
detected by radioimmunology. Guinea pigs 
produce antibodies against porcine ACTH, 
which cross-react with human ACTH. A mixture 
of plasma with unknown ACTH content, ACTH 
anti-serum, and ACTH labeled with 131 I of 
high specific activity is separated by electro
phoresis. The concentration of ACTH in the 
plasma can be calculated from the ratio of free 
131 I-labeled ACTH to antibody-bound 1311_ 

labeled ACTH. 

Normal values 

Morning: 0.4-0.9 mU/100 ml 
(YALOW, 1964); 
0.3-0.7 mU/100 ml 
(DEMURA, 1966). 

At present, both biological and radioim
munological ACTH assays are technically very 
difficult and are thus unsuitable for general 
diagnostic purposes. 

2. Determination of Plasma MSH 

MSH is estimated biologically in vitro or in vivo, 
with frog's skin by assessing an increase in 
pigmentation by eye, by microscopy, or by 
reflex spectrophotometry. Without chromato
graphic separation this method cannot, how
ever, differentiate plasma activity due to (X-MSH 
from that due to ~-MSH or ACTH. Elevated 
values of total MSH activity are found in 
Addison's disease and in advanced pregnancy; 
decreased values in pituitary insufficiency. 

Radioimmunological methods have been de
veloped for the determination of both forms of 
MSH (ABE, 1967a and b). Up to now, however, 
only ~-MSH has been unequivocally demon
strated in peripheral human plasma. (X-MSH, 
can be found in extracts of human pituitary 
gland and of ectopic ACTH-producing tumors. 

f3-MSH 
Normal values: 
Elevated values* : 

9 ng/100 ml; 
50-600 ng/1 00 ml. 

3. Plasma Renin and Angiotensin Assays 

Since the concentrations of renin and angiotensin 
II in the blood are dependent, among other 
factors, on the effective plasma volume, estima-

* Addison's disease; Cushing's syndrome of pituitary
hypothalamic origin after bilateral adrenalectomy; ectopic 
ACTH-producing tumor. 
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tions must be carried out in subjects on a normal 
salt intake (6 to 10 g daily) in the fasting state 
and after 12 hours in a recumbent posture. 

a) Bioassay of Plasma Renin 

Most methods currently in use for the estima
tion of human plasma renin are based on one 
of the two following methods: 

BOUCHER (1964) described a method in 
which plasma is incubated at 37°C with no 
additional substrate. The angiotensin II formed 
from endogenous substrate during incubation 
is extracted with Dowex-50 and eluted. Its 
blood pressure-increasing activity is measured 
in a nephrectomized anesthesized rat. Renin 
activity is expressed in ng of angiotensin II 
per 100 ml of plasma. 

Normal values 
0-570 ng/l00 ml (VEYRAT, 1964). 

In the method used by BROWN (1964), renin 
is extracted from plasma by adsorption onto 
DEAE cellulose. The purified renin is incubated 
for 30 min to 96 hours with a standard ox-serum 
substrate. The unknown renin activity is meas
ured from the rate at which angiotensin is 
liberated from the substrate. Angiotensin is also 
estimated biologically by its blood pressure
increasing effect in rats. The renin cum;entration 
is expressed in renin units. 

Normal values 
2-19 renin units per liter. 

b) Radioimmunological Determination of Plasma 
Angiotensin II 

In 1967, three different laboratories succeeded 
in developing sensitive and specific radioim
munological methods for the estimation of 
angiotensin II in plasma (VALLOT TON , BOYD, 
CATT). These methods appear to be better 
suited than bioassays to the determination of 
angiotensin and renin for purposes of clinical 
diagnoses. 

Normal values 
Plasma >0.8-5.6ng/l00ml(BoYD); 
Blood 2.1 ± 1.4ng/l00ml(CATT). 

c) Plasma Renin Assay by Radioimmunological 
Determination oj' Angiotensin I 

The determination of angiotensin I has the 
advantage that the addition of converting 
enzyme and the difficult inhibition of the angio
tensinases can be avoided and that antibodies 
to angiotensin I show less cross reactivity 
towards peptide fragments (HABER, 1969). 

Normal values: 
Plasma: intake of 110 mEq Na/d: 

1.02-1. 75 ng angiotensin I/ml/h 
intake of 10 mEq N aid : 
2.16-5.92 ng angiotensin I/ml/h 

4. Determination of Steroid Hormones 

a) General Methodology 
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Clear identification and quantitative measure
ment of all the known steroid hormones and 
their most important metabolites in plasma and 
urine are now theoretically possible, but 
such analyses are technically very difficult, 
costly, and time-consuming, and they are only 
exceptionally used in clinical diagnosis. The 
relatively simple chemical group determina
tions of urinary and plasma steroids are usually 
adequate for the laboratory diagnosis of adrenal 
cortical function. Biological assay methods of 
steroid hormones are no longer used in clinical 
diagnosis. 

Group determinations of steroids generally 
consist of the following steps: hydrolysis (when 
conjugated steroids are to be estimated), extrac
tion with a suitable organic solvent, purifica
tion of the extracts, group-specific color or 
fluorescence reaction, and spectrophotometric or 
spectrofluorometric measurement. Most of these 
estimations can be carried out without difficulty 
in any reasonably large clinical chemical lab
oratory. When used in function tests they permit 
a reliable diagnosis of the most important 
adrenocortical diseases. On the other hand, a 
single steroid determination in urine or plasma 
only exceptionally allows definite exclusion or 
confirmation of a diagnosis of adrenocortical 
disorder. Because many drugs (e.g. psychotropic 
agents) can impair or distort chemical steroid 
estimations due to false color reactions, it is 
always advisable to discontinue all drugs not 
absolutely necessary for a few days before a 
steroid analysis. 

Numerous chromatographic methods (adsorp
tion or partition chromatography on columns, 
paper, thin-layer, or gas chromatography) permit 
perfect separation and identification of individual 
steroids in most cases. However, a single 
chromatography is hardly ever adequate for 
the isolation of a pure steroid fraction from 
biological material; this is only possible if 
chromatography is repeated in different solvent 
systems and often only if it is combined with 
chemical modifications of the steroid molecule. 
Losses which might cause quantitative inaccura
cies can be avoided by isotope methods. In 
simple isotope dilution methods, a tracer dose 
of tritiated or 14C-Iabeled steroid is added to 
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the plasma or urine sample at the beginning 
of the analysis in order to check losses ofmaterial 
occurring during purification. Quantitative deter
mination of the steroid isolated and purified 
by chromatography can be performed by a 
colorimetric, fluorometric or gas chromato
graphic method or by competitive binding to 
a specific carrier protein or antibody (DICZ
FALUSY, 1970; MURPHY, 1969). In double iso
tope dilution derivative assays, the unknown 
steroid concentration is also quantitatively deter
mined by a radiochemical method, e.g. esterifica
tion of the steroid with labeled acetic anhydride. 
These methods, which are qualitatively and 
quantitatively very reliable but technically de
manding, are used in clinical diagnosis, e.g. 
for the determination of plasma testosterone 
or urinary aldosterone, where simpler methods 
such as are used for the determination of cortisol 
and its metabolites are not available. Radio
immunoassays have been developed for the 
determination of steroid hormones, such as 
testosterone, aldosterone, corticosterone, deoxy
corticosterone, and progesterone. These methods 
are somewhat simpler than double isotope 
dilution derivative assays, but generally still 
require at least one chromatography and the 
use of an internal radioactive standard for 
checking procedural losses. 

Methods of estimating steroid secretion rates 
or production rates are also based on the principle 
of isotope dilution; the mixing between unlabeled 
and radioactive-labeled steroid occurs within 
the organism. 

b) Plasma Steroid Determinations 

a) Fluorometric Determination of Plasma 
Corticosteroids 

The two 11 ~-hydroxycorticosteroids cortisol 
and corticosterone can be determined by the 
fluorometric methods introduced by SWEAT 
(1952) and SILBER (1958). Since the fluorescence 
reaction due to corticosterone is three times more 
intense than that due to cortisol and the ratio 
of cortisol to corticosterone in the plasma is 
approximately 10: 1, values obtained are 30% 
higher than when the Porter-Silber method 
(see below) is used, which measures almost 
exclusively cortisol. Moreover, every plasma 
extract produces a minor nonspecific fluorescence 
reaction. Single values must thus be carefully 
interpreted, because there is no definite limit 
between normal and decreased values. However, 
the method is very useful for repeated deter
minations in function tests. It is considerably 
more sensitive than the Porter-Silber reaction 
and yields precise and reproducible results 
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even when the plasma cortisol concentration 
is in the normal or lower range. The technical 
procedure is very simple and results are available 
within a short time. We use a method described 
by SILBER (1966). Similar methods which are 
frequently used have been described by DE MOOR 
(1960) and MATTINGLY (1962). 

Normal values 
10-30 Jlg/100 ml depending on the time of 
day; 
false high values during spironolactone medi
cation. 

~) Plasma 17-Hydroxycorticosteroids 
(Porter-Silber Chromo gens ) 

The 17a,21-dihydroxy-20-ketone side chain of 
cortisol and its most important metabolites 

?"20H 
?=o )50H 

react with phenylhydrazine in the presence of 
alcohol and sulfuric acid to produce a yellow 
color which can be measured by spectrophoto
metry. This so-called Porter-Silber reaction is 
used in the method of PETERSON for the relatively 
specific determination of cortisol (free cortisol 
and protein-bound cortisol, but not conjugated 
cortisol metabolites) in 5 ml of heparinized 
plasma. The method can be used for the metho
pyrapone test, because in contrast to the fluoro
metric methods it also measures cortexolone 
(compound S). It does, however, have the dis
advantage that low normal plasma cortisol 
concentrations are at the lower limit of sensitivity 
of the Porter-Silber reaction. 
Normal values 

6-25 Jlg/100 ml, depending on the time of 
day; 
false high values: ketone bodies, quinine, 
psychotropic drugs. 

y) Plasma Aldosterone 

By using a modification of the original double
isotope method developed by KLIMAN (1960) 
for the determination of aldosterone in urine 
and in adrenal venous blood, PETERSON (1964) 
succeeded in measuring aldosterone in 20 to 
30 ml of peripheral plasma. However, this 
method involved the use of 14C-Iabeled acetic 
anhydride with a high specific activity and was 
too costly for purposes of clinical diagnosis. 
More recently, two similar methods have been 
developed in which aldosterone is esterified 
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with tritiated acetic anhydride (BRODIE, 1967; 
COGHLAN, 1967). Although these methods are 
also technically difficult and time-consuming, 
they are at least financially acceptable. They 
may later be replaced by radioimmunoassays. 

Normal values 
2-15 ng/100 ml; 
primary aldosteronism: 
23-88 ng/100 ml (during normal sodium in
take). 

0) Plasma Androgens 

Estimation of the plasma 17-ketosteroids is of 
no clinical importance. They consist mainly 
of the biologically inactive sulfates of dehydro
epiandrosterone and androsterone. The deter
mination of single biologically active androgens 
in the plasma is of greater significance and 
can be carried out in small amounts of plasma 
by means of a double isotope dilution derivative 
method (RIONDEL, 1963; HUDSON, 1963), a 
simple isotope-dilution method with gas chroma
tography with a highly sensitive electron-capture 
detector (BROWNIE, 1964), competitive binding 
to a carrier protein, or radioimmunoassay. 

Normal values (according to GANDY, 1965) 
Testosterone 

Men: 
Women: 

0.38-1.19 Ilg/l00 ml; 
0.01-0.08 Ilg/100 ml. 

Androstendione 
Men: 0.05-0.06Ilg/100 ml; 
Women: 0.03-0.33 Ilg/100 ml. 

Dehydroepiandrosterone 
Men: 0.13-1.4llg/100 ml; 
Women: 0.14-1.06Ilg/100 ml. 

c) Determination of Urinary Steroids 

Determinations of single steroids or a group of 
steroids in the 24-hour urine are frequently 
used in clinical diagnosis. The daily secretion 
rate of steroid hormones can be estimated 
from the excretion of representative urinary 
metabolites, which is not possible from the 
determination of plasma steroids. Group deter
minations of urinary steroids are also frequently 
used for stimulation and suppression tests. 

The most common source of error in the 
determination of urinary steroids is the incorrect 
collection of a 24-hour urine specimen. In 
many cases it is advisable to monitor the daily 
urine output by means of the relatively constant 
creatinine excretion. The urine is best stored 
without the addition of a preservative under 
refrigeration at 2 to 4°C for a few days at the 
most. When the analysis has to be postponed 
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for a longer period, the urine must be frozen 
and stored in the deep freeze. 

ex) Urinary 17-Hydroxycorticosteroids 
(Porter-Silber Chromogens) 

The urinary 17-hydroxycorticosteroids (17-0H
CS), which we determine by the reliable method 
of PETERSON (PETERSON, 1955; FIEDLER-BEH
RENDT, 1962), account for 30 to 40% of the 
cortisol secreted in 24 hours and include all 
compounds with an intact 17,21-dihydroxy-20-
ketone side chain. Metabolites of corticosterone 
and aldosterone are not determined, but tetra
hydro-S, the most important metabolite of 
cortexolone, is. 20 ml of urine is incubated with 
~-glucuronidase at 37°C for 24 hours and 
extracted with methylene chloride. The extract 
is washed with sodium hydroxide and treated 
with the phenylhydrazine reagent of Porter
Silber. This leads to the formation of a yellow 
pigment which can be measured spectrophoto
metrically. The unknown steroid concentration 
can be calculated from the optic density at 
410 nm after subtraction of a sulfuric acid 
blank of the urine extract. 

Normal values 
3-13 mg/24 h, or 
1. 7 - 7.2 mg/m2 for children. 

Low Values. Low values are characteristic in 
Addison's disease and hypopituitarism but are 
not adequate for diagnosis of these conditions. 
A low excretion rate is also found in cirrhosis 
of the liver, myxedema, and old age. 

Elevated Values. Elevation of the 17-0H-CS 
in the urine is characteristic in Cushing's 
syndrome, but may also be due to thyrotoxicosis 
or fever. The 17-0H-CS excretion is not 
proportional to the body weight, but in obesity 
a moderate increase in 17-0H-CS excretion up 
to 18 mg per day is often observed (see p. 354). 
In equivocal cases, obesity can best be dif
ferentiated from Cushing's syndrome by a 
dexamethasone suppression test (2 mg per day; 
see p. 389). 

False High Values. Ketosis; quinine, meproba
mate, phenothiazines (and other psychotropic 
drugs), and antiepileptic agents. 

~) 17-Ketogenic Steroids According to 
NORYMBERSKI and 'Total 17-Hydroxycorticoids" 
According to ApPLEBY 

The C2l -steroids which are hydroxylated in 
position 17 can be converted to 17-ketosteroids 
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Table 18. Color reactions and reactive groups of the side chain used in the determination of urinary steroids 

Side chain CH20H CH20H 
I I 
C=O HC-OH 
I I 
C···OH C···OH 
1\ 1\ 

Dihydroxy- Glycerol 
acetone 

Examples Cortisol Cortol 
Cortisone Cortolone 
TH-cortisol 
TH-cortisone 
Cortexolone 
TH-S 

Porter-Silber 
reaction + -

(17-0H-CS) 

17-ketogenic steroids 
according to + + 
NORYMBERSKI 

17-ketogenic steroids 
according to + + 
ApPLEBY 

Zimmermann 
reaction - -

(17 -keto steroids ) 

(17-KS) by oxidation with sodium or potassium 
bismuthate and then measured by Zimmer
mann's reaction. In this method, enzymatic 
hydrolysis is not necessary because the 17-KS 
are relatively stable compounds which can be 
hydrolyzed by heating with acid. In Norym
berski's procedure, the 17-ketogenic steroids 
(17-KGS) are calculated from the difference 
in the 17-KS measured before and after oxidation. 
Recently, sodium periodate has been used in 
place of sodium bismuthate for the oxidation. 

According to Appleby's modification, the 
steroids are first reduced with sodium boro
hydride. This eliminates the 17-ketosteroids and 
allows the determination of the 17-KGS by 
only one colorimetric reaction. The simultaneous 
reduction of the 20-keto group to 20-hydroxy 
groups also causes the steroids 17-hydroxy
progesterone and 17-hydroxypregnenolone to 
become ketogenic (see Table 18). The term 
"total 17-hydroxycorticoids" has become ac
cepted in England and Sweden for 17-KGS 
as estimated by Appleby's method; this can 
lead to confusion with the Porter-Silber chromo
gens. 

The 17-KGS include more cortisol meta
bolites than the Porter-Silber chromogens, since 
cortol and cortolone are estimated in addition 
to the tetrahydro derivatives. On the other hand, 
steroids which are not derived from cortisol, 
such as pregnanetriol are also estimated. Thus, 

CH3 CH3 

I I 
HC-OH c=o 0 

I I II 
C···OH C···OH C 
1\ 1\ 1\ 

17-20-glycol 17-20-ketol 17-ketone 

Pregnanetriol 17Q(-OH-pro- Dehydroepiandrosterone 

-

+ 

+ 

-

gesterone Androstenedione 
Androsterone 

- -

- -

+ -

- + 

there are advantages and disadvantages to the 
assessment of cortisol production as against the 
Porter-Silber chromo gens. 
Normal values according to BORTH (1957) 
(total 17-hydroxycorticoids) 

Men: 6-21 mg/24 h; 
Women: 4.5-16 mg/24 h. 

y) Free Urinary Cortisol and Corticosteroids 

Determination of free, unmetabolized and un
conjugated urinary cortisol is a valuable index 
of the concentration of free, non-protein-bound 
cortisol in the plasma providing renal function 
is normal (see p. 292). In contrast to the urinary 
17-hydroxycorticoids, free urinary cortisol is 
only indirectly dependent on the cortisol secre
tion rate and metabolic clearance by the liver. 
It actually represents the amount of cortisol 
which has been at the disposal of the tissue cells 
during one day and it correlates with the func
tional state of the adrenal cortex more closely 
than any other parameter. The determination 
is not simple, however, and can therefore only 
be employed for clinical diagnosis in special 
cases (BROOKS, 1963; ROSNER, 1963). 

Normal values 
< 200 l1g/24 h. 

Substantial elevations are observed m 
Cushing's syndrome. 
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Direct fluorometric estimation of "cortisol" 
in urine extracts, in analogy to the estimation 
of plasma corticoids, leads to average values 
3 times higher than those obtained by quantita
tively and qualitatively eXilct analysis with iso
tope dilution and paper chromatography (ESPI
NER, 1965). Because the cortisol fraction of the 
total fluorogenic free urinary corticoids varies 
between 10 and 80% a determination of this kind 
cannot replace an exact analysis of free urinary 
cortisol. Nevertheless, MATTINGLY (1964) found 
very good correlation between the results of a 
simple assay like this and cortisol secretion rates 
as measured by isotope dilution in normal and 
ACTH-treated subjects, as well as in patients 
with Cushing's syndrome. The simple and 
quick fluorometric assay of free urinary cor
ticoids can therefore partially replace the tech
nically more difficult and time-consuming deter
minations of 17-hydroxycorticoids or 17-keto
genic steroids. 

Normal values 
78-372 J..Lg/24 h (MATTINGLY, 1964). 

8) Urinary Aldosterone Metabolites. 
Determination of Aldosterone Secretion Rate 

Since the introduction of the double-isotope 
derivative assay of urinary aldosterone-18-
glucuronide by KUMAN and PETERSON (1960), 
the previously used method of NEHER and 
WETTSTEIN (1956) has been abandoned. Various 
modifications have also been made to the 
double-isotope method. In our laboratory, we 
have found the procedure described by NEW 
(1966) to be very reliable. The principle of the 
method is as follows: A tracer dose of 14C_ 
labeled aldosterone is added to a urine sample. 
For hydrolysis of aldosterone-18-glucuronide 
the urine is acidified to pH t and kept at room 
temperature for 24 hours. The aldosterone 
liberated is extracted with methylene chloride 
and a preliminary purification by solvent parti
tion and paper chromatography is performed. 
Esterification with tritium-labeled acetic an
hydride leads to the formation of aldosterone-
3H-diacetate. This is followed bypaperchromato
graphy in three different solvent systems. Tri
tium and 14C activities are measured in the 
purified samples by liquid scintillation counting. 
The amount of aldosterone in the counting 
vial can be calculated from the tritium activity 
and the known specific activity of the 3H_ 
acetic anhydride. The 14C activity indicates 
which fraction of the original amount of aldo
sterone in the urine sample is still present in the 
counting vial and thus allows correction of 
any procedural losses. 
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Aldosterone secretion is dependent on so
dium and potassium balance. Therefore, a 
patient in whom an aldosterone analysis is 
to be performed must be maintained on a 
liberal sodium (at least 100 mEq per day = 6 g 
of salt) and fluid intake; diuretics and potas
sium tablets must be discontinued for a few days. 

Normal values 
Adults: 
Children: 

5-20 J..Lg/24 h; 
3-13 J..Lg/24 h per m2 of body 
surface. 

Because in liver diseases and pregnancy a 
relatively high proportion of secreted aldo
sterone is excreted as aldosterone-18-glucu
ronide, in certain cases it is also advisable to 
measure urinary tetrahydroaldosterone-3-glu
curonide. A double-isotope procedure for meas
uring this metabolite has been described by 
NEW (1966). 

Determination of the aldosterone secretion 
rate permits exact assessment of aldosterone 
production. Tritium-labeled aldosterone is in
jected intravenously and the specific activity 
of urinary aldosterone-18-glucuronide is deter
mined by a method analogous to that of 
KUMAN and PETERSON (1960) (using 14C-acetic 
anhydride). The specific activity of urinary 
tetrahydroaldosterone-glucuronide can also be 
measured (UUCK, 1958). Because aldosterone-
18-glucuronide is excreted more quickly than 
tetrahydroaldosterone-3-glucuronide (SIEGEN
THALER, 1964), the collection of a 24-hour 
urine sample is sufficient for the first method, 
whereas a 48-hour urine sample has to be 
collected when tetrahydroaldosterone-glucuro
nide is measured. 

Normal values 
Adults: 50-200 J..Lg/24 h. 

E) Urinary t 7-Ketosteroids 

We have found the procedure of PETERSON and 
PIERCE (1960) very reliable for the classic 
estimation of urinary t 7-ketosteroids by Zim
mermann's reaction. The 17-ketosteroids (17-
KS) include the metabolites of adrenal and 
testicular androgens, which are inactive or 
only slightly active. Cortisol metabolites account 
for only a low proportion. Major 17-keto
steroids are androsterone, etiocholanolone, their 
l1-keto- and 11-hydroxy derivatives, and de
hydroepiandrosterone. Although androsterone 
is the most important metabolite of testosterone, 
neither total 17-ketosteroid nor androsterone 
excretion can be considered as being represent
ative of testosterone secretion. In normal con
ditions, 60% of the 17-KS in the male and 
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almost all the 17-KS in the female originates 
from the adrenal cortex. Practically all the 
urinary 17-KS are conjugated with sulfuric acid 
or glucuronic acid. 

A 5 ml sample of the 24-hour urine is 
hydrolyzed by boiling with acid, and is then 
extracted with a mixture of petroleum ether 
and benzene; the extract is purified by washing 
with alkali. The 17-keto group (see Table 18) 
produces a purple color with m-dinitrobenzene 
in the presence of alkali (Zimmermann's re
action). This purple derivative can then be ex
tracted with methylene chloride and measured 
spectrophotometric ally . 

Normal values are dependent on sex and age 
(Fig. 36, BORTH, 1957, see also Chap. XIX) 
Adults 

Men: 
Women: 

10-25 mg/24 h; 
5-15 mg/24 h. 

Children 
First days of life: 
First year: 
2nd to 5th years: 
6 th to 9th years: 
10th to 15th years: 

up to 1.5 mg/24 h; 
less than 0.5 mg/24 h; 
less than 1 mg/24 h; 
less than 2 mg/24 h; 
less than 10 mg/24 h. 

Decreased Values. Addison's disease, pituitary 
insufficiency, cirrhosis of the liver, cachexia, 
advanced age. 

Elevated Values. Very high values of up to more 
than 100 mg/24 h are found in adrenocortical 
carcinoma; high values in congenital adreno
genital syndrome, in the presence of Leydig cell 
tumors and virilizing adrenal cortical adenomas; 
elevated or normal values in Stein-Leventhal 
syndrome, arrhenoblastoma and simple hir
sutism. A moderate increase is usually but not 
always found in Cushing's syndrome. Very 
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high values in Cushing's syndrome are sug
gestive of an adrenocortical carcinoma. 

s) Determination of Individual Urinary 
Androgen Metabolites . Androgen Production 
Rates 

The numerous procedures developed for the 
fractionation and chromatography of urinary 
17-ketosteroids have provided valuable infor
mation on human androgen metabolism but 
are of little importance in clinical diagnosis. 
No definite conclusions about the gonadal or 
adrenal origin of 17-ketosteroids or the malig
nancy of an adrenal tumor are possible from 
the percentage of individual 17-ketosteroid 
fractions. 

Although dehydroepiandrosterone, ll-hy
droxy- and 11-keto-17-KS are derived mainly 
from the adrenals, they can also be produced by 
a mixed embryonic tumor of the testis. The same 
enzyme defect may be present in congenital 
adrenogenital syndrome, as well as in malignant 
adrenocortical tumors. In contrast to an earlier 
opinion, there are probably no specific adrenal 
cortical androgens leading to hirsutism and not 
to virilization. Elevated plasma levels of testo
sterone in women with simple hirsutism rather 
indicate that the hirsutogenic activity of in
dividual androgens parallels their virilizing 
activity. 

In contrast to the 17-KS, urinary testo
sterone-glucuronide is only derived from testo
sterone. The determination of this metabolite 
in 24-hour urine allows certain conclusions 
about the endocrine function of the testis in 
man. However, only 0.15 to 1.9% of the testo
sterone secreted is excreted as testosterone
glucuronide in the urine (CAMACHO, 1964). The 
determination is of a similar degree of technical 
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Fig. 36. Mean values of urinary 17-ketosteroids for normal individuals with average body weight and average length. 
Mean = solid line; limits of confidence = stippled area (P = 0.05). (From BORTH, LINDER, and RIONDEL, 1957) 
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difficulty to the measurement of plasma testo
sterone (see p. 381). 

Normal values 
Men: 15-520 J.lg/24 h (DULMANIS, 1964). 

In women, most of the urinary testosterone
glucuronide is derived from androstenedione, 
which is secreted by the adrenal cortex and 
converted to testosterone by the liver. Since 
most of the testosterone is immediately con
jugated by the liver and secreted into the blood 
stream as the glucuronide, the determination of 
urinary testosterone-glucuronide in women does 
not permit valid conclusions about the amount 
of testosterone secreted by endocrine glands or 
the amount of testosterone secreted into the 
blood stream during one day. This leads to 
wide differences between "blood production 
rates" and "urine production rates" of testo
sterone in women. The blood production rate 
is calculated by multiplication of the plasma 
testosterone concentration with the metabolic 
clearance rate. The urine production rate is 
calculated from the specific activity of testo
sterone-glucuronide in the 24-hour urine after 
intravenous administration of radiolabeled testo
sterone. 

In men, determination of the testosterone 
urine production rate permits valid conclusions 
about the secretion of this hormone by the 
testes. 

Normal values 
Men: 4-12 mg/24 h (KORENMAN, 1963). 

5. Stimulation Tests 

a) ACTH Tests (Thorn Test) for the Assessment 
of Adrenal Cortical Function and Functional 
Reserve 

The ACTH test, i.e. the determination of 
urinary or plasma steroids before and after 
stimulation of the adrenals with an ACTH 
preparation, is the most important test of 
adrenocortical function and is essential for the 
diagnosis of adrenal insufficiency. 

There are numerous modifications of the 
ACTH test. ACTH may be given intravenously, 
either by injection or by infusion, or intra
muscularly; determinations of various steroid 
fractions in plasma and urine and blood 
eosinophil counts can be performed at different 
times. For a review of the many original pro
cedures with their normal values see PRUNTY. 
However, new modifications of this test are 
recommended almost every week. A critical 
evaluation of all these variations of the test is 
impossible. We can deal only with a few basic 

385 

principles and a few modifications of the tests 
which we have found most reliable in 20 years 
of experience. 

In agreement with RENOLD (1952), we have 
observed maximal stimulation of the adrenal 
cortex with a dose of 25 IU of a water-soluble 
natural or synthetic (0.25 mg) ACTH prepa
ration administered by intravenous infusion 
over 8 hours. In all persons with a normal 
adrenocortical function, this causes the plasma 
corticoids as measured by fluorometry to rise 
to a value at least twice as high, in some in
stances three or four times as high, as the 
initial value. The 24-hour value of urinary 
17-hydroxycorticoids as measured by the Porter
Silber reaction after enzymatic hydrolysis (see 
p. 381) also increased to 2 or 3 times the base
line value in all normal subjects on the day 
such an ACTH infusion was given. Intramuscular 
administration of 120 IU of a natural or 1 mg 
of a synthetic long-acting ACTH preparation 
leads to a similar optimal stimulation, which 
is characterized, however, by a later onset and 
a longer duration. Failure of the urinary or 
plasma corticoids to respond to ACTH in this 
dosage definitely indicates adrenal insufficiency. 
When the test is repeated on two or three con
secutive days with no response, the diagnosis 
of Addison's disease is confirmed. 

The assessment of an ACTH test by the 
fall in blood eosinophils is only permissible in 
emergencies or as an additional check. Only a 
positive result indicates an intact adrenal func
tion, whereas false negative results are obtained 
in 30% of all tests. When a reliable assay for 
plasma or urinary corticoids is available, a 
simultaneous eosinophil count is pointless since 
it makes it impossible to carry out the ACTH 
test under steroid cover (see below). Determina
tion of the plasma corticoids by a fluorometric 
method is no more difficult or time-consuming 
than an eosinophil count. 

The response of urinary 17-ketosteroids to 
ACTH is less distinct and is often delayed by 
24 hours. When a reliable assay of urinary 
17-hydroxycorticoids or 17-ketogenic steroids 
is available, simultaneous estimation of the 
17-ketosteroids is not necessary. 

The ACTH test is also often used in the 
differential diagnosis of adrenal hyperfunction. 
In Cushing's syndrome with bilateral adrenal 
hyperplasia, there is a pronounced or even 
excessive rise in the urinary and plasma cor
ticoids, whereas in cases of adrenal tumors the 
response is reduced or absent. The ACTH test 
does not, however, permit definite differentiation 
between Cushing's syndrome and normal adre
nal function. It is therefore not advisable to 
perform an ACTH test to differentiate between 
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hyperplasia and a tumor until a diagnosis of 
Cushing's syndrome has been established by a 
low-dose dexamethasone suppression test. 

Although different authors have suggested 
that the ACTH test also be subjected to quan
titative evaluation (JENKINS, 1955; BIRKE, 1958) 
and that partial or relative adrenocortical 
insufficiency can be deduced from a less pro
nounced rise in corticosteroids, we think the 
result can only be positive or negative, showing 
whether the adrenals are responsive or not. In 
doubtful cases we repeat the test. 

Side effects of ACTH are uncommon. 
Hypersensitivy reactions, however, can occur 
particularly in adrenal insufficiency and after 
repeated administration of ACTH. Immediate 
reactions of the anaphylactic type are pruritus, 
urticaria, exanthema, or asthma, which respond 
to antihistamines. A delayed reaction may 
occur a few hours after an ACTH infusion is 
started in the form of fever and vomiting and 
can be very dangerous in adrenocortical in
sufficiency. It is therefore advisable to perform 
all ACTH tests under cover of dexamethasone 
in a dosage of 0.5 mg p.o. twice daily. This does 
not interfere with the steroid analysis used for 
assessing the adrenocortical response to ACTH, 
and undesired side effects are avoided. Inter
pretation of the reduced eosinophil count is 
not possible during corticosteroid medication. 

IX) Eosinophil Count 

Capillary or venous blood is used for the 
eosinophil count; calculation from the per
centages obtained in blood smears is not suf
ficiently precise. The direct eosinophil count 
according to RANDOLPH is very reliable. Either 
capillary blood from the finger tip or venous 
blood can be used. In the latter case, 5 ml of 
blood are taken from the cubital vein and mixed 
at once with a weighed amount of an oxalate 
mixture. The oxalate-and-blood mixture can be 
stored in the refrigerator for up to 6 hours. 

The composition of the oxalate mixture is: 
Ammonium oxalate 1.2 g, potassium oxalate 
1.8 g, distilled water to give 100 m!. A pipette 
is used to transfer 0.5 ml of this mixture to each 
tube to be used for blood collection, where it is 
evaporated. 

Randolph's solution has proved successful 
for selective staining of the eosinophils: phloxine 
0.1, propylene glycol 50 ml, distilled water 
50 m!. The solution can be kept indefinitely. 

Capillary or venous blood is drawn up into 
a leukocyte pipette to the 0.5 mark, and then 
diluted with Randolph's solution up to the 
11 mark. The pipette can then be left for up to 
12 hours. It must be vigorously shaken for at 
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least 2 min, and 3 to 5 min must elapse between 
filling the counting chamber and counting. The 
eosinophils are counted in 2 or preferably 4 
Fuchs-Rosenthal cerebrospinal fluid counting 
chambers 0.2 mm in depth. The following 
formula is used for the calculation: 

Eosinophils per mm3 

= eosinophils per chamber x 100 
16 

= eosinophils per chamber x 6.25. 

The staining method of DUNGER is useful 
when many estimations have to be performed, 
but the determination must be completed at 
once. Other methods of selective staining have 
been described by HENNEMANN and HINKEL
MANN. 

~) Rapid ACTH Test (8-Hour Intramuscular 
Long-Acting ACTH Test) 

The plasma corticoids are measured fluoro
metrically or colorimetrically (Porter-Silber re
action), or the blood eosinophils are counted 
before and 8 hours after an i.m. injection of 
long-acting ACTH (ACTH-Zn). Alternatively, 
the 24-hour urinary output of 17-hydroxy
corticoids or 17-ketogenic steroids is determined 
on the day before the test and on the day the in
jection of ACTH is given. A blood sample is 
taken at 8 a.m., after which 120 IU of a natural or 
1 mg of a synthetic long-acting ACTH prep
aration is given by i.m. injection to adults. The 
dose for children is 75 IU or 0.6 mg per m2 . 

A second blood sample is taken at 4 p.m. 
When the plasma or urinary corticoids 

increase by 100% or more, or when the eo sino
phils decrease by 50% with a base-line value 
of more than 100 per mm3 , primary adreno
cortical insufficiency can be definitely excluded. 
However, a negative result of the eosinophil 
test is no proof of adrenocortical insufficiency. 
When the result of a rapid ACTH test is negative, 
a prolonged ACTH test (with long-acting 
ACTH or repeated intravenous ACTH in
fusions) should be performed. 

The rapid ACTH test is very suitable for 
ambulant patients. 

y) Prolonged ACTH Test 

An i.m. injection of 120 IU, or 1 mg of a long
acting ACTH preparation, is given once or 
twice (with an interval of 8 to 12 hours) daily, 
depending on the duration of action of the 
preparation used. In patients with secondaI)! 
adrenocortical insufficiency, a distinct increase 
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of urinary or plasma corticosteroids can be 
observed on the second or third day of ACTH 
treatment in most instances. However, an 
unequivocal increase may not be seen until 
after a week of treatment. 

8) 8-Hour Intravenous ACTH Test 

ACTH given by intravenous infusion stimulates 
the adrenal cortex to the greatest possible 
extent and is therefore the most sensitive test 
for assessment of its functional reserve. It 
makes it possible to evaluate not only the 
immediate secretory increase (actual functional 
reserve) but, when administered for several 
days, also the maximum hormone production 
possible after development of adrenocortical 
hyperplasia, i.e. the "potential functional re
serve" according to RENoLD (1952). An ad
ditional advantage is that an ACTH infusion 
can be interrupted at any time if a patient 
shows signs of a hypersensitivity reaction. 

As a standard procedure, intravenous ad
ministration of ACTH over 8 hours on two 
consecutive days has proved very reliable. On 
the first day of the test the 24-hour urinary 
output of 17-hydroxycorticoids and 17-keto
steroids is measured (base-line). On the second 
day a blood sample is taken at 8 a.m. in the 
fasting state for the measurement of plasma 
corticoids and the eosinophil count. This is 
immediately followed by an intravenous in
fusion of 25 IU or 0.25 mg (children 12 IU or 
0.12 mg per m2 ) of ACTH in 500 ml (300 ml 
per m2) of physiological saline solution over 
8 hours. A second blood sample is taken at 
4 p.m. Urine is collected from 8 a.m. on the 
second day to 8 a.m. on the third day of the 
test for determination of 17-hydroxycorticoids. 
The same procedure is followed on the third 
day of the test. 

A fall of more than 85% (average 94%) in the 
blood eosinophils, an increase of the plasma 
corticoids to at least 40 Ilg/100 ml and to 100% 
above the base-line value, or an increase of 
10 to 15 mg per 24 hours or 100% in the urinary 
17-hydroxycorticoids indicates normal adreno
cortical function and definitely excludes Ad
dison's disease. An inadequate fall in eosino
phils and failure of the corticosteroids to rise 
indicate adrenal insufficiency. In normal sub
jects, the rise in plasma corticoids and the fall 
in the eosinophils in response to the first and 
the second ACTH infusion are the same. In 
secondary adrenocortical insufficiency the 
ACTH effects is more pronounced on the third 
day of the test. In contrast, the urinary cor
ticoids increase further on the third day of the 
test in normal subjects also. In the normal 
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subject, the increase above the base-line value 
is between 4.5 and 30 mg per 24 hours on the 
second day of the test and between 5 and 41 mg 
per 24 hours on the third. In Cushing's syn
drome with bilateral adrenal hyperplasia the 
increase of the 17-hydroxycorticoids can be as 
high as 50 to 80 mg per day. When Cushing's 
syndrome is due to an adrenal cortical adenoma, 
the response is variable. A definite increase of 
corticosteroid output is not common in adreno
cortical carcinoma. 

Cortisone-resistant eosinophilia can be reco
gnized by the failure to respond to exogenous 
cortisone. The blood eosinophils are counted 
before and after the oral administration of 
cortisone acetate (adults 100 mg, children 60 mg 
per m2). Alternatively, the eosinophils can be 
counted before and three hours after an intra
venous infusion of cortisol hemisuccinate in a 
dose of 20 mg in 100 ml of physiological saline 
for adults or 12 mg per m2 in 60 ml per m2 for 
children, given over one hour. Constitutional 
aneosinophilia is not related to any adreno
cortical disorder. 

£) Repeated Intravenous ACTH Test 

A repeated intravenous ACTH test can be used 
in the same way as the prolonged intramuscular 
ACTH test for the differentiation between 
primary and secondary adrenocortical insuf
ficiency. Secondary adrenal atrophy can be 
relieved by repeated intravenous stimulation in 
most instances, whereas primarily atrophic or 
damaged adrenals fail to react. A fall in the 
eosinophils can be examined on successive days 
as the eosinophils return to their original 
level overnight after an intravenous ACTH 
infusion. 

b) Methopyrapone Test (Metopirone Test) 

Principle. The adrenostatic drug methopyrapone 
inhibits the 11 ~-hydroxylase of the adrenal 
cortex and therefore blocks the synthesis of 
cortisol, corticosterone, and aldosterone without 
impairing production of their precursors cor
texolone (compound S) and deoxycorticosterone. 
The failure of the negative feedback effect of 
cortisol on the hypothalamus results in a 
maximum output of ACTH, which elicits an 
increase in plasma and urinary 17-hydroxy
corticoids and 17-ketogenic steroids correspond
ing to an increased formation of cortexolone 
(Fig. 37), providing the adrenal cortex responds 
normally to ACTH. When the adrenal 
glands are normal, the methopyrapone test 
allows assessment of the pituitary ACTH 
reserve. 
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Method. The test should be only carried out 
when the urinary 17-hydroxycorticoids are nor
mal or have shown a normal response to 
ACTH. Any type of corticosteroid therapy 
must be discontinued during the test. 

Day 1: determination of urinary 17-hy
droxycorticoids (base-line value); 

Days 2 and 3: 750 mg (or 30 mg per kg body 
weight) of methopyrapone are 
given orally every four hours 
after meals or with a glass of 
milk; 

Day 4: no medication but collection of 
a 24-hour urine sample. 

Urinary excretion of 17-hydroxycorticoids is 
measured on days 1, 3, and 4. 
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Fig. 37a-<:. Methopyrapone test. a) Normal person before 
methopyrapone. b) Normal person under treatment with 
methopyrapone: suppression of l1-hydroxylase, production 
of cortisol blocked, instead cortexolone (compound S) is 
produced, which does not suppress ACTH secretion : 
increase in urinary corticosteroids. c) Patient with partial 
pituitary insufficiency treated with methopyrapone : cor
texolone is secreted in place of cortisoL No increase in 
urinary corticoids because ACTH reserve is decreased 

Interpretation. When thehypothalamic-pituitary
adrenocortical system is functionally intact, 
urinary 17-hydroxycorticoids increase by 100% 
or 10 mg per 24 hours above the base-line 
value on day 3 or 4 of the test. When the urinary 
17-hydroxycorticoids respond to ACTH but 
not at all to methopyrapone a disturbance of 
ACTH secretion must be assumed. An inadequate 
rise with a normal base-line value is indicative 
of a limited ACTH reserve which can occur, 
for instance, after pituitary irradiation or in 
Cushing's syndrome due to an autonomous 
adrenocortical adenoma. The methopyrapone 
test is particularly suited for the assessment of 
a decreased ACTH reserve due to therapy with 
high doses of a cortisone derivative. However, 
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cortisol secretion may respond normally to 
stress such as surgery in patients in whom the 
response to the methopyrapone test was path
ologic, which can be explained by the different 
mechanisms of stimulation of ACTH secretion 
(see p. 299) . Occasionally the test is also per
formed to differentiate between adrenocortical 
hyperplasia and tumor in CUSHING'S syndrome. 
As a rule, the increase of 17-hydroxycortico
ids is excessive in Cushing's syndrome with 
adrenocortical hyperplasia. In adrenocortical 
adenoma there is usually no increase even 
when the adenoma responds to ACTH. 

We prefer to carry out the test under hospital 
conditions, although it can also be performed 
in out-patients. Regular intake of the drug 
every 4 hours even during the night is often 
not possible at home. Nausea and vomiting 
may occur during the test. These symptoms 
can be partially explained by a toxic effect of 
the drug, but they may also indicate adreno
cortical failure. In patients with impaired ACTH 
secretion, there is the risk of an acute adreno
cortical crisis provoked by a methopyrapone test. 

In our opinion, the intravenous administra
tion of methopyrapone (1 to 2 g or 30 mg/kg 
in 1 liter of physiological saline solution infused 
over 4 hours) offers no advantages. 

c) Vasopressin Test 

When pituitary insufficiency is suspected and 
the ACTH test is normal, an attempt can be 
made to stimulate the endogenous ACTH 
secretion by the administration of synthetic 
lysin-vasopressin. It has not been definitely 
established whether vasopressin acts directly 
on the pituitary gland or promotes the secretion 
of endogenous CRF (see p. 300). Its site of 
action seems to be below the center of negative 
feedback regulation and the site of action of 
stress. When a methopyrapone, insulin, or 
pyrogen test is pathologic, a normal vasopressin 
test indicates a lesion in the hypothalamus. 
The vasopressin test can also be used for the 
differentiation of Cushing's syndrome with 
adrenal hyperplasia from Cushing's syndrome 
due to an adrenal adenoma; no response in 
plasma cortisol can be observed in patients 
with an adrenal adenoma (BETHGE, 1968; TUCCI, 
1968). 

A blood sample is taken at 8 a.m., after 
which an intravenous infusion of 6 to 10 pressor 
units (depending on body weight) of synthetic 
lysin-8-vasopressin in 500 ml of physiological 
saline solution is given within two hours. A 
second blood sample for the determination of 
plasma corticosteroids is taken at 10 a.m. 
Normally the plasma corticoids increase by at 
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least 10 Jlgjl00 ml or 100% above the base-line 
value. 

Side effects are mild and consist of pallor, 
abdominal discomfort, and tenesmus. 

d) Insulin and Pyrogen Stimulation Tests of 
the Pituitary Adrenal System 

The nonspecific stimulation of the pituitary 
adrenal system by insulin-induced hypoglycemia 
or fever provoked by pyrogen can be used for 
diagnostic purposes. Only when the total hypo
thalamic-pituitary-adrenocortical axis is func
tionally intact can a rise in plasma cortico
steroids be elicited by these measures. A definite 
increase of the plasma corticosteroid concen
tration in response to an intravenous injection 
of insulin can only be expected when a marked 
decrease in blood sugar is maintained for at 
least 10 minutes and leads to hypoglycemic 
symptoms. Whereas in most healthy individuals 
an insulin dose of 0.1 to 0.15 units per kg is 
sufficient, a higher dose (0.3 units per kg) is 
required to provoke a fall in blood sugar in 
patients with acromegaly. A maximum increase 
of the plasma corticosteroids by 13 Jlgjl00 ml 
(5.4 to 18.4 Jlgjl00 ml, LANDON, 1963) above the 
base-line value can be observed between 30 and 
90 min after the insulin injection. Special caution 
is necessary in patients with pituitary insuffi
ciency because a severe hypoglycemic coma may 
result. 

In the pyrogen test according to ENGEL 
(1960), the plasma corticosteroids are deter
mined in the early afternoon; pyrexal is then 
given in a dose of 0.2 Jlg by the i.v. route. A 
maximum increase of an average of 22.1 Jlgj 
100 ml ± 8.9 Jlg per 100 ml in the plasma cortico
steroids is reached after three hours in normal 
subjects. In the test according to JENKINS (1964), 
a dose of 0.005 Jlgjkg body weight of pyrogen 
(Organon) is given by i.v. injection; in the 
healthy subject, the plasma corticosteroids in
crease by an average of 15 Jlgjl00 ml within 
three hours. The test is terminated by an i.v. 
injection of 100 mg of cortisol hemisuccinate. 

6. ACTH Suppression Tests with Dexamethasone 

Principle. Small amounts of very potent gluco
corticosteroids, such as dexamethasone, suppress 
ACTH secretion while contributing to the urinary 
or plasma concentrations of 17-hydroxycortico
steroids only minimally. These tests are clinically 
important 

1. for the evaluation of ACTH-dependence 
or autonomy of adrenocortical steroid produc
tion, i.e. for the differentiation of normal and 
hyperplastic adrenals from adrenal tumors; 
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2. for a quantitative assessment of the 
suppressibility of ACTH secretion and thus for 
the differentiation between normal and un
controlled pathologic function of the hypo
thalamic pituitary adrenal axis. 

Whereas in most instances a determination 
of urinary or plasma corticoids before and 
during suppression is sufficient, the urinary 
17-ketosteroids are also measured when adreno
genital syndrome or a cortisol- and androgen
producing tumor is suspected. 

a) Overnight Dexamethasone Suppression Test 

This test is an excellent screening procedure for 
Cushing's syndrome in outpatients. On the 
first day, a blood sample is taken at 8 a.m. for 
the determination of the base-line value of 
plasma corticosteroids (fluorometric or Porter
Silber method). A dose of 1 mg of dexamethasone 
is taken orally between 11 p.m. and midnight. 
A second blood sample is taken at 8 a.m. the 
following day. In normal subjects the concen
tration of the plasma corticoids decreases to 
less than 10 Jlgjl00 ml or less than half the 
base-line value on the second day. In CUSHING'S 
syndrome of any etiology no response or an 
inadequate fall in plasma corticosteroids is 
observed. 

The time of dexamethasone intake is very 
critical, since the morning rise of ACTH 
secretion cannot be blocked after midnight. 
We have found the test very reliable. Although 
a single dose of 1 mg of dexamethasone induces 
a significant fall in the plasma corticoids even 
in very obese patients, we increase the dose to 
2 mg when the body weight exceeds 100 kg. 
Plasma corticoids did not decrease in any of 
more than a dozen patients with Cushing's 
syndrome, even when the base-line values were 
normal or only slightly elevated. 

b) Low-Dose Dexamethasone Test (2 mg per day) 

This reliable test, which was introduced by 
LIDDLE (1960), differentiates Cushing's syn
drome of every etiology from simple obesity 
or any other disease with a high degree of 
accuracy. The original method entailed ad
ministration of 2 mg of dexamethasone on 
each of two successive days. We have found 
that there are certain advantages when de
xamethasone is given on three successive days 
instead. 

Method 
Dayl: 24-hour urine collection for the 

determination of base-line steroid 
values; 
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Days 2 to 4: dexamethasone, 0.5 mg every 6 
hours orally. Determination of uri
nary 17-hydroxycorticoids, perhaps 
also 17-ketosteroids, on days 3 and 
4. 

Interpretation. When the hypothalamic-pitui
tary-adrenal system is normal both urinary 
steroid fractions fall to values below 4 mg per 
24 hours or less than half the base-line values, 
even when the base-line values of the 17-hydroxy
corticoids (in obesity) or 17-ketosteroids (in 
simple hirsutism) are elevated. In Cushing's 
syndrome, the decrease is absent or inadequate. 
In rare cases of Cushing's syndrome with 
bilateral adrenal hyperplasia, administration of 
2 mg of dexamethasone may provoke a paradox
ical increase of the 17-hydroxycorticoids and 
17 -keto steroids (BROWN, 1973). In the congenital 
adrenogenital syndrome, this low dose of dexa
methasone is sufficient to suppress the ACTH 
secretion and normalize the elevated urinary 
17-ketosteroids. 

c) High-Dose Dexamethasone Test (8 mgperday) 

When the diagnosis of Cushing's syndrome 
has been confirmed (by a pathologic low-dose 
dexamethasone suppression test), this test can 
differentiate adrenal hyperplasia from an adrenal 
tumor in most instances. It is less reliable than 
the low-dose dexamethasone test, however, and 
a number of cases of Cushing's syndrome with 
bilateral adrenal hyperplasia have been described 
in which the elevated urinary 17-hydroxy
corticoids were not suppressed by 8 mg of 
dexamethasone (SILVERMAN, 1963; KATZ, 1966; 
LINN, 1967). The test can also be negative in 
nodular dysplasia (see p. 353). 

Method 
Day 1: base-line values of urinary 17-

hydroxycorticoids and 17-keto
steroids; 

Days 2 and 3: dexamethasone, 2 mg, every 6 
hours orally. Determination of 
urinary 17-hydroxycorticoids and 
perhaps also 17-ketosteroids on 
day 3. 

Interpretation. The inappropriate ACTH secre
tion of Cushing's syndrome of hypothalamic 
pituitary origin is suppressed by this dose and 
the steroid excretion decreases by more than 
50%. In contrast, in cases of adrenocortical 
adenoma or carcinoma, the steroid excretion is 
not usually affected. Nor is the ectopic forma
tion of ACTH in tumors, which leads to adrenal 
hyperplasia (paraneoplastic Cushing's syndro-
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me), suppressed by 8 mg of dexamethasone, 
or only in rare instances (STROTT, 1968). A 
paradoxical increase of urinary 17-hydroxy
corticoids during a high-dose dexamethasone 
suppression test has been observed in two 
individuals with apparently normal adreno
cortical function, in whom the 17-hydroxy
corticoids were normally suppressed by 2 mg 
of dexamethasone (ROSE, 1969). Diphenylhydan
toin enhances hepatic conjugation of dexa
methasone and may cause false positive 2 mg, 
but no 8 mg dexamethasone tests (JuBlz, 1970). 

7. Function Tests for Detection of the Source of 
Androgens in Hirsutism and Virilization 

In the normal male, more than 90% of the 
plasma testosterone is secreted by the testes, 
whereas in the normal female more than half 
the plasma testosterone indirectly originates 
from the adrenal cortex. The major part is 
secreted as androstenedione by the adrenals 
and is converted to testosterone in the periphery 
(HORTON, 1966). When the plasma testosterone 
is elevated in a hirsute or virilized woman, an 
attempt can be made to detect the organ of 
origin by suppression and stimulation tests. 
Theoretically, it can be assumed that plasma 
testosterone deriving from the adrenals is stim
ulated by ACTH and suppressed by dexa
methasone, whereas testosterone deriving from 
the ovaries is stimulated by chorionic gonado
tropin and suppressed by estrogens, unless 
there is a completely autonomous hormone 
production due to a tumor. However, these 
assumptions have been only partially confirmed 
and valid procedures for androgen suppression 
and stimulation tests in the woman have not 
yet been established. Administration of ACTH 
did not stimulate the testosterone production 
in normal women, but had a stimulatory effect 
in a girl with congenital adrenogenital syn
drome (KORENMAN, 1965). Prednisone signifi
cantly decreases plasma testosterone in normal 
women. Whereas in the normal male the plasma 
testosterone increases in response to treatment 
with chorionic gonadotropin (5000 units daily 
i.m. for five days) (LIPSETT, 1966), the same 
treatment led to a distinct rise in plasma testo
sterone in normal women only after pretreatment 
with human FSH (KORENMAN, 1965; LAMB, 
1964). In contrast, the plasma testosterone rose 
in response to chorionic gonadotropin even 
without FSH pretreatment in women with the 
Stein-Leventhal syndrome (DIGNAM, 1964; Ko
RENMAN, 1965). Whereas in the normal man the 
production and plasma concentration of testo
sterone can be significantly suppressed by 
treatment with a synthetic androgen such 
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as 2cx-methyldihydrotestosterone-proprionate, 
15 mg daily (DAVIS, 1965) or 9cx-fluoro-11~
hydroxy-17cx-methyltestosterone, 40 mg daily 
(LIPSETT, 1966) or an estrogen such as ethinyl
estradiol, 1 mg daily, corresponding results 
have not yet been found in the woman. 

Because in most instances, virilization and 
endocrine hirsutism of the woman appear to 
be directly due to a pathologically high plasma 
testosterone level, and since the excretion of 
urinary 17-ketosteroids does not correlate with 
the plasma level or the production rate of testo
sterone, combined adrenal and ovarian function 
tests based on urinary 17-ketosteroid deter
minations such as have been proposed by 
SEGRE (1967) appear to be of doubtful value. 
Nevertheless, determination of the 17-keto
steroids is useful for establishing the organ of 
origin of elevated androgens in the woman. 
Whenever a pathologically elevated plasma 
testosterone is of adrenal origin, elevated levels 
of urinary 17-ketosteroids are found. When 
these are not clearly suppressible by dexa
methasone, 2 mg daily, an adrenal cortical 
tumor must be suspected. On the other hand, 
even considerably increased testosterone pro
duction by the ovaries does not lead to elevated 
levels of 17-ketosteroids. However, an excep
tion is found in the Stein-Leventhal syndrome, 
in which a relatively high proportion of the 
urinary 17-ketosteroids is of ovarian origin 
and can be stimulated by chorionic gonado
tropin when the adrenal cortex is blocked by 
dexamethasone (MAHESH, 1964). 

8. Indirect Evaluation of Adrenocortical Function 

Direct assessment of adrenocortical function 
is now possible by determination of urinary 
or plasma corticosteroids in stimulation and 
suppression tests, so that the indirect function 
tests have lost a great deal of their importance. 

An exact determination of aldosterone is 
so time-consuming, however, that the aldo
sterone production rate is often indirectly 
assessed by sodium and potassium balance 
studies or by determination of salivary or sweat 
electrolytes as screening procedures. 

An estimation of mineralocorticoid pro
duction is also possible by the determination 
of fecal electrolytes. The unpleasant analysis 
of stool aliquots can be avoided by a simple 
in-vivo dialysis procedure (RICHARDS, 1969). 
Mineralocorticoid production can also be eval
uated by the determination of the difference in 
electric potential between the rectal mucosa 
and the perianal skin (EDMONDS, 1970). 

Sodium restriction, potassium loading, and 
insulin tolerance tests are dangerous and un-
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necessary screening procedures for adreno
cortical insufficiency. The insulin tolerance 
test may lead to normal results in untreated 
Addisonian patients in whom some glycogen 
stores are still available and the blood sugar 
may spontaneously return to normal values. 

Instead of the straining Robinson-Power
Kepler tests, we prefer to assess the single 
parameters, i.e. the capacity of diuresis and 
clearances, to a combined index. A simple 
water tolerance test is occasionally justified 
with due consideration for the risk of hypotonic 
hydration and with appropriate precautions. 

a) Water Tolerance Test According to VOLHARD, 
as Modified by SOFFER (1952) 

Method: No fluid or food is allowed after the 
evening meal the day before the test. 

At 7 a. m. on the day of the test, urine is 
voided and discarded. The patient then drinks 
1.5 liters of water or of tea with lemon and 
saccharine within 15 to 45 min. Urine is collected 
from 7 a.m. to 12 noon and the volume is meas
ured. The patient is lying down or sitting when 
not voiding urine. 

Interpretation. Normally, at least 800 ml are 
excreted in five hours. In adrenal or pituitary 
insufficiency, the urine volume excreted is less 
than 800 ml. A pathologic result of the test 
can be due to dehydration, tendency to edema 
or to cardiac or liver diseases or hypothyroidism. 

b) Salivary Electrolytes 

The sodium and potassium concentrations in 
the saliva are controlled among other factors 
by the adrenal cortex. Valid conclusions about 
mineralocorticoid activity can be drawn from 
these values when the other influences (time 
of day, duration of stimulation, secretion rate, 
salt content of the food) are taken into account. 
The test allows indirect estimation of the aldo
sterone production rate. 

Method and Calculation (PRADER, 1955). An 
essential condition is a normal salt intake 
(10 g of NaCl per day) on the preceding days. 
A piece of unbreakable paraffin, the size of 
a hazel nut, is chewed for 10 min between 6 and 
8 a.m. in the fasting state and before brushing 
the teeth. The patient is told not to swallow 
and to collect all the saliva in a glass container. 
The saliva of the first and second five-minute 
periods is collected separately, and only the 
saliva from the second period is examined. The 
volume (ml per 5 min) and the sodium and 
potassium concentrations are determined. The 
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sodium and potassium concentration and the 
sodium-potassium ratio are then corrected to a 
standard secretion rate (10 ml per 5 min = 2 ml 
per min) by the following formulas: 

Nak = Na + 1.6 (10-vol/5 min), 

Kk = K, 

(Na/K)k = Na/K + 0.1 (10-vol/5 min). 

The normal values for adults and children are 
(mean ± 2 standard deviations): 

Nak = 20-36 mEq/l, 

K = 11-27 mEq/l, 

(Na/K)k = 0.6-2.1. 

In pathologic conditions, the sodium values 
are changed more than the potassium values 
and the two ions usually move in opposite 
directions. Increased sodium and sodium/potas
sium values are indicative of adrenocortical 
failure, decreased values indicate mineralo
corticoid excess. The test is not reliable when 
the serum electrolytes are conspicuously altered. 
A sodium/potassium ratio of less than 0.25 
strongly indicates a primary or secondary aldo
steronism. An excessive aldosterone production 
is unlikely when the value is above 0.5. 

c) Evaluation of Sodium and Potassium 
Excretion in the Sweat 

Like the sodium and potassium excretion in 
saliva, the secretion rate of sodium and potas
sium in sweat provides valid information on 
the production of mineralocorticoid hormones. 
With due consideration of the sweat secretion 
rate, the determination of sweat electrolytes 
can be used as a screening procedure for pri
mary or secondary aldosteronism and is of 
value for mass screening of hypertensives. A 
reliable procedure has been developed by GRAND
CHAMP (1968, 1969) and has been evaluated as 
a diagnostic tool for the various types of 
hypermineralocorticoidism. 

Principle. After 5 min of pilocarpin ionto
phoresis on the forearm (GIBSON, 1959), sweat 
is collected for 20 min under a flat cover and 
drawn up into glass capillaries. The sweat 
secretion rate is determined by weighing the 
capillaries, and sodium and potassium con
centrations are measured by flame spectro
photometry. 

Results: 

x = sweat secretion rate in ~g/20 mini 
13.8 cm2 • 

y = sodium/potassium ratio. 
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Normals: 
y = 0.03x + 1.81 

(± 2 standard deviations =) ± 2.60. 

Experimental secondary aldosteronism: 
y = 0.02x + 0.5 ± 1.3. 

Experimental primary aldosteronism: 
y = 0.004x + 1.37 ± 0.62. 

In two cases of primary aldosteronism and 
in one case of renovascular hypertension, the 
sodium/potassium values were clearly in the 
range of results observed in experimental aldo
steronism. 

d) Determination of Total Body Potassium and 
Sodium 

C() Determination of Potassium40 by Whole 
Body Counting 

Natural potassium contains up to 0.0119% the 
radioactive isotope 4°K, a ~- and y-emitter 
with a half-life of 1.4 x 109 years. Determina
tion of this isotope by whole-body counting is 
a relatively reliable index oftotal body potassium. 
Counting with the apparatus of JOYET (1968), 
which allows an optimum in couting geometry, 
takes 45 min. The instrumental measuring error 
is ±3.5-5%. Values determined in the same 
subject after intervals of several weeks vary by 
±7%. Individual sex- and age-dependent varia
tions appear to be mainly due to the variable 
portion of adipose tissue in the whole body 
mass. Adipose tissue has a very low potassium 
content. 

Normal values according to JOYET (1968): 
Men: 

Age 20 years: 
25-34 years: 
35-44 years: 
Above 45 years: 

Women: 
Age 20 years: 

2.14 ± 0.02 g of K/kg 
1.89 ± 0.07 g of K/kg; 
1.94 ± 0.10 g of K/kg; 
1.82 ± 0.06 g of K/kg; 

1.58 ± 0.02 g ofK/kg: 

In patients with primary aldosteronism, the 
whole-body potassium was decreased by 20-
50%. 

~) Determination of Exchangeable Potassium 
and Sodium 

For this determination two artificial short-life 
isotopes, 42K and 24Na, are used. By the 
determination of the potassium which is ex
changeable with 42K, 90 to 95 % of the whole
body potassium is measured, whereas the 
sodium exchangeable with 24Na is about 80 
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to 85 % of the total body sodium. The specific 
activity of potassium or sodium in body fluids 
reaches a maximum 18 to 24 hours after the 
injection of a tracer dose of 42KCI or 24NaCI 
and remains constant for approximately 24 
hours. 

Exchangeable Potassium. According to the proce
dure of CORSA (1950), approximately 100/lCi 
of 42KCI are given by i.v. injection. Urine is 
collected for 24 hours for the determination 
of 42K-excretion. After 23, 24 and 25 hours, 
potassium e9 K) is measured in a fresh urine 
portion by flame photometry and the 42K_ 
activity is counted; the specific activity of 
urinary potassium is calculated from these two 
values. The exchangeable potassium can be 
calculated from this specific activity and from 
the radioactivity remaining in the body by the 
following formula: 

exchangeable potassium 
39K 

= (42K injected-42K excreted) x 42' 
K 

Normal values according to DEMANET (1958): 
Men: 53 ± 5 mEqjkg; 
Women: 42 ± 7 mEqjkg. 

Exchangeable Sodium. According to FORBES 

(1951), the determination is performed by 
practically the same procedure as the one used 
for the determination of exchangeable potassium. 
About 100 /lC of 24NaCI are injected and the 
excretion in the 24-hour urine is determined. 
After 24 hours, the sodium concentration CZ3Na) 
is determined by flame photometry and 24Na 
is counted not in the urine, but in the serum. 

Normal values according to DEMANET (1958): 
Men: 43 ± 5 mEqjkg; 
Women: 39 ± 5 mEqjkg. 
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VIII. The Adrenal Medulla 

A. LABHART 

With Contributions by 

CHR. HEDINGER, G. KISTLER, G. TONDURY, and W. ZIEGLER 

A. Historical Dates 

1805 CUVIER differentiated medulla and cortex 
of the adrenal gland. 

1868 FRANKEL described the case of an adrenal 
tumor with pressor crises. 

1892 BERDEZ discovered a chromaffin tumor 
of the adrenal. 

1894 Two groups, OLIVER and SCHAFER and 
SYZMONOWICZ and CYBULSKI, independ
ently discovered the existence of pressor 
substances in adrenal extracts. 

1898-1905 FORTH and ABEL, TAKAMINE and 
ALDRICH, and STOLZ and DAKIN isolated 
adrenaline, established its structural for
mula and synthesized it. 

1901 BLUM described adrenal diabetes. 
1922 First detailed clinical report of a pheochro

mocytoma by LABBE, TINELLE, and Dou
MER. 

1927 First successful surgical removal of a 
pheochromocytoma by MAYO. 

1945 HOLTZ, CREDNER, and KRONENBERG dis
covered noradrenaline. 

1957 ARMSTRONG detected vanilmandelic acid 
as a metabolite of catecholamines. 

1957 AXELROD described the inactivation of 
catecholamines by O-methylation. 

B. Embryology and Histology 

G. TONDURY and G. KISTLER 

Embryology. In the human embryo about 
11-12 mm in length (early 6th week), neuro
blasts which have separated from the primitive 
ganglia of the celiac plexus come into contact 
with the medial portions of the adrenocortical 
primordium (see also Chap. VII, p. 285). At 
the end of the 6th week, (embryonic length 
about 14 mm), these sympathetic cells begin 
to invade the primitive adrenal cortex. As 
early as the 12th week, they are found to contain 
small amounts of norepinephrine, and at about 
22 weeks the chromaffin reaction (see below) 
becomes positive. By this time, most of the 

sympathetic neuroblasts have accumulated in 
the central portions of the developing gland 
where they become grouped in cords and clusters 
of varying size. Immigration of neuroectodermal 
elements into the fetal adrenal gland continues, 
however, throughout the prenatal period. The 
majority of them differentiate into specific 
medullary cells; a small number, however, 
develop into sympathetic ganglion cells, which 
are scattered singly or in small groups through
out the adrenal medulla. 

Histology. The medullary tissue is usually not 
well preserved in routine necropsy material. 
When it has been fixed under favorable condi
tions, however, it is found to be composed 
of polymorphic epitheloid cells with a clear, 
rounded nucleus and a large number of minute 
cytoplasmic granules. In specimens fixed in 
solutions containing chromium salts, these gran
ules stain specifically brownish yellow. This 
chromaffin or pheochromic reaction is thought 
to be due to oxidation and polymerization of the 
catecholamines epinephrine and norepinephrine 
(adrenaline and noradrenaline) within the gran
ules. Since these cytoplasmic organelles disrupt 
rapidly after death, the cytoplasm of the 
medullary cells of routine specimens is usually 
stained diffusely. 

The chromaffin cells can be histochemically 
divided into two distinct classes. Those produc
ing epinephrine contain large amounts of acid 
phosphatase and stain intensely with azocarmine. 
However, these cells do not react with silver 
salts and are not autofluorescent. In contrast, 
the medullary cells which synthesize norepine
phrine are argyrophilic and auto fluorescent. 
They are less well stained with azocarmine and 
the reaction for acid phosphatase is negative. 
After double fixation with glutaraldehyde and 
osmium tetroxide, these two types of pheochro
mic cells can also be distinguished by electron 
microscopy. The main mass of the medullary 
parenchyma consists of cells with moderately 
electron-dense specific granules. In the rat, 
these membrane-bound granules have an aver
age diameter of210 nm and contain epinephrine. 
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Small clusters of cells, whose granules display 
a stronger affinity for osmium, are scattered 
throughout the adrenal medulla, mainly at the 
periphery of the epitheloid cords. These "dark" 
cells are thought to synthesize exclusively or 
predominantly norepinephrine. Their granules 
are larger than those of the "clear" cells (average 
diameter in rat 260 nm). In both cell types, 
the Golgi complex is located in a juxtanuclear 
position. Its vesicles and cisternae frequently 
contain electron-dense material which is thought 
to represent a precursor of the content of the 
granules. The short cisternae of the rough 
endoplasmic reticulum are often found to 
accumulate at the periphery of the cell, together 
with numerous elongated mitochondria. 

The medulla receives blood which has 
traversed the cortex of the adrenal gland. A 
network of variably sized capillaries is intimately 
associated with the chromaffin cells from which 
it is separated by the corresponding basal laminae 
and a narrow interstitial space. In their thinnest 
parts, the endothelial cells display numerous 
fenestrae. Within the framework of reticular 
fibers between the epitheloid medullary cords, 
sympathetic ganglion cells occur singly or in 
small groups. Their pericarya contain moderate 
amounts of Nissl substance. Numerous pre
ganglionic, sympathetic nerve fibers originating 
in the celiac plexus penetrate the connective 
tissue capsule of the adrenal gland and reach 
the medullary tissue by traversing the cortex. 
According to STOHR (1951), every chromaffin 
cell is in direct contact with nerve endings. 
When stimulated, the medullary cells seem 
first to release the content of the granules into 
the cytoplasmic substance, and the catechol
amines then reach the inner surface of the cell 
membrane by some unexplained pathway, where 
they can be recognized as small, strongly 
osmiophilic masses. They are thought to pass 
through the cell membrane partly in the form 
of small, cell membrane-bound vesicles (ELFVIN, 
1968). In rat, the release of epinephrine from 
the clear medullary cells can be stimulated 
by subcutaneous administration of insulin. 
Six hours after the injection, the granules of 
the epinephrine-producing cells are found to 
have increased in size and their content is reduced 
to a small, electron-dense residual body. In 
contrast, no morphological changes are ob
served in the norepinephrine-synthesizing dark 
cells (MOPPERT, 1966a). In hamster, thirty 
minutes after an injection of H3-dopa the 
concentration of radioactivity in the clear cells 
is significantly higher than that in the dark 
cells. Four hours later, however, the activity 
appears to be evenly distributed over both cell 
types. The epinephrine-producing cells thus 
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seem to have a more rapid turnover rate, despite 
the extra methylation step which is necessary 
to convert norepinephrine to epinephrine. This 
observation also indicates that the clear cells 
which store epinephrine are able to perform 
the whole of the synthesis process of this hor
mone and that the norepinephrine produced 
in the dark cells is not transferred to the clear 
cells for further methylation (ELFVIN, ApPEL
GREN, and ULLBERG, 1966). 

c. Biochemistry 

1. Chemistry, Site of Formation, Synthesis and 
Metabolism 

Epinephrine and norepinephrine are the hor
mones of the adrenal medulla. They are called 
catecholamines because of the pyrocatechol 
in their basic structure. Dopamine, their im
mediate precursor, is also a catecholamine and 
is probably of physiological importance in the 
metabolism of the brain stem. Norepinephrine 
is the transmitter substance of the sympathetic 
system and probably also acts as a transmitter 
at the synapses of the central nervous system. 
Catecholamines are formed in the brain, chrom
affin tissues, adrenal medulla, and also in 
the nerve endings of the sympathetic nervous 
system which are present in almost all tissues. 
Epinephrine is formed only in chromaffin tissue. 
Apart from the adrenal medulla, epinephrine 
is also found in groups of cells lying in the 
paraganglia scattered in the retroperitoneal 
tissues. These groups of cells decrease in numbers 
with increasing age. Catecholamines are formed 
from tyrosine, the basic amino acid, which 
circulates in the blood in a concentration of 
1-1.5 mg/l00 ml and which is taken up by 
brain, sympathetic and chromaffin cells by an 
active transport mechanism (Figs. 1 and 2). 
Tyrosine hydroxylase catalyzes the formation 
of dopa from tyrosine in the presence of different 
cofactors and is most probably located in the 
mitochondria. Amino acid decarboxylase, a 
nonspecific enzyme found in the free form in 
the cytoplasm converts dopa into dopamine 
which is itself oxidized into norepinephrine in 
the chromaffin granules by the copper-contain
ing enzyme, dopamine-~-oxydase. In the adrenal 
medulla, most of the norepinephrine leaves the 
granules again and passes into the cytoplasm. 
There it is methylated at the N-atom with a 
methyl group from S-adenosyl methionine by 
the action of phenyl-ethanol-amine-N-methyl
transferase, and is stored again in the granules 
in the form of epinephrine. The topography of 
the medulla within the adrenal cortex suggests 
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sympathetic system chemically unaltered but inactive form. Gran

__ ~ ___ ~~~s=in~e~ ______ ------

Tyrosine concentration , 
Tyr sine 

Fig. 1. Intracellular movements of substrates during the 
biosynthesis of norepinephrine. (After WURTMA~N, 1965) 

that the enzyme activIty of phenyl-ethanol
amine-N-methyl-transferase is regulated by de
xamethasone or cortisol (WURTMANN, 1966; 
HARRISON, 1968). The action of glucocorticoids 
is blocked by puromycin and actinomycin D. 

It is improbable that catecholamines other 
than epinephrine and norepinephrine (isopropyl
adrenaline, sympathol) play any role as medullary 
hormones and that the traces of dopamine in 
the medulla are of any significance. Tyrosine
hydroxylase, and perhaps dopamine-beta-oxy
dase, regulate the limiting steps in the formation 
of catecholamines. Dopamine and norepineph
rine are formed throughout the sympathetic 
nervous system. Norepinephrine is also produced 
in organs with extensive sympathetic innervation, 
such as the heart. Less epinephrine is excreted 
in Addison's disease and after bilateral adrenal
ectomy, whereas norepinephrine excretion re
mains unchanged. In the human, epinephrine 
secretion is renormalized years after total adrenal
ectomy, indicating that inactive chromaffin 
tissue must be capable of being reactivated 
(HENKING, 1965). Norepinephrine excretion di
minishes after sympathectomy. From this it 
can be concluded that norepinephrine is formed 
both in the sympathetic nervous system and in 
the adrenal medulla, whereas epinephrine is 
produced only in the medulla and in paraganglia. 

2. Storage 

Catecholamines are stored within the cells of 
the adrenal medulla in granules bound to the 
membrane. These granules are smaller than 
mitochondria and can be separated from them 
by centrifugation. About a third of the granules 
are accounted for by catecholamines, another 
third by adenosine triphosphate (A TP), and 
the last third by protein. The molar ratio of 

ules similar in appearance but considerably 
smaller in size and containing only norepine
phrine and neither epinephrine nor dopamine 
are found throughout the entire sympathetic 
nervous system. The granules form norepineph
rine from dopamine, store it, and, in addition, 
can absorb and inactivate circulating norepineph
rine. 

3. Release 

Catecholamines are inactive as long as they are 
within the granules. They can be released from 
the granules by physical, chemical, and neural 
means. The sympathetic nervous system con
tinuously secretes a small amount of norepi
nephrine into the blood. Stimulation of the 
sympathetic nervous system results in the release 
of much increased amounts. The loss of A TP 
from the granules is increased by the same factor 
at the same time. There seem to be two pools 
of catecholamines in the granules. In one pool, 
there is a rapid turnover (half-life 2 hours); its 
catecholamines content is released by the action 
of tyramine or other sympathomimetic amines 
and nerve stimulation and can be inactivated 
by O-methylation. The turnover in the second 
pool is slow (half-life 24 hours); these cate
cholamines are not easily mobilized; they are 
stored in the pool and metabolized by mono
amine oxydase (MAO). The adrenal medulla 
can be regarded as a special type of synapse 
which conducts the post-ganglionic transmitter 
substance to the end organ via a humoral 
instead of a neural route. The liberation of 
catecholamines which can be induced by insulin 
hypoglycemia occurs via the central nervous 
system. In addition, sympathomimetic amines, 
such as ephedrine and tyramine, cause direct 
displacement while ATP remains in the granules. 
Reserpine finally breaks down the granules 
(see p. 422). 

Epinephrine and norepinephrine are not 
released in direct response to neural impluses 
in chromaffin tissue and in post-ganglionic 
fibers of the sympathetic system. Acetylcholine 
is liberated, which makes the membrane of the 
fiber permeable to calcium ions. Calcium ions 
enter the fiber and release noradrenaline from 
the granule (BURN, 1967). Nicotine and histamine 
probably also act in the same way as acetyl
choline. In the sympathetic nervous system, 
only norepinephrine is liberated, whereas the 
medulla releases both epinephrine and nor
epinephrine into the adrenal vein. It is not 
known whether the medulla secretes more of 
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one or the other of the two hormones according 
to the releasing stimulus. In the human, the 
adrenal medulla contains between 70 and 90% 
epinephrine, whereas only traces of dopamine 
are present. 

Certain organs with extensive sympathetic 
innervation, such as the spleen and myocardium, 
can absorb considerable amounts of norepi
nephrine from the blood and store them in the 
sympathetic nerve endings. Denervation reduces 
the storage ability and increases the sensitivity 
of these organs to norepinephrine. The uterus, 
where catecholamines can be stored outside 
the nerve-endings, is an exception. Norepineph
rine is also formed in the brain and is found in 
higher concentrations particularly in the region 
of the brain stem. Parkinson's syndrome is 
associated with a deficiency of dopamine in the 
corpus striatum. 

4. Transport 

It is not yet certain whether catecholamines 
always circulate in the free form or are also 
present in the plasma in the bound form. 
Norepinephrine is stored by thrombocytes in 
vitro, but circulating thrombocytes contain only 
traces of norepinephrine. The half-life of cate
cholamines in the blood is about 10 min. 

5. Breakdown and Excretion 

Inactivation of catecholamines occurs mainly 
through reabsorption into the granules of the 
sympathetic nerve endings or breakdown. Cate
cholamines from the rapid-turnover pool can 
be inactivated to a minor extent by O-methyla
tion by the enzyme catecholamine-O-methyl
transferase, which is found mainly in the liver 
and kidneys. Normetanephrine and meta
nephrine are thus produced. These compounds 
are partly excreted unchanged and partly meta
bolized by monoamine oxidase to vanilmandelic 
acid and excreted in this form. Only traces of 
conjugated catecholamines are excreted. Cate
cholamines in the slow-turnover pool are first 
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deaminated, and then excreted partly as dihy
droxy-mandelic acid and dihydroxyphenyl gly
col; the rest are O-methylated and excreted as 
vanilmandelic acid (VMA). 

Only a small percentage of catecholamines 
(3-7%) appears unchanged in the urine. About 
40% is excreted as vanilmandelic acid, and 
another 40 % as normetanephrine or meta
nephrine, most of these two latter compounds 
appearing as the glucuronide or the sulfate in 
the urine. A further 5 % is excreted as 3-methoxy-
4-hydroxyphenyl glycol. 1 % of free and 1 % 
of conjugated 3,4-dihydroxy mandelic acid are 
excreted as a direct non-methylated product of 
monoamine oxidase (Fig. 2). 95% of radio
active catecholamines is excreted in the urine 
within 72 hours. Thus, the VMA excretion is 
a direct reflection of the total production of 
catecholamines but is no measure of the nor
epinephrine and epinephrine acting at the 
receptors. 

D. Pharmacological Influence on 
Storage, Release, and Inactivation of 
Catecholamines 

Cocaine, imipramine and chlorpromazine block 
uptake and binding in the sympathetic nerve 
endings and thus greatly potentiate the actions 
of epinephrine and norepinephrine. Release 
from the active pool is promoted by certain 
sympathomimetics (ephedrine, amphetamine). 
Others act at the same time on ex-receptors 
(phenylephrine, epinine); tyramine probably 
acts via the oxidation product octopamine, a 
substance which displaces norepinephrine from 
the active pool. 

Reserpine causes mobilization by dissolving 
the storage granules. Both pools are emptied 
in the brain and in organs with sympathetic 
innervation. The catecholamines, however, are 
deaminated at the same time and thus become 
inactive. 

Release from tissue stores is blocked by 
bretylium, guanethidine and ganglionic blocking 

Dihydroxy-phenyl- Dihydroxy mandelic I Deamination I 
acetif acid /id ~ 

Tyrosine _ Dopa -+--Dopamine ---~. Norepinephrine --'> Epinephrine 

MefhYl- Meth~-OXY- 1 1 
O-Dopa phenylethylamine Normetanephrine Metanephrine 

! ~/ 
HomovaniIIic 
acid 

Fig. 2. Biosynthesis and breakdown of catecholamines in man 
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I O-methylation I 
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agents (nicotine), which inhibit particularly the 
nervously induced liberation. Monoamine ox
idase inhibitors interfere with release by their 
effect on the metabolism of norepinephrine in the 
nerve cells. False transmitter substances such 
as metaraminol, ex-methyl-dopa, and ex-methyl 
meta tyrosine competitively occupy the storage 
sites in the granules, reducing the norepi
nephrine content of the tissue. The activity of 
the sympathetic nervous system is thus di
minished. Amino acids cross the blood-brain 
barrier whereas amines cannot. MAO inhibitors 
cause accumulation of octopamine formed from 
tyramine; the former substance can be stored 
in the granules as a false transmitter and be 
released by appropriate stimuli. 

E. Physiology of the Adrenal Medullary 
Hormones 
1. Actions on Organic Systems 

Epinephrine and norepinephrine in physiologic 
doses have some similar and some antagonistic 
effects. Unphysiologic overdosage can change 
these actions. 

a) Circulation 

Epinephrine increases the pulse rate and cardiac 
output and thus the systolic blood pressure, 
whereas it decreases peripheral resistance. Nor
epinephrine has no effect on the cardiac output, 
induces bradycardia, and increases peripheral 
resistance with a rise in systolic and diastolic 
blood pressure. Unphysiologic doses of epi
nephrine are required before a rise in peripheral 
resistance and diastolic blood pressure is pro
duced. 

The circulation in the organs is influenced 
in different ways by the two hormones. Circula
tion in the skeletal muscle is promoted by 
epinephrine and inhibited by norepinephrine. 
Both catecholamines inhibit the blood supply 
of the splanchnic area and mucosa. Both 
medullary hormones dilate coronary vessels. 
The increase in the oxygen demand of the 
heart caused by epinephrine is greater than 
would be expected from the increase in pulse 
rate. The p-receptors of the myocardium (see 
p. 424) assume positive inotropic actions regulat
ing the ability of the heart to respond to increased 
functional demands (EpSTEIN, 1966). 

b) Musculature 

Epinephrine enhances or inhibits the contraction 
of smooth muscle depending on the location. 
Epinephrine has a constrictor effect on the 
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dilator muscle of the pupil, on the uterus in 
the human and cat, and on the erectores pilorum. 
In contrast, bronchial muscles relax and bronchi 
dilate; gastrointestinal function is arrested, and 
the bladder is usually relaxed. 

c) Nervous System 

Epinephrine, in contrast to norepinephrine, acts 
on the central nervous system, producing rest
lessness and a feeling of "uneasy expectancy". 

d) Renal Function 

Epinephrine and norepinephrine have similar 
actions on the kidneys. They affect renal 
hemodynamics and are thus probably an in
direct cause of changes in renal function. 
(Review by WESSON [1961], with tabulated 
summary of the literature on investigations in 
man.) 

Administration of small doses of norepi
nephrine (2~4 J.1g/min) leads to constriction of 
the vas efferens and reduces renal plasma 
circulation, whereas filtration initially remains 
unaltered or even increases slightly due to the 
rise in pressure (WESSON, 1961). Filtration 
remaining unchanged in the presence of a 
decreased plasma flow results in an increase 
of the filtration fraction. Larger doses (1 O~ 14 
and 15~44 J.1g/min) also constrict the vasa 
afferentia so that filtration is also diminished 
(PULMAN, 1952; KING, 1956). Total renal vas
cular resistance increases, particularly that of 
the afferent part (KING, 1956). Certain in
fluences on electrolyte excretion observed in 
both man and animals are probably due to 
hemodynamic changes. Thus, a diminished 
renal circulation always results in a rise in the 
reabsorption of sodium (WHITE, 1950; MUELLER, 
1951). This is substantiated by the fact that 
epinephrine and norepinephrine produce a re
duction in sodium excretion. Infusion of nor
epinephrine always gives rise to albuminuria 
which is due either to the increased hydrostatic 
pressure in the glomerula or to the ischemia 
(KING, 1956). The flow of urine remains un
changed with hydration (NICKEL, 1954), but 
usually decreases with hydropenia (KING, 1956). 
Diuresis always arises when norepinephrine 
ceases to act. 

2. Action on Carbohydrate and Fat Metabolism 

Epinephrine mobilizes energy reserves in the 
liver, muscle, and adipose tissue. Norepinephrine 
has this effect only in adipose tissue .. 

Epinephrine exerts a glycogenolytic action 
in the liver and muscle by activating phos-
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phorylase by the formation of cyclic adenyl 
monophosphate (see p. 11). 

Whereas glucose-6-phosphate liberated in 
the liver can leave the liver as glucose, it is 
broken down in the muscle by glycolysis to 
lactic acid, which is used or released into the 
blood stream. 

Epinephrine and norepinephrine have a 
lipolytic action on adipose tissue, mobilizing 
fatty acids and glycerine. 

Release of epinephrine or an injection of 
epinephrine results in a rise in blood sugar, 
lactic acid, and free fatty acids. Epinephrine 
and norepinephrine inhibit the release of in
sulin in response to glucose (see p. 748). Insulin 
release increases during <x-receptor blockade 
(ILLIG, 1971). 

3. General Action on the Organism 

During rest and normal activity only nor
epinephrine is secreted as a transmitter sub
stance in the sympathetic nervous system and 
for the regulation of blood pressure. 

In emergency situations, it is predominantly 
epinephrine which is released from the adrenal 
medulla, converting the trophotropic phase into 
the ergotropic phase, and preparing the or
ganism for immediate action (HESS, 1948). The 
divergent effects of epinephrine on various 
organs make sense when BRUECKES' "Notfall
reaktion" or CANNON'S "emergency reaction" 
is kept in mind. The function of organs essential 
for rapid defense is promoted (eyes, lungs, heart, 
central nervous system), while the function of 
organs associated with building (gastro
intestinal tract) is arrested. At the same time, 
necessary fuel, glucose and free fatty acids are 
set ready for the forthcoming function of the 
muscles - fight or flight. 

4. Regulation of the Secretion of Catecholamines 

It is probable but still disputable that the adrenal 
medulla releases a constant basic amount of 
catecholamines which cannot be suppressed; 
denervated adrenal medulla can still secrete 
small amounts of epinephrine. 

In addition, there is a feedback control for 
catecholamine secretion, which works by neural 
and humoral routes. Every rise in blood pres
sure leads to suppression of catecholamine 
release via the carotid sinus, aortic arch reflex, 
and the central nervous system. But also, a rise 
of the epinephrine concentration in the region 
of the carotid sinus or in the CNS without a rise 
in blood pressure to a certain level inhibits 
the secretion of epinephrine. The secretion of 
catecholamines varies within certain limits in 
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physiologic conditions. In states of shock or 
hypoglycemia, the inhibitory action can only 
come into effect with higher concentrations 
(MALMEJAC, 1964). This mechanism is also 
controlled by a regulating circle with negative 
feedback and variable adjustment. 

The reader is referred to p. 150 for a dis
cussion on the connection between the adrenal 
medulla and thyroid function, and for in
formation on the connection between adrenal 
cortex and medulla to HARRISON (1968), and 
WURTMAN (1971). 

5. Mode of Action and Pharmacological Influence 
on the Actions 

It is assumed that the biological activity of 
catecholamines is due to interaction of the 
catecholamine molecules and specific receptors 
of the end organ. The morphology of these 
receptors has not yet been defined, nor have 
they been isolated. The concept is based on 
indirect pharmacological evidence. 

On the basis of pharmacological experience 
we distinguish between <x- and ~-receptors. 
<x-Receptors receive mainly the stimulatory 
actions of the catecholamines (vascular con
striction [skin, kidney], conduction in the myo
cardium, uterine contraction, contraction of 
the iris dilator) and are inhibited by ergotamine 
and its derivatives as well as by phentolamine 
and phenoxybenzamine. Inhibitory actions of 
catecholamines affect predominantly the ~-re
ceptors (vascular dilatation in muscle, uterine 
relaxation, relaxation of bronchial muscle). 
They are competitively blocked by propanolol, 
practolol, alprenolol and oxprenolol (Tables 
1 and 2). Propranolol and newer compounds 
are suitable for clinical use. Blocking of the 
receptors leads to increased concentrations of 
catecholamines in the circulation. Thus, ~
blockers intensify the action of <x-receptors, and 
<x-blockers that of the ~-receptors. The chemical 
structure of ~-blocking agents is similar to that 
of the catecholamines. The action of iso-propyl
norepinephrine on ~-receptors is particularly 
marked, and the action of epinephrine is more 
pronounced than that of norepinephrine. 

The receptors of the metabolic processes of 
glycogenolysis and lipolysis vary to some extent 
in different species. Lipolysis fails to occur 
after ~-blockade in man. Glycogenolysis in the 
myocardium and skeletal muscle is always 
suppressed by ~-blocking agents. 

As in many other hormone actions, the 
receptors seem to act via the "second messenger", 
cyclic AMP. Catecholamines react with the 
adenylcyclase system, a part of the cell mem
brane, to form cyclic AMP, which releases 
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Table 1. Classification and reactions of various end organs to adrenergic stimuli. (After EpSTEIN, 1966) 

End organ 

Heart: 
Sinoauricular node 
Atrioventricular node 

Atrium 
Ventricle 

Smooth muscle: 
Blood vessels of } 

skeletal muscle 
Blood vessels of the skin and mucosa 
Bronchial muscle 

Gastro-intestinal tract: 
Motility: 

Stomach 
Gut 

Sphincters: 
Stomach 
Gut 

Bladder: 
Detrusor 
Trigonum and sphincter 

Eyes: 
Radial muscle of the iris 
Ciliary muscle 

Type of 
receptor 

1.(1. 
2. ~ 
(I. 

~ 

~ 
(I. and ~ 

Response 

Increase in pulserate 
Increase in conduction velocity and shortening 

of the functionary, refractory time 
Increased contractability 
Increased contractability 

1. Contraction (constriction) 
2. Relaxation (dilatation) 
Contraction 
Relaxation 

Decrease 
Decrease 

Contraction 
Contraction 

Relaxation 
Contraction 

Contraction (mydriasis) 
Relaxation (negative accommodation) 

Table 2. Functions connected with adrenergic receptors. (From LANGEMANN. after R. P. AHLQUIST, p. 380, Tab. 27-1; in 
V. A. DRILL: Pharmacology in Medicine, 2nd ed., New York: McGraw-Hill 1958) 

(I.-Receptor; stimulatory actions 

Vascular constriction (skin, kidney etc.) 
Ectopic myocardial excitation 
Contraction of splenic capsule 
Uterine contraction (rabbit, dog, man etc.) 
Contraction of iris dilator (mydriasis) 
Contraction of nictitating membrane 
Intestinal relaxation 
Pilomotor contraction 
Glycogenolysis, fat mobilization 
? Formation of adrenocorticotropin 
? Ganglionic blocking 

Blocked by usual adrenergic blocking agents 

specific reactions in the cell (SUTHERLAND, 
1965, 1968). It has been demonstrated that 
catecholamines cause an increase in cyclic 
AMP in the heart, liver, skeletal muscle, and 
adipose tissue. Cyclic AMP can produce some 
effects similar to those of the catecholamines. 
We are now advancing some way towards an 
understanding of the principles of molecular 
biology (BELLEAU, 1966). 

Although the physiological significance of 
dopamine is not fully explained, it also exerts 
pharmacological actions independent of the 
r:t.- and B-receptors. Thus, the vasodilatatory 

~-Receptor; principally inhibitory actions 

Vascular dilatation (skeletal muscle etc.) 
Increase in heart rate and cardiac output 
Uterine relaxation (rat, non-gravid cat. human) 
Relaxation of bronchial muscle 

Blocked by dichlorisoproterenol 

action of 
renal blood 
B-blockers. 

dopamine on mesenteric and 
vessels is not inhibited by r:J.- or 

r:t.-Adrenergic substances increase peripheral 
resistance, whereas B-adrenergic substances can 
be dangerous in shock - in spite of positive 
inotropic cardiac action - due to the fall in 
blood pressure. Dopamine in a dosage of 0.5 
to 10 ~g/min, however, increases cardiac output, 
renal blood supply, and sodium excretion in 
healthy subjects and in patients with cardiac 
insufficiency (MACCANNELL, 1966; McDONALD, 
1964). 
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F. Hypofunction 

Failure of the adrenal medulla has no clinical 
consequences. Even after adrenalectomy, epi
nephrine excretion is only temporarily sus
pended and norepinephrine excretion is not 
significantly reduced. This suggests that epi
nephrine must be formed by paraganglionic 
tissue as well. The reactions of Addisonian 
patients with primary cortical atrophy are no 
different than those of patients with Addison's 
disease due to tuberculosis or after adrenalec
tomy. 

After adrenalectomy, insulin hypoglycemia 
still results in a rise in plasma epinephrine, 
albeit delayed and attenuated. Providing there 
is an adequate glycogen reserve in the liver, the 
blood sugar shows the same response to insulin 
in patients with Addison's disease as in healthy 
subjects. 

However two clinical functional disorders 
are known, one affecting the adrenal medulla 
and the other the autonomic nervous system. 

1. Idiopathic Hypoglycemia in Children 
(MCQUARRIE, ZETTERSTROM) 

Hypoglycemic states with disturbed conscious
ness and fits arise in children up to the age of 
6 years. There are no signs of epinephrine release 
and the condition is often associated with 
defects in intelligence and growth. Familial 
incidence has been described. Epinephrine ex
cretion lies within normal ranges but there is 
no rise in response to insulin hypoglycemia as 
in the normal subject, and cortisol levels in the 
plasma do not usually rise either, whereas the 
level of growth hormone does (TIETZE, 1972). 
The condition is probably not due to impaired 
synthesis of epinephrine or a defect in the 
medulla, but rather to a failure of the hypo
thalamus to register the hypoglycemia, so that 
there is no neurally-induced release of epi
nephrine or neurohormonal release of cortisol. 
The condition resolves spontaneously after the 
6th year of life. 

ACTH, glucocorticoids or ephedrine are 
recommended for treatment. They result in the 
liberation of epinephrine, but the success of 
this form of treatment is equivocal. 

2. Idiopathic Postural Hypotension 
(Orthostatic Hypotension, Autonomic Insuffi
ciency) 

This condition affects elderly men more than 
any other group, and consists in the progressive 
fall of systolic and diastolic blood pressure on 
rising from the horizontal to the upright 

The Adrenal Medulla 

posItIon. Sometimes hypoglycemia is an ad
ditional symptom, but there is no tachycardia, 
pallor, or sweating. Other disorders of the 
sympathetic nervous system, such as anhidrosis 
and impotence, are often present. These patients 
become invalids since they become unconscious 
in the upright position and can only move 
around in a stooping posture. 

In the healthy subject getting up from the 
horizontal position, norepinephrine is liberated 
to maintain the blood pressure by counteracting 
the stagnation of blood in the lower half of the 
body by constriction of the arterioles and veins. 
This reflex mechanism is disturbed in idiopathic 
postural hypotension. The excretion of cate
cholamines in the urine is sometimes reduced 
but there is never, as in the normal subject, a 
distinct rise in plasma norepinephrine on rising 
from the horizontal to the upright position. 
The reflex release of epinephrine to hypo
glycemia is also absent in these patients. The 
response to exogenous norepinephrine is not 
reduced but is even elevated in some cases. The 
disturbance probably lies in the hypothalamus, 
in spinal sympathetic centers or in efferent 
peripheral sympathetic fibers. Recent inves
tigations suggest a connection with degenerative 
olivo-ponto-cerebellar atrophy (MARK, 1969). 

Aldosterone excretion is reduced in these 
patients, and is only inadequately stimulated 
by salt withdrawal, ACTH, or angiotensin II. 
Loss of salt contributes to the circulatory 
symptoms. This reduction in aldosterone pro
duction is more probably a result of chronic 
hypostimulation than of a disturbance in syn
thesis in the adrenal cortex (SLATON, 1967). 

The differential diagnosis includes vasovagal 
syncope in which the norepinephrine release is 
not diminished, but arteriolar constriction is 
overwhelmed by the strong vagal influence. A 
secondary type of postural hypotension, in 
contrast to the idiopathic form, is found in 
association with diabetic neuropathy and other 
neurological disorders, and with pharmacolo
gical blocking of the sympathetic nervous 
system (guanethidine, ganglion blockers, neuro
plegics, monoamine oxidase inhibitors). The 
secondary form is also found in amyloidosis, 
adrenocortical insufficiency and hypokalemia, 
where there is no vasomotor response to nor
epinephrine. Treatment ofidopathic postural hy
potension consists of mechanical measures (band
ages, elastic stockings, pressure suits of elastic ma
terial made to measure). Drugs with vasocon
strictory actions can be used, but they are usually 
only effective for a short time. Large doses of 
mineralocorticoids such as 9-cx-fluorocortisol 
appear to work by producing temporary hyper
volemia and sensitization of the arterioles. 
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3. Familial Dysautonomia 

(Riley-Day Syndrome) 

This is an inherited disorder of the sensory 
nervous system occurring in the Jewish race. 
It is also associated with a disturbance in the 
liberation of catecholamines, but only certain 
stimuli seem to be involved. 

The disorder becomes noticeable during 
infancy, presenting as dysphagia and recurrent 
bronchopneumonia. Defective secretion of tears 
and disturbed motor coordination later become 
obvious. Orthostatic hypotension is sometimes 
the predominant feature, but hypertensive crisis 
and hyperhidrosis can also occur. At the same 
time, there is hyposensitivity to hypercapnia 
and hypoxia, and hypalgesia in some parts of 
the body. 

The best way of diagnosing the condition is 
to inspect the tongue: there are no taste buds 
and the absence of fundiform papillae is ob
vious at first sight (DANCIS, 1966). 

The orthostatic test reveals that the release 
of norepinephrine is inadequate in these chil
dren. The reaction to insulin is normal since 
epinephrine release is normal. The adrenal 
medulla contains an excessive quantity of 
catecholamines. Excretion of homo vanillic acid 
is increased, whereas excretion of vanilmandelic 
acid is reduced, suggesting a deficiency of 
dopamine-~-hydroxylase. In one study, plasma 
dopamine-~-hydroxylase was in fact found to 
be decreased, and in one subgroup there was 
no dopamine-~-hydroxylase at all (WEIN
SHILBOUM, 1971). Recently, a decrease in nor
epinephrine synthesis and a shift towards dop
amine metabolism has been proved (GOODALL, 
1971). 

4. Adrenal Medullary Insufficiency in Severe 
Stress 

After exposure to severe stress, such as extensive 
burns or y-radiation of the whole body, the 
excretion of epinephrine and the content of 
epinephrine in the adrenal medulla may be 
found to be decreased. It is not known whether 
these findings are significant within the grave 
clinical state. 

G. Hyperfunction: Pheochromocytoma 

1. Incidence 

Pheochromocytomas are considered rather un
common, but data vary widely. Thus, the 
incidence is variously given as between 1 in 
3000 and 1 in 40000 autopsies. The incidence, 
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however, is definitely much higher. The 25274 
postmortems performed between 1945 ancl1958 
at the Pathology Institute of the University of 
Zurich revealed 23 pheochromocytomas. This 
gives an incidence of about 0.1 % (Table 3). 
Pheochromocytomas were found in 66 of 12713 
patients tested at the Mayo Clinic. 

Table 3. Frequency of various tumors arising from the 
adrenal medulla, obtained in the Pathology Institute of the 
University of Zurich between 1948 and 1952 

Total number of postmortems 
Sympathogoniomas 
Pheochromocytomas 
Ganglioneuromas 

8413 
10 
8 
2 

Pheochromocytomas make up two-fifths of 
medullary tumors and are almost as common 
as sympathogoniomas. SMITHWICK (1950) found 
6 pheochromocytomas in 1 200 patients (i.e. in 
0.5% of cases) in whom he performed sym
pathectomy for hypertension. Since these tumors 
appear to be quite common, the possibility of 
a pheochromocytoma must now be considered 
in every young patient with hypertension. 
Pheochromocytomas arise most frequently be
tween the 20th and 50th year but are sometimes 
present even at birth or appear during advanced 
age. Women and men are roughly equally 
affected. Familial incidence has been observed; 
then pheochromocytomas are multiple in 50% 
of cases. Neurofibromatosis is also present 
in 10% of cases. The combination of this 
disease with hypertension in particular must 
therefore prompt specific investigation for a 
pheochromocytoma. Combination with cerebel
lar angiomas, Rippel-Lindau syndrome, tuber
ous sclerosis, Sturge-Weber syndrome, Sipple 
syndrome and brachymetacarpal dwarfism oc
curs (Chap. XIV, see p. 900). Mixed tumors of the 
adrenal medulla and cortex occur in few cases. 
The incidence is sometimes familial and symp
toms of Cushing's syndrome may sometimes 
be associated with these mixed tumors (MATHI
SON, 1969). 

2. Localization 

Pheochromocytomas are most often situated in 
the adrenals (80%), the right adrenal being 
more commonly affected than the left. Thus, 
45% of pheochromocytomas are found in the 
right and 35% in the left adrenal. In 10% of 
the cases pheochromocytomas are bilateral, and 
the remaining 10% involve ganglia outside the 
adrenals, particularly in the abdominal region 
and less commonly in the thorax. GRAHAM 
presents the different localizations on the basis 
of findings in 204 cases (Table 4). 
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Table 4. Localization of pheochromocytomas in 213 patients. (After GRAHAM) 

The total number of cases mentioned in this summary by GRAHAM does not agree with the 207 observations reported in his 
text, but in spite of this inaccuracy, a rough picture of the most common localizations can be obtained. 

Unilateral pheochromocytomas 

Right adrenal 
Left adrenal 
Right, lumbar paravertebral 
Left, lumbar paravertebral 
Anterior to large abdominal vessels 
Zucker kandel's organ 
Left, thoracic paravertebral 
Celiac ganglion 

3. Pathologic Anatomy 

92 
70 

7 
5 
4 
4 
2 
1 

In necropsies, hyperplasia of the adrenal medulla 
has been found in patients with chronic cir
culatory stress and corresponding cardiac 
changes. Apparently medullary hyperplasia can 
also be produced by particular strain and hyper
tension in animal experiments (LIEBEGOTT, 1947). 
There have also been isolated reports of patients 
with symptoms similar to those caused by a 
pheochromocytoma, in whom removal of the 
hyperplastic medulla brought about a definite 
cure (MONTALBANO, 1962). 

Tumors. Cysts and mesodermal tumors char
acteristic of the adrenal have already been 
mentioned briefly under cortical tumors. From 
the endocrinological point of view, the pheo
chromocytoma is the most important medullary 
tumor. Other tumors occurring in the medulla 
are: neuroblastomas (sympathicogoniomas, 
sympathicoblastomas, pheochromo blastomas) 
and ganglioneuromas. These tumors sometimes 
secrete catecholamines without causing endo
crine symptoms (see p. 435). 

Sympathicogoniomas are composed of cells 
corresponding morphologically to the most 
primitive developmental phase of the series of 
cells giving rise to differentiated ganglionic 
cells of the autonomic nervous system and to 
pheochromocytes. The tumor cells are small, 
look like lymphocytes, and contain a very 
dense, chromatin-rich nucleus surrounded by 
quite a small fringe of cytoplasm. These tumors 
develop almost exclusively in the adrenals, and 
80% of cases occur in children during the first 
21/2 years of life (KARSNER, 1950). They meta
stasize very rapidly in the liver and skeleton. 

Cells of the next developmental phase are 
termed as sympathoblasts or pheochromo
blasts, according to whether they represent 
the developmental series of sympathetic gangli
onic cells or pheochromocytes. Tumors are 
correspondingly interpreted as sympathicoblasto
mas (sympathoblastomas) or pheochromoblasto-

Bilateral pheochromocytomas 

Both adrenals 
2 extra-adrenal tumors 
1 adrenal tumor on one side and 1 paravertebral 

lumbar tumor on the other side 
Unknown localization 

19 
3 
1 

4 

mas. Often, however, tumors of this develop
mental stage are simply termed as neuroblasto
mas, although this term also covers sym
pathicogoniomas in English and American 
usage (SYMINGTON, 1969). Sympathicoblastomas 
are rather better encapsulated than sympathico
goniomas, and are therefore less malignant. 
Cell differentiation is further advanced. 

Ganglioneuromas and pheochromocytomas 
correspond to the highest phase of development. 
Some ganglioneuromas are malignant, and are 
termed as malignant ganglioneuromas or 
ganglioneuroblastomas. The same is true of 
pheochromocytomas, but the single term malig
nant pheochromocytomas has been accepted 
for these tumors. The term paraganglioma is 
used for pheochromocytomas arising from ex
tra-adrenal tissue. This term is not completely 
explicit, since it is also used for tumors of the 
chemoreceptive organs, which are now also 
called nonchromaffin paragangliomas or che
modectomas to allow better differentiation. 

Pheochromocytomas which cause clinical 
symptoms are usually at least as large as a 
cherry. In some cases, however, they have a 
diameter of several centimeters, and they ex
ceptionally reach a weight of more than 1 kg. 
Small tumors the size of a pea and a few milli
meters at the most in diameter seem to produce 
no endocrine symptoms. The tumors are usually 
distinctly encapsulated, especially the larger 
types, and round in shape. Remains of adreno
cortical tissue may also be contained within 
the capsule. The cut surfaces vary in color 
between gray and brown and are often darkly 
pigmented. Cysts containing a brown liquid are 
sometimes dispersed throughout the tumor. 
Necroses and hemorrhage are not uncommon. If 
pheochromocytomas are put in colorless fixa
tives, such as formalin, the fluid usually assumes 
a typical dark brown color within a few days, 
allowing a tentative diagnosis of pheochromo
cytoma. 

Histological section of these tumors reveals 
cell nests embedded in fibrous tissue with a rich 
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Fig. 3. Pheochromocytoma, MB 12871 /55, 47-year-old man. H-E staining ; x 450 

capillary network, reminiscent of normal medul
lary tissue. The cells are usually large and 
polygonal. The outline is usually quite indis
tinct (Fig. 3). The cytoplasmic borders are 
acidophilic, slightly granulated, and contain 
pigment devoid of iron. Multinuclear cells are 
quite common, but mitoses are infrequent. Occa
sionally, the cells are better differentiated and 
possess clear cytoplasmic borders, producing a 
honeycomb effect, or quite large amounts of 
fatty substances are deposited in the cytoplasm. 
A variable number of tumor cells can be 
impregnated with chromium salts. The cyto
plasm and granula take up the stain and turn 
brownish yellow in color. Often only the cells 
lying on the periphery of the cell's nests show 
an affinity for chromium. This affinity is 
associated with the catecholamine content of the 
cells. 

The morphology of malignant pheochromo
blastomas can hardly be differentiated from 
that of benign tumors, except in cases where 
metastases can be demonstrated. These malig
nant tumors are uncommon, their incidence 
being only one tenth that of the benign tumors 
at the most. Polymorphia of the tumor cells is 
not decisive proof of malignancy, because 

definite nuclear and cellular polymorphia is 
often found in benign pheochromocytomas. 
This may be predominantly of a degenerative 
nature, however. Demonstration of metastases 
is essential for the diagnosis of malignancy. 

Cardiac and vascular changes are responsible 
for the most important secondary patho-ana
tomical symptoms. Thus, hypertension leads 
to such signs as cardiac hypertrophy, vascular 
changes such as arteriosclerosis, arteriolosclero
sis, and even arteriolonecrosis. Other features 
worth mentioning are myocardial changes such 
as myocarditis and myocardial fibrosis, which 
are interpreted as direct results of the endocrine 
activity of the pheochromocytoma. Renal in
farcts have been described as characteristic by 
ZOLLINGER (1959). For tumor combinations 
with neurofibromatosis or thyroid tumors see 
Chap. VI, p. 232. 

4. Clinical Picture and Symptoms 

The symptom complex of pheochromocytomas 
includes: 1. paroxysmal hypertension, 2. per
sistent hypertension, and 3. metabolic symptoms, 
such as hypermetabolism, hyperglycemia and 
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glucosuria, and occasionally diabetes mellitus 
and hyperlipolysis. 

Symptoms can occur in any combination. 
They may arise singly or sometimes be complete
ly absent. In some cases hypertension leads to 
cerebral vascular accidents and the elevated 
O2 requirement of the heart to myocardial 
infarctions. Unusual symptoms due to the 
particular localization (ureteral occlusion, renal 
arterial stenosis, abdominal pains) have fre
quently been described. 

The symptoms allow only limited conclu
sions about the nature of the hormones being 
produced to excess, although tachycardia, in
creased metabolic rate and glucosuria are 
characteristic of overproduction of epinephrine. 
Extreme overdosage of norepinephrine can also 
produce these symptoms, however. 

a) Paroxysmal Hypertension 

Pheochromocytoma with paroxysmal hyper
tension is characterized by typical attacks 
which allow a fairly definite diagnosis. 

The sudden acute rise in systolic blood 
pressure to 200-300 mm Hg, which is some
times preceded by a sort of aura with blacking 
out, nausea, and pains in the extremities, is 
associated with signs and symptoms caused by 
the release of epinephrine; tachycardia with 
thready pulse, pallor, outbreak of sweating, 
tremor, anxiety and palpitations, headache, 
visual disturbances, pain and pressure in the 
upper abdomen, nausea, vomiting and dyspnea, 
paresthesia, diarrhea occurs in some cases, and 
occasionally epileptic seizures. 

During an attack, leukocytosis of between 
10000 and 30000 with lymphocytosis, glu
cosuria, and hyperglycemia can be detected. 
Although the skin is cool to the touch, body 
temperature, particularly rectal temperature, is 
raised due to stagnation of heat. Peripheral 
cyanosis and a condition reminiscent of Ray
naud's phenomenon sometimes develop. The 
thyroid gland may become swollen. In severe 
cases, circulatory failure with pulmonary edema 
finally arises, with advanced cyanosis and 
collapse. Rhythmic disturbances such as sinus 
arrhythmia, tachycardia and bradycardia, nodal 
rhythm, ventricular and supraventricular extra
systoles and ventricular fibrillation sometimes 
occur. Active "catechol myocarditis" charac
terized morphologically by myocardial necroses 
and histocytic and lymphocytic infiltrations are 
thought to be found at autopsy in 50% of 
patients with pheochromocytoma (VAN VLIET, 
1966). At the end of the attack the blood pressure 
usually returns rapidly to the original value, 
the patient becomes flushed, and the profuse 
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sweating and secretion of saliva may persist. 
Patients feel tired and spent for a long time 
afterwards. In contrast to the severely disturbed 
vascular system and carbohydrate and fat 
metabolism, the influence of the pheochromo
cytoma on the kidneys is usually discrete, 
though it is occasionally severe. Very often, 
neither functional nor morphological changes 
can be found in the kidneys (GREEN, 1946; 
SACK, 1963). Frequently, a discrete pathologic 
finding is noted at urinalysis, such as albu
minuria, and occasionally microhematuria in 
association with paroxysmal or persistent hyper
tension. Albuminuria, microhematuria and cy
lindruria arise intermittently, and simulate 
nephritis (FERTIG, 1951). A pheochromocytoma 
must be suspected in every case of "paroxysmal" 
nephritis. Occasionally inhibition of diuresis 
with azotemia ranging to full anuria is seen 
during an attack (BAIRD, 1954; ZOLLINGER, 
1959). It is partly explained by the constriction 
of the vasa afferentia and reduced renal plasma 
flow. Hyposthenuria has been observed. Ter
mination of an attack is always followed by a 
flood of up to 5 - 7 liters of urine. Hypo
sthenuria and polyuria caused by the action 
of epinephrine may be due to the decreased 
renal medullary hypertonicity resulting from 
an elevated medullary blood flow, which, in 
contrast to cortical circulation, increases with 
a rise in arterial pressure (BUCHBORN, 1961). 
Electrolyte disorders associated with a pheo
chromocytoma are only rarely observed clini
cally, although from acute experiments the 
opposite would be expected. 

Attacks are induced by exertion, postural 
changes causing compression of the adrenal 
area, straining on defecation and micturition, 
and also by excitement, fear, and anger, as well 
as by smoking. Iatrogenic attacks can be 
induced during general anesthesia and during 
the investigation of anacidity with histamine. 
Sudden collapse under such conditions should 
always suggest a pheochromocytoma. Attacks 
can, however, also arise spontaneously during 
absolute rest and even during sleep. The attacks 
usually last between 15 min and 2 hours, but 
can also be over in a few minutes or persist for 
a whole day. Initially, attacks can arise every 
few weeks or months. They usually become 
more frequent and severe until they finally 
occur daily. Sometimes there are intervals of 
several years between attacks. 

b) Persistent Hypertension 

Persistent hypertension is more common than 
paroxysmal hypertension in pheochromo
cytomas. The symptoms it causes are in no way 
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different from those of benign or malignant 
hypertension. 

The signs and symptoms listed below can 
be regarded as indications for investigation of 
patients with hypertension for pheochromo
cytomas: 

1. Attacks of headaches, palpitations, nerv
ousness, thoracic or abdominal pains, tremor, 
hypertension, persistent or frequent excessive 
sweating. 

2. Leanness with more than 10 % underweight 
or a body weight of less than 48 kg. 

3. Age of 35 years or less. 
4. Basal metabolic rate 20% above normal 

in the absence of hyperthyroidism. 
5. Duration of hypertension of less than 

2 years. 
6. Fundus changes, grade III or IV or severe 

forms of grade II. 
7. Paradoxical reaction of blood pressure to 

ganglion blockers. 
8. Blood pressure reaction at the onset of 

general anesthesia. 
Pheochromocytomas must be suspected par

ticularly in hypertension affecting young pa
tients. About 100 cases of hypertension due to 
a pheochromocytoma have been reported in 
children. Hypertension in these cases was 
predominantly of the persistent type. Growth is 
arrested. Blood pressure is always considerably 
elevated, particularly the diastolic level (upper 
normal level of systolic pressure in children = 
100 + twice age in years). Spastic changes are 
usually found in the ocular fundus, and papil
ledema or hemorrhage sometimes occurs. 

In adults, the three cardinal symptoms of 
headaches, sweating, and palpitations are sel
dom absent. However, the suspicion of a 
pheochromocytoma can also be evoked by a 
considerably elevated basal metabolic rate or 
severe sweating and glycosuria in the presence 
of hypertension with concomitant bradycardia 
(so-called "H-triad" (HOWARD): hyperglycemia, 
hypertension, hypermetabolism without hyper
thyroidism). Repeated estimations of the basal 
metabolic rate and blood glucose are indicated 
in such cases. Impotence due to impaired 
autonomic equilibrium can occur. 

In cases of pheochromocytoma with per
sistent hypertension oflong duration, the plasma 
volume can be considerably diminished due to 
persistent vasoconstriction (up to 20%), so 
that removal of the tumor may be followed 
by an immediate dangerous fall in blood pressure 
with oliguria, anuria and myocardial ischemia 
if preoperative treatment is inadequate (ZIEGLER, 
1966; BRUNJES, 1960). Plasma renin is elevated 
accordingly (see Chap. XV). Vascular complica
tions are also possible, with changes in the 
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fundus oculi, impaired renal function, and renal 
infarct (see p. 429). The hypertension may be 
permanent in such cases, susceptible to reduction 
but no longer to correction by removal of the 
pheochromocytoma. In some patients, paroxys
mal attacks are superimposed on the persistent 
form, and are associated with all the charac
teristic features. Not infrequently, the disorder 
begins with paroxysmal hypertension which 
progresses to the persistent form. As in essential 
hypertension, death results from apoplexy, 
cardiac failure, or uremia. Finally, in some cases 
the hypertension is extremely labile, varying 
from one minute to the next. 

Table 5. Frequency of pheochromocytoma symptoms. 
[After GIFFORD: Mayo Clin. Proc. 39, 281 (1964)] 

Symptoms 

Headaches 
Excessive sweating 
Palpitations with or without 

tachycardia 
Pallor, particularly in face 
Nervousness or anxiety 
Tremor 
Nausea with or without vomiting 
Weakness, exhaustion or tiredness 
Thoracic pains 
Abdominal pains 
Visual disorders 
Weight loss over 10% 
Raynaud's phenomenon 
Dyspnea 
Constipation 
Grand mal 
Sensation of heat or hot flushes 

or both 
Bradycardia, perceived by 

patients 
Intolerance to heat 
Giddiness or confusion 
Paresthesia or pains in the arms 

Paroxysmal 
form 
(%) 

92 
65 
73 

60 
60 
51 
43 
38 
32 
16 
3 

14 
8 

11 
0 
5 

11 

8 

3 
11 
11 

Persistent 
form 
(%) 

72 
70 
51 

28 
28 
26 
26 
15 
13 
15 
21 
15 
3 

18 
13 
3 
8 

3 

8 
3 
0 

If the hypertension persists after removal 
of a pheochromocytoma the established hyper
tension shouldnt simply be accepted as a result 
of arteriolosclerotic changes. A careful search 
must first be made for a second pheochromo
cytoma. This is best done actually during the 
operation, by means of the phentolamine test. 
Secondly, renal infarcts and cortical atrophy 
are not uncommon after pheochromocytoma 
operations, due to lesions of the renal vessels 
(HARRISON, 1958; SACK, 1963). An infarcted 
kidney can lead to renal hypertension. In a 
few cases, pheochromocytomas have caused 
mechanical inhibition of renal blood supply, 
inducing a Goldblatt mechanism (ROSENHEIM, 
1963; WEIDMANN, 1969). 
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In general, however, renal dysfunction is 
completely reversible after successful removal 
of the pheochromocytoma. 

Table 6. Laboratory findings in pheochromocytoma. [After 
GIFFORD: Mayo Clin. Proc. 39, 281 (1964)] 

Findings 

Ocular fundus 
Negative 
Hypertension I 
Hypertension II 
Hypertension III 
Hypertension IV 

Fasting blood sugar 
Below 90 mg'/o (auto analyzer) 
90-109 mg'/o 
Over 109 mg'/o 

Basal metabolic rate 
Below +10% 
+10to+19% 
+20 to +49% 
Over +50% 

Albuminuria 

Blood urea 
less than 40 mg'/o 
40-59 mg'/o 
60 mg'/o 

Paroxysmal 
form 
(%) 

51 
26 
23 
o 
o 

44 
32 
24 

56 
16 
28 
o 

35 

81 
16 

3 

Persistent 
form 
(%) 

5 
16 
26 
16 
37 

34 
31 
35 

9 
15 
52 
24 

64 

76 
19 
5 

In contrast to the situation in the paroxysmal 
form, clinical observation alone is no help, and 
the doctor is dependent on laboratory examina
tions. There is, however, one feature charac
teristic of patients with pheochromocytomas; 
they are said always to be thin due to the 
lipolytic action of catecholamines, and obesity 
is said to exclude the disease. Unusual clinical 
symptoms, such as paroxysmal abdominal pains 
and gastrointestinal hemorrhages, have been 
described. Circulatory disorders similar to those 
associated with Raynaud's disease also occur 
with the persistent hypertension. 

An impaired metabolism of carbohydrates 
similar to that in diabetes mellitus is found 
in between one third and one quarter of patients 
with pheochromocytomas. This condition is 
characterized by reduced glucose tolerance, 
fasting hyperglycemia and glucosuria. Ketosis, 
however, is rare. This feature was previously 
explained by the increased glycogenolysis, but 
it is currently thought to be due primarily to 
the inhibiting effect of epinephrine and norepi
nephrine on the release of insulin in response to 
glucose (see p. 748). At the same time, there 
is also hyposensitivity to insulin. Free fatty 
acids and glycerine in the plasma are thought 
to be elevated, but we have not always been 
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able to confirm this in our own investigations. 
Insulin release is normal again shortly after 
the operation; in contrast, glucose tolerance 
takes some months to return to normal (SPERGEL, 
1968; WILBER, 1966). 

c) Hypotension 

Occasionally, the symptoms experienced are 
attacks of hypotension as low as 70/50 mm Hg, 
with tachycardia, pallor, sweating, leukocytosis, 
and glucosuria. It is possible that these attacks 
are preceded by rises in blood pressure of very 
short duration, which are completely over
looked. Low doses of epinephrine can have a 
hypotensive action, particularly if given re
peatedly. Attacks can become manifest In 

tachycardia and outbreaks of sweating only, 
with no change in blood pressure. 

In the type with persistent hypertension, 
there is sometimes a tendency to orthostatic 
fall in blood pressure, particularly if patients 
are being treated with phentolamine or phenoxy
benz amine. The blood pressure falls to normal 
or hypotensive levels in the upright position. 
The additional release of norepinephrine, which 
normally occurs on standing, obviously no longer 
functions in such cases, or the adrenolytic 
drugs led to hypovolemia (see p. 436). 

d) Special Forms and Combinations with 
Other Syndromes 

Ct) Malignant Pheochromocytomas 

The malignant pheochromocytoma with in
vasive growth and metastases is uncommon. 
Aberrant adrenal tissue in the retroperitoneal 
space must be excluded. Recurrences usually 
arise within one year following the primary 
operation. Life expectancy after malignancy 
has been confirmed is usually less than 3 years 
but can even be as long as 8 years. In cases 
where the course is slow, periodic operations to 
remove metastases may be worthwhile, since 
symptom-free intervals of several years may 
be achieved in this way. Local recurrences are 
particularly common. The incidence of meta
stases in the liver, lymph nodes, lungs, and 
skeleton is roughly the same. Forms where the 
course of the disorder is unusually slow - we 
are currently following a case which has extended 
over 40 years - indicate malignant degeneration 
of an originally benign pheochromocytoma. 
Elevated urinary excretion of dopamine and 
its metabolites is an indication of malignancy 
of a pheochromocytoma. 
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Palliative medical treatment is justified in 
inoperable cases (see p. 436). This form of 
treatment can at least abolish symptoms caused 
by the overproduction of catecholamines. 

It is advisable to try cytostatics. Temporary 
success can be achieved with alkylated sub
stances (cyclophosphamide). 

A few types of tumors of neuroectodermal 
origin, such as neuroblastomas and chemo
dectomas, can be detected in the absence of 
endocrine symptoms from the increased excre
tion of catecholamines, and particularly from 
the presence of abnormal metabolites in the 
urine. 

~) Familial Pheochromocytomas, Combinations 
with Other Syndromes 
(see also Chap. XVIII, Pluriglandular Syn
dromes) 

Familial pheochromocytomas are inherited on 
an autosomal dominant gene. They are often 
multiple and ectopic, and in children they are 
rfiore common than nonfamilial pheochromo
cytomas. Pheochromocytomas also occur in 
association with RECKLINGHAUSEN'S neurofibro
matosis (SCHLEGEL, 1960), with ganglioneuromas 
(STREIT, 1967), the Hippel-Lindau syndrome, 
and brachymetacarpal dwarfism (NAGANT DE 
DEUXCHAISNES, 1960) (see Chap. XIV). 

y) Association with Medullary Carcinoma of the 
Thyroid Gland 

Over 30 cases of medullary carcinoma of the 
thyroid gland together with pheochromocytomas 
have been reported. The features of these patients 
are very characteristic, and they are all similar 
in appearance. The face with the pouting lips 
is reminiscent sometimes of acromegaly and 
sometimes of the Marfan syndrome. Neuromas 
of the eyelids and tongue are characteristic 
(see Chap. VI, p. 233). This disorder appears 
to have an autosomal dominant mode of 
inheritance. It is possible that the same gene 
is involved as causes familial pheochromo
cytomas. The combination with neurofibro
matosis indicates an ectodermal disorder of the 
anlage, and the medullary carcinoma of the 
thyroid gland, like the chromaffin tissue, is 
regarded as a derivative of the ganglionic 
ridge ("familial chromaffinomatosis", LJUNG
BERG, 1967). It is now known, however, that 
medullary carcinoma arises from parafollicular 
cells of the thyroid gland and that these cells 
originate ultimately in the neural crest. Combi
nations with parathyroid hyperplasia and 
Cushing's syndrome are discussed in Chap. 
XVIII (p. 1009). 

5. Diagnosis of Pheochromocytoma 

W. ZIEGLER 
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The diversity of the clinical picture is the main 
reason for the frequent long delays in arriving 
at the diagnosis. If a pheochromocytoma is 
suspected on clinical grounds the diagnosis 
must be confirmed by means of all diagnostic 
aids. Exploratory laparatomy, however, should 
never be considered for this purpose. 

Case reviews from the Mayo Clinic show 
that the diagnosis is suspected on the basis of 
clinical observation in 9 out of 10 cases (GIF
FORD, 1964). 

Paroxysmal changes in blood pressure with 
all the accompanying features in a normoten
sive person are much more impressive and 
easier to detect than persistent hypertension, 
where the superimposed variations in blood 
pressure are often hardly measurable. In every 
case, however, the diagnosis must be confirmed 
before surgery by increased formation of cate
cholamines revealed by biochemical analyses 
of the urine and clinical pharmacological tests. 

Pharmacological tests either provoke the 
release of catecholamines (induction of a blood 
pressure crisis) or block the effect of high 
plasma catecholamine levels (induction of a 
fall in blood pressure). They are valuable 
diagnostic aids which can be carried out without 
special laboratories if the doctor is prepared 
to spend an adequate amount of time on them, 
and observes certain precautions. The diag
nosis, however, must always be confirmed by 
demonstration of an increase of catecholamines 
or their metabolites in the urine. The importance 
of previous pharmacological tests is decreasing 
with the widespread availability of simple 
methods of urinalysis. After confirmation of 
the diagnosis, the tumor must be localized as 
exactly as possible. It is advisable to measure 
blood volume with a view to the preoperative 
preparation. 

a) Pharmacological Tests 

The tests can only be carried out if the following 
conditions are fulfilled: 

There should be no signs of renal or cardiac 
insufficiency. A history of myocardial infarc
tion or apoplexy contraindicates these tests. 

All drugs acting on the central nervous 
system, such as alcohol, hypnotics, sedatives, 
opiates, and psychotropic drugs, can distort 
results, as can drugs acting on synapses and 
nerve endings. All sympatho- and parasym
pathomimetics and their corresponding block
ing agents, and other substances which stimulate 
or block the ganglia thus distort results. 
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Antihypertensives such as the veratrum 
alkaloids can also affect the test results. Reserpine 
(Serpasil) and ~-methyl-Dopa (Aldomet) in 
particular must be withdrawn for at least 
10 days before the test. If clinically possible, 
drug therapy should be completely withdrawn 
48 hours before these tests are carried out. 

A blocking test can be false-positive due to 
sedatives, for example, and antihypertensives 
can cause either false-negative or false-positive 
results. 

The test itself should be performed in a 
separate room. It is essential that the patient 
rests in the supine position for at least 30 
minutes before the test and that the blood pres
sure and pulse rate are measured until reliable 
base-line values are obtained. 

~) Provocation Tests 

These are based on depletion ofthe catecholamine 
stores of the tumor and the sympathetic nerve 
endings, thus inducing paroxysmal hypertension. 

1. Cold Pressure Test. This test should always 
be performed immediately before the provoca
tion tests, since conclusions are only possible 
when results of the two examinations are 
compared. 

The cold pressure test is contraindicated in 
cases where the diastolic blood pressure is 
higher than 150 mm Hg. In the healthy subject, 
the short-acting stimulus usually produces a 
rise in blood pressure, the degree of this rise 
indicating the circulatory lability. In the patient 
with vegetative stigmata it will usually exceed 
the rise caused by histamine. 

Method: The patient immerses one hand in 
a water bath with ice cubes (4 DC) for one minute. 
Pulse and blood pressure are measured after 
30 and 60 seconds. 

Interpretation: A considerable rise of the 
blood pressure indicates vegetative dystonia or 
possibly even labile essential hypertension. 

2. Histamine Test. Depending on the age of 
the patients, this test should not be applied 
when blood pressure values exceed 150 or 
170/110 mm Hg. Histamine leads initially to 
vasodilatation and a fall in blood pressure, 
followed immediately by a release of catechol
amines from the stores. 

Method: 0.05 mg (1/20 mg) of histamine in 
0.5 ml physiological saline is given by rapid 
i.v. injection. The blood pressure is then 
measured every minute for the next 15 min. A 
first measurement after 30 sec detects the initial 
fall in blood pressure. Phentolamine (Regitin) 
and norepinephrine (Arterenol) should be pre-
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pared and be kept ready for immediate use 
to avert any threatened blood pressure crisis 
or hypotension. It is best to keep an intravenous 
route open throughout the test by maintaining 
a saline drip. 

Interpretation: A rise in blood pressure to 
60/40 mm Hg above the initial levels within 1 to 
4 min after the injection, together with the 
appearance of symptoms typical of a hypertensive 
attack, is considered as a positive result. The 
blood pressure values obtained in the cold 
pressure test should be exceeded. If these condi
tions are fulfilled, the attack should be abolished 
by means of intravenous phentolamine. False
negative and false-positive results are obtained 
in 5 % of tests. 

3. Tyramine Test. Tyramine mobilizes cate
cholamines from the granules of the sympathetic 
nerve endings. It causes no unpleasant side 
effects like histamine does (headache, sensation 
of heat). 

Method: At the onset, physiological saline 
is given by i.v. injection while blood pressure is 
monitored continuously. Tyramine is then in
jected in doses increasing from 250 to 500 to 
1000 I-lg (1 mg). The blood pressure should be 
measured every minute. An interval of 15 min 
should elapse between injections. 

Interpretation: A rise of the systolic pressure 
by at least 20 mm Hg within 1-2 min suggests a 
pheochromocytoma. False-positive results are 
obtained in 5 % of the tests, whereas results are 
false-negative in 30 %. 

4. Glucagon Test. This test is also based on the 
release of catecholamines from the adrenal 
medulla and the tumor. As in the histamine 
test, it is advisable to compare the results with 
those obtained in the cold pressure test. 

Method: At least 0.5 mg of glucagon, but 
usually 1.0 mg, is administered to the fasting 
patient by rapid i.v. injection. The blood pres
sure is subsequently measured every 30 sec for 
5 min and then every minute for a further 10 min. 
Phentolamine and norepinephrine must be kept 
ready during this test also. 

Interpretation: Criteria for a positive result 
are similar to those in the histamine test, 
although side effects are much more uncommon 
and less pronounced than with histamine. 
False-positive results have not been reported 
so far. False-negative results, however, have 
frequently been observed. 

~) Blocking Tests 

These tests are based on the inactivation of 
circulating catecholamines by means of ~-



Hyperfunction: Pheochromocytoma 

receptor blockade. The decrease in peripheral 
resistance causes a momentary fall in blood 
pressure. Phentolamine is the only ex-blocking 
agent which has proved satisfactory. 

Phentolamine (Regitin) Test. This test should 
not be performed when blood pressure is below 
160/110 mm Hg. 

Method: Access to an intravenous route of 
administration throughout the investigation is 
recommended, and is best a<;:hieved by setting 
up a saline drip. After i.v. injection of 5 mg 
Regitin (half an ampoule) (3 mg/m2 in children) 
over 5-10 sec the blood pressure is measured 
every minute. There is a risk of inducing circu
latory collapse, so that norepinephrine must 
always be kept ready for immediate injection. 

Interpretation: A fall in blood pressure of 
40/25 mm Hg below the initial levels within 
5 minutes is considered a positive result. The 
initial levels should not be recovered until 
5-15 min after the injection. False-positive 
results are obtained in 2-3% of the tests, and 
if the condition cited above is not observed 
20% of the tests can be expected to give false
positive results. False-negative results are un
common. 

b) Biochemical Investigations 

Demonstration of increased excretion of cate
cholamines and their metabolites in the urine 
is essential for confirmation of the diagnosis. 
Nonspecific quick tests should be avoided since 
they often give false-positive results. 

Method of Urine Collection. The patient must 
refrain from consuming bananas, citrus fruits, 
nuts, tea, coffee, and vanilla for two days 
before collecting the urine. A 24-hour specimen 
of urine is then collected during the second 
day of diet. Acid is added to the urine (1 ml 
of concentrated perchloric acid to 100 ml of 
urine; concentrated hydrochloric acid may be 
used instead). The urine must be protected from 
heat and light. If the 24-hour specimen is 
correctly measured only 200 ml urine are re
quired for the analysis. 

Numerous drugs and their breakdown prod
ucts in the urine can interfere with the analysis. 
They should be discontinued whenever possible, 
or the laboratory should be informed (salicylates, 
tetracyclines, sympathomimetic and anti-hyper
tensive drugs). 

ex) Vanilmandelic Acid 

40% of the catecholamines (epinephrine and 
norepinephrine) are excreted as 3-methoxy-
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4-hydroxymandelic acid (VMA). PISANO'S meth
od has proved to be the most suitable and is 
very reliable for routine examination. It involves 
extraction, oxidation and absorption measure
ment. 

Interpretation: Healthy adults excrete be
tween 1 and 7 mg vanilmandelic acid in 24 hours. 
In children these values are lower according to 
age. 

The excretion is usually increased in cases 
of pheochromocytoma. Elevated values can 
also be detected in cases suffering from tumors 
of the sympathetic nerve tissue in which clinical 
symptoms due to overproduction of catechol
amines are absent. 

~) Metanephrine and Normetanephrine 

Less than 1 mg of these metabolites of epi
nephrine and norepinephrine is normally ex
creted in a 24-hour urine sample. In exceptional 
cases, demonstration of these breakdown prod
ucts is more reliable for diagnostic purposes than 
the estimation of VMA. 

y) Epinephrine, Norepinephrine, and Dopamine 

Only 3-7% of epinephrine and norepinephrine 
are excreted unchanged in the urine. As the 
amounts lie in the Ilg range they can be estimated 
only by fluorometric methods. 

Normal values: 10-30llg of epinephrine in 
24 hours, 20-60 Ilg of norepinephrine in 24 
hours. Rule of thumb for normal values: free 
epinephrine plus norepinephrine below 100 Ilg 
in 24 hours. Increased values of dopamine, the 
precursor of epinephrine and norepinephrine, 
can indicate malignancy. This investigation is 
of particular importance in pediatrics for the 
detection of immature tumors of the sympathetic 
nerve tissue. 

c) Localization of the Tumor 

ex) Catecholamine Excretion 
A preponderance of epinephrine production 
suggests a tumor situated in the adrenal medulla. 
Excessive norepinephrine production is due 
to an extra-adrenal tumor in one third of cases. 

~) Radiological Investigations 

A chest X-ray and an intravenous pyelogram 
are routinely performed when a pheochromo
cytoma is suspected. On the other hand, aorto
graphy or a retropneumoperitoneum with tomo
grapl}y may involve serious risks of hypertensive 
crises and hemorrhage into the tumor with 
subsequent shock. 
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These investigations allow localization of 
the tumor in 60% of cases, but they demand 
meticulous supervision of the patient and im
mediate treatment of any complicating incidents. 
We perform venous catherization rather than re
tropneumoperitoneum and aortography. Brown 
fat ("Hibemoma") an immature form of adi
pose tissue, devellops occasionally in proximity 
to pheochromocytomas and may mimick a 
tumor by its extensive and irregular vascularisa
tion (LEIPHART, 1970; FEYRTER, 1971). 

y) Catheterization of the Vena Cava 

The catheter is introduced into the femoral 
vein and an X-ray monitor is used in guiding 
it along the inferior vena cava. Samples of 
blood are taken at different levels for the 
estimation of catecholamines. The highest values 
are found selectively in the vein draining the 
tumor or in the region of the venous inflow from 
the tumor. This method allows determination 
both of the level at which the tumor is situated 
and of which side is affected, which makes 
selection of the optimal surgical approach 
considerably easier (see Chap. VII, p. 352). 

This procedure has proved not to be too 
strenuous for patients, but requires a special 
laboratory. 

Estimation of catecholamines in the plasma 
by spectrofluorometric methods is very ambitious 
and detects plasma concentrations of 0.05 ~g/l 
in the case of epinephrine, and of 0.45 ~g/l in 
that of norepinephrine. 

Biological methods of estimation have now 
been superseded by biochemical methods for 
clinical purposes. 

6. Course and Prognosis 

The prognosis depends on early recognition and 
treatment of the pheochromocytoma. Left un
treated, the condition can continue for years 
and death can occur at any time due to apoplexy, 
pulmonary edema, myocardial infarction, or 
sequels of malignant hypertension. Spontaneous 
healing due to infarction of the tumor is possible 
but extremely rare. Patients are in constant 
danger of fatal shock induced by situations 
such as excitement, minor trauma, and surgery, 
which cause nervous stimulation of the adrenal 
medulla. As discussed above, attacks usually 
increase in frequency and intensity. No general 
life expectancy can be given. Successful surgery 
can bring about complete cure as long as the 
kidneys and circulatory organs are not ir
reversibly damaged. Pregnancy can lead to 
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manifestation of the disorder. Immediate surgery 
is indicated since mother and child are both 
in danger (abortion). 

7. Differential Diagnosis 

Hypertension is the first condition to be con
sidered in the differential diagnosis of the 
pheochromocytoma with persistent hyperten
sion. Every hypertensive patient below the age 
of 40 should be investigated for a pheochromo
cytoma. Loss of weight and tachycardia can 
simulate hyperthyroidism. Lead poisoning with 
pallor, hypertension, and abdominal colic has 
certain similarities to the pheochromocytoma. 

In the differential diagnosis of the parox
ysmal form, the following conditions must be 
considered: headaches associated with ence
phalopathy, vasomotor crises, migraine (since 
nausea, headaches and scintillating scotoma 
can also arise with a pheochromocytoma), 
arteriosclerotic cerebral circulatory disturbances, 
hyperinsulinism, and carcinoid syndrome. The 
term "pseudo pheochromocytoma" should be 
avoided for description of tumors in the region 
of the kidneys which are sometimes associated 
with blood pressure variations due to phentol
amine and histamine but no evidence of in
creased catecholamine formation. 

On the other hand, pheochromocytomas can 
be combined with renal hypertension due to 
renal ischemia caused by mechanical effects of 
the tumor (WEIDMANN, 1968). 

Autonomous hyperreflexia in paraplegics 
with a transverse lesion of the spinal cord above 
thoracal 7 can lead to over-distension of the 
bladder, which in tum gives rise to the release 
oflarge amounts of norepinephrine accompanied 
by corresponding symptoms (GARNIER, 1964). 

8. Treatment 

Palliative medical treatment is an essential part 
of the presurgical preparation of patients. It 
is also indicated if the general condition of the 
patient does not premit surgical intervention 
and in cases of inoperable malignant pheochro
mocytoma. The ex-receptor blocker phenoxy
benzamine (Dibenyline) has proved suitable. 
It is given orally in high dosages ranging from 
5 to 60 mg per day. The dose should be divided 
over the day, and the optimal dose must be 
determined individually. Hypovolemia is nearly 
always present and abates after 5-7 days of 
treatment, as is indicated by the fall in hemo
globin. Copious blood transfusions complete 
the preparation for surgery. This treatment 
improves the persistent hypertension at the 
same time and prevents hypertensive attacks. 
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Patients undergoing long-term treatment with 
high doses of dibenyline often suffer from 
orthostatic hypotension which can itself cause 
them to become completely bedridden. 

ex-Methyl-dopa (Aldomet), an antihyper
tensive drug, has not proved suitable for this 
treatment. ex-Methyl-para-tyrosine promises to 
be effective although clinical experience is 
limited. 

Guanethidine and ganglionic blocking agents 
are contraindicated in the treatment of pheo
chromocytomas since the sensitivity of end 
organs to norepinephrine rises under their in
fluence. 

Treatment must be aimed at surgical removal 
of the pheochromocytoma, which can bring 
about a complete cure. 

If the diagnosis is confirmed and the tumor 
has been localized by radiography or venous 
catheterization, there is not great technical dif
ficulty attached to the operation. Close team
work is essential between surgeon, internist 
and anesthesiologist, who must all be very 
familiar with surgery of pheochromocytoma. 

Pretreatment with phenoxybenzamine is now 
obligatory, since preoperative correction of the 
hypovolemia can prevent dangerous states of 
collapse immediately after surgical removal of 
the tumor. Propranolol (Inderal), a ~-receptor 
blocking agent, should only be used (dosage: 
15~45 mgjday) if there is tachycardia of more 
than 140. 

Any narcotic agent, and particularly curare, 
can induce a blood pressure crisis even when 
ganglionic blockers have been avoided. Phentol
amine must be kept ready for intravenous 
application in case of emergency. Continuous 
monitoring of blood pressure and ECG is 
advisable. A certain amount of risk due to 
anesthesia cannot be overcome in older patients, 
and anesthesia should only be used for the 
operation and not for diagnostic procedures 
such as aortography. 

Although pheochromocytomas occur bilat
erally in about one tenth of cases, so that revi
sion of both sides is desirable, the less drastic 
dorsolumbar approach can be chosen for sur
gery if the tumor has been localized with cer
tainty; if the tumor is found, exploration of the 
other side is avoided. Other authors prefer the 
transabdominal route via a transverse or lon
gitudinal incision which permits inspection of 
both adrenals and their surroundings. 

Cortisol hemisuccinate must be at hand in 
cases of bilateral pheochromocytomas where 
bilateral total adrenalectomy is essential. Doses 
(see p. 330) are the same as for adrenalectomy. 

When the pheochromocytoma is located, it 
should be palpated and squeezed as little as 
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possible to mInimiZe the risk of inducing a 
hypertensive attack. The blood supply must be 
ligated as quickly as possible and the tumor 
removed intact. The whole of the adrenal 
involved must be removed because of the risk 
of recurrences. This principle can be disregarded 
in cases where the pheochromocytoma is topo
graphically completely separated from the adre
nal gland. Only in cases of bilateral pheochro
mocytomas should functioning adrenal tissue 
be left behind where possible. 

Surgical treatment of pheochromocytoma is 
extremely rewarding, except in cases of malig
nancy or permanent hypertension. Patients can 
be completely cured. If the blood pressure does 
not fall immediately after the operation, it is 
possible that a second active tumor is present. 
This sign, however, is no longer entirely reliable 
because of the premedication with phenoxy
benzamine. These cases must be explored with 
particular care. On the other hand, it has been 
known for hypertension to persist after removal 
of the tumor and the blood pressure to return 
to normal values only after some weeks or 
months. Hypertension can, however, become 
permanent in cases of long duration. 
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IX. Testis 

A. LABHART 

With Contributions by 

CHR. HEDINGER, G. KISTLER, J. MULLER, 
A. PRADER, G. TONDURY, and M. ZACHMANN 

A. Historical Dates 

1677 HAM and v. LEUWENHOEK discover the 
spermatozoa. 

1849 BERTHOLD shows that the capon recovers 
the feathers of a cockerel after reim
plantation of the testicles, thus proving a 
humoral effect of the gonads. 

1889 BROWN-StQUARD, experimenting on him
self, demonstrates the rejuvenating effect of 
testicular extracts, thereby generating in
terest in endocrinology. 

1911 PtZARD succeeds in producing an effective 
testicular extract. 

1931 Androsterone, the first crystallized com
pound with an androgenic effect, is ex
tracted by BUTENANDT from male urine 
and 

1934 clarified in its chemical constitution. 
1935 LAQUER isolates testosterone from testic

ular tissue. Clarification of the constitution 
and partial synthesis of testosterone by 
RUZICKA and WETTSTEIN and by BUTE
NANDT. 

1942 KLINEFELTER, REIFENSTEIN and ALBRIGHT 
describe the syndrome called after the 
first author. 

1958 FORD, JACOBS, and LAJTHA discover that 
this syndrome is caused by an anomaly 
of the chromosomes. 

1968 BRUCHOVSKY and WILSON discover the 
conversion of testosterone to 51X-dihydro
testosterone (i.e. a more active androgen) 
by target organs. At the same time, 
ANDERsoN and LIAO discover selective 
nuclear receptors for 51X-dihydrotesto
sterone in the prostate. 

B. Embryology, Gross Anatomy and 
Histology 

G. TONDURY and G. KISTLER 

Embryology. In the human embryo about 
2.5 mm in length, the primordial germ cells 

(gonocytes) are situated in the wall of the 
yolk sac, close to the root of the allantoic 
diverticulum. Whether they originate in the 
yolk sac endoderm in the pre-somite stage, 
or are derivates of the overlying splanchno
pleuric mesoderm is still a matter of dispute. 
From the wall of the yolk sac, the gonocytes, 
which contain a large, vesicular nucleus and 
abundant cytoplasm, migrate through the mes
enchyme of the dorsal mesentery into the 
epithelium and the mesenchyme of the gonadal 
anlagen. The primordia of the sex glands become 
light microscopically recognizable, in the embryo 
about 4-5 mm in length, as thickenings of the 
coelomic epithelium (= genital ridges) on the 
medial aspect of the anlagen of the mesonephros. 
The genital ridges extend first from the 6th 
thoracic to the 2nd sacral segment. The cranial 
and caudal portions regress rapidly and only 
the parts belonging to the upper three lumbar 
segments develop further. In this region, the 
coelomic epithelium becomes first highly co
lumnar and then stratified. Its basement mem
brane disappears and cords of epithelial cells 
(= primitive sex cords) invade the underlying 
mesenchyme (Fig. 1). At this developmental 
stage, the primordial germ cells, which stain 
selectively with the naphthyl alkaline phos
phatase reaction, are already present in both 
the sex cords and the mesenchyme surrounding 
them. The gonadal primordia are thus formed 
from cells of three different sources, the coelomic 
epithelium with its underlying mesenchyme, 
which are both of mesodermal origin, and the 
primordial germ cells, which migrate secondarily 
into the primordia. In the first six embryonic 
weeks, the gonadal anlagen of both sexes are 
morphologically indistinguishable (sexo-neutral 
stage) and mesonephric and paramesonephric 
ducts are both intact. 

During the 7th week of development (length 
of embryo about 18-20 mm), the testis becomes 
identifiable as such. Proliferating mesenchymal 
cells separate the outgrowing, still compact sex 
cords from each other. At about 25 mm, a 
layer of fibrous connective tissue, the tunica 
albuginea, forms peripherally, just beneath the 
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Fig. 1 A-D. Diagrammatic representation of gonadal development. A) Proliferation of the coelomic epithelium in the 
region of the gonadal ridge. B) Development of the primitive sex cords, sexo-neutral stage. C) Development of the testis: 
Peripherally, the tunica albuginea develops and separates the medullary cords from the coelomic epithelium. Centrally, the 
outgrowing cords form the epithelium of the rete testis. D) Development of the ovary: Proliferation of secondary cords 
from the coelomic epithelium. A rudimentary tunica albuginea separates the cortex from the medullary portions of the 
anlage, which contain the rete ovarii. (Modified after R. K. BURNS, 1955) 

germinal epithelium. The sex cords are thus 
separated from their original matrix. All prim
ordial germ cells are successively taken up into 
the epithelial cords. Outgrowth of the cords 
leads to the formation of the rete testis in the 
gonadal mesentery (= the mesorchium). Finally, 
canalization of the cords gives rise to the 
seminiferous tubules. Their walls are formed 
by sustentacular cells (Sertoli cells), among 
which the primordial germ cells are dispersed. 

The central parts of the epithelial cords, 
which form the rete testis, differentiate rather 
late into tubules (when fetuses are about 
60-90 mm long). Some of these tubules contact 
mesonephric tubules which lose their glomeruli 
and become the ductuti efferentes. These ductules 
connect the rete testis to the mesonephric duct, 
which later becomes the vas deferens. The 
paramesonephric duct degenerates. 

The interstitial cells (Leydig cells) differentiate 
from mesenchymal elements of the testicular 
stroma. In the early fetal stages (3rd to 5th 
month) these cells increase rapidly in number 
and display marked metabolic activity (produc
tion of fetal sex hormones). 

Although the chromosomal sex of an indi
vidual is already determined at the stage of 
the fertilized ovum, the sexual differences in the 
gonads become morphologically detectable only 
after the 7th embryonic week. This still poorly 
understood differentiation, which is apparently 
not determined by the chromosomal sex of the 
immigrating primordial germ cells, establishes 
the gonadal sex of an embryo. Genital sex, 
finally, is highly influenced by hormones. It is 
established during the third month of gestation, 
when the sex ducts and external genitalia 
assume their specific masculine or feminine 
character. 

The sex-specific differentiation of the gonads 
is a gradual process. In most mammalian species, 
the development of the testis seems to be deter
mined as soon as the stage of the morphologically 
undifferentiated primordium, whereas that of 
the ovary is not. When a gonad at the sexo
neutral stage is transplanted from an experi
mental animal into the kidney of an adult 
specimen the genetically male gonad continues 
to develop normally. The differentiation of the 
genetically female sex gland, however, varies 
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considerably. Thus, in the rat embryo, the 
anlage of the testis is definitely determined by 
the 12th day, whereas the primitive ovary 
reaches a similar developmental stage only 
on the 15th to 16th day. From the 17th day 
onwards both male and female transplants 
develop typically (TORREY, 1950). 

The androgenic hormones produced by the 
embryonic, differentiating testis are morpho
genetically much more potent than the embryonic 
sex hormones formed in the ovary. Thus, in 
ovariectomized female rabbit fetuses, the genital 
ducts and the external genitalia develop more 
or less normally. However, in male rabbit 
fetuses castrated at the sexo-neutral stage, the 
mesonephric ducts degenerate and the para
mesonephric ducts persist. In addition, the 
external genitalia assume a feminine appearance. 
The fetal testicular hormones seem, therefore, 
to stimulate the development of the mesonephric 
duct system and to inhibit the paramesonephric 
ducts. 

The influence of the fetal pituitary gland on 
the differentiation of the gonads in humans is 
still poorly understood. The gonads and external 
genitalia of anencephalic newborn males, who 
usually have no pituitary gland, are normally 
not affected. It would thus appear that the 
hypophyseal gland does not play any major 
role in the development of the human sex glands. 

Gross Anatomy. In the young adult, each testis 
weighs 10 to 16 g and measures approximately 
4 x 2.5 x 3 cm. It is suspended in the scrotum 
at the end of the spermatic cord which comprises, 
besides connective tissue, the ductus deferens, 
(the excretory duct of the gland) and the blood 
vessels and nerves supplying the organ. The 
left testis usually hangs rather lower than the 
right one. The epididymis is closely applied to 
the posterior margin of the testis. It overlaps the 
lateral surface and the upper pole of the gland. 

The testis is enclosed in a thick capsule of 
inelastic connective tissue, the tunica albuginea. 
On the posterior aspect of the gland, connective 
tissue of the tunica extends into the testis as the 
mediastinum testis. From here, incomplete septa 
project radially towards the tunica albuginea, 
thus dividing the testicular parenchyma into 
about 200-300 pyramidal lobules, the lobuli 
testis. Their apices converge upon the mediasti
num. The innermost layer ofthe tunica albuginea, 
the tunica vasculosa, is rich in blood vessels. 
It is continuous with the loose connective tissue 
which forms the interstitium of the testicular 
lobules. 

During its descent from the peritoneal cavity 
into the scrotum, each testis is accompanied 
by an outpocketing of the peritoneum, the 
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tunica vaginalis propria testis, which consists 
of two layers. On the anterior and lateral surfaces 
of the testis, the inner, visceral layer is closely 
applied to the tunica albuginea. On the posterior 
aspect of the gland, the visceral layer is reflected 
and continuous with the outer, parietal layer. 
A cleft-like, serous cavity between the two 
layers, the cavum serosum testis, surrounds the 
gland except for the mediastinum testis and 
widens at its upper pole to form the sinus 
epididymidis. 

The testis is supplied by a branch of the 
abdominal aorta, the internal spermatic artery. 
Some of its branches ramify in the tunica vas
culosa, while others traverse the mediastinum 
testis and form the capillary plexus surrounding 
the seminiferous tubules. Other branches reach 
the epididymis, where they anastomose with 
the artery accompanying the ductus deferens. 
A number of veins emerge from the posterior 
aspect of the testis. Together with venous 
branches from the epididymis, they unite to 
form the plexus pampinijormis, which ascends 
along the spermatic cord. The lymph vessels 
of the testis supply the lateral and pre-aortic 
lymph nodes. The nerves accompanying the 
testicular vessels are derived from the 10th 
thoracic segment of the spinal cord. The sym
pathetic nerve fibers reaching the gland are 
probably vasomotor. 

The epididymis is C-shaped. Its head lies 
on the superior pole of the testis, whereas its 
body is closely applied to the posterior margin 
of the gland. The lower, smaller part, the tail, 
contains the epididymal duct which increases 
in diameter to become the ductus deferens. 

Histology. The histological appearence of the 
testis differs considerably according to the 
age of an individual. In the testicular lobules of 
a human fetus of about 60 mm CRL, canalized 
seminiferous tubules are still intermingled with 
some compact epithelial sex cords. Besides the 
supporting Sertoli cells, both contain large 
rounded spermatogonia, the successors of the 
primordial germ cells. The loose connective 
tissue surrounding the seminiferous epithelia 
contains numerous clusters and rows of poly
gonal cells with a large, spherical nucleus, the 
Leydig cells. The tubuli contorti of the testis 
of a 4-year-old boy (Fig. 2) contain supporting 
cells and spermatogenic cells at various stages 
of development. Only a very few immature 
sperms can be detected at this age, and the 
richly vascularized interstitium is completely 
devoid of typical Leydig cells. 

In the adult, the lobuli testis consist of one 
to four convoluted seminiferous tubules, the 
tubuli con torti, which may reach a length of 
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60 to 70 cm. At the apices of the lobules, the 
tubules assume a straight course and unite to 
form 20 to 30 ducts about 0.5 mm in diameter, 
the tubuli recti, which open into the rete testis. 
This complex system of spaces in the connective 
tissue of the mediastinum testis is lined by 
a cuboidal epithelium. From the rete arise 
up to 20 convoluted, efferent ductules measuring 

Testis 

about 5 mm in length and 0.6 to 0.8 mm in 
diameter. Together with the loose connective 
tissue surrounding them, they constitute the 
head of the epididymis. The ductuli efferentes 
gradually fuse into the highly tortuous ductus 
epididymis which is 4 to 6 meters long and 
forms the major constituent of the body and 
the tail of the epididymis. 

Fig. 2. Testis of a 4-year-old boy. Immature seminiferous tubules are surrounded by richly vascularized connective tissue. 
Note the complete absence of Leydig cells 

Fig. 3. Testis of a young adult. Seminiferous tubules with germ cells at various stages of development. The loose connective 
tissue between the tubules displays large clusters of Leydig cells 
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The tubuli contorti are lined by a stratified 
epithelium composed of sustentacular and sper
matogenic cells. Each supporting or Sertoli 
cell rests on the basement membrane of the 
seminiferous epithelium. Its radially oriented, 
elongated nucleus contains a conspicuously 
large nucleolus. Numerous cytoplasmic, finger
like processes, whose outlines cannot be detected 
by light microscopy, extend upwards to the free 
surface of the epithelium. They are closely 
applied to those of neighboring Sertoli cells 
and to the spermatogenic cells. It is assumed 
that these cells, which usually contain lipid 
droplets and crystalloid inclusions (Charcot
Bottcher crystals), do not only support and 
protect the differentiating germ cells, but also 
playa role in their nutrition. Electron micro
scopically, the Sertoli cells are characterized 
by the presence of elongated mitochondria, 
often oriented parallel to the long axis of the 
cell, and by a moderately extensive rough- and 
smooth-surfaced endoplasmic reticulum. The 
cytoplasmic matrix also contains large numbers 
of microtubules and filaments. Beside lipid 
droplets and crystalloids, lipofuscin pigment 
granules are other typical paraplasmatic in
clusions. The earlier opinion that the sperm 
cells are "embedded" in a syncytium of Sertoli 
cells has been found to be incorrect. Individual 
supporting cells are clearly separated by plasma 
membranes not only from each other, but 
also from the germ cells. 

The sequence of events leading to the produc
tion of mature spermatozoa within the semini
ferous epithelium is usually referred to as sperma
togenesis. It can be divided into three phases, 
the first of which, the spermatocytogenesis, 
comprises the proliferation of the spermatogonia 
and the formation of the still diploid spermato
cytes. In the second phase, meiosis, the spermato
cytes undergo two maturation divisions. The 
resulting spermatids are haploid. In the third 
stage, spermiohistogenesis or spermiogenesis, 
the spermatids differentiate into the mature 
spermatozoa. The rounded or ovoid spermato
gonia rest on the basement membrane of the 
convoluted tubules (compare Fig. 3). They dis
play a spherical nucleus containing one to 
several nucleoli within a regularly dispersed 
chromatin substance. Their cytoplasm stains 
only faintly. The primary spermatocytes which 
arise from dividing spermatogonia first resemble 
their parent cell in size and affinity for dyes. 
After entering the first maturation division, 
however, their chromatin becomes condensed. 
The secondary, haploid spermatocytes resulting 
after the telophase of this division are definitively 
smaller than the primary ones. They rapidly 
enter the second maturation division, which 
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leads to formation of the spermatids. Their 
differentiation into mature sperms is a very 
complex process involving the production of 
the acrosomal cap, the condensation of the 
nucleoplasm and the formation of the flagellum. 
A schematic representation of the mature 
spermatozoon is given in Fig. 4. In man, one 
complete cycle of spermatogenesis is estimated 
to be about two months. 
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Fig. 4. Diagrammatic representation of a mature human 
spermatozoon. 1 acrosomal cap, 2 nucleus, 3 neck, 4 middle 
piece, 5 and 6 principal piece, 7 end piece. (Courtesy of 
Prof. D. W. FAWCETT, Boston) 

The loose connective tissue surrounding the 
seminiferous tubules contains fibroblasts, mast 
cells and usually also a few macrophages and 
leukocytes. In addition, there are variously 
sized clusters and rows of epitheloid interstitial 
cells, the Leydig cells. They are diffusely 
dispersed throughout the lobules, often along 
the smaller blood vessels. The individual Leydig 
cells are polyhedral in shape and measure up 
to 25 ~m in diameter. They usually have one 
large, spherical pale nucleus containing one or 
several deeply staining nucleoli. Binucleate 
cells are, however, also common. In most adult 
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human testes, the acidophilic cytoplasm of the 
interstitial cells contains faintly staining cristal
loids which measure up to 20 Ilm in length 
and 1-3 Ilm in thickness. These so-called crys
tals of Reinke are protein in nature and their 
number varies considerably not only among 
different individuals, but also among the cells 
of the clusters. Electron microscopy reveals an 
abundant smooth-surfaced endoplasmic reti
culum occupying the major portion of the 
cytoplasm in the Leydig cells, as well as a large 
Golgi complex. In contrast, only a few profiles 
of rough endoplasmic reticulum are usually 
seen. They are mainly situated close to the 
nucleus. Small lipid droplets and some lipo
fuscin . pigment granules are regularly present. 
The mitochondria are large and similar to 
those present in the cells of the suprarenal 
glands, e.g. their cristae are vesicular or tubular 
in shape. 

The sex hormone produced by the Leydig 
cells, testosterone, is not stored within incretory 
vesicles. It is assumed that the membranes of 
the smooth endoplasmic reticulum and of the 
Golgi apparatus contain the various enzymes 
needed by the cell for the synthesis of the hor
mone. The mechanism of its release into the 
capillaries surrounding the interstitial cells is 
still poorly understood. 

C. Biochemistry 
J. MULLER 

The testis is a gland with incretory and secretory 
functions. The interstitial Leydig cells produce 
androgens and estrogens; the spermatozoa 
arise from the seminiferous tubules. 

1. Androgens 

a) Human Androgenic Hormones 

Androgens, i.e., the "man-makers", is a bio
logical collective term for all substances which 
promote development of the male sexual char
acteristics. Almost all the known androgens are 
steroids and are therefore structural derivatives 
of cyclopentano-perhydro-phenanthrene (see p. 
287 for the general chemistry of steroids). 
Natural androgens are C19 steroids without a 
side chain at C-17, but with two angular methyl 
groups. Androgenic activity is usually depend
ent on a double bond (between C-4 and C-5 
or between C-5 and C-6) or on trans-linkage 
of rings A and B (H in the ex-position at C-5). 
The type of substitution at C-3 and C-17 
determines the androgenic potency. 

Testis 

Among the human androgens so far dis
covered, testosterone shows the greatest activity 
in numerous bioassays and in the human, as 
far as can be assessed from clinical experience. 
In the nuclei of its target organs (prostate, skin) 
testosterone is enzymatically converted to di-

Testosterone 

Androstenedione 
(Androst-4-ene-3,17 -dione) 
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HO 

Dehydroepiandrosterone 
(Androst-5-en-3fJ-ol-17-one) 

I'I 
Androsterone 

H 

Etiocholanolone 

HO 

Epiandrosterone 

Fig. 5. Important androgens and their metabolites in the 
human 
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hydro testosterone (5cx-androstan-17~-01-3-one), 
which is a more active androgen than testo
sterone. Apparently, this activation in the target 
organ has to precede the biological action of 
testosterone (BRUCHOWSKY, 1968; WILSON, 
1969). However, testosterone is the most impor
tant circulating androgenic hormone in man. 
Androstenedione, dehydroepiandrosterone and 
androsterone are 5 to 20 times less active than 
testosterone. Epiandrosterone possesses only 
a very low activity, and etiocholanolone none 
at all (DORFMAN and SHIPLEY, 1956). In contrast 
to testosterone, its metabolite, androsterone, 
causes a fall in cholesterol, phospholipid and 
triglyceride levels in the blood. Etiocholanolone 
causes fever and leukocytosis when injected 
intramuscularly in the free form. Impaired 
conjugation of this substance may be involved 
in the genesis of a special form of periodic fever, 
so-called "etiocholanolonefever" (BONDY, 1956). 

Table 1. Normal values of human androgens. (Mean values 
after NEHER, 1968) 

Men (20-80 years) 
Testosterone 
Androstenedione 
Dehydroepiandrosterone 
Dehydroepiandrosterone 

sulfate 

Women 

Testosterone 
Androstenedione 
Dehydroepiandrosterone 
Dehydroepiandrosterone 

sulfate 

Boys (4-9 years) 
Testosterone 
Androstenedione 

Girls (3-9 years) 
Testosterone 
Androstenedione 

Concentration in 
the peripheral 
plasma 
(J.lg/I00 mll 

0.65-0.81 
0.04-0.15 
1.3 
70-150 

0.035-0.18 
0.1-0.3 
1.0 
50-100 

0.04-0.06 
0.12 

0.02 
0.03 

Blood pro
duction rate 
(" secretion" 
mg/24 h) 

6.1-7.8 
0.5-1.4 
3 
6 

0.14-0.8 
3.4 
2 
6 

As shown in Table 1, the concentration of 
dehydroepiandrosterone sulfate in the plasma in 
both male and female is much higher than that 
of the other androgens. This substance is 
secreted by the adrenal glands in the conjugated 
form (BAULIEU, 1965). Its functional significance 
is not yet known. It possesses no androgenic 
activity, but it is possible, at least in theory, 
that it may be a potential precursor of active 
androgens. 

Androgenic activity in the plasma of the 
male is due almost entirely to its content of 
testosterone. The plasma testosterone level is 
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about 20 times lower in the normal woman 
than in the man, the level of androstendione is 
somewhat higher and that of dehydroepiandros
testerone about the same, so that these two 
weaker androgens are relatively more signif
icant. It can be definitely assumed from con
centration differences between peripheral plasma 
and plasma from the spermatic, ovarian and 
adrenal veins, that all three hormones are 
formed in the testes, ovaries and adrenal 
cortex (HOLLANDER, 1958; GANDY, 1965; HUD
SON, 1967). It is, however, very difficult to 
assess the contribution of the individual 
glands to androgen production, since the an
drogens are converted into each other in the 
periphery (see below). In the normal man, at 
least 90% of plasma testosterone reaches the 
blood as testosterone (HORTON, 1966). Plasma 
testosterone is about 7 times lower in the 
castrated than in the normal man (COPPAGE, 
1965). We can therefore assume with certainty 
that in the healthy man the majority of testo
sterone originates directly from the testes. The 
mean normal level of total plasma testosterone 
for the adult male is in the range of 700 ng/ml 
(see Table 1, p. 449) with a diurnal variation 
due to variation in production rate. There is a 
morning peak which is connected with fluc
tuations during sleep and rises in the testosterone 
level associated with periods of REM or 
paradoxical sleep (EVANS, 1971). 

b) Biosynthesis and Production 

The biosynthesis of androgens and estrogens in 
the testes proceeds in the same way as in the 
adrenal cortex (see p. 290 and Fig. 3). Chole
sterol, which can also be fully synthesized from 
acetyl-coenzyme A in the testes. is probably 
an obligatory intermediate. A possible route 
of synthesis is via pregnenolone-progesterone-
17cx-hydroxyprogesterone to androstendione 
and testosterone. A second process involves 
conversion through 17cx-hydroxypregnenolone 
to dehydroepiandrosterone and from there 
to androstendione. Numerous experiments in 
vitro and in vivo show that both biosynthetic 
pathways are possible in the gonads and 
adrenals, and it has never been ascertained that 
one process is more important than the other. 
Nevertheless, the 17cx-hydroxypregnenolone
dehydroepiandrosterone route seems to pre
dominate during fetal life. Synthesis of de
hydroepiandrosterone sulfate from cholesterol 
sulfate and its possible conversion into active 
free androgens are probably only of secondary 
biological importance. 

Assessment of the secretion of androgens 
from the gonads and adrenals is handicapped 
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Fig, 6. Origin of testosterone in plasma and urine. (After LIPSETI and KOREMAN, 1964.) (T = testosterone, TG = testo
sterone glucuronide, A = androstenedione, D = dehydroepianandrosterone) 

by the fact that circulating androgens can be 
converted into each other in the periphery. 
Thus, reversible conversion of testosterone into 
androstendione, and of dehydroepiandrosterone 
sulfate into dehydroepiandrosterone is pos
sible, while dehydroepiandrosterone can be pe
ripherally converted into androstenedione (VAN 
DE WIELE, 1963). According to HORTON (1966), 
60% of the circulating testosterone in the woman, 
and less than 10% in the man, originates from 
circulating androstenedione. Conversely, 40 % 
of the plasma androstenedione in the man arises 
from the circulating testosterone. It is still not 
known which organs are involved in these 
conversion processes. The role of the liver, in 
particular, is very obscure. All the reactions 
described above can occur in the liver, but the 
majority of testosterone formed in the liver is 
immediately and irreversibly further metabolized 
and conjugated. Labeled androstenedione given 
orally is therefore converted largely into testo
sterone, but only 2% of it is released into the 
peripheral circulation as free testosterone (HOR
TON, 1966). This explains why the so-called 
testosterone-urine production rates in the woman 
(estimated from the specific activity of testo
sterone glucuronide in the 24-hour urinary 
output after an intravenous injection of tracer 
doses of radioactive-labeled testosterone) are 
many times higher than testosterone-blood 
production rates (calculated by multiplying the 
metabolic clearance rate of infused labeled 
testosterone by the plasma testosterone con
centration). In the man, however, this difference 
is insignificant. 

c) Transport 

Like glucocorticoids (see p. 291), the majority 
of unconjugated androgens also circulates 
loosely bound to plasma proteins. In man, 1.4% 
of testorone, 4.8% of androstenedione, and 
2% of dehydroepiandrosterone are in a free, 
dialyzable from (RIVAROLA, 1968). The precent
ages of the free forms ofthese three androgens in 
the woman are 0.9, 2.7 and 2 respectively. They 
are partially bound to albumin, which shows a 

greater affinity for androgens than for gluco
corticoids (DAUGHADAY, 1960) and has a prac
tically unlimited binding capacity. It also ap
pears that testosterone, and possibly also de
hydroepiandrosterone, can also combine with a 
special ~-globulin (MERCIER, 1966; VERMEULEN, 
1969). In advanced pregnancy, the concentration 
of this testosterone-binding protein is raised, 
causing the proportion of free testosterone to 
fall to 0.2 % (RIVAROLA, 1968), thereby prevent
ing virilization despite increased plasma testo
sterone (MECKER, 1966). 

d) Breakdown and Excretion 

Testosterone circulating in the blood is very 
rapidly broken down and conjugated. The half
life as measured by the extractable radio
activity of the plasma after an intravenous in
jection of 14C-Iabeled testosterone is on average 
11 min during the first hour, and 100 min later 
on (SANDBERG, 1956). Only a slight amount 
of unchanged testosterone (less than 0.01 % 
of the testosterone produced) is excreted in the 
urine (CAMACHO, 1964). About 1 % of the cir
culating testosterone appears in the urine as 
testosterone glucuronide and 0.03% as testo
sterone sulfate. The greater part of testosterone 
is thus converted before it is conjugated and 
excreted. 

It is impossible for us to discuss all the theoret
ically possible processes for the breakdown of 
testosterone, since, judging from their structure, 
there are about 60 different known substances 
which could be metabolites of testosterone 
(MOSEBACH, 1968). The following reactions 
are predominant in the catabolism of testo
sterone: 

1. Isomerization or dehydrogenation of the 
17~-hydroxy group; 

2. r:J.- or ~-reduction of the double bond in 
ring A; 

3. r:J.- or ~-reduction of the 3 keto-group. 
In addition, there are numerous possible 

hydroxylations at different C atoms. Almost all 
the metabolites are conjugated with sulfuric 
acid or with glucuronic acid. Conjugated 17-
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keto steroids androsterone, etiocholanolone, and 
epiandrosterone are the quantitatively important 
metabolites of testosterone in the urine. About 
40% of testosterone leaves the organism in 
this form (SANDBERG, 1956; WEST, 1951; SLAUN
WHITE, 1957). The liver probably plays an 
important part in the catabolism of testo
sterone, but metabolism and conjugation are 
also possible in other organs. 

The periphal interconversion reactions of 
adrenal and gonadal androgens are described in 
section b. Because of these reactions it is impos
sible to draw valid conclusions about the type 
of androgen secretion and the organ from which 
it arises in healthy and diseased subjects from 
estimations of single 17-ketosteroid fractions. 
Even testosterone glucuronide is not exclusively 
derived from circulating testosterone; it can also 
originate from androstenedione (CAMACHO, 
1964). This metabolite is therefore representative 
of testicular testosterone secretion only in the 
normal man. Since the portion of the testosterone 
produced which is excreted in the urine as 
testosterone glucuronide can vary between 0.15 
and 1.88%, these figures are only of very 
limited value. 

2. Estrogens 

On average a man excretes about 10 ~g estrogens 
in the urine in 24 hours, which is less than the 
woman does. The average daily production of 
estradiol in normal young men was calculated to 
be 70 llg (LIPSETT, 1966) according to the 
specific activity of estradiol glucuronide and 
estrone glucuronide in the urine collected after 
intravenous injection of 3H-labeled estradiol. 
According to BAIRD (1968), the average so
called blood production rate (see p.450) of 
estradiol in normal men is 39 ~g/d and that of 
estrone 165 ~g/d. Mean plasma concentrations 
are: estradiol 2 ng/100 ml; estrone 6 ng/100 ml. 
Treatment with HCG causes estradiol produc
tion to increase to twice or four times the 
original values. Estrogen excretion decreases 
after castration. We can therefore assume that 
most of man's plasma estrogens are directly 
or indirectly derived from the testicles. In a case 
of testicular feminization, estradiol concen
tration was found to be 10 times higher in 
spermatic vein plasma than in peripheral plasma 
(FRENCH, 1965). However, according to BAIRD 
(1968, 1969), less than 5% of total circulating 
estradiol is secreted directly into the blood
stream. More than 80% are produced by 
peripheral conversion of secreted testosterone, 
and approximately 15% by conversion of 
secreted estrone. On the other hand, 80% of 
circulating estrone is directly secreted into the 
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blood stream, probably largely by the testicles 
(KELCH, 1972) and to a lesser extent by the 
adrenal cortex. 

D. Physiology 

1. Site of Production of Testicular Hormones 

In man, testosterone is produced by the Leydig 
cells and to a slight extent by the adrenal 
cortex or by peripheral conversion of androgen 
precursors (see p.449). In isolated damage to 
the tubular apparatus (bilateral cryptorchism, 
X-ray radiation), androgen production by the 
testes is maintained. Tumors of the Leydig 
cells cause a great increase in estrogen and 
androgen production. Stimulation with LH or 
with chorionic gonadotropin (HCG) causes an 
increase in the number and size of the Leydig 
cells as well as in testosterone and estrogen 
production. Leydig cells are present in the fetus, 
disappear a few weeks after birth and reappear 
during puberty. Excretion of testosterone varies 
accordingly. Chorionic gonadotropin increases 
estrogen excretion at the same time as it causes 
hypertrophy of the Leydig cells. The increase in 
estrogens exceeds that in testosterone so that 
the increased estrogen excretion cannot be due 
solely to the conversion of testosterone into 
estrogens. 

2. Pituitary Control 

The testes are controlled by the anterior pitui
tary. The pituitary has a two-fold control over 
the gonads in both male and female, and there 
is now little doubt that these two gonadotropic 
hormones, FSH (follicle-stimulating hormone) 
and LH (luteinizing hormone) or ICSH (inter
stitial cell-stimulating hormone) are identical 
in both sexes. In the female FSH acts on the 
follicle, and LH controls development of the 
corpus luteum. In the male, the Leydig cells 
are clearly under the control of LH, whereas 
the precise role of FSH and LH in regulating 
the tubular apparatus is not yet clear. Flu
orescein-labeled FSH has been shown to localize 
in Sertoli cells and labeled LH in Leydig cells. 
LH exerts a stimulating effect on the semi
niferous tubules by increasing the local con
centration of testosterone. The mean concen
trations in the adult male have been found to 
be between 4.1-16.0 llIU/ml for FSH and 
10.9 to 24.2 ~IU/ml for LH (2nd IRP units), 
both determined by bioassay or immunoassay. 
These values tend to rise with age (for review 
see BURGER, 1972). Clinical research now has 
biological as well as radioimmunological meth-
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ods at its disposal for the separation of FSH 
and LH (see p. 563, Chap. X). They are, 
however, used for research purposes only. For 
clinical evaluation of single cases the bioassay 
of the total gonadotropins in the 24-hour urine 
is usually used. The rule that the hormone of 
the secondary controlled endocrine gland in
hibits release of the stimulating hormone in the 
hypothalamus or in the hypophysis ("feed
back" mechanism) (see p. 29, Chap. X), ap
plies to the testes, as to all glands regulated by 
the anterior pituitary. Recently direct proof 
that LH secretion is inhibited by androgens 
has been obtained. A decrease of about 90% 
in the testosterone production rate can be 
demonstrated following oral administration of 
androgens and can be prevented by administer
ing HCG at the same time (LIPSETT, 1966). On 
the other hand, most authors have not observed 
suppression of FSH due to androgens; at least 
their influence on FSH is controversial. Estro
gens, however, inhibit LH and FSH only in 
pharmacological doses. They might also exert 
a direct effect on the Leydig cells, in certain 
dosages diminishing testosterone production 
with no decrease in gonadotropins. The for
mation of a second testicular hormone, "in
hibin" or "x-hormone" in the tubules has been 
postulated, however, as gonadotropin levels 
are increased not only after castration or 
failure of the Leydig cells, but also in clinical 
syndromes with apparently isolated damage to 
the tubules (e.g. Klinefelter's syndrome). FSH 
is invariably elevated, while LH may be 
normal and is related to the testosterone level. 
The nature of this tubular substance, however, 
remains obscure. Although FSH levels may be 
elevated in severe oligospermia or azoospermia, 
it is still controversial whether there is any 
correlation between sperm count or the num
ber of germinal cells and FSH level. It has 
been proposed that germinal elements, their 
breakdown products, or a yet unidentified 
"independent testicular station" (LEONARD, 
1972), possibly located in the Sertoli cells, is 
responsible for FSH secretion in the male 
(THIEL, 1972). 

On the other hand, in hypergonadotropic 
diseases with mainly tubular damage Leydig 
cells may also be functionally inferior. It is 
unlikely that estrogens formed in the Leydig 
cells or arising from testosterone conversion 
produce inhibition, since blockade of the hypo
thalamic receptors with the anti-androgen 
cyproterone (see p.473), leads to a rise in the 
gonadotropins. 

A diurnal rhythm for LH and FSH has not 
yet been conclusively demonstrated. It cannot, 
however, be excluded, although a diurnal 
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rhythm in plasma testosterone levels and testo
sterone production rates might be due to 
variation in liver clearance for testosterone 
with vascular supply and physical activity 
(LIPSETT, 1966). The observation of seasonal 
fluctuations requires further investigation. 

Human chorionic gonadotropin (HCG) ob
tained from the urine of pregnant women or 
from the placenta is chemically similar to human 
LH (see p.670) and has almost the same bio
logical activity. Its half-life, however, is consid
erably longer. 

HCG causes plasma testosterone and testo
sterone and estradiol production rates to rise 
several-fold in normal males. There is a rise 
not only of testosterone in the spermatic vein 
of the dog, but also of dehydroepitestosterone, 
progesterone, and androstendione, precursors 
of testosterone (EIK-NES, 1967). 

The reader is referred to the reviews by 
EIK-NES (1964) and BUTT (1967) for the in
fluence of HCG, LH, and FSH on the testis 
in animal experiments, and to the book edited 
by SAXENA et al. (1972) for their effects in the 
human. 

LH has a central role in the regulation of 
androgen biosynthesis and secretion by the 
testis, similar to that of ACTH in the regulation 
of the adrenal cortex. Like ACTH, LH stim
ulates the steroidal secretion increasing the 
biosynthesis of steroids. It acts at an early stage, 
probably before pregnenolone. The main action 
is the splitting of the cholesterol side chain. 
Furthermore, it stimulates the incorporation 
of labeled acetate into the androgens and so 
favors de-novo steroidsynthesis. Cpdic AMP 
seems to be the intracellular transmitter for 
ACTH and also for LH. 

The exact mode of action, however, is still 
relatively unknown. 

It is not sure to what extent LH acts by ef
fecting changes of carbohydrate metabolism and 
protein synthesis, which have been observed 
in vitro in slides of testis tissue under the in
fluence of HCG. As for ACTH, there may be 
different, and in part independent, sites of action 
at rate-limiting points in the biosynthesis. 
Active centers for the gonadotropin molecule 
are also unknown. Disulfide linkages and the 
carbohydrate of glycoproteins appear to be 
essential for the activity (BUTT, 1967). Like 
ACTH, HCG acts on intact cells only and not 
on tissue homogenates. For hormonal control 
of spermatogenesis see p. 455. 

3. Action of Testosterone 

The total effect of testosterone can be deduced 
from the difference between boy and man. 



Physiology 

Testosterone promotes development of the 
genitalia, the secondary sexual characteristics, 
the larynx, the musculature, growth and skeletal 
maturation. It has a formative effect on the 
psyche. 

aj Effect on the Genital System 

Growth and function of the penis, epididymis, 
seminal vesicles, prostate, and Cowper's and 
Littre's glands are dependent on testosterone, as 
are growth and pigmentation of the scrotum. 
Testosterone acts via the seminal vesicles and the 
prostate to increase the seminal fluid and its 
fructose, citrate and acidic phosphatase content. 
Receptors for androgens have been found in 
the cytosol as well as in the nucleus of cells 
from the rat prostate (FANG, 1969). Testosterone 
is selectively accumulated in the prostate and 
seminal vesicles and is converted there to 
5Cl-dihydrotestosterone (TVETER, 1968; BRU
CHOVSKY, 1968). It has, however, yet to be 
confirmed whether dihydrotestosterone has a 
predominantly hyperplasiogenic effect on the 
prostate and its metabolite, androstane-3~,17~
diol, stimulates its secretion (BAuLIEu, 1968; 
T AMM, 1972). In addition, it has to be proven, 
whether the hypertrophic prostate contains 4 to 
5 times more dihydrotestosterone than normal 
(SlITER!, 1970). 

The influence of testosterone on the testes 
themselves is complex. Testosterone has a 
trophic influence on the tubules. In hypo
gonadotropic hypogonadism the tubules do not 
develop under the influence of HMG alone 
but only when it is combined with HCG (see 
p. 474), i.e. after pretreatment with testosterone. 
Tubular atrophy and decreased spermatogenesis 
after hypophysectomy can be avoided to a 
great extent, though not entirely, by testo
sterone administration. Hormonal regulation 
of spermatogenesis has not yet been definitively 
explained (see p.447). Testosterone is at least 
essential for the normal amount of sperma
tozoa and for the seminal fluid. On the other 
hand, large doses of testosterone lead to 
reversible atrophy of the testes and to azo
ospermia in the normal male. The seminal 
tubules become smaller, spermatogenesis de
creases and finally ceases completely, the 
germinal epithelium becomes partly necrotic 
and diminished, the tunica propria thickens, 
and the Leydig cells disappear. After treatment 
is discontinued testicular tissue is completely 
restored (testosterone rebound, see p.486). 
This action of high doses of testosterone is 
due to pituitary inhibition since it can be 
prevented by administering gonadotropin at 
the same time. 

b j Effects on the Secondary Sexual 
Characteristics 
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The thickness of the skin, its circulation, and 
its ability to produce pigment increase under 
the influence of testosterone. The pubic hair 
assumes the characteristic male rhomboid form 
reaching up to the umbilicus only under testo
sterone influence, whereas in the woman and 
castrated male, it has a horizontal upper limit. 
Body hair can develop under the influence of 
testosterone, but only if the end-organs are 
sensitive, which varies widely individually. In 
most races, there is growth of beard and 
moustache in the male. North American Indians, 
however, remain beardless in spite of normal 
testosterone production, and in mongolian 
races the beard is scanty. The hair above the 
forehead recedes on both sides in the fully 
mature male at the peak of testosterone pro
duction. Baldness can only occur in the presence 
of testosterone. Eunuchs never develop baldness. 
Castration, however, does not bring about 
regression of baldness. Secretion of the sebaceous 
glands increases under the effect of testosterone. 
Its quantitative estimation indicates the degree 
of androgen production (STRAUSS, 1963). Over
production leads to acne. Apocrine sweat 
glands (odoriferous glands) in the axillae and 
genital region begin to function. The larynx 
grows under the influence of testosterone, and 
the Adam's apple is formed. The voice breaks. 

Testosterone promotes longitudinal and pe
riostal growth of bones giving the male skeleton 
its characteristic form. The shoulders become 
broad and the pelvis narrow and long. The male 
development of the musculature is also due to 
testosterone. 

In the woman, and especially in the child, 
testosterone has a "virilizing" effect, i.e., male 
sexual characteristics appear: beard and mous
tache, body hair, growth of the clitoris, deepening 
of the voice, forhead baldness, and in the child 
early skeletal maturation. Libido usually in
creases. The minimum dose leading to definite 
signs of virilization shows very great individual 
variations. On average, intramuscular injections 
of 150-300 mg testosterone propionate within 
one month produce signs of virilization in 
women. Contrary to popular opinion, hyper
trichosis and hirsutism can appear with consid
erably lower doses of different androgens and 
also with so-called "anabolics" (see Chap. XX). 

c j Metabolic Effects 

Testosterone promotes protein synthesis. This 
"anabolic" action is always connected with 
a certain androgenic activity. Synthetic steroids 
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with an anabolic effect equal to or stronger 
than that of testosterone but with less virilizing 
effects have been successfully produced. Sen
sitivity to the virilizing properties of anabolic 
steroids varies with age and species. Children 
in particular are very sensitive, but no direct 
conclusions can be made from animal ex
periments about virilizing effects in the human. 

The anabolic action of androgens promoting 
protein synthesis can be demonstrated in vivo 
in the human and in intact animals. The reten
tion of nitrogen, electrolytes, phosphate and 
sulfate increases under the irlfluence of the 
anabolically active hormones. They are retained 
in the same proportion in which they occur in 
the protoplasm. Raised amounts of protein 
are deposited in the accessory sexual organs 
and in the liver, kidneys, and musculature. 
Here too there are wide species-specific dif
ferences related to the same tissue among 
mammals. In addition, the same type of tissue 
responds differently to the anabolic action in 
various parts of the body (KOCHAKIAN, 1957). 
Estimation of ribonucleic acids at the same 
time shows that sometimes hypertrophy and 
hyperplasia occur together and sometimes hyper
trophy alone. 

Increased protein synthesis due to testo
sterone can be demonstrated in vitro in tissue 
sections from the liver and kidneys. Incorpora
tion of labeled amino acids is increased, espe
cially in the tissue of the seminal vesicles, and 
increased absorption of sulfate into cartilaginous 
tissue can also be shown. 

However, we are only just beginning to 
understand the mechanism of anabolic activity. 
Labeled testosterone is rapidly stored in the 
accessory sexual organs, and later in the liver 
and musculature where it is converted to dihy
drotestosterone. The anabolic action, however, 
only comes into effect when the labeled testo
sterone is uniformly mixed with endogenous 
testosterone. There may be two stages in protein 
construction, enzyme synthesis followed by 
protein synthesis. Testosterone increases dif
ferent enzyme activities of protein metabolism 
such as ~-glucuronidase, d-aminoacidoxydase, 
arginase, zymohexase and the phosphatases. 
Glutamicacid dehydrogenase, which is cru
cial in the metabolism of amino acids, is in
hibited by testosterone and other steroids, 
probably due to alteration ofits tertiary structure. 
The connection between the changes in these 
enzymatic activities and protein synthesis has 
not yet been explained. Finally, it has been 
shown in sections of the seminal vesicles of in
fantile rats that testosterone promotes neither 
the transport of amino acids through the cell 
membrane nor their synthesis during different 
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stages of protein synthesis. Its effect is rather 
to enhance the combination of soluble ribonucleic 
acid-amino acid complexes to microsomal ribo
nucleoproteinates; this may be a remote result 
of a released chain of reactions (WILSON, 1962). 
Testosterone administered in vivo promotes the 
capacity of the ribosomes isolated from the 
prostate to incorporate amino acids into proteins. 
This effect seems to occur via an increase in the 
template RNA or their connection with the 
ribosomes (WILLIAMS-ASHMAN, 1964). Testo
sterone facilitates the attachment of RNA to 
ribosomes in some way which has still not been 
adequately explained (MANN, 1964). RNA syn
thesis in the seminal vesicles is promoted, and 
this also influences growth (VILLEE, 1967). 

As for most hormonal activities, the molec
ular-biological bases are still at the hypothetical 
stage. 

The influence of testosterone on muscular 
metabolism is indicated by a decrease in creatine 
excretion and by an increase in creatinine 
excretion. Creatine excretion, and creatinine 
excretion in particular, are increased due to 
the excessive synthesis caused by oral methyl 
testosterone. 

The weight of the liver, heart, kidneys, and 
in particular, the accessory sexual organs de
creases after castration. Testosterone produces 
the opposite effect. The effect on the kidneys, 
the so-called "renotrophic" action, does not 
appear to differ from the general anabolic 
action of testosterone. Renal blood supply is 
promoted by testosterone propionate in the 
healthy human. The fact that testosterone or 
anabolic steroids can cause a temporary stand
still in uremia, in acute renal failure with oliguria, 
and in isolated cases of chronic renal failure is 
not due to the renotrophic effect, but to the 
anabolic effect and decreased production of 
protein metabolites. 

In rats, testosterone and other anabolically 
active steroids can prevent adrenal atrophy after 
ACTH failure (see p.300). The mechanism of 
action is unexplained. 

It has still not been decided whether and in 
what way testosterone influences carbohydrate 
metabolism. 

Testosterone, like many other steroid hor
mones, possesses the property of retaining 
sodium and therefore water. This effect is, how
ever, considerably weaker than that of adreno
cortical hormones, but edema may be an unto
ward side effect during sexual hormone therapy 
in older patients. 

Effect on Fat Metabolism. The well-known 
clinical fact that eunuchs are less predisposed to 
coronary heart disease and that men under 40 
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years develop this disease 10 to 20 times more 
frequently than women of the same age is in 
keeping with experimental observations that 
estrogens inhibit experimental atherosclerosis 
and that androgens elevate low-density lipo
proteins in the plasma. 

Effect on the Blood. In the sexually mature 
male the hemoglobin level is on average 20% 
higher than in women and in eunuchs. The 
hematocrit and erythrocyte counts show cor
responding differences, while the precursors in 
the bone marrow are not increased. The granulo
cytes and thrombocytes are unaffected by andro
gens. In rats, thymus and bone marrow are 
partially depleted of short-lived lymphocytes by 
high dosages of testosterone (FREY, 1970). High 
doses of androgens over a fairly long period pro
mote normal or disturbed erythropoiesis in the 
human and may even lead to abnormally high 
hemoglobin values and erythrocyte counts. 
Slightly hypochromic macrocytes appear in the 
blood, and erythoid hyperplasia develops in the 
marrow. The mechanism of this effect is not clear. 
Inhibition of the erythropoietin-neutralizing 
effect of estrogens is being discussed. 

Testosterone is capable of neutralizing some 
effects of estrogens. This antagonism also occurs 
directly at the reacting organ without involving 
the pituitary. See Chap. XIX, p. 1021) for the 
influence of androgens on development. 

d) Psychic Effects 

Small amounts of testosterone (e.g. testosterone
propionate, i.m., 5 mg every other day) cause 
no demonstrable effects in endocrinologically 
healthy women and men. On the other hand, 
treatment with high doses of testosterone (more 
than 500 mg per month) such as are used in 
carcinoma of the breast and in osteoporosis, 
usually causes an increase in the sexual drive 
of the endocrinologically healthy mature woman, 
but great quantitative and qualitative variations 
are observed in the individual reaction. Usually 
the increase in libido is found to be unnatural 
and pathologic. Emotional changes of short 
duration, often presenting as euphoria, may 
also occur. 

F or the psychic effect of testosterone and 
adrenal androgens in hypogonadism see pp. 
459 and 309 respectively. 

4. Semen 

The morphology and biochemistry of the semen, 
a suspension of spermatozoa and other elements 
in the seminal fluid, have been extensively 
examined, particularly from the aspects of 
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physiology and veterinary medicine. Origin, 
regulation of the formation, purpose, and 
function of its constituents have been extensively 
reviewed (MANN, 1964). 

a) Spermatozoa 

The cellular component of semen consists 
almost exclusively of spermatozoa, single cells 
of spermatogenesis and a few epithelial cells 
from the seminal ducts and their related glands. 
The morphology of the spermatozoa is discussed 
on pp. 447 and 494. Hormonal regulation of 
the formation and maturation of spermatozoa 
is still nol dear. FSH and testosterone, or 
normally functioning Leydig cells induced by 
LH are necessary for the production of a qual
itatively and quantitatively fully normal semen. 

From individual experiments on hypophysec
tomized men, it has been deduced that HMG 
or FSH is essential either for maturation from 
the stage of spermatids to spermatozoa (GEM
ZELL, 1964) or for total maturation of sperma
togonia (McLEOD, 1966). Testosterone or LH 
and normal function of the Leydig cells are also 
necessary for quantitatively normal semen pro
duction. The entire process of spermatogenesis 
is still possible, albeit in a restricted way, even 
in the absence of testosterone (JOHNSEN, 1967; 
McLEOD, 1966). Blockade of testosterone with 
cyproterone leads to inhibition of maturation at 
the spermatid stage (NEUMANN, 1968). Finally, 
experiments on testicular tissue cultures from 
different species have shown that differentiation 
of the germ cells right up to the late pachytic 
stage of meiosis is possible without hormones 
(STEINBERGER, 1967 a) and that FSH must be ad
ministered in vivo for completion of maturation 
(STEINBERGER, 1967B). Spermatozoa are motile 
and produce the energy necessary for movement 
by fructolysis of fructose from the medium. 
Glycolysis is usually an anaerobic process. 
Entrance of air inhibits the use of the substrate 
via the Pasteur effect and with it the energy 
production and mobility of the spermatozoa. 

Aerobic breakdown of phospholipids may 
be another source of energy. Spermatozoa are 
passively conveyed into the conducting system 
of the epididymis, where they mature further 
and are stored. Spontaneous movement does 
not arise until the surrounding medium provides 
oxidizable sugar or oxygen, or secretions of the 
prostate and seminal vesicles have a specific 
or nonspecific activating effect (MANN, 1964). 

b) Seminal Fluid 

The seminal fluid, with an average volume of 
3.5 ml makes up the major part of the semen 
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in man; according to the species, the volume 
of semen varies between 1 ml (ram) and 250 ml 
(bear) per ejaculation, with corresponding dif
ferences in concentration (MANN, 1964). It is 
produced mainly by the seminal vesicles and 
prostate. The contribution of Cowper's and 
Littre's glands and of the seminal ducts to the 
volume is only slight. Seminal fluid is a means 
of transport for the spermatozoa, providing 
a nutritional reservoir for them at the same 
time. 

Seminal fluid contains proteins, peptones, 
amino acids, cholesterol, lactic acid, citric acid, 
pyruvic acid, inositol and sorbitol, which arise 
mainly from the prostate. In addition to Na, K, 
CI and phosphate ions, traces of ascorbic acid and 
glucose are present. There are also 1 000-4 500 ~g/ 
100 ml of fructose, produced in the seminal 
vesicles from glucose through sorbitol. The 
normal amount of seminal fluid and its fructose 
and citrate content are dependent on testosterone 
activity (MANN, 1964; McLEOD, 1966). Refer 
to MANN (1964) for the other organic and in
organic components. The high zinc content is 
worth mentioning. The polyamine, spermin, 
stems from the prostate and is responsible for the 
characteristic odor; it forms crystals in the 
cooled semen. Prostaglandins E and F, un
saturated dihydroxymonoketo acids are formed 
in the human prostate and lungs. They stimulate 
contraction of smooth muscle and have an 
antilipolytic action. Their physiological signifi
cance is not known (see Chap. XV, p. 990). 
Apart from this, proteolytic and other enzymes 
are found in the seminal fluid. These include 
fibrinolysin and fibrinogenase, which are im
portant for coagulation and liquefaction of the 
semen. Acid and alkaline phosphatases are also 
present (MANN, 1964). Hyaluronidase is an 
intracellular enzyme, whose content seems to 
be proportional to the sperm count. The function 
of these enzymatic systems is unknown. It is 
possible that hyaluronidase is of importance in 
dissolving and penetrating the cervical mucus. 
The number of sperm may affect the fertility 
of a semen because of the content of hy
aluronidase in the sperm. The importance of 
the seminal fluid in fertility is still very little 
understood. Ringer's solution with glucose is 
just as favorable a medium for maintaining 
motility of the spermatozoa. The buffer systems 
in the seminal fluid may be of significance. 

Semen coagulates after ejaculation into a 
thick fluid mass with tapioca-like granules and 
reliquefies in 10-30 min after contact with air. 
The importance of this reliquefication is not 
clear, although it appears to be connected with 
the activation of sperm motility. Clotting im
pedes the loss of semen from the vagina. Perhaps, 
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however, the only explanation for this phenom
enon is a phylogenetic one. 

E. Hypogonadism in the Male 

1. Defmition 

The term male hypogonadism implies all states 
of testicular hypofunction, including incretory 
as well as secretory forms of insufficiency. 
Hypogenitalism means under-development ofthe 
external genital organs. Eunuchism [from £uvr'! 
(bed) and EX£tv (hold), £uvoi)xo~ (the "bed
protector")] usually implies the condition after 
castration, whereas eunuchoidism means a con
genital or acquired gonadal insufficiency. We 
also apply the term in this sense. Others use 
eunuchism for severe forms of hypogonadism 
and eunuchoidism for milder forms. 

2. General Symptoms of Androgenic Failure 

Only androgenic failure becomes clinically ap
parent, whereas impaired spermatogenesis does 
not affect the configuration of the body. The 
type is largely dependent on whether androgen 
production by the testes has been absent from 
birth, whether puberty has not occurred, or 
whether androgens have failed subsequent to 
puberty (see Fig. 7). The full picture of eunuchism 
and eunuchoidism arises after early castration 
or in congenital anorchia. The detailed descrip
tion of the types of eunuchism can be found in 
the classical literature about castrates (PELIKAN, 
1876; KOCH, 1921; WAGENSEIL, 1953; WOLF, 
1934; PITTARD, 1934). 

The physical stature of a man castrated early 
in life lacks male sexual characteristics, but 
female features are not pronounced (Fig. 8). 
The character is therefore neutral and childlike. 
The penis retains its infantile size even in the 
full-grown man, the scrotum is small, flat and 
not shaped like a sack, and is unpigmented; the 
prostate is not palpable or is only the size of 
a hazel nut, and the seminal vesicles are not 
palpable. 

The skin is delicate, thin, and of a waxy 
pallor due partly to diminished blood circulation 
right up to advanced age. Normal male pigment 
formation is impaired in the absence of testo
sterone. In hypogonadism, ultraviolet radiation 
produces a reddening, but no browning. This 
may, however, develop subsequently under the 
influence of administered testosterone. In old 
age, the skin ofthe eunuch becomes very wrinkled, 
and old eunuchs are characterized by their 
wrinkled appearance. The cutaneous appendage 
organs remain underdeveloped. Pubic and ax-
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Fig. 7 a-c. Influence of the timing of castration on the body build. a) Skopts who lost his genitalia at the age of 13: narrow 
shoulders, broad pelvis. b) Skopts castrated in his 6th year: broad pelvis. c) Skopts castrated at the age 01'22: broad shoulders 
but narrow pelvis as in the normal man. (After PELIKAN, 1876) 

illary hair may be completely absent, but scanty 
pubic hair of the feminine type is usually present 
due to the influence of adrenal androgens. Any 
other body hair is absent or remains at the lanugo 
stage. Beard and moustache may fail to develop, 
or there may be only a thin layer of lanugo on the 
cheeks and upper lip. In advanced age, as in 
the woman, a scanty beard is sometimes seen. 
The hair on the head is plentiful, fine in texture, 
and does not recede from the forehead on both 
sides. Eunuchs do not become bald, a fact 
which was already known to Aristoteles. The 
larynx in the castrated man is infantile and 
small; there is no Adam's apple, and it is not 
ossified. The voice therefore remains unbroken, 
and maintains its childish character. It is a childish 
soprano, not a woman's voice. It may become 
deeper with age. 

There is a widespread opinion that castration 
leads to obesity. Statistical investigations, how
ever, show that on average castrates and men 
with hypogonadism are no heavier than normal 
men. Nevertheless, fat deposition in eunuchs 
is prone to occur in characteristic parts of the 
body, such as the lower abdomen, hips, buttocks 
and mons pubis. Small fatty pads over the 
lateral parts of the eyelids are characteristic 
and lend a peculiar tired and sleepy appearance 
(BIEDL). The leptosomatic and pyknic habitus 
are otherwise no more peculiar to eunuchs 
than to the normal population. There is a thin 
tall type and a fat thickset type. 

Growth of the bones and skeletal maturation 
are much influenced by testosterone. Failure 
of this hormone therefore causes both the 
eunuchoid stature and structural changes in 

the bones. The epiphyseal cartilages of the long 
bones fuse late, so that growth may continue 
to the 40th year. The epiphyses of the iliac bone 
may remain open for life. Delayed fusion of the 

Fig. 8. 47-year-old man with congenital anorchia. Charac
teristic eunuchoid body shape. Upper body length: lower 
body length: half the extended arm length = 73: 103 : 93. 
Small biacromial, wide bitrochanteric diameter. (Prof. 
A. SCHUPBACH, lnselspital Berne) 
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epiphyseal cartilages of the long bones results 
in the eunuchoid height. The length of the lower 
part of the body and that of half the arm span 
exceed the length of the upper part of the body. 
The hypogonadal patient is a standing giant 
and a sitting dwarf (Fig. 8). The average height 
of eunuchs lies a little above the normal height 
of the corresponding population groups. The 
height is not parallel to the testicular insuffi
ciency. Apart from the over-dimensional ex-

Fig. 9. 47-year-old man with congenital anorchia. Facial 
expression in extreme eunuchoidism : protruding cheek 
bones, fat pads over the lateral part of the eyelid. (Prof. 
A. SCHUPBACH, Inselspital Berne) 

a 

Testis 

tremities, the skull and pelvis also demonstrate 
peculiarities. The three diameters of the skull 
are smaller, and the face is broader at the level 
of the orbits (Fig. 9). Protruding cheek bones 
give the hypogonadal patient the appearance 
of a mongoloid type and are reminiscent of 
the face of an Eskimo or an American Indian. 
The pelvis assumes a form varying between the 
narrow male and the broad female form. The 
bitrochanteric diameter is enlarged, whereas the 
biacromial diameter is decreased. Thus, the 
V -form of the trunk typical of the male is absent 
(Fig. 8). 

Table 2. Symptoms of hypogonadism 

Eunuchoid stature 
length of the lower part of the body and 1/2 arm span > 
length of upper body (see Chap. XIX, p. 1022) 

Underdeveloped, hypotonic musculature 
Unbroken voice 
Moustache, beard, body and axillary and pubic hair scanty 
or absent 
Infantile genitalia 

small penis, testes, and scrotum 

Failure of testosterone with loss of its anabolic 
action can lead to osteoporosis. Severe osteo
porosis, with wedge-shaped vertebra and "fish 
vertebra" with vertebral infractions, is sometimes 
found in hypogonadal men after the 40th year 
(Fig. 10). According to Prokopius, the Byzantine 

b 

Fig. 10. a) Extreme osteoporosis with anteriorly wedged vertebrae of the thoracic spine in a 55-year-old patient with idio
pathic eunuchoidism. b) Osteoporosis with cod-fish vertebrae in a 46-year-old patient with congenital anorchia. (Prof. 
ZUPPINGER, Radiological Institute of the Inselspital Berne) 
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Field Marshall Narses was a eunuch with a 
hunchback. However, not all eunuchs develop 
osteoporosis. Only 2/3 of Chinese eunuchs 
have kyphoses (W AGENSEIL, 1953). NOVAKOWSKI 
(1952) found osteoporosis in 10 out of 26 cases 
of hypogonadism. Osteochondrosis appears to 
occur as frequently as osteoporosis and to 
present particularly frequently as Scheuer
mann's disease (juvenile kyphosis) with 
Schmorl's nodules on the vertebral column or 
the formation of wedge-shaped vertebra. Mar
ginal ridges not yet fused with the vertebral 
bodies thereby become detached and so-called 
"apophysitis" develops. 

Weakness of the connective tissue gives rise 
to flat feet and knock knees in male hypogonad
ism (Fig. 8). The joints are loose and are prone 
to arthrosis. Varicosis and hemorrhoids are 
common due to the yielding venous walls. 

The male development of the musculature 
is absent even in hypo gonadal males who do 
strenuous manual work. Increased creatine and 
creatinine excretions indicate impaired muscle 
metabolism. 

Diminished protein metabolism leads to 
a slight fall in the basal metabolic rate. This is 
hypometabolism without concomitant hypo
thyroidism, although thyroid function may be 
reduced in a few cases (see p. 466). Castration 
does affect certain laboratory tests; hemoglobin, 
hematocrit, and erythrocytes are reduced by 
10%, osmotic resistance is decreased, and the 
sedimentation rate is increased. 

Although loss of testosterone after castration 
is compensated to a slight extent by the adrenal 
cortex, the gonadotropins are definitely elevated. 
FSH is increased to a greater extent, so that 
the FSH: LH ratio increases from 1.3 to 7 
(BECKER, 1965). 

Psyche. Postpubertal failure of androgens almost 
always results in a rapid loss of potency and 
sexual drive. Sometimes the drive is merely 
abated or recedes over the course of years. It 
seldom (in 1 %) remains unchanged. The earlier 
castration is carried out the more pronounced 
is its effect on the psyche. It is mainly the 
physical drive which is influenced, and psycho
logical sexuality may be retained as a need for 
love. 

In congenital or prepubertal hypogonadism, 
there is psychic infantilism with impaired psycho
sexuality, inadequate character maturation, and 
to a lesser degree, impaired intellect, often 
associated with frequent primitive reactions and 
obstinacy - anxiety reactions and dependence 
on others. There is, however, also a physical 
"constitutional" form of infantilism, usually 
related to psychic infantilism, in which no 
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endocrine disorder is demonstrable (BLEULER, 
1964; LINDBERG, 1953). 

Symptoms of the endocrine psychosyndrome 
are present: depression, moodiness, and pas
sivity. Depression seems to be related to 
the preoperative personality and the social 
consequences of castration (BLEULER, 1955). 
The man castrated early in life and hypogonadal 
before puberty does not feel the loss of his 
sexual function for which he has never had 
any need. Male hypogonadism is therefore more 
often an incidental finding than a presenting 
symptom. In Albright's clinic this fact was 
known under the slogan "Forbes law": if a man 
complains of impaired sexual function, he is 
not suffering from a true endocrine disease but 
from a functional disorder. But even when 
a man castrated early does not suffer from his 
lack of sexuality, the high voice and eunuchoid 
appearance may cause social difficulties leading 
the patient to seek medical advice. 

In contrast to early castration, later castra
tion leads to little deviation from normal in 
appearance. Axillary and body hair and the 
beard, however, become sparser. The pubic 
hair seldom changes. Only the prostate invariably 
decreases in size. The later castration is per
formed, the less apparent are the physical changes 
(Fig. 7). See BLEuLER (1964) for the psychiatric 
indications for and results of castration. 

3. Investigation and Classification 

The symptoms described above are more or 
less common to all forms of hypogonadism. 
However, only clinical examination and dif
ferentiation can reveal the etiology and patho
genesis. This is also of importance for the 
treatment. 

Table 3 gives a survey of the full examination 
such as is possible in a hospital with laboratories 
and methods of endocrinological investigations 
at its disposal. Steps 1-3, inspection and palpa
tion, simple X-rays and the simple semen exami
nation, can, however, be undertaken by the gen
eral practitioner. It is possible to decide whether 
hypogonadism is present from these investiga
tions alone. Sometimes their results may suggest 
classification into a sub-group. The differential 
diagnosis can, however, only be made with 
the aid of estimation of the gonadotropins, sex 
chromatin, and testis biopsy. Secondary sexual 
characteristics usually allow a good estimation 
of the 17-ketosteroid excretion, particularly of 
plasma testosterone. Estimation of 17-keto
steroid is only of importance in differentiating 
panhypopituitarism, in which the values are 
very low. Plasma testosterone gives more in
formation than urinary testosterone, which 
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reflects only a small percentage of the total 
testosterone production. 

Table 3. Clinical investigation for male hypogonadism 

1. Inspection and palpation 
Genitalia: 

Length of the penis and its circumference (see Chap. 
XIX), hypospadia, epispadia 

Size of testes (see Chap. XIX), consistency, tenderness 
Size of the prostate and seminal vesicles 

Stature: 
Height, weight, upper body length, lower body length, 

arm span, constitution, fat pads 
Hair distribution: 

Pubic and axillary hair, moustache and beard growth 
body hair, hair on the head 

Skin: 
Texture, pigmentation, sweat and sebaceous secretion 

Larynx: 
Adam's apple, voice, pitch 

2. X-rays of the skeleton 
Skeletal maturation: 

Hand and pelvis X-rays 
Osteoporosis: 

Thoracic and lumbar vertebra, lateral view 
Pituitary size: 

Sella turcica 

3. Examination of the semen 
Volume, viscosity, fructose content 
Sperm count, motility 
Morphological differentiation 

4. Sex chromatin. possibly karyogram (see Chap. XII) 

5. Hormone determinations 
17-ketosteroids 
Gonadotropins in the urine 
Testosterone in plasma and perhaps in the urine 

6. Testis biopsy 

7. Tests for extra-gonadal pituitary functions (see p. 122) 

8. Chorionic gonadotropin test for functional reserve of the 
Leydig cells (see p.474 ) 

4. Different Forms of Male Hypogonadism 

According to HOWARD (1950), there are two 
main groups: primary hypergonadotropic and 
secondary hypo gonadotropic testicular insuffi
ciency. We differentiate tubular, interstitial, 
and combined testicular insufficiency within 
each of the main groups (Table 4, Fig. 11). 

The diagram is based on the assumption 
that the tubules are dependent on FSH, and 
the Leydig cells on LH. Testosterone probably 
has a local effect on maturation of the sperms, 
so that LH is also indirectly associated with 
spermatogenesis. The accuracy of the diagram 
has been largely confirmed since estimations 
of FSH and LH have been possible. For clinical 
purposes, when only the total gonadotropins 
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can be clinically measured, isolated FSH or 
LH insufficiency has usually been recognized at 
testis biopsy. 

Table 4. Classification of male hypogonadism 

I. Primary testicular insufficiency (hypergonadotropic hypo
gonadism) 

A. Tubular and interstitial insufficiency 
1. Castration syndrome 

a) early 
b) late 

2. Congenital anorchia ("vanishing testis") 
3. Total atrophy 
4. Hereditary disorders and degenerative syndromes 
5. Anti-androgens ("chemical castration") 

B. Tubular insufficiency 
1. Exogenous damage 

a) Inflammation 
b) Heat (fever, injury to the spinal cord, bilateral 

cryptorchidism) 
c) ':I., ~, Y rays 
d) Pressure 
e) Toxins 

2. Germinal aplasia (del Castillo syndrome), possibly 
identical to 1 

3. XXV trisomia, true chromatin-positive Klinefel
ter's syndrome and other chromosomal aberrations 

4. Chromatin-negative, "false" Klinefelter's syndrome 

C. Interstitial insufficiency 
1. Male climacteric 

II. Secondary testicular insufficiency (hypogonadotropic hy
pogonadism) 

A. Tubular and interstitial insufficiency 
1. Isolated gonadotropin failure: 

"Idiopathic eunuchoidism" with low FSH 
Kallmann's syndrome 
Delayed puberty 
Hypothalamic damage 
Functional gonadotropin failure in starvation, 
cachexia,myxedema 

2. Panhypopituitarism, idiopathic or through pitui
tary destruction 

3. Adrenogenital syndrome 

4. Inhibition of FSH/LH by estrogen therapy or via 
impaired breakdown of estrogens in liver cirrhosis 

B. Tubular insufficiency 
Pubertas praecox 

C. Interstitial-cell insufficiency 

Testosterone therapy "Fertile eunuchs",! 

a) Primary Testicular Insufficiency 
(Hypergonadotropic Hypogonadism) 

In primary hypogonadism, gonadotropin ex
cretion is raised to more than 3 mgjRP2 per 
24 hours. Normal values lie between 0.3 and 
2 mgj24 hours, i.e. >4-10 IV FSH and >2 IV 
LH. 
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FSH~ ~LH FSH~ +LH 
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o to. 
o to. 

congenital anorchla 
total atrophy, castration 
cyproterone therapy 

tubular damage 
Klinefelter's 
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male climacteric 
clomlde therapy 
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Idiopathic eunuchism 
adenohypophyseal 

Insufficiency pubertas praecox " fertile eunuchs"? 
testosterone therapy AG S, estrogen therapy 

Fig. 11. Diagram of primary and secondary, tubular and interstitial testicular insufficiency 

1 mg of the 2nd international reference 
preparation of HPG (1964) corresponds to 
20-25 mouse units. 

ex) Tubular and Interstitial Insufficiency 

1. Castration. The practice of castration was widespread in 
ancient times among the oriental peoples and has only fallen 
out of favor since the beginning of this century. The Greeks 
rejected the practice and it was only accepted in Rome 
during imperial times due to oriental influence. Castration 
was carried out to obtain harmless guards for harems, to 
tame war prisoners. to maintain the soprano voice in boys, 
and finally for religious reasons, in the Kybele cult, by the 
early Christians, and by the Skopts in Russia in the middle 
of the 18th century, on the authority of references in the 
New Testament (Matthew 19; Luke 23, 29). Although it 
is generally believed that loss of the male hormone leads 
to deprivation of energy and activity, eunuchs have achieved 
extremely high military, political, and religious honors 
(Narses, as Justinian's Field Marshall, Po sides in imperial 
Rome, the patriarch Origenes). 

Castration performed before puberty leads 
to the full blown picture of eunuchism. The 
prostate and seminal vesicles atrophy, the 
thymus is hyperplastic, and characteristic changes 
occur in the anterior pituitary. The basophil 
and large chromophobe cells increase in number, 
and vacuoles and colloid appear in the basophil 
cells (the so-called castration or signet ring 
cells). Occasionally it even leads to tumor 
formation with enlargement of the sella 
(BOWER, 1968). The 17 -ketosteroid excretion 
is on average 7 mg/24 hours, corresponding 
to that produced by the adrenal cortex. It can 
be reduced to zero by 2 mg dexamethasone in 
the inhibition test. 

Urinary excretion of testosterone-glucuro
nide decreases after castration, but by less than 
90%, so that a compensatory increase in adrenal 

testosterone production is thought to be possible 
(TAMM,1968). 

Total gonadotropins are increased. It remains 
unexplained why FSH rises more, so that the 
FSH/LH ratio changes from 1 to 3-4 (KELLER, 
1968; JOHNSEN, 1972). 

2. Congenital Anorchia, "Vanishing Testis". This 
diagnosis can be suspected when the scrotum 
is empty and the inguinal canal is free. The 
diagnosis can be confirmed and differentiated 
from bilateral cryptorchism only by surgical 
means. When the body shows signs of male 
sexual characteristics, there must have been a 
testis anlage which was destroyed during em
bryonic life. We therefore find "congenital 
anorchia" a more suitable term than "testis 
aplasia". "Prenatal castration" is no more 
explicit. The "vanishing testis" implies the 
pathogenesis better than "anorchia" (ABEYA
RATNE, 1969). Complete absence of the gonads 
always leads to female sexual characteristics, 
regardless of the chromosomal sex. Stimulation 
with HCG does not effect any rise in plasma 
or urinary testosterone. Persistent extra-adrenal 
production of testosterone of unknown origin 
has been observed in patients with anorchia 
(KIRSCHNER, 1970). 

3. Total Atrophy. Total atrophy without dif
ferentiated cells can be the final stage of dif
ferent pathological processes, such as orchitis, 
trauma, testicular torsion in particular, and 
impairment of vascular supply (defective orchi
dopexy, herniotomies). It may, however, also 
occur in the presence of positive sex chromatin 
and be an extreme form of Klinefelter's 
syndrome. Usually the etiology is unknown. 
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A small number of functioning Leydig cells 
often seems to be present, however; patients 
with testicular atrophy usually react to stimula
tion with HeG with a slight increase in testo
sterone excretion. 

4. Hypogonadism in Hereditary Disorders and 
Degenerative Syndromes. In these cases there is 
predominantly primary damage to the testes, 
usually with involvement of the secretory and 
hormonal sections. 

Steinert's Atrophic Myotonia. In this disease, 
which is inherited through a dominant autosomal 
gene, protein metabolism is impaired. In 80% 
of cases, the testes are atrophic in advanced age, 
whereas 70% of patients are fertile during early 
adulthood. Gonadotropins can generally be 
found in normal concentrations and are rarely 
elevated. The main feature revealed by testis 
biopsy is sclerosis of the tubules, and histological 
findings are remarkably similar to those in 
Klinefelter's syndrome, though the atrophy 
of the tubules is more homogeneous. Hypo
plastic tubules such as occur in Klinefelter's 
syndrome are not seen. Leydig cell hypertrophy 
is also more homogeneous than in Klinefelter's 
syndrome. Differentiation is possible by the 
negative sex chromatin. Gonadotropin excretion 
is usually normal and plasma testosterone only 
seldom reduced, but HeG produces an inap
propriate response (LIPSETT, 1966). Symptoms 
due to androgenic deficiency, gynecomastia and 
eunuchoid tallness are uncommon, in contrast 
to Klinefelter's syndrome. 

Werner's Syndrome. This recessive sex-linked 
hereditary disorder first presents in later adult
hood with premature baldness, if non obligatory 
small stature is not present. Other symptoms 
such as atrophy of subcutaneous fatty tissue, 
sensibility disturbances with cutaneous ulcers, 
cataracts, diabetes, arteriosclerosis and non ob
ligatory primary secretory and incretory hypo
gonadism may develop. The high crowing voice 
is characteristic and cannot be explained by 
hormone failure. Incomplete forms of the illness 
may occur. 

Rothmund's Syndrome. Poikilodermia, alopecia 
and cataract formation are usually associated 
with hypogonadism. The lack of pubic and 
axillary hair is probably cutaneous in origin 
and not due to androgen failure. 

Laurence-Moon-Biedl Syndrome. This degenera
tive syndrome, which is only partly familial, 
consists of obesity, retinitis pigmentosa, debility, 
poly- and syndactylia. Primary or secondary 
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hypogonadism can sometimes present as a 
facultative symptom. 

Prader-Labhart- Willi Syndrome (Flour-Bag 
Dwarfs, HHMD-Syndrome, Myatonic Diabetes). 
Myatonia in very early infancy, small stature, 
obesity, imbecility, and diabetes of the stable 
adult type occurring at puberty are often 
associated with bilateral cryptorchism or anor
chia and hypogonadism in boys. It has not yet 
been decided whether the hypogonadism is of 
the primary or secondary type. The definite, 
though inadequate increase in testosterone ex
cretion in response to stimulation with HeG 
makes a purely primary hypogonadism appear 
unlikely (ZACHMANN, 1970). Secondary sexual 
characteristics are poorly developed in the adult. 
Beard and moustache are missing, pubic hair 
is of the female configuration, and the penis 
is infantile. Testes biopsies in the 3rd and 5th 
year of life show no germinal cells. Post-mortem 
findings in a 28-year-old included absence of 
spermiogenesis with slight tubular sclerosis and 
Leydig cells curiously rich in lipoid. 

Hypogenitalism is present even in the male 
fetus. The scrotum is never definable from the 
perineal skin; it may be completely absent, or 
there may be a rudimentary suggestion of a 
scrotum in the form of coarse transverse folds 
in the skin with a median raphe. Often scoliosis, 
strabismus, and other degenerative symptoms 
are also present (Fig. 12). 

Cystic Fibrosis of the Pancreas. Males affected 
by this hereditary disease now sometimes reach 
adulthood. They are practically without ex
ception sterile. The vas deferens is usually absent; 
the epididymis is malformed, the testes are often 
smaller than normal, and the germinal epi
thelium is diminished (KAPLAN, 1968). 

The syndrome described by WEINSTEIN 
(1969), in which blind and deaf patients have 
small testes with hyaline tubuli and proli
ferating Leydig cells is also a form of primary 
hypogonadism, the gonadotropins being clearly 
increased.- Hyperuricemia and hyperlipidemia 
seem to be constant symptoms in this syndrome. 
Plasma testosterone is in the lower normal range, 
and the secondary sexual characteristics are 
normally developed. The Leydig cells, however, 
are refractory to stimulation with HeG. 

SOHVAL (1953) described cases of familial 
hypogonadism with gynecomastia, skeletal mal
formations, diabetes, and debility, which can 
probably also be classified into this syndrome. 
Histological findings of tubular changes are 
similar to those in Klinefelter's syndrome. 
There is tubular fibrosis and germinal aplasia, 
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the Leydig cells being proliferative in some parts 
and scanty in others. 

See Chap. XII, p. 729 for other forms of 
more or less pronounced primary hypogonadism 
where male pseudohermaphroditism is the 
predominant clinical feature (testicular fem
inization; incomplete testicular virilization; Gil
bert-Dreyfus syndrome; hereditary, vulviform 
or perineal hypospadia). 

a b 

Fig. 12a and b. 2 boys with the Prader-Labhart-Willi 
syndrome. a) 9-year-old. Oligophrenia, extreme obesity 
(76 kg with a heigth of 143 cm) especially in the region of 
the abdomen, the buttocks and the thighs of X-shaped legs, 
strabismus, acromicria, hypogenitalism. Occurrence of 
diabetes mellitus of the adult type at the age of 11. b) 17-
year-old patient with oligophrenia, acromicria and sub
clinical diabetes, scoliosis, flabby obesity and dwarfism 
(140.5 cm at 67.5 kg), whose non-identical twin brother 
has a height of 176 cm and a weight of 54.5 kg, is normally 
built, of normal intelligence, and has a normal glucose 
tolerance (KspZ) 

P) Tubular Insufficiency 

1. Exogenous Damage to the Tubules. The tubu
les, and the germinal cells in particular, are 
more sensitive to exogenous noxious agents 
than is interstitial tissue. All degrees of tubular 
damage can occur, ranging from isolated failure 
of the germinal cells to complete fibrosis of the 
seminiferous tubules. Patients with tubular 
insufficiency appear normal since the androgenic 
action is intact, but the testes are usually too 
small. Apart from sterility, sexual function 
need not be impaired. The 17-ketosteroids and 
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testosterone are normal or slightly reduced. On 
the other hand, gonadotropin and especially 
FSH excretion is nearly always elevated. 

Inflammation. General infections spread to the 
testes relatively often. The first inflammatory 
reactions in the form of edema, hyperemia and 
small foci of inflammatory cells, possibly with 
abscess formation, usually arise in the inter
stitial tissue. The tubules are also involved at 
an early stage. In severe infections, such as 
smallpox, typhoid fever, and mumps, extensive 
necroses may develop. Fields of scar tissue 
with completely fibrotic tubules remain as a 
result from such types of orchitis. 

These sequels are most commonly seen in 
association with mumps. The testes are not 
necessarily reduced in size. One or all tubules 
may be sclerosed. The interstitial tissue is 
penetrated by scars but usually contains well
maintained Leydig cells, in contrast to those 
found in Klinefelter's syndrome, in which the 
Leydig cells are abnormal and interstitial tissue 
contains less collagenous fibers. Mumps causes 
orchitis in one fifth of adult cases. This seldom 
occurs in childhood. Both testes are involved in 
only one sixth of cases. Atrophy follows in 
40-60% of cases of orchitis due to mumps. 
Hypogonadism due to orchitis following mumps 
is therefore relatively uncommon. Since the 
mumps virus does not affect the immature 
testis there has been an attempt to use stilbestrol 
to produce reversible atrophy in adults with 
mumps. Control series, however, did not show 
any prophylactic effect. Cortisone, 300- 200 mg, 
or prednisone, 60-40 mg per day, does not 
influence the course of the illness, as controls 
showed (KOCEN, 1961). The painful phase is, 
however, shortened. Only gamma globulins 
from convalescents have some prophylactic 
action (KABAL, 1963). Other viral infections 
which sometimes lead to orchitis with atrophy 
are chickenpox, dengue, phlebotomous fever, 
mononucleosis infectiosa, ECHO and Cox
sackie-B viruses (CRAIGHEAD, 1962). 

On the other hand, the incidence of luetic 
orchitis and luetic testicular scars has certainly 
been overestimated. Syphilis of the testis arises 
in two main forms: as interstitial and intra
tubular orchitis and as a gummatous inflam
mation. Although this can lead to total destruc
tion of testicular tissue, diffuse orchitis can result 
in testicular fibrosis with predisposition for 
the tubules. The important clinical fact is that 
such cases of orchitis may progress undetected. 

So-called granulomatous orchitis of unknown 
etiology is seen more often. It usually affects 
only one testicle and is characterized histologi
cally by inflammatory foci of a granulomatous, 
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tuberculoid nature. There may be some con
nection with malakoplakia (BUNZLI, 1968). 

Tuberculous orchitis occurs in foci, hardly 
ever involves the whole testis and very seldom 
leads to hypogonadism without castration. 

Thermogenic Damage. The destructive effect of 
heat has been observed in patients with pneu
monia. It has been demonstrated experimentally 
that induced fever reduces the sperm count sub
stantially in young men (STEINBERGER, 1959). 
Damage was seen in the rat testes at temperatures 
above 43°C. 

The pathogenesis of tubular insufficiency in 
injuries of the spinal cord has not yet been 
explained. All degrees of damage to the germinal 
cells are found, often associated with gyne
comastia. Since impairment of autonomic in
nervations can usually be demonstrated at the 
same time, it is possible that damage due to 
heat results from vasodilatation. On the other 
hand, the disturbance can be attributed to 
group II B (Table 4). 

Damage in bilateral cryptorchism is also 
due to the effect of the intra-abdominal tem
perature, which is 4°C higher than that in the 
scrotum. The tubules can show every degree of 
destruction. Often the Leydig cells are entirely 
spared (see p.478). Frequently, however, un
descended testes show primordial disorders in 
the germinal cells. Cryptorchism may also be 
caused by gonadotropin deficiency and can 
thus be classified as secondary testicular in
sufficiency. 

It has been claimed that oligospermia may 
result from wearing tight underpants. Loose
fitting pants will at best contribute to an 
improvement. 

Ionizing Radiation. \1., ~, and y rays can lead 
to all degrees of damage to the tubular ap
paratus, depending on their intensity and the 
duration of exposure. Damage due to irradiation 
typically starts in the most sensitive elements, 
the spermatogonia, whereas the other stages of 
development are initially undamaged but cannot 
be regenerated. In contrast, the usual atrophy 
of the seminal epithelium affects the highly 
developed stages first. Radiation damage after 
atomic bomb explosions and radioactive ex
posure presents primarily as severe destruction 
ranging from minor to complete loss of germinal 
epithelium. From a few long-term investigations 
it can be concluded that the regenerative 
capacity, which takes some years to develop, is 
surprisingly great (HEMPELMANN, 1952). 

Pressure Damage due to varicoceles and hydro
celes leads to reversible azoospermia. Elevation 
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of temperature may also have some effect. 
Pressure damage resulting from hematomas due 
to birth trauma can lead to permanent de
struction (NOWAKOWSKI, 1956). Torsion of the 
testes, which is characterized by the persistence 
of pain on elevation of the testes, may result 
in infarction of the total testicular tissue and 
in extensive necrosis if the blood supply is not 
restored by surgery within a few hours. 

Hypoxemia. Reversible oligospermia resulting 
from staying at extremely high altitudes is due 
to hypoxemia. 

Germinal Aplasia (Del Castillo Syndrome, Sertoli
Cells-Only Syndrome). Patients with this syn
drome seek medical advice because of sterility. 
Complete azoospermia is found and the physical 
findings are otherwise unremarkable, as is 
sexual function. Gonadotropin levels are usu
ally elevated, but may also be normal. The 
testis biopsy shows typical findings: smaller 
tubules with fully mature Sertoli cells, with 
no cells of spermiogenesis. 

DEL CASTILLO (1947) assumed that there 
was an embryonic developmental disorder in 
which gonocytes failed to migrate into the 
medulla. Occasionally, impaired growth and 
malformations such as occur in the Ullrich
Turner syndrome have suggested some con
nection with gonadal dysgenesis. 

However, the histological findings re
sulting from injuries, X-rays, exposure to atomic 
bomb explosions (HEMPELMANN, 1952), as well 
as after treatment with cytostatics such as 
Myleran (BOLLAG, 1954), are the same. 

Finally, auto immunological reactions against 
testicular tissue produce a similar picture 
(MANCINI, 1964) (see p.482). It is not yet 
known whether germinal cell aplasia is a single 
syndrome, or whether different causes can lead 
to the same condition. 

2. Klinefelter'S Syndrome (True, Chromatin-Pos
itive Klinefelter'S Syndrome, XXY Trisomia). 
Demonstration of the positive sex chromatin 
in 1956 and of XXY trisomia in 1958 showed, 
surprisingly, that the clinical picture of hypo
gonadism defined by KLINEFELTER and co
workers (1942) was due to a chromosomal 
aberration. 

Klinefelter's syndrome is much more com
mon than was assumed before it was possible 
to estimate the sex chromatin. Investigations 
of male newborns for sex chromatin gave an 
incidence of 1: 1 000, possibly even 1: 400, 
among a population with lower intelligence. In 
schools for mental deficients the incidence is 
1 : 42. Patho-anatomical findings of mixed post 
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mortems gave an incidence of 3.1 : 1 000 (PASI, 
1965). 

Etiology and Pathogenesis. In contrast to the 
normal man with 46 chromosomes, the Kline
felter patient with a double X sex chromosome 
has 47 chromosomes. It is assumed that the 
disturbance usually arises in the mother during 
the first meiotic reduction due to nondisjunction 
of the sex chromosome, so that the ovum contains 
two X chromosomes instead of the haploid set 
of chromosomes with one X chromosome. It is 
possible that in a few cases of Klinefelter's 
syndrome the XXY trisomia is derived from 
the union of a normal ovum with an XY sperm 
resulting from non-disjunction in the father, in 
analogy to red-green color blindness, which is 
linked to the Y chromosome. Mosaic structures, 
i.e. cells with an XXY set of chromosomes in 
addition to cells with normal or XYY sets can 
occur in Klinefelter's syndrome. It is not yet 
possible to give the incidence of these. 

As in mongolism, the other common condi
tion caused by a non-disjunctional chromosomal 
aberration, the maternal age at the time of birth 
of Klinefelter patients is usually significantly 
higher than the average. It is conceivable that 
non-disjunction increases with the aging of 
maternal ova. On the other hand, there is no 
relation to paternal age. There is no familial 
incidence. However, other chromosomal aber
rations, such as malformations of different 
types, occur more frequently among siblings 
of Klinefelter patients. The presence of the Y 
chromosome in mammals leads to the develop
ment of a male phenotype, but it is still un
explained why excess Y chromosomes can 
cause deviations in the development of the 
testes, degeneration of the tubular apparatus, 
disappearance of the germinal epithelium, in
ferior Leydig cells, and frequently gynecomastia 
as well. 

KLINEFELTER'S original hypothesis that a 
second testicular hormone formed in the tubules, 
"X-hormone" or "inhibin", inhibiting FSH and 
development of the breasts in the normal man, 
has never been substantiated. 

On the other hand, it has been shown that 
function of the Leydig cells is disturbed. 
Chorionic gonadotropin tests with estimation 
of estrogens (DECOURT, 1962), testosterone 
production rates, and plasma testosterone meas
urements (LIPSETT, 1966) show that testosterone 
production is in the lower normal range or 
reduced, and that it cannot be stimulated by 
HCG or only insufficiently. Testosterone syn
thesis is not blocked, but the abnormal Leydig 
cells need an increased LH stimulation to 
produce plasma testosterone levels approaching 
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normal. LH is found to be elevated (BECKER, 
1965), and the Leydig cells, which are already 
under maximum LH stimulation, cannot be 
further stimulated. Hyaline degeneration in 
the tubules is thought to be due to dysfunction 
of the Leydig cells (JOHNSEN, 1967). 

Clinical Features. Before puberty, Klinefelter's 
syndrome can be clinically suspected only from 
the patient's lack of intelligence. The diagnosis, 
however, can be confirmed at any age by a 
positive sex chromatin finding, or the karyo
gram. The onset of puberty is delayed, and the 
testes maintain their infantile size of 2 cm3 . 

Testis biopsies shortly before puberty show 
shrinkage of the germinal cells and developing 
tubular sclerosis (SIEBENMANN, 1958). During 
puberty, the size of the testis usually increases 
to about 4-6 cm3 and decreases later with 
advancing tubular sclerosis. 

In adults the testes are extremely small; 
their cut surfaces are intensively brown colored. 
The histological picture is characterized by an 
irregular sclerosis of the tubules with loss of the 
spermiogenesis and a relative increase of the 
Leydig cells (Fig. 13). The seminiferous tubules 
are atrophic; all stages of atrophy up to complete 
hyalinization of the tubules with total loss of 
the epithelium are found. However, especially 
in young patients, hypoplastic tubules and their 
remains can also be seen. The atrophic tubules 
may completely disappear so that finally only 
nests of Leydig cells remain. The Leydig cells 
show marked focal proliferation which manifests 
itself grossly in the intense brown discoloration 
of the cut surface. The polymorphism of the 
Leydig cells is very typical. Often they are 
markedly enlarged and possess a vacuolated 
cytoplasm. The nuclei also vary very markedly 
in size. With Feulgen's or hematoxylin stains 
the sex chromatin may be easily demonstrated. 
Gynecomastia is histologically characterized 
by an intense development of connective tissue 
whereas an epithelial proliferation is less con
spicuous. 

In adulthood. testicular atrophy is the one 
constant clinical finding. The body stature and 
secondary sexual characteristics can vary be
tween the most severe eunuchoidism and a 
completely normal virile appearance (Figs. 14 
and 15). As a rule, there are deviations in the 
body proportions, and the length of the lower 
half of the body is definitely greater than that 
of the upper body and half the arm span. 
Tallness and long legs appear before puberty 
and are thus not due to lack of androgens 
(SCHIBLER, 1971). There is often cubitus valgus 
and clinodactyly (ZUPPINGER, 1967). The pubic 
hair may be scanty or quite well developed, but 
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Fig. 13. MB 2996/53, 25-year-old man. Testes in Klinefelter's syndrome. Severe sclerosis of the tubules and focal hyperplasia 
of Leydig cells. HE staining, 180: 1 

it is of the feminine configuration with the 
horizontal upper border. The beard is usually 
thin, baldness seldom occurs, and the voice is 
masculine but rather high-pitched. The testes 
are almost always smaller than 5 cm3 , of 
normal or sometimes of reduced consistency. 
The prostate is of normal size or slightly 
smaller. 

Two thirds of Klinefelter patients have 
gynecomastia which causes them to consult 
their doctor. It begins during or soon after 
puberty with development of pigmentation and 
swelling of the areolae. Hard glandular tissue 
surrounded by much fatty tissue then becomes 
palpable. In the majority of cases it is possible 
to differentiate the glandular from the adipose 
tissue by palpation with no difficulty. The 
gynecomastia can vary widely in degree, from 
the size of a hazel nut, with nonvisible, only 
palpable glands, to the size of the breast of a 
young woman. 

Sexual function of Klinefelter patients is 
normal to begin with. Erection and ejaculation 
are unaffected. Sexual intercourse is usually 
entirely normal during early adulthood. Ste
rility is present almost without exception. A 
single case of a highly probable fertile Kline
felter patient has been reported. There was a 
sperm count of 200000 cm3 and the testes were 
as large as cherries (WARBURG, 1963). Signs 
of involution, however, appear very early, 
often after the 35th year, obviously due to the 

inferior Leydig cells. Potency tends to de
crease. Loss of androgens often results in a 
striking early osteoporosis. Thyroid hypofunc
tion has been observed several times with no 
clinical manifestations and is probably of the 
primary type (KOLLER, 1955; DAVIS, 1963; 
ZUPPINGER, 1967). Diabetes, hyperlipidemia 
and obesity apparently occur more frequently 
than in the normal population (ZUPPINGER, 
1967). 

The majority of Klinefelter patients are 
slightly oligophrenic. Only a few cases are 
highly imbecile. On the other hand, not many 
are of average or above average intelligence. 
Pathologic EEG findings are common. In 
addition to the lack of intelligence, there is a 
certain psychological infantilism with an in
creased incidence of infantile deviations of sexual 
drive such as exhibitionism, transvestitism 
and homosexuality. Sexuality is, however, not 
very pronounced and decreases after puberty 
over the course of years and often disappears 
completely in the adult. Most of the patients 
show an endocrine psycho-syndrome with 
increased irritability and mood lability. 

There may be an increased incidence of 
carcinoma (LUBS, 1962). This has been con
firmed in the case of carcinoma of the breast, 
which occurs 70 times more frequently in 
Klinefelter patients than in normal males and 
about as frequently as in women (JACKSON, 
1965). 
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Laboratory Findings. The sex chromatin in the 
buccal mucosal smear and the root of the hair 
is positive. Somewhat lower average values are 
found than in women, but there is no overlap 
with normal male values. Sex chromatin estima
tion from the nuclei of granulocytes is less 
suitable for the diagnosis of Klinefelter's 
syndrome since the drumstick appendage is 
found more frequently than in men, but less than 
in women. Examination of the ejaculate shows 
a reduction in semen volume. The fructose 
content is normal. There is azoospermia, and 
only very occasionally can single spermatozoa 
with impaired motility be seen. 

The 17-ketosteroids may vary considerably. 
They are usually slightly reduced. Pregnanediol, 
pregnanetriol, estrone and estradiol are also 
decreased (GIORGIO, 1963). However the estro
gen production rates are, increased (GABRI
LOVE, 1970). This suggests impaired conversion 
of androgens to estrogens. The rise due to 
puberty is retarded, while the fall due to age 
sets in soon after the 30th year. The low normal 
testosterone production can be stimulated by 
HCG only slowly and to a small degree, indicat
ing a limited reserve of Leydig cells (LIpSETT, 
1965; PAULSEN, 1968). Gonadotropin excretion 

Fig. 14. 19-year-old, Klinefelter's syndrome. obese type is increased from puberty onwards and is 
with pronounced gynecomastia usually over 4 mg IRP in 24 hours. FSH is 

almost always elevated; LH is increased or 
normal according to the plasma testosterone 
level (FRANCHIMONT, 1969; BECKER, 1965; KEL-
LER, 1968). Normal values of gonadotropin 
have, however, been described in a few cases 
of confirmed Klinefelter's syndrome. Gonado
tropin estimation is now superfluous for dia
gnosis when the sex chromatin is positive. The 
testis biopsy is characteristic (see p. 466) and, 
as a rule, can differentiate the true chromatin
positive Klinefelter's syndrome from other 
priqlary tubular testicular insufficiencies. It is 
no longer necessary to the diagnosis. 

Differential Diagnosis. The true chromatin
positive Klinefelter's syndrome must be dif
ferentiated from other clinically and histo
logically similar forms with negative sex chro
matin findings and different etiologies (so
called '"false" Klinefelter's syndromes). Among 
others, hypogonadism in Steinert's dystrophic 
myatonia belongs to this group. 

Multiple marginal chromatin bodies may 
suggest more serious irregularities in the set 
of sex chromosomes, such as XXXY, XXXXY, 
or XXYY, especially when combined with 
severe oligophrenia. These diagnoses can only 
be substantiated by a complete karyogram. 

Fig. 15. 25-year-old, Klinefelter's syndrome, slender type, Finally, the rare diagnosis of true hermaph
slight gynecomastia roditism must also be considered, especially 
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when genital malformations or even hypospadia 
are present. Testicular biopsy is recommended 
in such cases. 

Therapy. If the gynecomastia is severe it can 
only be corrected surgically. Only a small, 
hardly visible scar at the lower areolar margin 
remains when an experienced surgeon is avail
able. When there are signs of androgen failure, 
substitution therapy with testosterone is in
dicated. Intramuscular injections of 250 mg 
testosterone-ester compound at 3-weekly inter
vals can improve waning potency, can prevent 
metabolic disturbances such as osteoporosis, 
and may cause deficient secondary sexual 
characteristics to develop. Substitution therapy 
may not be essential in early adulthood, but may 
become necessary with early involution in the 
fourth decade. 

3 . Hypogonadism with Tubular Fibrosis ( So
Called "False" Chromatin-Negative Klinefelter's 
Syndrome). Primary hypogonadism with tubu
lar fibrosis and negative sex chromatin is found 
somewhat less frequently. Disproportion of 
body stature, eunuchoid features and gyne
comastia can be variably pronounced. The 
histological findings in the testes are charac
terized by less pronounced hyalinosis, and less 
impaired spermatogenesis than in true Kline
felter's syndrome, and diffuse instead of focal 
hyperplasia of the Leydig cells. 

The etiology seems to vary. Familial occur
rence has been described on different occasions. 

Familial hypospadia with hypogonadism, as 
described by REIFENSTEIN (1947) and BOWEN 
(1965), also belongs in this group of syndromes. 
There is an external resemblance to Kline
felter's syndrome in addition to the hypo
spadia. In both syndromes the secondary sexual 
characteristics, i.e. eunuchoidism, are variably 
pronounced. Gynecomastia may also be pro
nounced or may be absent. The karyogram, 
however, is always normal, and the Y chromo
some seems to be intact. The testes are less 
atrophic, and histologically there are atrophic 
tubuli with incomplete hyalinization and partly 
preserved elastics fibers, single Sertoli and 
germinal cells up to the spermatocytes. There 
are no morphologic alterations in the Leydig 
cells. There is azoospermia and sterility. The 
gonadotropin levels are usually raised though 
occasionally normal. Inheritance is either auto
somal dominant with restriction to the male, or 
recessive and bound to the X chromosome. 

The functional prepubertal castration in 
males described by HELLER, NELSON, and Rom 
includes cases of primary hypogonadism of 
various etiologies. 
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4. The XYY Trisomia. The incidence of this 
syndrome is estimated at between 1 : 250 and 
1 : 1000 male newborns (PFEIFFER, 1969; SER
GOVICH, 1969). Alterations of the personality 
with aggressiveness and a tendency to criminal 
behavior, which were observed in the first 
cases examined (JACOBS, 1965), are not ob
ligatory symptoms. Extreme height is charac
teristic of all these individuals. Up to now 
about 140 cases have been observed, 30 of them 
children. Differentiation into 4 subgroups might 
be possible; an additional Y chromosome can 
be found in normal, tall males, in tall criminal 
males, in tall males with hypogonadism or 
malformations of the external genitalia, and 
in tall males with malformations of other 
organs (HIENZ, 1969). Radioulnar synostosis 
seems to occur especially often (CLEVELAND, 
1969). 

There are no hormonal disorders in these 
patients: urinary and plasma testosterone is 
normal (ISMAIL, 1968; RUDD, 1968). 

Growth hormone levels, fasting and after 
glucose load, are also normal. Tallness is not 
due to overproduction of growth hormone 
(NIELSEN, 1969). The chromosomes of parents 
and children of these patients are normal. The 
age of the parents is not different from that in 
the normal population. Chromosomal mosaics 
can occur. 

y) Interstitial Insufficiency 

1. Male Climacteric. The menopause develops 
without exception in the woman, whereas the 
diagnosis of a climacteric is only seldom justified 
in the male. Strict criteria must be applied, 
and the diagnosis must not be made merely 
from age and subjective symptoms. In the 
woman, hormone production ceases abruptly. 
In the male, on the other hand, testicular 
function fails only gradually, if at all. Even in 
subjects over 90 years, the morphology of the 
testicular tissue may be completely normal 
(BURGI, 1959; DRY, 1967; NOWAKOWSKI, 1959). 
As testicular hormone production decreases, 
the body first tries to compensate by increased 
stimulation through gonadotropins. Whereas 
this compensatory stage is always of short 
duration in the female, the compensated state 
is the rule in the man, and manifestations of 
failure seldom appear. Climacteric failure shows 
a predisposition for men between 45 and 60, 
but it has been claimed to occur after the 25th 
year. Climacteric complaints in the male cor
respond to the typical symptoms in the woman: 
increased autonomic lability with hot flushes, 
sweating, palpitations, precordial pain, pares
thesia, easy fatigability, nervousness, inability 
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to concentrate and depressive tendencies. The 
main complaint, however, is decrease in potency 
and sometimes in libido as well. All these com
plaints can, however, occur as a neurasthenic 
symptom complex without hormone loss. A 
definite rise in gonadotropin excretion is the 
only sure criterion. This corresponds to the 
findings in the female. The diagnosis ex juvanti
bus is simpler: climacteric complaints regress 
in response to a daily intramuscular injection 
of 25 mg testosterone propionate for 2 weeks, 
and they reappear when placebo injections are 
used instead of testosterone. The levels of 
17-ketosteroids may be normal or slightly 
lowered. Their estimation is not conclusive. 
Estimation of plasma testosterone may be 
useful! for clinical purposes. Histological ex
amination reveals a decrease in the number 
of Leydig cells and degenerative changes. The 
tubules are not affected, with the exception of 
occasional peritubular fibrosis. Spermatogenesis 
is only infrequently reduced (HELLER, 1944). 
Other authors have not observed histological 
changes despite elevated gonadotropin levels. 
See p. 475 for treatment. 
for bioassay, <0.1 mg IRP/24 h. Urinary and 

b) Secondary Testicular Insufficiency 
( Hypogonadotropic Hypogonadism) 

The second main group, secondary hypo
gonadism, is recognized by the reduction or 
absence of gonadotropins. With prepubertal 
onset, the eunuchoid body stature is usually 
especially pronounced clinically. 

0:) Tubular and Interstitial 
Insufficiency 

1. Hypogonadotropic Eunuchism (HELLER and 
NELSON), Idiopathic Eunuchoidism with Decreased 
FSH (HOWARD), Isolated Gonadotropic Failure. 
This disease is due to an isolated gonadotropin 
failure. The appearance of the patients differs 
little from that due to fully developed primary 
hypogonadism (see p. 476) (Fig. 18a). The size 
and consistency of the testes are the same in 
both conditions. They correspond to the testes 
of a boy before puberty, and have a volume 
of 1-5 cm3 . 

The histological picture is similar to that 
of a boy's testis before puberty in different 
stages of development. In severe forms the 
seminiferous tubules form completely lumenless 
strands which enclose inactive germinal cells 
and undifferentiated Sertoli cells (Fig. 19a). 
The tunica propria is not thickened. Leydig 
cells are absent. In a somewhat advanced stage 
of development, the tunica propria may be 
thickened and contains only a small amount of 
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elastic fibers. There are numerous spermatogonia 
in the tubules, and occasionally spermatocytes 
and differentiated Sertoli cells can also be 
recognized. Development of the Leydig cells is, 
however, deficient in these cases also. A thicken
ing of the tunica propria can but does not 
always represent atrophy. It also arises in 
primary hypoplastic tubules and, in addition, 
with different hormone treatments (see p.471,). 
A thickened tunica propria can be indicative 
of many things; the etiologies are not yet 
satisfactorily explained. On the other hand, 
demonstration of elastic fibers permits certain 
conclusions to be made about the time of 
developmental standstill, since elastic fibers in 
the tunica propria do not appear until puberty. 
They may, however, disappear again with 
complete tubular sclerosis. 

Hormonal Findings. The 17-ketosteroids vary 
between low (2 mg/24 h) to subnormal values 
(9 mg/24 h). Gonadotropin excretion is too low 
for bioassay, <0.1 mg IRP/24 h. Urinary and 
plasma testosterone rises quickly on stimulation 
with HCG. 

Delayed puberty is of utmost importance 
in the differential diagnosis. It cannot be distin
guished clinically from hypogonadotropic eu
nuchism, and therefore cannot be diagnosed 
with certainty before the 18th year (see Chap. 
XIX). 

BARTTER and his team (1952) distinguished 
different forms of hypo gonadotropic eunuchism, 
depending on results of treatment with chorionic 
gonadotropin. 

In the first type the releasing mechanism 
of puberty is impaired. Development, once 
initiated with chorionic gonadotropin, continues 
spon tan eo usly and the an terior pi tui tary produces 
gonadotropins from then onwards. 

In the other form, function of the Leydig 
cells, and therefore development of the sexual 
characteristics, are only maintained as long as 
chorionic gonadotropin is administered. After 
withdrawal of treatment, the sexual characteris
tics regress again, but a higher degree ofmatura
tion is nevertheless often achieved by means of 
the treatment. Hypogonadotropic eunuchism is' 
therefore due to complete inability of the 
adenohypophysis to produce gonadotropin, to 
a lack of the releasing hormones' LRH ahd· 
FSHRH, or to the absence of a mechanism 
for releas;ng hormone secretion. The etiology 
is unknown. Familial incidence has been re
ported. The pathogenesis of gonadotropin failure 
is largely obscure. Clinically, hypothalamic hypo
gonadism can only be diagnosed when other 
manifestations of hypothalamic failure, such 
as diabetes insipidus, are present at the same 
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time (see p. 32). Today, LHRH application 
can be of help in differentiating between 
pituitary and hypothalamic gonadotropic in
sufficiency (MARSHALL, 1972). 

ROSEWATER (1965) described a type of hypo
gonadotropic hypogonadism with gynecomastia, 
descreased numbers of Leydig cells, and im
paired maturation in the sperm. It is inherited 
recessively with the X chromosome or dominant 
autosomally and restricted to males. 

2. Hypogonadotropic Eunuchism with Anosmia 
( Kallmann Syndrome). The combination of 
anosmia or hyposmia with eunuchism forms a 
special syndrome within hypogonadotropic hypo
gonadism. The syndrome was described by 
MAESTRE DE SAN JUAN over a hundred years 
ago and has only recently been recalled by 
KALLMANN (1944), DE MORSIER (1954), and 
NOWAKOWSKI (1961). 

In addition to severe eunuchism including 
gynecomastia, as described in the previous 
sectiqn, the patient's sense of smell is usually 
completely absent or sometimes severely im
paired from the time of birth. 

Aromatic smelling substances, such as coffee, 
anis, asa foetida, are not recognized, whereas 
patients can identify substances such as ammonia, 
which stimulate sensory nerve endings of the 
trigeminal nerve in the nasal mucosa. 

The sense of smell must be tested in every 
case of eunuchism. Patients pay no attention 
,to this disorder and do not mention it spontane
ously. Patho-anatomical findings include agen
esis or defects of the olfactory nerves. Usually 
the anterior parts of the central olfactory system, 
i.e. bulbus, olfactory tract, and olfactory trigone, 
are involved, whereas the posterior parts (the 
anterior perforated area, parolfactory area and 
subcallosal gyrus) are not affected. 

Atrophy of the hypothalamic nuclei tuberis 
is sometimes found, while in other cases it is 
not found despite serial sections. 

LH and FSH excretion is similar to that 
in normal children and hypopituitary patients. 
Clomiphene does not usually stimulate LH 
excretion. HCG mayor may not raise the low 
plasma testosterone levels, so that unrespon
siveness of the Leydig cells has been described 
as a further factor of hypogonadism in this 
syndrome (BARDIN, 1969; SANTEN, 1973). LRF 
may increase slightly plasma LH, suggesting a 
hypothalamic disorder (NAFfOLIN, 1971). 

The association of anosmia and gonadotropin 
deficiency can be plausibly explained as a 
developmental disturbance because of the close 
embryonic connections between pharyngeal and 
nasal mucosa, hypophysis, rhinencephalon and 
hypothalamus (see p.27). The sex chromatin 
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is negative and the karyogram is normal. The 
familial incidence of the syndrome suggests an 
autosomal dominant inheritance with incom
plete expressivity (SANTEN, 1973). The gene leads 
in the female only to anosmia or hyposmia and 
cases with hypo gonadotropic hypogonadism 
have been sporadic (TAGATZ, 1970). 

The reader is referred to NOWAKOWSKI 
and LENZ (1961) for other forms of familial 
hypogonadism which are rather difficult to 
classify. 

3. Hypogonadism in Malnutrition and in Hypo
thyroidism. The hypophysis, being an organ of 
adaptation in combination with the hypothala
mus, limits production of certain hormones in 
hunger states and in severe illnesses. Gonado
tropins fail, testosterone production decreases, 
and spermatogenesis regresses. In the under
nourished calf, sexual maturation is delayed, 
the testes cont!lin little testosterone, the seminal 
vesicles produce less fructose and citrate, but 
semen formation is less affected. These are 
most probably results of gonadotropin defi
ciency. However, the seminal vesicles of the 
undernourished animal show little response to 
testosterone (MANN, 1967). Long-lasting starva
tion states can lead to tubular and interstitial 
atrophy in the human (UEHLINGER, 1948). The 
syndrome of hypogonadism with gynecomastia 
has been observed in prisoners of war in Japan 
as well as in German concentration camps, and 
developed when feeding was restarted after a 
long period of malnutrition. Its pathogenesis 
is unexplained (see p. 488). 

A special form of secondary hypogonadism 
of varying severity with normally large or 
enlarged testes, and with predominantly tubular 
insufficiency has been described in myxedema 
(DE LA BALZE, 1962). The gonadotropin-produc
ing cells may be compressed and damaged by 
the hypertrophied TSH-producing cells. In 
contrast, an overproduction of gonadotropins 
was explained in hypothyroidism through feed
back overlap, which leads to pubertal precocity 
(see Chaps. VI and XIX, p. 175,1050). 

4. Panhypopituitarism, Partial Pituitary Insuffi
ciency. The clinical findings in this sub-group 
have been dealt with in the chapter on the 
hypophysis (see p. 97). The findings in the 
testes correspond to those in congenital pituitary 
dwarfism and in acquired pituitary insufficiency, 
as described above. 

Hypogonadism in the true Babinski-Froeh
lich syndrome, so-called "dystrophia adiposo
genitalis" (see p. 98), also belongs to this 
group. A gonadotropin deficit is usually also 
assumed to be present in the Laurence-Moon-
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Biedl syndrome, although cases of primary 
testicular failure have also been known to occur. 

5. Adrenogenital Syndrome (see p. 367). The AGS 
causes hypogonadism in both sexes. Paradoxi
cally, hypogonadism due to atrophy or hypo
plasia of both parts of the gonads develops in 
association with hypergenitalism, i.e., excessive 
development of the sexual characteristics. This is 
due to inhibition of the gonadotropins by the 
adrenocortical androgens and estrogens (see 
p. 366). When there is ectopic adrenal cortical 
tissue in the testes, these may appear to be 
enlarged and a mistaken diagnosis of carcinoma 
may be made (HEDINGER, 1954). 

The histology of the testes is very similar 
to that in hypo gonadotropic eunuchism: Leydig 
cells are absent, the lumens of the tubules are 
small, and only Sertoli cells and spermatogonia 
are demonstrable (NOWAKOWSKI, 1952). In 
children with AGS testicular development par
allels the bone age following the initiation of 
treatment. True precocious testicular matura
tion may occur in such cases. 

6. Estrogen Therapy. Estrogens in pharmacolo
gical doses inhibit the release and production 
of gonadotropins. The ratio of FSH to LH is 
not altered. There is first an acute fall in LH, 
FSH, and testosterone. A steady and slow 
decline in gonadotropins, testosterone and testic
ular volume follows. Even after months of 
therapy, testosterone levels are somewhat higher 
than in females and gonadotropins lie in the 
range seen before puberty. After withdrawal of 
estrogens gonadotropins rise first, followed 
slowly by a rise of testosterone levels. Physiolog
ical doses of estrogens seem to have no effect 
on gonadotropins. The observation that testo-
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sterone levels may be decreased during estrogen 
treatment despite normal levels of LH - seen 
especially with T ACE - has led to the sug
gestion of an additional direct inhibitory effect 
of the estrogens on the testis (BURGER, 1972). 
Estrogens lead to testicular atrophy, azoo
spermia, and manifestations of androgen failure 
and gynecomastia in the man. As used in the 
treatment of diseases of the prostate, they 
usually lead to gynecomastia. Sensitivity of the 
glandular epithelium of the male breast varies 
widely. Response of the gland can be prevented 
by X-ray irradiation. Libido decreases, ejacula
tion becomes impossible, pubic and axillary 
hair may regress, and the appearance of these 
patients differs little from that of subjects who 
have undergone castration late in life. Gonado
tropin excretion is no longer measurable, even 
with relatively low doses of estrogens. The 
17-ketosteroids are usually reduced, the testes 
become smaller, and the histological picture is 
similar to that of the testes in pituitary failure 
(see p.476, Fig. 19a). Testicular damage is 
reversible after short-term estrogen treatment 
over some weeks or months. LH deficiency 
causes atrophy of the Leydig cells. 

The same pathogenesis is assumed for hypo
gonadism of liver cirrhosis and of hepatitis. 
Clearance and inactivation of estrogens may 
be disturbed due to the liver damage, but in
creased estrogen production, decreased disposal 
and elevated levels of binding proteins have 
also been discussed (BURGER, 1972). This may 
result in a lower level of unbound testosterone 
(GALVAO, 1973). The changes in the testes 
in liver cirrhosis can be of varying severity. 
Severe testicular atrophy has also been ob
served as a concomitant symptom, especially 
in hemochromatosis. This situation is less clear. 

Fig. 16. MB 8819/55, 58-year-old man. Testicular atrophy after treatment with estrogens. Van Gieson, 140: 1 
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Gonadotropin levels have been found to be 
reduced in some cases and normal or even 
elevated in others. There is no direct connection 
between the degree of testicular atrophy and the 
intensity of the iron deposition in the anterior 
pituitary lobe. Impaired breakdown of estrogens 
cannot, however, always be proved in liver 
cirrhosis. There may also be primary testicular 
damage due to deposition of iron (GILBERT
DREYFUS, 1967). There is a possibility that the 
same noxious agents cause' liver cirrhosis and 
damage to the testes. 

~) Tubular Insufficiency 

It is not yet certain whether isolated FSH 
failure can also occur in the adult male. This 
constellation (no FSH, normal adult values 
for LH) is present in boys with pubertas praecox 
(KELLER, 1968). These findings have to be 
proved by immunological gonadotropin deter
minations. 

y) Interstitial Insufficiency 

The syndrome of the "fertile eunuch", in which 
hormone formation is impaired in the presence 
of normal or almost normal semen production, 
is due to isolated LH failure (MCCULLAGH, 
1953). Subjects with this syndrome have under
developed sexual characteristics, almost always 
with testes of normal size, and normal or 
slightly disturbed spermatogenesis, but there 
is hypoplasia or complete absence of Leydig 
cells. The semen volume is reduced, and the 
sperm count is normal or slightly diminished 
due to androgen deficiency. Complete aspermia 
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may occur. FSH excretion is normal, but in 
contrast, LH excretion has been found to be 
reduced in a few cases. With improved methods, 
however, even elevated LH has recently been 
found. So the syndrome may be one of primary 
hypogonadism and be caused by damaged 
Leydig cells. The 17-ketosteroid excretion is in 
the lower normal limits or is reduced. Secondary 
sexual characteristics develop under chorionic 
gonadotropin as well as under testosterone. 

5. Anti-Androgens ("Chemical Castration") 

Anti-androgens are substances which compet
itively inhibit or block androgenic effects of 
other substances and of testosterone at the 
peripheral receptors. 

A large number of steroids which inhibit or 
abolish androgenic effects have been examined 
(LERNER, 1964; DORFMANN, 1968; NEUMANN, 
1968). However, up to now, the only compounds 
of theoretical and clinical importance are 
danazol, an ethinyl testosterone analogue 
(SHERINS, 1971) and cyproteron and cyproteron 
acetate. The former is biologically inactive, 
and the latter has a strong gestagenic effect and 
inhibits the complex formation between 5a
dihydrotestosterone and the intracellular re
ceptors (FANG, 1969). 

The pure anti-androgens, such as cyproteron, 
block the receptors of the negative feedback 
system. An uninhibited secretion of the releasing 
factors and an increased production of gonado
tropins results, so that the inhibitory effect on 
the end organs may finally be overcome by 
overproduction of testosterone (NEUMANN, 
1971). Cyproteron acetate, however, with its 
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Fig. 17. Formulas of testosterone, cyproterone acetate, cyproterone 
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marked progestational effect, inhibits the release 
of LH and FSH at the same time and thus has 
a lasting anti-androgenic effect (NEUMANN, 
1970). Thus, cyproteron leads to an increase in 
LH, whereas cyproteron acetate inhibits both 
LH and FSH. 

Cyproteron given to pregnant animals has 
an irreversible effect on fetal sexual differentia
tion. Cyproteron acetate inhibits spermato
genesis and causes histological alterations in 
the germinal epithelium. These effects are, 
however, entirely reversible after 3 to 20 months 
(OTT, 1972). Inhibitory effects normally exerted 
by androgens are abolished, but the processes 
induced by androgens are also retarded. The 
actual formation of the gonads themselves is 
not influenced, but the Wolffian ducts are 
suppressed. The Muller's ducts are unaffected, 
insofar as they are not regulated by factors 
independent of androgens. In the male fetus 
the gonaducts and prostate are absent, while a 
vagina but no uterus is formed. External sexual 
organs remain feminine since no hormonal effect 
is necessary for their formation. In the male rat 
mammary glands are formed as in the female 
animal, and they can be stimulated by estrogens 
and progesterone. The picture of testicular 
feminization is reproduced in the fetus (see 
p.726). This supports the hypothesis that 
peripheral resistance to androgens is the cause 
of this hereditary disorder. In the adult man 
castration or the "fertile eunuch" syndrome or 
the male climacteric is simulated. 

Libido and potency decrease, but the 
secondary sexual characteristics regress only 
slightly in the adult. Spermatogenesis is greatly 
impaired, and gonocytes mature only at the 
stage of the spermatids, whereas the Leydig 
cells become rather hypertrophied. Growth and 
function of androgen-dependent glands, such 
as the prostate, the preputial glands, and 
particularly the cutaneous sebaceous glands, 
are inhibited. The hypothalamic-pituitary in
hibition of the gonadotropins is abolished by 
cyproteron even in the presence of exogenous 
testosterone. Castration cells arise in the anterior 
pituitary (NEUMANN, 1967). The hypothalamus 
becomes readjusted to the rhythmic regulation 
of the ovaries in the hirsute and amenorrheic 
woman. In the human, as in animals, total 
excretion of the gonadotropins rises (VOIGT, 
1967). Apart from this, cyproteron might also 
act as a false transmitter in the synthesis and 
metabolism of testosterone. Changes in the 
amounts of precursors and metabolites of testo
sterone have been found (ApOSTOLAKIS, 1967; 
BREUER, 1968). Enzymes stimulated by testo
sterone, such as LDH and acid phosphatase, 
decrease. A further central action demonstrated 

473 

beyond doubt in animal experiments as well as 
in the human is the decrease in libido. 

Cyproteron and cyproteron acetate have 
already proved clinically satisfactory in psychi
atry, when used for excessive sexual drive which 
has caused SUbjective suffering to the patient 
or led to legal conflicts. The advantage of this 
therapy over estrogen therapy is obvious, the 
latter leading to gonadotropin inhibition and 
thus to testicular atrophy and to gynecomastia. 
Its effect against acne and hirsutism has also 
been tried in the human. The usage of cyproteron 
in women of childbearing age carries the danger 
of a male child being feminized, if a patient is 
unaware of her pregnancy. Local use against 
seborrhea and acne might be tried. Use in certain 
types of amenorrhea, in pubertas praecox in 
boys, and in the congenital adrogenital syndrome 
to prevent premature fusion of the epiphyses is 
under examination. In the proper dosage it 
could also be considered as a male contraceptive 
agent without side effects. Carcinoma of the 
prostate gland would be another valuable in
dication, if the castration and feminizing effects 
of estrogens could be thus avoided. However, 
very high doses are necessary, and the cost is 
very high. 

The daily dose of cyproteron acetate varies 
between 50 and 150 mg, depending on the indica
tion. The action of 0.5 mg testosterone on the 
sebaceous glands can be inhibited by 1 mg 
cyproton acetate. The relation to testosterone 
in other organs is still unknown. Clinical trial 
of cyproteron is not contraindicated in any of 
these patients, with the exception of women of 
child-bearing age, since it is biologically inert 
and has no known toxic effects. 

Soldactona, an aldosterone antagonist, 
causes a decreased secretion of testosterone 
from the testes (DYMLING, 1972). DIMP, a non 
steroidal antiandrogen, blocks the effect of 
ketosterone and other androgens on their target 
organs (BORIS, 1973). 

6. Differential Diagnosis of Male Hypogonadism 

Panhypopituitarism is of prime importance in 
the differential diagnosis of male hypogonadism 
(see p. 93). In addition to eunuchoid signs, in 
panhypopituitarism there are clinical features 
of hypothyroidism, which can be best seen 
from the tired, puffy facial expression (Chap. V, 
Fig. 3 b). In contrast, adrenocortical insuffi
ciency, which is present at the same time, is 
less apparent apart from pallor of the skin. It 
is detected from the decreased physical capac
ity. Thyroid and adrenal function tests dif
ferentiate pituitary insufficiency from hypo
gonadism with certainty. 
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The constitutional anomaly, "pseudo-eu
nuchism", can be distinguished without difficulty 
from true hypogonadism by the normal size 
of the testes and intact sexual function. The 
boy-like face, childish voice, poor growth of 
the beard, and scanty axillary and pubic hair 
may, however, suggest eunuchism at first. This 
constitutional anomaly must be due to an 
inadequate response of the tissues to testo
sterone. 

On the other hand, differential diagnosis 
between hypo gonadotropic hypogonadism in 
youth and delayed puberty can be difficult. It 
may sometimes be impossible before the 18th 
year (see Chap. XIX). Laboratory tests can be 
useful: in delayed puberty, plasma testosterone 
is within normal adult levels even before the 
appearance of secondary sexual characteristics, 
and it can be stimulated by HCG. 

Hormone estimations and testis biopsies 
are generally necessary for the differential 
diagnosis of the sub-groups. The following 
principles sometimes facilitate classification, 
even without hormone estimations or biopsies. 

1. Disorders of the tubular system lead to 
azoospermia and, in general, to small testes. 
Masculine sexual characteristics are not affected 
in isolated tubular failure. 

2. In contrast, insufficiency of the Leydig 
cells can be recognized by the absence of second
ary sexual characteristics (beard, moustache, 
pubic and axillary hair, prostate). The testes 
need not be reduced in size. 

3. In differentiating between primary and 
secondary insufficiency, gonadotropin estima
tion can be replaced by the HCG test to estimate 
the functional reserve of the Leydig cells. Leydig 
cells respond to chorionic gonadotropin in 
secondary insufficiency, whereas they are un
influenced in primary insufficiency. A normal 
response is indicated by the increase in plasma 
testosterone, 17-ketosteroid and estrogen ex-

Testis 

cretions, and by the appearance of secondary 
sexual characteristics. 

4. Positive sex chromatin indicates Kline
felter's syndrome. 

7. Therapy (for age-dependent indications see 
Chap. XIX) 

There are two main methods of treating male 
hypogonadism: substitution and stimulation of 
testicular maturation with chorionic gonado
tropin. Only substitution can be considered in 
primary testicular insufficiency. In contrast, in 
secondary insufficiency, there is the theoretical 
possibility of using gonadotropins to stimulate 
endogenous production of testosterone. The 
preparation obtained from pregnant mare's 
serum (PM G), which contains FSH, causes 
antibodies to be formed in the human, and 
thus cannot be used therapeutically. Human 
gonadotropin obtained from the pituitary 
is available in limited amounts only for 
research. 

Preparations containing predominantly FSH 
can be gained from urine of menopausal women 
(human menopausal gonadotropin, HMG). They 
are still very expensive but are available com
mercially (Pergonal, Humegon). On the other 
hand, chorionic gonadotropin extracted from 
the urine of pregnant women (human chorionic 
gonadotropin, HCG), is available. The action 
of this preparation is similar to that of LH. 
Chorionic gonadotropin is suitable for short 
courses of treatment but not for long-term 
treatment, where testosterone is preferable. 
The indications for chorionic gonadotropin 
are therefore limited to specially selected cases 
of hypo gonadotropic eunuchism and to cryp
torchidism (see p. 469,477). Re-establishment of 
spermatogenesis and fertility with HMG and 
HCG is now theoretically possible in men with 
no pituitary gland (see p. 485). 

Table 5. Synopsis and differential diagnosis between primary and secondary, tubular and interstitial 
insufficiency 

Primary insufficiency 
Tubular and interstitial 
Tubular 
Interstitial 

Secondary insufficiency 
Tubular and interstitial 
Tubular 
Interstitial 

Total 
gonadotropin 
excretion 

++ 
+ + or n 
++ 

- orO 
n 
nor -

Spermatozoa 

0 
0 
nor -

0 

nor -

n = normal; + = increased; 0 = missing; - = decreased. 

Secondary sexual 
characteristics 
17-ketosteroids 

n 
nor -

n 

Reaction to 
chorionic 
gonadotropin 

o 
nor 0 
o 

n 
n 
n 
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a) Suhstitution 

The genuine testicular hormone, testosterone, 
and its ester are used particularly for substitution 
therapy. The dosage is adjusted to the severity 
of the manifestations of failure and to individual 
response. Estimation of plasma testosterone is 
expensive for the individual case, but it demon
strates that normal values of plasma testosterone 
are achieved in the adult man with complete 
substitution. Initial therapy should be as intensive 
as possible in cases of complete failure. A dose 
of 25 mg of testosterone propionate daily or 
50 mg 2 to 3 times weekly should be given intra
muscularly. The onset of action of this therapy 
is rapid, and it may be apparent within hours. 
Erection is possible after a few days. Pubic and 
axillary hair begin to grow after 1-2 weeks. 
A change is noted in the voice after 3-6 weeks. 
As in puberty, acne may develop on the face 
and trunk. A mild, often painful gynecomastia 
becomes apparent, such as occurs quite fre
quently in puberty. The beard and moustache 
are the last to appear, but they hardly ever 
attain normal growth. Patients with prepuberal 
hypogonadism need hardly shave more than 
twice weekly after successful treatment (Fig. 9). 
Failure to completely normalize secondary 
sexual characteristics (JOHNSEN, 1967) is obvi
ously due to the fact that treatment was not 
begun early enough. 

After full development of secondary sexual 
characteristics in 2-4 months, a maintenance 
dose of 25 mg testosterone propionate 2 to 3 
times weekly is usually sufficient. The use of 
depot preparations is advantageous. Subcutane
ous implantation of pellets of free testosterone 
is no longer used. 

It is now convenient to give a monthly in
jection of the slowly dissolvable ester or ester 
compound, such as undecylenate or valerianate, 
caprinoylacetate, enanthate. Numerous com
mercial preparations combine rapid- and pro
longed-action testosterone esters. They are given 
intramuscularly in an oily solution in a dose 
of 250 mg (150-300) once a month or once 
every three weeks in order to compensate 
complete testicular failure adequately. Higher 
long-term doses are only indicated in the 
treatment of cancer, to obtain anabolic 
effects, or to prevent abnormal height. Over
dosage must be avoided, as it can lead to too 
frequent ejaculations, to priapism, or to poly
cathemia. 

These ester compounds can be lIsed right 
from the start of the substitution therapy since 
their onset of action is rapid. They must, how
ever, then be given in higher doses, e.g. 250-
500 mg once a fortnight. The effect of testo-
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sterone, however, is variable according to the 
disease, a fact that has to be considered. In 
particular, the sensitivity to testosterone is 
diminished in growth-hormone deficiency (ZACH
MANN, 1969). 

Smaller doses are adequate for the treatment 
of the male climacteric. Doses of 10-25 mg testo
sterone propionate can be given intramuscularly 
twice weekly, or 50 mg of a depot preparation 
every 4 weeks. 

Oral testosterone therapy has the advantage 
of reducing the patient's dependence on the 
doctor, but it has the drawback of being less 
effective, more costly, and of involving the 
risk of cholestatic icterus. The methyl derivate 
of testosterone is used for oral administration. 
It is thought to reach the circulation by passing 
along the lymphatics and bypassing the portal 
circulation. Daily doses of 25 -150 mg are ne
cessary for replacemen t treatmen t. A halogenated 
testosterone derivative, fluoxymesterone, is a 
more effective oral preparation. A dosage of 
5-20 mg daily permits appropriate substitution, 
which is not, however, equivalent to that 
achieved with preparations for injection. Mester
olone, 1 cr-methyl-5cr-androstane-17 ~-01-30, can 
be used orally withouth the risk of biliary 
stasis, since is does not possess a methyl group 
at atom 17. It is not converted into estrogens. 
The preparation has undergone extensive clinical 
trial, and it appeared that the effect in the human 
does not differ from that in animals, i.e. that 
effective doses will not inhibit gonadotropins 
(PETRY, 1968; LUDVIK, 1970). 

Testosterone, like numerous other steroids, 
has a slight sodium-retaining effect. Edema may 
therefore arise with high doses, especially in 
elderly patients. This can be prevented by 
giving a low-sodium diet. See p. 455 for the 
effect of testosterone on spermatogenesis. 

h) Stimulation of Hormone Production 

In isolated gonadotropin failure, a trial with 
chorionic gonadotropin (HCG) might be in
dicated to promote maturation of the testes 
and hormone production. Substitution with 
testosterone must be continued for the rest of 
the patient's life. This treatment can prevent 
the absence of secondary sexual characteristics 
and metabolic disorders as well as psychic effects, 
but the patients remain sterile. HCG, on the 
other hand, can bring about maturation of the 
testes. They become larger and Leydig cells 
develop. HMG is needed in addition to produce 
spermatogenesis. HCG must be injected in high 
doses over a long period of time, at least 3 
months. Many failures are due to inappropriate 
dosage. In our experience, a weekly or twice 
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a b 

Fig. 18a and b. 23-year-old. Idiopathic eunuchoidism. 
a) Before treatment. b) 5 months after the first treatment 
with chorionic gonadotropin (120000 IU in 3 months) 

Testis 

weekly injection of 5000 units is very effective. 
Others advise 300-2500 units daily. 

The testes respond rapidly to this therapy. 
The first signs of development are visible after 
only one week, and the whole process to com
plete development takes place within 3 months, 
in comparison to the 3-4 years needed for the 
physiological course (Fig. 18). Repeated testic
ular biopsies during treatment with chorionic 
gonadotropin show rapid growth of Leydig 
cells at first, followed by hypertrophy. At the 
same time, the tubular tunica propria thickens, 
which, however, does not signify degeneration 
but is merely an effect of testosterone (BARTTER, 
1952). Sertoli cells mature, a lumen develops 
in the tubules, and the cells show signs of 
spermatogenesis (Fig. 19). Semen with numerous 
spermatozoa can be attained after 3 months 
of treatment even in a case of complete tubular 
immaturity. Plasma testosterone, 17-ketosteroid, 
and estrogen levels rise and may reach normal 
or higher values in a short time. 

Initial treatment lasting for 3-6 months is 
followed by a pause of 3-6 months. As discussed 
in the description of hypogonadotropic eunuch
ism, success will be lasting in some patients, in 
whom the disorder is due only to failure of the 
normal mechanism to release puberty. In other 
patients, secondary sexual characteristics will 

Fig. 19a and b. MB 268/53 and 4837/53, 23-year-old man. Testis in hypogonadotropic hypogonadism. a) Before treatment. 
b) After treatment with gonadotropins. Tubules somewhat better developed. Tunica propria narrower. Foci of Leydig cells. 
HE. 180: 1 
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disappear gradually over the course of 2-5 
months. Often a higher degree of maturation 
is retained after treatment. In these cases, a 
second and third course of HCG is indicated. 
The best possible degree of maturation is 
achieved after the third course, and any disturb
ing androgen deficiency remaining after this 
must be compensated wi th long-term testosterone 
substitution therapy. According to BARTTER, 
cases with a more mature histological picture 
have more hope of lasting success than the 
completely immature forms. 

The course of HCG injections is tedious 
for both patient and doctor, and although a 
partial lasting success may be attained, life-long 
substitution with testosterone cannot usually 
be avoided. It is therefore often preferable to 
start with testosterone substitution, even in cases 
of secondary hypogonadism. Testosterone sub
stitution can be withdrawn at least for a limited 
period when fertility is to be achieved. HCG, 
later combined with HMG, can then be given 
(see p. 485). 

F. Cryptorchidism (Undescended Testes) 

A. PRADER 

With Contributions by 

CHR. HEDINGER 

1. Definition and Incidence 

In German-speaking countries, the term cryp
torchidism is used only for testes retained in the 
abdomen. In this chapter, however, as in Anglo
Saxon terminology, cryptorchidism or undescend
ed testes generally refers to the incompletely 
descended testes. In contrast to this, the term 
"ectopic testis" is used when the testis lies in 
some position which never occurs under normal 
conditions. A normal variety is the testis lying 
partly inguinally and partly within the scrotum. 
This variety is still incorrectly looked upon as 
cryptorchidism (migratory testis, pendulous tes
tis). 

Descent normally occurs during the fetal 
peroid and is usually complete by the time of 
birth. The factors responsible for descent have 
not been fully identified. Chorionic gonado
tropin probably plays a significant role. 

The incidence of cryptorchidism is 2-3% 
in newborns born at full term (SCORER, 1964; 
VILLUMSEN, 1966), and higher in premature 
infants. Delayed descent commonly occurs 
during the first few weeks or months of life, so 
that the incidence is merely 0.8% at school age 
(COUR-PALAIS, 1966). Higher incidences are 
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due to poor examination techniques (COUR
PALAIS, 1966). Contrary to previous assumptions, 
spontaneous descent appears to occur only 
during the first few months of life and occasion
ally during puberty. The figures for the incidence 
in adults vary between 0.2 and 0.9%. Cryptorch
idism is bilateral in 10-20% of all cases. Ectopia 
is about ten times less common than retention. 

2. Etiology 

An endocrine disorder, anatomical obstruc
tion, and inferior testicular anlage are etio
logical factors to be considered. Occasionally, 
it is a simple hereditary characteristic due 
to an irregular dominant inheritance (KLEIN, 
1963). 

Nothing definite is known about the endo
crine causes of cryptorchidism. There is no 
doubt that descent is promoted during fetal 
life by adequate amounts of chorionic gonado
tropin and by the development of hypophyseal 
gonadotropins during puberty. However, it is 
not known whether cryptorchidism can be 
related to a gonadotropin deficiency during 
the fetal period. In most cases of cryptorchidism 
no endocrine disorder apart from sccondary 
gonadal atrophy can be demonstrated. Cryp
torchidism is a common but not obligatory 
feature of hypogonadism (p. 464), pituitary 
dwarfism (p. 98), and some types of male 
pseudohermaphroditism (see Chap. XII), but it 
is not known whether the cryptorchidism is 
caused by the pituitary or gonadal deficiency 
or by the disorder underlying the pseudo
hermaphroditism. 

Anatomical obstructions can lead to ectopia 
as well as to cryptorchidism. The inguinal canal 
is not patent enough, or the spermatic artery 
is short, or a congenital hernia is present 
(persistence of the processus vaginalis). The 
hernia prevents descent or results in adhesions 
and fixation of the testis in the wrong position. 
An anatomical obstruction causing cryptor
chidism can only be revealed by surgery in the 
majority of cases. 

It appears that about 50% of testes still 
undescended after puberty were already in
ferior in the anlage stage. In other words, 
testicular dysplasia or testicular hypoplasia is 
present. It is, however, only possible to prove 
this by histological examination. In one third 
of cases of unilateral cryptorchidism, both 
testes are primarily abnormal (HECKER, 1967). 
In isolated cases it is one symptom among 
multiple malformations or a symptom of a 
dysmorphic syndrome (male Turner's syndrome, 
Prader-Labhart-Willi syndrome, persistent ovi
duct, etc.). 
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3. Consequences of Cryptorchidism 

The consequences of cryptorchidism are multiple. 
Testes situated in the inguinal canal are much 
more prone to traumatic injuries than scrotal 
testes. In addition, testicular torsion is thought 
to be more common. Pains are not infrequent in 
the region of the undescended testis, and an 
incarcerated hernia and testicular torsion must 
be considered in such cases. During adulthood, 
but not during childhood, malignant tumors 
are more common in undescended testes (10 to 
50 times more common, depending on the au
thor) than in scrotal testes. However, even after 
an undescended testis has been transferred into 
the scrotum, it appears to have a predisposition 
to developing tumors (GILBERT, 1941). Thus, it 
would appear that not the mal descent but rather 
the testicular hypoplasia or atrophy must be 
considered the cause of the increased frequency 
of tumors. 

The psychological complications of cryptor
chidism have also been stressed by various 
authors. There is no doubt that disadvantageous 
psychological reactions arise in boys and men 
with cryptorchidism, who are aware of "in
adequately developed manhood". 

Testicular atrophy is by far the most impor
tant consequence of cryptorchidism. This is 
apparently due to the fact that the temperature 
of the surroundings of undescended testes is 
1.5-40 C higher than in the scrotum. Tubular 
development and spermatogenesis are very 
much affected by this, whereas development of 
the Leydig cells and their endocrine function 
are little influenced. 

4. Morbid Anatomy 

CHR. HEDINGER 

Undescended testes are usually underdeveloped 
and are definitely reduced in size in the adult. 
The microscopic picture is determined primarily 
by the age of the patient but there is no proven 
relationship to the degree of alterations of 
retention, i.e. to the localization of the retained 
testis. No pathologic processes can be detected 
immediately after birth unless testicular dys
plasia is present. However, pronounced changes 
arise during the first months and years of life, 
appearing mainly as a marked reduction in 
the number of spermatogonia and a usually 
rather discrete decrease in the diameter of the 
tubules compared with normally situated testes. 
Because of this, tubules devoid of spermatogonia 
are not uncommon even during the first few 
years oflife (SALLE, 1968). As far as this question 
can be answered at present, in the majority of 
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cases it appears that this is an acquired and not 
a congenital disorder (HEDINGER, 1971). All 
these changes become even more marked with 
the onset of puberty. The tubules continue to 
develop but remain smaller than normal. The 
tunica propria is thickened and hyalinized, 
Sertoli cells mature but the germinal epithelium 
is usually already absent or undergoes degen
eration. The histological picture of the un
descended testis in the adult is thus charac
terized by the combination of incomplete tubular 
development with simultaneous tubular atrophy 
advancing to complete tubular sclerosis. In 
contrast, the Leydig cells are usually well 
maintained, and are not uncommonly densely 
packed with increased amounts of lipids, which 
lend a peculiar golden yellow color to the cut 
surface of the testis on macroscopic examination. 
In about half the cases, so-called hypoplastic 
zones are recognizable (Fig. 20). They are 
composed of proliferations of peculiar tubules 
which contain only undifferentiated epithelia and 
no spermatogonia. These zones look similar to 
adenomas and may be mistaken for Pick's 
tubular adenoma, which also occurs particularly 
often in undescended testes. Concretions or 
so-called ring tubules appear to be somewhat 
more common in undescended testes than in 
normally situated testes (SCHEIBLI, 1968; Hu
BER, 1968). 

5. Incretory and Secretory Function of 
Undescended Testes 

Clinically, no differentiation is usually possible 
between primary hypoplastic testes and sec
ondary atrophic testes. In both forms the testes 
are unobtrusive before puberty and strikingly 
small after puberty. Spermatogenesis is equally 
impaired in both forms. No mature sperms or 
only a few can be found in the ejaculate, and the 
patient is usually sterile. This is understandable 
in bilateral cryptorchidism, but surprisingly, 
the same features are often found in cases of 
unilateral cryptorchidism. In such cases, pre
sumably bilateral testicular hypoplasia is present 
and the testes are not atrophic. In other cases, 
compensatory enlargement of the healthy testis 
can be observed (LARON, 1969). 

In contrast to spermatogenesis, androgen 
production is not reduced or only slightly 
reduced. Secondary sexual characteristics are 
fairly to very well developed. Excretion of 17-
keto steroids and testosterone is normal or 
slightly reduced and is not as strongly stimulated 
by chorionic gonadotropin as in healthy sub
jects. Gonadotropin excretion is usually elevated 
due to tubular insufficiency. Thus, primary 
hypergonadotropic hypogonadism arises with 
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Fig. 20. M B 8853/ 51 , 24-year-old man. Cryptorchidism with defined hypoplastic zone (upper left half of the picture reminis
cent ofa tubular adenoma). In the rest of the testicular tissue atropic tubules which are lined almost exclusively with Sertoli 
cells. Leydig cells recognizable in small groups. HE, 140: 1. 

secretory insufficiency and incretory function 
is just about adequate (p.463). In-vitro ex
periments suggest some degree of 3~-dehydro
genase deficiency in the biosynthesis of testo
sterone (HAMILTON, 1970). 

6. Examination Technique and Classification 

There are numerous cases where a diagnosis of 
cryptorchidism has been wrongly made and the 
patient unnecessarily treated for this condition 
due to poor examination technique. Careful 
and correct examination is therefore of greatest 
importance. The patient should be examined in 
the standing and lying positions. The examination 
room must be warm since a cold stimulus 
promotes retraction of the testes. Bimanual 
examination is most suitable. One hand squeezes 
the inguinal canal and the subcutaneous pocket 
lying between the inguinal canal and scrotum 
against the other hand palpating away from 
the scrotum. If no testes are palpated at first, 
success can occasionally be achieved by making 
the patient cough or shout or by examining him 
in a warm bath. 

Palpation findings permit a certain degree 
of diagnostic differentiation and classification 
into the various forms of cryptorchidism. The 
primary factor is to determine whether testes 
are palpable or not. 

If the testes are not detectable by careful 
examination, they are lying in the inguinal 
canal (canalicular inguinal retention), or in the 

retroperitoneal space (abdominal retention), or 
are completely absent (anorchia). Anorchia can 
be recognized by the failure of development of 
secondary sexual characteristics, by the lack 
of response of the excretions of 17-ketosteroids 
and testosterone to stimulation with chorionic 
gonadotropin, and by failure to find the testes 
on surgical exploration although the ductus 
deferens is present. Among 748 children admit
ted to the surgical wards of the Children's 
Hospital in Zurich and operated on for cryp
torchidism, bilateral anorchia was confirmed in 
6 cases and unilateral anorchia in nine cases on 
the basis of the ductus deferens ending freely . 

Palpable testes are practically always sit
uated subcutaneously. Testes palpable in the 
inguinal region which can be easily pulled into 
the scrotum are a normal variety, as has already 
been mentioned (migratory or pendulous testes), 
and must not be looked upon as cryptorchidism. 
Very often, testes can just barely be pulled into 
the scrotum and rebound at once when released 
(retractile testes). This is the mildest form of 
cryptorchidism; it has a good spontaneous 
prognosis, and usually responds immediately 
to chorionic gonadotropin. 

Testes palpable in the inguinal region (ingui
nal testes, inguinal retention) are less mobile, 
and an anatomical obstruction or inguinal 
ectopia cannot be excluded. The other forms 
of ectopia (ectopia femoralis, perinealis, penilis) 
are easily recognized from the abnormal position 
of the testes. 
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7. Treatment 

There are only two therapeutic possibilities: 
treatment with chorionic gonadotropin and 
surgery (orchidopexy). Whereas it is unani
mously agreed that the onset of puberty is the 
latest point for starting treatment, since testi
cular atrophy is otherwise inevitable, opinions 
differ as to the optimal age to start treatment. 
The fact that the tubular diameter and sperm 
count are lower than normal even in the 5th or 
6th year (HECKER, 1967; SALLE, 1968) has led 
to the recommendation that treatment be 
started as early as possible. The question cannot 
be answered definitely since it is not clear at 
present whether these changes are due to the 
abnormal site of the testes or are a primary 
disturbance, and assuming there is a secondary 
disorder due to the abnormal position, whether 
this secondary disorder is reversible and if so, 
for how long. We therefore recommend starting 
treatment with chorionic gonadotropin as early 
as possible, i.e. from the 5th year, adjusting 
the doses to produce increased erections and 
mild penis enlargement but no pubic hair if 
possible. This side effect disappears after treat
ment is stopped. Between the ages of 5 and 10 
years, 6-8 injections of 1 500 U ~.are given in 
3-4 weeks; between the 10th and 13th years, 
10 injections of 1500 U in five weeks or 3 in
jections of 5000 U in 3 weeks. Urinary excretion 
of testosterone rises significantly. Absence of 
the clinical reaction mentioned above and 
failure of testosterone to rise confirm the 
presence of true anorchia. The degree of success 
cannot be predicted in the individual case and is 
presumably dependent on the unknown causes 
of cryptorchidism. Success is achieved in 90 to 
100% of cases of retractile testes, and the 
therapeutic indication is questionable here. 
Success is obtained in about 40% of cases of 
inguinal retention and in 20-30% of cases of 
abdominal retention (BIERICH, 1967; KNORR, 
1970). Results are somewhat poorer in unilateral 
than in bilateral cryptorchidism. It may be 
assumed that in successful cases the testes 
would have descended spontaneously later on 
in puberty under the influence of endogenous 
gonadotropins, but there is some fear that 
this delay affects later fertitity. This form of 
treatment involves no risk. Descent of the 
inguinal and abdominal testes does not ensure 
fertility. The testes often remain smaller than 
normal, and normal spermatogenesis is prob
ably only possible in half the cases at most. 
Failure to respond is an indication for 
surgery. Hardly any result is to be expected 
from the second course of chorionic gonado
tropin. 
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In contrast to treatment with gonadotropin, 
orchidopexy is almost always successful as far 
as the position of the testes is concerned. It is 
the only form of treatment in the presence of 
anatomical obstruction, incarcerated hernia, 
testicular torsion and ectopia. Surgery results 
in just as little functional success as gonado
tropin treatment in the presence of testicular 
hypoplasia. By and large, surgery using suitable 
methods can be described as harmless. However, 
subsequent testicular atrophy is almost inevitable 
if the testis can only be transferred to the 
scrotum under tension due to short vessels or 
an unsuitable surgical method. For reasons 
already discussed, the testes often remain ab
normally small after the operation. Nor are 
the chances of fertility very good, particularly 
when the case is referred to the surgeon after 
failure to respond to chorionic gonadotropin. 
In summary, there is still a considerable amount 
of uncertainty as to the optimal treatment of 
cryptorchidism with the present-day state of 
knowledge. For the time being, the following 
principles for treatment of uni- and bilateral 
cryptorchidism in endocrinologically healthy 
boys can be recommended: 

1. First exclude the migratory or pendulous 
testes which can be mistaken for true cryptor
chidism. Migratory testes, in contrast to un
descended testes, can easily be manipulated 
into the scrotum and require no treatment. 

2. Every case of ectopic testes diagnosed 
clinically (position outside the normal path of 
descent) and of cryptorchidism with a manifest 
hernia should be operated on during babyhood 
or early infancy. 

3. Treatment is urgently indicated in un
complicated cases of undescended testes, and 
should begin as soon as possible after the 5th 
year of life and definitely before the onset of 
puberty. 

4. If treatment with chorionic gonadotropin 
is decided upon, then a course of injections of 
1 500-5000 U over three to five weeks, making 
a total dose of 9000-15000 U, can be recom
mended. 

5. If surgical treatment is decided upon 
because of failure to respond to treatment with 
gonadotropin or because of anatomical compli
cations, careful orchidolysis and funicolysis 
with subsequent orchidopexy by fixation in the 
scrotum itself (between tunica dartos and scrotal 
skin or penetration of the septum) is indicated. 
Temporary fixation to the thigh gives poor 
results. 

6. Retractile testes, which can just be pulled 
into the scrotum and recoil immediately, are 
an indication for treatment. Gonadotropin 
treatment is nearly always successful. 
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7. Chances of success with gonadotropins are 
lower but still fairly good in cases of testes 
retained in the inguinal region. 

8. If the testes are not palpable, therapeutic 
possibilities are limited. Orchidopexy of ab
dominal testes can often be performed without 
difficulty, but occasionally only with great 
tension on the vessels, with consequent testicular 
atrophy. A previous attempt at treatment with 
gonadotropin is thus advisable, especially since 
even partial succes improves the prognosis of 
subsequent orchidopexy. A pronounced rise in 
17-ketosteroid and testosterone levels during this 
treatment indicates the presence of testes, 
whereas absence of this rise suggests anorchia. 

Treatment of cryptorchidism in adulthood 
also presents a difficult problem. Normal sper
matogenesis cannot be achieved either with 
chorionic gonadotropin or by orchidopexy. 
The danger of increased predisposition to 
tumors must also be considered in this age 
group. Certain authors recommended castra
tion for this reason, but then loss of function 
of the Leydig cells must be taken into account 
and compensated by substitution with testo
sterone. 

G. Sterility 
The incidence of sterile marriages has been 
estimated at 10%. In 30-50% of cases, the 
cause is found to lie with the man. The figures 
have remained more or less the same for the 
past three generations, and sterility affects 
all social groups to the same extent. There are 
different grades of fertility. The marriage will 
be fertile when a person of inferior fertility 
combines with a very fertile partner, whereas 
the combination of two partners whose fertility 
is low will remain childless. It is probable, but 
also difficult to prove, that inferior or in
compatible sperms are the cause of frequent 
abortions. 

1. Etiology and Pathogenesis 

a) Functional and Anatomical Disorders of the 
External Genital Organs 

History and clinical examination will quickly 
disclose impotence, hypospadia, and other ana
tomical abnormalities which will impede the 
normal course of coitus. 

b) Urological Causes 

Obstruction of the spermatic ducts is responsible 
for 25% of cases of azoospermia in the presence 
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of normally large testes. The condition most 
often arises after gonococcal or tuberculous 
epididymitis. It is important to recognize the 
obstruction, since some of these cases are 
suitable for correction. The testes biopsy is 
therefore necessary in a case of azoospermia 
with normally large testes. It usually shows a 
normal picture in obstruction of the spermatic 
ducts, but spermatogenesis is slightly diminished 
in 20% of cases. The success rate for latero
lateral vasoepididymostomy performed by an 
experienced surgeon is variously quoted as 20 
to 70%. Although the percentage of curable 
cases of azoospermia with normally large testes 
is relatively small, it is still worth trying. The 
patients should be informed in advance about 
the low chance of success. 

Oligospermia or reduced motility of the 
sperms is infrequently due to changes in the 
spermatic and urinary tracts and in their 
appendage organs (prostatitis, vesiculitis). 

"Pseudo-oligospermia praecedens" denotes 
impaired mobilization of the spermatozoa. In 
this condition, only a few spermatozoa are 
obtained from the first ejaculation, whereas 
ejaculation after 2 hours yields a normal number 
of spermatozoa. 

Azoospermia may occasionally be due to 
retrograde ejaculation into the bladder. 

Finally, congenital malformations of the 
spermatic ducts may cause azoospermia in the 
presence of testes of normal size (failure of the 
epididymal head and body to communicate, 
cystadenomas of the epididymis). 

The spermatic ducts and the epididymis are 
nearly always absent or have malformations in 
mucoviscidosis. There is nearly always azoo
spermia (KAPLAN, 1968; VALMAN, 1969) (see 
p.462). 

Cases of loss of the seminal fluid, aspermia 
("aspermatism"), in the presence of otherwise 
normal sexual function have been reported 
after treatment of hypertension with the sym
pathetic inhibitor, guanethidine. Secretions of 
the prostate and seminal vesicles appear to be 
inhibited. 

c) Impaired Spermatogenesis 

See p. 462 for spermatogenic disturbances in 
hypogonadism. All disorders of the tubular 
apparatus are associated with azoospermia or 
oligospermia. Isolated disorders in formation 
and maturation of the germ cells have been 
termed as hypospermatogenesis or as spermato
genic arrest (see p.465). There is usually no 
certain morphological correlation in the testis 
biopsy with oligospermia, however, and the 
etiology of azoospermia or oligospermia re-
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mains unknown in the majority of cases despite 
all the modem investigations. Chromosomal 
aberrations are responsible for 7.5% of cases of 
male sterility. They are recognized only by the 
karyogram and are mostly XYjXXY, XOjXY 
or other mosaics (KJESSLER, 1966). 

Auto-immunological processes may be in
volved. Autologous and homologous immu
nization to testicular tissue have been used to 
produce cellular and weak circulating antI
bodies, clumping and desquamation of the 
germinal epithelium and vacuolar degeneration 
of the Sertoli cells in animal and man before 
orchidectomy for carcinoma of the prostate 
(MANCINI, 1965). The phenomenon of sperma
tozoal agglutination can be found in sterile 
men, sometimes after contusion of the testes. 
Antisperma-antibodies in the serum can also 
be demonstrated in some cases (FJALLBRANT, 
1965). Antigens can be found in the acrosome 
of the head of the spermatozoon. They can 
arise from the accessory organs and can enclose 
the spermatozoa. These antigens can evoke 
production of antibodies bound to the vaginal 
cells and uterus in the woman and thus cause 
sterility. The antibodies may disappear and the 
woman become fertile again after a year of 
abstinence or coitus condomatus. 

d) Sterility with N ormospermia (So-Called 
"Biological Sterility") 

a) Immunological Causes, Incompatibility of the 
ABO Blood Groups 
(BEHRMAN, 1960; MACHER, 1964) 

Natural, not acquired anti-A and anti-B anti
bodies (agglutinins) have been found in the 
cervical mucus of women of group o. It is 
assumed that spermatozoa with the antigens 
A and B can be immobilized by antibodies in 
the cervical mucus. Direct agglutination has, 
however, not yet been demonstrated. Some men 
in the A and B blood groups excrete the A and 
B substances in the saliva and semen, and it is 
possible that these substances neutralize the 
anti-A or anti-B in the cervical mucus. It is also 
possible that this immunological A-B-O in
compatibility is in some way involved in the 
diminished fertility of A-B-O married couples, 
since incompatible blood group constellations 
were found more frequently among "biolog
ically" sterile couples than in a control group. 
Therapeutic measures to overcome this in
compatibility are still at the speculative stage 
(homologous intra-uterine artificial insemi
nation, neutralization of antibodies in the 
cervical mucus). Antibodies against sperms can 
also be acquired. 
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Agglutination of Sperms. The sperms of a small 
percentage of sterile men agglutinate before or 
after ejaculation. High titers of spermatozoa 
agglutinins can be detected in these cases, 
suggesting autoimmunological processes (RUM
KE, 1965). 

~) Nucleic Acid Deficiency of the Spermatozoa 

N ucleinic acid in the head of the spermatozoon 
can be quantitatively estimated by ultraviolet or 
Feulgen microspectrophotometry. A decrease 
in the nucleinic acid content in the heads of 
the sperms has been successfully demonstrated 
in a few cases of sterility with normospermia. 
Connections between this and habitual abortion 
are currently being discussed (LEUCHTENBERGER, 
1957; MEYHOFER, 1963; JOEL, 1962). 

Finally, a morphologically, chemically, and 
immunologically normal semen may also be 
inferior. 

y) Capacitation and Decapacitation 
(see also Chap. X, p. 623) 

Capacitation is a process which enables the 
sperm to invade the ovum inside the uterus, 
passing through the matrix of the cumulus 
oophorus and the zona pellucida (AUSTIN, 
1970). Capacitation and decapacitation are not 
yet completely understood. The sperms seem 
to be coated with a protective layer, the deca
pacitation factor, while passing along the seminal 
ducts (CHANG, 1970). This factor is dissolved 
inside the uterus near the ovum. It has been 
isolated to a fairly high degree (WILLIAMS, 1970). 
Capacitated and decapacitated sperms cannot 
be differentiated, either by light or by electron 
microscopy. The outer membrane of the head 
of capacitated sperms is, however, dissolved in 
the neighborhood of the ovum, and the enzyme
containing acrosome fuses with the ovum, 
forming a vesicle (BEDFORD, 1970). Male and 
female hormones have some influence on these 
processes. Estrogens, LH and HCG seem to 
promote capacitation while progesterone in
hibits it. Capacitation and decapacitation have 
been proven in many mammals, including the 
human. Recently, indirect methods, as tetra
cycline incubation, to investigate the first phase 
of capacitation, have been developed (DuKELow, 
1971). 

2. Diagnosis 

When the history is taken, special attention 
must be paid to the following: frequency of 
sexual intercourse, number of siblings, number 
of their children, previous illnesses, particularly 
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mumps, tuberculosis, venereal diseases, malnu
trition, cryptorchidism and the time of descent, 
age at onset of puberty, indulgence in alcohol 
and tobacco, mental stress, professional over
exertion, exposure to heat, type of dress, 
particularly whether close-fitting underpants are 
worn. 

Signs of hypo- or hyperthyroidism, diabetes 
mellitus, vascular diseases and neurological 
disorders must be looked for in the general 
examination. Secondary sexual characteristics 
must be investigated. 

Careful examination of the male genitalia 
is most important. The size of the testes must 
be noted. This is best measured with the orchido
meter giving the volume of the testis (see p. 1036). 
The epididymis and vas deferens must be 
palpated, and a rectal examination performed 
to examine the prostate and seminal vesicles. 
Attention must be paid to varicoceles, open 
hernial orifices, and to the possibility of the 
testes sliding back into the inguinal canal. 

Examination of the semen is the first and 
most important special test. For the methods 
see p. 493. Any doctor can come to the simple 
conclusion of whether the semen contains 
actively motile spermatozoa, but the differential 
morphological assessment needs special ex
penence. 

Normal semen after 3-5 days of abstinence 
contains 40-250 million sperms/ml, at least 
60% of which must be motile, and 60% nor
mally formed (McLEOD, 1965). The sperm 
count falls if the period of abstinence is shorter, 
and motility is reduced if it is longer. Fertility 
is reduced when the sperm count is below 40 
million/ml (oligospermia). The possibility of 
fertility is very slight if the count is less than 
20 million/ml. The fall in the sperm count is 
usually accompanied by impaired motility and 
morphology. Sterility, however, can only be 
assumed to exist when spermatozoa are com
pletely absent (azoospermia). If conditions are 
unfavorable in the woman, a high sperm count 
is needed for conception to occur. Aspermia is 
described as the inability to ejaculate semen. 
We use the nomenclature recommended by 
the Commitee for Male Infertility in Amsterdam 
in 1959. In German-speaking countries azoo
spermia is usually used for the absence of 
spermatozoa in the presence of cells of spermio
genesis; aspermia is applied to the absence of 
both, and aspermatism indicates the inability 
to produce semen. Other terms, such as crypto
spermia and astheno-teratospermia are un
necessary and are best avoided. Necrospermia 
indicates that the sperms are immotile and not 
revivable. Fertility is also thought to be reduced 
with sperm counts over 250 million/ml. 
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Table 6. Examination of the male 

A. History 
1. General: venerea, tuberculosis, mumps-induced or

chitis, testicular torsion, mechanical trauma of the 
genitals, genital surgery: orchidopexia, operation of 
hydroceles or varicoceles, hernia inguinalis operations. 
Exogenous damage: alcohol, nicotine, heat, X-rays. 

2. Genital: coital frequency, timing and technique, eja
culatio praecox (duration of coitus), possibility of im
potence. 

3. Psychological: wish for children? Reason for wanting 
children, attitude to wife, professional aims and inter
ests. 

B. Physical examination 
1. General: state of health, blood pressure, sedimenta

tion rate, red and white blood count and blood smear, 
serological reactions for lues, urinalysis. 

2. Genital: cryptorchidism, hypospadia, genital hypo
plasia, orchidometry (testicular size), varicocele. hy
drocele, inflammation 

C. Sperm examination 
Quantity and quality (see p. 493) 

In case of pathological sperm: 
D. 1. Endocrinological examination: gonadotropins, 17-

ketosteroids and 17-hydroxysteroids, plasma or uri
nary testosterone, thyroxine, basal metabolic rate and 
serum cholesterol. 

2. Examination of prostatic secretion (massage of the 
prostate gland). 

3. Testicular biopsy, examination of the clear passage of 
the sperm ducts, rinsing, vesiCUlography, urethro
graphy). 

4. Sex chromatin or karyogram in case of abnormalities 
of the external genitalia, underdevelopment of the sec
ondary sexual characteristics, small testicles with azoo
spermia. 

It is not certain how much significance can 
be attached to biochemical investigations in the 
practical assessment of fertility. The content of 
fructose (normal 1200-4500/lg/ml) and that 
of citric acid (normal 30-420 mg/l00 ml) in 
the semen are dependent on the production of 
testosterone by the Leydig cells. Fructolysis 
(fructose consumption in 5 hours) and hyaluro
nidase activity are parallel to the number of 
motile sperms. 

The testis biopsy is indispensible for an 
exact diagnosis in hypogonadism and in azoo
spermia. It is sometimes justified for therapeutic 
reasons, although only a small percentage of 
hypogonadal men have any hope of their 
sterility being cured. 

On the other hand, the use and indication 
of the testis biopsy in oligospermia is disputable. 
No therapeutic conclusions can be derived 
from it; however, the chance of success can be 
better assessed from the biopsy and can spare 
married couples years of disappointing waiting. 
In cases where the secondary sexual charac-
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teristics are present it can definitely exclude an 
idiopathic eunuchism. In cases where the testes 
are particularly small (less than 10 cm3), fertility 
is almost impossible, and patients can be spared 
this tiresome investigation. 

It is possible that although the testis biopsy 
is of no use in some cases, all patients in this 
group can profit from it since it can provide 
a basis for future therapy. 

The so-called Sims or Huhner's test involves 
microscopical examination of sperm taken from 
the cervix post coitum. This test is supposed to 
indicate individual incompatibility between the 
sperm and the cervical mucus. 

3. Therapy 

We still have no certain means of improving the 
quality and number of spermatozoa except in 
hypo gonadotropic hypogonadism. All reports of 
success with hormones and vitamins apply to 
subfertile patients with sperm counts between 
20-40 million/ml, which would have allowed 
conception even without treatment. Therapeutic 
successes of this kind can be fallacious. The 
hopes of improving oligospermia with HMG 
outside of pituitary insufficiency have not 
materialized (McLEOD, 1967). 

In Zurich we have never observed any 
improvement of the semen quality during treat
ment with HMG, 500 U every day and HCG, 
5000 U weekly for 3 months in selected patients 
with a sperm count of less than 20 million/ml 
and spermatogonia in the testicular biopsy. 
Other series have shown comparable results 
(POLISHUK, 1967; MROUEH, 1967). 

Azoospermia in the presence of normal
sized testes can be due to obstruction of the 
spermatic ducts. The testis biopsy shows normal 
histological findings or only slightly reduced 
spermatogenesis. Patency of the vas deferens 
is best tested by lavage with lukewarm phys-

Table 7. Treatment of male sterility 

Cause Sperm count 

1. Azoospermia in the 0 
presence of obstructed 
spermatic ducts 

2. Hypogonadism Decreased 
or 0 

3. Oligospermia Decreased 

4. Unknown Normal 

Testis 

iological saline. Vasography with X-ray con
trast medium is thought to cause epithelial 
lesions. 

Biopsy from testes of normal size, however, 
also reveals disorders of information or matu
ration, such as spermatogenic arrest, hypo
spermatogenesis, or germinal aplasia. Treat
ment is hopeless in all three conditions. 

The diagnosis of oligospermia can only be 
made by repeatedly finding lowered sperm 
counts. Temporary reductions in the sperm 
count are not uncommon. In oligospermia 
without signs of hypogonadism, urological 
causes such as prostatitis must be investigated 
and cured. Inflammatory components in the 
secretory product can impair motility of the 
sperms and thus their fertility. The varicocele 
may cause sterility (see p. 464) (TULLOCH, 1955; 
SCOTT, 1962). Operative treatment with ligation 
of the vena spermatica can improve the quality 
of the semen in 60-70% (McLEOD, 1967). 
Improvement of the motility was the most 
constant result. Although 37% of the patients 
in one series had sperm counts of less than 
20 million/ml, pregnancies were achieved in 
30-50% (McLEOD, 1967). Similar observations 
were recorded in patients with hydrocele. Sper
miogenesis may be impaired either by changes 
in temperature or by hypoxia (BROWN, 1967). 

It is doubtful whether advice to limit sexual 
intercourse to the fertile days of the woman's 
cycle is of any value. It is true that the sperm 
count increases with sustained abstinence, but 
motility decreases at the same time. The chances 
with frequent intercourse are better than with 
infrequent intercourse (McLEOD, 1967). Gen
eral advice usually given is the following: The 
patient should relax, have sufficient sleep, avoid 
becoming overweight, and have some physical 
exercise. Close-fitting underwear is thought to 
be unfavorable since it increases the temperature 
in the testes. 

Size of Testis biopsy Therapy 
testes 

Normal Normal or slightly Surgical 
decreased 
spermatogenesis 

Smaller Pathologic HCG, HMG 
in selected 
cases 

Normal Normal or slightly Homologous 
pathologic artificial 

insemination 
in selected 
cases 

Normal Normal None 
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Postcoital loss of semen can be prevented 
by the woman's adoption of a suitable position 
with the thighs drawn up and apart. 

When these measures are unsuccessful, me
chanical means of concentrating the semen can 
be considered. Homologous artifical insemina
tion, i.e. insemination with the husband's semen, 
makes it possible to place semen in the concen
trated form in the cervix or in the uterine cavity. 
The first half of the ejaculate usually contains 
the majority of the more motile sperms. This 
fact can be exploited by using a "fractionated 
ejaculate" for artificial insemination. The semen 
is obtained by masturbation and is collected 
in sterile containers. It can be concentrated 
by centrifugation. Semen from repeated mast
urbations is collected and stored in the deep 
freeze. It is then allowed to thaw out and is 
centrifuged. The semen thus obtained for homol
ogous artificial insemination has a normal 
sperm count. The sperms may, however, be 
damaged by highspeed centrifugation. Whereas 
the chances with homologous insemination are 
high in sterility due to mechanical causes, the 
success in oligospermia is uncertain. Some 
authors disclaim any success. Statistics of the 
success range between 0 and 100% and are not 
comparable because of the different material 
(ZANARTU, 1960; SCHELLEN, 1957). In Zurich 
the procedure has been abandoned. In any 
case the physician will do well to undertake 
this tiresome procedure, which is a great strain 
to the married couple, only if the couple ex
pressly requests it. 

In /zJpogonadism, it is only possible to 
achieve fertility by hormone therapy in the 
case of hypogonadotropic hypogonadism. 

Secondary hypo gonadotropic hypogonadism 
can at present be treated with human gonado
tropin until normal incretory and excretory 
functions of the testes are restored. Only a 
few well-examined cases have so far been 
described. 

In a hypophysectomized man with partial 
pituitary insufficiency and receiving cortisone 
and androgen substitution, in whom azoo
spermia developed 2 years after the operation 
and spermatogenesis was arrested at the spermatid 
stage, treatment with a weekly dose of 5 mg of 
human FSH derived from pituitaries for 13 
weeks resulted in restoration of normospermia 
and a sperm count of 61 million/ml (GEMZELL, 
1964). A diabetic with a total hypophysectomy 
whose sperm count fell from 480 million to 0 
within 3 months, and whose testis biopsy 
showed only Sertoli cells and a few remaining 
spermatogonia responded well to HMG. After 
65 daily injections of 5 mg HM G, active sperma
togenesis with primary spermatocytes and sper-
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matozoa was demonstrable (McLEOD, 1966). A 
probably less purified preparation (Pergonal) 
obtained from human menopausal urine was 
used at that time. Recently, clear-cut morpho
logical differences between the immature Sertoli 
cell of hypo gonadotropic hypogonadism and 
the adult Sertoli cell after treatment with HMG 
was demonstrated by electron microscopy (DE 
KRETSER, 1972). Whereas in gonadotropin de
ficiency inter-Sertoli cell junctions are absent, 
they appear in the adult Sertoli cells, suggesting 
that the Sertoli cells have a crucial role in the 
development of spermatogenesis. 

HMG alone has no success on undeveloped 
testes in congenital secondary hypogonadism 
(idiopathic eunuchism). On the other hand, 
preliminary treatment for 6 months with HeG 
(2000 U three times weekly) resulted in normal 
development to slight hypertrophy of the Leydig 
cells and in spermatogenesis to the spermatid 
stage. Administration of HMG at this point, 
in addition to HeG (12.5 U of HMG i.m. three 
times weekly with continuation of HCG in the 
previous dosage), achieved at least focally com
plete spermatogenesis with mature spermatozoa 
in the testis biopsy after 8 weeks (LYTTON, 1966). 
Complete maturation of the spermatozoa takes 
about 70 days. Androgens alone or normally 
functioning Leydig cells can maintain the early 
stages of spermatogenesis, whereas FSH is nec
essary for the terminal phases of maturation. 

Normal spermatozoa were demonstrated in 
the ejaculate of 12 of 38 patients with azoo
spermia and low or absent gonadotropins; in 
these 12, the testis biopsy showed only Sertoli 
cells, spermatogonia and some spermatocytes 
before treatment. Pregnancy occurred in 4 cases. 
No success was achieved in those where there 
were no spermatogonia in the testis biopsy. 
A dose of 75 IU HMG* i.m. every other day 
is recommended; only if the semen volume is 
less than 1.5 ml does the treatment, which lasts 
80-120 days, have to be combined with HCG, 
2500 IU i.m. every other day (LUNENFELD, 
1967). Neither the optimal dosage nor the 
chances of success are known yet. Large amounts 
of FSH are necessary to initiate spermatogenesis, 
but maintenance can be achieved by much 
lower FSH levels, which HCG might also 
possess (McLEOD, 1972). 

On the other hand, no success can be achieved 
with HMG and HeG in cases of oligospermia 
where there is no evidence of reduced gonado
tropins (MROUEH, 1967; McLEOD, 1967). 

The very expensive combined replacement 
therapy with HMG and HCG for hypopitui-

* One ampoule Pergonal or Humegon containing 75 IU 
FSH and 75 IU LH. 
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tarism or for hypo gonadotropic hypogonadism 
is only justified when fertility can be achieved, 
at least temporarily, in the patient. Develop
ment of the technique for storing human 
semen in the deep freeze will increase the 
chances for hypophysectomized patients to 
produce children. 

In other forms of hypogonadism, hormone 
therapy can correct signs of failure and meta
bolic disorders, but not sterility. The use of 
HCG, and probably also of HMG, is not 
justified in infertility with oligospermia or normo
spermia. Gonadotropin from animal serum 
(PMS, pregnant mare serum) leads to the forma
tion of antibodies within 2 months, and sup
presses FSH and LH effects. The testo
sterone rebound, meaning an attempt to in
fluence oligospermia favorably by producing 
azoospermia with temporary high doses of 
testosterone (150 mg weekly) is useless or even 
harmful. The first critical reports recently 
published about therapeutic trials with human 
FSH (HMG) show negative results. Treatment 
with clomiphene, which increases the gonado
tropins, has not been successful in the male 
either. 

Two of the numerous other therapeutic 
propositions are mentioned here: desiccated 
thyroid, in a daily dose of 0.2 g, has been con
sidered a means of overcoming sterility for many 
years. Re-examination, however, has shown 
that it is only of use in hypothyroidism. Vita
mins B1 , E, and A in particular have been 
recommended. Apart from the fact that avita
minosis occurs only rarely in the human in 
Western countries, careful studies have shown 
no effect of vitamin A on oligospermia. 

This is not the place for discussing the ethics 
and psychological problems of heterologous 
insemination, i.e. insemination with semen of a 
donor known only to the physician and not to 
the married couple. The legal principles are 
manifold and still not fully explained. The legal 
problems in the European countries and in 
the USA have been reviewed by SCHELLEN (1957). 
This procedure is more widely accepted in the 
United States and in the Scandinavian countries, 
and is performed by recognized clinics. 

Heterologous artificial insemination has not 
been approved by the Churches. In Switzerland, 
general opinion is reserved. All the problems 
have recently been reviewed by GLA TTHAAR 
(1971). 

Although the treatment of sterility is so 
seldom succesful, thorough investigation and 
consideration of the therapeutic possibilities 
are to be encouraged. If the physician merely 
adopts the vague attitude that not much can 
be done for the patient this produces worrying 
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uncertainty III the patients and drives them 
into the hands of medical and non-medical 
quacks. In addition, the childless married couple 
can be greatly helped by the declaration that 
investigational possibilities are exhausted and 
a diagnosis of untreatable sterility has to be 
made, as they can readjust to the possibility 
of adopting a child. 

4. Induced Reversible Sterility 

Induced reversible sterility in the man as a means 
of birth control is still in the experimental 
stages. Auto-immunization of the man with 
testicular tissue inhibits spermatogenesis for 
just a few weeks (MANCINI, 1965). Substances 
with an alkylating and cytostatic action do not 
work specifically enough on spermatogenesis. 
Hexamethyl phosphoramide has been used in 
insects and results in long-lasting sterility. 
Derivatives of hydrazine act very slowly (JACK
SON, 1966). The action of a dinitropyrrol on the 
different stages of maturation have been thor
oughly investigated, and the late stages have 
been found to be the most sensitive. Inter
mittent administration of the substance in the 
rat produces reversible sterility (PATANELLI, 
1964). Substances acting on different phases 
of maturation of the sperm are in the first stage 
of investigation (JACKSON, 1970). Progesterone 
and other natural steroid hormones can inhibit 
the capacitation (see p. 482) of sperms and lead 
to a reversible sterility, an effect which has 
been observed in animals (SEGAL, 1968). Proge
sterone influences the uterine mucosa, which 
prevents the sperms from becoming fertile (see 
p. 482 and Chap. X, p. 623). 

H. Impotence, Satyrism, Perversion 

Impotence usually signifies impotentia coeundi, 
whereas impotentia generandi implies sterility, 
which is a better term. Impotence is most often 
due to psychogenic disorders. It is rarely due to 
vascular diseases, neurological or endocrine 
factors. Impotence can result from lipiodol 
arachnoiditis and is an early sign of Buerger's 
disease. Antihypertensive drugs, especially gan
glion-blocking substances such as guanethidine 
and psychotropic drugs such as phenothiazines 
may cause impotence. 

True endocrine impotence can occur in all 
forms of hypogonadism with androgen defi
ciency. However the hypogonadal man is, 
usually quite unaware of his functional loss 
since he has no need for it. However, even 
without manifestations of failure, impotence is 
a common disorder in advanced age, in hypo-
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and hyperfunctional states of the thyroid gland 
and adrenal cortex, and finally in diabetes 
mellitus where, as in paraplegics, androgen 
function is not impaired but neurological disturb
ances can be detected (FAERMAN, 1972). There 
have been attempts to differentiate between 
"constitutional" and "psychogenic" impotence 
by the urinary excretion of testosterone (COOPER, 
1970). 

The conflict causing psychogenic impotence 
can be concealed and may also occur in a person 
with no neurotic tendencies. It is often astounding 
what can be achieved with common sense and a 
brief course of psychotherapy. A treatment with 
testosterone (25 - 50 mg daily) for 1 - 2 weeks 
is permissible for the diagnosis ex juvantibus 
between impotence due to endocrine factors 
and psychogenic impotence. Stimulation of the 
libido over a long period can be detrimental if 
the conflict is not resolved, since the drive is 
increased but cannot function normally without 
removal of the inhibition. Testosterone pro
pionate is sometimes useful as an adjuvant. 
High doses must be used (25-50 mg, 2-3 times 
weekly, or 250-500 mg depot testosterone i.m. 
every other week. 

Ejaculatio praecox is due to psychological 
factors and is not an endocrinopathy. Psycho
therapy is recommended in the first place. Often 
the simple means of more frequent sexual inter
course or the application of a cream with a 
local anesthetic action on the gland can help. 

Treatment with 1 mg stilbestrol daily is 
advocated for excessive sexual drive which is 
socially unacceptable (satyrism, perversion). The 
anti-androgen, cyproteron acetate, is also effec
tive in a daily oral dose of 100-200 mg, and 
it has the advantage of not producing unpleasant 
side-effects such as gynecomastia and testicular 
atrophy (see p. 472) (LASCHET, 1968; OTT, 1968). 

I. Gynecomastia 

Gynecomastia, i.e. increase in male mammary 
tissue, is a symptom which occurs most frequently 
in hypogonadism but does also arise in other 
endocrinopathies and in non-endocrine diseases. 
HALL (1959) has compiled a thorough and 
critical monograph on gynecomastia. It occurs 
frequently in a mild form, and is thought to 
be histologically demonstrable in 40% of men. 

Hormonal regulation of growth of the 
mammae is discussed in Chap. XI (see p. 694). 
In addition to estrogens, progesterone, pro
lactin, growth hormone, and other substances 
also promote growth of the mamma. These 
include testosterone,> (see p. 475), adreno
cortical hormones (desoxycorticosterone, total 
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adrenocortical extracts), and even steroids 
related to the digitalis compounds. The possibility 
of conversion of individual steroids and sub
stances within the body must be considered. 
Chorionic gonadotropin can lead to gyneco
mastia through stimulation of estrogen produc
tion in the testes. Nervous factors also influence 
growth of the mammae. Drugs which inhibit 
the hypothalamus (chlorpromazine, reserpine) 
can result in the release of prolactin and thus 
cause gynecomastia, probably by inhibiting PIF 
(see Chap. II, p. 30). Elevated serum prolactin 
levels have been detected only in patients 
with gynecomastia due to tranquilizers or 
reserpine (TURKINGTON, 1972). Finally, sen
sitivity of the end-organs to hormonal influences 
must be taken into account, as unilateral 
gynecomastia or idiopathic gynecomastia could 
not otherwise be explained. The fact that the 
factory workers concerned with the production 
of estrogens and are exposed to them do not all 
develop gynecomastia, and not all to the same 
degree, indicates that sensitivity of the end
organ has a decisive effect on the pathogenesis 
of gynecomastia. An increase in estrogen excre
tion is found in only one third of patients with 
gynecomastia. The initiating factor in pubertal 
gynecomastia seems to be associated with the 
growth hormonc. Thc patho-anatomical changes 
in gynecomastia are due to proliferation of the 
efferent ducts and a simultaneous increase in the 
surrounding connective tissue. The efferent ducts 
are not only lengthened and branched, but are 
also increased in number. True glandular lobules, 
on the other hand, develop only in rare cases, 
such as in the presence of endocrine active 
teratomas (see p. 490f.). The epithelium of the 
excretory ducts often consists of many layers, 
and papillary-like protrusions may develop. 
Proliferation of the basket cells may also occur. 
Treatment with estrogens leads to pronounced 
epithelial proliferation. Histologically, the epi
thelia occasionally show signs of secretion. On 
the other hand, milk or colostrum which can 
be expressed are only exceptionally produced. 
Two types of gynecomastia can be differentiated 
according to the connective tissue surrounding 
the excretory ducts. In one form, the excretory 
ducts are enclosed by coats of loose connective 
tissue which is surrounded by a tissue rich in 
collagen fibers. In the second form, the excretory 
ducts are embedded directly in a connective 
tissue with a very high content of collagenous 
fibers with no loose tissue. These two types 
are probably different stages of development, 
the type with loose sheaths of connective tissue 
depicting the active phase, and the type with 
collagen-rich connective tissue only being the 
inactive phase. Small inflammatory infiltrations 
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consisting of lymphocytes, plasma cells, histio
cytes and occasionally leukocytes as well can 
almost always be demonstrated. 

Table 8. Occurrence of gynecomastia. (Modified after 
BRONSTEIN, 1950; and HALL, 1959) 

A. Physiological gynecomastia (see Chap. XIX) 
1. Gynecomastia in the newborn 
2. Pubertal gynecomastia, transitory and persistent forms 

B. Gynecomastia in endocrinopathies 
1. Hypogonadism (castration, Klinefelter's syndrome, 

liver diseases, malnutrition, involution) 
2. Testicular tumors (p. 490) 
3. Feminizing adrenal tumors (p. 387) 
4. Hyperthyroidism 
5. Tumors of the anterior pituitary: acromegaly, chro

mophobe adenoma, craniopharyngeoma 
6. Hermaphroditism 

C. Drug-induced gynecomastia 
1. Gonadotropins 
2. Estrogens 
3. Testosterone (p. 475) 
4. Desoxycorticosterone 
5. Digitalis 
6. Isoniazid, alpha-methyl dopa, amphetamine, reserpine, 

chlorpromazine, certain anti-androgens. 

D. Gynecomastia in non-endocrine diseases 
1. Leprosy 
2. Leukemia 
3. Diseases of the nervous system (injuries to the spinal 

cord and intercostal nerves, syringomyelia, Fried
reich's ataxia) 

4. Bronchial carcinoma 
5. Osteoarthropathy 
6. Uremia 
7. Chronic hemodialysis 

E. Familial 

F. Idiopathic 

The differential diagnosis includes pseudo
gynecomastia or lipomastia, which arise from 
hypertrophy of fatty tissues. It also includes 
inflammatory processes and true tumors which 
may arise spontaneously or after hormone 
therapy. Palpation is essential for the diagnosis 
since pseudo-gynecomastia cannot always be 
differentiated from true gynecomastia by mere 
observation. Palpation will always reveal firm 
glandular tissue in true gynecomastia, and 
glandular enlargement can vary from the size 
of a pea to that of a fist. After the history has 
been obtained, with special reference to any 
drugs taken, examination must then be directed 
to the testes and pituitary. The testes must be 
carefully palpated. Even in the absence of a 
palpable testicular tumor, it is advisable to 
perform a simple pregnancy test on the urine 
to exclude chorial carcinoma. In every case of 
gynecomastia, a lateral X-ray of the sella must 
be taken, liver and thyroid must be investigated, 
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and thorax screening should be performed to 
exclude a bronchial carcinoma. 

1. Pubertal Gynecomastia 

Refer to Chap. XIX, p.1041. 

2. Gynecomastia in Endocrinopathies 

Gynecomastia in hypogonadism occurring after 
starvation and involution and in the presence 
of testicular tumors has been discussed on 
p.490. Gynecomastia occurring with rare fem
inizing adrenal cortical tumors is dealt with 
on p. 378. Gynecomastia is occasionally seen 
in hyperthyroidism, sometimes arising only with 
the remission after 131 I therapy. There may be 
some connection between gynecomastia and 
renourishment after starvation. 

3. Gynecomastia Produced by Drugs 

Gynecomastia can arise temporarily during 
treatment of cryptorchidism and hypogonado
tropic eunuchoidism with chorionic gonado
tropin. Estrogens used therapeutically in men 
(carcinoma of the prostate, satyrism) almost 
always result in gynecomastia. It can be prevented 
by prophylactic X-ray irradiation (HAURI, 1971). 
Testosterone propionate, and more frequently 
methyl testosterone, may produce gynecomastia 
during treatment of primary hypogonadism. 
Conversion of testosterone into estrogens within 
the body has been considered the cause. Develop
ment of gynecomastia after administration of 
desoxycorticosterone and total adrenocortical 
extracts has not been explained. Digitalis gly
cosides, spironolactones, isoniazid, alpha-methyl 
dopa, amphetamine, reserpine, and chlorpro
mazine (see p. 558) may occasionally cause 
gynecomastia. 

4. Gynecomastia in Nonendocrine Diseases 

Gynecomastia is thought to occur commonly 
and in severe forms in leprosy. Leprosy does, 
however, cause hypogonadism at the same time, 
so that this may also be involved in the etiology 
of the gynecomastia. Estrogen excretion does 
not appear to be increased. Gynecomastia has 
been described in paraplegics after traumatic 
damage to the spinal cord. It has also been 
observed after injury to the intercostal nerves 
during thoracoplastic operations and in bron
chial carcinoma. Half of all patients with osteo
arthropathy have gynecomastia. The clubbed 
fingers and the gynecomastia may regress after 
vagotomy. There have been isolated reports of 
gynecomastia occurring in other diseases, such 
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as ulcerative colitis, erythrodermia, and lympho
granuloma. Coincidental occurrence cannot be 
excluded for the time being. A curious observa
tion is the frequent occurrence of gynecomastia 
in chronic hemodialysis (one third to one half 
of all cases). It is explained as a form induced 
by renourishment, such as was seen in the 
Second World War, due to the restoration of 
gonadotropin secretion. Increased FSH and LH 
secretion is assumed (FREEMAN, 1968; SCHMITT, 
1968; SAWIN, 1973). 

5. Familial Gynecomastia 

Familial occurrence has been reported. It is 
probably inherited through a recessive or auto
somal dominant gene with sex-linkage and 
slight hypo gonadotropic hypogonadism (ROSE
WATER, 1965) (see p. 470). 

6. Therapy 

Any known cause must be removed. Surgical 
removal is indicated when the gynecomastia 
is conspicuous or painful. This, however, should 
not be done until 1 or 2 years after puberty, 
i.e. not before the 18-19th year. Spontaneous 
regression is still possible during this time. 
Local application of testosterone can help 
against pain. Regression of the gynecomastia 
is not to be expected with testosterone therapy. 
X-rays before estrogen therapy can prevent 
gynecomastia. Intensive radiotherapy may be 
tried therapeutically (HAURI, 1971). 

K. Syndromes of Testicular Hormonal 
Overproduction 

The overproduction of testicular hormones 
occurs only in tumors with the exception of one 
well studied case (GOLDFINE, 1971). Besides this, 
compensatory hyperplasia of one testis is seen in 
semicastration or underdevelopment of the 
other testis (LARON, 1969). Total testosterone 
secretion remains unchanged. For increased 
testosterone secretion relative to age see pubertas 
praecox, Chap. XIX, p. 1047. 

1. Neoplasms of the Testis 

Neoplasms of the testis account for about 
0.5 to 1 % of malignant tumors in the male. 
They can arise from the testis itself or from its 
coats and appendages. True tumors of the testis 
are not uncommonly endocrine active. On the 
other hand, tumors of the testicular coats and 
appendages, in particular the so-called adeno
matoid tumors of the epididymis, paratesticular 
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fibromas, fibrosarcomas, liposarcomas and 
rhabdomyosarcomas, produce no endocrine 
symptoms (SCHRODER, 1970). We are therefore 
limiting our discussion to true testicular neo
plasms. 

In the classification of these tumors, there 
are certain differences between the American 
(DIXON, 1952) and European nomenclature 
(v. ALBERTINI, 1955; COLLINS, 1964) most 
commonly in use. We prefer the classification 
recommended by COLLINS as it offers the advan
tage of being especially simple, while permitting 
a clear classification of teratomas (Table 9). The 
whole group of malignant teratomas corresponds 
to so-called chorial carcinomas (v. ALBERTINI), 
whereas the anaplastic malignant teratoma 
corresponds to the embryonal carcinoma of 
DIXON. 

Table 9. Classification of tumors of the testis, epididymis 
and neighboring structures. (After COLLINS and PUGH, 1964) 

1. Tumors of the testis 

Seminomas 
Teratomas: 

Teratomas, differentiated forms (TD) 
Malignant teratomas, intermediary form (MTI) 
A: with differentiated or organoid areas (MTI A) 
B: without differentiated or organoid areas (MTI B) 
Malignant teratomas, anaplastic forms (MT A) 
Malignant teratomas, trophoblastic forms (MTT) 

Combination tumors: 
seminoma and teratoma in the same testis 

Sertoli-cell tumors 
Interstitial-cell tumors 
Orchioblastomas 
Malignant lymphomas 
Metastases 
Various types and unclassifiable tumors 

2. Tumors of the epididymis, testicular coats and spermatic 
cord 

Adenomatoid tumor 
Tumor of connective tissue and muscle; 

Benign: fibroma, leiomyoma, lipoma, etc. 
Malignant: embryonal sarcoma, rhabdomyosarcoma, 

fibrosarcoma, leiomyosarcoma, etc. 
Metastases 
Various types and unclassifiable tumors 

The relative frequency of the individual 
tumors of the testis is indicated in Table 10, 
which has been derived from 995 tumors of 
the testis (COLLINS, 1964). Seminomas, tera
tomas and combination tumors consisting of 
seminomas and teratomas, which are almost 
without exception malignant, together constitute 
86% of tumors of the testis. The other group, 
however, also includes predominantly malignant 
tumors, such as orchioblastomas, malignant 
lymphomas and metastases, and these together 
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make up a further 8% of the total number of 
testicular tumors. Thus, benign tumors of the 
testis are exceptionally uncommon. 

a) Seminomas 

Seminomas are the most common tumors of 
the testis. They occur most often in men be
tween the 30th and 50th year. They are more 
common on the right side. Furthermore, they 
occur more frequently in imperfectly descended 
testes than in normally descended testes. On 
rare occasions, both testes are involved. Semino
mas combined with a teratoma are not un
common (see combination tumors). Histologi
cally, they consist of clusters of cells, loosely 
arranged. These clusters vary in size and are 
separated by narrow septa in which groups of 
small lymphocyte-like round cells are embedded. 
The tumor cells themselves are fairly large, 
possessing ill-defined clear cytoplasmic edges 
and rather large, roundish nuclei. The tumor 
cells thus appear similar to germ cells, from 
which they also arise. According to the degree 
of differentiation of the tumor cells banal semi
nomas, which are more frequent, are separated 
from the less common spermatocytic forms. 
Giant cells are not infrequently found in semino
mas. Occasionally a tuberculoid reaction is seen 
in the interstitial and surrounding tissues. Semi
nomas metastasize relatively late. They are very 
radiosensitive and have a good prognosis. As a 
rule, metastases first arise in the iliac and para
aortal abdominal lymph nodes. They may 
also occur in the inguinal lymph nodes. 

Seminomas may cause a slight rise in urinary 
gonadotropin levels. This rise, however, is not so 
pronounced as with teratomas. SYMINGTON and 
WALLACE (1964) found an average rise from 
20 units HPG/day in the healthy subject to 
36 units HPG/day in patients with seminomas. 
These values can temporarily increase even 
further after surgery. The rise is attributed to 
a loss of normal testicular tissue, and thus to 
inadequate inhibition of the pituitary. 

b) Teratomas 

True teratomas are somewhat less common than 
seminomas. They occur in younger age groups 
than seminomas, and are particularly common 
in men in the third decade. Teratomas are also 
more frequently found on the right side. 
Bilateral teratomas are extremely rare. 

Teratomas of the testis are almost without 
exception malignant, in contrast to the cor
responding ovarian tumors. Thus, mature testic
ular tumors which may appear to be benign 
must be examined carefully for undifferentiated, 
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malignant areas. COLLINS and PuGH (1964) 
found only 13 benign lesions among 322 true 
teratomas (4%). 

Table 10. Frequency of the different types of tumors among 
a total of 995 testicular tumors. (After COLLINS and PUGH, 

1964) 

Number of cases % 

Seminomas 400 40 
Teratomas 322 32 
Combination tumors 136 14 

(seminoma + teratoma) 

1~ } 
Sertoli-cell tumors 2 Interstitial-cell tumors 
Orchioblastomas 

6H Malignant lymphomas 8 
Metastases 
Various types and 37 4 

unclassifiable tumors 

Total 995 100 

The frequency of different malignant forms 
can be seen in Table 10. Since quite undif
ferentiated areas can be demonstrated in prac
tically all malignant testicular tumors, COLLINS 
and PuGH (1964) classify teratomas according 
to their most highly differentiated areas, even 
when these are only localized. In the inter
mediate form (MTI), more or less differentiated 
tissue can be demonstrated. Fully mature tissue 
or organoid structures can be found in inter
mediate form A (MTI A), and immature tissue 
only and no organoid structures can be seen 
in intermediary form B (MTI B). An anaplastic 
teratoma (MT A) can only be referred to in the 
presence of undifferentiated, mainly cancerous 
cell masses, a picture corresponding to so-called 
embryonal carcinomas. A trophoblastic malig
nant teratoma (MTT) can only be assumed to 
be present when villous-like structures can be 
recognized. Syncytial giant cells alone are not 
sufficient to justify this diagnosis since isolated 
giant cells can be found in almost all forms of 
malignant teratomas and even in seminomas. 

Malignant teratomas have a considerably 
worse prognosis than seminomas. Metastases 
were confirmed at surgical removal of testicular 
tumors in almost one sixth of the patients in 
the COLLINS and PuGH series (1964). Half of the 
322 patients with teratomas died within the 
next 4 years, 62% of them in the first post
operative year. 

In contrast to seminomas, teratomas are 
often endocrine-active. Like placental tissue, 
they produce mainly chorionic gonadotropin 
(HCG). They also produce estrogens and proge
sterone. Large amounts of chorionic gonado
tropin may be produced and may cause a positive 
result in immunological pregnancy reactions 
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even in a dilution of 1: 10 (Gravindex) or for 
20-40000 lUll (Pregnosticon). RCG, proge
sterone and estrogens together cause gyneco
mastia associated with character changes in the 
patient, with awakening of maternal instincts. 
Pregnandiol, a derivative of progesterone, is 
excreted. Estrogen excretion is also elevated. 
Demonstration of a massive urinary excretion 
of chorionic gonadotropin confirms the diag
nosis of a malignant teratoma. It is also of 
importance in the follow-up of the patient. 

Table 11. Frequency of the different types of teratomas 
among 322 teratomas. (After COLLINS and PUGH, 1964) 

Cases 

Differentiated teratomas (TD) 13 

Malignant teratomas 
Intermediate form A (MTI A) 181 
Intermediate form B (MTI B) 101 
Anaplastic form (MT A) 16 
Trophoblastic form (MTT) 11 

Total 322 

c) Combination Tumors (Teratomas and 
Seminomas) 

~/o 

4 

56 
31.5 

5 
3.5 

100 

Tumors consisting of teratomas and seminomas 
are relatively common, as is shown in Table 2. 
Combinations are possible with all forms of 
teratomas, and their frequency corresponds 
roughly to that of the teratomas without semi
nomas. At present there is no definite explanation 
for this tumor combination. V. ALBERTINI (1943) 
speaks of reactive seminomas in teratomas, but 
this reaction cannot be explained merely by 
abnormal hormonal stimulation. The prognosis 
of such combined tumors is somewhat more 
favorable than that of teratomas without semi
nomas. The endocrine activity corresponds to 
the type of the teratoma. 

d) Sertoli-Cell Tumors (Androblastomas) 

Sertoli-cell tumors are some of the least well
defined testicular tumors. They are rare in the 
human, and large investigation series are there
fore not available. The tumors vary widely in the 
histological picture. Typical Sertoli-cell tumors 
are relatively small and are sharply defined. 
Microscopy shows strands of cells and gland
like formations, their epithelia being reminiscent 
of Sertoli cells. Such tumors occur in both 
normally situated and undescended testes. They 
only rarely metastasize. 

In addition to these tumors with more or 
less typical Sertoli formations, other tumors 
also arise with proliferation of the interstitial 
tissue. For this reason, DIXON and MOORE (1952) 
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subdivided these tumors, which were collectively 
described as androblastomas by TEILUM (1946), 
into 3 forms, namely diffuse stromal forms, 
mixed stromal and glandular forms, and true 
tubular forms. MORRIS and SCULLY (1958) refer 
to the corresponding ovarian tumors simply as 
Sertoli-Leydig cell tumors since the combination 
of a proliferation of glandular tubes and stromal 
constituents is very typical. Such tumors are a 
rarity in man, whereas they are the most common 
form of testicular tumor in dog. 

Sertoli-cell tumors may be endocrine-active, 
forming estrogens or androgens. Gynecomastia 
may occur. COLLINS and SYMINGTON (1964) 
found elevated gonadotropin urinary excretion 
in one case. They themselves, however, also 
raised the question of whether this tumor might 
be a teratoma and not a Sertoli-cell tumor. 

Besides the Sertoli-cell tumors tumor-like 
proliferations of hypoplastic tubules occur. 
Single hypoplastic tubules may be found in 
normally developed and descended testes, at 
least in young adults (REDINGER, 1968). In 
undescended testes, however, such tubules may 
form whole fields, the so-called hypoplastic 
zones. In the syndrome of testicular feminiza
tion transitions to the so-called tubular adenoma 
PICK are found. 

Furthermore, tumors of dysgenetic gonads, 
the so-called gonadoblastomas, are a special 
group (SCULLY, 1953; SIEBENMANN, 1961). The 
same applies to similar tumors, which can be 
seen in the gonadal crest and in testicular tissue 
on the opposite side in the mixed testicular 
dysgenesis where there is a chromosome mosaic 
(SALLE, 1969) (see also Chap. XII, p. 722). 

e) Interstitial Cell Tumors 

These tumors also occur only rarely. In large 
statistical series they account for about 1-2% 
of testicular tumors. A total of rather more than 
100 cases has so far been reported in the medical 
literature. It is probable that some of these 
cases are not true tumors but rather hyper
plasias of Leydig cells or of Leydig-like cells 
of adrenocortical tissue in the congenital adreno
genital syndrome. This is especially true of the 
few observations of so-called "bilateral Leydig
cell tumors" and of the "unilateral tumors" 
in children with pseudo pubertas praecox, In 

whom the clinical symptoms do not regress 
after orchidectomy but may even worsen (see 
p.366). 

ex) True Leydig-Cell Tumors 

Tumors of the Leydig cells are usually small, 
attaining the size of a walnut or a hen's egg at 
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the most. They are encapsulated. Their cut 
surface is yellowish-brown. The tumors are 
composed of cells very similar to Leydig cells. 
They may enclose brown pigment and crystals 
in addition to fatty substances. Cells and nuclei 
are very polymorphous, which suggests malig
nancy. The tumors are, however, generally 
benign. Only very few cases of confirmed 
malignant Leydig-cell tumors with formation 
of metastases have been observed. The histo
logical picture, however, hardly differs from 
that of the benign tumor. 

Leydig-cells can produce testosterone and 
estradiol (see p. 451). Leydig-cell tumors can 
result in an enormous increase in 17-keto
steroid excretion. Amounts of 1 g/day have been 
measured. Biologically active steroids (andro
gens), on the other hand, are increased to a 
lesser degree. Nevertheless, 470 Ilg/day testo
sterone glucuronide and 345 Ilg/day testosterone 
sulfate have been measured. The latter substance 
is assumed to originate directly from the tumor. 
Testosterone production is estimated to be 
50 mg/day with a plasma testosterone concentra
tion of 1.9 Ilg/1OO ml, and dehydro-epitesto
sterone sulfate production to be 2.27 g/day 
(LIPSETT, 1966). Androgen overproduction does 
not become clinically manifest in the mature 
man. In contrast, in infancy it results in pseudo
pubertas praecox with disproportional stunted 
stature and extremely pronounced male sexual 
characteristics. 

Increased amounts of estrogens may also 
be excreted in the presence of Leydig-cell 
tumors. Increased production becomes clinically 
manifest with the development of gynecomastia. 
Natural and synthetic estrogens can cause 
Leydig-cell tumors in certain breeds of mice. 
The mechanism of this process is not clear. 

~) Adrenocortical-Like Interstitial Cell Tumors 

These tumors are histologically quite similar to 
adrenocortical tissue, and a few authors have 
therefore stated that they are due to pro
liferation of ectopic components of the adrenal 
cortex frequently demonstrated in the testis 
of the newborn. The picture may often vary 
in the same tumor. Such tumors may lead 
to pseudopubertas praecox in the child and to 
gynecomastia in the adult. Formation of estro
gens has been chemically demonstrated. In 
infantile cases with pseudopubertas praecox, 
the possibility of a congenital adrenogenital 
syndrome with hyperplasia of ectopic adreno
cortical tissue must always be considered 
v. ALBERTINI concluded that these adreno
cortical-like tumors are large-cell hyperne
phroid varieties of true Leydig-cell tumors, since 
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this type of hypernephroid picture can often 
also be observed in tumors of other endocrine 
organs. THEILUM considers all Leydig cell-like 
tumors, as well as Sertoli-cell adenomas or 
so-called tubular adenomas as various dif
ferentiation forms of tumors of a single com
mon parent cell, the androblast. He calls all 
these tumors androblastomas. 

As long as large numbers of individual 
observations continue to be unavailable and 
our knowledge of the histogenesis and endo
crine activity ofthese tumors remains inadequate, 
it is advisable to classify such neoplasms by 
purely morphological criteria. Thorough hor
monal investigations are indicated in all cases 
before removal of the tumor. It is possible that 
the nature of these tumors may become more 
apparent following treatment with hormones. 
Thus, response to HCG, LH, or ACTH, i.e. 
regression with estrogens or cortisone due 
to inhibition of the adenotropic hormone, 
may perhaps throw some light on the type of 
tumor. 

f) Orchioblastoma (Adenocarcinoma of infancy, 
yolk sac tumor, endodermal sinus tumor) 

Orchioblastomas occur only in infants. The 
histological picture is very uniform. It shows 
a partly papillary and partly trabecular structure 
of a clear-cell adenocarcinoma. Some authors 
consider orchioblastomas to belong to the tera
toma group. The orchioblastoma is an ex
ceptionally typical tumor with no signs of endo
crine activity. The tumors are malignant, but 
the prognosis appears to be somewhat more 
favorable than that of the corresponding tera
toma (KARLY, 1968; THEILUM, 1971). 

g) Malignant Lymphomas 

Malignant lymphomas, lymphosarcomas and 
reticulosarcomas can occur in the testis as 
in most organs. However, primary forms are 
uncommon. The possibility of metastases or 
primary generalized forms must always be 
reco gnized. 

h ) Metastases 

The frequency given in Table 2 refers entirely to 
surgical material. In postmortems, metastases 
in the testis are not so uncommon and are 
found especially in cases of leukemia and malig
nant lymphoma. However, other tumors, e.g. 
small-cell bronchus carcinoma, also metastasize 
to the testis occasionally. Endocrine symptoms 
can hardly be expected since the basic malignant 
disease is usually predominant. 
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L. Methods of Investigation 

1. Clinical Signs 

The history and clinical examination alone can 
show whether hypogonadism is present or not 
because no other hormone influences features to 
such an extent as the male sexual hormones. Fer
tility in all likelyhood excludes hypogonadism. 

Attention must be paid to the development 
of the male sexual characteristics, to the type 
of voice, pubic and axillary hair, skeletal matura
tion and body stature. If the size of the testes 
is normal, i.e. > 15 cm3 , then hypogonadism is 
highly improbable, even if the external masculine 
appearance is not impressive. It must be 
remembered that the testes first increase in 
size with the onset of puberty and are infantile 
prior to this (see Chap. XIX, p.l035). 

2. Examination of the Semen 

In contrast to incretory testicular function. 
spermatogenesis can only be assessed by ex
amining the semen or testicular biopsy if the 
ability to reproduce does not already indicate 
a normal state. In the presence of small testes, 
especially if they are greatly reduced in size, 
spermatogenesis is always severely impaired or 
completely absent. Milder degrees of infertility, 
however, can only be recognized through ex
amination of the semen. 

The simplest form of semen examination 
can be performed by the general practitioner, 
whereas more detailed morphological and phy
siochemical assessment requires special labo
ratories. Examination of the semen is essential 
to the investigation of hypogonadism and 
every case of sterility. For psychological reasons 
it is usually not possible before early adulthood. 

Procedure. Abstinence from sexual intercourse 
is required for 3-5 days prior to the test (see 
p. 483). Semen can be obtained either by 
masturbation or by coitus interruptus, and 
should be collected in a clean dry glass vessel. 
Condoms are not suitable for collecting the 
semen since the substances contained in the 
rubber and powder can damage the spermatozoa. 
If possible semen should be examined 30 - 60 
minutes after ejaculation. The time of collection 
must be indicated in every case as the time since 
ejaculation is important in the assessment of 
motility. Assessment of fertility is also possible 
from material sent by post to special laboratories. 

Macroscopic Examination. Volume in ml, appear
ance and viscosity (measured by immersing a 
platinum loop), must be noted. When the 
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viscosity is normal, semen drops from the loop, 
whereas pathological semen sticks to the loop 
or forms threads. 

Microscopic Investigation. Motility: after thor
ough shaking, a few drops of the semen are put on 
a glass slide and covered with a cover slip. The 
motility is assessed under high magnification, 
focusing on the uppermost layer. The motile and 
immotile spermatozoa should be counted in a 
quarter of the total field so that the motility can 
be evaluated as a precentage. The degree of moti
lity can also be indicated by 1-4 crosses. Special 
laboratories employ so-called revival methods 
with special solutions for assessing motility. 
This distinguishes between apparently dead 
spermatozoa and true necrospermia. 

Sperm Count. After thorough mixing, semen 
is aspirated into a leukocyte pipette up to the 
0.5 mark. A diluting solution is then aspirated 
to the 11 mark. HOTCHKISS employs a 4% 
sodium bicarbonate solution with 1 % phenol 
as a diluting solution. According to JOEL, it is 
an advantage to use physiological saline with 
1 % ZIEHL'S carbol fuchsin, which stains the 
spermatozoa and allows them to be easily 
detected. After 2 min of mixing, a counting 
chamber for counting erythrocytes is filled. Five 
large squares with 16 small squares, each i. e. 
80 small squares in all, are counted. The number 
of spermatozoa counted in the 5 large squares 
is multiplied by a million. This gives the sperm 
count per cubic centimeter. The mean of 2-3 
counts must be taken. 

Morphology. Assessment of the percentage of 
pathological forms of spermatozoa requires 
special knowledge. Whereas there is no dif
ficulty in differentiating between normal forms 
and obviously pathological forms such as double 
formations, giant head types, and amorphous 
forms, it is difficult to recognize certain inter
mediate forms (Fig. 21). According to HOTCH
KISS, a smear must be prepared for morpholog
ical assessment. It is then fixed in 95% methyl 
alcohol for 5 min and stained with hematoxylin
eosin or special stains. 

Other Investigations. Numerous other investiga
tions such as measurement of pH, revival tests, 
resistence tests, estimation of fructose, citrate, 
and different enzymatic activities are performed 
in specialized laboratories. 

The clinical significance of these tests is not 
yet certain. It is, however, still maintained that 
the fertility of a sperm is not conclusively 
proven, even if all the methods of investigation 
show it to be normal. 
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Normal oval spermatozoa 

On the right lateral view 

Normal oval spermatozoa 
with cytoplasmic 
appendages 

Abnormal spermatozoa 
(left to right): 

1-4 Pointed 
5-8 Rounded forms 

Abnormal spermatozoa 

Double forms 

Abnormal spermatozoa 

Giant and" pin-head" 
forms 

Abnormal spermatozoa 

Amorphous forms 

Testis 

Fig. 21. Morphology of spermatozoa. (After R. S. HOTCHKISS, Infertility in Men, Springfield: Ch. C. Thomas 1952) 

Evaluation. The volume of semen, sperm count, 
motility and morphology of spermatozoa are 
important in assessment of the fertility of the 
patient. 

The volume normally lies between 2.5 and 
3.5 cm3 . Deviations to 0 and as high as 10 or 
15 cm3 are possible. Too large a volume is 
unfavorable for fertility since the concentration 
of spermatozoa falls. The normal sperm count 
is considered to be 40-120 million per cm3 . 

Fertility is reduced with counts below 40 million. 
Fertility is highly improbable with values 
under 20 million. It cannot be emphasized 
strongly enough that a single assessment of 
the sperm count is no indication of the degree 
of fertility. The sperm count can vary by 
several. 100 % within a week even in healthy 
men. Repeated assessments must be made and 
at least 3 are required before fertility can be 
assessed. 
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Normal fertility necessitates at least 40 % 
motile spermatozoa, counted 30-60 min after 
ejaculation. 
- Furthermore, at least 60% of the spermatozoa 

should be morphologically normal, and in all, 
not more than 2% of other cells, such as leuko
cytes, epithelial cells or cells of spermatogenesis, 
should be present (see also p. 455). 

3. Testis Biopsy 

Indication. Testis biopsy is absolutely essential 
for the exact diagnosis of male hypogonadism 
(see p.460). Azoospermia in the presence of 
testes of normal size is an absolute indication 
for a biopsy since it is necessary for the detection 
of obstructions of the seminiferous ducts which 
can be corrected by surgical means. The biopsy 
indicates the prognosis in cases of oligospermia 
and saves costly and useless attempts of treat
ment in therapeutically hopeless cases (HEDIN
GER, 1971). In contrast to semen investigation, 
it can also be performed during childhood. 

Procedure. Biopsy of the testis is only a minor 
surgical procedure and can be performed on 
outpatients. Strict asepsis is of course essential. 
We prefer to hand over our patients to the 
surgeon in spite of the technical simplicity of 
this minor procedure. The physician should not 
take the responsibility for postoperative hemor
rhages, which do occasionally arise. Admission 
to hospital for 2 days is advisable for anxious 
patients. 

We usually do unilateral biopsies. American 
authors recommend bilateral biopsies as a 
precaution, although divergences are seldom 
found. 

Operative Technique. The skin between the 
umbilicus and middle of the thigh is shaven and 
disinfected. The scrotum is held so that the 
skin is stretched above the testis to be examined. 
The testis should not be rotated and the incision 
should be made along the ventral side. Local 
anesthesia with nerve block of the funiculus 
at the level of the site of exit from the external 
inguinal ring ensures complete freedom from 
pain. With local anesthesia alone, slight pain 
may be felt on incision of the albuginea, which 
cannot be infiltrated because of the risk of 
damaging the testicular tissue lying below. 

After nerve block and local anesthesia of 
the skin and subcutaneous tissue, a longitudinal 
incision of approximatively 1.5 em is made in 
the skin at the base of the scrotum. Such an 
incision causes much less discomfort than the 
more distal transverse incision. The scrotal 
skin can then be spread with a selfholding eye 
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retractor. The tunica vaginalis is also anesthe
sized. After a cut of 3 to 5 mm through the 
tunica albuginea, a small amount of testicular 
tissue can be made to emerge by slight pressure 
on the testis, and a 4 x 3 x 2 mm piece of tissue 
can be easily excised. Care must be taken that 
this piece of tissue is not compressed, torn or 
shaken. Therefore we prefer to excise with a 
scalpel rather than with scissors. The biopsy is 
immediately placed into the fixing solution, 
because evaluation is impossible if it becomes 
dried out. We suture the tunica albuginea with 
the finest cotton thread to avoid any oozing of 
blood, while the tunica vaginalis is not sutured 
to permit any drainage to occur. Some authors 
suggest the albuginea not to be sutured to avoid 
subsequent pain. 

The scrotal skin is closed with one or two 
catgut sutures. A collodium bandage is applied 
and a suspensory is worn over the bandage for 
a week. On the day of operation one should 
stay quietly at home and on the following day 
there should be very little discomfort. 

Handling oj the Testicular Tissue. For histo
logical examination tissues of 2 mm in diameter 
are sufficient. Americ;an authors recommend 
Zenker's fluid with a 5 % addition of glacial 
acetic acid, Helly's fluid, or Bouin's fluid 
(ROULET, 1948) for fixation. We had good results 
with Stieve's mixture. 

Stieve's mixture: 
Saturated aqueous sublimate solution 76 ml 
Formaldehyde (40 %) 20 ml 
Acetic acid, glacial 4 ml 

After 24 hours at the latest, the biopsies 
have to be put into 70 % alcohol where they 
can remain for a longer period of time without 
damage. The fixation in Stieve's solution occurs 
quickly and thoroughly and prevents the washout 
of cells, especially from the seminiferous tubules. 
This frequently happens when biopsies are fixed 
in the usual 4% aqueous formalin solution. 

Interpretation. Histological examination enables 
reliable assessment of the state of development, 
of any degenerative process, of germinal epi
thelium, and of the Leydig cells. On the other 
hand, however, it is not always possible to 
differentiate between primary testicular damage 
and secondary changes on the basis of the 
histology alone. Biopsy must therefore be 
complemented by appropriate hormone estima
tions. Although the biopsy provides information 
from only a very small section of the whole testis, 
results obtained are very informative, as has been 
shown in various testicular changes (CLAVADET
SCHER, 1970; HEDINGER, 1971). 
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4. Testosterone Estimations and Functional 
Evaluation of the Hypothalamus-Pituitary
Gonadal-Axis 

M. ZACHMANN 

Since only about 1 % of the produced testo
sterone is excreted as unmetabolised testo
sterone glucuronide, the quantities of testo
sterone in urine are low even in mature males. 
Nevertheless urinary testosterone determina
tions are useful in special cases or for research 
studies because very specific gaschromato
graphic techniques (CURTIUS, 1970) are avail
able. Normal values in adult males range from 
30 to 160 Ilg/24 h with a mean value of 72 Ilg/ 
24 h (age 18-38 years), with other methods 
normal values have even a range between 
15-520 Ilg/24 h (see p. 379). Above the age of 
40 years, urinary testosterone tends to decrease 
gradually. In prepubertal boys, urinary testo
sterone remains undetectable (below 0,5 Ilg/ 
24 h) up to a bone age of about 8 years. There
after, it gradually increases and reaches adult 
levels at a bone age of about 16 years. In adult 
females, urinary testosterone is about 121lg/ 
24 h or less. 

For clinical purposes, the gaschromato
graphic techniques for testosterone determina
tion in urine are too time consuming and the 
less specific estimations of plasma testosterone 
are more practical. Among others, various 
competitive protein binding techniques (FISCH, 
1973) and radioimmunoassay methods (FOREST, 
1973) are useful for the estimation of testo
sterone in plasma. Normal plasma testosterone 
values in adult males are 612 ± 172 ng/l00 ml 
(range 300-1000 ng/l00 ml). In women, the 
levels are much lower (35 ± 22 ng/l00 ml, range 
10-60 ng/l00 ml). The same is true in pre
pubertal children where extremely low values 
(6.6 ng/l00 ml, boys and girls) are found up to 
a bone age of about 8 years. Only in newborns 
and infants up to about 3 months there is a sex 
difference, the values in boys being considerably 
higher than in girls (FOREST, 1973). 

The Leydig-cell function may be evaluated 
by determining testosterone in urine or plasma 
after stimulation with human chorionic gonado
tropin. In this respect, various test procedures 
have been proposed and most frequently, HCG 
has been given repeatedly and plasma testo
sterone determined before and after several days 
or weeks of HCG administration. When 800-
5000 units of HCG were given for 5 days in 
prepubertal boys, plasma testosterone increased 
from 26 to 431 ng/l00 ml (RIVAROLA, 1970). In 
adult males, the post HCG values are accordingly 
higher and may reach levels up to 2000 ng/ 
100 ml. 
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Especially during prepuberty, a more specific 
evaluation according to the biological age of 
the subject studied may be obtained by giving 
only a single dose of HCG (5000 units/m2 of 
bodysurface area) and determining urinary or 
plasma testosterone 2, 4 and 6 days after in
jection (ZACHMANN, 1972). With this procedure 
urinary testosterone increases logarithmicly with 
bone age from birth to maturity. 

Recently luteinizing hormone releasing hor
mone (LHRH), a decapeptide elaborated by the 
hypothalamus, has been synthesized and has 
become available for testing the gonadotropin 
secreting capacity of the anterior pituitary 
(BENER, 1972; KASTIN, 1972; REBAR, 1973; 
ROTH, 1972; TAMM, 1973). 

The combined analysis of HCG, LHRH 
and possibly also clomiphene (see p. 599) test 
results presently allows a differentiated eval
utation of the hypothalamus-pituitary-gonadal 
axis and makes a localization of the disorder 
possible. 

For other hormone determinations refer to 
Chaps. VII, X and XI. 
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X. The Ovary 

W. E. SCHREINER 

A. Historical Dates 

1668 N. STENSEN described the ovary as the 
organ in which ova are formed. 

1672 R. DE GRAAF and TH. KERCKRING ob
served the presence of the graafian follicle 
and yellow body in the ovary of the 
woman. 

1686 M. MALPIGHI coined the term "corpus 
luteum" and suggested that this structure 
had characteristics of a gland. 

1778 A. VON HALLER described the conversion 
of the follicle into the corpus luteum. 

1827 K. E. VON BAER discovered the human 
ovum. 

1871 R. SIGISMUND, a general practitioner, 
showed that there was mucosal destruc
tion during menstruation, and deduced 
that menstruation resulted when fertili
zation failed to occur. 

1873 H. KUNDRAT and G. J. ENGELMANN 
discovered the cyclic changes in the endo
metrium. 

1893 E. REGIS used ovarian extracts injected 
subcutaneously to demonstrate that the 
ovary produced internal secretions. 

1896 E. KNAUER and HALBAN (1900) showed 
the endocrine action of the ovary on the 
genital organs in animal experiments by 
implanting ovaries in castrated rabbits. 

1898 L. A. PRENANT and BORN (1900) suspected 
a connection between the corpus luteum 
and pregnancy, since the corpus luteum 
inhibits ovulation. 

1902 L. FRAENKEL showed that excision of the 
corpus lute urn in the early stages of preg
nancy led to abortion in rabbits. 

1905 F. H. A. MARSHALL and W. A. JOLLY 
discovered that ovarian extracts produced 
estrus in castrated animals. 

1911 L. FRAENKEL observed that there was a 
time relation between ovulation and men
struation. 

1910-1913 L. ADLER (1910) and O. FELLNER 
(1912, 1913) succeeded in obtaining ex
tracts from the ovary and placenta, which 
caused estrus in castrated animals. 

1913-1915 L. FELLNER (1913) and E. HERMANN 
(1915) produced extracts from the corpus 
luteum and placenta. 

1913-1915 R. MEYER and R. SCHRODER re
cognized the morphological connection 
between ovarian function and endome
trium. 

1917 C. R. STOCKARD and G. N. PAPANICOLAOU 
described the cyclic changes in the vagina 
of guinea pig. 

1921 H. M. EVANS and J. A. LONG found the 
first indication of a gonadotropic principle 
of the anterior pituitary lobe in rats. 

1923 E. ALLAN and E. A. DOISY recognized 
that signs of estrus were dependent on 
ovarian function in mice and rats. They 
obtained a relatively purified crystalline 
substance from bovine and porcine folli
cular fluid, and were able to induce estrus 
in rats with this substance. They elaborated 
this observation to produce a test, which 
was named after them, and thus derived 
the first exact hormone estimation. 

1926-1927 R. T. FRANK demonstrated the 
estrus-inducing hormone in the blood 
by means of the Allen and Doisy test. 
S. ASCHHEIM and B. ZONDEK showed the 
presence of the same substance in the urine 
of pregnant animals. 
S. ASCHHEIM, B. ZONDEK, and P. E. SMITH 
obtained proof from animal experiments 
with transplantation after hypophysecto
my that ovarian function was dependent on 
the anterior pituitary lobe. The hypothesis 
of two different gonadotropins was then 
developed. B. ZONDEK and S. ASCHHEIM 
(1928) demonstrated successfully that there 
was a follicular-stimulating principle in 
the urine of menopausal women. 

1929 E. A. DOISY and A. BUTENANDT re
ported almost at the same time on the 
isolation of an estrogen-active sub
stance in crystalline form the urine of 
pregnant women. N. K. ADAM sug
gested that this substance be named 
estrone because of the C-17-ketone group 
present (1933). 
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Chemical research on the estrogen hor
mones began at this time. G. W. CORNER 
and W. M. ALLEN noticed that termination 
of pregnancy at an early stage in rabbits 
due to destruction of the corpus luteum 
failed to occur if extracts of corpus luteum 
were injected (porcine). 

1929/30 H. KNAus (Graz/Prag) reported that 
follicular maturation was inhibited by 
extracts of corpus luteum, and that sensi
tivity of uterine muscle to extracts of the 
posterior pituitary was also reduced. 

1930 A. BUTENANDT et al. determined the 
structural formula of estrone. G. F. 
MARRIAN and E. A. DOISY extracted 
estradiol in crystalline form from the 
urine of pregnant women. 
C. CLAUBERG showed that progesterone 
produced no proliferative action on the 
endometrium but an entirely differentiat
ing effect, and that it is only effective on 
endometrium undergoing proliferation due 
to estrogens. 
E. PHILIPP showed experimentally that 
progesterone was produced in large 
amounts in the syncytium of the chorion 
during pregnancy. G. T. POPA and U. 
FIELDING described the portal vascular 
system connecting hypothalamus and hy
pophysis. 

1931 P. E. CLAUS and H. E. FEVOLD and their 
teams produced potent extracts from an
terior pituitaries. 

1932 A. BUTENANDT showed that esters of 
estrone had prolonged activity. Treat
ment with estrogens commenced at this 
stage. 
C. KAUFMANN referred knowledge gained 
from experiments in rabbits to the castrated 
woman. 
W. HOHLWEG and K. lUNKMANN postu
lated that there was a higher "sexual 
center" in the hypothalamus. 

1934 S. L. COHEN and G. F. MARRIAN described 
a chemical method based on KOBER'S 
method for estimation of estrogens in 
the urine. 
W. SLOTTA, W. RUSCHNIG, and W. FELS 
succeeded in purifying the hormone of 
the corpus luteum. A. BUTENANDT and 
U. WESTPHAL successfully determined the 
structure of this hormone. It was officially 
named progesterone because of its pro
tective action during pregnancy. 

1935 MCCORQUODALE and his team isolated 
estradiol from the ovaries of pigs. 

1938 H. H. INHOFFEN and W. HOHLWEG pro
duced the first highly potent oral estrogen 
(ethinyl estradiol) from estrone. At the 
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same time they succeeded in synthesizing 
an orally effective gestagen (ethinyl testo
sterone = pregneninolone). 

1940 H. H. INHOFFEN succeeded in partially 
synthesizing estradiol from cholesterol. 
Pure progesterone was produced from 
cholesterol. 

1946 1. E. MARKEE and his team demonstrated 
experimentally the humoral control of 
the hypophysis through hypothalamic "ac
tion substances" (so-called neurovascular 
chain). 

1954 C. DJERASSI and his team synthesized 
19-norsteroids which were then introduced 
therapeutically as orally effective pro
gestines by R. HERTZ and his team. 

1958 1. ZANDER discovered another natural 
gestagen, 20()(,~-hydroxypregn-4-ene-
3-one, in the placenta, corpus luteum 
and mature follicle. 

From 1955 G. F. MARRIAN and his team de
scribed a series of other natural estrogens 
representing metabolites. 

1955 G. W. HARRIS and his team and R. 
GUILLEMIN, S. M. MCCANN, M. SAFFRAN, 
and A. V. SCHALLY showed in animal 
experiments that hypothalamic extracts 
caused release of gonadotropins from the 
anterior pituitary. 

1971 A. V. SCHALLY and his team isolated 
LRH and determined its chemical struc
ture. 

B. Anatomy 

1. Macroscopic Anatomy 

There are changes in pOSItion, size, form, 
color and superficial structure of the ovaries 
during the different phases of life. In the new
born, they are found on the posterior surface 
of the uterus above the linea innominata. 
During childhood they migrate into the small 
pelvis and come to lie on the lateral wall of the 
small pelvis at the beginning of puberty. They 
become almond-shaped at the stage at which 
increase in height occurs. The ovary of the 
newborn is pink and shiny and the surface 
is smooth. At puberty it is grey in color and 
shows cystic protrusions corresponding to ter
tiary follicles which measure 3-8 mm in diameter. 
The ovary reaches its full size in the 25th year. 
It is then 2.5-5 em long, 1.5-3 cm wide, 
0.6-1.5 cm thick and weighs 7.2-14.6 g (WATZ
KA,1957). 

During pregnancy the ovaries are displaced 
from the small pelvis by the enlarging uterus 
and have a reddish felt-like covering at the end 
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Fig. 1. Section of an ovary from a prepubertal girl. Numerous primordial follicles can be seen in the corticalis (zona paren
chymatosa), as can a primary follicle in the process of developing into a secondary follicle and two tertiary follicles at dif
ferent stages of development , neither of which has attained full maturity 

of pregnancy. This covering is due to the reac
tion of the "germinal epithelium" to stimula
tion by estrogens and gestagens. The ovary 
shrinks to about one third its original size 
during the post menopause, when it is white 
in color and has numerous scarred depressions 
on its surface. 

There are two ovaries. The flattened ventral 
border of each ovary is bound by the mesovarium 
to the posterior surface of the ligamentum latum. 
The mesovarium ends on the ovarian surface 
at the level of the border between the hilus 
and medulla, at the so-called Farre- Waldeyers 
line, which forms the boundary between the 
ovarian surface covered with peritoneum and 
that free of peritoneum. The free surface is 
covered by the so-called germinal epithelium, 
consisting of one layer of cuboid to cylindrical 
epithelial cells. Peritoneum and germinal epi
thelium are of the same origin. They both 
arise from the mesodermal coat of the embryonal 
coelom (mesothelium). It appear, however, 
that the prospective potency of the so-called 

germinal epithelium remains considerably higher 
than that of the rest of the peritoneum. It 
is currently assumed that the majority of ovarian 
tumors, such as serous and pseudo-mucinous 
cystomas and endometrioid tumors, arise from 
the germinal epithelium. 

In the adult the ovary is kept in the vertical 
position by the mesovarium, the fibromuscular 
utero-ovarian cord and the infundibulopelvic 
ligament. 

As a rule, the right ovary, which is phylogene
tically older, is somewhat larger than the left. 

Supernumerary ovaries are extremely un
common (6 cases in the world literature) 
(VALDES-DAPENA, 1967). They may lie in the 
ligamentum latum, in the infundibulopelvic 
ligament or retroperitoneally. There is usually 
an associated uterine malformation. 

These ovaries must be differentiated from 
accessory ovaries, which are more common and 
usually lie in the immediate vicinity of an ovary, 
and occasionally even connected with it. Uterine 
malformation is exceptional in these cases. 
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Absence of one ovary is almost without 
exception associated with developmental dis
turbances of MUller's tube giving rise to 
homolateral aplasia of the tube and uterine 
cornus. Bilateral aplasia, so-called gonadal agene
sis is a rarity (ERSKINE, 1946; OVERZIER, 1961). 
Rudimentary gonads consisting of stroma and 
with no sex cells are found considerably more 
frequently (gonadal dysgenesis). Clinically; a 
differentiation is made between different syn
dromes with gonadal dysgenesis, depending on 
the associated growth disorder and malforma
tions: 

Gonadal dysgenesis + normal growth 
= pure gonadal dysgenesis or Swyer's 

syndrome 

Gonadal dysgenesis + small stature 
= RossIe's syndrome 

Gonadal dysgenesis + small stature + mal
formation 

= Turner's syndrome. 
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Gonadal dysgenesis must also be differ
entiated from ovarian hypoplasia, where the 
small ovaries are also often cyclindrical in shape. 
A few primordial follicles can, however, be 
found in normal ovarian stroma (STAEMMLER, 
1964) (p. 46). 

In true hermaphroditism, ovaries and testes 
are present together, either separately or as 
ovotestes. 

Exceptionally, the ovary fails to descend 
on one side or on both sides. The ovary may 
then lie under the liver. The ovary occasionally 
lies in the inguinal canal or in the labium majus 
(congenital hernia). It cannot be placed back 
since the mesosalpinx changes immediately 
into the hernial sack. 

The density of the fibrous tissue structures 
increases from the inside out. The medulla 
of the ovary consists of loose, vascular and 
nervous structures (zona vasculosa). The cortex 
is denser and contains many cells (zona parenchy
matosa) and the tunica albuginea is tough 
(Figs. 1-4). The medulla contains the rete 

Fig. 2. Section of an ovary from a woman of 19 or 20. Primordial, primary and secondary follicles and a graafian follicle 
are seen in the corticalis, and a tertiary follicle is beginning to form. A corpus luteum and a corpus atreticum are also present 
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Fig. 3. Section of an ovary from a premenopausal woman. The corticalis contains only isolated primordial follicles or none 
at all; one tertiary follicle is seen to be disintegrating (pyknosis, disintegration of the ovum, dissociation). One corpus luteum 
is at the stage of conversion to a corpus albicans 

ovarii, conslstmg of a few degenerated and 
functionless tubules, whereas the cortex contains 
the ova which form the germinal parenchyma. 
The tunica albuginea possesses a dense frame 
of collagen fibers running parallel to the ovarian 
surface and fixed with ramifications from the 
surface to the underlying mesenchyme. On the 
other side, delicate argyrophilic fibers surround
ing the individual follicles radiate into the 
tunica albuginea. 

Blood, lymph vessels, and nerves leave 
and enter the ovary at the ovarian hilus situated 
on the ventral border of the ovary. It contains 
about 80 % of all the large ovarian polyhedral 
eosinophilic cells. These cells store lipochrome, 
and correspond morphologically and probably 
also functionally to the Leydig cells of the testis. 
These cells are arranged in groups and are 
closely connected topographically to unmedul
lated nerve fibers, blood and lymph vessels. 

They are described as hilus cells . Since hyper
plasia ofthese cells and tumors arising from these 
cells are associated with virilization, it has been 
assumed that they produce androgens (MERRILL, 

1959). They are found in increased amounts in 
anencephalic fetuses. It is possible that this hilus
cell hyperplasia is a compensytory process due to 
the adrenal atrophy present with anencephaly. 

The changing vascular demand of the func
tioning ovary is insured by balanced vasculari
zation, which self-regulates blood pressure and 
blood distribution. Thus for example, the 
anti-clockwise arterial vessels are stretched 
during follicular maturation in this region. This 
causes vascular resistence to be reduced and 
circulation increased. Local blood supply is 
also regulated by arteriovenous anastomoses and 
barrier arteries (WATZKA, 1957). The great 
abundance of lymph vessels is probably con
nected with the formation of follicular fluid . 
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Fig. 4. Section of an ovary from an elderly woman. Follicles are no longer present in the corticalis, and only corpora 
albicantia in the medulla (zona vasculosa). Intense proliferation of the intima has caused thickening of the walls of small 
and medium-sized arteries and hyalin degeneration of some vessel walls 

2. Embryology and Histology 

The germinal cells can be recognized in the 
region of the allantois in the 4-week human 
embryo. From this region, several hundred 
of these cells migrate by means of ameboid 
movements (so-called entodermal migrating 
cells) and are chemotactically conducted into 
the germinal ridge, which strictly speaking 
should be termed the genital ridge. The genital 
ridge develops as a thickening of coelomic 
epithelium near the mesonephros and the adreno
cortical "anlage". Ovarian mesenchyme is thus 
mesodermal in origin. 

Between the 7th and 8th weeks of pregnancy, 
the fetal gonads begin to undergo sexual dif
ferentiation. The ovary can be structurally 
distinguished from the testis at this stage, 
since it has quite a wide cortex separated from 
a small medulla. At the same time, the oogonia 
which have migrated via the germinal ridge 
begin to divide mitotically. The original few 
hundred cells develop into 5-6 million cells 
within 2-3 weeks. 

The phases of multiplication and growth 
of the oogonia (STIEVE, 1943, 1952) appear to 
be concluded in the human in the 10th week 
of pregnancy (1st phase of growth). Nuclear 
maturation then begins, and oogonia are con
verted into oocytes (10th to 20th week of preg
nancy). Oogonia can no longer increase in 
number after the 20th week of pregnancy. 
Postnatal oogenesis has been widely discussed, 
but it has never been proved to occur and it 
is therefore rejected by most authors (STIEVE, 

1952; WATZKA, 1957 ; ZUCKERMANN, 1951, 
1957). The primary oocyte developed from the 
oogonium is in the prophase of the first reduction 
division or meiosis at birth. It remains at this 
stage for many years, at least until sexual 
maturity (1st resting phase). The first meiosis 
is resumed during postnatal development of 
the follicle and is ended about the time ovulation 
occurs. This may take as long as 12-50 years 
after the onset of meiosis. Reduction division 
gives rise to the secondary oocyte and polar 
body. Each possesses 23 chromosomes. The 
2nd meiosis occurs immediately after the first 
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Fig. 5. Primordial follicle (human). (After SHETTLES, 1960) 

and ends only after fertilization. It gives rise 
to the mature ovum and one polar body. 
From about the 20th week of pregnancy, the 
primary oocyte is surrounded by a single layer 
of cuboid cells, follicular or granulosa cells. 
It is currently assumed that these cells arise 
from the germinal epithelium. Oocyte and 
follicular cells together form the so-called 
primordial follicle (Fig. 5). 

The two ovaries of the newborn contain 
about 500000-700000 primordial follicles which 
are closely packed together in the zona paren
chymatosa. The majority undergo destruction 
due to atresia even during the intra-uterine 

phase. At menarche, there are stil1 about 400000 
primordial fol1icles, while at age 35, there are 
only about 80000 (Table 1). Only 300-400 
primordial follicles develop into mature fol1icles 
with the potential possibility of becoming 
fertilized during sexual maturity. About 90 % 
of the primordial follicles become atretic at al1 
stages of development from the postnatal stage 
right up to the onset of the postmenopause. 
Both ovaries together contain less than 10000 
primordial follicles at the onset of postmeno
pause. If these follicles are transplanted into 
ovaries of young sexually mature animals, they 
can grow into mature follicles. 

Table 1. Quantities of follicles in the human ovaries as a function of age (BLOCK, 1952) 

Age No. of Average no. of A verage no. of Average no. of 
(years) cases primordial follicles growing follicles graafian follicles 

examined in both ovaries (up to and including in both ovaries 
100 11m) in both 
ovaries 

6·- 9 5 484000 (258000- 755000) 15400 (7700- 34600) 13- 97 
12- 16 5 382000 (85000- 591000) 7300 (3000- 11200) 231 
18-·24 7 155000 (39000- 290000) 6800 (1 000- 17300) 27-136 
25 - 31 11 59000 (8100- 228000) 3500 (680- 9200) 21 - 117 
32-38 8 74000 (15000- 208000) 6200 (1800- 16500) 33-101 
40- 44 7 8300 (350- 28000) 2600 (900- 9400) 11 - 81 

In parentheses: minimum and maximum numbers . 



518 

Thus, the follicles do not grow old, but the 
stroma probably does, possibly due to vascular 
changes (p. 580). Generative ovarian function 
disappears with failure of the follicle to react 
to increased gonadotropic stimulation. 

Ovarian Cycle. The primordial follicle has a 
diameter of 40-60 mf.1 and contains a primary 
oocyte measuring 18-24 mf.1 in diameter, which 
is surrounded by a layer of cuboid follicular 
cells (Fig. 5). Even during the fetal phase, 
childhood, and especially at the time of puberty, 
single primordial follicles lying deep in the 
cortical layers grow quickly into primary, 
secondary, and tertiary follicles (2nd phase 
of growth). They protrude into the superficial 
layers, and have a diameter of up to 3 mm 
(Fig. 2). They develop before the 5th year, 
probably without the influence of gonadotropins 
(cf. hypophyseal gonadotropins p. 559). They 
can remain at this stage for several months 
(2nd resting phase). 

We do not know which factors induce 
the resting primordial follicle to grow, nor 
do we know whether the primary stimulus 
occurs in the oocyte or in the follicular cells. 
It appears that the second phase of growth is 
partly independent of the pituitary since a 
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certain degree of follicular growth also occurs 
in hypophysectomized animals. 

The cuboid follicular cells grow into cylin
drical cells, and the oocyte enlarges at the 
same time to produce the primary follicle. The 
follicular cells increase in number and size to 
form the secondary follicle. A membrana gran
ulosa of3-4Iayers, containing numerous mitoses, 
is formed. The secondary follicle has a maximum 
diameter of 0.3 mm. During this period, the 
ovum develops into the largest cell of the 
organism (90-130 f.1m diameter) . After this 
stage is reached, only the follicle continues to 
grow. 

Until the onset of sexual maturity, any 
tertiary follicles formed become atretic. Atresia 
begins in the granulosa cells. The tertiary 
follicle is characterized by the formation of an 
antrum, which develops through confluence 
of small single vesicles, and is filled with follicular 
liquor. This is probably due to active secretion 
of the granulosa cells. Labeled water appears 
first in the granulosa cells and then in the 
follicular fluid. It is possible that cellular 
degeneration and vascular transudation from 
the follicular veins, which become congested 
through growth of the follicle, also has some 
effect. The follicular fluid has a high content 

Fig. 6. Secondary follicle (human). (After SHETTLES, 1960) 
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of estrogens (estrone and estradiol), and also 
of progesterone from mid-cycle on. Micro
sc.opically small collections of fluid can be 
seen between the granulosa cells, and together 
with the neighboring follicular layer these form 
the so-called Call-Exner body. The cell margins 
of the granulosa cells become gradually in
distinct, and 8- 12 layers of these cells form 
the membrana granulosa. It is thickened at one 
point, where the ovum is contained (cumulus 
oophorus, discus proligerus). The granulosa 
cells next to the oocyte form the corona radiata. 
Its cells are characterized by y chromatin-rich 
nucleus and granular cytoplasm. They become 
cylindrical and adopt a radial arrangement. 
They form a biological unit with the oocyte, 
and the hyaline zona pellucida of 5 mJ.l thickness 
surrounding the ovum is pierced by processes 
of the cells of the corona radiata. The intact 
membrana granulosa contains no vessels or 
nerves. Connective tissue structures appear 
for the first time in the tertiary follicle, in the 
form of the theca interna and externa. The 
theca interna is composed of delicate fibrils of 
connective tissue with a rich supply of capillaries 
and nonmedullated nerve fibers, and also 
contains spiral cells (fibrocytes) and clear, 
polygonal theca-lutein cells laden with fat. 
The latter cells are particularly well-developed 
in follicles reaching ovulation and in polycystic 
ovaries. They probably contain steroids which 
are precursors of estrogens and gestagens. 
They also show increased dehydrogenase activity 
(JKONEN, 1961). The theca-lutein cells arise 
from the mesenchyme, probably originating 
from the ovarian medulla. 

The theca externa is composed of strong 
collagen fibers arranged concentrically, and 
contains blood and lymph vessels. It surrounds 
the tertiary follicle, which has a diameter of 
3- 8 mm at this stage. A fibrous membrane 
separates the vascular theca interna from the 
avascular membrane granulosa. During sexual 
maturity, single tertiary follicles grow from the 
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8th to 10th day of the cycle (CORNER, 1952) into 
Graafian follicles (Fig. 2), which have a dia
meter of 16- 24 mm. Whereas there is a regular 
increase in the size of the follicle during the 
phase of follicular maturation, growth is greatly 
accelerated (Fig. 7) towards the ovarian surface 
(BLANDAU, 1966) 10- 12 hours prior to ovulation 
(rats). The theca is pushed forward in the form 
of a wedge against the ovarian surface (thecal 
wedge), so that the follicle finally protrudes 
conically from the ovarian surface. Terminal 
growth is due mainly to an increase in follicular 
fluid, which becomes less viscous at the same 
time due to depolymerization (BLANDAU, 1966). 
The number of mitoses decreases in the mem
brana granulosa, which is still avascular and 
which at this stage has 16- 20 layers of cells. 
The cells of the cumulus oopherus steadily 
dissociate, but the corona radiata remains 
intact. The gel of the ovum is released from 
the membrana granulosa. The theca interna 
becomes hyperemic and loose, and K cells 
arise which are eosinophilic and contain a 
dark nucleus. These cells are said to possess a 
special secretory function, but nothing definite 
is known about the nature of this function. 

Nor are we fully orientated about the 
original physical and chemical factors involved 
in ovulation. It is very probable that follicular 
rupture is not only due to a rise in intrafollicular 
pressure, and that vascular and enzymatic 
processes are also very much involved (MORI
CARD, 1946; BLANDAU, 1966, 1967). Follicular 
fluid contains high concentrations of proteolytic 
enzymes. It is not yet known what effect gonado
tropins exert in this process (JUNG, 1959). 
The follicular stigma is the thinnest spot of the 
Graafian follicle lying against the ovarian 
surface, and before ovulation consists of only 
1- 2 layers of granulosa and theca cells and 
diluted tunica albuginea. The stigma becomes 
anemic before ovulation and is pale yellow m 
color. Digestion by proteases together with 
a slight rise in intrafollicular pressure probably 

20 

Fig. 7. Growth curve of the follicle. showing the spurt of growth beginning 10 hours before ovulation. (After HARTMAN, 
1962) 
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then causes follicular rupture. Ovulation has 
been observed in rats and rabbits (WALTON, 
1928; BLANDAU, 1955). This does not occur 
by explosive bursting of the mature follicle, 
but slowly through gradual release of a viscous 
fluid, which flows from the stigma of the follicle 
as from an hourglass. The ovum is finally 
flooded out together with the cumulus ovigerus. 
Fibrillary currents and tubal peristalsis convey 
the ovum to the tubal ampulla, where fertiliza
tion may occur. The second meiosis occurs 
during this sequence of events, but only comes 
to an end after fertilization. Bleeding connected 
with follicular rupture leads to closure of the 
site of rupture through formation of blood 
clots which also fill up the collapsed follicular 
lumen. The bleeding is usually very mild. It 
is questionable whether "mittelschmerz" is 
caused by slight peritoneal irritation due to 
this bleeding (ISRAEL, 1967). 

The corpus luteum develops from the rup
tured follicle (CORNER, 1956). According to 
MEYER'S (1911, 1913) classic description of the 
formation of the corpus luteum (which is still 
valid) 4 developmental stages can be differ
entiated. First, there is intensive growth of the 
granulosa, and of theca cells in particular. 
These cells contain large amounts of lipoids 
(proliferative stage). Vascularization of the 
membrana granulosa occurs after 3 to 4 days. 
Capillaries, connective tissue and K cells pene
trate right into the center of the coagulum from 
the theca intema. Nearly every granulosa cell 
is thus directly connected with a vessel. Macro
scopically, the dark red periphery is clearly 
distinguishable from the pink, gelatinous center. 
During the budding phase (from the 5th to 
about the 10th postovulatory day) the corpus 
luteum increases in' size again; the granulosa 
cells grow and are now arranged in columns, 
forming a reddish yellow covering zone around 
the sanguine gelatinous center. The yellow 
color is due to carotin, and the various color 
tones are caused by the oxidation product of 
carotin. The granulosa cells are polygonal, have 
a clear bright cytoplasm and can be clearly 
differentiated from the smaller, even brighter 
cells of the theca intema interspersed among 
them. While connective tissue grows inwards, 
the central core steadily liquefies. This stage 
is reached after not more than 7 days. If fertili
zation does not occur the corpus luteum 
undergoes rapid regression 3-4 days before 
menstruation (about the 10th postovulatory 
day) due to the absence of the luteotropic 
action of chorionic gonadotropin. The center 
becomes fibrous, and then hyaline, as does 
the fibrous septa between the granulosa cells. 
The granulosa cells themselves become smaller, 
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granular and vacuolized, and lose their columnar 
arrangement. The loosely arranged theca cells 
show a dark nucleus in pale cytoplasm. The 
theca intema becomes fibrotic and finally 
undergoes hyaline degeneration. The corpus 
albicans is formed by a process of shrinking 
within roughly 70 days. It contains cells with 
iron pigment, a residue of the central bleeding. 
A fibrous depression is produced through 
shrinking. This area is characterized by a broad 
hyaline zone which is sharply defined and 
undulated, and surrounds a fibrous nuclear zone 
(Fig. 3). 

The majority of follicles regress long before 
reaching maturity (follicular atresia) (SLAV
JANSKY). This regressive process even occurs 
in the ovary of the fetus during the second half 
of pregnancy, and is also particularly pro
nounced during pregnancy. An oocyte must 
be completely surrounded by follicular cells 
to prevent its becoming atretic. If this is not 
so, there is a hurried maturation process with 
subsequent atresia (OHNO, 1964; BLANDAu, 
1965). Atresia probably starts in the oocyte, 
resulting in chromatolysis of the germinal 
vesicle with subsequent round-cell invasion 
of the degenerating ovum and dissociation 
of the cumulus oopherus. The liquor folliculi 
is absorbed, the peripheral cell layers fold, 
the basal membrane becomes thickened and 
hyaline, and the granulosa cells and some theca 
cells degenerate and are finally replaced by 
fibrous tissue. This gives rise to the corpus 
fibrosum. The scar formed in this way can 
persist for years as a corpus fibrosum or 
atreticum. This corpus have purely hyaline 
structure or can be an undulating hyaline 
"glass skin" surrounding a reticular fibrous 
tissue. Cells containing iron are also absent. 
Some of the cells of the theca intema of the 
atretic secondary and tertiary follicles remain 
intact and together form the so-called "interstitial 
gland" or the theca gland ofthe ovary (TONUTTI, 
1961). This "gland" probably secretes small 
amounts of estrogens continuously (basal estro
gen formation) (DEANE, 1952). The theca glands 
react to the luteinizing hormone, which is also 
termed the interstitial cell-stimulating hormone 
by increasing in size. It is thus not astonishing 
that the epitheliod theca lutein cells also increase 
in size during pregnancy (SCHRODER, 1930). 
This reaction is especially pronounced in poly
cystic ovaries and in the adrenogenital syndrome, 
and in the latter case is related to a rise in the 
production of androgens. Primary follicles dis
appear completely. During the post menopause 
the ovary shrinks to half or one third of its 
original size (W ATZKA, 1957). The few follicles 
still present become atretic within 4-5 years 
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(LAURITZEN, 1968). During this time, follicular 
maturation and ovulation occasionally occur, 
with formation of a corpus luteum and uterine 
bleeding from a transformed endometrium. 

C. Physiology of Ovarian Function 

Ovarian Hormones (Natural and Synthetic) 

1. Chemistry and Occurrence 

Results obtained by isolating steroids from 
human ovaries (ZANDER, 1958, 1959; RYAN, 
1967) and estimating their concentrations in 
ovarian veins and peripheral blood (MIKHAIL, 
1967) have shown that the following steroid 
hormones are formed and secreted by the normal 
ovary of the woman (Fig. 8, Table 2): proge
sterone, 17cx-hydroxyprogesterone, 20cx,~
hydroxy-4-pregnen-3-one, dehydroepiandro
sterone, androstenedione, testosterone, estrone, 
estradiol and estriol. 

Chemically these hormones are steroids 
(sexual steroids). The basic framework is the 
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sterane or gonane, constisting of 3 hydrated 
benzol rings (A, B, C) and a cyclopentane ring 
(D). Structure and numbering of the C atoms 
is shown in Fig. 8 (cyclopentanoperhydrophen
anthrene). 

The biological action of the sexual steroids 
is very much dependent on their stereochemical 
structure. An exact description is therefore 
necessary (Chap. VII, p. 287). Three groups of 
ovarian steroids are differentiated according 
to their biological action (p. 532 ff.): gestagens, 
androgens and estrogens (Fig. 8). 

Table 2. Steroids isolated from normal human ovary (RYAN, 
1967) 

Follicular fluid 

Estradiol 
Estrone 

Estriol 
Androstendione 
17iX-hydroxyprogesterone 
20iX-hydroxypregn-4-en-3-one 
Progesterone 

Corpera lutea 

Progesterone 
20iX-hydroxypregn-

4-en-3-one 
17iX-hydroxyprogesterone 
Androstendione 
Estradiol 
Estrone 

[ Gestagens 

T"3 T"3 
CO CO 

Progesterone 

[ Androgens 

HO 
Dehydroepiandrosterone 

i Estrogens 

HO 
Estrone 

Fig. 8. Ovarian steroid hormones 

~ ~ 
17lXOH-progesterone 20IXPOH-4-pregnene-3-one 

b o 
Ll4 -androstene-3,17-dion 

OH 

HO 
17 p-Estradiol 

b 
o 
Testosterone 

HO 
Estriol 

OH 
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Table 3. Progestagens 

OH 

19-nortestosterone derivatives 

~3 
CO 

171X-acetoxyprogesterone derivatives 

~3 
CO 

Retroprogesterone 

Compound 

171X-methyl-
171X-ethyl-

171X-ethinyl
-acetate 
-diacetate 

-3 desoxy
_A5 ,10_ 

-13-ethyl-

171X-allyl-3 desoxy-

61X-methyl 
A6,7-61X-methyl
A 6,7 -61X-chloro-
3 desoxy-61X-methyl-

9f3,101X,A4 -

pregnene-3,20-dione 

EE = ethinyl estradiol; EEME = mestranol. 

Gestagens. Progesterone, 17ct-hydroxyproge
sterone and 20ct,~-hydroxyprogesterone are 
structurally CZI steroids, with a methyl group 
at C lO and C13 and a COCH3 side chain at C 17 • 

They are fat-soluble and insoluble in diluted 
alcohol and petroleum ether. 

Synthetic gestagens are termed as pre- or 
progestagens. Gestagens and pregestagens form 
the group of progestins. Progestagen is chemically 
a derivative of 19-nortestosterone, 17ct-hydroxy
progesterone or retroprogesterone. Table 3 
shows the progestagens which are currently 
most important but is by no means complete. 
The name of a commercial preparation may 
vary from country to country. 

Androgens. Dehydro-epiandrosterone, andro
stenedione and testosterone have 19 C atoms, 
with methyl groups at C lO and C!3' 

Estrogens. Estrogens are steroids with 18 C 
atoms and no methyl group at C lO• They possess 

The Ovary 

Commercial preparation Main effect 

Orgasteron 
Nilevar 

Androgenic and anabolic 
Anabolic 

Primolut Nor; Norlutat 
wiOth ElEME: Metrulen; Inhibition of ovulation 

Primolut N; Norlutin ) 

vuen . 
Lynoestrenol and gestagemc effect 
with EEME: Enovid 
with EE: Eugynon, Stediril 

Gestanon Protection of pregnancy 

with EE: Planovin; Volidan Inhibition of ovulation 
Provera } 

with EEME: Sequens and gestagenic effect 
with EEME: Neonovum 

Duphaston Gestagenic 

an OH group at C3 , which has a weakly acidic 
reaction. They also all have a cyclic A ring. 
They are soluble in oil, alcohol, acetone, chloro
form and other fat-soluble substances, and also 
in alkaline aqueous media. In addition to the 
three classic estrogens (Fig. 8) estrone (E I ), 

estradiol (Ez) and estriol (E3) 16 other estrogenic 
substances have so far been demonstrated in 
the urine of nonpregnant women (Table 4). 

Table 4. Estrogens demonstrable in the urine of woman 

Estrone 
161X-hydroxy-estrone, 16f3-hydroxy-estrone, 16-keto
estrone, 61;-hydroxy-estrone, 2-methoxy-estrone, 
18-hydroxy-estrone 

17f3-estradiol 
16-keto-17f3-estradiol, 2-methoxy-estradiol, 
11 f3-hydroxy-17f3-estradiol 

Estriol 
16-epiestriol, 16,17-epiestriol, 17-epiestriol, 
2-methoxyestriol 

Equilenin, estrandiol A and B 
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These are metabolites of the three genuine 
ovarian estrogens, estrone, estradiol and estriol. 

With the exception of 16-epiestriol, the 
amounts of these other substances are insignifi
cant. We know nothing of their biological 
activity. In addition to the estrogens occurring 
naturally in man, animals and botanical or
ganisms, there is a series of synthetic or "artifi
cial" hormones with estrogen activity. The 
best-known synthetic estrogens are the stilbenes: 
diethylstilbestrol (stilbestrol), dihydroxystilbe
strol (hexestrol), dienestrol and tri-p-anisyl
chlorethylene (Tace) (Fig. 9). These substances 
are not steroid hormones, and in contrast to 
natural estrogens are not decomposed in the 
liver. They are thus effective when taken orally. 
This is also true of the synthetic estrogen 
methallenestril (Vallestril). 

~' T2Hs T2D-a5f , 
H c====c H 

- -

Diethylstilbestrol 

~' T,Hs T'HU-' f , 
H CH-CH OH 

- -
Hexestrol 

Dienestrol 

CH~' c=cD-' OCH 
- Cl-3 61 

3 :1 
Chlorotrianisene (Tace) 

Fig. 9. Structure formulas of the stilbenes 

Estrogen antagonists are chemically related 
to the stilbenes (CALLANTINE, 1967) (Fig. 10). 
These antagonists are compounds which inhibit 
certain actions of estrogens. However they also 
demonstrate a weak estrogenic effect. The most 
important estrogen antagonists are clomifene 
(MRL-41) and sexovid (F 6066) (p. 599, 630). 

Antiprogestins are substances which prevent 
the biosynthesis or secretion of progesterone 
(F 6066, F 6060, methallibur), influence the 
transport or stability of progesterone in the 

/C,H s 

G-(CH 2),-N 6 '1:,H, 

0, t-CH -or' CH 1 2 3 

- OH -

Ethamoxytriphetol (MER-25) 

Clomiphene (MRL-41) 

Fig. 10. Structure formulas of estrogen antagonists 
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blood (rx-l-acid gluco-protein), or interfere with 
the action of progesterone on the end-organ. 
The last group of compounds which interfere 
at the end-organ is large and includes, 17rx
ethinyl-4-estren-3,17-diol and its derivatives since 
they inhibit uterine growth induced by exogenous 
progesterone. Large doses of estrogens also act 
as antiprogestins by inhibiting the release of 
gonadotropins. 

2. Biosynthesis 

(RICE, 1964, 1966; SAVARD, 1965; RYAN, 1965, 
1967; ZANDER, 1963, 1969) 

Steroid synthesis occurs in a similar manner 
in the ovary, testis and adrenal cortex. These 
glands all have the same embryonal origin 
from the germinal ridge. Estrogens and andro
gens are formed in these three endocrine 
organs, and gestagens in the ovary and adrenal 
cortex. There are only quantitative differences 
in the biosynthesis of these steroids in the indi
vidual organs, the qualitative nature being 
identical. The endocrine specificity of these 
organs is due to the quantitative distribution 
of the individual steroids secreted. The specificity 
is based ultimately on the specificity of the 
enzyme pattern and the ability of this pattern 
to react to a higher specific controlling mech
anism. The "atypical" steroids of single endo
crine glands only acquire clinical importance 
when organic disease leads to a displacement 
in the quantitative relation of the individual 
steroids. Typical examples of such cases are 
the Stein-Leventhal syndrome and adrenogenital 
syndrome (p. 609 ff.). 
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There are four morphologically and func
tionally different structures in the ovary which 
can react to gonadotropic stimulation and 
produce sexual steroids. These are the follicle, 
the corpus luteum, the stroma and hilus cells. 
The follicle and corpus luteum are predominantly 
dynamic structures whose activity and morpho
logy change in relation to the age of the woman, 
the phase of sexual maturity and the develop
ment of pathologic processes. The reproductive 
and endocrine functions of the ovary are 
related to the morphological and functional 

HO 
Pregnenolone Progesterone 

1 yH3 
! 

co 

The Ovary 

integrity of the follicle and corpus luteum. 
Ascorbic acid is present in large quantities in 
the ovary and appears to exert a catalytic 
function there. 

Insight into the biosynthesis of the ovarian 
steroids has been gained by incubation of ovarian 
homogenates and sections, and by perfusion 
of the ovaries with labeled precursors of the 
steroids and with the steroids themselves.Know
ledge of the synthesis of ovarian steroids is 
essential for an understanding of the clinical 
features of certain endocrine disorders (Fig. 11). 

yH 3 

HCOH 

20ct-hydroxy-Lf4 -pregnene-3-one 

1 in follicle 

"f---f--DH R in corpus luteum 

HO 
17ct-hydroxy-pregnenolone 17ct-hydroxy-progesterone 

1 

HO 
Dehydroepiandrosterone Lf4-androstendione 

HO 
Estrone 

Fig. 11. Biosynthesis of ovarian steroids 

j 

H 

Testosterone 

j 

HO 
Estradiol 17-f3 
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a) Biosynthesis of Progesterone 

Acetate is the basic material for the formation 
of steroids in the ovary. It is synthesized to 
cholesterol via squalene; cholesterol then pro
vides the sterane ring and is converted into 
the biologically inactive AS-pregnenolone, by 
means of several oxidative intermediate products 
and by the splitting off of isocapronic acid. 
Luteinizing hormone and NADPH (reduced 
nicotineamide-dinucleotide phosphate) are es
sential for this process. Luteinizing hormone 
stimulates the 20 and 22 hydro lases and thus 
provides the stimulus for the splitting off of 
isocapronic acid. NADPH accelerates the for
mation of progesterone from pregnenolone 
by 8-10 times, even in the absence of gonado
tropins. Gonadotropins are necessary for the 
synthesis of pregnenolone, and their absence 
results in inactivity and consequent atrophy 
of the ovaries. 

It is not yet known whether pituitary gonado
tropins still exert a direct influence from this 
stage on on the biosynthesis of ovarian steroids, 
or whether further synthesis is determined only 
by the enzyme pattern and supply of substrate. 
Oxidation at C 3 by 3~-hydroxy-dehydrogenase 
and displacement of the double hond to C 3 
by A4 •s-isomerase results in the formation of 
progesterone. It has been shown that proge
sterone can be formed from acetate and chole
sterol in the follicular wall, corpus luteum and 
ovarian stroma. 

Progesterone has a key position in steroid 
synthesis, since androgens, estrogens, and gluco
corticoids can be formed from it. Because of 
this, the molecule is extremely labile; it can 
be rapidly inactivated and transformed (cf. 
Metabolism, p. 531). 

b) Biosynthesis of Androgens 
(JUNKMANN, 1960; ZANDER, 1963) 

The activity of 17a-hydroxylase is very high 
in the ovary, and this leads to the oxidative 
splitting off of the side chain at C 17 via 17a
hydroxyprogesterone, and to the formation of 
A4-androstene-3,17-dione. This route is used 
predominantly in the corpus luteum. 

Androstenedione is not a very potent andro
gen. Through 17~-hydroxydehydrogenase it is 
in reversible equilibrium with testosterone, the 
most potent androgen. 

In contrast to the situation in the corpus 
luteum, in the follicle most ofthe androstenedione 
is formed without the intermediary formation 
of progesterone, via 17-0H-pregnenolone and 
dehydro-epiandrosterone. 17a-OH-pregnenolo
ne and 17a-OH-progesterone in particular are 
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partly metabolized to pregnanetriol (Fig. 11 a) 
and are excreted in the urine (1-2 mg per day 
during a normal cycle). 

JH3 
co 

HO 

t 
CH I 3 

H-COH 

Pregnantriol 

HO 

t rH 3 

co 

or

Fig. 11 a. Pregnant rio I synthesis 

Pregnanetriol excretion is greatly increased 
in the adrenogenital syndrome, due to the 
failure of enzymatic conversion of 17a-OH
progesterone into 11-desoxy-1 7-0 H -cortico
sterone. 

The two androgens, dehydro-epiandrosterone 
and androstenedione are released into the blood 
of a normally menstruating woman, and are 
partly converted there into testosterone. In
creased amounts of these two androgens are 
released with polycystic ovaries (p. 611). 

In contrast to relations in the adrenal cortex, 
11 ~- and 21 a-hydroxylase are only weakly 
active in the ovary, and therefore only small 
amounts of desoxycorticosterone are formed 
in the ovary. 

c) Biosynthesis of Estrogens 

It has been shown that androgens are converted 
into estrogens in the follicle, corpus luteum, 
and ovarian stroma. This biosynthesis is similar 
to that occurring in the testis, adrenal cortex, 
placenta and liver. In contrast to the situation 
in the placenta, the androgens in the ovary 
do not originate from the adrenal cortex, but 
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are synthesized in the ovary itself. Conversion 
of the CI9 steroids, androstenedione and testo
sterone, into CI8 phenols probably occurs via 
their 19-0H and 19-oxy derivatives with sub
sequent aromatization of the A ring in the 
microsomes. Conversion of androgens into 
estrogens is characteristically disturbed in the 
polycystic ovary (p. 611). 

It is assumed that all 3 classic estrogens are 
formed in the ovary, estradiol being the main 
estrogen found in follicular fluid and venous 
ovarian blood. Although it has been shown 
that there is 16-hydroxylase in the ovary, it 
is still not known whether estriol is formed via 16-
hydroxylation of estradiol orestrone, or whether, 
as in the fetus, it is formed from hydroxy
lized androgens. Route and end product of the 
biosynthesis are dependent on the enzyme 
pattern of the ovarian structures involved. 
Absence or reduction of enzyme activity leads 
to accumulation of intermediary stages (see 
polycystic ovaries, p. 609). 

3. Production and Plasma Content 

The amount of sexual steroids produced by the 
ovary varies greatly in the different phases 

The Ovary 

phase, and that significant amounts of proge
sterone and 20cx-OH-progesterone are secreted 
in the ovary even before ovulation. ZANDER 
(1958) was able to show that these two latter 
substances were formed before ovulation in the 

Table 6. Plasma steroids at bilateral ovulation. (After 
MIKHAIL, 1967) 

Steroid Plasma (l-\g/100 ml) 

V. cubital is V.ovarica 

right left 

Progesterone 0.352 11.320 10.320 
17et-hydroxy- <2.000 2.668 3.175 

progesterone 
20et-hydroxy- 0.153 0.375 0.300 

4-pregnen-3-one 
20~-hydroxy- 0.008 0.012 0.015 

4-pregnen-3-one 
Androstendione 0.578 3.472 2.884 
Testosterone 0.159 0.233 0.219 
Dehydroepiandrosterone 1.990 2.255 2.537 
Estrone 0.235 0.119 0.086 
Estradiol 0.089 0.496 0.403 

Table 7. Plasma steroids on days 3-4 after ovulation. 
(After MIKHAIL, 1967) 

of life. In addition, it is dependent on the cycle Steroid Plasma (l-\g/100 ml) 
during sexual maturity (Tables 5-9). 

Estimations of steroids in venous ovarian 
blood by means of double-isotope dilution 
methods have provided interesting information 
on the secretory activity of the ovaries in rela
tion to the cycle phase (RUNNEBAUM, 1965 ; 
MIKHAIL, 1967). A series of biologically active 
steroids can be isolated from venous blood 
from the ovary as well as from ovarian tissue 
(ZANDER, 1958, 1959). It was possible to show 
by these means that the ovary secretes mainly the 
steroid androstenedione in the pre-ovulatory 

Table 5. Plasma steroids on day 12 of the cycle. (After 
MIKHAIL, 1967) 

Steroid Plasma (l-\g/100 ml) 

V. cubitalis V.ovarica 

right left a 

Progesterone 0.149 0.393 1.550! 
17et-hydroxy- <2.000 <2.000 4.437 

progesterone 
20et-hydroxy- 0.276 0.040 0.108 

4-pregnen-3-one 
20~-hydroxy- 0.011 0.015 0.024 

4-pregnen-3-one 
Androstendione 0.683 8.520 8.852! 
Testosterone 0.083 0.190 0.242 
Dehydroepiandrosterone 1.861 3.956 4.236 
Estrone 0.038 0.071 0.172 
Estradiol 0.125 0.359 1.760 

a Ovary containing the ripe follicle. 

V. cubitalis V.ovarica 

left right" 

Progesterone 2.130 2.570 47.100 
17et-hydroxy- <2.000 <2.000 4.050 

progesterone 
20et-hydroxy- 0.314 0.500 1.390 

4-pregnen-3-one 
Androstendione 0.533 1.710 1.760 
Dehydroepiandrosterone 1.638 2.080 1.680 
Estrone 0.039 0.080 0.065 
Estradiol 0.058 0.193 0.418 

a Ovary with Corpora lutea. 

Table 8. Plasma steroids 4 years after menopause. (After 
MIKHAIL, 1967) 

Steroid Plasma (l-\g/100 ml) 

V. cubitalis V.ovarica 

right left 

Progesterone 0.075 0.182 0.144 
17et-hydroxy- <1.000 < 1.000 < 1.000 

progesterone 
20et-hydroxy- 0.316 0.087 0.058 

4-pregnen-3-one 
20~-hydroxy- 0.014 0.015 

4-pregnen-3-one 
Androstendione 0.212 0.565 0.352 
Testosterone 0.112 0.138 0.102 
Dehydroepiandrosterone 1.066 0.970 1.012 
Estrone 0.820 0.640 0.540 
Estradiol 0.046 0.092 
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Table 9. Production, plasma content and estimation of the most significant ovarian hormones 

Hormone Daily Production Amount per 100 ml plasma and Amount excreted in 24-hour urine 
production per cycle methods of estimation and methods of estimation 

Estrone Follicular phase Follicular phase Gas liquid Postmenstrual Colorimetry 
(E 1) 50-34O l1g 0.038 11g chromatography, minimum 2.8 I1g (BROWN, 1955; 

(BROWN, 1957) (MIKHAIL, radioisosotpe (0.2-7.2) 1957) 
1967) methods Ovulation 
After ovulation maximum 
0.039 11g 20.111g 
(MIKHAIL, (14.8-27.4) 
1967) Luteal maximum 

11.3 I1g 
(5.1-25) 

Estradiol After ovulation 4-8 mg Follicular phase 0.01-0.03 I1g Postmenstrual Before menarche 
(E 2) 160-25O l1g (BROWN, 0. 125 11g (SVENDSEN, 1964) minimum 1 st -8th years 

(BROWN, 1957) 1957) (MIKHAIL, 1967) 0.7I1g(-) < 1.0 I1g 
After menopause After ovulation Ovulation Sexual maturity 
4Ol1g 0.058 11g maximum 10-6O l1g 

(MIKHAIL, 1967) 7.911g After menopause 

Estriol 
(E 3) 

Progesterone After ovulation -200 mg Follicular phase 
15-20 mg (OBER,1954) -0.1I1g 
(OBER,1957; Before ovulation 
CAREY, 1963) 0.4-0.5I1g 

After ovulation 
-1.0 l1g 

201l-Hydroxy- Follicular phase 
progesterone negative 

Before and ajter 
ovulation 
0.25 11g 

mature Graafian follicle. It has also been shown 
that 17~-estradiol is the estrogen produced in 
the largest amounts by the ovary, and that the 
ovary containing the mature follicle produces 
significantly greater amounts of estradiol. On 
the other hand, estradiol secretion has not been 
definitely demonstrated in the ovaries of post
menopausal women (MIKHAIL, 1967). 

Ovarian steroids are probably formed in all 
cellular structures of the ovary. There is a 
series of indications implying that the 3 natural 
gestagens, progesterone, 17cx-hydroxyproge
sterone and 20cx,~-hydroxy-4-pregnene-3-one are 
synthesized predominantly in the granulosa 
lutein cells (SHORT, 1964), whereas ovarian 

(2.8-21.8) < 1O l1g 
Luteal maximum (BROWN, 1963) 
5.011g 
(2.1-10.6) 

Postmenstrual 
minimum 
4.711g 
(1.9-11.4) 
Ovulation 
maximum 
30.911g 
(8.1-119.0) 
Luteal maximum 
21.1 I1g 
(5.0-89.0) 

Gas liquid chromato- Pregnandiol Colorimetry 
graphy, radioisotope Follicular phase (KLOPPER, 1955) 
methods (WOOLEVER, 1-2 mg 
1963; VAN DER After ow/alion 
MOLEN, 1965; 3.0-7 mg 
RIONDEL, 1965; (KLOPPER,1957; 
MIKHAIL, 1967; OBER, 1961; 
ZANDER, 1967, 1969) FOTHERBY, 1962) 

(RUNNEBAUM, 1965; After menopause 
MIKHAIL, 1967) 0.6mg 

(0.3-0.9) 
(LORAINE, 1958) 

androgens are synthesized in the hilus cells, 
and under normal conditions only to a slight 
extent (RYAN, 1967). Experiments have been 
performed with physically separated granulosa 
and theca cells in the anterior chamber of the 
eye in rabbits (RYAN, 1966). From the results 
obtained from these experiments it may be 
assumed that estriol, estrone and estradiol are 
formed mainly in the theca cells of the maturing 
follicle, in the theca-lutein cells of the corpus 
luteum, and in the theca formations of the stroma 
(Table 10). All other estrogens are metabolites 
of the 3 classic estrogens. 17~-estradiol is the 
main estrogen secreted and formed in the ovary. 
A continuous secretion of estrogens independent 
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on the cycle is attributed to the theca formations 
of the stroma (basal eSlroyellS). This secretion 
is extremely small in normal ovaries. During 
the postmenopause and in the case of non
endocrine ovarian tumors, there may be in
creased estrogen production caused by cortical 
stroma- and theca-cell hyperplasia (LAJOS, 1963). 

Table 10. Conversion of pregnenolone and progesterone 
by the action of granulosa and theca cells isolated from the 
follicles of woman (RYAN, 1967) 

Basic substance Metabolite synthesized in vitro 

Granulosa Theca 

Pregnenolone 

Progesterone 

Progesterone 
17(J(-hydroxy

progesterone 

17(J(-hydroxy
progesterone 

Progesterone 
17(J(-hydroxy-

progesterone 
Androstendione 
Estrone 
Estradiol 

17(J(-hydroxy-
progesterone 

Androstendione 
Estrone 
Estradiol 

Table 11. Steroids synthesized from acetate in the follicle 
of woman (RYAN, 1967) 

Steroid synthesized 

Estradiol 
Estrone 
Androstendione 
Dehydroepiandrosterone 
Pregnenolone 
17(J(-hydroxyprogesterone 
17(J(-hydroxypregnenolone 
Progesterone 

Amount synthesized as a 
percentage of amount of 
estradiol (= 100 %) 

100 
74 
30 
29 
16 
8.3 
3.9 
1.5 

Without the ovarian structures, small a
mounts of estrogens are also formed in the 
zona reticularis of the adrenal cortex (reSidual 
estrogens), the Leydig cells of the testis and in 
great quantity in the syncytiotrophoblast of the 
placenta. As is to be expected, the secretion of 
residual estrogens increases in response to 
stimulation with ACTH. 

The daily secretion of estrogens by the 
ovary is 50~ 340 Ilg, depending on the phase 
of the cycle (BROWN, 1957; ZANDER, 1959). 
The lowest amounts are secreted during men
struation. The maximum (ovulation maximum) 
is reached at the time of ovulation, and a 
second, somewhat lower but broader peak 
(luteal maximum) arises during the luteal phase 
(Fig. 12), which can, however, fail to occur 
in women even though ovulation has taken 
place. Because of the difficulty of the deter
mining the exact time of ovulation (p. 565), 
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the time relation between ovulation and the 
maximum estrogen secretion is still uncertain. 
A close connection between these two factors 
has been deduced from the fact that the time 
interval between the maximum estrogen pro
duction and menstruation is quite constant, 
is independent of the duration of the cycle 
and is on average 14 days. 

Successful artificial inseminations at the time 
of the estrogen maximum also indicate a temporal 
concordance (BROWN, 1962). The total estrogen 
production during a normal cycle is estimated 
to be 4~8 mg (BROWN, 1957). It is thought 
that 1O~40 Ilg of estrone are secreted daily by 
the adrenals. This amount is almost the same 
as the amount of estrogens formed during 
the postmenopause (residual estrogens) (Table 9, 
Fig. 13). 
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Fig. 12. Excretion of estrogens (estradiol and/or estrone) 
in an ovulatory cycle (BROWN, 1957). Calculated on the 
basis of average estrogen excretion from 11 normal cycles 

The estrogen level in the plasma is very 
low, 0.01~0.12Ilg per 100 rnl plasma, depending 
on the phase of the cycle. 

The formation and secretion of progesterone 
and 20cx-hydroxyprogesterone are also cyclic 
(Figs. 14 and 15), and start 2~3 days before 
ovulation or the rise of the basal body tem
perature (ZANDER, 1958; RUNNEBAUM, 1965; 
MIKHAIL, 1967). The concentration of these two 
compounds is many times higher in ovarian 
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Fig. 13. Daily estrogen excretion in the nonpregnant 
woman under various conditions (after DICZFALUSY, 1961). 
A ovulation maximum, B luteal maximum, C menstruation 
minimum, D after X-ray induction of sterility (before the 
menopause), E after bilateral oophorectomy (before the 
menopause), F after bilateral oophorectomy and adrenal
ectomy, G after the menopause, H after cortisone medication 
after the menopause 
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venous blood than in peripheral blood (Tables 
5-7). This shows that they are secreted by the 
ovaries. The LH peak in the plasma seems 
to precede the progesterone rise (NEILL, 1967). 
The total amount of progesterone formed during 
a cycle is about 200 mg (OBER, 1954). Smaller 
amounts of 5-8 mg per day are secreted regard
less of the stage of the cycle by the adrenals 
(so-called residual progesterone). The plasma 
concentration is about 0.1 Ilg/100 ml in the pre
ovulatory phase, increases rapidly before ovula
tion and is about 1 Ilg/100 ml during the luteal 
phase (WOOLEVER, 1963: RIONDEL, 1965; VAN 
DERMoLEN, 1965; MIKHAIL, 1967 ; ZANDER, 1967, 
1968). The second gestagen, 20a-hydroxyproge
sterone, which is biologically considerably less 
active, is not demonstrable in the plasma during 
the follicular phase. Its concentration in the 
plasma rises rapidly shortly before ovulation 
and is about 0.25 Ilg% after ovulation (RUNNE
BAUM, 1965: MIKHAIL, 1967). The plasma level 
of the biologically inactive 17a-hydroxyproge
sterone is roughly the same before and after 
ovulation (MIKHAIL, 1967). 

It is not known what amounts of androgens 
are normally formed in the woman. A small 
proportion is derived from the ovaries. Andro
stenedione and dehydro-epiandrosterone are 
normally secreted from the ovary into the 
blood and are excreted as 17-ketosteroids in 
the urine. Some parts is also converted to testo
sterone in the blood of the normal woman. 
The plasma level of testosterone is 0.036 ± 
0.009 Ilg/100 ml in sexually mature women 
(LLOYD, 1966). The level of testosterone is de
cidedly higher in the plasma in cases of poly
cystic ovaries, which is in keeping with the in
creased formation of androstenedione (p. 613, 
Table 52). About two-thirds of the estrogens 
circulating in the plasma are bound to ~-glo
bulins. Only one-third is in free from in the blood, 
mainly esterized. The gestagens circulate loosely 
bound to albumins. We still do not know to 

Menstr. 

Day of cycle 

Fig. 15. Total amounts of progesterone (double cross-hatched area) and 20Cl,~-hydroxy-pregn-4-ene-3-one (single cross
hatched area) in 7 follicles and 32 corpora lutea during the cycle. (After ZANDER, 1958) 
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what extent the large amounts of enzymes 
present in the blood are involved in the con
version of estrogens. A conversion of this kind 
is likely, by analogy with androgens, where 
39-54% of testosterone in the blood is derived 
from androstenedione. 

4. Metabolism and Excretion 

Valuable information on the metabolism of 
the ovarian hormones has been obtained by 
injection of radioactive-labeled sexual steroids. 

Following a general principle of hormonal 
action, estrogens secreted into the blood rapidly 
disappear into the tissues or are inactivated 
by the kidneys and liver and excreted in the gut. 
The half-life of circulating estrogens is only 6 
min (PEARLMAN, 1957). Only a small proportion 
of the estrogens become bound to the specific 
receptor molecule of organs sensitive to estro
gens and produce their specific effect there. 
There is no accumulation in the end-organs. 
The highest concentrations are found in the 
sites of breakdown and excretion, the liver 
and kidneys. 

As deduced from animal experiments, the 
ovaries and other reproductive organs have 
no effect on estrogen metabolism. Inactivation 
of estrogens secreted into the blood occurs by 
at least two routes: conjugation and oxidation. 
About half the estrogens secreted are made 
water-soluble in the liver by esterification with 
glucuronic and to a lesser degree with sulfuric 
acid (conjugation), and are then excreted as 
sodium salts through the kidneys. Another 
portion is converted into a biologically less 
active form through oxidation in the liver, is 
conjugated and also excreted in the urine. 
About 80 % of the estrogens formed leave the 
organism via the kidneys (BEER, 1955). In
vestigations on patients with biliary fistula 
have shown that a fraction of the conjugated 
estrogens or metabolites reaches the gut with 
the bile, where it is partly reabsorbed. 

This results in an enterohepatic circulation 
of estrogens. Only 7-10% of estrogens are 
excreted in the free form in the feces. This 
circulation is probably responsible for the re
latively slow excretion of estrogen. The maximum 
excretion is reached after 24 hours. Only 80 % 
of exogenous estrogens administered are ex
creted in the urine after 120 hours, while 
excretion through the gut takes place even 
more slowly; small amounts of estrogens leave 
the body in the expired air and sweat and by 
epithelial desquamation. It is still controversial 
whether, as in the cases of the synthetic estrogen, 
tri-p-chlorethylene (Tace), and progesterone, 
natural estrogens are also stored in adipose 
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tissue. It is assumed that a certain amount of 
estrogens is stored in adipose tissue, and the 
greater incidence of carcinoma of the body 
of the uterus in overweight women has been 
related to a depot action (Twombly). 

Liver cirrhosis, infectious hepatitis and 
chronic liver diseases can lead to hepatogenic 
hyperestrogenism (congestion of follicle hor
mones). This may then provoke dysfunctional 
bleeding in the woman and feminization (gyne
comastia, "abdominal baldness") in the male. 

Results of experiments with animals and 
of tissue analysis and excretion tests in the 
woman have contributed to our knowledge 
of the quantitative relations in production, 
metabolism, and excretion of the sexual hor
mones. These results, however, vary very widely 
according to the species and method used. 
For example, if labeled estradiol is injected 
80 % of the radioactive material can be regained 
from the urine. On the other hand, quantitative 
chemical estimations in the urine show an 
increase of only 30 % of estrogens in the form 
of estrone, estriol and estradiol. Older methods 
give a yield of only 10 %. 

BROWN (1957) found a total of 9-23 % 
(mean 16 %) of the 17f3-estradiol or estriol 
given intramuscularly in the urine, 6.8 % in 
the form of estrone, 2 % as estradiol and 7.2 % 
as estriol. The estriol excretion was found to 
be somewhat delayed (so-called estriol lag). 

Assuming that administered exogenous estro
gens are excreted in the same way as those 
formed in the organism, the amounts of estro
gens formed in the body can be roughly cal
culated from this excretion estimation by multi
plying the amount excreted by 6 (= 100/16). The 
secretion rate of estrone, estradiol and estriol 
calculated in this way is 15-3141lg daily, depend
ing on the phase of the cycle. The estrogen 
excretion in the 24-hour urine is less than 10 Ilg 
before sexual maturity is attained and after the 
menopause. The estrogens in these periods are 
mainly adrenal estrogens (residual estrogens). 
Excretion rises shortly before the onset of 
menarche and reaches adult values as soon as 
the biphasic cycle is established. 

The estrogen excretion is subject to cyclic 
variations related to the ovarian secretion in 
sexually mature nonpregnant women (Table 9). 

The mean value of the total estrogen excre
tion in the urine in 24 hours lies between 10 
and 60 Ilg. The estriol, estrone + estradiol 
quotient is approx. 1 in sexually mature women 
and the ratio of estrone to estradiol excretion 
is about 2 : 1. Estrogen excretion is at its lowest 
during menstruation, beginning to rise on the 
7th day of a 28-day cycle and reaching a maxi
mum on the 13th day (ovulation maximum). 
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BROWN (1955) found an ovulation maximum 
of 28-99 Ilg in 24 hours on the 13th day of 10 
normal 28-day cycles in eight women between 
the ages of 17 and 40 (average 56 Ilg/24 h). 
The excretion then falls steeply, and rises 
again parallel to the vascularization of the 
corpus luteum, reaching a 2nd maximum with 
the luteal phase (18th to 23rd day) (luteal 
maximum). There is another fall in excretion 
2-3 days before the onset of menstruation 
(Fig. 16). Bleeding due to withdrawal of estro
gens then occurs. The excretion peak of estriol 
lags 24 hours behind the secretion peak (estriol 
lag). In the absence of ovulation with endocrine
active ovaries, estrogen production and excre
tion can remain more or less constant over a 
long period of time but can also show periodic 
variations. The daily excretion values are over 
10 Ilg and may even reach values between 
80-100 Ilg/24 h when excretion fluctuates. The 
endometrium is subjected to the whole spectrum 
of estrogen stimulation, and corresponding to 
estrogen production demonstrates all stages, 
ranging from poor proliferation right up to 
glandular cystic hyperplasia. The duration of 
amenorrhea is dependent on the degree of 
estrogen secretion and the type of secretion 
increase. In general, the amenorrhea lasts longer 
as the level is lower and the rise occurs more 
slowly. It has been shown that the level of 
estrogen excretion is of prognostic value in 
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Fig. 16. xcretion of e (fone. estradi I. and estri J during 
the cycle (BR()W~, 1959). Mean, minimum and maximum 
during the cycle in 16 normally menstruating women aged 
18- 41 
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amenorrhea (BROWN, 1959). If the total estrogen 
excretion is repeatedly found to be less than 
5 Ilg/24 h ovarian function is deficient, and the 
patient will remain amenorrheic. It is uncertain 
whether a spontaneous cycle can be attained 
when values are between 5 and 10 Ilg in 24 hours. 
The prognosis of a spontaneous cycle is fa
vorable only if the excretion is more than 
10 Ilg/d. 

~ Plasma 

IilllIIl Fat 

~ Feces 
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m Unne 

70 

Hours after I m injection 

Fig. 17. Distribution oflabeled progesterone in the organism. 
(After PLOTZ, 1959) 

Like estrogens, progesterone also disappears 
rapidly from the blood. The half-life of proge
sterone circulating in the blood is only 2 min 
(PEARLMAN, 1957). When progesterone is given 
intravenously, only 2 % of it is present in the 
blood in the free form after 25 min, and less 
than 6 % in the inactivated conjugated form 
(PEARLMAN, 1957). If radioactive progesterone 
is injected intramuscularly, only 1.3 % of the 
administered activity can be demonstrated in 
the blood at the most, but 80 % of the activity 
is transmitted to the tissue within 3 hours 
(Fig. 17). Most of this is stored in adipose 
tissue, while as in the case of estrogens, only 
minute amounts are found in the end organs. 
Some of the progesterone secreted is reduced 
to pregnanediol (a mixture of pregnane-3(X, 
20(X-diol and allopregnane-3(X,20(X-diol) in the 
liver, and is excreted in the form of glucuronides 
mainly via the kidneys and to a lesser extent 
through the gut and lungs. In the absence of 
pregnancy, 12-30 % of the progesterone pro
duced by the body appears in the urine as 
sodium pregnanediol glucuronide (KLOPPER, 
1956; ZANDER, 1969). From this it can be 
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calculated that the daily secretion rate of 
progesterone is 15-20 mg during the luteal 
phase, and that a total of about 200 mg is 
excreted during the entire cycle (OBER, 1954). 
The pregnanediol excretion in the sexually 
mature woman is related to the cyclic ovarian 
secretion (Fig. 18). The excretion is 1- 2 mg 

99 Morning temperature (0 F) 

Menstrual period 
4 cr::c::::,.. 

3 

2 

4. 

~ Excretion of pregnandiol (mg) 

Fig. 18. Pregnandiol excretion and basal temperature 
curve recorded during a normal cycle. (After KLOPPER, 1957) 
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daily during the follicular phase (KLOPPER, 
1957; OBER, 1961; FOTHERBY, 1962). This excre
tion is due to the adrenal progesterone (residual 
progesterone) and the insignificant amounts of 
cortexone. Two to three days before ovulation 
there is a rapid rise in pregnanediol excretion, 
due to the formation of ovarian progesterone, 
and 3- 7 mg is excreted daily during the luteal 
phase (KLOPPER, 1957; FOTHERBY, 1962). 

Some progesterone is also metabolized by 
hydroxylation at C17 and C20 (Fig. 19). The 
biological activity of progesterone is reduced 
by conversion to 20a,~-hydroxyprogesterone 
or 17a-hydroxyprogesterone. The latter sub
stance is an intermediate product in the synthesis 
of estrogens and androgens, and normally 
only a small amount is converted to pregnanetriol 
and excreted as such in the urine in the charac
teristic cyclic manner. The excretion of this 
substance precedes that of pregnanediol by 
about 3 days (FOTHERBY, 1962). 

5. Biological Action 

The absence and onset of the formation of 
ovarian hormones, the cyclic secretion and 
finally their cessation determine the phases 

20p-hydroxypregn·4·ene-3·onc ~oge terone ] 20a·hydroxyprcgn-4·ene-3-one 
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Fig. 19. Pathways of progesterone metabolism 
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of life in a woman (p. 576). Physical, intellectual 
and emotional maturity are reached under the 
action of ovarian hormones. The somatic effect 
becomes obvious primarily in the reproductive 
organs, whose development and function are 
dependent on the presence of estrogens and 
gestagens. They also cause the development of 
the secondary sexual characteristics and exert 
a series of other extragenital effects. In addition 
they are involved in regulating ovarian endo
crine function by their action on gonadotropin 
secretion (p. 557). 

Our knowledge of the physiology of estro
gens and gestagens is derived from the state 
after castration and during ovarian dysfunction 
and the postmenopause, as well as from the 
effects of administration of ovarian steroids. 
Our knowledge about the actions in the woman 
is modest since in the human, real experimental 
conditions cannot be produced and there are 
always endocrine factors producing variable 
actions. Results from experiments performed 
mainly in rodents can only be referred with 

Table 12. Some biological effects of estrogens and gestagens 

Estrogens 

Metaholism Trophotropic and endophylactic: 
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reservations to the conditions in the woman, 
and there are considerable differences even 
among the various animal species. U nder
standing the biological actions of these steroids 
is, however, essential to the explanation of the 
pathology and clinical endocrinological picture, 
as well as to therapeutic use of ovarian hor
mones. 

Both groups of female sexual steroids can 
be characterized as follows: 

Estrogens are substances which produce signs 
of heat and estrus in castrated female rodents 
(Allen-Doisy test). They are growth-promoting 
substances which act primarily on trophism 
and growth of the reproductive organs. Their 
action is associated with the presence of folic 
acid. They increase oxidative phosphorylation 
in some cells, causing A TP production to be 
doubled. More amino acids and phosphates 
are absorbed, and more proteins, ribonucleic 
acids, glycogen and lipids are synthesized. Thus, 
estrogens exert a trophotropic-endophylactic 
or anabolic action on their target organs. 

Gestagens 

Ergotropic and dynamogenic: 

Circulation and cell permeability increased; 
increased deposits of amino acids, carbohydrates, 
lipids, and phosphates in the cell; increased cell 
oxidation, augmented synthesis of A TP 

Activation of ATPase; increased release of energy 

Vagina 

CervIx 

Endometrium 

Myometrium 

Ovary 

Retention of sodium and water 

Growth 

Fall in temperature 

Increased numbers of superficial cells, rise in 
acidophil and pyknosis indexes; glycogen storage 

pH 3.8-4.5 

Dilatation of ostium uteri and cervical canal 

Mucus: increased amount (cascade), clear, lower 
viscosity and increased elasticity (spinnbarkeit), 
alkaline (pH 7.5-8), penetrable to sperm (Sims
Huhner test) 

F ormation of fern-leaf crystals, increased sugar 
content (Doyle test) 

Proliferation: 

Abundant mitoses in glandular epithelia and 
stroma, multiple layers in glandular epithelia, 
pronounced increase in alkaline phosphatase 

Increased intensity and frequency of myometrial 
activity, increased isometric tension, rise in A TP 
and actomyosin contents 

Increased responsiveness to oxytocin 

Increased circulation 

Growth: sensitization to gonadotropins 

Temporary increase in sodium and water excretion 

Differentiation 

Rise in temperature 

Massive exfoliation of superficial and inter
mediary cells (crowding effect) 

pH 4.5-5.0 

Narrowing of ostium uteri and cervical canal 

Mucus: scanty, viscous, cloudy, less penetrable 
or impenetrable to sperm 

Test for fern-leaf phenomenon negative 

Secretory transformation: 

Secretion of gland ular epithelia, development 
of spiral arteries, stromatic edema and 
pseudodecidual transformation of stroma cells 

Increase in acid phosphatase 

Increased oxygen consumption 

Relaxation (progesterone block) 

Reduced responsiveness to oxytoClJ1 

Reduction of sensitivity to gonadotropins 
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Various anabolic cellular processes provide 
the necessary conditions for hypertrophy and 
hyperplasia of cells. These processes are in
creased circulation due to liberation of biogenic 
amines (acetylcholine, histamine, serotonin), 
increased cellular permeability, and increased 
cellular oxidation providing biological energy 
usable in the form of A TP. Apart from in
fluencing the metabolism of proteins, carbohy
drates and lipids, estrogens also cause elevatep 
sodium and water retention in the extracellular 
space. Physiological doses of estrogens exert 
a permissive action on gestagens i.e. they are 
necessary for the action of gestagens on the 
target tissues. 

Gestagens preserve pregnancy (implantation 
and development of gestation). They cause 
specific differentiation in target structures after 
the estrogenic growth impulse. They have 
ergotropic-dynamogenic effects in the reacting 
organs, and thus promote catabolic cell processes 
by increasing the release of usable energy by 
greater activation of ATPase. High doses can 
inhibit the estrogenic effects in the reacting 
organs (competitive action). The various actions 
of gestagens on the reacting organs are described 
as progestative actions (Table 12). 

a) Action on the Reproductive Organs 

Estrogens cause vascularization, circulation and 
turgidity to be increased in the vulva, and 
promote growth of the labia minora where 
the skin becomes thickened. They cause an 
increase in the secretion of Bartholin's, Skene's 
and sebaceous glands. Development of the 
clitoris, labia majora and the pubis are primarily 
influenced by androgens, and growth of the 

Superf,c,al 
cells 

IntermedIary 
cells 

Parabasal 0 
cells 
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labial section of the pubis is stimulated partly 
by estrogens. The vagina increases in length 
and becomes more elastic under the influence 
of estrogens, and the vaginal vault becomes 
deeper. The vaginal epithelium is highly sensitive 
to estrogens, more so than the endometrium. 
It is therefore the classic biological organ for 
testing estrogens (p. 547).40 j..lg daily for 10 days 
is sufficient to restore atrophic vaginal epithelium 
in a castrated or elderly woman (Fig. 10, 
OBER, 1957). Even after 24-48 hours there is 
an increase in the layers of cells with formation 
of pre keratin in the superficial layer (Fig. 11 a, 
OBER). At the same time glycogen is stored from 
the para basal zone towards the lumen. This reac
tion has also been observed in the endometrium 
and myometrium. Gestagens and androgens, on 
the other hand, only build up vaginal epithelium 
to the intermediary layer (Fig. 20). Increased 
glycogen storage in the vagina of a castrated 
woman under the influence of progesterone 
is probably due to partial conversion of proge
sterone to estrogens. Vaginal cytology is used 
to detect carcinoma and to assess the state of 
ovarian function (endocrine cytodiagnostic 
methods, p. 566). 

When carried out correctly it is a simple, 
quick, and reliable method of assessing the 
levels of estrogens in clinical cases. 

It allows the assessment of ovarian function 
in simple amenorrhea, and a rough estimation 
of the time of ovulation (p. 566). It is also 
used to monitor hormone therapy (p. 601) 
and to examine the potency and duration of 
action of an estrogen compound (p. 551). 

Results obtained by chemical estimation 
of estrogen excretion and vaginal cytological 
smears are largely consistent. 

Fig. 20. Structure of the vaginal epithelium in the sexually mature woman, and corresponding exfoliative cells. (After 
BOSCHANN, 1960) 
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In order to obtain a perfect smear, a series 
of conditions are necessary. The cytological 
smear must be taken before a vaginal examina
tion or treatment. We have found the following 
technique/or taking the smear most satisfactory: 

A dry self-supporting speculum is introduced 
and the os uteri is kept in view (Cusco, Trelat 
speculum). A wooden rod with a small amount 
of dry cotton wool wrapped round one end is 
used to take some material from the lateral 
aspect of the vaginal vault. The cotton wool 
is then rolled in the opposite direction to that 
in which it was rotated when the smear was 
taken to transfer the material to two dry, 
carefully cleaned microscopic slides. These must 
be fixed in ether alcohol (96%) for 20~30 min 
while the smear is still moist and subsequently 
stained. In children and virgins the smear is 
taken by means of a glass catheter with a 
suction balloon. Introduction of a speculum 
is unnecessary in such cases. 

Staining technique (after PAPANICOLAOU, 1942) 
1. 80~;'; alcohol (i min) 
2. 70 :~;; alcohol (i min) 
3. 50 (~{, alcohol (i min) 
4. Distilled water (i min) 
5. Hemotoxyline (Harris) (3~6 min) 
6. Distilled water (i min) 
7. 0.25 % aqueous hydrochloric acid (immerse 

6 times) 
8. Top water 
9. Distilled water 

10.50% alcohol 

11. 70/" alcohol 
12. 80 % alcohol 
13. 95 % alcohol 

(6 min) 
(i min) 
(~ min) 

(i min) 
(i min) 
(i min) 

• 
Fig. 21. Atrophic vaginal smear 
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14. Orange G 6 (1i min) } separate 
16. 95 % alcohol (i min) cuvettes 
17.EA50 (1imin) 
18. 95 % alcohol (1 ~ min)} separate 
19. 95 % alcohol (i min) cuvettes 
20. 95 % alcohol (i min) 
21. Absolute alcohol (1i min) 
22. Xylol alcohol (i min) 
23. Xylol (i min) 

If the smear shows inflammatory changes, 
it is advisable to insert a terramycin capsule 
(50 mg) deep into the vagina 2 to 3 days before 
the next smear is taken. Refer to the following 
authors for the endocrinological evaluation of 
vaginal cytological smears: PAPANICOLAOU (1033, 
1946), SHORT (1940), ROTH (1950), WIED (1953), 
SCHMITT (1953) and textbooks of cytology by 
BOSCHANN (1960), Koos (1961), DE NEEF (1967), 
PUNDEL (1952, 1957, 1966), SMOLKA (1965) and 
ZINSER (1957). 

Rough quantitative assessments of the levels 
of estrogens and gestagens are possible with 
vaginal cytology (PAPANICOLAOU, 1933; PUNDEL, 
1952). The atrophic vaginal smear encountered 
before menarche, after the menopause, and 
in vegetative ovarian insufficiency during sexual 
maturity shows a predominance of parabasal 
and basal cells. These cells are small and round, 
each containing a large, chromatin-rich vesicular 
nucleus in the basophilic cytoplasm (Fig. 21 
colored cytological slides). In addition there 
are a few larger ovoid intermediary cells, as 
well as a varying number of leukocytes and 
bacteria (vaginitis senilis). 

In the vaginal cytological picture, an in
creasing number of large-surfaced, polygonal 
superficial cells appears under the influence 

• 

... 
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• 

Fig. 22. Preovulatory vaginal smear 

Fig. 23. Luteal vaginal smear 

of estrogens. These cells have a pyknotic, 
structureless nucleus, often associated with a 
perinuclear chamber, and the cytoplasm is 
transparent and acidophilic. The cells lie sep
arately and make up 40-80 % of the desquamated 
cells before ovulation (Fig. 22). Besides these 
cornified superficial cells, uncornified, karyopy
knotic superficial cells are also found during 
the proliferative phase. These can be distin
guished from the cornified cells only by the 
fact that their cytoplasm shows an affinity 
for basic stains and assumes a bluish violet 
color. Intermediary cells originating from the 
stratum spinosum are rarely seen. They are 
smaller and ovoid, the nucleus is vesicular and 
the cytoplasm is basophilic. Basal and parabasal 
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cells do not normally arise in the smears of 
sexually mature women. The smear also reveals 
leukocytes, erythrocytes, D6derlein bacteria, 
fibrin and mucus in varying amounts depending 
on the cyclic phase. 

The pyknosis index (= percentage of cells 
with pyknotic nuclei in the cytological smear) 
and to a lesser degree the acidophil index 
(= percentage of acidophilic cells) are of 
practical importance in assessment of the estro
gen action in cases of dysfunctional bleeding 
or amenorrhea, and in the investigation of 
sterility (Fig. 24). The pyknosis index is simply 
and quickly determined, and is a reliable 
indicator of estrogen production. There is a 
significant relation between the pyknosis index 
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and the logarithm of estrogen excretion (JOHAN
NISSON, 1961). Continuous preparation of vaginal 
smears in association with assessment of the 
cervical factor permits an approximate estimate 
of the time of ovulation (p. 567). The pyknosis 
index is over 40 % before ovulation and between 
60-80 % at the time of ovulation, when leuko
cytes and D6derlein bacteria almost completely 
disappear from the picture. 

After ovulation progesterone acts on the 
fully developed vaginal epithelium, causing 
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massive desquamation of the superficial and 
intermediary cells (so-called luteal effect in 
the vagina). In the smear (Fig. 23) group 
formations with superimposed cells in place 
are seen (crowding effect). There is a predomin
ance of superficial cells and later of inter
mediary cells with basophilic cytoplasm, which 
is rolled in at the edges due to loss of cellular 
turgidity. Only a few superficial cells with 
karyopyknosis and acidophilia are still found. 
The pyknosis index falls below 30 %. 
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Fig. 24. Changes in the karyopyknosis index and the eosinophilia index over a normal 28-day cycle. Normal range: I = 
maximum, II = minimum. (After PUNDEL, 1952) 

&tr."", (.nl p",,,,,,,,., 

Ep"holin! P"l'~";'l'nd ,1,oog~ .(0,,", 

Cellular desquamation 
(superficial and intermediary cells) 

Bacterial 
cytolysIs 

Glycogen 

1 enzymatic 
~d"'is:;:in':"te"-'gra:::t:'::'0""n - Cellular enzymes 

Hexoses 

Fermentation 1 
Lacic acid ----+ pH 3.8 - 4.5 in the vagina 

Fig. 25. Lactic acid synthesis (self-purification) in the vagina 



538 

Epithelial proliferation, glycogen storage 
and increased desquamation of the superficial 
and intermediary cells caused by the actions 
of estrogens and progesterone are physiological 
processes of basic importance to the so-called 
selj~purification of the vagina (Fig. 25). The 
glycogen liberated by bacterial cytolysis is 
converted into hexoses by enzymes contained 
in the cells. The hexoses are then fermented to 
lactic acid by the gram-positive Doderlein 
bacteria, giving pH 3.8-4.5. Only Doderlein 
bacteria can thrive in these acidic surroundings. 
Growth of pathogenic organisms is prevented 
(with the exception of trichomonads). 

Epithelial proliferation, glycogen storage 
and desquamation of vaginal epithelium reach 
their maximum at the time of ovulation and 
in the premenstrual phase. The time of these 
maxima depends on the maximal secretions 
of the sexual steroids. Thus, glycolysis and 
lactic acid formation due to Doderlein bacteria 
are most pronounced between ovulation and 
menstruation. pH values are lowest (3.8-4) 
at this time, rising to 5 during the other phases 
of the cycle. The lowest values are found in the 
anterior vaginal vault, the highest at the in
troitus. Vaginal acidity is of physiological 
importance since most pathogenic organisms 
cannot thrive at a pH between 4.1 and 4.9. 
Menstrual blood almost completely neutralizes 
the pH, and there is an increased risk of infection 
during menstruation. Similar conditions are 
found during the postmenopause and in pre
puberty, when the pH is 7 and 6 respectively. 

The infantile uterus increases in size (length 
increases from 4 to 8 cm), becomes more 
vascular and increases from 16 to 60 g in 
weight under the trophic influence of estrogens. 
The length of the cervix is greater than that of 
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the body of the uterus during infancy. The 
final ratio of the fundus to the cervix in the 
sexually mature women is 2: 1 because the 
cervix does not grow as quickly as the fundus 
(Fig. 26). 

Estrogens cause a trophotrophic-endophy
lactic reaction in the muscle cells, together with 
a rise in the A TP concentration and contractile 
protein (actomyosin). Intensity and frequency 
of myometrial activity also increase. Progesterone 
in contrast lowers the frequency of contractions 
of myometrial cells and their ability to respond 
to oxytocin (KNAUS, 1953; CSAPO, 1966) (proge
sterone block after CSAPO, 1961, 1963) by 
diminishing the concentration of intracellular 
potassium (CSAPO, 1956). 

Characteristic changes occur in the cervix 
factor in the preovulatory phase 3-4 days 
before ovulation, due to increased stimulation 
by estrogens (RAUSCHER, 1954; SABINE, 1941) 
(Fig. 27). The dilatation of the os uteri is in
creased (ASPLUND, 1952) (Fig. 28), as is the 
amount of cervical mucus displaying alkaline 
reaction (pH 7-8) (VIERGIVER, 1944). The 
transparency, elasticity, spinnbarkeit (PALMER, 
1941; CLIFT, 1945) and penetration capacity 
of the mucus by sperms are also increased 
(p. 625, Sims-Huhnertest)(SIMS, 1868; HUHNER, 
1913). Viscosity (VIERGIVER, 1946) and the 
leukocytic and bacterial contents are diminished. 
In addition, characteristic crystallization occurs 
when the mucus is allowed to dry in the air 
on a microscope slide, due to the increase in 
NaCI content. This crystallization takes the 
form of fern-leaf crystals (fern test or arboriza
tion phenomenon) (Fig. 71). 

For the fern test, a pipette is cleaned with 
distilled water and then dried; some mucus is 
then aspirated from the cervical canal with 
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Fig. 26. Relative size of the uterus, body-cervix ratio, and estrogen excretion at different stages of development. (After 
Pschyrembel, 1968) 
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this pipette and blown out onto two microscope 
slides. Large amounts of glass-clear mucus 
(so-called cascade formation) are usually found 
around the time of ovulation, and fern leaf-like 
crystals of salt crystallize out from this mucus 
after 15~20 min (PAPANICOLAOU, 1946; RYD
BERG, 1948; CAMPOS DA PAZ, 1953). Assessment 
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is made under 100 times magnification. This 
phenomenon is quite nonspccil'ic, and can also 
be observed before ovulation or when other 
body fluids, e.g. saliva, are allowed to dry up 
(ZONDEK, 1954). A reaction of this type always 
occurs when mucopolysaccharides and electro
lytes come into contact. In the cervical mucus, 
it is a sign that estrogen influence is adequate. 
The fern test becomes positive 24~48 hours 
after administration of estrogens (PUCK, 1958), 
and becomes negative 10 days after ovulation 
has occurred. False-positive results are always 
obtained when the pipette used for aspiration 
or the slides are contaminated with salt, or 
when blood is present in the cervical mucus. 
The semi-quantitative method of colorimetric 
estimation of NaCl content in cervical mucus 
can also be helpful in determination of the 
time of ovulation (MCSWEENY, 1964). An 
applicator with a strip of filter paper soaked 
in silver nitrate and potassium chromate is 
used for this test. Due to metabolic changes 
produced in the cervical glands by the influence 
of estrogens, the glucose content is increased 
and the acid content reduced, parallel to the 
increased NaCl content. Doyle's test for colori
metric demonstration of glucose content can 
also be used to determine the time of ovulation 
(DOYLE, 1959). DOYLE'S and the MCSWEENEY'S 
test are of limited practical importance. 

The spinnbarkeit of the cervical mucus is 
at its greatest at the time of ovulation (PALMER, 
1941; COHEN, 1952), and is best examined as 
follows: a forceps is used to pull out a thread 
of mucus from the cervix and the length of the 
thread at its breaking point is estimated. 
Normally this length can reach 8~ 1 0 cm shortly 
before and during ovulation. Inadequate spinn-

b 

Fig. 28. a) Ostium uteri before ovulation (4 days before lowest point of temperature curve). b) Ostium uteri of the same 
woman in the same cycle at the time of ovulation (day corresponding to lowest point of temperature) (OBER, 1957) 
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barkeit at this time indicates estrogen deficiency. 
Progesterone reverses the cervical changes al
ready described: the external os and uterine 
isthmus become narrower, the amount of cer
vical mucus decreases to between one eighth and 
one tenth of the ovulation maximum, the mucus 
becomes cloudy, yellowish and thick due to 
increased leukocytic invasion, and it is impene
trable to sperms. The spinnbarkeit progressively 
diminishes, and the fern-leaf phenomenon is 
no longer demonstrable 8-10 days after ovula
tion. The inhibitory effect of progesterone on 
the arborization phenomenon in the cervical 
mucus can be shown quantitatively: administra
tion of 25 mg estradiol benzoate to the castrated 
woman results in the fern-leaf phenomenon, 
but this is prevented by giving an injection of 
15 mg progesterone at the same time (ZONDEK, 
1957). Increased function of the cervical glands 
at the time of ovulation can present clinically 
as intermenstrual discharge. 

Cyclic changes in the endometrium occur at 
the same time as those in the ovary. The so-called 
endometrial cycle results from the influence of 
estrogens and gestagens, and the associated 
changes arise almost exclusively in the function
alis(HITSCHMAN, 1908; SCHRODER, 1928); NOYES, 
1950; BEHRENS, 1953; BARTELMEZ, 1957; 
SCHMIDT-MATHIESSEN, 1963). Three functional 
and histological phases can be differentiated: 

1. the proliferative, regenerative, estrogen or 
preovulatory phase; 

2. the secretory, trans formative, progesterone 
or postovulatory phase; 

3. the menstrual or desquamation phase. 
Glandular tubules and stroma with vessels 

react characteristically to estrogens and ge
stagens. The changes are so specific that it is 
possible to determine the stage of the ovarian 
cycle to 48 hours from the endometrial changes 
especially during the luteal phase (Fig. 29). In 
a normal cycle of 28 days, the menstrual phase 
lasts 1-4 days, the proliferative phase from 
days 5-13, and the secretory phase from days 
14-28. The duration of the postovulatory phase 
is frequently constant and is usually 14 ± 2 
days (ROCK, 1949), whereas the preovulatory 
phase is of unlimited duration. 

Increasing estrogenic effect causes the proli
ferative phase. From day 5 of the cycle, new 
functional is is formed from the basalis, and 
reaches a mean thickness of 3.5 mm at the time 
of ovulation. At the same time epithelialization 
of the uterine wound surface begins, with 
sprouting of the epithelia of the remaining glands. 

The proliferative influence of estrogens can 
be recognized histologically from the increasing 
number of mitoses in the glandular epithelia 
and stroma. 
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Protein synthesis associated with the build
ing up of the functionalis is reflected in the 
increased content of ribonucleic acids in the 
glandular epithelia and the increased mitotic 
activity by the raised desoxyribonucleic acid 
content. At the same time, the concentration 
of alkaline phosphatase increases considerably, 
reaching its maximum at the time of ovula
tion. 

Three periods can be differentiated histo
logically: early, middle and late proliferative 
phases. The originally sparse, narrow, and 
stretched glandular tubules begin to branch, 
become wider and show definite meandering 
at the end of the proliferative phase. The nuclei 
originally situated basally come to lie at dif
ferent levels in the cells due to increasing nuclear 
division. This leads to pseudo layers in the gland
ular epithelium, which disappear with the 
mitoses during the early secretory phase. The 
stroma usually has a dense cellular framework 
during the proliferative phase, and the initially 
small number of mitoses increases considerably 
up to ovulation. A transient edema, which 
varies widely, leads to a picture of "naked 
nuclei" in the stroma cells with little cytoplasm. 
This edema causes rapid thickening of the 
functionalis from day 10 onwards. Severe ex
tensive stromal edema prevents secretory trans
formation. 

After ovulation, the functionalis remains 
under the influence of estrogens, but is also 
affected by increasing amounts of gestagens 
secreted by the corpus luteum. Secretory trans
formation occurs in the endometrium "prepared" 
by the estrogens. In the first half of the secretory 
phase, the combined effect of both hormone 
groups becomes primarily obvious in the glandu
lar tubules: formation of basal vacuoles due to 
storage of mucus and glycogen, secretion into 
the widened tubular lumen, increasing convolu
tions of the glandular tubules, which gives 
a saw-like structure to the histological picture 
during the secretory phase. In the second half 
of the transformative phase, the influence on 
the stroma is predominant: development of 
spiral arteries found only ih menstruating pri
mates, forming a subepithelial plexus, extensive 
stromal edema and pseudodecidual conversion 
of the stroma cells with formation of peri
vascular sheaths around the spiral arteries, 
and development of a superficial compacta 
and spongiosa lying next to the basalis. Acidic 
phosphatase and dehydrogenases replace the 
alkaline phosphatase after ovulation. At the 
same time, progesterone acts ergotropically and 
dynamically to increase the activity of adenosine 
triphosphase and oxygen requirements in the 
endometrium. 
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Mitoses in glandular epithelia, indicating 
proliferation 

"Pseudo-layering" (several layers) of nu-
clei in the glandular epithelia, progressing 
parallel to frequency of mitosis and dis-
appearing when secretion begins 

Basal formation of vacuoles in glandular 
epithelia, the first sign that ovulation has 
taken place, occuring 36-48 h afterwards 

Edema of the stroma. This may be absent 
III the proliferative phase and is character-
istic of the secretory phase 

Pseudodecidual reaction, beginning 
around the spiral arteries, where it is 
most pronounced 

Mitoses in the stroma cells. As in the 
glandular epithelia they are most frequent 
in the proliferative phase 
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Fig. 29. Determination of the stage in the endometrial cycle. Course of characteristic morphologic signs in the endometrium 
during the cycle. (After R. W. NOYES, 1950) 

The first signs of progesterone influence arise in the 
basal sections of the glandular epithelium. Vacuoles appear, 
and the cell nuclei become arranged at the same level in 
the middle of the cell. Pseudolayers disappear. Mucus 
and glycogen storage is demonstrable in the cell basis 
even only 24-48 hours after ovulation. Glycogen secretion 

into the lumen of the glandular tubules begins on day 4. 
Glandular tubules continue to become convoluted. At the 
same time, cell nuclei no longer undergoing mitosis are 
once more found at the cell basis. A stromal reaction which 
can be detected histologically arises from day 7 at the time 
when the blastocyste becomes implanted if fertilization 
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has occurred. The stroma becomes edematous and loose, 
mitotic activity of the stroma cells increases again, and 
some of the cells form a net due to water deposition, while 
some are converted into decidual cells due to storage of 
glycogen and lipids (so-called pseudodecidual reaction). 
Nuclei and cytoplasm become larger, and the pseudo
decidual cells arrange themselves in layers of the functionalis. 
This distinguishes the superficially situated compacta from 
the spongiosa. 

The temporal phases of the various histo
logical changes in the functional is are shown 
in Fig. 29 (NOYES, 1950). 

If fertilization fails to occur, the corpus 
luteum regresses as early as 10 days after 
ovulation due to the absence of the action of 
chorionic gonadotropin produced by the zygote. 
The significance of chorionic gonadotropin 
for the preservation of the corpus luteum 
(so-called luteotropic action) can be shown 
experimentally: injections of 5000 IV chorionic 
gonadotropin on the 3rd, 5th and 7th post
ovulatory days converts the corpus luteum 
of menstruation into one of pseudopregnancy. 
Regression of the corpus luteum results in a 
fall of the levels of estrogens and gestagens 
in the blood, which in turn gives rise to regressive 
changes in the functionalis even from the 4th 
day before menstruation. There is first lym
phocytic and then leukocytic infiltration of 
the stroma, which shrinks at the same time 
due to loss of water. As much as 90 % of the 
mucosal volume can be lost through this 
shrinkage. This has been observed directly in 
women with visible endometriosis. (HOFFMANN, 
1953). 

The external course of the associated tissue 
changes can be observed directly when the 
technique introduced by MARKEE (1940) is 
used. Endometrial fragments of a Rhesus monkey 
are implanted into the anterior chamber of 
the eye of the same animal. The first sign 
that menstruation is about to occur is pallor 
of the vascular regions due to vasoconstriction 
of the individual spiral arteries. Necrotic foci 
arise in the compacta, accompanied by discrete 
hemorrhage. Pressure of the recirculating blood 
then results in rupture of the arterioles damaged 
by anoxia. A thin streak of blood is emitted 
from the opened vessel (bleeding per rhexin). 
This gives rise to massive hemorrhage into 
the tissue, causing destruction and desquama
tion of the tissue with the onset of menstruation. 
Thus menstruation is a hormone-withdrawal 
bleeding. It is different from breakthrough 
bleeding in the anovulatory cycle, in which 
the relative estrogen deficiency results in bleed
ing per diapedesim. In this case, the blood is 
coagulable, since the fibrinolytic enzymes lib
erated with massive destruction of the endo
metrium are absent. 
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The significance of estrogens for endometrial 
vascularization can be shown experimentally. 
Intravenous administration of 2 mg estrone or 
estradiol provokes extensive arterial hyperemia 
in the endometrium after 3 minutes, and second
ary rhythmic vasoconstrictions result from the 
withdrawal (LOESER, 1948; BURGER, 1957). The 
original factor responsible for vasoconstriction 
of the spiral arteries is not known. It is possible 
that at the beginning of the process an unknown 
bleeding factor is liberated in the endometrium 
by estrogen and progesterone withdrawal. This 
factor may be identical to the potent vaso
constricting substance postulated by MARKEE 
(1950) or to the phytotoxic substance, "meno
toxin", thought by MACHT and LUBIN (1924) 
to arise in damaged endometrium or to the 
"toxic endometrial euglobulin" of SMITH (1950). 
Changes in vascularization of the functionalis 
very probably have a great effect (BARTELMEZ, 
1931, 1933, 1937; MARKEE, 1950; SCHLEGEL, 
1945/46; DALGAARD, 1946), although the im
portance of this has not been fully accepted 
(KAISER, 1948). It is still a subject of controversy 
whether arteriovenous shunts with contractile 
elements under nervous control are also in
volved (SCHLEGEL, 1946). The importance of 
inadequate lymph drainage (REYNOLDS, 1947) 
with accumulation of toxic breakdown products 
of proteins is still open to discussion. 

The periodic uterine bleeding is termed 
menstruation (period, monthly bleeding). It is 
accompanied by desquamation of the func
tionalis of the endometrium, with rejection 
of the major parts of the zona compacta and 
spongiosa. Since the normal endometrial cycle 
results in secretory transformation of the endo
metrium, menstruation is usually the result 
of bleeding from the secretory converted endo
metrium. It is, however, pointless to attach 
the clinical term "menstruation" to the presence 
of a certain histological change which is only 
exceptionally verified. Ovulation fails to occur 
in 4-8 % of all regularly menstruating women 
(EFFKEMANN, 1939; ROCK, 1939; SIEGLER, 1951). 

It is probable that occasional anovulatory 
cycles also arise during the "best" years of the 
reproductive period of a woman (Table 13). 
According to investigations, 3-10% of all 
cycles are anovular in women aged between 

Table 13. Percentage of anovulatory cycles as a function 
of age in woman. (VOLLMAN in: HARTMAN, 1962) 

Gynecologic age 

1-2 3-4 5-6 7-8 9-10 11-12 

% 55.0 35.0 24.0 14.5 7.3 3.0 

Average 17% 



Physiology of Ovarian Function 

20 and 40 (DORING, 1963; MATSUMOTO, 1962). 
Anovulation is physiological in the first few 
years after menarche, post partum and in the 
premenopause (VOLLMANN, Fig. 30, DORING), 
and causes relative sterility during these periods 
(ASHLEY-MoNTAGU, 1946; COOPERMAN, 1949). 
Depending on the type of groups examined, 
3-15 % of cycles are anovulatory (FELDING, 
1949; OVERSTREET, 1948; COLLETT, 1954; MA TSU
MOTO, 1962). This is observed much more fre
quently in patients attending sterility clinics 
than in other groups (ROCK, 1939). [The reader 
is also referred to the sections on dysfunctional 
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bleeding, polycystic ovaries, transition periods 
in the woman.] 

Looked at biologically, the menstrual cycle 
begins with the proliferative phase and ends 
with the termination of menstruation. For 
practical reasons, however, it has become 
customary to consider the first day of men
struation as the beginning of the cycle, and 
the last day before the next menstruation as 
the end of the cycle. Thus, the duration of 
the cycle, is the interval from the first day of 
menstruation up to and including the day 
before the next period. Since ovulatory cycles 
are very rarely distinguished from anovulatory, 
WHO has suggested that it would be best to 
adopt the term "menstrual onset interval". 
In spite of the varying composition of the groups 
examined (age distribution, period of observa
tion, race, ovulatory ± anovulatory cycles etc.), 
the statistical results of different authors about 
the duration of the cycle show only minor 
discrepancies. According to different investiga
tions in large groups, this interval is 28.4-30.8 
days (KING, 1933; FLUHMANN, 1934; LATZ, 
1935; BJORNSSON, 1937; GUNN, 1937; AREY, 
1939; HAMAN, 1942; VOLLMANN, 1956; MATSU
MO ro, 1962). It has been found that 13-15 % 
of all cycles in the adult woman last the "classic" 
28 days (AREY, 1939; VOLLMAN, 1940), and 
that only 6 % are of this duration during ado
lescence (ENGLE, 1934). The length of the cycle 
changes during the course of development: 
it decreases up to the 44th year and then rapidly 
increases again in the premenopause (Fig. 30). 
The cycle lasts 21-35 days in 90 % of adult 
women (AREY, 1939; MATSUMOTO, 1962). (Fig. 
31). 

The menstrual interval is prone to variations 
even in the same woman (Fig. 31). Only 1 % 
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demonstrate a difference of not more than 
2 days within a year (LATZ, 1935), whereas 
20 % show a difference of more than 7 days 
(LATZ, 1935; GUNN, 1937). FRANKEL'S statement 
that irregularity is the only regular feature 
of the menstrual period (1911) is still true 
even today. Variations in the duration of the 
cycle are least common between the ages of 
30 and 44 (VOLLMAN, 1956; MATSUMOTO, 1962). 
They are especially common at the beginning 
and end of sexual maturity, due to the higher 
number of anovulatory cycles at these times 
(Table 58). 

More recent investigations (FLUHMANN, 1957; 
VOLLMAN, In: HARTMAN, 1962; MATSUMOTO, 
1962; DORING, 1966) have confirmed that the 
corpus luteal phase lasts about 14 days. This 
was first determined by KNAUS (1929). The 
hyperthermal phase lasts 12.65 ± 1.63 days on 
average (MATSUMOTO, 1962) or 12.7 ± 1.7 days 
(DORING, 1966). VOLLMAN (in: HARTMAN, 1962), 
however, examined 2081 basal temperature 
curves and found that the hyperthermal phase 
lasted 14 ± 2 days in only 42.5 % (Fig. 30). 
On the other hand, the preovulatory phase is 
much more subject to variation. 

The duration of menstruation varies between 
3 and 7 days in 80-90 % of normally menstruat
ing women (VASQUEZ-ROCHA, 1943; MATSU
MOTO, 1962). FWHMAN (1934) arrived at similar 
figures, finding a mean duration of 4.6 days. 
The duration of bleeding decreases slightly 
with increasing age (MATSUMOTO, 1962), al
though menstruation is prolonged with anovula
tory cycles (MATSUMOTO, 1962) (Fig. 31). 

Information obtained from women investi
gated about the severity of bleeding is very 
subjective. The number of tampons used gives 
only an inexact picture of the severity of bleed
ing, and 8-10 sanitary pads may very well be 
an average. 

More reliable information on the loss of 
menstrual blood is gained from examination 
of the amount of iron in the menstrual blood 
collected (BARER, 1939) or the hemoglobin 
content of this blood (RYBo, 1966), or by using 
Fe 59 or erythrocytes labeled with Cr 51 as 
tracers (BALDWIN, 1961; GOLTNER, 1964; PRICE, 
1964; MATSUMOTO, 1962). The mean blood loss 
in the normally menstruating woman is 25-
50 ml, but varies between 5-180 mi. Bleeding 
is usually at its maximum on the 2nd day 
(R YBO, 1966), and 79 % of the blood is lost in 
the first two days (RYBo, 1966). Blood loss 
becomes less severe with increasing age (MATSU
MOTO, 1962). It is slighter in nullipara than in 
multipara (R YBO, 1966). The monthly loss of 
iron is 3-30 mg, mean 12 mg (HYTTEN, 1964). 
The amount of iron (about 120 mg) saved 
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during a pregnancy is thus rather small in com
parison to the iron requirements (500 mg during 
pregnancy, after HYTTEN, 1964). The monthly 
loss of iron can, however, result in iron-defi
ciency anemia in poor nutritional states. Thus 
for example, about 13 % women must be refused 
as blood donors because of anemia, in contrast 
to 1 % of men (HERVEY, 1952). 

Menstrual blood does not clot, because of 
the proteolytic and fibrinolytic enzymes lib
erated by the decomposing endometrium (PHIL
LIPS, 1956; ALBRECHSTEN, 1956; FUHRMANN, 
1962; BELLER, 1964, 1968; WEISS, 1968). It does 
not contain fibrinogen, and most of the other 
factors are diminished. Concentrations of ery
throcytes and thrombocytes are also reduced. 

Estrogens prevent ovarian atrophy in adult 
hypophysectomized animals. Follicular atresia 
fails to occur. These "estrogen ovaries", how
ever, have no follicles with antrum formation, 
and the interstitial tissue is reduced. Estrogens 
increase mitotic activity of granulosa cells in 
the follicles during the antrum phase, and thus 
cause follicular growth. They are also thought 
to increase follicular sensitivity to FSH at the 
same time, whereas progesterone inhibits folli
cular growth by a contrary action (DICZFALUSY, 
1961). Estrogens promote the growth of the 
glandular tubules in the breasts and the 
nipples; progesterone and estrogens combine to 
produce development of the alveoli (FOLLEY, 
1948). 

b) Extragenital Actions 

General effects of estrogens are: the female 
figure, fat distribution around the hips, develop
ment of the female-shaped pelvis, failure of 
laryngeal conversion, feminine distribution of 
pubic hair. High doses cause pigmentation of the 
nipples, labia minora and linea alba. Estrogens 
exert a mild anabolic effect on the whole body, 
particularly on the secondary sexual charac
teristics. Gestagens, in contrast, have a catabolic 
action. Sexual steroids influence the autonomic 
reactive state, presumably via autonomic centers 
in the posterior hypothalamus. There is a 
total autonomic switch-over during the course 
of a biphasic ovarian cycle, at ovulation and 
at menstruation (Fig. 32). (HOFF, 1944; HESS, 
1948); during the follicular phase, the para
sympathetic system (trophotropic-endophyl
actic system) becomes particularly reactive, 
whereas the sympathetic system ( ergotropic
dynamogenic) is predominant during the corpus 
luteal phase (ARTNER, 1954, 1959, 1960; HAUSER, 
1960). 

Estrogens accelerate epiphyseal fusion and 
lead to increased calcium deposition in the 
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Sympatheticotonia 
(ergotroplc and dynamogenic system) 
rise In temperature 
Increased numbers of leukocytes 
decreased numbers of eoslnophlls 
decreased numbers of lymphocytes 
Increased numbers of retlculocytes 
heightened total metabolism rise 
heightened blood-sugar level 

Menstruation 

Follicular 
phase 

Corpus-Iuteum 
phase 

r-r;---';---,--, 

Menstruation 

normal state of 
equilibrium 

Pa ra 8ym pa thetl caton I a 

(trophotropIc and endophylactlc system) 
fall In temperature 

reduced numbers of leukocytes 
Increased numbers of eoslnophlls 
Increased numbers of lymphocytes 
reduced numbers of retlculocyles 
reduced total metabolism 
fall In blood-sugar level 

Fig. 32. Changes in the autonomic reaction situation during the biphasic cycle 

bones by the stimulation of osteoblastic activity 
(LANDAU, 1955; GOLDZIEHER, 1956; ]OWSEY, 
1963; LAURITZEN, 1968). These effects have 
been observed in cases of gonadal dysgenis 
treated with estrogens. Gestagens appear to 
increase calcium mobilization from the bones. 

Estrogens influence the composition of the 
blood by increasing the protein component 
(DANFORTH, 1946; DORING, 1951) and water 
content (ENGSTROM, 1952). The increase in 
transcortin causes elevated values of the total 
cortisol although the concentration of free 
cortisol is unchanged (LAIDLAW, 1962). The 
concentration of protein-bound iodine also 
increases (ENGBRING, 1954). Estrogens cause a 
fall in serum cholesterol levels and in the 
cholesterol-phospholipid quotient in the blood 
(KAUFMANN, 1928, 1930; OLIVER, 1953). Oxi
dative phosphorylation increases in the indiv
idual cells under the action of estrogens. ATP 
formation is doubled, and the uptake of amino 
acids and phosphates is increased. Protein and 
RNA synthesis is raised (VILLEE, 1963). Gestagens 
do not effect oxidative phosphorylation, but 
more energy for biological use is liberated by 
activation of adenosine triphosphatase per time 
unit (SCHREINER, 1965) and amino acid turnover 
is increased at least in the liver cells. Estrogens 
cause an increase in extracellular interstitial 
fluid. Estrogens are assumed to act directly 
on tissues, causing increased cell and capillary 
permeability (BUCHHOLZ, 1953) as well as 
de polymerization oftissue polysaccarides (FRIED
BERG, 1959). 15-20 mg estradiol benzoate causes 
a mean weight increase of 1 kg after 7-10 days 
(Fig. 33, LAURITZEN). Gestagens primarily have 
the opposite effect, since they temporarily 
increase sodium excretion in the urine. The 
water-retaining effect of estrogens is especially 
pronounced when combined with the action 

of gestagens, as is the case premenstrually (Fig. 
34). This secondary synergistic action of estro-
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Fig. 33. Increase in weight (0 ---C), volume of plasma 
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administration of 30 mg estradiol benzoate to a castrated 
woman. (After LAURITZEN, 1961) 
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gens and gestagens on water retention may be due 
to the primary natriuretic action of progesterone 
causing an increase in the secretion of aldo
sterone and possibly also of desoxycortico
sterone (LAIDLAW, 1962). The physiological 
interstitial water retention present premen
strually is about 700-1500 g (ROTTGER, 1957) 
but can be very much more and reach patho
logic amounts (up to 6 liters), giving rise 
clinically to the premenstrual syndrome (p. 616). 
The hyperemic effect of estrogens in the genital 
organs, skin, brain and myocardium is probably 
due to an increase in the amounts of acetyl
choline released locally (REYNOLDS, 1931). Estro
gens exert a definite hypothermal effect (Fig. 35), 

Fig. 35 a and b. Effect of progesterone and estrogen on the 
basal temperature (after ISRAEL, 1950). a) In the castrated 
woman progesterone causes the basal temperature to rise, 
while estrogens cause it to fall. b) The same dose of proge
sterone causes a more pronounced rise in basal temperature 
after previous administration of estrogens. P progesterone, 
Eestrogen 

whereas gestagens have a thermogenic action 
causing a rise of 0.4-0.6°C in temperature 
during the cycle (BUXTON, 1948; OBER, 1951) 
(Fig. 35). This is probably due to a central 
action (ELERT, 1951). The basal temperature 
curve has a biphasic course in a normal biphasic 
ovarian cycle (Fig. 69). The action of estrogens 
on the hypothalamus is dependent on the type 

Table 14. Properties of progestins. (After KISTNER, 1964) 

Test Progesterone 17cx-hydroxyproge-
sterone capronate 

Clauberg + + 
McGinty + + 
Deciduoma + + 
+ Pregnancy + + 
i Seminal vesicle 
9-'0 
! Gonadotropin ± + 

The Ovary 

and amount of the estrogen, and on the duration 
and time of onset of the action. Small doses of 
estradiol and estrone stimulate gonadotropin 
excretion (SMITH, 1955) (so-called positive feed
back). Large doses also produce a temporary 
increase, probably by stimulating LH release 
(BROWN, 1947; VORYS, 1965). Short-term estro
gen therapy is therefore thought to be successful 
in a few cases of hypophyseal-diencephalic 
amenorrhea (KUPPERMAN, 1958). High doses 
of estrogens for several days reduce gonado
tropin excretion to practically nil (WERTH, 
1955). The central inhibitory effect of proge
sterone is significantly less, and 100-400 mg 
progesterone is required daily to prevent gonado
tropin excretion (BUCHHOLZ, 1959, 1964). The 
central antigonadotropic action of estrogens 
has gained practical importance in the field 
of ovulostatics. 

Gonadotropin production, secretion and 
excretion may be increased after discontinua
tion of long-term estrogen treatment (so-called 
rebound phenomenon) (HELLER, 1944; HOHL
WEG, 1952). This is a secondary effect of in
hibition therapy with estrogens, which used 
to be commonly applied in cases of anovulatory 
cycles. 

Progestagens and gestagens have different 
activity spectra (EDGREN, 1967) (Table 14). 
In addition, individual progestagens differ con
siderably in their biological activity (Fig. 36, 
SZONTAGH). It is therefore impossible simply 
to compare their progestative action, and the 
results obtained depend on the test used. 
Single progestative properties can be strength
ened or diminished by changing the side chains 
of the steroid nucleus. Thus, for example, the 
central inhibitory action is particularly pro
nounced for derivatives of 19-nortestoids and 
17cx-hydroxy-progesterone, and is one of the 
three factors essential for the contraceptive 
action of the "pill" (p. 568). All progestagens 
have the ability to convert proliferative endo
metrium (due to estrogens) into secretory endo
metrium. With the exception of retroproge
sterone, progestagens such as progesterone have 
a definite thermogenic action. 

Medroxy N orethisterone Norethynodrel 
progesterone 

+++++ + + (!) 
+ (x 25) 
+ 
++ 
+ + + 
+ + + 

++ +++ 
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Most progestagens given orally are many 
times more potent than progesterone. Their 
activity is measured in the endometrium and 
is connected with the stability of the molecule. 
Progesterone and the ground substances of 
progestagens, 17a-hydroxy-progesterone and 19-
nortestosterone are all typical intermediate 
products of steroid biosynthesis and are extre
mely fragile molecules. The stability of these 
molecules can be increased by changing the 
molecular structure, by methylation or chlorina
tion at C 6, and by esterification or ethylation 
at C 17. From these and other processes it 
has been found that a ketone group at C 3 
is not essential for various progestive effects. 

Because of these structural changes, pro
gestagens are broken down differently from 
progesterone. Progestagens are not excreted as 
pregnanediol. As expected, only a small amount 
of 19-nortestoids is metabolized into estrogens. 
They therefore also exert a slight estrogenic 
effect in addition to their progestative and 
weak androgenic actions. Regulation of the 
cycle is therefore more effective than with 
derivatives of hydroxy-progesterone, which pos
sess no estrogenic action. Breakthrough bleed
ing and amenorrhea due to atrophy of the 
endometrium occur less commonly. In contrast, 
the anti-estrogenic effect of hydroxy-proge
sterone derivatives is marked. The anti-estro
genic action due to inhibition of the production 
of endogenous estrogens is, however, not com
pensated (p. 575) by the amounts of estrogens 
used in ovulostatics (Table 37). 

Progestagens with the CO-CH3 group at 
C 17 in the ~ position and a ketone group at 
C 20 (derivatives of 17a-hydroxy progesterone) 
act catabolically, like progesterone, and tem
porarily increase the excretion of sodium chlo-

1. II. 

Estrogenic effect 

Anabolic effect 

Androgenic effect 

Clauberg test 

Formation of deciduoma 

Anti-abortion effect 

Contraceptive effect 
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ride. Progestagens with the side chain at C 17 in 
the a position (derivates of 19-nortestosterone) 
have a salt-retaining effect, as do estrogens 
(LANDAU, 1958). 

6. Methods of Estimation and Standards 

a) Estrogens 

Estrogenic substances can be demonstrated 
by biological, biochemical, physical and chemical 
means. The extreme sensitivity of vaginal epithe
lium to estrogen hormones is put to practical 
use in the Allen-Daisy test (1923) for biological 
semi-quantitative testing of estrogens. Cas
trated adult female mice or rats are used as 
experimental animals. A mouse unit (MU) or 
rat unit (R U) is the minimum amount of estro
gens which produces the estrus phase in the 
vaginal epithelium in at least 50 % of the 
experimental animals. In 1932, the MU and 
RU were replaced by the international unit 
(lU), whose potency corresponds to that of 
0.1 llg estrone. It is that amount of test sub
stance which when injected subcutaneously 
just results in a positive estrus phase in 50 % 
of the castrated female mice. With the introduc
tion of estrogen esters into the therapeutic field, 
a second standard (the international henzoate 
unit, IBU) was created for estradiol-3-mono
benzoate in 1935. This unit corresponds to the 
estrogenic activity of 0.1 llg estradiol benzoate. 

The following equation is valid: 

1 MU ~ 0.2 RU ~ 1 IU ~ O.l11g estrone. 

These equations are only valid for the Allen
Doisy vaginal keratization test, but the values 
can deviate by several hundred percent. The 

international unit was abolished as a comparative 
mass in 1950, since the most important estrogens 

m. IV v VI. VII. 

Fig. 36. Spectra of effects of various progestins (SZONTAGH, 1967) 
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were produced in the purified form and the 
weight unit could be given. 

Instead of standardization in units, informa
tion is presented as the number of milligrams 
required to produce estrus in 50 % of the 
experimental animals. A comparison of the 
approximate activity of the different estrogens 
measured in the vaginal epithelium or by uterine 
growth in the castrated adult mouse following 
s.c. administration gives to the following picture: 

1 mg 17~-estradiol 120000 IU or MU 
1 mg estrone 10000 IU or MU 

(by definition) 
1 mg estriol 1 500 IU or MU 

Thus the potency of estradiol to estrone to 
estriol is roughly in the ratio 100: 10: 1. 

1 mg estradiol benzoate 60000 IU or MU 
1 mg di-ethylstilbestrol 50000 IU or MU 

In comparison to this, the potency of 1 mg 
conjugated estrogen is equivalent to about 
3500 IU of MU given orally. 

Since 1955, reliable, quantitative chemical 
methods have become available for the measure
ment of estrogen excretion in the urine (BROWN, 
1955, 1957; ITTRICH, 1958, 1960). They are 
based on colorimetric estimation of isolated 
urinary estrogens with the aid of the Kober 
reaction. This reaction is based on the fact 
that estrogens produce a red coloration under 
certain conditions with a mixture of phenols 
and sulfuric acid. In our experience, estimation 
of the excretion of the three classic estrogens 
for practical purposes is best by BROWN'S mod
ified method using 24-hour urine (BROWN, 
1957). This test consists of: acidic hydrolysis 
of the conjugated steroids, several stages of 
extraction, purification of the ether extracts 
and separation of the phenol fraction, methyla
tion, chromatographic separation of the dif
ferent estrogen fractions in aluminium oxide, 
and quantitative estimation of these fractions 
as 3-methyl ether by colorimetric means using 
the Kober reaction. The sensitivity limits lie 
between 0.6 and 0.8 Ilg/24 h. 

Quantitative demonstration of minute a
mounts of estrogens such as are found for 
example in the plasma can be performed by 
means of ultra-violet spectrophotometry, gas 
chromatography or radioisotope methods 
(SVENDSEN, 1960). These methods are, however, 
available only in a few special laboratories at 
present. 

b) Gestagens 

The endometrium of a rodent pretreated with 
estrogens is the classic substrate for testing 

The Ovary 

the progestative action of a substance. The 
Allen-Corner test (1929) is performed in ovari
ectomized adult rabbits, and the Clauberg test 
(1930) in juvenile female rabbits. 

The rabbit unit of ALLEN and CORNER and 
of CLAUBERG corresponds to the smallest amount 
of a test substance which causes complete secre
tory transformation in the proliferative endo
metrium when injected in 5 equal daily doses 
into the experimental animal. 

A Clauberg unit corresponds to the proge
stative action of 0.6 mg progesterone, and the 
Allen-Comer rabbit unit to that of 1.2 mg 
progesterone. 

The following approximate equation is valid: 

1 Allen-Comer rabbit unit 
~ 2 Clauberg rabbit units 
~ 1 international unit 
= 1 mg progesterone. 

The Allen-Comer and Clauberg tests are 
not sensitive enough for clinical purposes. They 
have therefore been modified repeatedly (Table 
15) by increasing the sensitivity by local in
trauterine application of the test substance 
(McPhail test, McGinty test). 

Table 15. Biological methods for estimation of proge
stational activity 

1929 Corner-Allen test Adult female rabbits cas
trated 18 h after mating 

1930 Clauberg test Young female rabbits pre
treated with estrogen 

1934 McPhail test Modification of the Clau
berg test 

1939 McGinty test Modification of the McPhail 
test; the test substance is 
given by the intra-uterine 
route 

1947 Hooker-Forbes test Ovariectomized mice, to 
which the test substance is 
administered by direct in
jection into the lumen of a 
ligated uterine segment (hy
pertrophy of stroma-cell 
nuclei in the endometrium) 

The Hooker-Forbes test is the most sensitive 
biological test for gestagens (1947). 0.0002 Ilg 
progesterone is sufficient to produce hyper
trophy of the nuclei of the stroma cells of the 
endometrium of the mouse. The Hooker-Forbes 
micro unit corresponds to the progestative action 
of 0.0002 Ilg progesterone. This test is, how
ever, not very specific. 

The progestative action of a substance may 
vary considerably within one species. Reserva
tion is therefore indicated when the results 
obtained from experiments with animals are 
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extrapolated to the woman. For example, 
17a-hydroxy-progesterone is about 60 times 
more active than progesterone in the mouse, 
whereas it has no progestative effect in the 
human and rabbit (SALHANICK, 1957). Proge
sterone and 20(X(~)-hydroxyprogesterone can 
be demonstrated reliably during the cycle by 
gas chromatography in the blood, urine, and 
tissue. This method is not suitable for routine 
work in the clinical laboratory, however, and 
is used for research into special scientific 
problems. 

The methods used for practical clinical 
purposes rely on the pregnanediol excretion 
in the 24-hour urine for assessment of the 
production of endogenous progesterone. Since 
pregnanediol is derived almost entirely from 
progesterone, its concentration in the urine 
reflects the endogenous progesterone prod uction. 
There are numerous methods of estimation, 
but the chromatographic method of KLaPPER, 
MITCHIE and BROWN (1955) has proved the 
most satisfactory for practical clinical require
ments. It is specific and sensitive. The limits of 
sensitivity are 0.5-1.0 mg/liter. The method 
consists of: acidic hydrolysis, extraction and 
purification of the extracts, adsorption chromato
graphy with aluminium oxide, acetylation, puri
fication by oxidation with potassium perman
ganate, repeated adsorption chromatography 
and colorimetric estimation of pregnanediol 
acetate. 

Since most pregnanediol is derived from 
ovarian progesterone, its measurement serves 
to assess the function of the corpus luteum. 
It must be remembered, however, that even in 
normal conditions quite a considerable amount 
of pregnanediol arises from the adrenals. 

Pregnanediol can also be quantitatively 
estimated by thin-layer (SULIMOVICI, 1965) and 
gas chromatography (TURNER, 1963). 

7. Modes of Administration and General 
Principles for Adjusting the Doses of Ovarian 
Hormones 

The actions and side effects of ovarian hormones 
must be known for successful therapeutic results 
as precisely as possible. Modes of administra
tion, dosage, time and duration of treatment 
all affect the result substantially. Together with 
the nature of the compound, they determine 
the time interval before onset of action, potency, 
duration of action and possible side effects. 
Examination of one compound therefore neces
sitates a considerable time and a necessary num
ber of patients in the same initial condition. 
It is therefore also essential, even in a large 
clinic, to use a selection of the numerous drugs 
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available, in order to obtain the necessary 
experience. Limitation to a few preparations 
does not necessarily qualify the remaining 
commercial compounds, since numerous ex
cellent hormone compounds are now on the 
market. 

The following conditions are essential in 
hormone treatment: 

1. the treatment should take up as little as 
possible of the patient's and the doctor's time; 

2. an exact dosage regime should be possible, 
and it should be possible to estimate the effect 
in advance; 

3. treatment should be as economical as 
possible. 

The results obtained with laboratory animals 
are only of limited value, and can be extra
polated to the woman only with serious reser
vations. Only results obtained from clinical 
trials in the woman can be appealed to in 
decisions on clinical treatment. The following 
factors must be considered: 

a) the dose required to produce a certain 
clinical effect (potency); 

b) time lapse before onset of action; 
c) duration of action; 
d) further specifically sexual and general 

side effects. 
The activity threshold must be crossed before 

a reaction can occur. The threshold value 
depends on the receptor organ i.e. on the sensi
tivity of the receptor. The concentration at the 
site of action, the time lapse before onset of 
action, and duration of action of a given dose 
are dependent on the speed of absorption, 
conversion, and breakdown in the organism 
and the speed of excretion. They vary according 
to the mode of administration and the compound 
used. A series of tests have been developed, 
based on the numerous receptor organs and the 
activity qualities of an ovarian hormone. Every 
fact given about the activity qualities of a 
sexual steroid should be related to an appropriate 
test. As they are produced in purified forms 
steroids are dosed in milligrams. In earlier 
literature biological units were used since puri
fication of the hormone concerned was not 
possible at that time. In the evaluation of results 
obtained from these tests in women, it must be 
remembered that these results are not statistically 
significant because it is simply not possible to test 
a large enough group of suitable women. These 
results are empirical, and increase in value as the 
number of women in comparable initial condi
tions subjected to the treatment under considera
tion rises. 

We differentiate three principal forms of 
hormone treatment: stimulation, substitution 
and inhibition. 
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In cases where hypothalamo-hypophyseal 
function is absent or insufficient and the ovaries 
are intact, ovarian function can be successfully 
reestablished by stimulation with hypophyseal 
gonadotropins. If there is peripheral ovarian 
failure, the hormonal deficit can only be 
compensated for by appropriate substitution of 
the absent ovarian hormones. 

High doses of ovarian hormones cause 
temporary ovarian failure by inhibition of 
gonadotropic function of the anterior pituitary. 
After discontinuation of hormone administra
tion, gonadotropin secretion is rapidly resumed 
and the amount released may even be elevated 
(so-called rebound phenomenon). Previously 
inadequate ovarian function can be normalized 
in such cases. 

Forms of Administration 

Ovarian hormones are now available in pure 
crystallized form. They are either produced 
synthetically or gained from biological material. 

They can be administered orally, parenterally 
or topically. Depending on the form of applica
tion, the same dose gives different absorption 
times and thus different clinical results (Fig. 37). 

Oral administration is simple and econo
mical and facilitates regular hormone intake 
over a definite time. The oral route is therefore 
the route of choice. Natural ovarian hormones 
are absorbed in the small intestine and are 
subsequently rapidly inactivated in the liver. 
Because of this, synthetic compounds with 
corresponding actions are used instead. These 
substances belong to different groups: 17r:t
alkylized steroids, such as 17r:t-ethinyl-estradiol 
(lNHOFFEN, 1938) which is approximately 100 
times more effective than estradiol, and syn
thetic progestagens (19-nortestoids, derivatives 
of 17r:t-acetoxyprogesterone) (Figs. 45, 46); 
when given orally stilbenes (p. 523), non-steroid 
substances, stilbestrol and chlorotrianisene 
(Tace), which are stored in adipose tissue and 
are slowly released, give rise to a depot action. 
Methallenestril (Vallestril) is also orally effective. 
Finally, conjugated estrogens must be mentioned. 
These are a mixture of esters of sulfuric and 
glucuronic acids of natural estrogens, particu
larly of estrone and its metabolites. They are 
fully effective orally since they are water
soluble. They have only a slight effect on the 
endometrium. Withdrawal and breakthrough 
bleeding seldom occurs and they are therefore 
termed as "soft" estrogens in contrast to the 
"hard" synthetic estrogens. Their effect on the 
vaginal epithelium is thought to be almost twice 
as great as that of nonesterized estrogens 
(GRANT, 1950). 

The Ovary 

Buccal (sublingual) administration of ovarian 
steroids to avoid the portal circulation of the 
liver is little used. Natural estrogens exert a 
definite although slight effect by this route. 
It is seldom necessary to give ovarian steroids 
parenterally. As lipoids they are easily soluble 
in oil, and can be given intramuscularly in the 
natural form or as the ester disolved in oil. 
Natural estrogens are rapidly absorbed; a 
peak is reached in the plasma on the first day, 
and a fall with loss of activity occurs after 
2-3 days (Fig. 38). Thus, if a longer duration 
of action is required, administration should 
be repeated every second day. Esterification 
with a fatty acid causes a depot action resulting 
in retarded absorption (Fig. 38). Decomposition 
and excretion may also be delayed. The duration 
of action is dependent on the molecular weight 
ofthe ester and the dose (Table 16). An analogous 
depot action is achieved by intramuscular 
administration of microcrystals suspended in 
aqueous solution. The rate of absorption is 
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determined by the length of the edge of the 
crystals. It is, however, often dependent on 
tissue reaction and circulation variations which 
impair the desired clinical effect, so they are 
now seldom used. 

Table 16. Examples of the varying duration of effect and 
saturation dose of ester compounds of estradiol. (After 
UFER,1966) 

Steroid 

Estradiol 
Estradiol benzoate 
Estradiol valerianate 
Estradiol undecylate 

Single 
dose 
(mg) 

Duration Saturation 
effect dose 
(days) (mg) 

10 --- ..... 2 
5--- ..... 6 

10 - - - ..... 10-14 
10 - - - ..... 40-60 

40-60 
25-35 
20 

The polymer of estradiol or estriol and 
phosphoric acid has an excellent depot action 
when given intramuscularly (polyestriol phos
phate or polyestradiol phosphate) (Table 16). 
Phosphoric acid combines with the estrogen 
molecule at C 3 and C 17 to form a macromole
cule. The compound is stored in the liver and 
splecn where the estrogen is steadily released 
by the splitting off of the phosphate portion 
due to the action of alkaline phosphatase. 

Conjugated estrogens and polyestriol and 
estradiol phosphate can also be given intra
venously in an aqueous solution. Intravenous 
administration of ovarian hormones offers no 
advantages, however, and therefore has no 
practical significance. 

Implantation of crystal pellets into the tissue 
is now practically obsolete because of the 
danger of severe uncontrollable hemorrhage. 

Ovarian hormones are used topically in 
the form of vaginal ovula and tablets, pessaries, 
creams and lotions. Rectal application to avoid 
the liver has gained no practical importance. 
The same is true of percutaneous administra
tion, where addition of alcohol or menthol 
improves absorption. 

a) Estrogens 

The therapeutic importance of estrogens is 
connected with their specific action on the 
growth of the female genitalia and mammae, 
their controlling action on gonadotropic secre
tion and their influence on specific metabolic 
processes. 

Estrogen treatment has proved satisfactory 
for the following indications: 

1. promotion of development of primary 
and secondary sexual characteristics (gonadal 
dysgenesia, ovarian hypoplasia); 
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2. dysfunctional bleeding, including func
tional amenorrhea; 

3. endometriosis, when used together with 
progestagens; 

4. for improvement of the cervix factor in 
sterility; 

5. suppression of laction; 
6. inhibition of ovulation in functional dys

menorrhea and for contraception; 
7. prevention of climacteric syndrome (vaso

motor and psychological disorders, osteoporosis, 
atherosclerosis) ; 

8. inhibition of excessive growth during 
female adolescence. 

Undesirable side effects which may develop 
are gastric complaints with nausea when used 
orally, especially with stilbenes; cyclic disturb
ances through displacement of ovulation; painful 
swelling of the breasts, possibly mastopathia 
cystica; hemorrhage after implantation of crystal 
pellets or with too high doses during the post 
menopause; edema due to sodium retention. 

There is no evidence of any causal connection 
between estrogen therapy and carcinoma of the 
uterus and the breast. A series of methods 
have been developed to test the potency and 
duration of action of estrogenic substances in 
the woman. These vary with the receptor 
organ, and it is essential to give the receptor 
organ when stating the action of an estrogen. 

The vaginal epithelium is the most sensitive 
test organ reacting to estrogens. The test uses 
atrophic epithelium from an elderly or a 
castrated woman, from which hormonal cyto
logical smears are made (p. 534). From these 
tests it has been deduced that a daily dose of 
less than 40 f.lg but more than 20 f.lg estradiol 
is necessary to build up the atrophic epithelium 
completely after 10 days (OBER, 1957). Generally, 
10 mg of an estradiol ester given intramus
cularly is sufficient (Fig. 39). Vaginal epithe
lium reacts slowly, and 3-6 days are required 
for a definite build-up to occur, and 5-10 days 
for full proliferation. Actual hormonal states 
and variations can therefore not be detected 
by this method. Vaginal cytology is particularly 
suitable for assessing the duration of action 
of an estrogen (WIEO, 1954) (Fig. 39). 

The dose of estrogens required to build 
up the resting endometrium to the full proli
ferative phase (so-called build-up dose) in the 
woman is of practical therapeutic interest 
(Table 16). KAUFMANN determined this dose 
in a trial with ovariectomized women with 
intact uterus or in woman with functional 
amenorrhea and with uterus of normal size 
(FERIN, 1952). According to KAUFMANN (1932), 
25-30 mg estradiol benzoate given in divided 
doses over 3-4 weeks is required to convert 
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Fig. 39. Effect of 10 mg estradiol benzoate and 10 mg 
estradiol valerianate on atrophic vaginal epithelium in a 
55-year-old woman. (After WIED, 1954) 

the resting endometrium to its full proliferative 
phase. Lower doses are adequate if the estrogens 
are very potent, e.g. 3 mg over 4 weeks when 
estradiol crystals are implanted (GlESSEN, 1943). 
This corresponds roughly to the amount of 
estrogens produced per cycle (p. 527). 2 mg 
ethinylestradiol given orally over 3 weeks is 
sufficient to produce full proliferation. Too 
high doses of estrogens in the first half of the 
cycle prevent secretory transformation by causing 
stromal edema. BISHOP (1950) tested the potency 
of different oral estrogens by means of with
drawal bleeding in women with functional 
amenorrhea. If the activity of stilbestrol is 
set at 100, the potencies for other estrogens are: 

Table 17. Efficacy of various estrogens in inhibiting ovula
tion. (After MARTINEZ-MANAUTOU, 1966) 

Substance Dose Cases Cycles Ovulatory 
cycles 

Ethinyl 20 j.Lg 10 20 2 
estradiol 

Ethinyl 50 j.Lg 20 44 18 

estradiol 
Ethinyl 20 j.Lg 10 20 2 

estradiol-
3-methyl-
ether 

Ethinyl 80 j.Lg 18 60 
estradiol-
3-methyl-
ether 

Estradiol 1 mg 4 11 5 
Estradiol 2mg 10 18 7 
Estradiol 5 mg 10 24 3 
Estriol 5 mg 5 7 6 
Premarin 1.25 mg 10 18 12 
Premarin 3.75 mg 15 17 1 
Stilbestrol 5 mg 6 12 1 

Total 118 251 41 

8 Secretory endometrium in 12th cycle in one patient. 

Stilbestrol 
Dienestrol 
Hexestrol 

100 
26 
5 
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Ethinyl estradiol 
Stilbestrol sulfate 
Estrone 

2562 
44 

5 

The duration of administration before onset 
of withdrawal bleeding also permits comparison 
of the duration of action of different estrogen 
preparations (FERIN, 1952). Withdrawal bleed
ing occurs 4-6 days after discontinuation of 
orally administered estrogens. The bleeding 
threshold is exceeded by a daily dose of 50 ~g 
ethinyl estradiol. Potency and duration of ac
tion of an estrogen preparation can be tested 
using the disappearance or reappearance of 
the post menopausal syndrome as an indicator. 
To exclude possible psychological influences, 
tests of this kind should always be performed as 
double blind trials against placebo. 

The following duarations of action have been 
obtained with a single administration (WlED, 
1954; LAURITZEN, 1968): 

Table 18. Methods for experimental and clinical testing of 
gestagens 

Animal experimentation 

Clauberg test } 
Deciduoma test 

Testing for local efficacy 
(MCGINTY, HOOKER-FORBES) 

Anti-oxytocin test on the 
pregnant rabbit 
(CSAPO) 

Anticycle test } 

Anti-ICSH-Test 
(reduction of weight of 
testes) 

Androgenic effect on 
cockscomb and test on 
seminal vesicle 

Fetal virilization 

Estrogenic effectivity 
(Allen-Doisy test) 

Anabolic efficacy 
(levator-ani test) 

Anti-ACTH effect 
(determination of weight 
of adrenal cortex) 

Clinical trials 

Kaufmann trial 

Withdrawal bleeding in 
secondary amenorrhea 

Manipulation of 
menstruation 

Testing on the vaginal 
epithelium 

Anti-oxytocin test in 
saline-induced abortion 
(BENGTSON) 

{

Quantitative estimation 
of gonadotropins 
in urine 

Determination of the dose 
inhibiting ovulation 
(PINCUS) 

Testing on vaginal 
epithelium 

Estimation of estrogen 
metabolites 

Metabolic equilibrium 

Estimation of corticoid 
metabolites 
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10 mg estradiol valerianate 1 month 
50 mg polyestradiol phosphate ~ 1 month 
50 mg polyestriol phosphate ~ 1 month 
80 mg polyestriol phosphate ~ 2 months 
25 mg estradiol undecylenate 2i months 
50 mg estradiol undecylenate ~ 3 months 

The central antigonadotropic action of estro
genic substances is reflected in their efficacy 
as contraceptives. Ethinyl estradiol (EE) and 
its 3-methyl ester (mestranol = EEME) are 
orally much more effective than stilbestrol or 
conjugated estrogens (Table 17). Doses of as 
little as 0.05 mg EE or 0.08 mg mestranol daily 
have proved to be effective inhibitors of ovula
tion. 

b) Progestins 

The therapeutic use of progestins is based both 
on the action of gestagens and various proge
stagens in preserving pregnancy, and on the 
differentiating effect exerted on end structures 
made to proliferate under the influence of 
estrogens. 
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They are therefore indicated in the following 
circumstances (ROLAND, 1965; KISTNER, 1967): 

1. threatened abortion; 
2. dysfunctional bleeding and amenorrhea 

(usually combined with estrogens); 
3. endometriosis; 
4. for contraception and in combination 

with estrogens for functional dysmenorrhea; 
5. inoperable carcinoma of the body of the 

uterus and the breast. 
Even high doses of gestagens produce no 

undesirable side effects, but progestagens may 
have side effects because of the activity of the 
androgenic component. Thus, for example, 19-
nortestoids are contraindicated during preg
nancy because of the possible virilizing effect 
on the female fetus (p. 574). 

There is a series of methods for testing the 
very variable spectrum of action of progestins 
(progestive, androgenic, estrogenicaction) 
(UFER), and the duration of progestative action 
and potency (Table 18). 

If the ovaries of a sexually mature woman 
are removed premenstrually, withdrawal bleed
ing occurs on average 36 hours later. The time 

Table 19. Relative efficacy of various progestins, assessed by the amounts needed to produce withdrawal bleeding (in patients 
with adequate endogenous estrogen or receiving appropriate amounts of exogenous estrogens). (After AYDAR, 1961) 

Substance Dose Total dose Time-lapse before 
(mg/d (mg) onset of with-
for 5 days) drawal bleeding(h) 

Progesterone 90 -100 4S0 -SOO 24-72 
Medroxyprogesterone acetate 2.5- 5 12.S- 25 24-72 
Ethisterone 20 - 30 100 -150 24-72 
Dimethisterone 10 - 15 SO - 75 24-72 
Norethynodrel 2.5- 5 12.5- 25 24-72 
Allylestrenol 10 - 15 SO - 75 24-72 

Table 20. Doses of different gestagens needed to obtain various effects. (After NEVINNy-STICKEL, 1964) 

Compound Inhibition Minimum doses (mg) necessary for: 
of ovulation 

Transformation Manipulation Arrest of Withdrawal 
of of functional bleeding in 
endometrium menstruation bleeding amenorrhea 

6-chloro-6-dehydro- 1-3 20 4- 4- 2 
17cx-acetoxyprogesterone 

1 ,2cx-methy len-6-chloro-deh ydro- 2-3 20 3- 3- 2 
17cx-acetoxyprogesterone 

9cx-fluoro-l1-hydroxy-16-methylen- 1-4 30 20- 4- 2 
17cx-acetoxyprogesterone 

17cx-ethinyl- 4- 40 10 8 4 
19-nortestosterone acetate 

17cx-ethinyl estrenol 5 lS0 10 

17cx-hydroxy- 10- 100 2S- >20 20 
19-norprogesteron-17-acetate 

17cx-allyl estrenol 2S 250 30- 20 40 

_ When estrogens are added. 
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interval between progestin administration and 
the development of withdrawal bleeding in a 
woman with functional amenorrhea but with 
a uterus of normal size is another test of the 
duration of action of a progestin, if the uterus 
is previously prepared with estrogens. 

The potency can be deduced from the dose 
progestin needed to produce withdrawal bleed
ing (Table 19). 

Displacement of menstruation in a normally 
menstruating woman is probably the most 
usual method for estimation of the potency 
of a progestin (GREENBLATT, 1958; SWYER, 
1962) (Table 20). 

The transformation dose is of therapeutic 
importance. This is the amount of a progestin 
necessary to transform the proliferative endo
metrium into the full secretory phase (Table 21). 
Awareness of the broad spectrum of activity 
of progestagens is essential since a compound 
is usually chosen for a single property while 
its other potential effects are unwanted. 

Table 21. Transformation doses of various progestins 
(estrogens to day 20, progestin from day 15 onward). 
(Modification after UFER, 1966) 

Free progesterone i.m. 
20 mg/day 

Estrogen 1 1 1 1 1 1 1 1 1 1 
17at:-hydroxyprogesterone 
capronate 
2 x 125 mg i.m. 

Estrogen 1 1 

Medroxyprogesterone acetate 
50 mgi.m. 

Estrogen 1 

17at:-ethinyl nortesterosterone 
acetate 
2 x 5 mg/day p.o. for 6 days 

Estrogen (J) (J) (J) (J) (J) (J) 
(J) (J) (J) (J) (J) (J) 

Trans
formation 
dose 

200mg 

250 mg 

50mg 

60mg 

D. Regulation of Ovarian Function 

1. Anatomical and Functional Structure of the 
Hypothalamo-Hypophyseal System 

Vegetative and generative functions of the 
ovaries are regulated centrally. Reception, inte
gration and modulation of proprioceptive and 
exteroceptive stimuli influencing ovarian func
tion take place in the nuclear areas of the hypo
thalamus, where they are converted into neural 
and neurohumoral impulses, the latter being 
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transmitted to the adenohypophysis via neuro
vascular routes. The anatomical structure is 
presented and discussed in another section 
(Chap. II, p.27) and it will only be mentioned 
here when necessary to the explanation of central 
ovarian disorders. 

Our knowledge of the functional segmenta
tion of the hypothalamus and its influence on 
the pituitary and ovaries is obtained mainly 
from experiments on rat and rabbit, and also 
on guinea pig, cat and monkey. Results have 
been gained from section of the pituitary stalk, 
pituitary transplantations, selective stimulation 
or destruction of hypothalamic nuclear areas 
and their associated structures and from extracts 
of the eminentia mediana. Clinical features 
arising from tumors and traumatic lesions in 
the region of the hypothalamus in man are 
consistent, to a great extent, with the knowledge 
obtained from animal experiments and permit 
this to be referred, with caution, to the human. 

The large-celled supraoptic and paraven
tricular nuclei are found in the anterior region 
of the hypothalamus. The ganglia of these 
nuclei produce the neurohormones vasopressin 
(adiuretin) and oxytocin. Their axons form 
the part of the hypophyseal tract consisting 
of thick fibers and ending in the infundibular 
process. The center responsible for the cyclic 
secretion of gonadotropins (secondary or cyclic 
inhibitory center/system) also lies immediately 
under the paraventricular nucleus in the rostral 
portion of the hypothalamus. In both sexes, 
the cyclic secretion of gonadotropins appears 
to be inborn. Castration of newly born male 
rats results in cyclic secretion. Administration of 
testosterone to female rats not more than 5 days 
old causes the loss of this ability and produces 
continuous estrus (BARRACLOUGH, 1954, 1955, 
1966). The same phenomenon is also caused by 
the transplantation of ovaries to castrated male 
rats. The already "masculinized" inhibitory 
center for gonadotropins in these animals lacks 
the ability to function rhythmically. Polycystic 
ovaries are also formed in such cases, and they 
correspond histologically to the ovaries in 
Stein-Leventhal syndrome in the human. In 
addition to testosterone, HCG, estrogens and 
corticosteroids also have the same effect. Such 
influences must act during intrauterine life on 
the early development of these centers in man, 
and it is not known to what extent these in
fluences are involved in the etiology of the 
Stein-Leventhal syndrome. 

This rostral nuclear area is an inhibitory 
center, since its destruction also leads to contin
ual FSH secretion and to loss of rhythmic 
LH release. It is assumed that the inhibitory 
action of estrogens and androgens on FSH 



Physiology of Ovarian Function 

secretion is exerted by way of this nuclear 
region (FLERKO and SZENTAGOTHAI, 1957) since, 
for example, transplantation of the ovary to 
this region in the castrated rat has an effect 
analogous to that of substitution with estrogens. 
On the basis of animal experiments, it is assumed 
that the sensitivity of this center to sexual 
steroids is much greater before menarche than 
during sexual maturity. It is known that the 
pars distal is of the anterior pituitary already 
contains gonadotropins a few years before 
menarche (JOHNSON, 1959), and that prepuberal 
ovaries are sensitive to gonadotropins (PASCHKIS, 
1955), but gonadotropins are not released at this 
stage. This suggests that the onset of cyclic 
ovarian function at the time of puberty is due 
to a decrease of the sensitivity of this inhibitory 
center to sexual steroids. Indeed, bilateral 
lesions in the anterior hypothalamus in the rat 
result in premature puberty. Similar observa
tions have been made in boys with hypothalamic 
tumors, even though these tumors were situated 
in the posterior hypothalamic region. It is 
possible in these cases that there is a lesion of 
the fibers running from the amygdaloid nucleus 
to the mamillary body, since in rats precocious 
puberty can also be produced by bilateral 
destruction of the amygdaloid nucleus in the 
temporal lobes. 

The limbic system (cingulate gyri, hippo
campus, amygdaloid nucleus, mamillary body), 
which is connected with the hypothalamus by 
very well developed fiber systems, appears to 
modulate the integrating ability of the hypo
thalamus, producing a predominantly inhibitory 
effect (AKERT, 1964). It is now assumed that 
hypothalamus and hypothalamo-hypophyseal 
system receive the most important impulses 
from the limbic system. It represents centers 
of the endocrine and autonomic regulation 
systems directly above the hypothalamus. It 
receives its afferent signals via the reticular 
system, i.e. information from the surroundings 
and interior of the body are transmitted to the 
limbic system via the reticular formation (visceral 
brain). Increased inhibitory action of the limbic 
system on the hypothalamic "sexual center" 
causes loss of libido and impotence, as in 
psychomotor epilepsy. Conversely there is 
no motivated sexual behavior in animals with 
bilateral lesions of the amygdaloid nucleus. 
External stimuli lead to pointless motor activity 
and hypersexuality develops. Psychological and 
autonomic influences also act on the hypothala
mus via the limbic system. 

The rostral hypothalamic nuclear region 
acts via the basal tuberal nuclei (ventro- and 
dorsomedial nuclei, infundibularnucleus, arcuate 
nucleus) to inhibit gonadotropin release. These 
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nuclei form the primary or tonic system or 
center. The axons of these nuclei form the 
tuberohypophyseal tract, which corresponds 
to the part of the hypophyseal tract consisting 
of fine fibers. It contains no Gomori-positive 
granules. These nerve fibers terminate in the 
region of the eminentia mediana, which forms 
the most anterior part of the tuber cinereum and 
the cranial portion of the neurohypophysis. 
This area shows a dense primary capillary 
plexus derived from the hypophyseal portal 
system (POPA, 1930). 

2. Releasing (RH) and Inhibitor (IH) Hormones 
of the Hypothalamus 

Impulses from the tuberal nuclear region are 
transmitted to the adenohypophysis by means 
of neurosecretions from the hypothalamic nerve 
endings in the eminentia mediana. These are 
extremely active substances which are effective 
in vivo and in vitro in doses of a few nanograms/ 
gram pituitary tissue. A dose of one J..lg of the 
hormone releasing LH induces ovulation in 
sexually mature female rats (ARIMURA, 1967). 
These neurohormones are described as trans
mitter substances or hypophysiotropins and 
are classified as releasing (RF) and inhibitor 
factor (IF) or releasing hormones (RH) and 
inhibitor hormones (IH) according to the type 
of action. In addition to oxytocin and vaso
pressin, there are seven other known, well 
defined neurohormones in the hypothalamus. 
Five of these cause liberation of anterior pitui
tary hormones (RH), and two inhibit their 
release (IH). 

It has been known for some years that 
extracts of animal hypothalamus demonstrate 
FRH and LRH activity (HARRIS, 1961, 1964; 
GUILLEMIN, 1955, 1964; MCCANN, 1960, 1962). 
In 1967 it was also possible to show these 
activities in extracts of human hypothalamus 
(SCHALLY, 1967). The highest concentration of 
LRH was found in the eminentia mediana, but 
this amount is still so small that only 6 mg 
LRH would be obtained from the eminentia 
mediana of 6000 sheep (JUTISZ, 1966). This is 
also true of FRH. MATSUO (1971) was the 
first to isolate LRF in a practically pure form 
and to determine its chemical structure. LRH 
is a decapeptide with the following sequence: 

Pyrogly-His-Trp-Ser-Tyr-Gly-Leu-Arg
Pro-Gly-NHz. 

Interestingly enough, this peptide releases 
not only LH, but also FSH. As different basic 
peptides (e.g. arginine vasopressin) have a 
releasing effect on FSH, it has been suggested 
that the FRH effect of this decapeptide is only 
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a side effect due to basic groups. There are 
observations of two principles in the course of 
isolation. 

Methods of investigating FRH activity in 
vivo are based on depletion of the FSH content 
in the pituitary of male rats (DAVID, 1965). 
In vitro, the liberation of FSH from pituitary 
cultures is measured (MITTLER, 1964). In-vitro 
experiments have shown that FRH and LRH 
act directly on pituitary tissue (SCHALLY, 1964). 
From experiments in animals it can be concluded 
that RH and IH stored in the eminentia mediana 
are transmitted to the primary capillary plexus 
of the hypophyseal portal system and reach 
their site of action, the pars distalis of the 
adenohypophysis, via the bloodstream (so
called neurovascular chain). The presence of 
LRH in hypophyseal portal blood has been 
demonstrated in rats (FINK, 1967). There is 
no direct nervous connection between hypo
thalamus and adenohypophysis, so that active 
substances from the hypothalamus can only 
reach the adenohypophysis via the neuro
vascular chain. The integrity of the hypophyseal 
portal system is therefore essential for optimal 
function of the adenohypophysis (POPA, 1930). 
It is still not known whether RH merely cause 
the liberation of gonadotropins, or whether 
they are also necessary for their formation. It 
is generally assumed that the latter is true. 

The content of FRH in the hypothalamus 
is increased in the castrated animal. It decreases 
after administration of estrogens. It has also 
been possible to show that sexual steroids and 
ovulostatics influence the content of FRH and 
LRH in the hypothalamus (MARTINI, 1968). 
This shows that the feedback mechanism reg
ulating the release of FSH and LH passes 
through the hypothalamus. 

Not only releasing elements, but also in
hibitory factors are produced in the hypo
thalamus. Thus, transplantation of the hypo
physis into the region of the temporal lobe, 
for example, leads to continuous secretion of 
L TH in female rats, and thus to persistent 
corpora lutea (EVERETT, 1956). It is presumed 
because of this that there is a hypothalamic 
L TH - or prolactin inhibitor factor (PRIH) which 
inhibits prolactin release (MEITES, 1963). In 
1965, PRIH was shown to be present in hypo
thalamic extracts of sheep, cow and pig (SCHALL Y, 
1965). In addition, radio immunological studies 
have shown that porcine hypothalamic extracts 
reduce the prolactin level in sheep (ARIMURA, 
1969). PRIH withstands boiling, diffuses through 
semipermeable membranes and has a molecular 
weight between 1000 and 2000. In contrast 
to the anterior pituitary cells producing FSH 
and LH, in which secretion mainly occurs only 
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after hypothalamic stimulation, formation and 
liberation of prolactin appear to be inherent 
abilities of these cells. In the presence of intact 
hypothalamo-hypophyseal connections, prolac
tin secretion is inhibited by the hypothalamic 
PRIH. 

The amenorrhea with galactorrhea sometimes 
associated with low FSH values and observed in 
women with Chiari-Frommels' disease and For
bes-Albright syndrome, in pseudocyesis and 
during medication with chlorpromazine and 
reserpine etc. (p. 592) imply the loss of hypo
thalamic influence on the adenohypophysis. 
Hypothalamic stimulation of the pituitary cells 
producing FSH and LH and the central 
inhibitory action on prolactin production are 
absent at the same time. 

Section of the pituitary stalk results in loss 
of ovarian function. The recovery of ovarian 
function is parallel to regeneration of the 
hypophyseal portal system. As soon as this 
has regenerated, ovarian cycles return and the 
animal becomes fertile again. If, however, 
regeneration of the hypophyseal portal system 
is definitely prevented, for example mechanically, 
ovarian atrophy occurs. Destruction of the 
eminantia mediana produces the same effect. 

A small degree of FSH and LH secretion 
appears, however, to occur independently of 
the hypothalamus. This was deduced from 
animal experiments. If a large number of 
pituitaries are transplanted into a hypophysecto
mized animal, for example into the eye, the 
ovaries do not atrophy and ovarian function 
is restored (GITTES, 1965). 

Pituitary transplants into hypophysecto
mized animals (HARRIS, 1957) have shown, 
further, that the function of the anterior 
pituitary is dependent on sexual differentiation 
and the state of maturation of the hypothalamus. 
If the hypophysis of a male is transplanted into 
a hypophysectomized female rat, it functions 
as a female hypophysis, meaning that it retains 
its pluripotential ability and functions according 
to female hypothalamic stimulus. If the hypo
physis of a prepuberal animal is transplanted 
into a hypophysectomized, sexually mature 
animal, it functions like the hypophysis of a 
sexually mature animal. 

To summarize, central ovarian regulation has 
the following anatomical-functional structure: 

the adenohypophysis lacks the ability to 
form and secrete significant amounts of FSH 
and LH independently of the hypothalamus. 
On the other hand, it possesses an inherent 
capacity to produce and secrete prolactin. 

Two regulatory systems are localized in the 
hypothalamus. They control the formation and 
release of pituitary gonadotropins: 
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a) A primary system which exerts a continuous 
stimulatory effect on formation and release 
of FSH and LH, and which has a continuous 
inhibitory action on formation and secretion 
of prolactin (tonic center). It is localized in 
the region of the peri ventricular area and 
eminentia mediana. Stimuli are transmitted 
via neurosecretions which are described as 
releasing hormones (RH). The route of trans
mission is neurovascular, and the "trade-center" 
is the eminentia mediana. 

b) A secondary system which inhibits the 
primary center and induces cycles in the woman 
(cyclic center). Its functional state is influenced 
by proprioceptive and exteroceptive stimuli. 
It lies in the rostral hypothalamus just below 
the para ventricular nucleus. 

3. Regulation Mechanism 

Hypothalamus, hypophysis and ovaries form 
a neurohormonal functional circle which is 
self-regulating, adjusting hormone release to 
momentary needs. Regulation functions ac
cording to the feedback, push-and-pull principle 
also termed the so-called cybernetic principle 
(Fig. 40). The feedback mechanism is based 
on the reciprocal relation between sexual steroids 
and gonadotropins. 

Estrogens 

~, 
I limbic . t/ system 

"Hypoihalamus __ Mesencephalon 
." .' '(formaho r 1Iculans) 

HVL 

lOternal or 
short-loop feedback 

Gestagens 

externa l 0'
-Iong·loop" feedback 

Fig. 40. Diagram of Ihe neu rohumcral runeti n circuit: 
cOrlcx-hypOlhaJ<lmu,-hypophysi '-ova ry 

The following main stages occur (ROTH
CHILD, 1967): FSH leads to maturation of the 
follicle. Together with LH, it results in the 
formation of estrogens, particularly in the 
thecal cells of the developing follicle. The in
creasing estrogen secretion during the pro-
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liferative phase stimulates the secondary system 
situated in the anterior hypothalamus, so that 
the release of FRH is inhibited while LRH 
release is stimulated at the same time. This 
results in a reduction of FSH secretion and a 
simultaneous rapid rise in LH secretion. This 
then leads to terminal growth of the graafian 
follicle and to ovulation. The fall in the levels 
of estrogens after ovulation causes a new rise 
in FSH release due to the decreased stimulatory 
effect of estrogens on the hypothalamus. The 
ruptured follicle is luteinized by LH, whereby 
progesterone, acting as an antiestrogen, in
hibits LH stimulation caused by the rising 
estrogen secretion. It has not been proved in 
the human whether the action of progesterone 
is analogous to that of estrogens, influencing 
LRH secretion centrally via the rostral hypo
thalamic inhibitory center. The same can be 
said of the direct influence of sexual steroids 
on the adenohypophysis. Regression of the 
corpus luteum menstruation is and the diminished 
estrogen production resulting from this together 
lead again to increased FSH secretion over 
both hypothalamic centers, and thus to a new 
ovarian cycle. 

From the facts stated so far, it can be deduced 
that the influence exerted by sexual steroids 
on the hypothalamus is dependent on the 
chemical nature of these steroids, their dosage, 
and the duration of action, and also on the 
functional state of the hypothalamus ifself. 
Among the naturally occurring sexual steroids, 
estrogens exert the strongest central inhibitory 
effect, which surpasses the action of proge
sterone by far. In contrast, synthetic proge
stagens (19-nortestoid and 17cx-acetoxy-proge
sterone) have a pronounced central inhibitory 
effect. This is exploited therapeutically to 
inhibit ovulation (p. 568). Estrogens in physio
logical doses can release ovulation, probably 
by causing short-term increases in LH secretion. 
In the same way, pre-ovulatory formation of 
progesterone is thought to favor ovulation 
in the human. These pre-ovulatory influences 
are of short duration. The long-lasting effect 
of estrogens (and androgens) is analogous to 
the action of higher doses causing the release 
of gonadotropins to be inhibited. The long
lasting action of progesterone prevents the 
liberation of LH in the pre-ovulatory phase. 
In rats treated with progesterone, ovulation 
only occurs after stimulation of the eminentia 
mediana. It is probable that treatment with 
progesterone results in an elevated LH concen
tration in the adenohypophysis due to inhibi
tion of the release of LH. 

High doses of estrogens and progesterone 
almost completely suppress secretion of pitui-
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tary gonadotropins. A physiological suppression 
of this type is observed during pregnancy. 

In addition to the indirect, external feedback 
mechanism already described, there may be 
a direct internal feedback (the so-called short 
feedback mechanism) (DAVID, 1966), between 
pituitary and hypothalamus (SZONTAGH, 1964). 

The reaction capacity of the hypothalamus 
is influenced by the functional state of the 
limbic system (p. 555). The inhibiting action 
of certain drugs on hypothalamic nuclei must 
also be mentioned. These drugs are morphine. 
reserpine, atropine, pentobarbital and chlor
promazine. Their site of action has not been 
confirmed. Interruption of endogenous stimuli 
from the reticular formation is under discussion. 
According to recent investigations (KELLER, 
1968), clomide also exerts its anti-estrogenic 
action centrally in man. If estrogens are given 
to women with hypergonadotropic amenorrhea, 
there is a reduction of gonadotropin excretion 
(FSH and LH). On the other hand, if clomide 
is given together with estrogens, there is a 
significant rise in LH release. 

The peripheral regulatory system, the auto
nomic nervous system and the peripheral endo
crine organs interfere with the centrally con
trolled cybernetic system. Loss of this inter
vention leads to equilibrium disorders. The 
peripheral regulatory system is composed of 
various parts - the ovaries as chief site of for
mation of estrogens, the liver as site of break
down and conversion, kidneys and intestine 
as site of excretion, tissue as depot, and blood 
as transport agent. This peripheral system 
influences the blood level of sexual steroids 
considerably. Finally the autonomic nervous 
system determines circulation and course of 

Table 22 

International 
name 

Synonyms 

Hypophyseal gonadotropins 

FSH Follicle-ripening 

LH = ICSH = 
luteinizing = 
interstitial cell 
stimulating hormone 

LTH = LMTH = 
luteotropic hormone, 
luteomammatropic 
hormone 

HMG = human 
menopausal 
gonadotropin 

Placental gonadotropins 

HCG = human 
chorionic 
gonadotropin 

PMS = pregnant 
mare's serum 
gonadotropin 

hormone, follicle
stimulating hormone, 
prolan A, gonado
tropin I, thylacentrin, 
gametokinetic 
hormone, 
epithelial factor 

Lutinizing hormone, 
corpus luteum
ripening hormone, 
metakentrin, ovulation 
hormone, prolan B, 
gonadotropin II 

Luteotropic hormone, 
prolactin luteotropin, 
lactation hormone, 
lactogenic hormone, 
galactin, mammo
tropin, gonado
tropin III 

Menopausal gonado
tropin, castrate's 
gonadotropin 

Chorionic gonado
tropin, placental 
gonadotropin, 
pregnancy urine 
hormone (PU), 
anterior pituitary-like 
hormone (APL) 

Serum gonadotropin, 
equine gonadotropin 

Chemistry and 
physical data 
(ODELL, 1964) 

Glycoproteid: 
protein + mannose. 
Mol. wt: 41000. 
Soluble in water, 
soluble in trichloro
acetic acid 

Glycoproteid: 
protein + mannose. 
Mol. wt: 30000. 
water-soluble, 
insoluble in 
trichloroacetic acid 

Simple protein. 
Mol. wt: 32000. 
hardly soluble in 
water, soluble in 
slightly acidic methyl 
and ethyl alcohol 

Glycoproteid: 
protein + hexose. 
Mol. wt: 36000. 
water-soluble 

Glycoproteid: 
Mol. wt: 29000-30000. 
water-soluble 

Glycoproteid: 
protein + galactose. 
Mol. wt: 30000 
water-soluble 

Origin 
(HERLANT, 1966) 

y cells (ampho
phile = chromo
phobe cells) 

1) cells (hypo
cyanophile cells) 

cr cells (eosinophilic 
cells) 

y + 1) cells 

Trophoblast 

Trophoblast or 
decidua 

Effect 

Growth of secondary 
and tertiary follicles 

With FSH: estrogen 
synthesis and release of 
ovum; formation of 
corpus luteum 

In rodents: stimulates 
endocrine function of 
corpus luteum, preserves 
corpus luteum 

Similar to LH 

Similar to FSH 
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reaction attitude of the peripheral endocrine 
glands and their reacting organs by direction 
of the effect and tone. 

4. The Pituitary Gonadotropins (Table 22) 

The ovaries of a non-pregnant, sexually mature 
woman are controlled by pituitary gonado
tropins, follicular stimulating hormone (FSH) 
and luteinizing hormone (LH), also known as 
the interstitial cell-stimulating hormone (lCSH). 
It has only recently been successfully proved, 
after numerous objections, that FSH and LH 
are two different pituitary gonadotropins. The 
activities of the two hormones can be more 
or less completely separated by chromato
graphy (REICHERT, 1964; ALBERT, 1965), and 
they also show differences in metabolism (p. 560) 
(KELLER, 1966). Trypsin destroys 99 % of LH, 
whereas FSH is not affected. There are still 
no FSH and LH preparations which are ab
solutely chemically and immunologically pure. 
Only highly purified pituitary or urinary FSH 
and LH are available (Roos, 1964). Thus, 
NIH-FSH-Sl contains only 0.6% LH (PARLOW, 
1961). In contrast to the situation in the rodent, 
the luteotropic hormone (L TH) seems to have 
no effect on ovarian regulation in the human. 
FSH and LH are sufficient to produce a biphasic 
cycle with normally functioning corpus luteum 
in hypophysectomized women (GEMZELL, 1964). 
N or is L TH identical to prolactin in the woman. 

Structure. FSH and LH are glucoproteins 
(G6SCHEL, 1960) containing the carbohydrate 
mannose. Apart from containing glucosamine, 
sialinic acid is bound terminally to the protein 
(Table 23). This forms an integral component 
of the biological potency of these two hormones. 
Enzymatic splitting of sialinic acid by neura
midase leads to a loss of at least 97 % of the 
activity. Splitting off of mannose also results 
in a definite loss of activity. Although pituitary 
FSH and urinary FSH have the same qualitative 

Table 23. Chemical and biological properties of human 
FSH in hypophysis and urine. (After P. RODS, 1967) 

Hypophyseal FSH Urinary FSH 

Molecular weight 41000 28000 

No. of amino acids 254 208 

Residues per mol 
Hexose 39 14 
Glucosamine 30 8 
Sialinic acid 8 2 

Biological activity 14000 780 
IU/mg 

Yield 2 ~g/hypophysis 1 ~g/liter 
urine 

559 

composition and clinical action, they appear 
to differ in molecular weight (Roos, 1967) 
(Table 23). 

a) Production and Plasma Content 

Hypophyseal gonadotropins are formed in the 
anterior pituitary. It is still not clear what 
type of cells synthesize them (HERLANT, 1966). 
Whereas the fetal hypophysis appears to contain 
very small amounts of gonadotropins, there is 
none present in children before the 6th year 
(Table 24). On the other hand corticotropin 
and somatotropin are present in the infantile 
hypophysis in similar concentrations to those 
in the adult. 

The lack of pituitary gonadotropins during 
infancy is substantiated by the observation 
that gonadotropins cannot be demonstrated in 
the urine until 3-4 years before menarche. The 
appearance of pituitary gonadotropins in the 
urine before the 9th year of life is described 
by JOHNSON (1959) as pathologic. They should, 
however, be present in the urine not later than 
the 13th year. 

FSH and LH content in the hypophysis 
rises during the individual phases of life of the 
woman right into senility, except during preg
nancy. 

During pregnancy, the gonadotropin con
tent in the pituitary is low, due to the high level 
of sexual steroids. Conversely, the pituitary 
contains the largest amounts of gonadotropins 
after the menopause (Tables 24, 25). Release 
and probably also formation of gonadotropins 
results from the influence of releasing hormones 
of the hypothalamus (p. 555). 

Investigations on the transport of gonado
tropins in the blood have yielded very variable 
results. It is possible that they are transported 
in Cohn fractions II and III, which include 
~-lipo-proteins and y-globulins. In sexually 
mature women, plasma values of total gonado-

Table 24. Total gonadotropin content (TGA) of human 
hypophyses. (After BETTENDORF, 1962) 

No. of TGA' per TGA' per 
hypophyses mg dry hypophysis 
processed weight 

Fetuses 6 0.5 1.6 
(0-4.0) 

Children up to 6 neg. neg. 
5 years 

Women >60 6 11 1360 
(5-17) (465-2320) 

Pregnant 4 0.2 36 
women (0.1-0.3) (17-68) 

• HMG units (HMG-20A). Extremes of range given in 
brackets. 
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tropic actlvity vary between 0.6-3 mg of the 
2nd international reference preparation (2nd 
IRP-HMG) per liter plasma. In the postmeno
pause these values are 20 times higher, lying 
between 10-50 mg of the 2nd IRP-HMG per 
liter of plasma (KELLER, 1965; MIDGLEY, 1968) 
(Table 26). 

Table 25. LH content of human hypophyses (After RYAN, 
1962) 

Children 
up to 5 

Women 
(20-40 years) 

Women in 
premenopause 

Women in 

No. of LH per 
hypophyses g wet 
processed weight 

4 0.37 
(0.05-0.55) 

5 2.48 
\0.24-5.14) 

2 3.70 
(3.16-4.23) 

4 7.64 

LH per" 
hypophysis 

0.034 
(0.009-0.052) 

1.25 
(0.16-2.21) 

1.92 
(1.31-2.53) 

3.45 
postmenopause (2.04-15.13) (1.19-5.46) 

, In mg NIH-LS. 

Table 26. Normal gonadotropin values in plasma in woman 

Stage of TGA FSH LH 
life mg-eq. 2IRP IU per IU per 

per liter liter liter 

Sexual 0.5-2.4' 6.2-10.8b 7.4-13.2b 
maturity (Ovulations- (Ovulations-

max. 21.5) max. 47.8) 

After 10-46' 80-200' 50-200' 
menopause 

, P. J. KELLER (1966). 
b A. R. MIDGLEY (1968). 

b ) Metabolism and Excretion 

Very little is known about the metabolism. The 
functional state of the liver does not seem to 
influence gonadotropin levels in the blood and 
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urine. Gonadotropins are excreted through 
the kidneys, although these hormones are 
highly molecular glycoproteins. Comparative 
studies in plasma and urine have shown that 
the average renal clearance for total gonadotropic 
activity is 0.17 ml/min (APOSTOLAKIS, 1960), 
0.58 ml/min for FSH, and 0.14 ml/min for 
LH (KELLER, 1966). It is 0.95 ml/min for HCG 
(LORAINE, 1950). Only a small proportion of 
plasma gonadotropins are excreted through 
the kidneys. Most of the secreted gonadotropins 
are probably inactivated in some still unknown 
manner. The obviously different excretion ratios 
for FSH and LH also add to the evidence that 
they are two different substances. These ratios 
also explain why urinary and plasma gonado
tropins are qualitatively different in composi
tion (Table 23). Gonadotropins are not demon
strable in the urine until 3-4 years before 
menarche. In adolescence there is an irregular 
excretion pattern with isolated FSH and LH 
peaks until regular biphasic cycles are estab
lished. Excretion values of gonadotropins ex
hibit a characteristic course in the sexually 
mature woman (ROSEMBERG, 1965; McARTHUR, 
1958; FUKUSHIMA, 1964). Both gonadotropins 
are demonstrable throughout the cycle, LH 
showing a higher peak than FSH at the time of 
ovulation (1st to 6th day and 1st to 2nd day 
respectively after fall in temperature). At mid
cycle, LH levels in the urine reach 40 IH/24 h 
(Fig. 41). The total gonadotropic activity (TGA) 
in the 24-hour urine specimen varies between 
0.4-2 mg of the 2nd IRP-HMG (Table 27). 

A considerable change in the FSHjLH 
quotient can arise in pathologic endocrine 
states (Table 28). These are only temporary 
values and other investigators have obtained 
different results. The normal LH titer and the 
almost absent FSH titer are striking findings 
in precocious puberty, and it can be assumed 
from this that premature stimulation of the 
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Fig. 41. Excretion curves for FSH and LH during the normal biphasic cycle (after KELLER, 1970). (Plotted from pooled 
values in 7 cycles) 
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Table 27. Normal gonadotropin excretion values in woman. (After KELLER, 1969) 

Stage of TGA FSH LH 
life mg-eq./24 h IU/24 h IU/24 h 

Childhood 0.2 2 3 

Adolescence 0.2-1.0 2-8 3-10 

Cycle 0.4-2.0 4-15 2-8 

Pregnancy 

Lactation 0.4-2.0 4-10 2-8 

Premenopause 3.0-40 40-400 15-90 

Postmenopause 3.0-15 40-200 10-60 

Table 28. FSH and LH excretion in endocrine diseases 
(KELLER, 1968) 

Clinical 
diagnosis 

Cases FSH LH 

Pubertas 
praecox 

3 

Fertile eunuchs 3 

Hypophyseal 
adenoma 

Stein-Leventhal 3 
syndrome 

Klinefelter's 2 
syndrome 

Ovarian 2 
dysgenesis 

o Castrates 

Turner's 3 
syndrome 

Q Castrates 3 

excreted excreted 
IU/24 h IU/24 h 

1.3-2.0 1.8-3.7 

2.4-8.3 5.9-9.5 

2.5-3.5 4.3 4.5 

6.0-9.9 5.5-16 

81-101 44-69 

38-44 21-22 

28-31 5.1-9.2 

73-110 20-22 

25-45 3.7-5.1 

FSH/LH 

0.5-0.8 

0.4-0.9 

0.6-0.8 

0.6-1.5 

1.5-2.3 

1.8-2.1 

3.4-5.5 

3.6-5.0 

5.1-8.8 

48-h to 144-h aliquots unne. Extraction after ALBERT. 
Determination of FSH after STEELMAN and POHLEY. Deter
mination of LH by ascorbic acid depletion test after PARLOW. 
Standard: 2 IRP HMG. 

sexual steroids is due only to LH. The relatively 
high production of LH in fertile eunuchs 
indicates peripheral failure and not primary 
pituitary insufficiency, Whereas the activity of 
both FSH and LH is elevated in ovarian dys
genesia, it is predominantly FSH which is 
elevated in cases of male gonadal dysgenesia 
and in castrated women, 

During the climacteric, FSH values rise 
rapidly and LH to a lesser extent. These values 
remain high right into senility when cycles 
disappear (Tables 26, 27), Both values fall again 
slightly after the 70th year. 

Characteristics 

No gonadotropins demonstrable until 3-4 years 
before menarche 

Irregular pattern of excretion with separate peaks 
for FSH and LH 

Mid-cycle rise in FSH and LH, LH up to 40 IU 

Not determinable due to presence of HCG, probably 
secretion of FSH and LH is copious 

Situation similar to that during cycle, isolated LH 
peaks possible 

Rapid rise of FSH values, less pronounced rise in 
LH values 

High gonadotropin values persisting into senium in 
absence of cycles 

c) Biological Action 

One action of FSH is to stimulate follicular 
maturation. Estrogens are produced under the 
combined influence of FSH and LH, predo
minantly in the thecal cells of the growing 
follicle. LH also stimulates the 20- and 22-
hydroxylation of cholesterol, producing preg
nenolone in the process. (lSCHII, 1963; MASON, 
1961). Increasing amounts of estrogen act 
on the hypothalamus and probably cause a 
decline in FSH secretion by means of the 
feedback mechanism. The increasing estrogen 
titer may stimulate the release of LH. The 
terminal spurt of growth of the Graafian 
follicle and ovulation are due to the rapid 
increase in LH liberation. The number of 
follicles which reach maturity and the rate 
of maturation seem to be constant for each 
species (GEMZELL, 1969). Administration of 
additional FSH increases the number of mature 
follicles, but the speed of maturation is un
changed. In order to produce the number of 
fertile ova specific to anyone species, the 
amount of FSH secreted by the anterior pitui
tary must be constant. In the human, only one 
follicle of the original group of maturing 
follicles reaches full maturity and ovulation; 
the others become atretic. The mechanism of 
this selection is not known. 

The ruptured follicle becomes luteinized 
under the increasing influence of LH. Synthesis 
of progesterone and estrogens is stimulated 
in the corpus luteum. Progesterone inhibits 
LH secretion, either by a direct central action 
or by its antiestrogenic effect. This leads to 
regression of the corpus lute urn about 10 days 
after ovulation in the absence of a pregnancy. 
The fall in the estrogen levels causes the feed
back mechanism to fail and there is a new 
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increase in FSH during menstruation. LH 
secretion, however, remains low, since the-low 
estrogen production is insufficient for stimula
tion of LH secretion. Thus, a new cycle is 
started. 

170 IV FSH are found during the first days 
of the cycle. The hypophysis of a normally 
ovulating woman secretes about 2000 IV FSH 
during a four-week cycle, about half of it before 
ovulation (GEMZELL, 1969). 

d) Estimation 

In recovery tests in young women with 
primary amenorrhea and low urinary excretion 
of FSH it was possible to recover 12.8-20.8 % 
(average 17 %) of the FSH administered from 
the urine (GEMZELL, 1969). During a normal 
28-day cycle, about 360 IV FSH (2nd IRP
HMG) can be found in the urine. About 

In contrast to the estimation of HeG, that of 
pituitary gonadotropins in the urine and plasma 
is still associated with considerable difficulty. 
Pituitary gonadotropins can be detected by 

Table 29. Most usual biological methods for the estimation of gonadotropins. (After KELLER, 1971) 

Test Specificity End point Duration of Sensitivity Precision 
test (days) 

Mouse uterus test TGA Weight of uterus 3 0.03 mg-eq. 2nd IRP 0.06-0.15 
(KLINEFELTER, 1943) in infantile mice 
(MU test) 

Rat ovary test TGA Weight of ovaries 3.5 0.2-0.4 mg-eq. 0.10-0.24 
(RO test) in infantile rats 2nd IRP 

Augmentation test FSH Weight of ovaries 3.5 1-2 IU FSH 0.10-0.24 
after STEELMAN and in HCG-stimulated 
POHLEY (1953) infantile rats 

Augmentation test FSH Weight of ovaries 3.5 0.5-1 IU FSH 0.20-0.50 
after BROWN (1955) of HCG-stimulated 

infantile mice 

Ventral prostata test LH Weight of ventral 4.5 0.4-0.8 IU LH 0.15-0.40 
(VRP test) (ICSH) flap of prostata of 
(GREEP 1941) infantile, hypophys-

ectomized rats 

Ovarian ascorbic LH F all in ascorbic 0.3-0.6 IU LHa 0.10-0.28 
acid depletion test (ICSH) acid in ovary of 
after PARLOW (1958, infantile pseudo-
1960) (OAAD test) pregnant rats 

a When NIH LH is used as the standard preparation the sensitivity is approximately 10-12 times higher. 

Table 30. Most usual methods for extraction of gonadotropins from urine and plasma. (After KELLER, 1971) 

Method Principle Processing Yield 
time (hours) 

1. Urine 

Kaolin and acetone Adsorption of gonadotropins onto kaolin at 1-1.5 50-200 mg/24 h 
method after acid pH, elution with ammoniac and 
ALBERT (1955) precipitation with acetone 

Kaolin and acetone As above 2-3 150-500 mg/24 h 
method after LORAINE 
and BROWN (1954) 

Tannic acid method Precipitation of gonadotropins in unacidulated 1-1.5 20-100 mg/24 h 
after JOHNSON (1959) urine with gallic acid with addition of Hyflo-

Supercel, elution with ammoniacal alcohol, 
precipitation with alcohol 

2. Plasma 

Acetone precipitation Precipitation of total proteins with acetone, 60-80 mg/ml 
after ApOSTOLAKIS (1960) dialysis against physiological saline 

Alcohol and ammonium Precipitation of total proteins with alcohol, 1-1.5 5-12 mg/ml 
acetate method after extraction with ammonium actetate and alcohol, 
KELLER and ROSEMBERG reprecipitation with alcohol 
(1965) 
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biological, immunochemical or radioimmuno
logical means. 

Biological methods are now principally used 
for routine investigations (KELLER, 1963). They 
are based mainly on stimulation of the genital 
organs of rats and mice (Table 29) and involve 
two steps: concentration of gonadotropic sub
stances from urine or plasma (Table 30), and 
biological testing of the extracts (Table 29). 
Since the concentration of pituitary gonado
tropins is low in urine and even lower in plasma, 
accumulation is necessary for the biological 
estimation. We have found that among the 
numerous extraction methods (Table 30) from 
urine, the kaolin-acetone method after ALBERT 
(1955), modified after HEINRICHS and EULEFELD 
(1960), has proved most suitable for routine 
laboratory work (Table 31). The average re
covery is 93.7%, and the method is quick, 
cheap and simple to carry out. 

Immunochemical methods, in which gonado
tropins are estimated with the aid of specific 
immune antibodies, are increasing in impor
tance. This is especially applicable to estimations 
of HCG and LH, since there is a cross-reaction 
between HCG and LH. Indeed, the estimation 
of LH activity by means of an antiserum to 
highly purified pituitary LH gives practically 
identical values to those obtained when anti
serum to HCG is used instead. Immunological 
measurement of LH in the urine is very sensitive, 
simple, and quick. It gives a reliable picture 
of the excretion pattern for LH (Fig. 42). 

110 Immunological activity 
LH Biological activity 

lUll Iter 
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Table 31. Extraction of hypophyseal gonadotropins from 
urine after ALBERT. (After KELLER, 1971) 

Acidulation of the 24-h urine to pH 4.5 with glacial acetic 
acid and addition of 20 g kaolin. Mix with magnetic stirrer 
for 3 min. 

Filter of the urine in automatic rapid filter (Spincraft) and 
was tk'e residue with 2 liter water at pH 4.5. 

1 
Elution of the gonadotropins with 100 ml 2 mol NH4 0H 
pressed through twice. Final wash with 30 ml distilled water. 

1 
Adjust to pH 5.5 with glacial acetic acid and extract with 
2 volumes acetone. 

1 
Leave to standard at 4c C for 30 min, centrifuge, dry the 
precipitate. 

However, there is still no proof that the reaction 
for LH is specific, and that augmentation factors 
are not determined at the same time. LH 
measured biologically is not identical to LH 
estimated immunologically. It is thus possible 
that the biological extraction necessary alters 
the biological action of the gonadotropins. 
Obtention of a genuinely pure preparation for 
the production of specific antibodies is the 
greatest problem in immunological methods. 

Immunochemical assay of FSH in the urine 
has recently also become possible. In the serum, 
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and an immunological method. (After WIDE, 1966; from McARTHUR and INGERSOLL, 1958) 
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plasma, and in certain conditions in the urine, 
FSH and LH can be estimated by radioimmuno
assay. As this is a rather sophisticated method it 
is still performed only in a few specialized 
laboratories. 

Chemical methods, which are still based 
on the demonstration of glucoproteins, are not 
specific enough. Further progress is necessary 
before anything more can be learnt about the 
chemical structure of gonadotropins. Lack of 
a chemical method for the quantitative estima
tion of gonadotropins and of chemically pure 
gonadotropin are the main reasons why there 
is still no reliable, generally recognized weight 
unit for gonadotropins. 

The standards in use for pituitary gonado
tropins and the conversion factors are presented 
in Table 32. The 2nd international reference 
preparation (2nd IRP) is the standard prepara
tion used at present. It is obtained from post
menopausal urine, and one ampoule contains 
5 mg active material or 40 IU FSH or LH. 

Table 32. Usual standards for hypophyseal gonadotropins. 
(After KELLER, 1971) 

Pre- Appli- Unit Conversion 
paration cation 

HMG24 TGA mg-eq. 1 mg - 0.06 mg 2nd IRP 
(1st IRP) FSH mg-eq. 1 mg - 0.15 IU FSH 

LH mg-eq. 1 mg - 0.50 IU LH 

2nd IRP TGA mg-eq. 1mg-8U 
-19 mg HMG 24 

FSH IU 11U FSH: 
-0.045 mg NIH FSH Sl 
-7mgHMG24 

LH IU 11U LH: 
-0.015 mg NIH LH Sl 
-2mgHMG24 

NIH FSH mg-eq. 1 mg - 221U 
FSHS1 -150 mg HMG 24 

NIH LH mg-eq. 1 mg - 671U 
LHS1 -135 mg HMG 24 

Conversions for LH are based on the ventral prostata test. 
Other factors must be considered if the OAAD is used. 

e) Therapeutic Use 

Due to their ability to stimulate follicular growth 
and to induce ovulation, pituitary gonado
tropins are used in the treatment of anovulatory 
sterility. Originally, extracts from animal pitui
taries and from the serum of pregnant mares 
(PMS = pregnant mare's serum) were used 
as FSH preparations. The results obtained 
with these extracts were, however, disappoint
ing, since these heterologous gonadotropins 
showed an antigenic effect in man. So-called 
antihormones are formed, which weaken or 
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inhibit gonadotropic activity. In addition, the 
action of these heterologous proteohormones 
is probably inconstant in man due to species
specificity. Quite often allergic reactions were 
produced. Ovulation was successfully induced 
in women with amenorrhea for the first time 
in 1958, by administration of FSH from human 
pituitaries with human chorionic gonadotropin 
(HCG) (GEMZELL, 1958). 

It was shown subsequently, in 1960, that 
FSH obtained from the urine of postmenopausal 
women, was clinically active (LUNENFELD, 1960). 
This substance was given the name human 
menopausal gonadotropins (HMG) and came 
onto the market in the purified form in 1964, 
under the name Pergonal (75 IU FSH + 
75 IU LH) (DONINI, 1964). Humegon (75 IU 
FSH) is also obtained from postmenopausal 
urine and is used for the same purpose. 

Ovulation release due to human FSH and 
HCG is dependent on various factors (GEMZELL, 
1969): 

1. the ratio of FSH to LH in the preparation 
used; 

2. the total dose of FSH/LH and HCG; 
3. the time at which FSH/LH and HCG 

are given. 
The ratio of FSH to LH can, seemingly, 

vary between 1 : 2 and 2 : 1 with no significant 
loss of activity. From recovery experiments 
with physiological doses it has been calculated 
that 75-100 IU of FSH must be administered 
daily for 8-10 days to produce ovulation 
(p. 562). If no reaction occurs, the daily dose can 
be increased to 250 IU, although the risk of 
overstimulation increases rapidly (p. 600, 630). 
There is no necessity to separate human LH 
for therapeutic purposes. Large amounts of 
chorionic gonadotropin (HCG) occur in preg
nant urine, and the luteinizing effect of this 
HCG is adequate. HCG is usually given in 
single doses; as a rule, 5000 IU are given daily 
for 3 days, the first dose of HCG usually 
coinciding with the last of FSH. The results 
obtained with this method are very good with 
the right choice of patients (GEMZELL, 1958, 
1963, 1966, 1967, 1969; TAYMOR, 1963; RosEM
BERG, 1964; BETTENDORF, 1964; VAN DE WIELE, 
1965; KISTNER, 1966). (Refer to p. 600, 630 for 
more about treatment.) 

E. Ovulation 

Ovulation is the central event in a normal 
biphasic ovarian cycle. During this process, 
the fertile ovum leaves the ovary and reaches 
the tubal ampulla by way of the collecting 
mechanism. 
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The processes responsible for ovulation 
are the same in all spontaneously ovulating 
animals (e.g. mice, rats) and in women. The 
preovulatory increase in the ovarian secretion 
of progestin (EVERETT, 1944) causes the peak 
of preovulatory LH secretion due to increased 
LRH secretion (McARTHUR, 1959). This peak 
in turn leads to the terminal spurt of growth 
of the Graafian follicle and to ovulation. 

Anatomy, endocrinology, and central regula
tion of ovulation are discussed on p. 512 ff., 544ff. 

1. Influence of Thyroid Gland and Adrenal 
Cortex on Ovulation 

A high percentage of female patients with 
thyroid dysfunction, whether hypothyroidism 
or hyperthyroidism, suffer from anovulatory 
cycles with oligomenorrhea or amenorrhea and 
from dysfunctional hemorrhage depending on 
the severity of the thyroid disorder (SCHNEE
BERG, 1967). The pathophysiology underlying 
ovarian dysfunction in these conditions is, 
however, not exactly known at present. Ex
periments in rabbits, mice, rats and baboons 
show that thyroid hormones can intervene at 
various stages in the complex mechanism of 
ovulation. Thus the injection of thyroxine 
leads to an elevated concentration of thyroxine 
in the paraventricular nucleus and eminentia 
mediana (FORD, 1958). Surgical removal or 
medical inactivation of the thyroid gland causes 
FSH secretion to be increased and LH secretion 
to be reduced, resulting in follicular persistence 
and endometrial hyperplasia (CHU, 1945), and 
also in increased sensitivity of the ovaries to 
exogenous gonadotropins (FLUHMANN, 1934; 
MANDL, 1957). It is assumed that thyroxine 
stimulates LH secretion and inhibits formation 
of LH (CHU, 1945). 

Whereas there is no doubt that there is 
an etiological connection between thyroid dys
function and anovulation, it is doubtful whether 
there is any such connection in sterile women 
who are euthyroid. Much has been written 
about the value or otherwise of treating female 
infertility with thyroid hormones (ENGLE, 1959; 
KUPPERMANN, 1959; KOTZ, 1961; STARR, 1962, 
1966; ROGERS, 1963; LLOYD, 1964; SCHNEEBERG, 
1967). Although ovulation induction by thyroid 
hormones has not so far been statistically 
proved in sterile euthyroid patients, there are 
still people who support this form of treatment 
of female sterility (ENGLE, 1959; KUPPERMANN, 
1959; STARR, 1962). However, since the intro
duction of human gonadotropins and anti
estrogens into the treatment of anovulation, 
the empiric treatment with thyroid preparations 
for female sterility has not been considered so 
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important. In our opinion this form of treatment 
is not justified in clinically euthyroid women 
in whom laboratory findings are normal. The 
objection that subclinical states of hypothyr
oidism may be overlooked is in our opinion 
not valid. 

It has long been known that there is a 
functional relationship between adrenal cortex 
and ovary. Disturbances of adrenocortical func
tion associated with increased production of 
sexual steroids, such as Cushing's syndrome 
and the adrenogenital syndrome, are connected 
with ovarian dysfunction particularly often. 
It can be shown experimentally that adrenal
ectomized rats have no ovarian reaction to 
injected gonadotropins. This observation is 
equivalent to the clinical finding of amenorrhea 
in female Addisonian patients. 

Despite numerous studies (JEFFERIES, 1966) 
the exact nature of the mutual influence be
tween adrenal cortex and ovary are still not 
clear. The increased androgen production in 
Cushing's syndrome and the adrenogenital 
syndrome suggests that this may interfere with 
ovarian function via the hypothalamus and 
pituitary. This conjecture is supported by the 
observation that numerous women with ovarian 
dysfunction show signs of acne, and hirsutism 
and have a slightly higher 17-ketosteroid ex
cretion than normal. It is, however, true that 
women with abnormally high androgen produc
tion can be fertile, and also that even slightly 
higher androgen production than normal can 
lead to considerable ovarian dysfunction. It 
is possible that the increase in adrenal estrogen 
production which is often found at the same time 
is etiologically involved in the ovarian dys
function. 

Prolonged cortisone treatment can lead to 
normalization of ovarian function in some 
cases. JEFFERIES (1963) reported on 104 women 
with ovarian dysfunction, in whom gonado
tropin excretion was normal or low and in 
whom there was no tumor or primary pituitary 
disturbance. These women received 10 to 20 mg 
cortisone daily for 6 months. Ovarian function 
improved in 4 out of 5 patients, and 2 of every 
3 sterile women conceived when the husband's 
semen was normal. 

2. Proof of Ovulation 

Despite all efforts, there is still no reliable 
and simple method of estimating the exact 
time of ovulation. Even success of artificial 
insemination at the first attempt and pregnancy 
arising after a single act of intercourse permit 
only approximate dating of ovulation, since 
the lives of the ovum and sperms are of un-



566 

certain duration. Exceptionally, ovulation can 
be visually observed during culdoscopy, culdo
wmy or laparotomy, but these methods are 
not suitable for practical purposes. Biopsy 
of the corpus luteum for the histological 
assessment of its age (HARTMANN, 1955) is 
only possible in special cases and hardly offers 
any more information than is obtained from 
the endometrial biopsy (p. 566). 

The occurrence of ovulation can be shown 
by a number of other methods, some of which 
are indirect and not entirely reliable. Pregnancy 
is the only certain proof of ovulation. In all 
other cases, several indirect methods must be 
employed together to show that ovulation has 
occurred. Since none of them is fully reliable, 
the result of any single test is a mere indication. 
All the tests are based on the formation ofproge
sterone in the corpus luteum. 

a) Pregnanediol Excretion in the Urine (Fig. 43) 

Less than 1.5 mg pregnanediol is excreted in 24 
hours until shortly before the fall in urinary 
estrogens and shortly after the basal temperature 
rises (KLOPPER, 1957). This pregnanediol derives 
from adrenal progesterone (residual proge
sterone). On day 2 or 3 after the temperature 
has increased, progesterone excretion rises rap
idly and reaches its peak 5-7 days before the 
onset of menstruation. A maximum of about 
5 mg pregnanediol is excreted in 24 hours in 
the presence of one corpus luteum (KLOPPER, 
1957), but GEMZELL and Roos (1966) calculated 
significantly higher values in the cases of 
mUltiple pregnancies, indicating that several 
corpora lutea had developed at the same 
time. However, greatly increased pregnanediol 
values in the urine are no definite evidence 
that ovulation has occurred or that a corpus 
luteum has been formed. This fact has been 
confirmed by observation of cases in which 

.. 
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Fig. 43. Excretion of pregnanediol in 18 women during 
a biphasic cycle. The numeric values refer to the number 
of days before the beginning of the next period. (After 
GUAL,1966) 
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a greatly elevated pregnanediol excretion was 
found to be due entirely to luteinization of the 
thecal cells of several follicular cysts (GARCIA, 
1967). 

b) Endometrial Biopsy (p. 625) 

The study of so-called diagnostic smears from 
endometrial strips obtained from outpatients 
is a relatively reliable indirect method of 
determining histologically whether ovulation 
has occurred or not. This method is well suited 
for fixing the time of ovulation. It is best to take 
the biopsy from the fundus of the uterus on 
the 9th day of the hyperthermic phase. Errors 
of interpretation are reduced by these measures. 
In contrast to pregnanediol excretion, which 
can vary greatly from one person to another 
(Fig. 43), the histological picture of the endo
metrium changes uniformly and quite regularly 
under the influence of progesterone (ROCK, 
1937; HERTIG, 1946; NOYES, 1950) (Fig. 29). 
An experienced investigator can determine the 
cyclic phase to within 48 hours from the degree 
of secretory transformation (p. 540), which 
allows the time of ovulation to be assessed quite 
accurately (NOYES, 1950). Reproducibility and 
accuracy are good with this method (NOYES, 
1953), and endometrial maturation is fairly 
uniform in the different fundal sections (NOYES, 
1956). 

c) Vaginal Cytology (p. 534) 

Daily preparation of a vaginal smear is a 
relatively simple and reliable method of roughly 
estimating the time of ovulation and assessing 
the state of ovarian function (RILEY, 1955). 
It is particularly suitable for the assessment 
of estrogen secretion during the follicular phase. 
It has been shown that during the follicular 
phase, the karyopyknotic index bears a signifi
cant relation to the logarithm of the total 
excretion of estrogens (JOHANNISON, 1961). In 
contrast to the situation in the endometrium, 
progesterone tends to . have a nonspecific 
action on vaginal epithelium, and androgens, 
for example, can also produce the same effects. 
The vaginal smear at the time of ovulation has 
a characteristic "clean" appearance (p. 537 
and Fig. 22). Results obtained are only reliable, 
however, when smears are taken continuously . 
Typical regressive changes occur in the individual 
cells within 1-2 days after ovulation (p.537 
and Fig. 23). These changes have been mentioned 
already and are not due to progesterone alone 
but can also be produced by a fall in the level 
of estrogens alone, by androgens or by cortico
steroids. 
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Special practical importance is attached to 
exfoliative cytology when ovulation is stimulated 
by human gonadotropins and in the case of 
artificial insemination. 

d) Cervix Factor (p. 538) 

Examination of the cervical mucus, including 
assessment of the quantity, color, spinnbarkeit, 
crystallization (Fern test), penetrability to sperms 
(Sims-Huhner test) and the number of leuko
cytes contained, is another fairly simple method 
of determining the approximate time of ovula
tion and whether progesterone secretion has 
already started (Fig. 44). The width of the exter
nal os is also of practical use. There are also 
other methods of estimating the so-called cervix 
factor, such as measurement of the glucose 
content (BIRNBERG, 1958; DOYLE, 1959), the 
sodium chloride concentration, or the enzyme 
content (DONAYRE, 1965) or protein content 
(MOGHISSI, 1966). The cervix factor can also 
be assessed from its immunoelectrical behavior 
(HERVE, 1965). However, these additional meth
ods are of no practical importance since they 
are unreliable and considerably more costly 
than assessment of the spinnbarkeit and the 
fern test. 

e) Basal Body Temperature (BBT) (p. 546) 

The simplest and most widely used method of 
estimating the time of ovulation and corpus 
luteum function is measurement of the tem
perature on wakening (VAN DE VELDE, 1905; 
VOLLMANN, 1942). The curve is based on the 
temperature-decreasing action of estrogens and 
the thermogenic effect of progesterone. It is 
believed that a plasma progesterone concen
tration of 25 ng/ml always results in a rise in 
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BBT (Ross, 1970). In order to obtain reliable 
results a number of conditions have to be 
observed (p. 624). In general, the temperature 
fall before the temperature rise is taken as the 
time of ovulation. Pregnancy occurring after 
one act of intercourse or a single artificial 
insemination has, however, shown that there 
is probably no strict relation between basal 
temperature and ovulation (ABARBANEL, 1958; 
HARTMANN, 1962). According to recent ob
servations (JOHANSSON, 1972) a monophasic 
BBT is found in 12 % of cycles even though 
other parameters investigated suggest that ovula
tion has occurred. It can therefore be supposed 
that the registration of a monophasic BBT 
during an otherwise seemingly biphasic menstrual 
cycle does not warrant the conclusion that the 
cycle is anovulatory. 

j) Immunological Estimation of" LH 

The mid-cycle rise in LH secretion and excretion 
is taken as the immediate mechanism stimulat
ing ovulation. Even biological assays of LH 
excretion have shown that increased LH secre
tion can already be determined before ovulation 
but that the peak of secretion is reached only 
after ovulation (FUKUSHIMA, 1964; McARTHUR, 
1958; ROSEMBERG, 1966). This has been confirmed 
by investigations with immunological estima
tions of LH (WIDE, 1962). Thus, it has become 
possible to determine the day on which ovula
tion will occur. The immunological method is 
simple and quick, but it is costly and not very 
preCIse. 

Other tests for detecting ovulation, such as 
estimation of the action of oxytocin on myo
metrium contractibility (KNAUSS, 1935), pH 
changes in the vagina, electropotential changes 
between vagina and mons veneris (BURR, 1935) 

28 
Days 

Fig. 44. Diagram showing the pattern of changes in mass and viscosity of the cervical mucus and the dilatation of the 
orificium uteri related to the basal temperature. (After BERNOTH, 1956) 
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composition of the blood and alveolar CO2 

tension (GooDLAND, 1952), have failed to gain 
practical importance for various reasons. 

g) Clinical Symptoms 

"Mittelschmerz" and mid-cycle bleeding (p. 
608) are reliable signs of the time of ovulation, 
whereas intermenstrual discharge and changes 
in libido are of doubtful value. 

h) Conclusions 

Among the numerous methods available for 
detection of ovulation, the following investiga
tions have proved to be quite reliable: 

measurement of the basal body temperature; 
endometrial biopsy; 
pregnanediol excretion; 
assessment of cervix factor; 
vaginal cytology and immunological estima
tion ofLH. 
With the exception of the last method, 

none of the tests is reliable enough to be used 
as a single test. It is therefore necessary to use 
a combination of several (SEGNY, 1933; BERG
MANN, 1950; }tAUSCHER, 1954, 1956, 1964; 
BELLER, 1962). 

Stimulation of ovulation is discussed on 
p. 599,630. 

3. Inhibition of Ovulation 

It has been deduced from the neuro-hormonal 
mechanism regulating the female cycle that 
the ovaries fail to function normally if the 
mid-cycle LH secretion can be successfully 
suppressed or if ovarian response to gonado
tropins can be blocked. 

Such a state of temporary physiological 
sterility occurs during pregnancy. This is a 
case of hormonal sterility, since the large 
amounts of estrogens and gestagens formed 
in the placenta almost completely suppress 
the secretion of pituitary gonadotropins. 

HABERLANDT (1921) was the first to observe 
experimental hormonal sterility. He was able 
to show that ovaries of pregnant laboratory 
animals produced temporary sterility when 
transplanted into sexually mature female animals 
of tl:).e same species. Various investigators later 
showed (PAPANICOLAOU, 1926; PHILIPPS, 1937; 
MAKEPEACE, 1937) that progesterone inhibited 
estrus in rodents and produced temporary 
sterility in this way. BICKENBACH and PAULI
KOVIVS (1944) found that intramuscular ad
ministration of 20 mg progesterone daily in
hibits follicular maturation and ovulation in 
the female. Finally, Pincus and Chang in-
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vestigated the mechanism of inhibition of 
ovulation in rabbit and rat by means of proge
sterone and its derivatives and metabolites. 
Oral progesterone has only a weak effect, and 
at least 300 mg must be taken orally every 
day to suppress ovulation in the woman (PINCUS, 
1955). This prevents progesterone from being 
used as an ovulatory inhibitor in the woman. 

In 1954, two groups of chemists reported 
the synthesis of 19-norsteroids (COLTON, ZAF~ 
FARONI). The progestive effect of these sub
stances when given orally was described during 
the same year (HERTZ, 1954). Pincus and his 
team in particular deserve credit for examining 
the ovulostatic action of a large number of 
different steroids in rabbits and women (estro
gens and other phenol steroids, androgens, 
progesterone derivatives and 19-nortestoids). 

The first results on the contraceptive action 
of estrogen and progesterone mixtures in a 
large group of women appeared as long ago 
as 1957 (PINCUS, 1957; RICE-WRAY, 1957). 
From the large number of steroids so far inves
tigated, various progestagens (p. 522, 546) and 
a few estrogens have proved to have an ovulo
static effect when given orally. The progestagens 
now in use as ovulatory inhibitors in the woman 
can be divided into two groups: 

a) derivatives of 19-nortestosterone, the 
so-called 19-nortestoids (Fig. 45); 

b) derivatives of 17cx-acetoxy progesterone 
(Fig. 46). 

Both groups were first tested by PINCUS 
and his team before being introduced thera
peutically. 

19-nortestoid is a chemical derivative of 
testosterone, the only difference between the 
compounds being the absence of the methyl 
group at C-19. Hence the name -19-nor [no 
(r) = no methyl]. In addition, the 19-nortestoids 
now used as contraceptives have an ethinyl 
group at C-17, which stabilizes the molecule. 
These structural changes of the testosterone 
molecule result in a pronounced ovulostatic 
effect and the complete disappearance of andro
genic action in the doses required for contracep
tion. 

Clinical investigations have shown that six 
19-nortestoids are orally effective for contracep
tive purposes in the woman (Fig. 45). 

It has been shown that methylation and 
particularly chlorination at C 6 of 17cx-acetoxy 
progesterone derivatives considerably increases 
the ovulostatic effect. Introduction of a double 
bond at C 5-6 also has this effect. The molecule 
becomes stabilized since breakdown of the 
progesterone molecule by hydroxylation at 
C 6 is impeded. All four derivatives of 17cx
acetoxyprogesterone (Fig. 46) currently in use 
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for contraceptive purposes are therefore chlo
rinated or methylated at C 6. They are free of 
other hormone actions and cheaper to produce 
than 19-nortestoids. Since, unlike the nor
testoids, they are not partly broken down 
into estrogens, the stabilizing effect on the 
endometrium is slighter. Breakthrough bleeding 
often occurs. 

It is also known that estrogens and andro
gens in the correct doses can inhibit follicular 
growth (Fig. 46). The ovulostatic action of 
estrogens is now used in so-called sequential 
therapy (p. 573). Both groups of substances 
have significant disadvantages when used sepa
rately. Oral administration of estrogens often 
gives rise to gastrointestinal disturbances, pain
ful swelling of the breasts, and severe break
through bleeding of long duration, due to 
endometrial hyperplasia. In addition, the onset 
of bleeding is uncertain. Androgenic substances 
in the doses necessary to suppress ovulation 
lead to virilization when administered for long 
periods. 
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All ovulostatic preparations contain 0.5-
5 mg of a progestagen and 50-150 Ilg of an 
orally effective estrogen (Tables 33, 37). Either 
ethinyl estradiol (EE) or its 3-methyl ester 
(EE 3 ME), the so-called mestranol, is used. 
When these substances are used, the dose of 
progestin can be reduced, since in the doses 
used they themselves have a central ovulostatic 
action. This also reduces the danger of unwanted 
side effects due to progestagens. The atrophic 
action of progestagens on the endometrium 
is reduced, so that breakthrough bleeding and 
amenorrhea seldom occur. 

The contraceptive action of the estrogen
progestagen tablet is based primarily on in
hibition of follicular maturation and ovulation. 
A hypothalamic inhibitory action is also in
volved, as well as a probably direct action on 
the ovaries (Fig. 47). The pre-ovulatory LH 
spurt (STEVENS, 1965) is suppressed due to 
inhibition of the LRH, and the response of 
ovarian enzymes to gonadotropins is also 
reduced (MATSUMOTO, 1960; LUNENFELD, 1963). 

Table 33. Oral progestines and contraceptives. (Adapted from PINCUS, 1965) 

Progestagen mg Estrogen (~g) Brand name 

EE3ME EE 

19-Nortestosterone A4 -estrenolone Norethisterone 5 Primolut-N (Schering) 
derivatives (norethindrone) 5 Norlutin (Parke Davis) 
(estrane 2 100 Ortho-Novum (Ortho) 
derivatives) 

N orethisterone 5 Norlutate (Parke Davis) 
(norethindrone) 4 50 Anovlar 21 (Schering) 
acetate 2.5 50 Etalontin (Parke Davis) 

Ethynodiol diacetate 2 100 Metrulen (Searle) 
1 100 Ovulen (Searle) 
0.5 100 Ovulen (Searle) 

Norgestrel 0.5 50 Eugynon (Schering) 
Stediril (Wyeth) 

A5 (lOI_ Norethynodrel 10 150 Enovid, Enavid (Searle) 
estrenolone 5 75 Enovid, Conovid (Searle) 

2.5 100 Enovid-E, Conovid-E (Searle) 
Previson (London Rubber) 

Estrenolone 3-desoxynorethisterone 5 Lynestrenol (Organon) 
5 150 Lyndiol (Organon) 

Noracyclin (Ciba) 
2.5 75 Lyndiol 2.5 (Organon) 

Noracyclin 22 (Ciba) 

Progesterone 17 -ct-acetoxy- Medroxyprogesterone 2.5 Pro vera (Upjohn) 
derivatives progesterone acetate 10 Provera (Upjohn) 
(pregnane derivatives 10 50 Provest (Upjohn) 
derivatives) 5 50 Farlutal (Farmitalia) 

2 20 Protex (Leo) 

Megestrol acetate 4 50 Planovin (Novo) 
Volidan (BDH) 

Chlormadinone acetate 2 80 Lutoral (Syntex) 
Lormin (Lilly) 
Seq uens (Lilly) 

3 100 Aconcen (Mark) 

Anagestone acetate 2 100 Neonovum (Ortho) 
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Reserpine and chlorpromazine also exert a 
similar inhibitory action on gonadotropin secre
tion via the hypothalamus (Fig. 47). Ovulation 
is successfully blocked but galactorrhea occurs 
due to simultaneous loss of prolactin inhibition 
(RATNER,1964). 

! • 
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Antrgonado· rudera/e 1 L,lhospermum 

tropIC effect Lycopus v"ginICus 
Lathyrus odoraluS 
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(Melaxylo' 
hydroqulnonel 
Lysozyme 

Fig. 47. Sites of action of variou factors inhibiting fertility 

The changes in the endometrium and cervical 
mucus caused by the progestagens also exert 
a contraceptive effect. 

Chemical and physical changes occur in 
the cervical mucus. These changes are similar 
to those produced after ovulation due to the 
influence of gestagens and the cervical ascent 
of the sperms is impeded or made impossible 
(sperm barrier). 

Fertility inhibition due entirely to corre
sponding changes in the cervical mucus is 
currently being intensively tested experimentally 
and clinically. This method has proved success
ful ("Minipill"). This represents considerable 
progress, since a contraceptive effect can be 
achieved with a minimal change in the repro
ductive system (p. 575). 

The combination therapy (p. 573) also causes 
changes in the endometrium which impair 
blastocystic implantation (ROCK, 1956, 1957). 
Premature transformation with premature re-
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gression of the endometrial glands and endo
metrial atrophy arise after long-term treatment. 
These changes do not occur with the sequential 
therapy (p. 573) (Fig. 48). 

During treatment with oral contraceptives, 
estrogen excretion in the urine is reduced, the 
values being lower than those at the time of 
ovulation or during the luteal phase (LORAINE, 
1965; FLOWERS, 1966; WALLACH, 1968). Thus, 
there is a certain estrogen deficit during ovulo
static treatment. Prompt normalization of ex
cretion values even after treatment lasting many 
years shows that this inhibition of estrogens 
is not irreversible (LORAINE, 1965; WALLACH, 
1968). 

During medication with estrogen-proge
stagen drugs, pregnanediol excretion is reduced 
to the values found during the follicular phase. 
However, different investigators have found 
pregnanediol values similar to those arising 
during the luteal phase (GOLDZIEHER, 1962, 
1964; LIGGINS, 1967), but in the absence of 
pregnancy. Such values were found in 2.2 to 
8.7% of the cycles produced with different 
compounds. The following explanations are 
under discussion: 

1. formation of a corpus luteum during an 
"escape" ovulation, and 

2. luteinization of the follicles. 
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Fig. 48 a- c. Diagram representing behavior of the endo
metrium a) in the natural biphasic cycle; b) during pro
longed combined contraceptive treatment ; and c) during 
sequential contraception (HALLER, 1968) 
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Table 34. Efficacy of various contraceptive methods. (Adapt
ed from VENNING, 1965). 

Method 

No contraception 
Vaginal douching 
"Safe period" 
Vaginal jelly or cream 
Coitus interruptus 
Condom 
Diaphragm (with or without jelly) 
Intra-uterine contraceptive device 
Ovulation inhibitors 

• Pregnancies per 100 woman-years 

Average number of 
pregnancies per 
100 woman-years' 

115 
31 
24 
20 
18 
14 
12 

1-5.5 
0-3.1 

No. of pregnancies 
...,--:---::----:--:-'--"---,----:--:- x 1 200 
No. of months in observation period 

The development of corpora lutea during 
conventional ovulostatic treatment has been 
reported (ERB, 1965). 

Comparison with other contraceptive meth
ods has shown that hormonal contraception 
is very effective (Table 34). The rate of pregnancy 
(= No. of pregnancies observed x 1200 di
vided byno. of observation months ; Pearl Index), 
lies between 0 and 3, where failure is due partly 
to the fault of the patients and not to the drug. 
There are currently two methods of oral hor
monal contraception in use: 

Method I: combination therapy (PINCUS, 1955; 
ROCK, 1956) 

Method II: biphasic or sequential therapy 
(GREENBLATT, 1961; GOLDZIEHER, 
1963). 

The original administration schedule intro
duced by Pincus (Pincus schedule) prescribes 
one estrogen-progestagen tablet daily from the 
5th day for 20 to 22 days (combination tablet). 
The first day of the cycle is taken as the first 
day of menstruation. Withdrawal bleeding oc
curs 2-3 days after discontinuation of the 
tablets (i.e. on the 27th or 28th day of the cycle). 
Treatment is restarted on the 5th day after onset 
of bleeding. The following schedule is simpler: 
3 weeks intake, 1 week tablet-free; when 21 
tablets are used, treatment is always started 
on the same day of the week and there is a 
free interval of 7 days. If 22 tablets are used, 
the first and last tablets are taken on the same 
day of the week, and the free interval is only 
6 days. 

Sequential therapy is also started on the 5th 
day of the cycle. Pure estrogen tablets (80-
100 Ilg EEME) are taken for the first 14-15 
days, followed by conventional combination 
tablets for the next 5-7 days. The dose of 
estrogens selected is adequate to suppress 
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ovulation, and progestagens are used only 
to achieve secretory transformation and limited 
withdrawal bleeding. The sequential therapy is 
considered to be less safe than the combination 
method, since it is based entirely on inhibiting 
ovulation. It does, however, have the advantages 
that endometrial atrophy with the associated 
danger of amenorrhea are removed, and that 
unwanted side effects are less common. The 
withdrawal bleeding is more severe. 

With both forms of therapy, observation 
of two conditions is necessary to achieve a 
definite anti-fertile effect: 

1. medication must be started before the 
6th day of the cycle, and 

2. the tablets must be taken regularly . 
Corresponding investigations (MATSUMOTO, 

1960) have shown that follicular maturation 
and ovulation can no longer be eilectively 
suppressed if medication is started after the 
5th day of the cycle. Steroids are quickly meta
bolized, so that a single dose exerts a reliable 
inhibitory action on the ovary for only about 
36 hours. If a tablet is forgotten in the evening, 
it should be taken no later than the following 
morning. If the time interval is longer, it is 
pointless to double the dose. In order to main
tain the intake schema, the patient should 
continue with the usual daily intake until the 
24th day of the cycle. When a tablet has been 
omitted a conventional contraceptive method 
must be used in addition to the ovulation 
inhibitor for the remainder of the cycle. It 
has been shown statistically that the number 
of failures or pregnancies is related to the 
number of tablets omitted (PINCUS, 1965). The 
fact that an ovulostatic is only as reliable as 
the patient taking it is one of the main reasons 
why the failure rate is so high in the places 
where contraception is most needed, namely 
in the developing countries. Whereas in Holland, 
only 6 % of women stop taking the tablets 
with in one year (SWAAB, 1964),28 % of women 
in Singapore (SAN, 1963) and 74 % in Madras 
(MENON, 1964), stop within one year, and in 
Puerto Rico 82 to 92 % no longer take the tablets 
for contraception after 2i years (PINCUS, 1965). 

Doctors are often asked how quickly the 
contraceptive action develops after the begin
ning of tablet intake. Studies in a large number 
of women have shown that 6.3 of every 1000 
ovulations occur during the first 7 days of the 
cycle (RICHTER, 1963). Premature ovulation 
occurs almost without exception in women 
with short cycles. In these uncommon cases, 
tablet intake started on the 5th day is too late. 
To ensure full protection it is therefore wise 
to advise the couple to use another conven
tional contraceptive method during the first 
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10 days of the first intake cycle, or to tell the 
patient to start taking the tablets from the first 
day of the cycle. This is only necessary during 
the first cycle. 

To what age must contraception be prac
ticed? Although the likelihood of conception 
decreases rapidly after the 30th year and is 

Table 35. Treatment with ovulation inhibitors (SCHREINER, 
1966). (Available on prescription only) 

Before commencement of a treatment 

Case history .. }see contraindications Assessment of general conditIOn 
Examination of genital organs including breasts: colpo
scopy, cytotest after PAPANICOLAOU, bimanual palpation. 

During treatment 
First check-up after 2 months, then annual check-ups, 
annual cytotest after PAPANICOLAOU. 

Indications 
a) Contraception, polymenorrhea, oligomenorrhea, hyper

menorrhea, dysmenorrhea, premenstrual syndrome, func
tional sterility 

b) Functional sterility, genital hypoplasia, endometriosis 
c) Manipulation of menstruation 

Treatment schedule 
ad a) Cyclic treatment: 1 tablet daily on days 5-24 (25) of 

cycle. 
ad b) Continuous treatment: 1 st week 1 tablet daily, 2nd 

and 3nd weeks 2 tablets daily, increase daily dose 
by 1 tablet every 2 weeks to a maximum of 4-6 
tablets daily as long-term treatment. 
Duration in functional sterility 3-4 months, in genital 
hypoplasia 3-6 months, in endometriosis 9 months 
or longer. 

ad c) 1 tablet daily for 4 days before the expected menstrual 
period. If time of period is to be changed by more 
than 1 week, increase dose to 2 or more tablets daily 
after 7 days. 

Contraindications 
Carcinoma of the reproductive organs including the breast. 
Tendency to thromboembolism: status varicosis, severe 
obesity, recent surgery or delivery. After cerebrovascular 
trauma; cholestasis, e.g. after jaundice in pregnancy. 
Pregnancy (nortestoid preparations). 
To be used with caution during lactation, in the presence 
of uterine fibromyoma or tendency to water retention: 
cardiac insufficiency, bronchial asthma, migraine, epilepsy; 
diabetes mellitus. 
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only 3 % at 40 (MiiNZER, 1934), a few preg
nancies have occurred at 51, and despite the 
increasing frequency of abortion, have been 
carried to term (WYLER, 1957). One third of all 
pregnancies in women of 45 or over end in 
miscarriages (JAVERT, 1957). 

No other substance has been so extensively 
examined for undesirable side effects as the 
estrogen-progestagen mixture in the "pill". The 
severity and type of the side effects are not 
only dependent on the dose of the single hor
mone fractions but also on psychological factors 
to a particular degree (PINCUS, 1965). About 
every 5th patient complains of side effects 
(HALLER, 1968). These may take the form of 
bleeding disturbances, or may be of a generalized 
nature (PINCUS, 1965; HALLER, 1968). The 
frequency usually decreases after the tablets 
have been taken for 2-3 months. 

No form of organic damage or disturbances 
in the ova or regulation has been detected even 
after contraceptive tablets have been taken for 
years. There is no carcinogenic action (Table 
36) though the growth of a hormone-dependent 
carcinoma (carcinoma of the breast and body 
of the uterus) already present can be accelerated 
by the estrogen components (Table 35). The 
only real risk associated with ovulostatic treat
ment, is the increased danger of thrombo
embolism (Royal College of General Practi
tioners) (VESSELS, 1968; INMAN, 1968). Ac
cording to statistical investigations, the risk 
of a non-fatal lung embolus is 10 times higher 
(VESSELS, 1968). The risk of a fatal lung embolus 
or cerebral venous thrombosis is in any case 
very slight, but it is 7 times higher when ovulo
statics are taken (INMAN, 1968). This risk, 
however, is no higher than during pregnancy 
and the danger is significantly less than the 
general risks encountered in pregnancy. 

In addition to the unwanted side effects, 
ovulostatics also demonstrate a series of desir
able secondary effects, so that the indications 
for use are not restricted to contraception. 
A number of gynecological disorders can be 
treated (Table 35): 

Table 36. Incidence of cancer during long-term estrogen substitution (LAURITZEN, 1968) 

Author Patient-years No. of patients Duration of Calculated Observed 
treatment (years) incidence incidence 

GORDON (1961) 1200 120 14 12-15 0 
WILSON (1962) 2604 304 17 20 0 
WALLACH and 1480 292 25 22 5 
HENNEMAN (1959) 
SCHLEYER-SAUNDERS (1960) 500 15 30 0 
GEIST (1941) 206 5.5 12 0 

Total 1422 96 5 
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endometriosis (p. 553, 633); 
dysfunctional bleeding: polymenorrhea, oli

gomenorrhea, hypermenorrhea, secondary ame
norrhea (p. 585,603); 

functional dysmenorrhea, "mittelschmerz" 
(p. 618); 

postponement of menstruation; 
functional sterility (p. 623); 
genital hypoplasia. 

Contraindications. Carcinomas of the reproduc
tory organs including the breasts; 

tendency to thromboembolism: state after 
thromboembolism, varicosis, excessive obesity, 
after surgery or postpartum (6 weeks), after 
cerebovascular accidents; 

during lactation; 
cholostasis (not, however, liver cirrhosis or 

chronic hepatitis). 
Caution is indicated in: 
cardiac failure, bronchial asthma, migraine, 

epilepsy because of tendence to retain water; 
diabetes mellitus (glucose tolerance is re

duced by ovulostatics). 
Since contraceptive tablets are not all the 

same and they are contraindicated in certain 
instances they are only available on prescription; 
thorough medical examination is essential before 
and during the treatment (Table 35). 

In the last few years, the practical value 
of the contraceptive action of long-term treat
ment with small oral doses of progestagens 
(so-called "luteal supplementation"), has been 
examined (RUDEL, 1965; MAR TINEZ-MANAuTou, 
1966) and proved effective. 

This form of treatment is of special interest, 
since apart from its simplicity, it produces 
antifertile effects exclusively by altering the 
cervical mucus and the endometrium, hypo
thalamic-pituitary-ovarian function remaining 
intact. Experience obtained in the use of the 
so-called "minipill" in a daily dose of e.g. 
500 mg chlormadinone acetate has shown that 
the rate of pregnancy is 3.7 per 100 women 
years, which is only slightly higher than that 
for other methods in use, although 70 % of the 
women concerned ovulated. Disadvantages are 
frequent breakthrough bleeding (20 % in the 
first cycle) and a tendency to oligomenorrhea 
(about 20 % of the trial women showed a cycle 
lasting between 36 and 59 days). 

GREENBLATT (1967) has developed a tablet 
which only has to be taken once every month. 
It has therefore been described as the "one
pill-a-month contraceptive". It contains an 
oral estrogen with a long-lasting effect (the 
3 cyclopenthyl ester of ethinyl-estradioI2-5 mg) 
and a short-acting progestagen, (chlormadinone 
acetate 5-8 mg). The tablet is taken on day 
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25 of the cycle. Ovulation inhibition through
out the month IS achieved by the constant 
estrogen level. The investigations performed so 
far on its reliability have yielded a result of 1.5 

Table 37. Hormonal contraceptives (inhibitors of ovulation) 

Preparation 
(manufacturer) 

Composition (mg) 

19-nortestosterone derivatives 

Anovlar 21 
(Schering) 

Enovid 
(Searle) 

Etalontin 
(Parke Davis) 
Norlestrin 
(Parke Davis) 

Eugynon 
(Schering) 
Steridil 
(Wyeth) 

Gynovlar 
(Schering) 

Lyndiol 
(Organon) 
NoracycJin 
(Ciba) 

Lyndiol2.5 
(Organon) 
N oracycJin 22 

Orlest 
(Parke Davis) 

Ortho-Novum 
(Ortho) 

Ovulen 
(Searle) 

4 norethisterone acetate 
0.05 EE 

2.5 norethynodrel 
0.1 EEME 

2.5 norethisterone acetate 
0.05 EE 

0.5 norgestrel 
0.05 EE 

3 norethisterone acetate 
0.05 EE 

5 lynestrenol 
0.15 EEME 

2.5 lynestrenol 
0.075 FFMF 

1 norethisterone acetate 
0.05 EE 

2 norethisterone 
0.01 EEME 

1 ethynodiol diacetate 
0.1 EEME 

17-hydroxyprogesterone derivatives 

Aconcen 
(Merck) 

Estirona 
(Lilly) 

Menoquens 
(Novo) 

Planovin 
(Novo) 
Volidan 
(B.D. H.) 

Sequens 21 
(Lilly) 

3 chlormadinone acetate 
0.1 EEME 

15 tablets each containing 
0.08 EEME 
5 tablets each containing 
2 chlormadinone acetate and 
0.08 EEME 

16 tablets each containing 
0.1 EE 
5 tablets each containing 
1 megestrol acetate and 
0.1 EE 

4 megestrol acetate 
0.05 EE 

14 tablets each containing 
0.08 EEME 
7 tablets each containing 
2 chlormadinone acetate and 
0.08 EEME 

No. of 
tablets 

21 

20 

20 

21 

21 

20 

22 

21 

21 

21 

21 

20 

21 

21 

21 

CycJo-FarJutal 
(Farmitalia) 

5 medroxyprogesterone acetate 21 
0.075 EE 

EE = ethinyl estradiol; 
EEME = ethinyl estradiol methyl ether = mestranol. 
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pregnancies to 100 women years. This cor
responds to that of the sequential therapy, and 
its chances of being accepted appear to be good. 

The same effect is produced by intramuscular 
administration of an estrogen-progestagen pre
paration (the so-called "one-shot-a-month"), 
on the 8th day of the cycle (RICE-WRAY, 1965). 
A depot estrogen e.g. estradiol-valerianate is 
combined with a depot gestagen (16cr,17cr-dihy
droxy-progesterone acetophenide). Dependence 
on the doctor, and frequent breakthrough 
bleeding are disadvantages of this method. 
Sometimes the bleeding is so severe that it 
necessitates a curettage. 

According to experience gained so far the 
injection of 150 mg medroxy-progesterone
acetate every three months or 300 mg every 
6 months can also prevent pregnancy with a 
high degree of certainty (TAYMOR, 1964). As 
with the combination tablet, a multi-locular 
anti-fertile effect is involved. Ovulation inhibi
tion, atrophy of the endometrium and gestagenic 
alteration of the cervical mucus occur. Severe 
disadvantages are the recurrent breakthrough 
bleeding and amenorrhea, which may last for 
several months. 

Finally, investigations with depot proge
stagens are currently in progress. Silicone tablets 
are injected into the tissue, and micro-doses 
are released through the capsule wall. Concep
tion can possibly be prevented for a desired 
time by refilling the capsule. This method is 
still in the preliminary stages, so that nothing 
definite can be said about the dosage, effec
tiveness and side effects. 

For the sake of completion, the so-called 
"morning-after pill" and "month-after pill" 
must be mentioned here. Neither is an ovulation 
inhibitor. The so-called "morning- or day-after 
pill" (MORRIS, 1966), consists of a large dose 
of estrogen (50 mg diethyl-stilbestrol or 2-5 mg 
ethinyl-estradiol daily) and is given for the first 
5 days after possible conception. Presumably 
implantation is inhibited, and possibly tubal 
transport is also accelerated so that the ovum 
reaches the endometrium at a stage where it 
is still too immature for implantation. Failures 
are usually due to too Iowa dosage of estrogens. 

Anti-metabolites such as 6-mercaptopurine 
or 5-fluorouracil can interfere with the develop
ment of a pregnancy during the first four months 
(month-after pill) (MORRIS, 1967). There is 
probably an inhibitory action on blastocystic 
mitosis. 

There is a second group of substances which 
inhibit synthesis of progesterone so that with
drawal bleeding and expulsion of the fetus 
result, but clinical trials in Sweden have failed. 
The so-called "Bruce effect" (BRUCE, 1960; 
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PARKES, 1961) must also be mentioned (Fig. 47). 
This effect is based on the observation that 
80-90 % of female mice do not become pregnant 
when they are brought into close contact with 
strange male mice or their urine shortly after 
copulation. L TH production is probably in
hibited via the hypothalamus by a strong tran
sient odorous substance. 

F. Transition Periods in the Woman 

1. Puberty and Menarche 
(see also Chap. XIX, p. 1034) 

In the life of a woman different stages of develop
ment can be differentiated: infancy, puberty, 
adolescence, sexual maturity, climacteric and 
senility (Fig. 49). 

The boundaries of the different phases of 
life are indistinct and somewhat arbitrary. 

Puberty begins with the development of the 
pubis (STUART, 1946). Pr~puberty is often termed 
as the time between the onset of the develop
ment of the breasts and that of pubic hair. The 
mechanism causing the development of puberty 
is still not clear. Hypothalamic maturity (see 
below) and normal thyroid and adrenocortical 
function seem to be essential, whereas the state 
of maturation of the hypophysis and ovaries 
(p. 554) is irrelevant (ABRAMS, 1967). The im
portance of the pineal body is not clear (Chap. 
IV, p.73). From studies made in animal 
experiments, it is assumed that the inhibitory 
center in the anterior hypothalamus continuously 
loses its sensitivity to the sexual steroids, 
resulting in a decrease of its inhibitory effect 
on the eminentia mediana, which in tum causes 
the liberation of gonadotropin-releasing hor
mone already present (VAN DER WERFF TEN 
BOSCH, 1966). The increased androgen forma
tion is probably responsible for the puberal 
spurt of growth. At this age (adrenarche) 
androgens are mainly produced in the rapidly 
growing zona reticularis of the adrenal cortex 
and perhaps also in the hilus cells of the ovaries. 
At the same time, the pelvis and breasts develop 
under the influence of the androgens. It is 
possible . that androgens also have some im
portant effect on maturation of the hypothalamic 
"sexual center", since maturation of this center 
is a decisive factor in the onset of vegetative 
ovarian function, the so-called oophorarche. 
Due to gonadotropic stimulation, estrogens 
are formed in the ovaries, and estrogen excretion 
in the urine soon exceeds 10 J.1g per 24 hours. 
The influence of estrogens brings about develop
ment of the primary and secondary sexual 
characteristics (p. 532ff. for the biological 
action of estrogens). So for example, after the 
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Fig. 49. Phases in the life of woman 

10th year, the uterus rapidly increases in size 
(Fig. 26) and the original ratio of body to 
cervix of 1 : 2 is reversed (p. 538). 

However, the ovaries can react to gonado
tropic stimulation to form sexual steroids long 
before the oophorarche (PASCHKIS, 1955; 
ABRAMS, 1967). No gonadotropins are formed 
before the 5th year (BETTENDORF, 1962) and 
excretion begins only 3-4 years before menarche 
(JOHNSON, 1959). Hypophyses of juvenile animals 
implanted into hypophysectomized adult animals 
are capable of functioning fully as soon as the 
hypophyseal portal circulation has been re
established (HARRIS, 1952). This is proof that 
hypothalamic maturity is essential for the onset 
of formation of pituitary gonadotropins. 

The influence of the androgens is predom
inantly responsible for the development of 
the pubic hair and causes the so-called pubarche 
and the formation of axillary hair shortly before 
menarche. 

Androgens, somatotropin and estrogens in 
particular lead to the development of the 
puberal breasts, the so-called thelarche. The 
breasts, however, only undergo complete devel
opment under the additional influence of ges
tagens. 

The most striking event at this time is 
menarche, which is an obvious manifestation 
of incipient cyclic ovarian function. This marks 
the onset of adolescence which lasts until 
regular biphasic ovarian cycles are established 
i.e. until the end of growth. The peak velocity 
of increase in height ends almost without 
exception with the onset of menarche (DEMING, 
1957). Growth in height usually ends 3 years 
after menarche. The inhibiting influence of 
the increased estrogen secretion on height 
is indicated by the fact that an early menarche 
is frequently associated with a small, pyknic 
stature, and a later menarche with a large 
leptosomatic type. The average age at which 
menarche occurs varies from population to 
population. In Europe and North America 
it is currently between 12 and 14 years (Fig. 50), 
menarche arising between 11.8 and 16 years in 
90% (GRIMM, 1948), and between 11 and 16 
years in over 95 % (STAEMMLER, 1964). When 
menarche occurs between 16 and 18 years, 
since these ages are taken to be outside normal 
limits (SOUTHAM, 1966) it is justifiable to speak 
of a delayed menarche. Menarche arises this 
late in less than 5 % of young women (GRIMM, 
1948). After completion of the 18th year, the 
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Fig. 50. Age at menarche in American girls. (After WELLEN
BACH, 1967) 

first period arises spontaneously in only 0.3 % 
of these women (GRIMM, 1948). The term 
primary amenorrhea is used when menstruation 
has failed to occur after completion of the 18th 
year. Precocious puberty is spoken of when 
menarche arises before the 9th year. The age 
at which menarche occurs is primarily genetically 
determined, and is almost always the same for 
mother and daughters and sisters (TANNER, 
1962) and practically identical in monozygotic 
twins (PETRI, 1935). Distribution of the age 
at which menarche arises within a population 
group gives a gaussian binominal curve corre
sponding to genetic determination (Fig. 50). 
The onset of menarche is also influenced by 
environmental factors. Socio-economic factors 
in particular, and nutritional conditions (protein 
intake, vitamins) playa part as well. Menarche 
usually arises a few months earlier in the higher 
social classes than in girls of lower social level 
(TANNER, 1962). This is also illustrated by the 
fact that menarche arises earlier in urban than 
in rural populations. The influence of nutrition 
is particularly apparent in chronic nutritional 
disorders such as diabetes mellitus and ulcerative 
colitis. Menarche was also later during the war 
years. One of the most convincing arguments 
for the influence of nutrition is the observation 
made in Lapland. The average age at menarche 
was found to be constant at 16.5 years between 
1870 and 1930 in the sections of the population 
which continued their nomadic life, whereas 
the age at menarche declined by two years 
during the same period in the neighboring 
settled farmers (TANNER, 1968). The higher 
incidence of disease and the greater exposure 
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to stress situations in poorer population groups 
have an additional retarding effect on menarche 
(RENOLDS, 1947; MANDL, 1952; VARON, 1963). 
In contrast to results obtained with animals, 
light seems to exert an inhibiting influence 
on menarche in women; it is usually earlier 
in blind girls (ZACHARIAS, 1964). Climate and 
race seem to influence menarche much less 
than nutritional conditions (HENTON, 1958; 
LEE, 1963). Menarche occurs at the same age 
in Nigerian girls belonging to higher tribes and 
in Eskimo girls (ELLIS, 1950; LEVINE, 1953) 
whereas the first menstruation occurred 1! years 
earlier in Japanese girls born and brought up 
in California than in Japanese girls born in 
California but brought up in Japan (ITO, 1942). 
In these cases, nutritional conditions are probably 
the decisive factor again. On the other hand, 
in ancient days, menarche appeared to arise a 
year later in German girls than in Roman girls. 
This difference between south and north Euro
peans can still be observed (BACKMAN, 1948). 
The average age at menarche fluctuated con
siderably during the course of the centuries. 
It occurred at the age of 12 in Hindus 2500 
years ago (BENERJEE, 1961), at 14 in Europe 
during the period of classical antiquity, and at 
18 at the end of the 18th century (BACKMAN, 
1948). Since then there has been a continuous 
decline of about 4 months per decade in age at 
menarche (PORTMANN, 1967) (Fig. 51). In
creased stress to the individual due to urbaniza
tion (BENNHOLDT-THOMSON'S urbanization trau
ma, 1942), and various inherited factors are 
the basis of this mainly Western phenomenon 
(LENZ, 1965). 
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Fig. 51. The secular shift in age at menarche between 1830 
and 1960. (After TANNER, 1962) 

Certain prognostic conclusions about later 
sexual function can be deduced from the age 
of menarche. Labile or irregular cycles with 



Transition Periods in the Woman 

dysfunctional bleeding and sterility arise more 
frequently after a late or retarded menarche 
(14i-16 years) (p.603) (STAEMMLER, 1964; 
SOUTHAM, 1966). The cause of delayed menarche 
or primary amenorrhea can be situated at one 
of the three functional levels: hypothalamus 
and hypophysis, ovary and thyroid or adrenal 
cortex, or uterus and vagina (see primary 
amenorrhea, p. 585ff.). In most cases only varia
tions of the normal are present. Investigation 
of delayed menarche is similar to that of pri
mary amenorrhea (p. 594ff.) (SOUTHAM, 1966). 

2. Climacteric and Menopause 

a) Definition 

The terms "climacteric", "menopause", and 
"postclimacteric" are used differently in differ
ent countries and often appear as synonyms. 
In the following discussion, we use only the 
terminology recommended by the Nomenclature 
Committee of FIGO (Federation internationale 
de gynecologie et d'obstetrique) (KAISER, 1956). 
This terminology is factually and etymologically 
correct (Fig. 49). 

The menopause is the last menstruation or 
in retrospect, the time of the last menstrual 
period before one complete year of amenorrhea 
(TIETZE, 1952; BREWER, 1954; KAISER, 1965 
etc.). Climacteric (the change of life) depicts 
the transition period from the time of full 
sexual maturity to the point at which ovarian 
function is lost. It includes a few years before 
and after the menopause and is followed by 
senility. The years prior to the menopause are 
termed as premenopause, and the years there
after up to senility as postmenopause (WENNER, 
1959; BkLi<:RE, 1963). 

The climacteric or premenopause begins 
about 2 to 3 years before the menopause with 
a resultant fall in estrogens and a rise in gonado
tropins. The postmenopause ends when estrogen 
excretion reaches the values found in senility. 
This phase lasts on average 6-8 years after the 
menopause (KAISER, 1965). 

An earZv menopause (precocious climacteric) 
is spoken of when the last menstruation occurs 
before the 40th year of life. The term late meno
pause (climacterium tarda) indicates that the 
last period did not occur until after completion 
of the 54th year. The incidence of early meno
pause has been variously quoted as 1.2 % 
(GOECKE, 1959) and 8 % (KEETEL, 1964). The 
menopause IS late in 6.9 % of women (GOECKE, 
1959). 

Like puberty and adolescence, the climacteric 
represents a normal, physiological transition 
period between sexual maturity and senility. 
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It is not an illness in itself but the development 
of deficiency symptoms which may become 
pathologic may cause some women to look 
upon it as an illness (p. 582ff.). The climacteric 
is peculiar to the human so that it is impossible 
to investigate any associated processes in animals. 

b) Age at Menopause 

As the age at menarche has been declining, so 
climacteric and menopause have been occurring 
progressively later in the past 130 years. The 
proportions of these changes are about the same 
for menarche and menopause, and up to 1950 
were approx. 3 years per 100 calendar years 
(BACKMAN, 1948). 

Until the Middle Ages, the average age at 
menopause was around 40, while between 1500 
and 1840 it was 45 years. Since then, there has 
been a rapid and progressive rise in the age at 
the onset of the menopause, so that in 1940 
the average age at menopause was 48 years 
(BACKMAN, 1948). This continuous rise in the 
age at which menopause occurs shows a pro
nounced rhythm, with a phase duration of about 
20 years (Fig. 52). Since 1940 there has been 
another acute rise. Whereas menopause occurred 
at the age of 49.5 (HAUSER, 1961) or 49.3 
(DORING, 1959) in 1960, it was found that it 
occurred at 50.1 years (FROMMER, 1964) or 
52-6 years (DE W AARD, 1964) in 1964. Menopause 
occurs between 45 and 55 years in about 50 % 
of women (GOECKE, 1959) (Fig. 53). The tend
ency for menopause to arise later is supported 
by the decreased incidence of early menopause 
and the increased numbers of women with 
late menopause. 

Years 
1.81------

1.7 

Menopause 
I.5,~~~-L-L-L~~L-U 

1840 1860 1880 1900 1920 1940 
1850 1870 1890 1910 1930 

Fig. 52. Changes in mean age at menopause per decade 
and for every fifth year in Europe, 1840-1940. (After 
BACKMAN, 1948) 

The long-term trend in the ages at which 
menarche and menopause arise, which is statis
tically significant, also appears to be valid for 
individual women. There is a connection be
tween the age at menopause and that at menarche, 
in the sense that an early menarche generally 
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means that menopause will be late, and con
versely a late menarche indicates an early 
menopause (BACKMAN, 1948; GOECKE, 1959). 
The duration of sexual maturity in the woman 
has increased during the course of the last 
100 years (Fig. 54). This is also applicable to 
the average life expectancy. A few investigators 
doubt that there is any connection between 
duration of sexual maturity and life expectancy 
(SCHAEFFER, 1906, 1908; BENJAMIN, 1960). 

~ Schaeffer. 1906 (803 Women) 

_ Balken, 1958 (2266 Women) 
44.2% 

39.9% 

17% 

under40 51-55 56-58 over 58 
Age In years 

Fig. 53. Range of age at menopause. (After GOECKE, 1959) 

Menarche 
at 

Means of 2266 cases 

Fig. 54. Temporal dependence of the menopause on the 
menarche. (Balken in: GOECKE, 1969) 

c) Causes of the Onset of Menopause 

Present-day knowledge suggests that the cause 
of the onset of the climacteric and menopause 
lies within the ovary itself. It is not primarily 
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due to the absence of primordial follicles 
("burnt-out ovaries"), since a small number 
of these follicles is present even after the meno
pause (BLOCK, 1952) (p. 517) but results rather 
from the reduced response to gonadotropic 
stimulation. It is probable that the cause of this 
is not in the oocyte, but in the ovarian vascular 
system, which undergoes senile changes earlier 
than other vessels elsewhere in the body (SOHMA, 
1908). The increased gonadotropin levels may 
accelerate this process, since administration 
of high doses of gonadotropins to animals has 
been observed to lead to sclerosis of the ovarian 
vessels (LAURITZEN, 1968). The ovary is the 
only endocrine gland which begins to decrease 
in weight from the 30th year (Fig. 26). The 
ovary may temporarily increase in size during 
the premenopause due to follicular persistence. 
In the postmenopause there is increasing shrink
age with fibrous tissue formation. The cortex 
in particular becomes narrower due to the 
disappearance of germinal parenchyma. Cortical 
granulomas consisting of large, polygonal cells 
with lipoid deposits arise in the hilus (HERTIG, 
1944); they are similar to thecal cells, but may 
produce androgens (p. 527). Hilar vessels degen
erate (SOHMA, 1908). The surface of the ovary 
becomes grooved like the brain, and becomes 
whitish-yellow in color. The weight of the 
ovary can decline to half or one third of its 
weight during sexual maturity (WATZKA, 1957). 

Estrogen formation decreases due to the 
reduced response of the follicular apparatus 
to gonadotropic stimulation. FSH release is 
reduced to a lesser extent, and LH liberation 
is increased (p. 561). This causes the formation 
of tertiary follicles, but there is no terminal 
spurt of growth due to the disturbed feedback 
mechanism. Estimations of estrogen excretion 
have shown that the ovaries can be stimulated 
by the administration of exogenous gonado
tropins in the presence of elevated HPG forma
tion even 1-2 years (PAULSEN, 1958) or 3-5 
years (depending on the investigator) (LAURIT
ZEN, 1968) after the menopause and that a few 
ovulations can even occur spontaneously in 
the postmenopause, as is confirmed by occasional 
pregnancies arising at this phase (SHARMAN, 
1962). Studies in monozygotic twins have shown 
that hereditary factors are of considerable 
importance in determining the age at menopause. 
In monozygotic twins, the average difference 
in age at menopause is two months, as against 
19 months in dizygotic twins (GOECKE, 1959). 
The familial occurrence of climacterium praecox 
and tarda confirms the influence of genetic 
factors (MAYER, 1928). In addition, as in the 
menarche, environmental influences, particularly 
nutritional factors (McBRIDGE, 1956) have some 
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effect on menopause. Wasting diseases and Table 38. Excretion of gonadotropins and estrogens in 
unknown endogenous influences also affect women after the 41st year (KAISER, 1965) 
the organism so that menopause occurs later. 
This is also true of women with fibroids and 
carcinoma of the body of the uterus. 

d) Hormonal Conditions 

The first result of reduced response of the 
follicle to gonadotropins is a decrease in the 
amount of estrogens produced. A fall in estrogen 
excretion can sometimes be demonstrated even 
between the 40th and 45th year (KAISER, 1965), 
but in these cases there is no further significant 
fall during the premenopause (Table 38). Other 
investigators, however (FURUHJELM, 1966), have 
found no correlation between age and estrogen 
excretion between 40 and 50 years. We and 
a few other authors have observed that not 
infrequently the estrogen excretion is temporarily 
considerably increased during the premenopause 
(ZONDEK, 1947) while gonadotropin excretion 
is found to be increased at the same time 
(PAPANICOLAOU, 1969) (so-called polyfolliculine 
stage after ZONDEK, 1947). It appears that 
in these cases, the central "feeler system" no 
longer responds to the elevated estrogen titer 
(p. 557). If estrogen excretion is less than 
7-10 Ilg/24 h for a long time no more bleed
ing occurs because endometrial stimulation is 
inadequate (BROWN, 1959). Estrogen excretion 
falls steadily during the postmenopause, and 
values between 5-18 Ilg/24 h have been reported 
(DICZFALUSY, 1961; PAPANICOLAOU, 1969). The 
senile level of 51lg/24 hours is attained after 
7 years at the earliest. Excretion values of over 
20 Ilg/24 h in late postmenopause and senility 
indicate a pathologic process (DICZFALUSY, 
1961). It is interesting to note that cyclic varia
tions in estrogen excretion may arise immediately 
after the menopause (BULBROOK, 1957) without 
bleeding. The reduced estrogen secretion during 
the climacteric is reflected in the vaginal cytology 
smear: the pyknosis index falls to an average 
value of 10% during the postmenopause (DICZ
FALUSY, 1961). In a few cases, the pyknosis 
index is as high as 30 % even 30 years after the 
menopause in the absence of any kind of 
estrogen administration (SMOLKA, 1956; PUNDEL, 
1957). One must, however, remember that 
apart from sexual steroids, nonhormonal sub
stances such as digitalis, senna, cascara and 
tetracyclines can also exert a proliferative 
stimulus on vaginal epithelium. Intensive proli
feration in the vaginal epithelium can be caused 
only by estrogens, and has been observed in 
9.1 % of women after the menopause, exception
ally as long as 14 years after the menopause 
(KAISER, 1965). It is probable that ovarian 

Age Gonadotropins 
mmg 
HMG 20 Aj24 h 

Normal 13 ± 7 (12)" 
cycles (maxima) 

41-45 30 ± 40 (12) 
46-50 53 ± 42 (13) 
51-55 82 ± 57 (10) 
56-60 63 ± 54 (6) 
61-65 
66-75 41 ± 30 (12) 

, No. of cycles examined. 
b No. of cases. 

Total estrogens 
in J.lg/24 h 

30.1 ± 6.7 (17)b 
(average) 

22.3 ± 5.9 (10) 
20.7 ± 14.0 (31) 
12.7 ± 8.7 (10) 
7.2 ± 2.0 (5) 
6.8 ± 2.5 (6) 
5.9 ± 1.8 (5) 

estrogens are steadily replaced by adrenal 
estrogens in the urine to the same extent as 
germinal parenchyma disappears, so that the 
estrogens originate mainly from the ad rena Is 
during late postmenopause and in senility 
(residual estrogens) (DICZFALUSY, 1961). The 
estrogen excretion does not change after surgical 
castration during a normally occurring meno
pause (BULBROOK, 1958), whereas estrogen values 
in the urine fall to unmeasurable levels following 
adrenalectomy in the postmenopause (BUL
BROOK, 1957). On the other hand, vegetative 
symptoms due to loss are often intensified 
after ovariectomy during the postmenopause 
(HELLER, 1944). This may be due to the effect 
of castration in the early postmenopause when 
the basal estrogen secretion of the ovarian stroma 
still has a certain quantitative effect. It is also 
of interest that a slight estrogen excretion can 
still persist during the postmenopause even 
after ovariectomy and adrenalectomy (BUL
BROOK, 1957); its origin is uncertain. Incubation 
studies have shown that the ovaries produce 
mainly androgens during the postmenopause 
(PLOTZ, 1967; MATTINGLY, 1969), so that the 
ovarian stroma in aging ovaries functions as 
an endocrine gland (ENGLE, 1955; RICE, 1966). 

During the premenopause the fall in estrogens 
leads to a diminished arrest of the hypothalamo
hypophyseal system, which leads in tum to 
a rapid rise in the amounts of FSH and LH 
excreted. The rise in LH excretion is somewhat 
less than that in FSH excretion. Particularly 
high values arise during the premenopause 
(Table 27, p. 561). These values lie between 
40-400 IU/24 h for FSH and between 15-90 IU/ 
24 h for LH where the total gonadotropin 
excretion is 3-40 mg Eq/24 h (KELLER, 1970). 
KAISER (1965) found a raised gonadotropin 
excretion even after the 40th year, but this 
observation has not been confirmed by other 
investigators (JOHNSON, 1959; KELLER, 1970). 
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During the postmenopause there is a steady 
decrease and any type of cycle is lost (Fig. 49). 
The variations in FSH and LH excretion during 
this phase of the postmenopause are not so 
great in the individual case (KELLER, 1968) 
as have been reported by some authors (ALBERT, 
1966). 

Even in senility, the gonadotropin excretion 
is many times higher than during sexual maturity 
(JOHNSON, 1959; KAISER, 1965). JOHNSON there
fore speaks of the "eternal youth" of the pitui
tary. In contrast, 17-ketosteroid excretion in 
the woman decreases from the 20th year onward, 
there being a significant negative correlation 
between age and the quantities excreted (FURUH
JELM, 1966). There is no "adrenopause", how
ever. 

e) Clinical Features 

a) Premenopause 

Progressive generative ovarian insufficiency 
arises during this phase of life. Corpus luteal 
function is deficient and cycles are often 
anovulatory. Clinically, bleeding disorders char
acteristic to the premenopause frequently arise. 
Only a little over a quarter (23.5 %) of women 
enter the postmenopause with no cyclic disturb
ances. Disorders in rhythm (44.7%), and type 
(26.8 %) are observed in 71.5 % of cases (GOECKE, 
1959). Twin studies have shown that hereditary 
factors playa considerable part in determining 
this course of events (MORETTI, 1953). Dysfunc
tional bleeding termed as "climacteric bleed
ing" is the predominant feature at this stage. 
It arises about 3 years before the onset of meno
pause (Fig. 55) with increasing frequency and 
especially often in the last year. It constitutes 
70-80 % of bleeding disorders during the pre
menopause, in the presence of an intact ostium 
uteri (KAISER, 1965). The characteristic climac
teric bleeding is continuous, arises after a 
prolonged interval, and is associated with 
glandular-cystic hyperplasia due to follicular 
persistence (p. 607). The diagnosis "dysfunc
tional bleeding" should, however, be made 
only after organic causes have been excluded. 
This applies in particular to carcinomas of the 
cervix and of the body of the uterus, which, 
like polyps and fibroids, increase in incidence 
at this age (Fig. 55). Dysfunctional bleeding 
presents predominantly as disturbances in the 
bleeding rhythm. 

Disorders in the type of bleeding, particularly 
metrorrhagia, are much more frequently caused 
by organic factors. 

Functional sterility arising from progressive 
insufficiency of the corpus luteum, is of only 
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little practical significance at this stage of life. 
The likelihood of pregnancy at 30 is thought 
to be 30 % that at 20, only 11 % at 35 years and 
3 % at the age of 40 (MUNZER, 1934). Pregnancy 
can, however, occur up to the 51st year (WYLER, 
1959), but every third pregnancy in women over 
45 ends in abortion (JAVERT, 1957). 

~) Postmenopause 

Estrogen production finally falls below the 
physiological threshold (hypofolliculine stage) 
and is no longer adequate to stimulate endo
metrial bleeding. The postmenopause is reached 
at this stage. The amounts of estrogens produced 
are, however, still sufficient to cause significant 
proliferation of the endometrium. Dense endo
metrial proliferation, which has been described 
during the postmenopause, is probably due to 
delayed maturation of an ovum, which occa
sionally occurs. In so-called cystic atrophy, a 
few silent glandular tubes become cystically 
dilated. Ovulation can exceptionally arise several 
years after menopause, as has confirmed by 
the occurrence of pregnancies during the post
menopause (SHARMAN, 1962). 

The clinical picture of the postmenopause 
is characterized by bleeding disorders, and by 
various types of psychological and somatic 
disturbances. Bleeding at this stage after 6 
months of amenorrhea is dysfunctional in 
almost 50% of cases (KAISER, 1965; BATTIG, 
1968). Later, organic causes are of primary 
importance, particularly carcinoma of the body 
of the uterus. Only about 20 % of all types of 
bleeding at this phase of life are dysfunctional 
(Fig. 55), whereas 30-50 % are due to malignant 
tumors (BATTlG, 1968; GOECKE, 1959). 

Cause of Irregulanty 
In bleeding 

before the menopause after the menopause 
(5436 cases) <18514 cases) 

Carcinoma 25 % 518 0/0 

Polyps, erosion 
Hyperplasia r---::-!:~,.-+-r-::-::-:-:--' 

Fibroids/Ovanan tumors 

Inflammation 

Bleeding dunng pregnancy 

Miscellaneous 

Unexplained 

Fig. 55. Frequency of various causes of bleeding in the 
climacteric. (After HARBORT in GOECKE, 1959) 

The climacteric syndrome (menopause syn
drome), which includes vegetative (so-called 
climacteric vegetative syndrome) and psycho
logical disorders during the climacteric, is the 
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presenting feature in the majority of cases. The 
data about type and frequency of disorders 
vary widely between 2 % (MARANON, 1929) 
and 85 % (ISRAEL, 1967) according to investigator 
and population group. There seems to have 
been an increase during the last decade. The 
climacteric features must be evaluated as a 
true illness in a quarter to a third of these women, 
and treatment is then necessary (BOSHANN, 
1966; ISRAEL, 1967; LAURITZEN, 1968). The 
causal factor is the fall of estrogens. Castration 
leads to symptoms similar to those arising 
with the natural menopause (Fig. 56); sub
stitution therapy with estrogens removes these 
symptoms. The level of the gonadotropin excre
tion is not, however, related to the severity of 
the symptoms. The poor adaptation of the 
organism to the fall in estrogens leads to 
diencephalic false regulation with vegetative 
dysfunction. A state of neurovegetative equilib
rium usually arises after a few years, but some
times only during senility. Disturbance of the 
functional circle consisting of diencephalon, 
hypophysis and ovary can result in false 
regulation of other functional circles, and can 
lead to hyperthyroidism, or less frequently 
hypothyroidism. 

Nervous symptoms 

Nervousness 
. . 

Irritability 
. . 

Headaches 
. • 

Forgetfulness 
. • 

DepreSSion • . 
Insomnia 

Night sweats ~ 

Circulatory symptoms 

Hot flushes 
. . 

Palpitations . I 
Giddiness I I 
BUZZing In ears L.....-. 
Vascular disorders -
Blood pressure Crises I . 

General symptoms 

Fat.gabil.ty I I 
Obstinate constlpatlOn ! I 
Weight Increase 

i i 

I I 

I 20 40 60 80 0/0 

c=J Surgical menopause - Natural menopause 

Fig. 56. Postmenopausal symptoms. (After LAURITZEN, 1968) 

The climacteric symptoms are numerous 
(Fig. 56). Duration and severity vary with the 
individual, both being dependent on constitu
tion and to a lesser extent on external environ
mental conditions. The woman "experiences 
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the form of climacteric appropriate to her 
vegetative and psychological constitution" 
(WIESEL, 1924). Any woman who is already 
vegetatively and psychologically labile is pre
disposed to symptoms due to loss of function. 
Climacteric dysfunctional symptoms can precede 
the menopause by some years and usually 
disappear within a few years, although they 
do exceptionally persist into advanced age. 
The pathogenesis is not explained. It has never 
been shown that increased amounts of serotonin, 
adrenaline, noradrenaline or histamine are lib
erated. Hot flushes are the main clinical feature 
of the vegetative disturbances. As a rule these 
flushes are followed by an outbreak of sweating 
and this is probably the only symptom which 
is pathognomonic to the climacteric since it 
never arises otherwise. These hot flushes are 
ergotropic sympathetic attacks with hyperemia 
in the region supplied by the cervical sympathetic 
nerves (HAUSER, 1961), i.e. in the face, neck, 
thorax and hands, in those areas where erythema 
pudendum also arises. Often there is also a 
rise in blood pressure (HOFF, 1959). In diagnosis 
and treatment of the climacteric syndrome, it 
must be remembered that similar symptoms 
can also be due to organic cardiovascular 
changes. 

Psychological disturbances during the climac
teric are not a direct result of the endocrine 
adjustment, but are rather psychological reac
tions to the changed position in life. A conscious 
or unconscious fear of the loss of femininity 
moves into the foreground with the emotional 
lability. This fear is based on real changes: 
loss of the ability to bear children, decreased 
sexual capacity, loss of female charms, inde
pendence of the children, displacement at work 
by younger female colleagues etc. (DEUTSCH, 
1948). The intelligent woman with a healthy 
psychological understanding usually disposes 
of these psychological factors without develop
ing psychological disorders. Constitution, up
bringing and particularly the situation in life 
have a considerable influence on the type of 
reaction. 

Disorders due to organic factors arise more 
frequently after the menopause. Thus there is 
an increase in the incidence both of genital 
diseases such as kraurosis and pruritus vulvae, 
senile colpitis, urethro-cystitis, carcinomas of 
the fundus of the uterus, ovaries and breast, 
and of extragenital diseases; unstable blood 
pressure, hypertension, rise in cholesterol and 
lipoproteins in the blood, obesity, coronary 
sclerosis, myocardial infarction, osteoporosis 
and osteoarthrosis all increase in frequency. 
Some of these conditions are due directly 
to the reduction in estrogen production (dys-
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pareunia, senile colpitis, urethro-cystitis). There 
is probably a causal relation between the 
loss of estrogens and osteoporosis and the 
syndrome of hypertension, obesity, coronary 
sclerosis and myocardial infarction (WEGELIN, 
1944; HOFF, 1959; BERKSON, 1964; PRILL, 1966; 
THOMAS, 1966; PLOTZ, 1967; DAVIS, 1967; 
PSCHYREMBEL, 1968). The loss of ovarian func
tion does predispose women to obesity (matron's 
fat, old woman's fat) (HOFF, 1959). The climac
teric accounts in some way for 37 % of cases 
of obesity in women (climacteric obesity) 
(SCHULZ, 1958). In castrated women there is 
an increase in weight of over 10 kg in 18 % 
(TRIASSAC, 1956), 5 % put on over 20 kg (BAHNER, 
1955); after a natural menopause 22 to 39 % 
of women put on weight (BARRET, 1933, 1931; 
WIRTZ, 1935). Large-scale statistical studies 
from American life insurances also show that 
"climacteric obesity" does exist. Metabolic 
changes, reduced physical activity and elevated 
calorie intake (worry fat) are causal factors. 
Constitutional factors are also of importance. 

Senile osteoporosis in the woman is dis
cussed in Chap. XIV (p. 867). This type of 
osteoporosis is about 5 times more common in 
the female than in the male (REIFENSTEIN, 1958). 

f) Therapy 

In 1900 the life expectancy of American and 
European women was 51 years. By 1960, it 
had already risen to 74 years (MENDUKE, 1967). 
This means that ovarian function is now absent 
for one third of a woman's life. Since the testes 
continue to function to an advanced age, there 
is no analogous phase of life in the male and 
no parallel in the animal kingdom. The question 
of a general continuous substitution during the 
postmenopause and senium is therefore under 
discussion. The following facts have now been 
established: although the theoretic advantages 
of general prophylaxis with estrogens cannot 
be disputed, until now there are no certain bases 
for assessing the value of long-term estrogen 
treatment, and the duration of treatment with 
estrogens such as is now being employed 
empirically during the postmenopause is still 
too short to permit any conclusions (PLOTZ, 
1967). 

Substitution treatment is indicated in cases 
where the symptoms due to loss of estrogens 
take the form of a true illness. Substitution 
is absolutely contraindicated in cases of car
cinoma of the reproductive system, the breast 
included, and for five years following treatment 
of these cases. Caution is indicated in the 
presence of uterine fibroids, endometriosis, 
mastopathia cystica and particularly with any 
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cholostatic hepatopathy, since 17-alkalized 
steroids promote stasis (p. 575). In general the 
doses prescribed are too high, particularly 
immediately after the menopause, so that iatro
genic bleeding occurs in about 10 % of patients 
under treatment (LAURITZEN, 1968). The optimal 
dose is the lowest possible dose which leads 
to the disappearance of symptoms due to loss 
of estrogens. Treatment must be adjusted to 
the individual, and oral treatment is especially 
well suited for substitution. Yearly examination 
by a specialist is essential for women receiving 
substitution treatment. Metrorrhagia calls for 
investigation by a fractionated curettage. The 
cytotest is only 65% accurate in cases of car
cinoma of the corpus uteri and is not adequate 
for investigation of these cases of metrorrhagfa 
(HELD, 1955). 

Assessment of the onset of action, the 
duration of action and the therapeutic value 
of a drug depend mainly on observations of 
the climacteric symptoms before and after 
treatment. Estimation of the so-called "climac
teric index" has proved to be of practical value 
(KUPPERMAN, 1959). Double-blind trials against 
placebo are essential. The "Kupperman index" 
is a simple arbitrary system, in which 10 re
cognized climacteric symptoms are given a 
number from 1-4. The intensity of the symptoms 
is also given such a numeric factor (Code: 
symptom not present = 0, mild = 1, average = 2, 
pronounced = 3) (Table 39). 

Table 39. Assessment of the severity of climacteric symptoms 
or the therapeutic value of a preparation in the climacteric 
index (KUPPERMAN, 1959) 

Symptoms Factor Intensity Numeric 
conversion 

Vasomotor symptoms 4 M (2) 8 
Paresthesia 2 + (3) 6 
Sleeplessness 2 + (3) 6 
Nervousness 2 M (2) 4 
Depression 1 + (3) 3 
Giddiness 1 L (1) 1 
Weakness (fatigue) 1 L (1) 1 
Arthralgia and myalgia 1 M (2) 2 
Headache 1 L (1) 1 
Palpitations 1 + (3) 3 

Climacteric index (sum) 35 

a 0 = no symptom = 0; L = mild = 1; M = moderate = 2; 
+ = severe = 3. 

b Numeric conversion = factor * intensity. 

Multiplication of the symptom factor by 
the intensity factor gives the "numerical con
version". The "climacteric index" is obtained 
by adding the results for each of the 10 symptoms 
together. A "climacteric index" of 35 or more 
indicates severe climacteric dysfunctional symp-
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toms. An index between 20 and 25 indicates 
an average case, whereas values of about 15 
indicate mild cases. The "climacteric index" 
should fall to 15 or less if treatment is successful. 

Good results are achieved with conjugated 
estrogens (p. 550). The risk of iatrogenic bleed
ing is reduced since their action on the endo
metrium is rather slight ("soft" estrogens). 
The following doses are usual: 

Presomen, Oestrofeminal or Premarin, 1.25 
mg daily for 3 weeks, followed by a break of 
one week. 

Estradiol preparations can be used success
fully instead of conjugated estrogens, e.g. Pro
gynova (estradiol valerianate) 1 mg daily for 
3 weeks, then a break of one week. In some 
cases a combined preparation of conjugated 
estrogens with a tranquilizer has the most 
favorable effects when psychological disorders 
are predominant: Menrium (conjugated estro
gens with Valium) 3 x 1 tablet daily for 3 weeks, 
then a week's break, followed by 1-2 tablets 
daily for 3 weeks and a week's break and so on. 

During the first two years after the meno
pause, there is an increased risk of hemorrhage 
during treatment with estrogens. On account 
of this, some authors recommend biphasic 
treatment with one of the modem oral contra
ceptives. We think the value of this is debatable, 
since the risk of breakthrough bleeding is 
merely replaced by the risk of withdrawal 
bleeding. Both types of bleeding indicate a 
curettage. 

Higher doses of estrogens can of course be 
prescribed for hysterectomized women when 
indicated. 

G. Ovarian Dysfunction 

1. Amenorrhea 

Menarche occurs between the 10th and 16th 
year in about 95% of all women in European 
countries (GRIMM, 1948; STAEMMLER, 1964; 
WELLENBACH, 1967), and it only arises spontane
ously in approximately 0.3 % of cases after 
completion of the 18th year (GRIMM, 1948). 
It is therefore reasonable to speak of a primary 
amenorrhea when menarche has failed to occur 
even after completion of the 18th year in a 
person of female phenotype. 

The point at which secondary amenorrhea 
may be diagnosed is still somewhat arbitrary. 
According to most authors, secondary amenor
rhea is present when three or more months have 
elapsed since the onset of the last menstrual 
period in a patient who previously menstruated 
more or less regularly. A pregnancy must of 
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course be excluded (ROCK, 1945; BICKERS, 
1948; JONES, 1954). Secondary amenorrhea 
may occur physiologically during lactation, 
in the post menarche and in the postmenopause. 
The physiological forms of amenorrhea, which 
also include amenorrhea during pregnancy, 
must be distinguished from pathologic amenor
rhea. 

In addition, generative amenorrhea (amenor
rhea of the 1st stage) must be distinguished 
from vegetative amenorrhea (amenorrhea of 
the 2nd stage). In the first type, generative 
ovarian function is absent i.e. there is no 
follicular rupture and no corpus luteum is 
formed, while in the second type no estrogens 
are produced either. Classification into hyper
gonadotropic amenorrhea (where excretion of 
pituitary gonadotropins (HPG) is increased) 
and hypogonadotropic amenorrhea (where HPG 
excretion is reduced) is justified for prognostic 
reasons. Hypergonadotropic amenorrhea has 
a considerably worse prognosis. 

Amenorrhea is merely a symptom and not 
a disease. The causes of the symptom amenor
rhea are extremely varied and the connections 
are often complex and still partly unexplained. 
This fact is reflected in the large number of 
recommended classification principles. A classi
fication system considering the individual links 
of the functional cycle: hypothalamus, hypo
physis, ovary, and uterus, and based on the 
etiology and pathology, is of practical use for 
didactic, diagnostic, and therapeutic reasons 
(Table 40). Some arbitrary classifications are 
inevitable. Thus classification of the Stein
Leventhal syndrome under ovarian amenorrhea 
is at least debatable. This pluriglandular disorder 
could be classified with as much justification 
under amenorrhea due to hypothalamo-pitui
tary factors. This is also applicable to sympto
matic ovarian insufficiency in extragenital endo
crine disorders, which is classified under hypo
thalamic forms of amenorrhea. 

a) Primary Amenorrhea (Table 41) 

In the majority of these cases amenorrhea is 
due to congenital ovarian defects, often genetic 
in nature (gonadal dysgenesia, ovarian hypo
plasia) or to congenital malformations (Mayer
Rokitansky-Kiister syndrome, gynatresia). It 
is rarer for it to be due to pseudohermaphroditism 
(testicular feminization, congenital and pre
pubertal adrenogenital syndrome). Pathologic 
chromosomal idiograms are therefore often 
encountered (PHILIP, 1965; JACOBS, 1961). The 
pathogenesis is more frequently ovarian than 
uterine. Primary amenorrhea due to hypo
thalamo-hypophyseal failure or to dysfunction 
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Table 40. Classification schedule for amenorrhea 

1. Hypothalamic amenorrhea 

a) Organic 

b) Psychogenic (exogenous, endogenous) 

c) Iatrogenic 

d) Nutritional 

e) Symptomatic in dysfunction of 
correlating organs 

Adenohypophysis 
Ovary 

Adrenal cortex 

Thyroid 
Pancreas 

f) Idiopathic (dysfunctional) 

2. Pituitary amenorrhea (adenohypophyseal) 

a) Organic 

Inflammation (meningoencephalitis) 
Degeneration (Laurence-Moon-Biedl syndrome) 
Neoplasm 
Trauma 

Psychoreactive (emotional amenorrhea) 
Anorexia nervosa (mentalis) 
Pseudocyesis (grossesse nerveuse, grossesse imaginaire) 
Genuine psychosis 
Simple, postpartum ovarian insufficiency 
Chiari-Frommel syndrome 
(sometimes Forbes-Albright syndrome) 

Sexual steroids, especially progestagens, 
phenothiazines, reserpine 

Chronic malnutrition 

M. Cushing 
Endocrine-active ovarian tumoras or 
non-neoplastic ovarian cyst 
Adrenogenital syndrome 
M. Addison 
Hypo- or hyperthyreosis 
Juvenile diabetes mellitus 

M. Simmonds giant-cell granulomas, etc.) . . {
Inflammation (TB, syphylis, actinomycosis, 

DegeneratIOn: postpartum Ischemic necrosIs = M. Sheehan 
(Sheehan's syndrome) 

b) Idiopathic 

3. Ovarian amenorrhea 

Gonadal dysgenesis (or agenesis) 

Neoplasm (adenoma, craniopharyngioma) 
Forbes-Albright syndrome = 
Ahumada-del Castillo syndrome = 
Argonz-del Castillo syndrome (chromophobic adenoma) 
Acromegaly (eosinophilic adenoma) 
Trauma 

Chromosome idiogram 45jXO, 46jXY, 46jXX and mosaic) 
(Swyer's, Rossle's or Turner's syndrome) 

Ovarian hypoplasia 
Ovarian dysfunction; polycystic ovaries or Stein-Leventhal syndrome 
Destruction of ovarian tissue (tumors, inflammation) 

The Ovary 

Ovarian hypofunction, e.g. physiologic amenorrhea post partum and post abortum, autonomic ovarian insufficiency, 
so-called burnt-out ovary in post menopause and old age) 

4. Uterine amenorrhea 

Mayer-Rokikansky-Kiister syndrome (uterus bipartitus cum vagina solida) 
Traumatic amenorrhea, uterine synechiae (Asherman's syndrome) 
Metrose de receptivite (Moricard's syndrome) 
Silent menstruation 

5. Amenorrhea in hermaphroditism us verus and pseudohermaphroditismus masculinus with external feminization 

(testicular feminization) 

Addendum 

False amenorrhea in gynatresia (hymenal, vaginal, or cervical atresia) 
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Table 41. Primary amenorrhea: classification of primary amenorrhea by site and pathogenic aspects 

L--H_y_P_o_th_a_la_m_i_c ~I =======:: 
Pituitary I 

r---_~ 
L--GO_na_dal_------'1 ~ 

'--U_te_rl_·n_e __ --"I ~ 
Vaginal I 

'-----------' ----------I Extragenital 

Anorexia nervosa 
Laurence-Biedl-Moon syndrome 

Inflammation, neoplasm, trauma 

Gonadal dysgenesis (<;I b <;I ) 
Ovarian h 0 lasia<with permanent amenorrhea (prepuberal menopause) 

yp p with pubertas tarda 
Ovarian dysfunction (polycystic ovary, Stein-Leventhal syndrome) 
Testicular feminization (Morris's syndrome, "hairless woman") 
Androgenic ovarian tumor 
Agonadism (Overzier's syndrome) 

Mayer-Rokitansky-Kiister syndrome 
Silent menstruation 
"Metrose de receptivite" (Moricard's ,yndrome) 
(TB of endometrium) 
(Cervical atresia) 

(Hymenal atreSia)}cryptomenorrhea 
(V . It') (pseudoamenorrhea) agma a resla 

Adrenogenital syndrome 
Hypo- and Hyperthyrosis 
Metabolic disorders (diabetes mellitus) 

of extragenital incretory organs and metabolic 
disorders is common (Fig, 57) (KUMSCHIK, 
1966; PHILIP, 1965), 

In gonadal dysgenesia, there is a congenital 
disorder of the gonadal anlage due to a defect 
of the sex chromosomes. This has been discussed 
in detail in another section (PRADER, p. 713). 
In these cases, there is a gonadal rudiment with 
complete absence of the germinal cells. It is 
usually the malformations or the small stature 
and not the amenorrhea which cause the 
patient to consult the doctor, particularly the 
pediatrician. Primary amenorrhea with hypo
gonadism can be the first symptoms leading to 
further investigation in a case of gonadal 
dysgenesia where growth is normal (so-called 
Swyer's syndrome). 

Patients with ovarian primary amenorrhea 
usually show hypogonadism, Genitalia and 
breasts are underdeveloped, pubic and axillary 
hair sparse. This type of amenorrhea occurs in 
individuals with gonadal dysgenesia and ovarian 
hypoplasia, 

10 HypoplaSia 

Intercurrent 
Illnesses 

Fig. 57. Distribution of 101 cases of primary amenorrhea 
by type of disorder. (After KUMSCHIK, 1966) 

So-called ovarian hypoplasia is another quite 
common cause of primary amenorrhea (STAEMM
LER, 1964). The etiology and phenology are 
very irregular in this group of patients, disorders 
of the menstrual cycle in the presence of hypo
plasia, but typically formed or cylindrically 
formed ovaries being the only common features. 
The proportion of germinal parenchyma may 
be reduced (primary hypoplasia = hypogenesia) 
or may be abundant in comparison to the sparse 
ovarian stroma (secondary hypoplasia). Both 
forms of hypoplasia represent an anomaly of 
the anlage, probably due to a genetic defect 
(PASCHKIS, 1955). This signifies a developmental 
anomaly (Table 42). It is quite possible that a 
congenital defect in the ovarian enzyme system 
is present (STAEMMLER, 1963). Accelerated fol
licular atresia due to an unknown hypergonado
tropic phase is under discussion (BEcLERE, 
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Table 42 

Ovarian hypoplasia 

(After STAEMMLER, 1964) 

Primary (hypogenesis) 

Deficient germinal parenchyma 
defective anlage? 

Secondary 

Germinal parenchyma relatively 
abundant 
Underdevelopment 

Forms 

I 
Basic form: Marginal form: Basic form: 
small, cylindrical ovary small, but typicaIly-

formed ovary ~ 
small, cylindrical ovary 

Bordering on gonadal dysgenesis Bordering on normal 

Clinical picture 

Tall or short stature (45 %) 
Underdeveloped primary and 
secondary sexual characteristics 

Possibility of prepuberal menopause 

HPG elevated 
(hypergonadotropic hypogonadism) 

1963). It is probable that some of the disorders 
are of hypothalamo-hypophyseal nature, and 
still undetectable. Primary amenorrhea with 
primary hypoplastic ovaries is also described 
as pre-pubertal -menopause. Secondary hypo
plastic ovaries can lead to the clinical picture 
of delayed puberty (pubertas tarda). 

Growth disorders in the form of exaggerated 
(> 170 cm) or diminished growth « 155 cm) 
have been observed in almost 50 % of all women 
with primary ovarian hypoplasia. Genital organs, 
breasts, pubic and axillary hair are poorly 
developed due to the primary estrogen deficiency. 
Elevated HPG activity in the urine is charac
teristic (hypergonadotropic hypogonadism) 
(KINCH, 1965). In contrast to this, there is no 
uniform phenotype for women with secondary 
ovarian hypoplasia, since the hypoplastic genital 
organs may be associated with infantile or 
normally developed secondary sexual charac
teristics. The urinary excretion of pituitary 
gonadotropins is often reduced (hypogonado
tropic hypogonadism). 

Primary amenorrhea may exceptionally arise 
in the syndrome of polycystic ovaries (p. 609). 

Agonadism (Overzier syndrome) is rare. 
The external genitalia are of female type, but 
only the vaginal opening is present, the vagina 
itself being absent. Primitive Milller's and 
W olffian ducts are the only internal genitalia 

N oncharacteristic 

Primary sexual characteristics 
hypoplastic, and secondary ones 
noncharacteristic 

Possibility of pubertas tarda 

HPG often lowered 
(hypo gonadotropic hypogonadism) 

present. Overzier's first two cases were siblings 
(OVERZIER, 1961). All patients so far described 
have had male chromosomes (XY). 

Patients with a malformed uterus or without 
a uterus constitute a second large group with 
primary amenorrhea. 

Inhibition malformations of the distal part 
of Milller's duct are quite common in the 
so-called M ayer-Rokitansky-Kuster-syndrome 
(MRK syndrome) (bipartite solid uterus without 
vagina) (HAUSER, 1961). We observed this syn
drome 12 times within 4 years. Other authors 
(KUMSCHIK, 1966) have reported that this syn
drome accounted for as many as 22 % of their 
cases of primary amenorrhea. The uterus usually 
consists of a solid muscular cord divided in two. 
Both uterine cornua with lateral club-like 
processes are immediately next to the ovaries, 
and extend medially in the form of a comma. 
They are connected by a retrovesical peritoneal 
structure (ligamentum latum). The malforma
tion increases in the craniocaudal direction 
(Fig. 58). Genetically, a developmental inhibi
tion of the distal section of the Milller's 
filaments during the second month of embryonal 
life, gives rise to the MRK syndrome, the 
causal genesis is unknown. These subjects have 
a 46/XX chromosomal configuration. Inher
itance must be excluded on the basis of the cases 
reported so far. 
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NORMAL 

Fig. 58. Diagram showing normal female reproductive tract contrasted with Mayer-Rokitansky-Kiister syndrome: no 
vagina, divided uterus, a single thread in the middle and club-shaped at the sides. The ovaries are placed higher than normal. 
(After HAUSER, 1961) 

Symptoms: Primary amenorrhea and the in
ability to have intercourse are the most frequent 
reasons for consulting the doctor. The patients 
only rarely seek medical advice because of 
primary sterility. 

Very rarely, primary amenorrhea is due to 
an imperforate hymen, congenital vaginal closure 
in the cranial third, or closure of the cervix 
(McKuSICK, 1964). These defects lead to hema
tocolpos, or hematometra and hematosalpinx 
(false amenorrhea). The cramp recurring monthly 
in the lower abdomen, increasing in severity 
and radiating to the lumbar region, together with 
the demonstration of a retrohymenal, or uterine 
or para uterine (tubal) painful tumor rapidly 
leads to the right diagnosis. 

Endometrial TB exceptionally leads to pri
mary amenorrhea. The ovarian cycle is main
tained in these patients. This can be shown 
by the biphasic basal body temperature and 
the colpocytogram. The estrogen test is nega
tive. 

Patients with primary amenorrhea very 
occasionally have normal ovarian and endo
metrial cycles and normal fertility (ISRAEL, 
1967). Absence of cyclic withdrawal bleeding 
is attributed to the absence of the hypothetic 
uterine hemorrhagic factor (silent menstruation 
or amenorrhea spuria). 

Testicular feminization must be mentioned 
as another form of primary amenorrhea (so
called Morris syndrome, "hairless woman") 
(MORRIS, 1953). This form of intersexuality 
has been described fully in another section 
(p.726). 

In contrast to secondary amenorrhea, pri
mary amenorrhea is seldom due to functional 
disorders of the hypothalamo-hypophyseal 

system resulting from infections, circulatory 
disturbances (infarct, hemorrhage, internal hy
drocephalus) tumors (neoplasms, aneurysms of 
the internal carotid artery), malnutrition or 
psychological factors. Organic changes in the 
region of the pituitary and hypothalamus always 
lead to primary amenorrhea together with 
disorders of growth and development as well 
as impaired metabolism, water balance and 
sleep. 

Craniopharyngiomas affecting the hypo
thalamus are discussed on p. 120. 

Primary amenorrhea due to psychological 
factors (BENEDEK, 1952; MICHEL-WOLFROMM, 
1963; CONDRAU, 1967) arises in the absence of 
any psychosis in girls who are continuously 
under pressure at school and in the parental 
home. In addition, an acquired aversion towards 
everything sexual may also be an etiological 
factor. Often this is combined with obesity or 
emaciation (THOMA, 1961). These women are 
psychologically and psychosexually infantile. 
The estrogen secretion is decreased in the presence 
of normal gonadotropin excretion. Differentia
tion from primary ovarian amenorrhea, which 
is considerably more common, is achieved by 
careful psychiatric exploration and perhaps 
in retrospect after successful psychiatric therapy. 
Often, however, the situation can only be 
clarified by an ovarian biopsy. 

Primary amenorrhea can also be due to 
dysfunction of one of the endocrine organs 
correlated with the hypothalamo-hypophyseal
ovarian axis. Hypothyroidism and hyperthyr
oidism, as well as severe metabolic disturbance 
in unstabilized juvenile diabetes, can lead to 
primary amenorrhea, probably due to ovarian 
insufficiency caused via the hypothalamus. 
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States of hypercorticism produce primary 
amenorrhea more frequently than the endocrine 
and metabolic disorders mentioned. Thus the 
adrenogenital syndrome in the congenital or 
acquired forms can lead to primary or secondary 
amenorrhea if untreated. As a rule, however, 
it is the intersexuality and not the amenorrhea 
which leads to further investigation. The syn
drome has been discussed in detail elsewhere 
(p. 358, PRADER). When virilization arises only 
after the 2nd or 3rd year of life, the pres
ence of an adrenocortical tumor must be 
considered. 

According to present-day knowledge the 
so-called pre- and postpubertal forms of the 
adrenogenital syndrome are also congenital 
disorders of steroid metabolism in the adrenal 
cortex. Borderline adrenal hyperplasia usually 
results in secondary amenorrhea (p. 593). 

Cushing's syndrome arising before the men
arche leads to primary amenorrhea if not 
treated. This symptom, however, retreats into 
the background beside the basic symptoms. 

Endocrine active ovarian tumors (arrheno
blastoma, hilus-cell tumor, adrenal-rest tumor, 
chorioepithelioma and perhaps also tumors 
of the granulosa-theca cells) can cause primary 
amenorrhea. This is especially true of arrheno
blastomas. More often however, these tumors 
cause secondary amenorrhea (p. 638). 

Primary amenorrhea is a concomitant symp
tom in the Laurence-Moon-Riedl syndrome 
(BIEDL, 1922, 1933; KEIFER, 1950), giving way 
to retinitis pigmentosa (which can lead to 
amaurosis), imbecility, dwarfism and obesity. 
Polydactylia, which is often present, and the 
involvement of siblings are evidence of the 
occurrence of this incurable neurological disease. 

b) Secondary Amenorrhea 

Secondary amenorrhea is more common than 
primary. Before endocrinopathies are considered, 
pregnancy and its sequelae must be excluded 
in an amenorrheic patient of sexual maturity, 
whatever the patient may say. 

Physiological amenorrhea during the puer
perium lasts a maximum of 3 months in a woman 
who is not breast feeding, and 4 months in the 
nursing mother. 

Physiological amenorrhea also occurs fre
quently in the postmenarchal period, and is 
probably a reflection of a certain lability in 
the functional chain between hypothalamus, 
hypophysis and ovaries. Treatment is only 
exceptionally necessary since normal rhythm 
often arises spontaneously. Disturbed primary 
cycles, however, occur more frequently in women 
who later suffer from ovarian dysfunction. 

The Ovary 

Secondary amenorrhea arising during the climac
teric is due to the gradual development of 
generative and vegetative ovarian insufficiency. 
Menopause before the 40th year of life, is 
referred to as an early menopause (precocious 
climacteric). The climacteric syndrome is due 
to the reduced estrogen secretion (p. 582). At 
the same time there is a rise in gonadotropins. 
The cause of premature ovarian insufficiency 
is often not clear. Cytogenetic investigations 
have shown that an early menopause arises for 
example in patients with an XXX set of chromo
somes (GORDON, 1967). In contrast to other 
women with precocious climacteric, these women 
often have hypogonadism. 

The largest group of patients with patho
logic secondary amenorrhea includes young 
women of inconspicuous appearance in whom 
psychological influences produce menstrual dis
orders. This is a form of hypothalamic amenor
rhea, described as psychogenic or emotional 
amenorrhea on the basis of its etiology. Conflict
ing factors are at the root of the disturbance: 
unsatisfactory matrimonial or familial condi
tions, psychosexual tension, exaggerated fear 
of pregnancy, desire for a child, fears about 
the future, financial problems etc., and frighten
ing experiences such as accidents, sudden death 
of a relative, war experiences. Conflicts arise 
from disturbed living conditions. Severe psycho
logical trauma such as occurs during wars 
leads to amenorrhea particularly frequently. 
Examples of this are amenorrhea occurring 
during states of emergency, internment in 
concentration camps and ghettos, and during 
flight (WHITEACRE, 1944; SYDENHAM, 1946; 
STROINK, 1947; HEYNEMANN, 1948; TIETZE, 
1948; BAss, 1947; MAYER, 1948; KNEER, 1949; 
NOCHIMOWSKI, 1946; NETTER, 1962). Secondary 
amenorrhea due to psychological factors was 
observed in up to half the female members of 
prison camps. Rapid development of secondary 
amenorrhea resulting from psychological factors 
belies the causal influence of malnutrition. 
Malnutrition begins to act only after several 
months but also contributes to the fact that 
90 % of the women in prisoner camps were 
amenorrheic. A purposeful reaction underlies 
this emotional amenorrhea: preservation of 
the species is abandoned in favor of self-preserva
tion. This is also applicable to nutritive amenor
rhea due to chronic inanition (KEYS, 1950; 
ZUBIRAN, 1953). In some women, quite trivial 
psychological influences are sufficient to produce 
menstrual disorders. The occurrence of sec
ondary amenorrhea in girls and young women 
during a change in environment (time spent 
abroad in another part of the country), is a good 
illustration of this. On the other hand, not all 
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women react to even very severe psychological 
factors with the development of amenorrhea. 
Some do not react at all or react in some other 
way. We therefore speak of labile-cycle and 
stable-cycle women (SEITZ, 1939), which is 
meant to indicate that constitutional factors 
are involved. We know nothing about the nature 
of these individual differences. Women suffering 
from emotional amenorrhea often have immature 
and infantile personalities and unexpected ex
periences cause erroneous hypothalamic regula
tion. The hormone values vary widely and 
are dependent on the duration of amenorrhea. 
Urinary excretion of pituitary gonadotropins 
is decreased in most of these women, and may 
be completely absent in some. Estrogens are 
correspondingly reduced. Hypogonadotropism 
is rarely associated with hypothyroidism or 
hypocorticism. The HPG activity in the urine 
is quite commonly normal in the presence of 
normal or even elevated estrogen levels. High 
HPG and low estrogen levels can be found in 
acute forms, and the women affected complain 
of climacteric symptoms (RAKOFF, 1962). Ex
cretion of metabolites of adrenal corticoids 
may vary widely in certain forms (STURGIS, 
1962), and the urine excretion of 17-keto 
steroids may be considerably raised. 

The observation that gonadotropin excre
tion is often reduced at least initially led to thc 
conclusion that the hypothalamus is the main 
seat of the disorder in these cases of emotional 
amenorrhea. Any estrogen deficit in these 
women may be due to the fact that LH excretion 
is disturbed in the presence of normal or even 
raised excretion of FSH (KLINEFELTER, 1943). 
Reduced LH excretion has been described in 
psychogenic amenorrhea (McARTHUR, 1958). 

Amenorrhea with anorexia nervosa must 
also be classified as a hypothalamic form of 
amenorrhea (LASEGUE, 1873; GULL, 1874; NE
MIAH, 1950; BLISS, 1960; THOMA, 1960). This 
condition is not an endocrinopathy but primarily 
a psychoneurosis which takes the form of an 
aversion to any form of food intake. These 
patients are psychologically immature, and are 
incompatible to changes in environment. Dom
ineering parents are often involved initially. 
The discontinuation of nutrition, which can 
lead to cachexia, results secondarily in limited 
gonadotropic function. Animal experiments have 
revealed that the release but not the production 
of gonadotropins is reduced during inanition. 
The reduced formation or absence of estrogens 
leads to atrophy of the reproductive organs and 
secondary sexual characteristics in these cases 
too. 

Pseudocyesis must be classified in the group 
of psychogenic amenorrhea (MOULTON, 1942; 
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FRIED, 1951; BENEDEK, 1952). It is an excellent 
example of the psychological influence on 
reproductive processes. It is a psychoneurosis 
arising from an exaggerated wish for a child 
or from pathologic fear of pregnancy. A series 
of indefinite signs of pregnancy arise: nausea, 
vomiting, meteorism, increase in weight with 
formation of striae distensae, enlargement of 
the breasts with lactation. Rhythmic uterine 
contractions start at the "calculated date" of 
delivery. In contrast to the other psychogenic 
forms of amenorrhea, secondary ovarian in
sufficiency does not arise in this case. Estrogen 
production is normal and atrophy of the 
genitalia fails to occur. Secretory transformation 
of the endometrium may even be well developed. 

Because of the functional structurc of the 
hypothalamus, it is not surprising that hypo
thalamic amenorrhea can be associated with 
disorders of other functions regulated by the 
central nervous system. Examples of these 
functions are: fat and carbohydrate metabolism, 
water balance and wake-sleep regulation. Thus, 
secondary amenorrhea is often found in obese 
women. This is probably not due to the obesity; 
both are probably concomitant consequences 
of the same psychological influence. N ormaliza
tion of weight is followed quickly by the return 
of menstruation, so that one is tempted to 
assume a direct causal connection. However, 
it is the removal of the psychological disturb
ance which probably leads to the conscious 
limitation of food intake and often to the 
release of gonadotropins at the same time. 

The patients are often unaware of the 
psychological factors causing the amenorrhea, 
and quite often emphatically deny them. Wide 
experience and great patience and tact are 
required for the doctor to expose the connection, 
which is often complex. 

If neither psychological nor organic causes 
can be found to explain hypothalamic amenor
rhea, it is justifiable to refer to an idiopathic 
disorder. These cases are probably examples 
of emotional amenorrhea where no psycho
genesis can be found. Obesity is often present 
at the same time (BAHNER, 1969). 

Analogous clinical illnesses have also been 
observed with tumors in the region of the tuberal 
part of the hypothalamus. On the basis of 
animal experiments it is suspected that this 
area is responsible for regulation of body 
weight. However, in the majority of cases, there 
are hypothalamo-hypophyseal functional dis
orders of unknown etiology. The high familial 
incidence suggests the influence of hereditary 
factors. The fat distribution is typically feminine, 
fat deposition being mainly in the buttocks, 
thighs, lower abdomen, breasts and shoulder 
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girdle. The distal extremities on the other hand 
remain quite slim. The psychological structure 
of these women is in keeping with the somatic 
composition in that they are calm, well-balanced 
people. Although the patients are of normal 
height, the distal regions of the extremities are 
quite short. This irregularity in bone growth 
indicates a central dysfunction arising early. 
External and internal genitalia are hypoplastic 
(secondary hypogonadism). Menarche is not 
usually delayed, but the primary cycles are 
often abnormal, in the form of menorrhagia 
with oligomenorrhea. Amenorrhea finally de
velops. Hypertrichosis is often visible on the 
lower jaw, extremities and lower abdomen 
but is not very marked. Pituitary gonadotropin 
levels are diminished in the urine, in contrast 
to the elevated values in primary hypogonadism, 
and normal levels of the total gonadotropins 
in polycystic disease of the ovaries. Estrogens 
are reduced. The endometrium can show a 
certain degree of proliferation so that the 
progestin test gives a positive result. The endo
metrium is usually atrophic after amenorrhea 
of long duration. 

In addition to these psychoneurotic forms 
of amenorrhea, hypothalamic amenorrhea has 
also been observed in association with true 
psychoses, especially those of depressive charac
ter (BLEULER, 1954). Secondary hypothalamic 
amenorrhea can also be iatrogenic for example 
after administration of sexual steroids, and 
particularly depot-progestins. Amenorrhea has 
also been reported during the administration 
of reserpine, chlorpromazine, barbiturates, 
morphine and dithiocarbamide (Fig. 47, p. 
572). 

A special form of hypothalamic dysfunction 
leads to the Chiari-Frommel syndrome (CHIARI, 
1852; FROMMEL, 1882; GUMPEL, 1960; JAZMAN, 
1963; KAISER, 1963; HASKINS, 1964; CHARD, 
1964). This syndrome consists of postpartum 
amenorrhea with galactorrhea, often associated 
with moderate obesity. Gonadotropin and estro
gen levels are reduced. The syndrome is due 
to increased prolactin secretion by the anterior 
pituitary, possibly resulting from the loss of the 
inhibitory factor in the hypothalamus, and 
associated with a reduction in the release of 
gonadotropins at the same time (CANFIELD, 
1965). (The reader is referred to p. 556 for a 
discussion of the prolactin-inhibiting factor.) The 
uterus and ovaries atrophy due to the decrease 
in FSH and LH secretions. Secondary sexual 
characteristics are not affected by the estrogen 
deficit. The increased prolactin excretion has 
been demonstrated biologically with pigeon 
goiters. With the exception of the ovaries, func
tion of the other endocrine organs is not altered. 
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The case histories of these women often 
show an exaggerated state of fear in connection 
with delivery so that psychological factors 
could very well be involved in the etiology of 
this syndrome (MULLER, 1962). This has been 
confirmed by the observation of a Chiari
Frommel syndrome arising after a pseudocyesis. 
The Chiari-Frommel syndrome together with 
special cases of Forbes-Albright syndrome 
(Ahumada-del Castillo or Argonz-del-Castillo 
syndrome) may form a group of hypothalamic 
forms of amenorrhea due to common psychogenic 
etiological factors, where no organic changes 
can be found in the region of the hypothalamus 
and pituitary. However, even in the puerperal 
form, the possibility of an intracranial neo
plastic process must always be kept in mind 
(see below). 

The Chiari-Frommel syndrome is too fre
quently diagnosed. The two mandatory symp
toms of amenorrhea and galactorrhea can be 
caused by a series of drugs such as the "pill", 
reserpine, phenothiazine, ex-methyl dopa and 
Tofranil (HOOPER, 1961; RABINOWITZ, 1961; 
KLEIN, 1964), in cases where the frequence 
of the galactorrhea is directly dependent on the 
amount of drug administered. Both symptoms 
have been observed together in cases of hypo
thalamic and hypophyseal neoplasms, hypo
thyroidism [sometimes combined with precocious 
puberty (VAN WYK, 1960; BROWN, 1965)], and 
after hysterectomy (SACHS, 1959). 

The Chiari-Frommel syndrome must be dif
ferentiated from the considerably more common 
uncomplicated postpartal ovarian insufficiency, 
which is due simply to generative ovarian in
sufficiency. Estrogen excretion is normal and 
progesterone administration leads to bleeding 
from the secretory transformed mucosa. There 
are no features of failure. 17-Ketosteroids and 
17-0H corticoids are often at the upper normal 
limits, particularly in obese women. Adrenal 
and thyroid functions are normal. The etiology 
and pathogenesis of this disorder are still not 
clear. It is possible that there is a refractory 
connection between the ovaries and gonado
tropic stimulation, such as is present in lactating 
women (KELLER, 1968). There are no inves
tigations about the gonadotropic activity in 
series of these women. 

Secondary amenorrhea is often the first 
symptom of a pituitary adenoma and cranio
pharyngioma in the adult woman (ROGERS, 
1963). At the onset of the illness, there is only 
a loss of gonadotropic function, but later the 
clinical picture of panhypopituitarism develops. 
Loss of hypothalamic function (loss of formation 
and release of the gonadotropin-releasing factor, 
and other hypophysiotropins) can arise due 
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to pressure on the centers lying between the 
supra-optic and paraventricular nuclei when 
the tumor is situated more anteriorly, or 
through compression of the eminentia mediana 
and tuber cinereum when the tumor is more 
posteriorly placed. The suprasellar tumor lying 
anteriorly causes pressure on the optic chiasma 
resulting in visual disturbances (homonymous 
hemianopsia). 

The Forbes-Albright syndrome (Ahumada
del Castillo or Argonz-del Castillo syndrome) 
(p. 106, Chap. V), in contrast to the Chiari-From
mel syndrome, arises independently of a birth. It 
is often caused by a chromophobe adenoma of 
the pituitary. The clinical features are secondary 
amenorrhea with galactorrhea, low values of 
urinary HPG and an estrogen deficit (AHUMADA, 
1932; ARGONZ, 1953; FORBES, 1954; BRICAIRE, 
1958; JAGIELLO, 1960; BERCOVICI, 1963). 

The less common, endocrine-active eosino
phil and basophil pituitary adenomas can also 
lead to secondary amenorrhea. This, however, 
retreats clinically into the background against 
the disorders of growth and metabolism (acro
megaly, Cushing's disease). 

"Compensation neurosis" must be consid
ered as the cause of a secondary amenorrhea oc
curring after cerebral concussion. Postpartum 
amenorrhea may be due to Sheehan's syndrome 
(p. 92, Chap. V). 

Women with primary ovarian insufficiency 
account for only a small proportion of patients 
with secondary amenorrhea. Patients with sec
ondary ovarian hypoplasia, and a small number 
of women with an XXX set of chromosomes 
belong to this group. This form of amenorrhea 
has already been mentioned under primary 
amenorrhea. 

Patients with polycystic disease of the ovaries 
must also be discussed in this section (p. 609ff.). 
Since this disease is a pluriglandular disorder 
of uncertain etiology and pathogenesis, classi
fication under ovarian amenorrhea is entirely 
arbitrary. The form described originally by 
STEIN and LEVENTHAL (1935) referred often to 
obese young women with hirsutism, secondary 
amenorrhea or oligomenorrhea, sterility, and 
enlarged polycystic ovaries. 

Epidemic parotitis may occasionally lead 
to ovarian destruction causing primary or sec
ondary amenorrhea. On the other hand, the 
functional capacity of the ovaries is very 
impressive, since menstrual disturbances may 
be completely absent even in cases where 
bilateral ovarian tumors have caused almost 
complete pressure atrophy of the ovarian stroma. 
The one exception to this is the Krukenberg 
tumor, which commonly gives rise to secondary 
amenorrhea when present bilaterally. 
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Endocrine-Active Ovarian Tumors. Arrhenobla
stomas, tumors of the hilus cells, adrenal 
remnant tumors, chorioepitheliomas, and less 
frequently tumors of the granulosa-theca cells 
can give rise to amenorrhea. This is especially 
true of the arrhenoblastoma (p. 638). 

This tumor arises most frequently between 
the 15th and 30th years of life. Defeminization 
and masculinization are the predominant clinical 
features, and are due to prolonged action of 
the slightly increased testosterone production. 
Excretion of the 17-ketosteroids is usually 
at the upper normal limit or slightly increased, 
and never reaches values as high as those found 
with adrenocortical tumors. The excretion values 
are generally also below those in the ad reno
genital syndrome. Estrogens are usually normal, 
while gonadotropin excretion is decreased. 

Dysfunction of Related Endocrine Organs such 
as the adrenal cortex and thyroid gland can 
cause secondary amenorrhea. Thus, the post
pubertal form of the adrenogenital syndrome 
is a further cause. The probability of an adreno
cortical tumor increases with advancing age of 
onset of this syndrome. Like hyperfunction, 
hypofunction in Addison's disease can also 
lead to secondary amenorrhea. The same is 
true of hypo- and hyperthyroidism. 

The borderline cases of adrenal hyperplasia 
are of more practical importance since the 
incidence is greater. Mild cases can lead simply 
to a shortened luteal phase, whereas severe 
cases can give rise to anovulatory cycles with 
secondary amenorrhea. These cases of adrenal 
hyperplasia are a type of postpubertal adreno
genital syndrome where there is only a slight 
or moderate increase in the excretion of 17-keto
steroids and where the pregnanetriol excretion 
is also only slightly elevated. These women 
usually present clinically with hirsutism. Enlarge
ment of the clitoris may also be present. There 
is a mere generative ovarian insufficiency in 
most of these cases. Progesterone leads to 
withdrawal bleeding. 

Traumatic or atretic amenorrhea is a rare 
form of secondary amenorrhea (Fritsch-Asher
man syndrome, metrose de receptivite M oricard, 
so-called uterine adhesions or synechia) (ASHER
MAN, 1948; 1950; 1957).ltisa uterine amenorrhea 
in which gonadotropins and ovarian sexual 
steroids are normally secreted and formed, 
in which the cyclic sexual processes run a normal 
course but menstruation fails to occur. It is 
usually due to a too radical curettage post 
partum or post abortum, if it was performed 
especially in the first 14 days after termina
tion of a pregnancy. Less frequently, manual 
removal of the placenta with mechanical re-
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moval of the basal stratum of the endometrium 
or chemical or radiogenic cauterization for 
severe hemorrhage may result in traumatic 
amenorrhea. Tuberculous endometritis may ex
ceptionally cause this type of amenorrhea by 
causing partial or total adhesion of the two 
uterine walls. 

Secondary amenorrhea has also been ob
served after postoperative adhesion of the 
cervical canal, e.g. after amputation of the 
cervix during a prolapse operation, a diagnostic 
or therapeutic conisation, or electrocauteriza
tion of an ectropion. 

Adhesions of the vagina after cauterization 
giving rise to amenorrhea are rare. 

False amenorrhea is caused by all these 
forms of secondary gynatresia. The molimina 
menstrual is quickly leads the patient to the 
doctor. 

c) Diagnostic Procedure (Tables 43, 44) 

Amenorrhea is not a disease but merely a 
symptom. It must therefore be investigated 

Table 43. Diagnostic interpretation of amenorrhea 

A. Case history 
General and gynecological examination 

B. Basal temperature, Shorr smears, cervical mucus, 
HPG activity in 24-h urine 

C. Hormone tests 
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thoroughly before treatment can be started. 
Often, however, treatment is only symptomatic. 
Unscrupulous symptomatic therapy is very 
often not only useless, but associated with the 
danger of indirect damage, as it may mask 
the disease underlying the amenorrhea. As 
long as there is no obstruction (gynatresia) in 
the discharging genital organs, primary amenor
rhea should not be investigated or treated before 
completion of the 18th year oflife. Spontaneous 
menarche has only exceptionally been observed 
after this age [approximately 0.3 % of cases of 
primary amenorrhea (GRIMM, 1968)]. An in
vestigation should then be instituted as promptly 
as possible, since the woman's future depends 
to a considerable extent on the prognosis. 

PhYSiological amenorrhea must be excluded 
before any form of treatment is started. Every 
amenorrheic sexually mature female must be 
considered pregnant until the opposite has 
been proved. A pregnancy can be diagnosed 
or be excluded with a high degree of certainty 
(96-98 %) by means of the immunological 
pregnancy test as early as 14 days after the 

Positive -----------
Generative ovarian insufficiency 

Progestin test 

~Negative 
+ = first-degree amenorrhea I Estrogen test I 

POsitive-------------- ~e 
Vegetative ovarian Uterine amenorrhea 
insufficiency = second-degree 
amenorrhea 

1 
I Gonadotropin test I 

Positive- ----Negative 
Secondary ovarian insufficiency Primary ovarian insufficiency 

D. Estrogens, pregnandiol, pregnant rio I, 17-ketosteroids, 17-0H corticoids 
T4 , iodine uptake, basic metabolism 
Methyrapone, dexamethasone, and ACTH tests 
Ocular fundus, perimetry 
Idiogram 
Endometrium biopsy, culdoscopy or laparotomy, ovarian biopsy 
X-ray examinations: bone age, sella turcica, colpogram, hysterosalpingogram, urogram, etc. 
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Table 44, Diagnostic procedure in amenorrhea 

Examination 

1, Case history 

Symptoms 

Familial incidence 

Postpartum occurrence 
(after collapse, mental 
trauma, curettage) 

Previous infection 
(genital TB, parotitis 
epidemica) 

Conflict situations 
shock 

Brain injury 
(cerebral concussion, 
contusion) 

Slow-release progestagens, 
inhibitors of ovulation, 
reserpine, phenothiazines 

2, General condition Obesity, pronounced 

Obesity, moderate 

3, Genital status 

Cachexia 

Dwarfism 

Body hair 
as in man 

Absence of pubic and 
axillary hair 

Scanty growth of pubic 
hair, lateral portions 
of eyebrows scanty 

Breasts 
Hypoplastic or atrophic 

Galactorrhea 

Inguinal hernia 

No uterus present 
Vagina blind 

No vagina present 
Uterus rudimentary 

Vagina hypoplastic 

Clitoris hypertrophic 

4, Hormonal status HPG normal (LH lowered) 
Estrogens lowered 
Progesterone test negative 
Estrogen test positive 

HPG lowered 
Estrogens lowered 
Progesterone test negative 
Estrogen test positive 

Primary amenorrhea 

Testicular feminization 
Laurence-Biedl-Moon syndrome 
(agonadism) 
Adrenogenital syndrome 

Secondary amenorrhea 

Adrenogenital syndrome 

Sheehan's syndrome 
Chiari-Frommel syndrome 
Asherman's syndrome 

MORICARD'S syndrome 
(melrose de receptivite) 

Emotional amenorrhea 

Postconcussion amenorrhea 
(compensation neurosis) 

Laurence-Biedl-Moon syndrome 

Anorexia nervosa 

Iatrogenic amenorrhea 

Cushing's syndrome 

Stein-Leventhal syndrome 
Chiari-Frommel syndrome 

Adrenogenital syndrome 
Gonadal dysgenesis 

Adrenogenital syndrome 
Virilizing ovarian tumor 

Testicular feminization 

Sheehan's syndrome 

595 

Primary and secondary ovarian insufficiency 

Chiari-Frommel syndrome 
Ahumada-del-Castillo syndrome 
Iatrogenic: reserpine, pheno
thiazines (usually without 
amenorrhea) 
Hypothyreosis 
Acromegaly 

Testicular feminization 

Testicular feminization 

Mayer-Rokitansky-Kiister syndrome 

Primary ovarian insufficiency 

Adrenogenital syndrome 
Virilizing ovarian tumor 

Hermaphroditus verus 
T~sticular feminization 

Hypothalamic amenorrhea (see Table 40) 
Exceptions: some forms of emotional and 
nutritional amenorrhea 
(Release blocked) 

Pituitary amenorrhea (see Table 40) 
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Table 44 (continued) 

Examination Symptoms 

HPG elevated 
Estrogens lowered 
Progesterone test negative 
Estrogen test positive 

HPGnormal 
Estrogens normal 
Progesterone test negative 
Estrogen test negative 

HPGnormal 
Estrogens normal 
(occasionally lowered) 
Progesterone test positive 

HPG lowered 
Estrogens lowered 
Progesterone test positive 

Urinary steroids lowered 

17-ketosteroids elevated 

Estrogens lowered 

Estrogens normal 

5, Vaginal cytology Atrophic 

6, Culdoscopy or 
Laparotomy 

7, Radiographic 
examination 

8. Chromosomal 
sex 

Normal 
i.e, good estrogen effect 

Uterus 
None present 
Rudimentary 
Hypoplastic 

Ovaries 
None present 

Hypoplastic or 
rudimentary 
Threadlike 
Cylindrical 
Large, pale 
Oystershell-like 

Urography 
Malformations 

Colpohysterography 
Synechiae 

Sinus urogenitalis 

Negative ("male") 
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Primary amenorrhea Secondary amenorrhea 

Ovarian amenorrhea (see Table 40) 

Uterine amenorrhea (see Table 40) 

Polycystic ovary 

Adrenogenital syndrome 

Sheehan's syndrome 
Panhypopituitarism with 
pituitary tumors 
M. Addison 

Psychogenic amenorrhea 
Adrenogenital syndrome in adrenocortical 
hyperplasia 
Polycystic ovaries 
Virilizing ovarian tumors 

Adrenogenital syndrome due to adrenocortical tumors 

Ovarian insufficiency (primary and secondary) 
Testicular feminization 

Polycystic ovaries 
Adrenogenital syndrome 

Mayer-Rokitansky-Kiister syndrome 

Ovarian insufficiency (primary and secondary) 
Testicular feminization 

Polycystic ovary 
Traumatic amenorrhea 
(Asherman's syndrome) 
Metrose de receptivite 
(Moricard's syndrome) 

Testicular feminization 
Mayer-Rokitansky-Kiister syndrome 
Gonadal dysgenesis 

Ovarian hypoplasia 

Agonadism 
Testicular feminization 

Gonadal dysgenesis (gonadal anlage, streak) 
Ovarian hypoplasia 
Polycystic ovaries 

Gonadal dysgenesis 
Mayer-Rokitansky-Kiister syndrome 

Gynetresia Traumatic amenorrhea 

Adrenogenital syndrome 

Gonadal dysgenesis c5 
Testicular feminization 
Genuine hermaphroditism 
XX woman 
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first missed period. Charting the basal body 
temperature is cheaper - a hyperthermal phase 
lasting for more than 16 days indicates a preg
nancy with the same high probability as the 
immunological pregnancy test (BARTON, 1945). 

Pathologic amenorrhea necessitates thor
ough investigation. A careful case history and 
the general and gynecological examinations 
usually provide valuable information on the 
etiology and pathogenesis (Table 44). Gynatresia 
and genital malformations, such as the Mayer
Rokitansky-Ktister syndrome, can be detected 
or excluded (molimina menstrualis), and the 
presence of gonadal dysgenesia, testicular femini
zation or adrenogenital syndrome can further 
be indicated. 

A biphasic basal body temperature in an 
amenorrheic patient indicates uterine amenor
rhea, whereas the smear and cervical mucus 
show the degree of estrogen production. 

The chromosome idiogram is often valuable 
in primary amenorrhea. Between 28-40 % (JA
COBS, 1961; PHILIP, 1965) of these patients 
have a chromosome anomaly. Estimation of 
gonadotropic activity (HPG) in the 24-hour 
urine permits differentiation between hyper
gonadotropic amenorrhea and hypo- or normo
gonadotropic amenorrhea. The hypergonado
tropic form reflects primary ovarian insufficiency 
and allows substitution therapy at the most. 
Ovulation cannot be induced, and treatment 
of the sterility is thus hopeless. 

The reactive capacity of the endometrium 
is examined by the gestagen test (Table 45), 
which should be performed before the estrogen 
test (Table 45). Both tests are negative in the 
presence of uterine amenorrhea. The result 
of the gestagen test permits generative ovarian 
insufficiency (Stage I or mild degree) to be 
differentiated from the severe form of vegetative 
ovarian insufficiency (Stage II or severe degree). 

The use of progestagens in the gestagen 
test is not only simpler and cheaper, but also 
produces better defined withdrawal bleeding 
within 2-4 days after discontinuation due to 
the rapid fall in the hormone level. The develop
ment of withdrawal bleeding after withdrawal 
of the hormone (positive gestagen test) in
dicates estrogen formation in the ovaries and 
a certain degree of endometrial proliferation. 
Therefore only a generative ovarian insuffi
ciency is present due to failure of ovulation. 
This disorder of the function of the hypophyseal
hypothalamic system may be caused by endo
genous factors (i.e. through a dysfunction of 
a related endocrine organ). 

If the gestagen test is negative, a subsequent 
estrogen test is a further means of investigation 
(Table 45). 
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Table 45. Testing the reactivity of endometrium or ovaries 

A. Gestagen test 

a) Oral 
Progestagen (Primolut-N; Gestanon, etc.) 
e.g. 3 x 2 5-mg tablets of Primolut-N daily for 5 days 
Withdrawal bleeding within 2-4 days 

b) Parenteral 
Depot gestagen i.m. 
e.g. Pro luton-Depot (250 mg) 
Lutocyclin M (200 mg) 
Withdrawal bleeding within 10 days 
Oily solution: 10 mg/day for 5 days i.m. 

B. Estrogen test 

a) Oral 
Ethinyl estradiol 
e.g. Progynon-C 3 x 1 0.02-mg tablet daily for 14 days 
Withdrawal bleeding after 2-4 days 

b) Parenteral 
Depot estrogen i.m. 
e.g. Progynon-Depot 20 mg (2 ampoules) 

Ovocyclin M 20 mg (2 ampoules) 
Withdrawal bleeding after 4-5 weeks 

C. Gonadotropin test 

75 lU HMG/day for 10 days 
(HMG: Pergonal; Humegon) 
5000 lU HCG/day on days 10, 11, and 12 
(HCG: Pregnyl; Gonadex; Primogonyl) 

If negative, repeat with double these dosages 

Uterine amenorrhea is present if withdrawal 
bleeding does not occur within 4-5 weeks after 
parenteral administration or after 8 days at 
the latest after discontinuation of the tablets 
(negative estrogen test). In such a case, the 
endometrium is not reacting. A positive estrogen 
test with a negative gestagen test shows the 
presence of an endometrium capable of reacting, 
associated with almost complete failure of the 
formation of ovarian estrogens (vegetative ova
rian insufficiency, ovarian insufficiency grade II 
or severe degree). The question as to whether 
primary or secondary ovarian insufficiency is 
present can be answered by estimation of the 
urinary gonadotropins. Elevated levels (hyper
gonadotropic amenorrhea) are found in primary 
ovarian insufficiency. Nuclear sex, chromosome 
idiogram, laparotomy, and gonadal biopsy 
are further methods of investigation of the 
disorder. Secondary normogonadotropic or 
hypogonadotropic ovarian insufficiency requires 
further thorough investigation of the basic 
disease to detect any grave organic disorders 
in the hypophyseal-hypothalamic region (intra
cranial, particularly intrasellar tumors) or of 
other endocrine organs (Cushing's disease, 
Addison's disease, hypothyroidism, hyperthy
roidism, diabetes mellitus). It is useful for neuro
logist, ophthalmologist, and endocrinologist 
to cooperate (Table 45). 
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The gonadotropin test (Table 45) is used to 
examine the reactive ability of the germinal 
parenchyma in the presence of secondary ovarian 
insufficiency. It is of prognostic significance only. 
If there is no ovarian reaction, there is no chance 
of normalizing the ovarian cycle. The test is 
expeasive and necessitates daily checks of the 
size of the ovaries to avoid overstimulation. 
The amount of gonadotropin must be adjusted 
individually. 

d) Prognosis and Therapy 

The prognosis of amenorrhea is primarily 
dependent on the type of underlying disease. 
If the basic disorder can be removed cycles 
often arise spontaneously. This is not only 
applicable to organic disorders but also to 
psychogenic disturbances, which are much more 
common. In assessing the degree of success of 
treatment it must be remembered that a spontane
ous cure not infrequently arises. 

STAEMMLER (1964) found the following figures 
for normalization among his patients: 
in hypothalamic dysfunction 49 %, 25 % of 
these spontaneously; in postpartum ovarian 
insufficiency 54 %, about half spontaneously; 
with hypoplastic ovaries 23 %, no spontaneous 
cures; with polycystic ovaries 46 %, 8.5 % of 
these spontaneously. 

Whereas all other illnesses concerned in 
amenorrhea show approximately the same re
covery rate, patients with hypoplastic ovaries 
have a definitely worse prognosis. The number 
of spontaneous cures is particularly high for 
postpartum amenorrhea, whereas a spontaneous 
recovery is not to be expected with hypoplastic 
ovaries, and the chances of such a cure are very 
slight with polycystic ovaries. The prognosis 
of the amenorrhea is dependent on the basic 
disorder and the duration of the amenorrhea. 
Thus, lasting success is estimated in a mean 
of 55 % of cases of amenorrhea of 1 year's 
duration and less, in 49% in cases of 1~3 
years' duration, and 29 % where amenorrhea 
has lasted for more than 3 years (STAEMMLER, 
1964). The prognosis improves with the extent 
of estrogen proliferation in the endometrium 
before the onset of treatment. 

Often, the causal factor cannot be found 
or cannot be removed. Treatment in such 
cases is aimed at the production of an ovarian 
or an endometrial cycle, according to whether 
or not there is any desire for children. Gynatresia 
is treated surgically. The operation should be 
performed as early as possible, before fertility 
is permanently damaged. In the presence of 
hymenal atresia the hematocolpos only 
should be evacuated, and patients should 
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be treated with antibiotics to reduce the 
high risk of infection. The uterus empties 
spontaneously. 

Careful dilatation of the uterine cavity or 
of the cervix, together with parenteral estrogen 
and progesterone treatment, are sometimes 
sufficient in cases of uterine synechia or cervical 
stenosis. The curative effect of the hysterosal
pingography (as has been described for traumatic 
amenorrhea) is due to the same mechanical 
action. Homotransplantation of mucosa through 
the intracavital autotransplantation of one 
tube (STRASSMANN, 1935) is reserved for special 
individual cases. 

Treatment of congenital vaginal aplasia con
sists in surgical construction of a vagina allow
ing intercourse. Numerous methods are avail
able. We find that the surgical construction 
of an artificial vaginal lumen lined with free 
epidermal flaps has proved satisfactory (modi
fied method after KIRSCHNER, WAGNER and 
McINDOE) (BABLER, 1967). The operation 
should only be done if regular sexual inter
course can occur subsequently. This factor 
among others also determines the results of the 
operation. 

Patience and sympathetic listening alone 
can lead to success in cases of psychogenic 
amenorrhea. Consultations with the husband, 
parents or superior at work may be necessary. 
The cyclic employment of sexual steroids to 
produce withdrawal bleeding frequently cannot 
be avoided (Table 49 b). General measures such 
as relief from work, sufficient sleep, physical 
exercise and reduction in weight can restore 
menstruation in some cases, but are of a sup
portive nature in all cases. Severe psycho
neurosis such as anorexia nervosa requires 
treatment by a psychiatrist and hospitalization 
for treatment of the electrolyte disturbance 
often present. 

Three principle forms of hormone treatment 
are available: 

stimulation at the hypothalamic or ovarian 
level, 

substitution at the uterine and vaginal levels, 
and 

central inhibition with subsequent "rebound 
effect". 

An ovarian cycle is achieved through ovarian 
stimulation with either gonadotropins or clomi
fene. 

There may be a slight chance of producing 
a so-called rebound effect (increased release 
of pituitary gonadotropins) by hypophyseal
hypothalamic suppression by means of sexual 
steroids and their discontinuation. 

An endometrial cycle is obtained by sub
stitution treatment. 
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ex) Stimulation Therapy 

Ovarian stimulation can be achieved either 
indirectly with clomifene or directly with 
gonadotropins. This form of treatment is only 
indicated when ovulation is to be induced in 
cases where a child is wanted. Stimulation is 
thus the form of treatment for anovulatory 
sterility. 

The quantitative HPG excretion is of prime 
importance in the prognosis and choice of 
treatment. The excretion pattern can be used 
for assessment of the LH peak. It is now possible 
to determine the excretion pattern without 
particular exertion by immunological estimation 
of LH. On the other hand, quantitative excre
tions can still only be determined by considerably 
more costly biological and radio immunological 
tests. Treatment is adjusted primarily to the 
excretion type. 

Table 46. Stimulant treatment with clomifene citrate. (See 
also p. 630 ff.) 

Special precaution: 
Only to be used in the presence of a functional hypo
thalamo-hypophyseal system and ovarian tissue. 

Endocrinological: 
N ormogonadotropic oligo-amenorrhea or anovulation; 
estrogens normal. 

Standard therapy: 
50-100 mg Clomid/day for 4-5 days. 

Preparation: 
Dyneric, Clomid (MERRELL) 

Ovulation (in about 70 % of patients): 
On average 8-12 days after beginning of therapy. 

50-100 mg/day 

Q) Q) Q) Q) :J: 
Bleeding 1 1 1 1 

I 
1. 5. 10. days 

Risks (lower than with gonadotropins): 
Overstimulation with formation of ovarian cysts with 
torsion of the pedicle, rupture and intra-abdominal 
hemorrhage, Meigs's syndrome, thromboembolism. 
Multiple ovulation: multiple births (7.5 %) 

Implications: 
Bimanual gynecological examination every other day 
during stimulation. 
Discontinuation of the treatment if there is rapid growth 
of the ovaries. 

Less dangerous than stimulation with gonadotropins, but 
also less effective. 

Treatment is less costly and time-consuming. No lasting 
success. 
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Four main gonadotropin excretion types 
have been demonstrated with anovulation: 

a) If the anovulation is normogonadotropic 
a trial of diencephalic stimulation with Dyneric 
(clomifene citrate) or Sexovid F 6066) is 
justified (Table 46). In order to reduce the 
risk of over-stimulation as much as possible, 
which however is lower than with gonadotropins, 
the initial dose of clomifene should not 
exceed 50 mg daily. If the ovarian stimulation 
obtained with this dose is inadequate, a daily 
dose of 100 mg for 4 to 5 days may induce 
ovulation. The danger of over-stimulation is 
especially great when treatment lasts for longer 
than 10 days or is repeated. A new cycle of 
treatment should only be started at the earliest 
after 4 weeks and after pregnancy and ovarian 
cysts have been excluded (GREENBLATT, 1966; 
SCHREINER, 1968). 

The LH peak achieved with Dyneric may 
exceptionally be too low to produce ovulation. 
In such cases, additional administration of 
HCG can lead to success (Fig. 60). Determina
tion of the excretion pattern is valuable in such 
cases. Recently steroids like Retroid (Roche), 
a weak progestagen, and Epimestrol (O'rganon), 
a weak estrogen, have been discussed for the 
induction of ovulation. 

The former is 1,6-dehydro-6-chloro-retro
progesterone, the latter 3-methoxy-17-epiestriol 
(Fig. 59). Both steroids seem to act as a positive 
feedback by enhancing the LH secretion (KELLER, 
1971). 

Retroid 

CH,O 
Epimestrol 

Cl 

C--CH, 
II o 

OH 

Fig, 59, Symptoms of the menopause 

We found a fairly good effect when 4-8 mg 
Retroid was given daily for 10 days beginning 
on day 15 of the cycle, or 5 mg Epimestrol 
daily for 10 days from the 5th day of the cycle 
onward (Table 46a). 

In cases of secondary amenorrhea ovulation 
was found in 29 % treated with Retroid and 
26 % treated with Epimestrol (KELLER, 1971). 
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Table 46a. Stimulant therapy with steroids. (See also 
p. 630) 

Special precaution: 
Only to be used in the presence of a functional hypo
thalamo-hypophyseal system and ovarian tissue. 

Endocrinological: 
Young women with normogonadotropic oligo-amenor
rhea or anovulation: estrogens normal. 

Standard therapy: 
Retroid: 4-8 mgjday for 10 days, beginning on day 

14-16 of bleeding. 
Epimestrol: 5 mgjday for 10 days, beginning on day 5 of 

bleeding. 

Preparations: 
Retroid (Roche), Epimestrol (Organon). 

Not dangerous, less effective than clomifene cilrat. 

Table 47. Stimulant therapy with human gonadotropins. 
(See also p. 629) 

Special precaution: 
Only to be used in the presence offunctional ovarian tissue. 

Endocrinological: 
Hypo- or normogonadotropic oligo-amenorrhea or an
ovulation, estrogens normal or lowered. 

Basis of treatment: 
HMG + HCG 

Preparations: 
HMG: Pergonal (Istituto Serono, Rome) 

Humegon (Organon, Oss) 
HCG: Pregnyl (Organon) 

Gonadex (Leo) 
Primogonyl (Schering) 

Ovulation: 
On average 12-60 hours after beginning of HCG medica
tion. 

Risks: 
Overstimulation of the ovaries: formation of cysts with 
torsion of pedicle, rupture and intra-abdominal hemor
rhage, ascites, pseudo-Meigs's syndrome, thromboembol
ism. 
Multiple ovulation: multiple births. 

Implications: 
1. Daily bimanual gynecological examination. Discon

tinuation of treatment if ovaries grow rapidly; 
2. daily hormonal vaginal cytology (karyopyknotic index) 
3. daily assessment of cervix factor: 

Appearance and quantity of cervical mucus 
Spinnbarkeit 
Fern-leaf test 
Possibly Sims-Huhner test; 

4. Basal temperature 

Advantage: 
Most effective form of stimulant therapy 

Disadvantages: 
Dangerous, costly, time-consuming for patient and doctor; 
no lasting success. 
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b) The treatment of choice for induction 
of ovulation in cases of hypogonadotropic an
ovulation is direct stimulation with HMG/HCG. 
The ideal patient for treatment with human 
gonadotropins must fulfill the following condi
tions: sterility, age less than 35 years, normal 
nonfunctioning ovaries, no endogenous gonado
tropin production and normally developed 
genitalia (GEMZELL, 1965). Normal or slightly 
reduced gonadotropin secretion in the presence 
of anovulation does not exclude treatment with 
human gonadotropins, but these cases are more 
difficult to treat since the reactive capacity of 
the ovaries varies widely. They generally react 
more sensitively to HMG. This is especially true 
of polycystic ovaries, and wedge resection or 
treatment with clomifene is therefore an 
adequate form of therapy in such cases. Pergonal: 
75 IV FSH + 75 IU LH (Instituto Serano, Rome) 
and Humegon: 75 IU FSH (Organon, Oss) are 
HMG preparations. The simultaneous action 
of FSH and LH provided by Pergonal and 
Humegon is essential for follicular growth 
and the production and secretion of estrogens. 
Almost pure forms of FSH or LH have only 
a slight action on the follicle. 

The "LH-spurt" required for releasing ovula
tion is achieved by giving HCG in addition 
(Pregnyl, Primogonyl, Gonadex). 

We have found the 2-phase treatment the 
most satisfactory schedule for administration 
(Fig. 60). The woman receives 75~150 IU HMG 
daily for 10~12 days, followed by HCG. Thus 
a total of 1 000 IU FSH is administered on 
average. This roughly corresponds to the amount 
of FSH secreted by the anterior pituitary before 
ovulation (p. 562). HCG is given in three equal 
daily doses of 5000 IU (Fig. 60). Treatment 
with HCG can follow or overlap that with 
HMG. If the ovaries are enlarged and painful 
after the last injection of HMG, we refrain 
from giving HCG. HMG treatment is continued 
until a significant estrogen effect can be ob
served in the vagina and in the cervix in par
ticular. This stage is usually reached after 8 to 
10 days, and is also indicated by the estrogen 
excretion which must be estimated constantly 
(GEMZELL, 1969). 

If the follicles do not respond to this form 
of stimulation the doses can be gradually 
increased. 

Very often 150~ 225 IU HM G daily are needed 
for ovarian stimulation. 

Ovulation usually occurs between 12 and 
60 hours after the initiation of HCG treatment. 

The form of administration advocated by 
CROOKE (1967) has not proved so satisfactory 
in our opinion (KELLER, 1969). This form 
of treatment consists of an initial single dose 
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of HMG, varying between 5 and 15 ampoules 
of Humegon or Pergonal. At the point when 
the estrogen effect is at its maximum, generally 
after 8 to 10 days, 5000 IU of HCG are given 
daily for 1-4 days (Fig. 60). BETTENDORF (1962) 
was able to induce ovulation with HPG alone. 

1 Standard treatment 

75 IU/FSH/day 5000 IU HCG/day 

1 2 3 4 5 6 7 8 9 10 11 12 13. 14 15 16 17 18 19 
Day of cycle 

3 7 5~2250 IU FSH/day 
(5·30 amp Humegon) 

OShor 
5000 IU HCG/day 

1 2 3. 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

t 
max Estrogen effect 

3 Combination of clomlfene/HCG 

50~100 mg clomlfene/day 5000 IU HCG/day 

<D (]) <D <D G:' $ , , 
(1) (D (D CD CD 

2 3 4 5 6. 7 8 9 10 11 12 13 14 15. 16 17 18. 19 

Fig. 60. Administration schedule for human gonadotropins 

According to the results it is supposed 
that the effect of HMG on the growth of the 
follicle follows the "all-or-nothing" law. The 
range between the dose which is without 
effect and the one which provokes an over
stimulation is very small. According to the 
excretion of estrogens there is always an 
overstimulation of the ovaries by the exogenous 
HMG (GEMZELL, 1969). 

The results connected with the induction 
of a biphasic ovarian cycle are very good in 
correctly selected patients. Ovulation can almost 
always be induced by this method, and pregnancy 
occurs in 40-45 % of these previously sterile 
women (VAN DE WIELE, 1965; GEMZELL, 1969). 
About a third of these pregnancies, however, 
terminate in abortion or in premature birth, 
mainly because of multiple pregnancies. About 
25 % of the children born alive are from multiple 
pregnancies (Table 48). 

Patients must be subjected to a daily bi
manual vaginal examination during treatment 
with human gonadotropins to avoid the develop
ment oflarge polycystic ovaries. GEMZELL (1969) 
has recommended daily estimation of urinary 
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estrogens and pregnanediol and of progesterone 
in the blood, but this is expensive and only 
justified in the investigation of special scientific 
problems. It is unnecessary during treatment and 
the karyopycnotic index and cervix factor are 
sufficient for estimation of the estrogen effect 
(Table 48). 

Table 48. Results obtained in 228 women with primary or 
secondary amenorrhea with human hypophyseal FSH and 
HCG over a period of 8 years (1960-1967). (After GEMZELL, 
1969) 

1960-1967 

No. of patients 
No. of treatments 
Pregnancies 
Including: twins in 

triplets in 
Abortions or premature births 

228 
463 
101 

19 
5 

30 

c) In cases of hypergonadotropic anovulation 
the prognosis is considerably less favorable 
(repeated finding of more than 2 mg in 24 
hours). The ovaries in such cases are already 
under increased gonadotropic stimulation. As 
long as the values are not too high (over 3 mg 
IRP/24 h), an attempt can be made to induce 
ovulation by means of diencephalic stimulation 
with clomifene. Additional gonadotropic stim
ulation is not indicated. 

d) When hormone levels are quantitatively 
normal, reduced follicular response to gonado
tropic stimulation can be suspected. This state 
may be present postpartum (KELLER, 1968). 
Here too, an attempt to increase central ovarian 
stimulation with clomifene is permissible. 

~) Substitution Therapy (Table 49) 

Substitution therapy is indicated when induction 
of withdrawal bleeding by an effect at the 
endometrial level is desired or when an estrogenic 
and gestagenic effect is to be produced on 
the primary and secondary sexual charac
teristics. 

Spontaneous cycles can be induced in ex
ceptional cases where the hypothalamo-hypo
physeal-ovarian axis is intact, by stimulation 
of the hypothalamo-hypophyseal system caused 
by rhythmic administration and withdrawal of 
estrogens and gestagens. Treatment must, how
ever, be continued for at least 6 months. Estro
gens and progesterone can be given orally or 
parenterally in injections. Oral administration 
of gestagens has the advantage that the fall in 
hormones occurs rapidly, thus allowing the 
onset and end of the withdrawal bleeding 
to be well defined and treatment to be short. 



602 

One effect of the administration of estrogens 
and gestagens is the suppression of gonado
tropin secretion. Experiments with animals 
show that there is an excessive release of gonado
tropins from the pituitary after the discontinua
tion of long-term administration of sexual 
steroids. This is described as the rebound effect 
(HOHLWEG, 1934). It causes increased ovarian 
stimulation. Although it has never been proved 
that gonadotropin release in the female is 
increased by this treatment, there have been 
frequent attempts to release ovulatory cycles 
by hormonal inhibition of the hypophysis 
(BUSCHBECK, 1957). Simultaneous administra
tion of high doses of estrogens and gestagens 
over a period of weeks produces the most 
pronounced suppressant effects on hypothala
mus and hypophysis (Table 49). 

Table 49. Substitution therapy 

A. If genital bleeding is desired 

Only possible in the presence of a responsive endometrium 
a) If some estrogen stimulation is still present and the 

amenorrhea is of only short duration « 1 year): 
Oral gestagen e.g. Primolut-N (120 mg) 

3 x 2 tablets (30 mg) daily on days 21-24 of cycle, or 
Primosiston 
3 x 1 tablet on days 17-26 of cycle, 
or Duogynon 
1 tablet daily for 2 days (24 and 25 of cycle). 

b) Modified Kaufmann schedule: 
3 x 1 tablet ofProgynon C daily for 14 days, followed by 
3 x 1 tablet of Primos is ton daily, later from day 5 of cycle 
3 x 1 tablet ofProgynon C daily for 10 days, followed by 
3 x 1 tablet of Primosiston daily for 10 days, or Sequens, 
Estirona for 20 days from day 5 of cycle. 

c) To induce pseudocyesis 
10 mg of a slow-release estradiol preparation on each 
of days 1, 10,20, and 30 (Ovocyclin M; Progynon-Depot) 
Oral Progestagen (e.g. Primolut-N) 
days 11-20 1 tablet daily 
days 21-30 2 tablets daily 
days 31-40 3 tablets daily 

B. If uterine bleeding is unnecessary, estrogens alone can 
be given: 
0.25 mg stilbestrol/day 
0.02 mg ethinyl estradiol/day 
2.50 mg Premarin, Pres omen, Progynova 1-2 mg/day 
10 mg slow-release estrogen (1-2/month) (Ovocyclin M; 
Progynon-Depot) 

Substitution therapy with estrogens ill 

gonadal dysgenesia (rudimentary gonads) is 
aimed at preventing osteoporosis, stimulating 
skeletal growth and developing primary and 
secondary sexual characteristics. Complete 
growth compensation is, however, not achieved 
(OVERZIER, 1969). Whether cyclic genital bleed
ing is desired will depend on the woman's 
mentality. It is important that the patient is 
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given to understand in the early stages that 
the sterility is permanent and not wait until 
she gets married. Normal ability to take part 
in sexual intercourse and a normal libido can 
be attained. Substitution should not be started 
before the 12th year (WILKINS, 1957). It corre
sponds to the long-term treatment presented 
in Table 49 under Form Ab or B. 

There is no evidence, as has been claimed 
(STANGE, 1958), that dysgenetic gonads are 
more prone to tumors (HAUSER, 1961). Removal 
of such gondas is therefore unnecessary. Psycho
logical instruction and advice are the important 
factors in these patients, since subsequent 
mental maturation often occurs with substitution 
treatment (POLLOCK, 1955). 

A few authors recommend bilateral orchid
ectomy in cases of testicular feminization because 
of the alleged increased danger of malignant 
degeneration in retained testes (STANGE, 1958). 
Substitution therapy is absolutely essential in 
these castrated patients since severe symptoms 
of failure may arise. We were not convinced 
of the necessity of castration in our cases 
(SCHREINER, 1959); we leave the testes intact 
or remove one testis if a herniotomy is necessary. 

Treatment of ovarian hypoplasia consists 
of stimulation with human gonadotropins where 
there is a desire for children (Table 47). Where 
children are not wanted, treatment consists 
of substitution (Table 49). Substitution with 
estrogens is adequate as long as uterine bleeding 
is not necessary for psychological reasons 
(Table 49). 

Uterine hypoplasia can be favorably in
fluenced by stimulation producing a pseu
docyesis (Table 49). 

The treatment of polycystic ovaries is dis
cussed on p.614ff. If a tumor can be excluded, 
prolactin release can be suppressed in the 
Chiari-Frommel or Forbes-Albright syndrome 
with high doses of estrogens or progestagens, 
over 3-4 months (HASKINS, 1964). Cyclic sub
stitution with sexual steroids in normal doses 
leads to uterine bleeding but has no significant 
influence on the galactorrhea (McDONALD, 
1965). There have been reports of success with 
normal doses of clomifene (p. 599) giving rise 
to ovulatory cycles, and even of pregnancy 
(KAISER, 1963; LORAINE, 1966). 

There is no causal treatment possible for 
Sheehan's syndrome, except if pregnancy occurs. 
Pregnancy causes physiological hypertrophy 
of the residual anterior pituitary, and since 
this hypertrophy does not usually regress post
partum, improvement is obtained. One must 
however be aware that this method of treatment 
is restricted and dangerous in these patients. 
A new sub- or postpartum complication to 
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which these patients are particularly liable can 
cause complete destruction of the residual 
anterior pituitary and thus lead to an extremely 
severe form of global insufficiency of the anterior 
pituitary lobe. Long-term treatment is usually 
purely symptomatic. Estrogens in doses which 
do not induce genital bleeding are adequate 
to prevent genital atrophy and osteoporosis 
(Table 49B). The production of cyclic bleeding 
is sometimes necessary for psychological reasons 
in young women (Table 49b). Substitution 
with human gonadotropins is only exceptionally 
considered as a form of treatment (p. 584). 
Knowledge of this can, however, be of psycho
logical importance to younger patients, since 
this method provides at least a theoretical 
possibility of pregnancy. 

2. Dysfunctional Uterine Bleeding 

Dysfunctional uterine bleeding indicates ab
normal functional endometrial bleeding result
ing from primary or secondary ovarian dys
function (synonyms: functional uterine bleed
ing, metropathia hemorrhagica). 

The bleeding can be of various types. 
Cyclic bleeding disorders can be so-called 
temporal anomalies (= impaired bleeding 
rhythm) or type anomalies (= disorder of type 
of bleeding), or the bleeding may be acyclic 
(metrorrhagia) or a combination of different 
anomalies. Anovulatory bleeding is common. 

The causal factor leading to bleeding disturb
ances is endocrine in nature and can lie any
where on the cortex-limbic system-hypothala
mus-hypophysis-ovary-endometrium axis or less 
commonly in the adrenal cortex or thyroid 
gland. Endocrinopathies are exceptionally the 
cause. Disturbed ovarian function however is 
always the core and presents mainly as anovula
tion. Investigations in experimental animals 
and observations in castrated women have 
yielded information on the pathogenesis of 
functional bleeding disturbances. Castration 
of a sexually mature female monkey leads to 
endometrial bleeding within 2-5 days, regard
less of the point in the cycle at which castration 
was performed (E. ALLEN, in OBER, 1957). 
Thus estrogen withdrawal alone is sufficient 
to induce bleeding; but the endometrium is 
more sensitive to and reacts more quickly to 
withdrawal of progesterone, even after short
term, slight progesterone effects. Clinical ob
servations in castrated women have confirmed 
these results (OBER, 1957). Furthermore, it 
has been deduced that increasingly high doses 
of estrogens are necessary to maintain endo
metrium proliferation and prevent breakthrough 
bleeding over a longer period of time. The 
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picture of glandular cystic hyperplasia arises 
in the endometrium following the continuous 
action of estrogens alone for at least 4 weeks 
(p. 607). The quantitative estrogen influence 
is also essential in the determination of the 
histological picture and of the type of dys
functional bleeding. Glandular cystic hyper
plasia occurs only if the total estrogen excretion 
is more than 30 J.lg/24 h for at least 3-4 weeks, 
even in the presence of fluctuating estrogen 
production (Fig. 61). Amounts between 10-
30 J.lg/24 h results in simple proliferation (Fig. 
61). If estrogen administration is not increased 
after a certain time, a state of relative estrogen 
deficiency arises, resulting in constant bleeding 
termed as breakthrough bleeding (W. M. ALLEN, 
1951), which occurs from the surface where 
the blood is coagulable. 
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Fig. 61. Quantitative changes with fluctuating influence of 
estrogens on the endometrium. (After BROWN, 1959) 

Increasing amounts of progesterone are 
also required to maintain the secretory trans
formed mucosa. This fact is illustrated by the 
hormone treatment of endometriosis (p. 633). 
Atrophy and shrinkage occur only under the 
influence of progestin, whereas relative progestin 
and estrogen deficiency does not give rise to 
a typical mucosal destruction but to superficial 
bleeding. 

Further observations have shown that with
drawal of progesterone even after only one 
day results in withdrawal bleeding without 
histologically detectable endometrial changes. 
Destruction of the functionalis occurs charac
teristically only when progesterone acts for 
longer than 10 days together with estrogens. 
This is probably associated with the facts that 
destruction of menstrual mucosa necessitates 
the development of a characteristic vascular 
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system, consisting particularly of spiral arteries, 
and that the process of development requires 
at least 10 days. 

All the investigations mentioned have shown 
that functional or dysfunctional endometrial 
bleeding occurs if the estrogens and progestins 
required for build-up are withdrawn or are 
present in inadequate amounts. This fact is 
of practical importance in the treatment of 
dysfunctional uterine bleeding. 

Dysfunctional bleeding accounts for a con
siderable proportion of the female patients 
subjected to curettage for bleeding disorders. 
Dysfunctional bleeding is responsible for 60 % 
of all diagnostic curettages performed in the 
Gynecological Department in Zurich. The dis
order can arise at any age between menarche 
and early postmenopause, but is more frequent 
during the postmenarche and the premenopausal 
period. This is understandable, since luteal 
ovarian function is in a state of development or 
decline during these phases of life (DORING, 
1963). Anovulatory cycles are also more fre
quent at these times (Table 58, DORING, p. 623). 
Of our patients with dysfunctional bleeding, 
46 % were over 40 years old. Other authors 
have found an incidence of about 66 % (ISRAEL, 
1967). In contrast, among our cases, only 1 % 
of dysfunctional bleeding occurred in women 
under 20 years. This figure is consistent with 
those of other investigators (SUTHERLAND, 1953; 
ISRAEL, 1967). Incomplete abortion is the pre
dominant reason for the bleeding in the majority 
of these young patients. Dysfunctional bleeding 
was present in only every fifth patient in this 
age group (SOUTHAM, 1960). These figures 
for young women are, however, misleading, 
since dysfunctional bleeding in this age group 
now only exceptionally requires curettage. Dys
functional bleeding in young women, termed 
as "juvenile bleeding", can be very profuse, 
and if untreated can lead to severe anemia within 
a short time. The fertility of these patients is 
reduced even when the cycle later becomes 
normal (FRIES, 1947; SOUTHAM, 1966). However 
only 55 % of these women later have a normal 
cycle, and normalization occurs in about half 
of them within 4 years (SOUTHAM, 1966). The 
risk of developing a carcinoma of the body 
of the uterus later seems to be greater in young 
women who suffer from dysfunctional bleeding 
(SOUTHAM, 1966). Dysfunctional bleeding is 
uncommon in women between 20 and 40 years, 
and the reasons are usually emotional. Bleeding 
due to disturbed gestation or neoplastic changes 
is predominant in this age group. Carcinoma 
of the uterus and dysfunctional bleeding top 
the list of conditions to be considered in the 
differential diagnosis of bleeding disturbances 
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in the age group between 40 and 50. During 
the postmenarche and postmenopause, ovaries 
with numerous cysts 1-3 em in diameter are 
the most frequent cause of dysfunctional uterine 
bleeding. The functional state of the ovaries is 
dependent on the state of the theca cells found 
in the cysts. 

The histological picture of the endometrium 
is not only dependent on the age of the patient 
but also on the time at which the tissue is removed, 
i.e. the previous duration of bleeding. Mucosa 
in the phase after bleeding has occurred no 
longer indicates the original functional structure. 
Since anovulation is the principle reason for 
dysfunctional bleeding, the endometrium usually 
shows an exclusively estrogenic effect. All 
transition phases are observed, from weak 
proliferation through simple hyperplasia to 
glandular cystic hyperplasia and polyposis. 
A certain progesterone influence cannot be 
excluded in individual cases, since some glycogen 
and mucus are sometimes found in the en
dometrium. It is possible that the theca cells 
in the cystic cells become luteinized. When 
bleeding occurs from a fully secretory trans
formed endometrium, the possibility of an 
early abortion must be considered since about 
40 % of fertilized ova are unviable (HERTIG, 
1948). Frequently no evidence of this can be 
obtained in the first two weeks of pregnancy, 
since the very small ovum can escape histological 
identification and the pregnancy test may still 
be negative. In a few cases, the endometrium 
shows secretory transformed areas together 
with regions purely proliferative in character 
(so-called irregular maturation, after TRAUT 
and KUDER, 1935), or the endometrium may 
show the picture of delayed regression of the 
corpus lute urn (so-called irregular shedding). 
Atrophy of the endometrium is seen in only 
about 5% of cases (ZONDEK, 1954) (Table 50). 

Before a diagnosis of dysfunctional bleeding 
can be made, neoplastic and inflammatory 
uterine changes and pregnancy must be excluded. 
The pretherapeutic investigation involves a 
fractional curettage first of all, which has a 
therapeutic effect in about 50 % of cases. 
Curettage is essential in cases of bleeding in 
the premenopause. "Hormonal curettage" is 
of prime therapeutic and diagnostic importance 
particularly in younger patients (p. 607). If 
this procedure is unsuccessful dysfunctional 
bleeding is unlikely. Important aids to diagnosis 
are the basal temperature and pregnanediol 
excretion, which together with the pregnancy 
test help to clarify the question of a pregnancy. 
The case history often leads to a diagnosis, 
but differention from abortion may be difficult 
at times. A widely dilated os, clear cervical 
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Table 50. Histology of the endometrium in dysfunctional bleeding 

Diagnosis KISTNER (1964) 
(400 patients) 

Hyperplasia 123 
Atrophy 7 
Irregular shedding 9 
Devascularized mucus membrane 31 
Simple proliferation 230 

mucus that can be drawn into threads, and a 
positive fern-leaf phenomenon exclude a preg
nancy. Disturbances of blood coagulation are 
of practically no importance in patients not 
receiving anti-coagulant treatment. 

a) Disorders of the Bleeding Rhythm (Temporal 
Anomalies) (Figs. 62a and b) 

These disorders present as oligomenorrhea or 
polymenorrhea. Since about 95 % of all cycles 
last between 21-35 days between the ages of 
20 and 40 (AREY, 1939), the term oligomenorrhea 
is applied when the cycle lasts for more than 
35 days but less than 90 days (see amenorrhea, 
p. 585). Polymenorrhea occurs when the cycle 
last less than 21 days. 

Normal 
menstruation 

a 

b 
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light 

heavy 
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I. 
Fig. 62a and b. Dysfunctional bleeding. Anomalous rhythm 
(temporal anomalies). a) Oligomenorrhea = abnormally 
infrequent menstruation (interval >35 days, <90 days). 
b) Polymenorrhea = abnormally frequent menstruation 
(interval <21 days) 

Most temporal anomalies result from hypo
thalamic dysregulation. 

Oligomenorrhea is usually due to anovula
tion and less commonly to a biphasic cycle 
with a prolonged phase of follicular maturation. 
It can precede secondary amenorrhea. This is 
indicated in particular when the interval lasts 
longer than 45 days and hypomenorrhea arises 

SUTHERLAND (1950) 
(861 patients) 

265 
10 
13 
26 

547 

U niversitiits- F ra uenklinik. 
Zurich (1968) 
(704 patients) 

93 
206 

42 
363 

at the same time. Menopause is often premature 
in women with oligomenorrhea, due to ovarian 
insufficiency. 

Bleeding may occasionally be due to hypo
thalamic dysfunction such as occurs with severe 
psychological stress, malnutrition or obesity, 
dysfunctional states of related endocrine organs 
and in the syndrome of polycystic ovaries. 

Oligomenorrhea is not important as long 
as there is no desire for children. Treatment is 
only necessary in unwanted functional sterility. 
The therapeutic procedure corresponds to that 
for secondary amenorrhea (p. 590). In cases 
of obesity, reduction in weight is often sufficient 
to normalize the cycle. Absence of ovulation 
and a shortened follicular maturation or luteal 
phase can also lead to polymenorrhea (KNAUS, 
1950; MOSZKOWSKI, 1962). Experience has shown 
that functional sterility is present when the 
luteal phase is less than 10 days. The blastocyste, 
which is implanted around the 7th postovulatory 
day, produces too little HCG at this stage to 
prevent regression of the corpus luteum. Since 
ovulation occurs on the 8th day of the cycle 
at the earliest (HARTMAN, 1936; BREWER, 1947; 
HERTIG, 1956) the cycle of 18 days is the shortest 
fertile cycle. 

Polymenorrhea arises commonly in the post
menarche and the premenopausal period, since 
luteal function of the ovaries is often absent 
or deficient in these phases. A shortened cycle 
may arise between the ages of 20 and 40 as a 
result of severe physical or psychological stress. 
As long as it does not produce anemia, treatment 
is not necessary during the postmenarche and 
the premenopausal period. 

In the absence of ovulation, there are cycles 
with relatively regular follicular breakthrough 
bleeding of short duration (SCHRODER, 1928). 
It must be mentioned that 4-8 % of all women 
who menstruate quite regularly have anovular 
cycles (EFFKEMANN, 1939; ROCK, 1939; SIEGLER, 
1951). 

Treatment is indicated when polymenorrhea 
arises secondarily during sexual maturity, and 
if there is sterility in the presence of a desire for 
children. Treatment is adjusted according to 
the basal body temperature and the endometrial 
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histology. The temperature on waking also 
permits the detection of pseudopolymenorrhea, 
which may exceptionally be due to extensive 
ovulation bleeding. A healthy way of life with 
sufficient sleep and relaxation are often enough 
to normalize the shortened cycle. 

If the object of treatment is to prolong the 
interval without bleeding and possibly to reduce 
the severity of the bleeding, a mixture of estrogens 
and progestagens (ovulation inhibitors) can 
be given from days 5-25 of the cycle. If sterility 
associated with anovulatory cycles is the dom
inating feature, treatment with clomifene 
or human gonadotropin is indicated (p. 629). 

The "displacing effect" of estrogens on 
ovulation due to inhibition of gonadotropin 
secretion can also be applied to cases with 
biphasic cycles with a reduced follicular phase: 
10 mg estradiol benzoate or valerianate is given 
intramuscularly on day 5 of the cycle, or 0.05 mg 
ethinyl estradiol is given twice daily or 0.5 mg 
diethyl stilbestrol daily from day 3-10 of the 
cycle. 

Finally, if the luteal phase is too short, the 
second phase of the cycle can be prolonged by 
substitution treatment, by giving for example 
Primosiston (ethinyl nortestosterone acetate 
2 mg + 0.01 mg ethinyl estradiol) three times 
daily from day 21 to day 26 of the cycle. 

Stimulation with chorionic gonadotropin 
is only justified in the treatment of sterility. 
HCG is given three times in a dose of 5000 IU 
between days 20-24 of the cycle. 

b) Disorders of the Type of Bleeding (Type 
Anomalies) (Fig. 62c) 

In contrast to the temporal anomalies, which 
are usually of a dysfunctional nature, type 
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Fig. 62c. Anomalies in type of bleeding; hypomenorrhea = 
abnormally light menstrual bleeding; hypermenorrhea = 
abnormally heavy bleeding of normal duration; menor
rhagia = abnormally prolonged menstrual bleeding (> 7 
days, < 14 days) 
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anomalies, with the exception of hypomenorrhea, 
mostly originate from organic causes. 

In hypomenorrhea the bleeding is abnormally 
mild, and can present in the form of bleeding 
of short duration often lasting only a few hours 
or 1-2 days (LAX, 1939). Hypomenorrhea has 
been observed more frequently since ovulation 
inhibitors have been in use, and may precede 
amenorrhea. Like oligomenorrhea, with which 
it can be combined, hypomenorrhea may be 
due to hypothalamic primary ovarian dysfunc
tion or to disorders of the correlated organs. 
It has also been observed in association with 
physiological stress, changes in surroundings 
and climate, obesity, the climacteric and in 
hypothyroidism and hyperthyroidism, Addison's 
disease, Cushing's syndrome and adrenogenital 
syndrome. 

Treatment of hypomenorrhea is superfluous. 
Hypermenorrhea is abnormally severe cyclic, 

uterine bleeding of 7 days' duration at the most. 
It is frequently characterized by the discharge 
of blood clots, since severe bleeding results 
in a relative deficiency of fibrinolytic enzymes 
in the decomposing endometrium. Hypochromic 
anemia develops with repeated episodes of 
hypermenorrhea. It is caused by organic changes 
in over 90 % of cases. These changes cause a 
reduction in the contractility of the myometrium 
and an increase in the bleeding surface. Uterine 
hypoplasia, intramural or submucosal fibroids, 
polyps of the uterine mucosa, adenomyosis of 
the uterus and, exceptionally, bleeding diseases 
with clotting disorders may be involved. Psycho
logical stress may occasionally give rise to hyper
menorrhea. 

Histology shows that the gestagenic in
fluence on the endometrium is often inadequate 
and is removed during the bleeding. 

Except during adolescence, a fractional 
curettage is indicated for diagnostic reasons. 
It is often of therapeutic value at the same time. 

Hormonal treatment of dysfunctional hyper
menorrhea is aimed at the improvement of 
secretory transformation, by giving, for example, 
2 tablets Primolut-N 3 times daily between days 
21 and 24 of the cycle, or at suppression of 
ovulation by giving an ovulostatic drug from 
day 5 to day 25 of the cycle. 

Hemostasis of profuse dysfunctional bleed
ing is best achieved by giving Primosiston 
tablets in the following dosage: 5 tablets on the 
1st day, 2 times 2 tablets on the 2nd day, 3 
tablets daily from the 3rd to the 9th day (KAUF
MANN). Withdrawal bleeding normally oc
curs 8 days after discontinuation of the treat
ment. 

Menorrhagia indicates cyclic uterine bleed
ing lasting for more than 7 days but for less 
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than 14 days. The bleeding is often more severe 
than normal but can also be of normal severity; 
it is rarely diminished. If bleeding lasts for 14 
days or more, then the term meno-metrorrhagia 
is used, since acyclic bleeding can be main
tained in prolonged cyclic bleeding. Menor
rhagia, and meno-metrorrhagia in particular, 
very frequently have organic causes. They can 
also arise as dysfunctional bleeding in combina
tion with oligomenorrhea. 

Endometrial hyperplasia occurs in the pres
ence of a persistent follicle due to the prolonged 
action of estrogens (SCHRODER, 1928; 1954; 
BEHRENS, 1956). Follicular persistence may 
last a few days or several weeks but rarely 
longer than 8 weeks. A picture of glandular 
cystic hyperplasia develops in the endometrium 
when estrogenic influence lasts uninterrupted 
for more than 4 weeks (R. MEYER, 1913; SCHRO
DER, 1928). The histological picture is termed 
the "Swiss-cheese pattern" of the endometrium. 
Sooner or later, nutritional disorders arise 
in the endometrium due to the relative estrogen 
deficiency, and this in turn gives rise to metror
rhagia in the form of "spotting" or to true 
breakthrough bleeding in the form of metror
rhagia or meno-metrorrhagia. The amounts of 
estrogens produced by the ovaries are seldom 
above the bleeding threshold for longer than 8 
weeks. Bleeding occurs from the surface, and the 
endometrial necrotic foci become progressively 
drained of blood over weeks in some cases. 
Severity and duration of the bleeding depend 
on the rate at which the estrogen level falls. 
Mucosa obtained from a curettage after several 
days of prolonged bleeding shows a "bled-out", 
poorly regenerating basalis. 

Bleeding after follicular persistence is charac
teristic of the climacteric, due to the loss of 
generative ovarian function, and is termed as 
"juvenile bleeding" if between the 12th and 
20th years. It arises during the postmenarche 
(FRIES, 1947; DEWHURST, 1963). The bleeding 
is often profuse in both cases and may lead to 
severe anemia. The prognosis for later normali
zation of the cycle and fertility is very poor 
(p. 604). The risk of the later development of 
carcinoma of the body of the uterus is elevated 
(SOUTHAM, 1966). 

Oligomenorrhea and amenorrhea in the 
presence of follicular persistence are charac
teristic of patients with polycystic ovaries. 
Ovarian tumors producing estrogens (granulosa
and theca-cell tumor, occasionally Brenner 
tumors) can also lead to glandular cystic 
hyperplasia and breakthrough bleeding. The 
development of breakthrough bleeding in the 
late postmenopause should always suggest the 
presence of such a tumor. 
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The connection between glandular cystic 
hyperplasia and carcinoma of the body of the 
uterus is still not clear (TAYLOR, 1923; NOVAK, 
1936; LARSON, 1954), and opinions are still 
divided in spite of numerous investigations 
(KISTNER, 1964). However, there is no doubt 
that there is a series of developmental stages, 
from glandular cystic hyperplasia to atypical 
adenomatous hyperplasia and carcinoma in 
situ of the endometrium. Thus, carcinoma of 
the body of the uterus has been observed to arise 
within 5 years in 12 % of patients with atypical 
adenomatous hyperplasia (GUSBERG, 1958). Hy
pertension, obesity, diabetes and nulliparity 
(WEBER, 1961) are predisposing factors (so-called 
syndrome of carcinoma ofthe body of the uterus). 

Delayed regression of the endometrium 
(so-called irregular shedding) produces dys
functional bleeding. It is a special form of 
menorrhagia (SCHRODER, 1928; McKELVEY, 
1947; MCCLENNAN, 1952). This disorder is 
probably due to delayed regression of the corpus 
luteum. This is supported by persistent preg
nanediol excretion, which maintains postovula
tory values during the bleeding, and by the 
histology of the endometrium removed at the 
earliest 5 days after the onset of bleeding. 
The histology is characteristic: the endometrium 
shows signs of incomplete regeneration as well 
as secretory changes due to the prolonged 
progestative influence. This is in contrast with 
the situation in the normal cycle, where the 
regenerative phase has come to an end and 
the endometrium is beginning to show signs 
of proliferation by this stage. 

In 9 % of cases of meno-metrorrhagia arising 
between the ages of 10 and 20, and 20-30 % 
of those occurring during the premenopause, 
there are organic changes (SUTHERLAND, 1953). 
The diagnosis should be confirmed by means 
of a fractional curettage before any therapeutic 
action is taken. The curettage may also have 
a therapeutic effect, since every type of dys
functional bleeding is stopped at least tem
porarily. Juvenile bleeding in virgins is an 
exception. In these cases an attempt is made to 
stop the bleeding with hormone treatment. 
The same is applicable to recurrent dysfunc
tional bleeding occurring within 6 months after 
a curettage. Treatment consists of the adminis
tration of an orally effective estrogen-proges
tagen compound (e.g. Primosiston) in the follow
ing dosage (KAUFMANN): 

1 st day 5 tablets 
2nd day 2 x 2 tablets 
3rd to 9th day 3 x 1 tablet 

(total: 0.3 mg ethinyl 
estradiol + 60 mg ethinyl 
nortestosterone acetate). 
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The dysfunctional bleeding is stopped within 
36 to 48 hours. Withdrawal bleeding from the 
secretory converted endometrium occurs 2-3 
days after discontinuation of the tablets ("hor
monal curettage"). Treatment with injections 
of an estrogen-progestagen compound (e.g. 
Primosiston) gives considerably worse results. 
The slow fall of the hormone level often leads 
to prolonged withdrawal bleeding. 

About 50 % of cases of juvenile bleeding and 
60-75 % of cases of glandular cystic hyper
plasia recur during the premenopause (SOUTHAM, 
1966; ISRAEL, 1967). Prophylaxis of recurrences 
necessitates plotting of the basal body tem
perature. If there is no rise in temperature 
within three weeks, there is a danger that the 
endometrium has become hyperplastic again. 
In this case, secretory transformation of the 
endometrium must be precipitated by the ad
ministration of exogenous progestin, because 
of the risk of recurrences. Oral progestagens 
are best used to produce transformation, for 
example in doses of 1 tablet of Primolut-N 
3 times daily for 4 days (Table 21). Withdrawal 
bleeding occurs 2-3 days after discontinuation 
of the tablets. If bleeding does not occur, it 
can be assumed that the patient has reached 
the postmenopause (so-called progestin test, 
p. 597). Abdominal total hysterectomy and 
bilateral ovariectomy are indicated when glan
dular cystic hyperplasia arises during the post
menopause, since a minute hormone-active 
ovarian tumor may be present. 

c) Acyclic Dysfunctional Uterine Bleeding 
(Fig. 62d) 

Bleeding arising outside the cycle is termed as 
metrorrhagia or additional bleeding. It neces
sitates investigation by means of a curettage 
without exception since such bleeding is partic
ularly likely to be due to organic changes. It 
can arise pre- or postmenstrually, and often 
leads to the clinical picture of menorrhagia. 
Dysfunctional premenstrual bleeding occurs 
in the presence of insufficiency of the corpus 
luteum due to a premature fall of the estrogen 
and progesterone levels. Insufficient secretory 
transformation of the endometrium, which is 
often associated with this condition, leads to 
functional sterility. 

As has been mentioned already, the retarded 
regression of the corpus luteum and the delayed 
withdrawal of progesterone cause a delay in 
the menstrual rejection of the secretory trans
formed endometrium (irregular shedding), which 
may also present clinically as postmenstrual 
bleeding. The metrorrhagia is not really related 
to menstruation. It has recently become more 
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Fig. 62d. Acyclic uterine bleeding (metrorrhagia) ~ bleed
ing at times other than during the normal menstrual period: 
premenstrual bleeding, postmenstrual bleeding, intermen
strual bleeding ~ metrorrhagia, mid-cycle bleeding 
ovulation bleeding ~ bleeding at the time of ovulation 

frequent due to the use of ovulostatics (break
through bleeding). 

Ovulation bleeding or mid-cycle bleeding is 
a special form of metrorrhagia. These terms 
should only be applied after organic causes 
have been excluded and the bleeding has been 
localized in the cycle by means of the basal 
body temperature and the possible develop
ment of mittelschmerz (DIDDLE, 1948). Ovula
tion bleeding lasting between a few hours and 
2 days occurs in 20 % of women with mittel
schmerz. The benzidine test on cervical mucus 
is positive in as many as 94 % of ovulating women 
at the time of ovulation (BROMBERG, 1956), 
so that very mild mid-cycle bleeding can be 
considered normal. If the bleeding is as heavy 
as during menstruation, it may simulate poly
menorrhea (so-called pseudopolymenorrhea). 
It may exceptionally continue until the next 
menstrual period. It is believed to be a form 
of withdrawal bleeding due to the fall in estrogen 
secretion after ovulation. 

Administration of 0.02 mg ethinyl estradiol 
daily from day 10-16 of the cycle in a 28-day 
cycle will compensate the postovulatory fall 
of estrogens, and thus prevent ovulation bleed
ing. If the bleeding still occurs, it is not ovulation 
bleeding. Premenstrual bleeding due to in
sufficiency of the corpus luteum is prevented 
by giving exogenous progestins: e.g. 1 tablet 
Primolut-N is given three times daily from 
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the 21st to 24th day of the cycle in a 28-day 
cycle. The rapid fall of progestin after intake 
of the tablets results in accelerated destruction 
of the secretory transformed endometrium, 
so that bleeding can be prevented even in cases 
of delayed regression of the corpus luteum. 
Frequently, only thorough curettage leads to 
arrest of the bleeding. Ovulostatics are used 
prophylactically against recurrence. 

3. Polycystic Ovary 
[Sclerocystic ovary, androgenic ovary (J EFFCOA TE, 
1964; SHORT, 1965), polycystic ovarian disease 
(GREENBLATT, 1960; GOLDZIEHER, 1963), Stein
Leventhal syndrome (STEIN & LEVENTHAL, 1935)). 

In 1935 STEIN and LEVENTHAL described an 
apparently well-defined clinical syndrome con
sisting of sterility, amenorrhea and hirsutism 
in a group of young women, some of whom 
were obese, and all of whom had greatly enlarged 
cystic ovaries. Since then, numerous authors 
have reported almost identical cases, but more 
often similar clinical features with ovarian 
dysfunction. This makes the so-called Stein
Leventhal syndrome one of the most contro
versial syndromes in endocrinology, as far as 
its clinical features and pathophysiology are 
concerned. This syndrome now includes a 
spectrum of overlapping dysfunctions of the 
ovary and adrenal cortex, with clinical symp
toms differing not only from one woman to 
the next, but also varying temporarily in the 
same woman. A few investigators have come 
to doubt the existence of this syndrome because 
of this extreme variability (NETTER, 1958; 
ROBERTS, 1960). The incidence of the syndrome 
differs greatly with different authors, depending 
on the criteria used to differentiate it from 
similar clinical syndromes. According to early 
reports it is rather rare. STEIN (1964) operated 
on only 108 cases within 34 years, and LEVENTHAL 
(1958) observed only 114 women with the 
so-called Stein-Leventhal syndrome in 29 years. 
Other authors report a considerably higher 
incidence (GOLDZIEHER, 1962; T A YMOR, 1963; 
PRUNTY, 1967). 

Polycystic ovaries are found quite frequently, 
namely in 1.4 % of a random sample of 12160 
gynecological laparotomies (VARA, 1951), and 
in 3.5 % of a consecutive series of 740 female 
autopsies (SOMMERS, 1956). Polycystic ovaries 
are encountered more frequently in sterile 
patients, as is to be expected (4.6 %) (MCGOOGAN, 
1954). 

Thanks to improved methods of investigation 
which allow better understanding of the patho
physiology of the ovary it has been shown 
in the last ten years that quite a small fraction 
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of patients suffer from the Stein-Leventhal 
syndrome, and that these patients can be 
definitely differentiated from a significantly 
larger group of women with polycystic changes 
in the ovaries (GOLDZIEHER, 1967). 

Table 51. Symptomatology in 1079 published and confirmed 
cases with polycystic ovaries (GOLDZIEHER, 1962) 

Symptom Prevalence ( %) 

Mean Range 

Obesity 41 16-49 
Hirsuties 69 17 -83 
Virilization 21 0-28 
Amenorrhea 51 15-77 
Sterility 74 35-94 
Dysfunctional bleeding 29 6-65 
Dysmenorrhea 23 
Biphasic basal temperature 15 12-40 
Corpus luteum found at laparotomy 22 0-71 

Clinical symptoms vary. Considerationof1 079 
surgically confirmed cases (Table 51) (GOLD
ZIEHER, 1962) suggests that anovulation is the 
most frequent symptom, arising on average 
in 85 % of cases, but varying between 20 % 
and 90 % in the different series. Even ignoring 
the fact that the frequency of the diagnosis 
"anovulation" is partly dependent on the criteria 
used, the existence of this syndrome, which is 
characterized by a symptom which is often 
absent, is justifiably questionable. Sterility is 
found on average in about 75 % of these women, 
and a previous pregnancy does not exclude 
the syndrome. Thus, for example, a woman 
can have two children with a short interval 
between after several years of anovulatory 
sterility and then become sterile again with 
oligomenorrhea or amenorrhea. Secondary 
amenorrhea is encountered in an average of 
55 % of patients, whereas primary amenorrhea 
is found only exceptionally. Hirsutism is quite 
common (70 %) and is an important leading 
diagnostic symptom (GREENBLATT, 1968). Virili
zation, in contrast, is considerably less common, 
but occurs in 20 % of patients. Dysfunctional 
bleeding can be very severe, and occurs in 29 % 
of these women on average. 

The typical patient is a young woman with 
hirsutism, in whom menarche arose at the right 
time (STEIN, 1964), but with a subsequent history 
of irregular bleeding at intervals of three to 
six months. The patient often seeks advice 
because of primary sterility. 

The clinical findings connected with the 
development of the breasts, vaginal smears, 
cervical mucus, endometrial histology, and 
size of the uterus, are uncharacteristic, and 
can embrace the whole spectrum of clinical 
types of hypo- and hyperestrogenism. 
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Fig. 63. Ovary taken from a patient with Stein-Leventhal syndrome. (After KRAUS, 1967) 

Fig. 64. Microscopic picture of ovary shown in Fig. 63. (After KRAUS, 1967) 
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The ovaries described originally by STEIN 
and LEVENTHAL (1935) were enlarged, with 
a maximum diameter of 4-6 cm. In some 
cases the ovaries were larger than the uterus. 
The same clinical picture is observed, however, 
in women with ovaries of normal size or with 
one enlarged ovary (EVANS, 1960; BENEDICT, 
1962). Enlarged ovaries are found at operation 
in only 70-80 % of the patients (GOLDZIEHER, 
1962; TAYMOR, 1963; SMITH, 1965). The capsule 
is thickened and pearly-white in typical advanced 
cases (oyster shell-like ovaries), and the ovary 
is more vascularized than normal. The histo
logical picture pathognomonic of the fully 
developed syndrome is characterized by fibrosis 
of the collagenous thickened capsule, which 
is a result of the influence of the androgens; 
there are numerous subcapsular follicular cysts 
and an increased number of atretic follicles; 
the follicular system shows a thickened and 
markedly vascularized theca interna with 
luteinized cells and frequent mitoses (PLATE, 
1958; JONES, 1962; LEVENTHAL, 1963). It is 
generally assumed that the cells of the theca 
interna are the site where androgens are 
formed in normal or increased amounts (RICE, 
1964). The histological picture thus indicates 
anovulation of long duration in the presence 
of strong and continuous gonadotropic stim
ulation. Like the clinical picture, the micro
scopical picture of polycystic ovaries varies 
considerably. The numerous subcapsular follic
ular cysts with diameters between a few milli
meters and over one centimeter and the reduced 
number of atretic follicles are the only patho
gnomonic features. Fibrosis of the capsule has 
been described as characteristic by some authors 
(SHIPPEL, 1955; GOLDZIEHER, 1962; TAYMOR, 
1963), but this has not been confirmed by other 
investigators (PLATE, 1958; JONES, 1962). Sim
ilarly, other authors claim that there is only 
an apparent increase in the cells of the theca 
interna, due to the increased number of atretic 
follicles (GOLDZIEHER, 1962; GREEN, 1965; Ro
BERTS, 1960; CHAMBERLAIN, 1964). 

Corpora lutea or albicantia have been found 
in a mean of 22 % of polycystic ovaries. This 
observation proves that ovulation occurs in 
a considerable number of cases of Stein-Leven
thal syndrome (GOLDZIEHER, 1963). 

There is a normal number of primordial 
follicles. The ovarian stroma is pale grey and 
edematous. 

Hyperthecosis (thecomatosis) ovarii rarely 
occurs in association with the clinical picture 
of anovulation and hirsutism. In such a case 
there are large nests of thecal cells laden with 
lipids in the ovarian stroma (SHIPPEL, 1955; 
SCULLY, 1963). There are usually only a small 
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number of cystic cortical follicles. The hyper
plastic medullary stroma forms a tumor-like 
mass in the center. These ovaries are often 
associated with virilization, obesity, hyperten
sion and symptoms of impaired glucose toler
ance, all of which indicates adrenocortical 
hyperfunction. Analogous ovarian changes are 
observed during pregnancy. 

Different forms of androgenic hyperplasia 
and tumors of the adrenal cortex can give 
rise to ovarian changes similar to those found 
in polycystic disease of the ovaries, correspond
ing to long-lasting anovulation in the presence 
of increased androgenic activity. There is, 
however, no enlargement of the ovaries; there 
are only a few cysts and the number of pri
mordial follicles is reduced. 

Increased formation of androgenic active 
steroids dominates the clinical picture in the 
syndrome of polycystic ovaries. In addition 
to the quantitative nature, the origin and bio
synthesis of these androgens are of special 
interest. 

A series of different investigations indicate 
that at least some of the increased amounts 
of androstenedione and testosterone are pro
duced in the ovaries themselves. Incubation 
of tissue sections of polycystic ovaries gives 
rise to a significantly higher formation of 
androstenedione than in normal ovaries (LAN
THIER, 1960; GOLDZIEHER, 1960 ; WARREN, 1962; 
ZANDER, 1962). It has also been demonstrated 
that the androsterone concentration in venous 
blood of polycystic ovaries is much higher than 
in normal circumstances in normal ovaries 
(MIGEON, 1960). Increased amounts of andros
tenedione and dehydroepiandrosterone were 
found in the follicular fluid of polycystic ovaries 
in the absence of 17-~ estradiol (SHORT, 1961). 

Observations of increased excretion of ~5_3 
compounds such as ~5-pregnanediol and ~5_ 
pregnanetriol (SHEARMAN, 1961; STERN, 1963) 
are of interest in connection with disturbed 
steroid synthesis of the ovaries. They indicate 
reduced activity of 3~-OH-dehydrogenase in 
polycystic ovaries. 

On the basis of these investigations it is 
presumed that steroid synthesis deviates from 
normal in two ways in the polycystic ovary 
(Fig. 65): 

a) decreased activity of 3~-OH-dehydro
genase and 

b) reduced activity of the enzyme causing 
aromatization. 

It is assumed on the basis of the ratios 
of H 3 to C 14 during the use of pregnenolone-
7 -H 3 and progesterone 4-C 14 in incubation 
experiments with polycystic ovaries (RYAN, 
1965) that in the polycystic ovary steroids are 
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Fig. 65. Excretion of 17-ketos eroids and 17-hydroxycorticoids with the urine in women with polycystic ovaries 

mainly synthesized via pregnenolone, 17-hy
droxypregnenolone, dehydroepiandrosterone 
and androstenedione (Fig. 65) (MAHESH, 1962). 
Thus, conditions are similar to those in the 
follicle of the normal ovary, the only difference 
being that there is an accumulation of andros
tenedione and testosterone due to the reduced 
activity of the enzyme causing aromatization 
of the A ring (SAVARD, 1965) (Fig. 65). 

Similar conditions are also found in the 
ovarian stroma, and it is to be expected that 
both substances arise from the cells of the 
theca interna. 

The involvement of the adrenal cortex in 
the syndrome of polycystic ovaries is still 
controversial, whereas it is generally accepted 
that the androgen production is increased in 
polycystic ovaries (JONES, 1964). Stein and 
Leventhal suggest that only biosynthesis of 
ovarian steroids is disturbed in the syndrome 
named after them, and that adrenocortical 
function is intact. The majority of other in
vestigators, however, suspect that there is 
concomitant adrenocortical dysfunction in at 
least some of these women. 

Few histological investigations have been 
performed on the adrenals, and these have 
never revealed adrenocortical hyperplasia in 
patients with polycystic ovaries. The absence 
of hyperplasia does not of course exclude 
increased production of adrenocortical andro
gens. Thus results with cortisone (see below) 
show that there may be adrenocortical hyper
activity in some cases of polycystic ovaries. 
These patients probably have so-called "border
line adrenal hyperplasia" (GOLD, 1958; ZENER, 
1961). 

It must not be forgotten, however, that 
corticoids can increase gonadotropin excretion 
(SHEARMAN, 1966) and thus act indirectly on 
the ovaries. 17-Hydroxycorticoids are occasion
ally found to be elevated and the excretion of 
11-oxy-17 keto steroids is rarely increased. This 
indicates involvement of the adrenal cortex 
(JONES, 1953; GREENBLATT, 1953). 

It is also known that hypothalamic lesions 
induced in experimental animals to produce 
polycystic ovaries also cause hyperplasia of the 
adrenal cortex at the same time (BARRACLOUGH, 
1961). 

Particular attention has been devoted to the 
excretion of metabolites of C-19 and C-21 
steroids in the hope of discovering their site 
of origin (MAUVAIS, 1962), but this has not been 
revealed. Excretion of 17-ketosteroids and 17-
hydroxysteroids may be normal in polycystic 
disease of the ovaries or elevated in rare cases. 
In a statistical sample of 338 cases of poly
cystic ovaries confirmed surgically, 23% showed 
high values (GOLDZIEHER, 1963). Stein and 
Leventhal only count patients with normal 
17-ketosteroid excretion as cases of the syndrome 
named after them. A normal 17-ketosteroid 
excretion does not exclude an elevated produc
tion of testosterone. A 100% increase in the 
formation of testosterone, e.g. from 3 to 
6 mg daily, causes in increase of only 1.5 g 
in the 17-ketosteroid excretion, but 180 g testo
sterone secreted in a month can produce hirsut
ism in the female. The raised androsterone and 
etiocholanolone fraction in the presence of 
quantitatively normal 17-ketosteroid excretion 
shows that formation of androgens is raised 
in these cases of polycystic ovaries. 
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Pregnanediol excretion corresponds to pre
ovulatory values. Pregnanetriol excretion is 
normal. In view of the normal pregnanetriol 
excretion in the Stein-Leventhal syndrome, it 
is hardly probable that the pregnanetriolone 
often excreted in increased amounts at the 
same time is of adrenocortical origin. 

Since it has become possible to estimate the 
level of testosterone in the plasma precisely by 
means of double labeling with isotopes (RIONDEL, 
1963), it has been shown that the average value 
of free testosterone in the plasma is three or 
four times higher than normal in patients with 
polycystic ovaries (F ORCHIELLI, 1963; LOBOTSKY, 
1964; DIGNAM, 1964; KORENMAN, 1965; LLOYD, 
1966) (Table 52). This is consistent with the 
elevated excretion of testosterone glucuronide 
in the urine (PRUNTY, 1967). 

Table 52. Plasma testosterone 

Group of patients 

"Normal" men 

Testosterone 
(llg/100 ml) 
mean ± SD 

0.640 ± 0.20 
"Normal"' women 0.036 ± 0.009 
Women with poly- 0.135 ± 0.128 
cystic ovaries and 
hirsutism 
Women with poly- 0.110 ± 0.058 
cystic ovaries \I·ithoul 
hirsutism 

, LLOYD (1966). 

17-ketosteroids 
(mg/24 h) 
mean ± SD 

11.5 ± 3.5' 
10.4 ± 2.8' 

10.0 ± 3.8' 

The therapeutic results obtained by STEIN 
(1963) with the wedge resection in very care
fully selected cases, have not been achieved 
by any other author. A series of laboratory 
investigations was developed in the hope of 
differentiating the cases likely to show a favor
able response to wedge resection of the ovaries 
because of the ovarian origin of the androgens. 
These tests were intended to distinguish between 
androgens arising from the adrenal cortex and 
those originating in the ovary. Fractionation 
of the 17-ketosteroids shows an increase in 
the androsterone and etiocholanolone fraction 
in women with polycystic disease of the ovaries. 
This however yields no information about the 
site of origin of the androgens. Dynamic function 
tests for differentiation between adrenocortical 
and ovarian steroids have also proved disappoint
ing. The results obtained vary widely and must 
be interpreted with the utmost caution. Only 
about 50 % of patients with polycystic ovaries 
show no significant reduction in 17-ketosteroid 
excretion in the dexamethasone inhibition test. 
This may be because 17-ketosteroids arise out-
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side the adrenals, or because there is a state of 
autonomy for the synthesis of adrenocortical 
androgens, as has been observed in certain 
forms of adrenal disorders (GALLAGHER, 1956-
57; GOLDZIEHER, 1960). Estimation of the excre
tion of 17-ketosteroids and fractionations during 
adrenocortical inhibition with corticoids and 
simultaneous stimulation of the ovaries with 
gonadotropins (hYLE, 1961; MAHESH, 1964) 
gives no definite results, and only demonstrates 
the wide variation associated with the Stein
Leventhal syndrome. Interference due to simul
taneous inhibition and stimulation of the in
cretory organs (PERLOFF, 1963; SOHVAL, 1951) 
and the influence of reciprocal relations in the 
hypophyseal regulation of adrenal cortex and 
ovary greatly restrict the value of dynamic 
function tests. This is also applicable to in
vestigations on the behavior of plasma testo
sterone under the action of dexamethasone 
and gonadotropin stimulation (LLOYD, 1966). 
As the adrenocortical production contributes 
20 Ilg/100 m1 to the testosterone in the plasma 
(PRUNTY, 1967), a pronounced fall in the plasma 
testosterone level due to dexamethasone in
dicates raised androgen synthesis in the adrenal 
cortex. This was found to be the case in three 
of the nine women with polycystic ovaries 
investigated by LLOYD (1966). 

To summarize the numerous results: it 
appears possible that there is androgen hyper
activity of the adrenal cortex in some cascs of 
polycystic disease of the ovaries, but there is 

'still no proof of this. 
Urinary estrogens and the rate of secretion 

of estrogens are usually within the normal ranges 
(BARLOW, 1967). Elevated excretion values have 
been described exceptionally (BROWN, 1963). 
It is possible that there are qualitative differ
ences, in the form of reduced estriol excretion, 
from the normal ovary (BARLOW, 1967). 

In keeping with the increased testosterone 
concentration in the plasma, the androgen/ 
estrogen ratio, which is important for periph
eral steroid activity, is also raised (MAHESH, 
1962). 

Very few results are yet available about 
the excretion of gonadotropins in cases of poly
cystic ovaries, and they allow no conclusions. 
Excretion of the total gonadotropins is in no 
way unusual (PRUNTY, 1967). The few studies 
in which excretion of FSH and that of LH are 
measured separately show irregular elevation 
of LH activity (INGERSOLL, 1959; KEETTEL, 
1959; TAYMOR, 1963; KELLER, 1968) while 
FSH activity is unaltered (BUTT, 1967). 

The impairment of estrogen synthesis from 
androgens in the polycystic ovary has also 
been disputed. A number of investigators have 
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observed normal biosynthesis of estrogens in 
vitro, a normal or even elevated estrogen 
content in the follicular fluid of polycystic 
ovaries, and a normal secretion rate (BARLOW, 
1967). Other investigators suspect that estrogens 
originate mainly in plasma androgens, and are 
not secreted as such by the ovaries (McDONALD, 
1966). 

The diagnosis of polycystic ovaries should 
be made by elimination, patients with Stein
Leventhal syndrome forming a subdivision 
(Table 53). The syndrome must be differentiated 
from the post-puberal form of the congenital 
adrenogenital syndrome and less frequently 
from Cushing's syndrome and virilizing tumors 
of the ovary and adrenal cortex. A raised 11-
ketopregnanetriol excretion is pathognomonic 
of the congenital adrenogenital syndrome. A 
definite increase in the excretion of 17-keto
steroids indicates an androgen-producing tumor 
in the ovary or adrenal cortex. A DHEA frac
tion of over 50 % is also indicative of the 
presence of an adrenal tumor. 

Table 53. Syndrome with polycystic ovaries 

Stein-Leventhal syndrome 

Sterility /anovulation/oligomenorrhea/amenorrhea/ 
functional bleeding! hirsutism (virilization)/obesity 

One or both ovaries 
enlarged and polycystic 
( oysterlike) 

17-ketosteroids and 
17-0H-corticoids normal 

Normal-sized polycystic 
ovaries 
hyperthecosis ovarii 

17-ketosteroids and/or 
17-0H corticoids slightly 
elevated 

Increased excretion of &s-3~ steroids in the urine 

Ovulation not induced Ovulation induced with 
with cortisone cortisone 

The many women with so-called simple or 
idiopathic hirsutism must also be differentiated 
from women with polycystic disease of the 
ovaries and hirsutism. These women show no 
detectable disorder of ovarian and adreno
cortical function. The cycle is only exceptionally 
disturbed, and the ovaries show no macroscopic 
or microscopic changes. The hirsutism is fre
quently a racial characteristic, and is found 
particularly in women of Mediterranean races. 

The etiology of polycystic ovaries is still 
open to discussion. A primary disorder of the 
synthesis of ovarian steroids due to a genetic 
defect cannot be excluded. A genetic disturb
ance is suggested by the simultaneous occurrence 
of a deficit of 3f3-hydroxy-steroid dehydrogenase 
in the adrenal cortex and polycystic ovary 
(AxELROD, 1965), the simultaneous occurrence 
of genital anomalies (CHOSSON, 1958), and a 
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chromosomal mosaic (BISHUN, 1964, etc.). [The 
last factor has, however, not been confirmed 
by other investigators (BYRD, 1964).] Taking 
the therapeutic success of wedge resections and 
of treatment with clomifene or gonadotropins 
into consideration the current tendency is to 
evaluate the disturbed ovarian synthesis of 
steroids as secondary in nature due to impaired 
hypothalamo-hypophyseal regulation. This view 
is also supported by animal experiments in 
which polycystic ovaries or a state of continuous 
estrus is produced by damaging the "rhythmic" 
sexual center of the anterior hypothalamus 
with testosterone (BARRACLOUGH, 1961). Clinical 
observations in cases with hypothalamic lesions 
also support this (BARTUSKA, 1967). 

The results available at present allow for
mulation of the following hypothesis on etiology 
and pathogenesis: some unknown factor causes 
a disturbance in the rhythmic release of FSH 
and LH by the anterior pituitary. The rhythmic 
LH spurt necessary for the release of ovulation 
in particular is absent. The causal agent can 
be a constitutional or emotional factor, an 
endogenous hormonal influence from the adrenal 
cortex or thyroid gland, or exogenous medicinal 
or mechanical influence acting on the hypo
thalamic center responsible for the rhythmic 
release of gonadotropins. This results in loss 
of the rhythmic release of gonadotropins, such 
as occurs in the male. This in tum leads to failure 
of terminal follicular maturation. Cysts are 
formed, numerous atresias with functional dis
turbance in steroid synthesis cause increased 
androgen production and thickening of the 
capsule, as SCOTT was able to show experimentally 
(1956). The capsular thickening, however, is 
in no way related to the failure of ovulation; 
removal of one ovary induces ovulation in 
the other polycystic ovary. 

Treatment 

Women are primarily forced to consult their 
physicians because of sterility, severe func
tional uterine bleeding, and less frequently 
because of oligomenorrhea or amenorrhea. Even 
in the absence of any desire for children, treat
ment of the cycle disorder is indicated because 
inadequate stimulation of the endometrium 
frequently leads to atypical hyperplasia (ZANDER, 
1962) or even to carcinoma of the body of the 
uterus (ANDREWS, 1960; GoLDZIEHER, 1962). 

Sterility and the possibility of endometrial 
disorders are not the only reasons for treating 
these women. Continuous increase in the produc
tion of androgens can lead to hirsutism and even 
to virilization, and the anabolic action of 
androgens may cause obesity. 
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The original form of treatment recommended 
by STEIN and LEVENTHAL (1935) was wedge 
resection of the polycystic ovaries. Very careful 
selection of patients and resection of an adequate 
portion of the ovary with hilar tissue are essential 
for therapeutic success. The final size of the 
treated ovary should be rather less than that 
of a normal ovary. The success is very variable 
and this is certainly partly connected with 
the choice of cases and the surgical procedure. 
Unfortunately there are still no criteria for 
preoperative assessment of the chances of 
success with the wedge resection (see above). 
Size of the ovaries and 17-ketosteroid excretion 
are not important (GOLDZIEHER, 1962; TAYMOR, 
1963). STEIN (1963) achieved 95 % ovulatory 
cycles and a conception rate of 80 % in a total 
of 108 cases. These results, however, have not 
been obtained by any other investigator. It 
was deduced from a large group of collective 
statistics that the cycle becomes normalized 
in a mean of 80 % of cases, the limits ranging 
between 6 and 95 % (GOLDZIEHER, 1963) (Table 
54). Pregnancy arose in 13 to 89 %, average 
63 %, whereas hirsutism diminished in 16 % 
of the women (range 0-18 %). Our experience 
and that of others (GOLDZIEHER, 1962; T A YMOR, 
1963), however, suggests that the curative 
effect of the wedge resection is only temporary. 
STEIN disagrees with this on the basis of his own 
experience (1964, 1967). There is at present no 
satisfactory explanation for the therapeutic 
effect of the wedge resection. The reduction 
in the ovarian tissue producing androgens has 
some effect. This was deduced from estimations 

Table 54. Published results of wedge resection performed 
in a total of 1 079 cases (GOLDZIEHER, 1962) 

Result Prevalence ( %) 

Mean Range 

Regular cycles 80 6-95 
Pregnancy 63 13-89 
Lessened hirsutism 16 0-18 

Table 55. Plasma testosterone (l1g/100 ml) before and after 
ovarian wedge resection (4 patients) (LLOYD, 1966) 

Before surgery After surgery 

0.177 Day 1 0.058 
Day 6 0.098 

1 month 0.082 

0.089 4 months 0.030 
18 months 0.037 

0.077 16 months 0.081 
21 months 0.037 

0.086 Day 1 0.039 
Day 6 0.047 
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of plasma testosterone before and after surgery 
(Table 55). It can be assumed, however, that 
the disturbed ovarian biosynthesis is only 
quantitatively and not qualitatively changed 
by the mechanical procedure (ZANDER, 1963). 

Patent tubes and normal fertility in the 
husband are necessary requirements for wedge 
resection. In our opinion, wedge resection 
should not be performed prophylactically in 
view of later sterility and hirsutism, and partic
ularly not in teenagers with polycystic ovaries 
(STEIN, 1964), since relapses are not uncommon 
and the desired pregnancy usually arises within 
a few months after surgery. 

JONES, HOWARD, and LANGFORD were the 
first to report on the regulation of cycles with 
cortisone treatment in women with polycystic 
ovaries in 1953. Their result have since been 
confirmed by numerous investigators (GREEN
BLA TT, 1953; SMITH, 1965). The results in cyclic 
regulation, incidence of pregnancy and hirsutism 
correspond to those with the wedge resection, 
even in cases where the 17-ketosteroids are 
not raised. Cortisone also produces a fall in 
plasma testosterone levels (LLOYD, 1966). As 
long as there are no contraindications (TB, 
gastric ulcer), treatment with cortisone should 
be tried before wedge resection is considered. 
We use 10 mg prednisone daily for long-term 
treatment over 4-6 months. Treatment is con
tinued for 12 months after ovulation arises, 
and the patient is followed up after discontinua
tion of the drug to check whether ovulation is 
still occurring. 

In recent times, treatment with clomifene 
has had a high degree of success in polycystic 
ovaries (KISTNER, 1961, 1967). About 75 % 
of women with polycystic ovaries begin to 
ovulate after treatment with clomifene (JOHN
SON, 1967). It is best to start with a low dose 
of 50 mg daily for 4 days because of the sensi
tivity of polycystic ovaries to gonadotropic 
stimulation. The therapeutic action is probably 
due to a direct effect on the synthesis of ovarian 
steroids as well as to hypothalamic regulation. 
Ovarian dysfunction recurs in most cases after 
withdrawal of clomifene. Clomifene is the 
treatment of choice but should only be used 
in women who want children, who have patent 
tubes and whose husbands are normally fertile. 

Good results have also been achieved by 
treatment with gonadotropins (LUNENFELD, 1960; 
STAEMMLER, 1964; GEMZELL, 1965; JONES, 1965). 
Because the ovaries are increasingly sensitive to 
gonadotropin stimulation, the dosage must be 
adjusted cautiously and patients carefully moni
tored. It is known that lutein cysts can appear 
and grow rapidly, leading to rupture and massive 
intra-abdominal hemorrhage (VAN DE WIELE, 
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1965). The danger of multiple pregnancies is 
also recognized. Treatment with gonadotropins 
is only indicated in individual, carefully chosen 
cases where other forms of treatment have 
failed and where there is a wish for children, 
because of the dangers involved and the high 
costs (for treatment schedule, Fig. 59). 

The cyclic use of oral estrogens and pro
gestins is recommended for young unmarried 
patients with polycystic ovaries (GoLDZIEHER, 
1967). This form of treatment inhibits ovarian 
and adrenocortical function, thus suppressing 
the increased androgenic production without 
causing a peripheral deficit of ovarian hormones. 
The use of an ovulostatic compound will become 
established for practical reasons. A marked 
decrease in the size of bilateral enlarged poly
cystic ovaries has been described with this 
form of treatment (GOLDZIEHER, 1967). 

4. The Premenstrual Syndrome and Dysmenorrhea 

a) The Premenstrual Syndrome 

The premenstrual syndrome includes psycho
logical and physical symptoms occurring cyclic
ally in the premenstrual phase (FRANK, 1931). 

Psychological symptoms arranged in order 
of frequency are: nervous tension, irritability, 
lability of mood, aggressiveness, restlessness 
or depression, scared moods, insecurity, tired
ness (LAMB, 1953; BLEULER, 1954). Psychoses 
may exceptionally arise (BLEULER, 1954; KRO
GER, 1962). Psychological symptoms may be 
associated with disturbances of partiality drives: 
abnormal hunger or thirst, insomnia, increased 
libido (BLEULER, 1954). The disturbance in the 
psychological equilibrium is reflected by the 
increase in female crimes during the premen
strual period (MORTON, 1953; DALTON, 1964) 
and by the high frequency of suicide, accidents 
and illnesses during the second half of the cycle 
(McKINNON, 1966). 

The social significance of the premenstrual 
syndrome is greater than the purely medical 
problem since psychological premenstrual dis
turbances are more frequent and severe than 
the physical symptoms. 

Physical symptoms in order of frequency 
(MORTON, 1953) are: mastodynia (70%), ab
dominal symptoms (approximately 50 %) such 
as distension in the abdomen, congestive states 
in the small pelvis, edema (approximately 
45 %) of the hands, feet, and face, headaches 
(approximately 30 %), sometimes in the form 
of migraine attacks. Premenstrual water reten
tion up to 4 liters with development of edema 
(THORN, 1938; GREENHILL, 1941; HAUSER, 1959; 
BRUCE, 1962; ROGERS, 1963) is the only patho-
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gnomonic physical symptom. Allergic features 
such as urticaria, vasomotor rhinitis and asthma 
occasionally arise cyclically in the premenstruum 
(DORMAT, 1957). 

The data on the frequency of the syndrome 
vary widely depending on the evaluation of 
symptoms and the group of patients investigated. 
EICHNER (1959) found the syndrome in 70% 
of nurses, but less than 7 % considered treatment 
necessary for their symptoms. According to 
ISRAEL (1967), the syndrome arises in 75 % 
of women. It was present without exception 
in one group of adolescents studied, but treat
ment appeared necessary in only 2 % (GALLAG
HER,1960). 

The pathogenesis is under investigation. 
Almost all authors agree that psychological 
factors are involved, since the syndrome is 
frequently encountered in women with neurotic, 
psycho labile and psychopathic personalities 
(WILLIAMS, 1952; LAMB, 1953; REES, 1953; 
BLEULER, 1954; ApPLEBY, 1960). In contrast to 
the situation in dysmenorrhea, there is no 
basic actual situation of conflict, but rather a 
latent neurotic attidude due to conflicts in life 
(KROGER, 1962). The interrelationship of mind 
and body is summarized by BLEULER (1954): 
"Premenstrual tension is an emotional shock 
which arises because of different hormonal, 
metabolic and physiological disturbances to 
the state of equilibrium if the psychological 
development of the woman is predisposed to 
this" . 

Metabolic disorders such as hypoproteinemia 
(MENZER-BENARON, 1963), elevation of blood 
sugar level (HAUSER, 1959), and hypoglycemia 
(MORTON, 1953) have been described. 

The observation that the syndrome only 
arises in ovulatory cycles leads to the assumption 
that hormonal factors have some part in the 
etiology (GREENE, 1953). Quantitative hormonal 
investigations in large comparative series have 
shown, in contrast to earlier theories, that the 
excretion of estrogens and progesterone lies 
in the same range for women with the premen
strual syndrome as for other women, and that 
there is no significant connection with symptoms 
(LAMB, 1963; MENZER-BENARON, 1963; PRILL, 
1963). An increased ergotropic-sympathetic re
active state with hypersensitivity to stimuli 
(KROGER, 1962; ARTNER, 1965) released by 
progesterone possibly plays some part. Corti
coids may also be elevated (MENZER-BENARON, 
1963). 

According to some authors, premenstrual 
water retention has an important effect in the 
pathogenesis of the premenstrual syndrome 
(THORN, 1938, 1957; GREENHILL, 1941; FREED, 
1945). The edema is thought to be produced 
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by secondary aldosteronism (STREETEN, 1960), 
aldosterone secretion being increased by pro
gesterone and psychological states of tension 
(LAMSON, 1956; VENNING, 1957). This hypo
thesis is supported by the observation that 
aldosterone excretion is increased during the 
premenstrual syndrome, that sodium diuresis 
is decreased (CIMBERLE, 1961), and that adminis
tration of additional progesterone can raise 
sodium excretion after ovulation (JENKINS, 1961; 
LANDAU, 1958, 1961). Adiuretin is also considered 
to be of pathogenic importance in the develop
ment of the premenstrual syndrome. Vaso
pressin given intramuscularly during the luteal 
phase is alleged to be capable of inducing the 
premenstrual syndrome (BICKERS, 1952). Ele
vated adiuretin excretion has been reported 
during the premenstrual syndrome (ZUSPAN, 
1958). 

The importance of a "menotoxin" in the 
development of the premenstrual syndrome 
(MACHT, 1949; SMITH, 1950) is no longer taken 
seriously. 

Treatment 

Treatment with drugs and also psychotherapy 
alone can be successful. Discouragement from 
overestimation of the symptoms is important 
(ROEMER, 1969). The best results are obtained 
with combined medical and psychological treat
ment (REES, 1953; KROGER, 1962). Combined 
preparations containing a diuretic, a progestagen, 
and a tranquilizer are thought to be effective 
(BARFIELD, 1962). We have noticed an improve
ment in some cases treated with a combination 
of an antihistamine and a bromtheophylline 
preparation (Donasil). A low-salt, protein-rich 
diet has a supportive effect (MENZER-BENARON, 
1963). 

Only a few severe cases require psycho
analysis (KROGER, 1962). 

b) Dysmenorrhea 

Dysmenorrhea or algomenorrhea signifies either 
continual or more frequently cramp-like pains 
in the lower abdomen in association with 
menstruation. They sometimes begin shortly 
before menstrual bleeding, but usually with the 
onset and rarely after the bleeding. The pains 
may be associated with nausea and vomiting. 

The symptoms usually last from a few hours 
to one day. They seldom persist for more than 
two days, and only exceptionally throughout 
menstruation. The pain usually reaches its maxi
mum shortly after the onset of bleeding. Pains 
due to endometriosis are most severe premen
strually and decline with the onset of bleeding. 
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Since dysmenorrhea is not an illness but 
merely a symptom, the underlying illness must 
be searched for. 

Two types of dysmenorrhea are differ
entiated: dysmenorrhea without anatomical sub
strate (functional, idiopathic, intrinsic, essential) 
and dysmenorrhea with anatomical substrate 
(organic, acquired, extrinsic, symptomatic). In 
German terminology, primary dysmenorrhea 
arising with menarche or shortly after menarche 
is also distinguished from secondary dysmenor
rhea, which arises in later years. In the English 
speaking areas, primary and secondary dys
menorrhea are identical to functional and 
acquired dysmenorrhea. 

The data on the frequency of dysmenorrhea 
vary widely since it is a subjective symptom 
(LOWE, 1951). In addition, it varies with the 
population group (DAVIS, 1938; DOSTER, 1961) 
and is dependent on whether mere malaise or 
inability to work is counted. Severe pains 
regularly confining the women concerned to 
bed were found in 3-15% of women in different 
professional categories (DOSTER, 1961), and 
10% of school girls in high school are periodi
cally absent because of dysmenorrhea (HEALD, 
1957; GALLAGHER, 1960; GOLUB, 1963). In 
DOSTER'S study 25 % were absent once or 
repeatedly (1961). It has been calculated that 
140 million working hours are lost yearly in 
USA because of dysmenorrhea (KISTNER, 1964). 
It is therefore an important social problem. 

Dysmenorrhea can occur at any age. It is 
encountered most frequently during the third 
decade, with a maximum in the 25th year 
(FLUHMANN, 1963). A large number of organic 
changes claimed to be the cause of dysmenorrhea 
can be found in the literature. With a few excep
tions there is no evidence of a causal relation. 

Endometriosis is the first organic cause to 
be considered. It can cause the uterus to become 
fixed and retroflexed. Dysmenorrhea is occa
sionally produced by acquired stenosis after 
cauterization or operation of the portio. 

A mobile, retroflexed uterus, fibroids, mal
formations in the absence of cervical or vaginal 
obstruction, primary stenosis of the internal 
and external os uteri are no more frequent 
in women with dysmenorrhea than in women 
without symptoms (KONIG, 1959; JAMES, 1963). 
Nor is there any causal connection between 
dysmenorrhea and uterine hypoplasia, which is 
diagnosed much too often (J EFFCOATE, 1945; 
KONIG, 1959; LUKAS, 1965). The same applies 
to chronic inflammatory processes in the pelvis. 

Organic changes seldom cause dysmenorrheic 
complaints, whereas psychological factors play 
an important part in the development of dys
menorrhea (HERSCHBERG, 1960; PRILL, 1964). 
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According to our experience and that of other 
authors (HAUSER, 1959; LUKAS, 1963; ROEMER, 
1969) dysmenorrhea is due to psychological 
factors in 90 % of cases. The following psycho
logical forces (living relations) playa consider
able part (STURGIS, 1962; ROEMER, 1969): loss 
of domestic security, conflict over own feminin
ity, dependence, hostility, feelings of guilt to
wards mother or sister (family rivalry), possibly 
identification with the mother who also suffers 
from dysmenorrhea (LOMER, 1899) ("familial 
dysmenorrhea" after A. MAYER, 1925), ambi
valence between the subconscious wish to remain 
a little girl and the conscious drive to become 
grown up, fear of awakening sexuality, fear 
of pregnancy, fear of sterility, etc. Dysmenorrhea 
is thought frequently to be an expression of a 
demonstrative aggressive protest and resistence 
(ROEMER, 1969). On the other hand, the associa
tion of bleeding and pain is almost archetypically 
implanted (PRILL, 1961). Dysmenorrhea fre
quently arises in leptosomatic-asthenic, schizoid 
types who have difficulty in forming social 
contacts, and in dysplastic women (infantile, 
hypoplastic, dystrophic-adipose types). Consid
eration of the constitution shows that it is 
not the genital hypoplasia but the psychological 
immaturity associated with it that is of para
mount importance. Psychosexual retardation 
predisposes to neurotic reactions to age-depend
ent stress (KRETSCHMER, 1952). 

Various mechanisms have been discussed 
for the pathogenesis of dysmenorrheic pains. 
The observation that they arise almost exclu
sively with ovulatory cycles (WILSON, 1940) 
leads to the assumption that an endocrine 
factor is the releasing cause. The so-called 
"endocrine imbalance" has, however, not been 
proved so far (FLUHMANN, 1938). On the 
other hand, the rapid premenstrual fall of 
estrogens, and perhaps also of gestagens, leads 
to a sympathetic-adrenergic reactive state (Fig. 
32). This reduces the stimulus threshold, con
verting otherwise below-threshold stimuli to 
stimuli above the threshold (HAMAN, 1944) 
with pathologic production of pain. The cycle
dependent physical disposition thus favors the 
development of pains in psychogenic dysmenor
rhea, but is merely a predisposing factor. The 
response of smooth muscle to sympathetic
adrenergic stimuli is increased at the same time 
(WALTHARD, 1937). The hypothesis that this 
releases stronger and more frequent dysrhythmic 
contractions (MOIR, 1936; BICKERS, 1941 ; W ooD
BURY, 1947; MILLER, 1953) of the uterine muscu
lature, or a functional sphincter is insufficiently 
relaxed in the region of the isthmus (YouSSEL, 
1958; MANN, 1961) or vasoconstriction of 
uterine vessels leads to ischemic pains analogous 
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to conditions in the spiral arteries of the endo
metrium (MOIR, 1936; WOODBURY, 1947; PRILL, 
1962) are plausible, but still purely speculative. 
More recently a so-called "menstrual-stimulant 
factor" has been discussed (CLITHERTOE, 1961). 
This factor has been isolated from menstrual 
fluid, and it was possible to induce uterine 
contractions with it (EGLINTON, 1963). It is 
claimed to be absorbed in increased amounts 
in dysmenorrhea. 

Continuous premenstrual pains arising in 
endometriosis are probably due to tension 
of the capsule produced by premenstrual vascular 
congestion. 

The colic-like pains in so-called dysmenorrhea 
membranacea are thought to be caused by 
rejection of incompletely decomposed endo
metrium resulting from an enzymatic disorder 
in the endometrium (GREENBLATT, 1954). This 
however is contradicted by the observation 
that decidual saccules are rejected painlessly 
in an ectopic pregnancy. 

Diagnosis and Treatment 

Since dysmenorrhea is a symptom and not an 
illness, the cause must first be detected. We 
adopt the following system: the uncommon 
organic causes are first detected or excluded 
by case history and gynecological examination. 
This, however, is not always absolutely certain. 
If there is no apparent organic cause, a thorough 
psychiatric case history must be taken. The 
psychological noxa can usually be found in 
this way. In a few cases, and according to other 
authors in 50 % of cases (LuKAs, 1963), a cure 
is achieved with a brief course of psychotherapy, 
but it must also be remembered that 23 % of 
cases of dysmenorrhea in young women are 
cured spontaneously (GOLUB, 1963). In our 
experience, treatment with analgetics or spas
moly tics is required in the majority of women 
with dysmenorrhea of average severity. This 
must be supported by psychohygienic measures: 
sufficient sleep, physical exercise, regulation 
of bowel action, sensible balance between work 
and leisure. It is of interest that the most 
varied types of treatment produce a "cure" 
in an average of 80% of cases. This is also 
indicative of the pathogenesis. It can be deduced 
from this that treatment has a placebo effect, 
i.e. psychological factors playa dominant role. 

In cases of severe dysmenorrhea, inhibition 
of ovulation by one of the hormonal contracep
tives in use practically always results in painless 
withdrawal bleeding, or at the most with very 
little pain. The symptoms do however, recur 
within 2-3 months after discontinuation of 
ovulostatic. If these women want children the 
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disappearance of dysmenorrhea, but this rule 
is not very reliable. 

The cause of the therapeutic success of a 
birth is not clear. It was previously presumed 
that this was due to pressure atrophy of Fran
kenhauser's ganglia caused by the advancing 
head. This, however, now appears unlikely, 
since symptoms cease almost as frequently 
even after Cesarean section. 

H. The Sterile Marriage 

Investigations by various authors (TIETZE, 1950; 
BARNS, 1953; WHITELAW, 1960) have shown 
that over 50 % of women become pregnant 
in the first month of regular intercourse without 
the use of any contraceptive, two-thirds within 
the first three months, rather more than three
quarters during the first six months and 80-90 % 
within the first year (Fig. 66). Inquiries among 
soldiers' wives yielded similar results (NOTTE
BOHM, 1948). Only one in 20 of the remaining 
women conceived during the 2nd year. SOUTHAM 
(1960) found somewhat lower figures, but also 
showed that only 8 % of first pregnancies 
occurred during the second year of marriage. 

Thus, a marriage can be described as 
sterile when pregnancy fails to occur after a 
year of regular intercourse without contracep
tive precautions. Other authors (STOCKEL, 1947; 
MARTIUS, 1964) do not apply the term sterility 
until a woman has failed to become pregnant 
after two years of regular married life where 
there is a desire for children. This definition 
is incorrect in both theory and practice. Precious 
time is unnecessarily lost in waiting, especially 
in women over 30, who are frequently found 
in groups of sterile women. 

Primary sterility is present when there is 
no proof of a pregnancy ever occurring, and 
secondary sterility when after having given 
birth to one or more viable fetuses a woman 
does not become pregnant again within one 
year of regular unprotected intercourse. 

In contrast to the English terminology, a 
distinction is made between infertility and 
sterility in German. 

Infertility implies the inability to carry the 
pregnancy until the fetus is viable. It too can 
be primary or secondary. Habitual abortion 
is spoken of when three or more consecutive 
pregnancies have all failed to reach the stage 
of fetal viability. 
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Fig. 66. Prevalence of pregnancy as a function of the 
period of regular intercourse without contraception. (After 
WHITELAW, 1960) 

1. Frequency 

In Europe and U.S.A. 10-15 ~~ of marriages 
are childless. For obvious reasons, the relevant 
statistics do not distinguish between wanted 
and unwanted sterility. Figures based on the 
Swiss population in 1960 allow the conclusion 
that deliberate childlessness in the early years 
of marriage plays an important part in this 
country (Table 56y 

Table 56. Number of childless marriages in Switzerland 
(1960) 

Total number of 
marriages 

Of up to 1 year's 
duration 

42942 

Of 1-2 years' duration 42916 
Of 2-5 years' duration 40088 
Of 5-10 years' duration 35522 
Of 10-20 years' duration 26115 
Of 20 or more years' 475735 

duration 

Number of childless 
marriages 

20317"" 50% (48.0%) 

14715"" 34%(34.3%) 
8 979 "" 25 % (24.9 %) 
7057"" 20% (19.8%) 
4549"" 17 % (17.4%) 

70383"" 15% (14.8%) 

There is a considerable decline in the number 
of childless marriages between the 2nd and 
5th years of marriage. However, about 22 % 
of marriages are still childless even after at 
least 5 years. Few women conceive after the 
5th year of marriage, and 14.8 % of marriages 
are still sterile after 20 years. In 1941 11. 5 % 
of marriages of at least 20 years' duration were 
childless in Switzerland. So an increased number 
of childless marriages has been recorded in 
Switzerland within the last two decades. 

The matrimonial difficulties arising from 
childlessness are multiple. Examination, treat
ment and counselling of childless married 
couples are an important part of a doctor's work. 

2. Causes 

Sterility is a symptom which can be caused by 
numerous etiological factors. Two or more 
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etiological factors were present in sterile mar
riages in 10.2 % of our patients (GRUBER, 1973), 
and in as many as 60% of BALIN'S cases (1967). 
MEAKER (1940) and HAMBLEN (1942), report 
2.23 or 4.75 factors per married couple respec
tively. Prognosis and treatment are only possible 
after systematic investigation and careful inter
pretation of the results. However, in no other 
medical field are indifference, therapeutic nihil
ism and polypragmasy of the doctor and lack 
of cooperation, especially from the husband, 
so pronounced. 

Marriage represents a biological unit, and 
it is therefore logical that investigation of 
sterility should involve both partners. Systematic 
investigation according to a set plan is essential 
for prognosis and therapy. The fertility of a 
marriage is the sum of the fertility of both 
partners. Reduced fertility in one partner may 
result in a sterile marriage as defined above, 
despite the fact that the other partner is normally 
fertile. Women who are more responsive to 
therapy and those who become pregnant after 
the course of a year without any treatment are 
placed in the group of subfertile or sterile mar
riages. Subfertility in one partner can be 
compensated for by high fertility in the other. 
The prognosis is much more unfavorable when 
both partners are subfertile. 

Not only female sterility factors but also 
the male factor is of great practical importance. 
The data on the percentage involvement of 
single factors in a group of sterile marriages 
vary from author to author for different reasons: 
the "normal values" used in the individual 
methods of investigation differ since they are 
empiric, arbitrarily fixed standards and not 
absolute values. The danger of overestimating 
a single result, especially if based on only one 
case, is particularly great in the field of sterility 
(cf. Section on tubal factor or quality of sperm). 
Apart from this, the groups investigated differ 
in their socio-economic structure, age and 
geographical environment. Thus, the frequency 
of genital tuberculosis ranges between 0.9 %-
17.4% (HELD, 1947; CABALLERO, 1966) accord
ing to the region. It is for example, of greater 
importance as a cause of sterility in Israel 
and Scotland, and especially in Sweden, Spain 
and India, than in for example Australia and 
U.S.A. Endometriosis and hormonal factors 
are more frequently encountered in higher 
social classes than in lower income groups. 
This is due partly to the older age at marriage 
in the former classes. Endometriosis is found 
more frequently in U.S.A. than in Europe. 
Inflammatory genital changes are more common 
in the lower social groups. In addition, the 
fertility of a woman is greatly dependent on 
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her age (DIDDLE, 1947; WYLE, 1957). Fertility 
is at its maximum between 15 and 25 years, 
decreases rapidly by half by the age of 30, 
and is only ! to i of its original level at 35 
(MUNZNER, 1934). Only 3 of 100 childless women 
have a child after the age of 40 (Table 57, 
Fig. 67). The decline in female fertility corre
sponds roughly to the reduction in the number 
of primordial follicles in the ovaries (PEARL, 
1939; Table 1). Even 100 years ago, DUNCAN 
(1866) recorded that 90% of Scottish women 
married between the ages of 20 and 24 became 
pregnant within 2 years, whereas this was only 
true of 63 % of women married between 30 
and 34 and of 15% of those married between 
40 and 45. 

Table 57. Declining fertility with advancing age in woman 
(KOPPEN, 1951) 

Marriage at No. of children within 

18 years 
35 years 

70 
0/0 

g' 60 
:; 
iii 50 
t.) 
c 
8 40 

'0 30 
Q) 
t.) 

~ 20 
-c 
o 10 

1 year 

0.49 
0.14 

--~ ......... 
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2 years 

0.76 
0.27 

"'-

25 

'\ 

~"" 
30 

Age 

3 years 

0.96 
0.48 

""-, 

4 years 

1.16 
0.62 

-----. 1-

35 40 45 

Fig.67. Female fertility related to age. (After MUNZNER, 1934) 

A comparison of different statistics is further 
handicapped by different classification principles 
(ISRAEL, 1967; KISTNER, 1964; BICKENBACH, 
1967). In general, involvement of male factors, 
in sterility is 30-40 % (GUERRERO, 1964), that 
of female factors 35-45 %, and that of combined 
factors 10-20% (SLOAN, 1964; GRUBER, 1973). 
According to most statistics, about 30 % of 
the causes of female sterility are due to changes 
in the tubes (BALIN, 1967; BICKENBACH, 1967; 
GRUBER, 1973). GRUBER (1973) investigated 
106 cases of primary sterility and the percentage 
distribution of the main female sterility factors 
is presented in Fig. 68. In 11.7% of cases both 
partners prove to have at least one sterility 
factor. Other investigators have arrived at 
similar figures for the frequency of individual 
female sterility factors. 
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tubal 307% 

"Idiopathic" 
184% 

Fig. 68. Percentage proportions of female sterility factors 
concerned in 106 cases of primary sterility. (After GRUBER, 

1971) 

The cause of sterility cannot be determined 
in 10-20 % of all sterile couples (GRUBER, 1972). 
In such cases so-called idiopathic sterility is 
present. This is not surprising since we are 
still only poorly informed about most of the 
processes occurring between insemination and 
impregnation and in the 6-7 days between 
impregnation and implantation. The diagnosis 
"idiopathic sterility" should only be made after 
prolonged and thorough investigation and ob
servation by experienced investigators, and 
after culdoscopy or laparascopy has also yielded 
normal findings. In some cases, both partners 
are subfertile. In others, there may be an 
immunological incompatibility between sperm 
and female organism as is suggested by the 
observation that remarriage with other partners 
has often resulted in fertility of both partners 
of the original marriage. According to BEHRMAN 
(1965), immunological incompetence of this 
kind is present in 20 % of cases of so-called 
idiopathic sterility. As has been shown by 
investigations by HERTIG, ROCK and ADAMS 
(1956), unviable fertilized ova compose a large 
proportion of so-called reproductive wastage. 
In this study, 13 (or 38 %) of 34 fertilized human 
ova were found to be abnormal in the first 
17 days. Since the rate of spontaneous abortion 
is 8.2% (JAVERT, 1957), about 30% of impreg
nated ova are lost without the woman involved 
becoming aware of this. An indefinite number 
of these women are classified in the group of 
idiopathic sterility. If the cases of extra-uterine 
pregnancy and intra-uterine deaths are also 
taken into account, so-called reproductive wast
age involves over 40 % of all ova, not including 
legal and illegal abortions. 
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Normal female fertility is dependent on 
numerous factors. Only a limited number of 
these can be investigated by methods of in
vestigation currently available. If they all give 
normal results fertility is probably normal, 
but the only proof of this is conception and the 
birth of a living child. 

Present-day knowledge of the physiopatho
logy of reproduction and the techniques avail
able for investigation suggest that in practice 
6 factors are essential for normal female 
fertility. These are the so-called vaginal, cervical, 
uterine, tubal, endocrine, and psychogenic fac
tors. 

The most frequent causes are briefly men
tioned below. The reader is referred to the 
appropriate specialized literature for more de
tailed information (HOTCHKINS, 1944; PALMER, 
1950; BERNHARD, 1947; SIMMONS, 1954; BUXTON, 
1958; TYLER, 1961; WILLIAMS, 1967; STALL
WORTHY, 1966; WESTIN, 1966; THOMAS, 1966; 
BICKENBACH, 1967; ISRAEL, 1967). 

a) The Vaginal Factor 

Severe anatomical changes in the vagina alone, 
such as aplasia, do not cause sterility, since 
they are associated with severe obstructive 
malformation of the uterus (so-called Mayer
Rokitansky-Kiister syndrome) (HAUSER, 1961). 
Severe congenital stenosis of the upper third 
of the vagina very occasionally leads to sterility, 
but this can be corrected by a vaginal plastic 
operation. 

Severe vaginitis can impair conception due 
to the presence of numerous leukocytes which 
damage the sperms enzymatically, or phago
cytize them. This is especially applicable to 
vaginitis and cervicitis caused by trichomonads. 

b) The Cervix Factor 
(SEGUY, 1933; HUSSLEIN, 1953; ANTOINE, 1957) 

The quality and quantity of cervical mucus 
are essential to sperm penetration and capac
itation (CHANG, 1955). Both are affected by 
hormonal, anatomic and bacterial factors (p. 
538). 

Acute or chronic cervicitis can cause sterility 
(SOBRERO, 1962). Chronic cervicitis may be due 
to erosions, ectopia or cancerous changes in 
the portio of the cervix. There may be anti
bodies in cervical mucus which act cytotoxically 
against the sperm of the husband. These anti
bodies can sometimes be demonstrated in the 
serum, and may lead to the so-called allergic 
sterility in women in whom the other fertility 
factors are not found to be pathologic (PARISH, 
1968). 
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It is to be expected that in the next few 
years a series of further factors connected with 
reproduction will be obtained in the immuno
logical field (KATSH, 1967). This would make 
the group of patients with idiopathic sterility 
even smaller. 

The Sims-Huhner test, the fern test and the 
spinnbarkeit of cervical mucus are used for the 
assessment of the so-called cervix factor (p. 538). 
The crossed invasion test in vitro (MILLER
KURZROCK, 1932) for the investigation of a 
possible intolerance between sperm and cervical 
mucus is practically difficult and is therefore 
of little significance. 

c) The Uterine Factor 

Traumatic amenorrhea (p. 593) with or with
out uterine adhesions or synechia (Asherman's 
syndrome, metrose de receptivite) can cause 
sterility. It is seldom seen in this country, but 
appears to be more common in Italy (MAGGIONI, 
1963; STALLWORTHY, 1966). 

Inadequate secretory transformation of the 
endometrium, bringing about a developmental 
retardation of at least 3 days, is seen in 3-10% of 
sterile women (GILLAM, 1955). Insufficient luteal 
conversion of the endometrium may be suspected 
when the hyperthermal phase lasts for less 
than 10 days, or when the temperature rise 
following ovulation occurs slowly in stages 
(DORING, 1952; OBER, 1952). The incidence 
of tuberculous endometritis is dependent on 
the geographical region and varies between 
0.69-17.4% (CABALLERO, 1966). HELD (1945) 
found it in 1.6 % of sterile women with patent 
tubes. It is not an absolute obstacle to preg
nancy, since there are known cases of preg
nancy in women with tuberculous endometritis 
(FISHER, 1962; STALLWORTHY, 1963). The prog
nosis depends on the state of the tubes at the 
onset of therapy. 

The incidence of pregnancy varies from 
approximately 1 % (SCHAEFER, 1964) to 15 % 
(SUTHERLAND, 1966), 20% (SNAITH, 1962; Ry
DEN, 1966) to 40 % respectively (SCHAEFER, 
1964) if the tubes are patent at the onset of 
treatment, but the number of tubal pregnancies 
and abortions is greatly elevated in these 
women. STALLWORTHY (1963) observed 5 tubal 
pregnancies and 3 abortions in 17 pregnancies 
after tuberculous endometritis. SUTHERLAND 
(1966) described 25 pregnancies in 165 sterile 
women. Only 6 live children were born, and 
the remaining pregnancies aborted (8) or were 
ectopic (11). 

The diagnosis of uterine hypoplasia is made 
much too frequently. The size of the uterus is 
no measurement of functional capacity. 
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Hypoplasia responsible for sterility is asso
ciated with delayed menarche and retarded, 
inadequate development of the secondary sexual 
characteristics. The small, infantile uterus is 
usually anteverted and anteflexed at an acute 
angle and is displaced towards the left; the 
cervix is as long as or longer than the body, 
and the length of the uterine sound is 6 em 
or less. A uterine malformation can result in 
infertility but not in sterility. Sterility is caused 
only by uterine aplasia or the uterus solidus 
in the Mayer-Rokitansky-Kiister syndrome (p. 
588). The mobile retroflexed uterus itself does 
not lead to sterility. The fixed retroflexed uterus 
indicates tubular sterility with endometriosis 
or a state following pelvic peritonitis. 

Fibroids are usually only a concomitant 
factor and are not involved in the etiology. 
In exceptional cases they may lead to inter
stitial closure of the tubes when they are in the 
relevant position (intramural, and less commonly 
submucosal fibroids), or they may cause tubal 
distortion, impairing the mechanism for collec
tion of the ovum (subserous fibroid). On the 
other hand they are responsible for 20-25 % 
of cases of infertility (ISRAEL, 1967; BUXTON, 
1958). 

The uterine factor is investigated by means 
of the endometrium biopsy and hysterosalpingo
graphy. 

d) The Tubal Factor 

Complete bilateral occlusion of the tubes follow
ing salpingitis, pelvic peritonitis or endometriosis 
is one of the most common causes of female 
sterility. In contrast, so-called partial tubal 
occlusion is seldom a cause of sterility. This 
type of occlusion is usually due to functional 
disturbances. This was deduced from RUBIN'S 
investigations (1932). He observed practically 
the same number of pregnancies in women 
with spastic and stenosed tubes and those with 
normal tubal patency. 

Salpingitis now arises most often after 
abortion, particularly after criminal abortions, 
and less commonly with perityphlitis and 
during the puerperium. The pathogens are 
mainly E. coli, streptococci and staphylococci. 
Inflammation of the tubes due to gonorrhea 
and tuberculosis is quite rare in this country. 
It is questionable, however, whether gonorrhea 
has not in fact become more common, but can 
no longer be demonstrated due to the extensive 
use of antibiotics. The frequency of tuber
culous salpingitis is closely related to the type 
of patients examined and to geographical factors 
(RIPPMANN, 1966). SHARMAN (1952) calculated 
that in Scotland over 25 % of tubal occlusions 
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with primary sterility were due to tuberculosis. 
About 10% of patients suffering from pul
monary tuberculosis later develop genital tuber
culosis (HELD, 1945). In women over 35 endo
metriosis plays some part in causing tubal 
sterility (PHILIPP, 1937; RIVA, 1961). 

The methods - pertubation, hysterosalpingo
graphy, and laparoscopyjculdoscopy - available 
for investigation of the tubal factor can at the 
most show whether the tubes are patent or not 
(p. 627). They provide no information about 
the physiology of the tubes, which is of the 
utmost importance for maturation of sperms 
(so-called capacitation) (CHANG, 1955; NOYES, 
1960). Sperms are not capable of fertilizing 
an ovum until they have been in the female 
genital tract, particularly in the tube, for 
4-6 hours. We do not know how this "sperm 
maturation" comes about; it may be due to 
some enzyme activation. 

The culdoscopy/laparoscopy alone allows 
an assessment of the mechanism of collection 
of the ovum, i.e. the spatial and functional 
relation between ovary and fimbrial funnel, 
which is quite frequently impaired by inflamma
tory and endometriotic changes (KISTNER, 1962). 
Only in 20-25 % of sterile women in whom all 
other fertility factors are normal are the culdo
scopic findings physiological (KELLY, 1956). 

e) The Endocrine Factor 

There are numerous conditions resulting in 
endocrine factors which can lead to disorders 
in the cyclic course of maturation of the ova 
and ovulation and the formation of estrogens 
and progesterone. These include: dysfunction 
and tumors of the hypothalamic-hypophyseal 
system, such as Simmonds' syndrome and 
Sheehan's syndrome, ovarian dysfunction, such 
as polycystic ovaries (p. 609), hyper- and hypo
thyroidism (Chap. VI), dysfunction or tumors 
of the adrenal cortex, such as socalled "bor
derline adrenal hyperplasia" (p. 612), the 
adrenogenital syndrome, Addison's disease 

Table 58. Prevalence of anovulatory cycles as a function 
of age (COLLETT, 1954) 

Age No. of Cycles Anovulatory cyles 
women 

No. % 

17·-18 59 81 25 30.8 
20-24 33 112 11 9.8 
25-29 21 45 2 4.4 
30-34 11 23 0 0.0 
35-39 13 33 4 12.1 
40-50 11 33 5 15.1 

Total 148 327 47 14.3 
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and Cushing's syndrome. Diabetes mellitus 
and relative insufficiency of the corpus luteum 
also belong to this group. The last condition 
is indicated by a stepwise increase in temperature 
due to the delayed action of progesterone, and 
by a shortened hyperthermal phase, which 
lasts less than 10 days, in contrast to the usual 
12-13 days (DORING, 1952; OBER, 1952). Such 
cycles are infertile. These cycles are usually 
shorter than normal and their incidence varies 
with age (Table 58). They are more common 
in women with sterile marriages, and depending 
on the author have been observed in 15-33 % 
of sterile patients (PALMER, 1949, 1953; RAU
SCHER, 1959; GRANT, 1959; DORING, 1960). 

Endocrine disorders cause amenorrhea (p. 
585), oligomenorrhea or anovulation (p. 603) 
with dysfunctional hemorrhage. Inadequate se
cretory transformation of the endometrium 
is also produced. The diagnostic procedure 
is discussed in the appropriate chapters. Ex
tensive differentiation is obtained from the 
basal body temperature. 

f) The Psychogenic Factor 

Psychogenic factors can interfere decisively 
with reproductive processes centrally by acting 
via the limbic system in hypothalamic centers 
(p. 555). Hypothalamic amenorrhea is an exam
ple of this [influence of psychological factors on 
the quality of sperms (Chap. IX, p.483)]. How
ever it is very seldom possible to differentiate 
psychological influences from those of organic 
nature. The diagnosis is made by elimination: 
comparative series are not available. A few strik
ing cases support the importance of psychologi
cal factors, but this is also contradicted by just 
as many observations. The mode of action is 
frequently obscure or controversial. Thus it is 
uncertain to what extent tubal spasm or disturbed 
uterine motility can influence sperm transport. 

Experience has shown that referral of the 
patient to the psychiatrist is essential in very 
few cases. Sympathetic listening and discussion 
of the problems of the married couple are 
therapeutically effective in many cases. 

3. Methods of Investigation (Table 59) 

Investigation of a sterile married couple must be 
carried out systematically according to a fixed 
plan. The diagnostic procedure is presented 
in Table 59. We are of the opinion that the 
investigation must be done separately for each 
partner. Only in this manner is it possible to 
obtain a complete history and a reliable impres
sion of the attitude of both partners towards 
the possibility of having a child. 
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After completion of the investigations the 
results should be discussed conclusively with 
both partners together, and a possible plan of 
treatment should be decided on. If treatment 
is hopeless, the reasons must be explained to 
the couple. This will prevent further useless 

Table 59. Examination of the woman 

A. Case history (in husband's absence): 

1. General: Venereal diseases, tuberculosis, hypo
or hyperthyroidism, diabetes mellitus, 
alcohol, nicotine 

2. Gynecological: Menarche, menstrual cycle (interval, 
midcycle bleeding, duration of bleed
ing, mittelschmerz, intermenstrual dis
charge), induced abortions, adnexitis, 
gynecological operations, intercourse 
(frequency, time, technique, orgasm) 

3. Psychological: Reason for wanting children, attitude 
to husband, marriage, children, hus
band's parents, interests 

B. Status praesens 

1. General: General condition, hirsutism, viriliza
tion, blood pressure, ESR, blood pic
ture, serologic lues reaction, urinalysis 
(albumin, sugar). If indicated BMR, 
PBI 

2. Gynecological: Hypoplasia, rigid hymen, vaginitis, 
cervical erosion, cervicitis, lacerations, 
macroscopic anatomy of genital or
gans: position, size, form, and motility 
of uterus, tubes and ovaries (tumors, 
adnexitis, parametritis) Shorr and Pa
panicolaou smears, detailed colpo
scopy, bacteriological examination of 
vaginal smear (trichomonas and moni
lia) 

C. Special tests 

1. Basal temperature curve 
2. Endometrial biopsy ± excretion of pregnandiol in 

urine 
3. Sims-Huhner test, spinnbarkeit, fern-leaf test 
4. Pertubation ± hysterosalpingography 
5. Culdoscopy/Laparoscopy 
6. Hormonal examinations: 17-ketosteroids, 11-0H ste

roids, pregnandiol, HPG, PBI 

Month ' May 
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investigations and enable the couple to become 
adjusted to the idea of a possible adoption. 

Fertility in a woman is dependent on the 
anatomy, function and biology of her repro
ductive system. Various methods are avail
able for examination. 

Measurement of the basal body temperature 
or the temperature on waking (GILES, 1901; 
VAN DE VELDE, 1905; RUBENSTEIN, 1938; VOLL
MANN, 1940) permits the diagnosis of follicular 
rupture and formation of the corpus luteum 
on the basis of the thermogenic action of proges
terone (Fig. 69). It is of practical significance in 
the treatment of the sterile couple for a rough 
determination of the time of ovulation (DORING, 
1957). The fact that a corpus luteum can also 
occasionally be formed in the absence of 
ovulation slightly limits its value as a method 
of diagnosing ovulation. 

The temperature can be measured orally or 
rectally. The oral temperature is 0.1-0.2 deg C 
lower than, but parallel to the rectal tempera
ture (HARTMAN, 1962). The temperature must 
be taken in the morning for 5 minutes after 
at least 6 hours' night rest, and if possible always 
at the same time immediately after waking 
(temperature on waking). Since the temperature 
differences are very small, it is important to 
prepare the thermometer the previous evening 
and always to use the same instrument. An 
ordinary thermometer can be used for this 
purpose, but special thermometers are also 
available commercially, on which the scale 
between 35° and 38° is extended, making the 
reading easier (e.g. Cyclotest thermometer). 
There is an average rise in temperature of 
0.4-0.6 degC 14 ± 2 days before the onset of 
menstruation (ROCK, 1949), most frequently 
1-2 days after rupture of the follicle. This rise 
may take the form of an increase within 1-2 
days or of increments over 3-7 days. In one 
third of women (PLOTZ, 1950) there is a fall 
in temperature before the rise. The temperature 
falls again within one day before the onset 
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of menstruation. In 70-80 % of women, the 
basal body temperature lies between 36.3 and 
36.8° C postmenstrually, and premenstrually 
between 36.9 and 37.4°C (PLOTZ, 1950). 

On the basis of information obtained from 
culdoscopic investigations (DOYLE, 1955) and 
laparotomies (RILEY et al., 1955) permitting 
direct observation of ovulation, and from suc
cessful artifical insemination (WILLIAMS, 1964) 
it must be concluded that ovulation usually 
occurs 1-2 days before or after the temperature 
rise, but that it is also possible that ovulation 
may also take place earlier or even more 
than 2 days after the temperature rise (ABAR
BANEL, 1958; TOMPKINS, 1944, 1945). It is 
thought that follicular rupture often occurs at 
the same time as a fall in temperature, shortly 
before the temperature rises. 

It is often difficult to fix the time of the 
temperature rise. In such cases, VOLLMANN 
(1940) suggests calculating the average tempera
ture in the cycle and drawing a line through 
this temperature. The point at which this line 
intersects the rising arm of the curve is taken 
as the time of the temperature rise. 

The temperature normally remains increased 
for 12-13 days (hyperthermal phase) and falls 
again shortly before menstruation to postmen
strual values. 

The luteal phase is inadequate if the hyper
thermal phase lasts less than 10 days. This 
leads to sterility. ISRAEL (1967) found a shortened 
luteal phase in 3.5 % of a group of 942 women 
all of whom had sterile marriages. Probability 
of pregnancy is almost 97 % when the hyper
thermal phase lasts for 16 days or longer 
(BARTON, 1945). The basal temperature curve 
is monophasic when ovulation fails to occur. 
The frequency of anovulation is dependent 
on age and is highest during the first years 
after menarche (COLLETT, 1954; HARTMAN, 
1962; DORING, 1963), during the climacteric 
period, and after gestation. It very rarely occurs 
in women between the ages of30 and 35 (DORING, 
1963). The basal temperature curve must be 
plotted for at least 3-4 months to determine 
when and if ovulation has occurred and if luteal 
insufficiency is possible. The patient uses the 
same table to record menstruation, intercourse, 
mittelschmerz, mid-cycle bleeding, increased 
intermenstrual discharge, dysmenorrhea and 
tension in the breasts. Possible causes of a rise in 
temperature, such as headache, indisposition, 
colds, etc. should also be recorded (Fig. 69). 

a) Endometrium Biopsy 

This is used to determine the secretory trans
formation and proliferation ofthe endometrium. 
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The procedure can be performed in outpatient 
departments and without an anesthetic. Secre
tory transformation normally reaches a maxi
mum on the 9th day after ovulation [i.e. 5 days 
before menstruation (HELD, 1945)], so that 
the biopsy should be taken around this time 
whenever possible. The danger of interrupting 
a pregnancy during this procedure is estimated 
to be very slight, but to avoid this risk, the 6th 
postovulatory day has been recommended for 
the biopsy (KISTNER, 1964). However, at this 
stage there are no typical luteal stromal changes 
(spiral arteries with periarterial, pseudodecidual 
stromal cells). The position of the uterus 
must be determined before the biopsy. Dilata
tion of the cervical canal is not necessary. The 
length of the cavity is also measured with the 
hysterometer before the biopsy. This measure
ment does not only reduce the danger of over
looking a perforation, but also gives an objective 
measurement of the size of the uterus. Uterine 
hypoplasia, which is much too often diagnosed 
especially in sterile patients, can be excluded 
when the cervical/cavity length is 7 cm or 
more. A flat narrow curette is used for the 
biopsy. NOVAK recommends the suction curette. 

The biopsy is taken in the form of a smear 
from the posterior and anterior walls, the most 
suitable material being found in the fundal 
region. The mucosa obtained is fixed in absolute 
alcohol. In assessment of the endometrium, 
one must be aware that secretory transformation 
is no proof of ovulation having occurred, since 
a luteinized follicle can produce the same effect. 
The criteria for secretory transformation have 
already been discussed on p. 540. 

Inadequate secretory transformation of the 
endometrium is found in 3-10 % of sterile 
women (MARCUS, 1967). In a group of 102 
sterile women, 6 (4.8 %) showed no signs of 
a secretory transformation even five days before 
menstruation (HELD, 1948). 

b) The Sims-Huhner Test (Post-Coital Test) 
(SIMS, 1869; HUHNER, 1913) 

This is one of the most valuable means of inves
tigating sterility. It is unfortunately not possible 
to compare the results of different authors, 
since the manner in which the test is interpreted 
varies greatly. A positive post-coital test makes 
collection of semen by masturbation unneces
sary in the cases concerned, as this method of 
collection may distort the spermogramm due to 
psychological influences (DANEZIS, 1964). A 
positive test reveals that quantity and quality 
of sperms and cervical mucus are adequate, 
that the male partner is potent and the genital 
anatomical states of both partners allow for 
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deposition of sperms in the cervical region. 
In addition, it can have a therapeutic effect 
if performed at the right time. The optimal 
time is shortly before ovulation when the 
cervical secretion is at its optimum (SEGUY, 1933). 
The test can also be positive at other times, 
but no conclusions can be derived ifit is negative 
at other points in the cycle (Fig. 70, ELERT, 1963). 
A definite prognosis cannot be made from a 
single negative result. The test must be repeated. 
Apart from the time at which the test should be 
performed, there is a series of other points to 
observe: intravaginal douching must not be 
performed for at least 48 hours before the test; 
3 days' abstinence from intercourse is essential; 
the examination is performed a minimum of 
6 hours and a maximum of 16 hours, ideally 
8-12 hours, after intercourse. A good result 
before 6 hours have elapsed can give rise to 
false conclusions (DAVIDSON, 1961; STALL
WORTHY, 1966). Sperms should not be fertile 
for more than 24 hours after intercourse. They 
retain their motility in cervical mucus for twice 
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as long (HARTMAN, 1962). Nevertheless, weakly 
motile sperms have been observed in the cervical 
mucus even 134 hours after deposition (TYLER, 
1961 ). 

The test is carried out by taking some mucus 
from the mucous collection in the region of the 
external os uteri and some from the lower 
cervical canal. This sample is put on a micro
scopic slide. The mucus is removed by means 
of aspiration with a suction pipette, or with 
the cervical mucus forceps after PALMER, or 
with a pincette (ROCK). The penetration test 
is considered positive if average magnification 
(400 x) reveals at least 5 sperms moving pro
gressively in one field. Not more than 4 leuko
cytes per field should be present if the cervical 
mucus is at its optimum, as it is at the time of 
ovulation (GRANT, 1958). A larger number of 
leukocytes at the time of ovulation indicates 
cervicitis. At any other time of the cycle, it is 
normal for leukocytes to be present in cervical 
mucus. 

The appearance of the cervical mucus, how
ever, provides no information about its bio
logical value (glucose content, amino acids 
etc.), i.e. a clear cervical mucus can also be 
biologically inferior and lead to immobilization 
of the sperms. 

A negative test must be repeated until the 
reason for it has been found. The result may 
be negative because the wrong time was chosen, 
because the cervical mucus was infected or 
biologically inferior, because there is a disturb
ance in potency or an anatomical defect im
pairing insemination, or because quality and/or 
quantity of the semen is inadequate. If patho
genic organisms are present, bacteriological 
examination of the cervical mucus and resistence 
tests are indicated. It is still open to discussion 
whether an antigen-antibody reaction due to 
ABO incompatibility can occur between sperm 
and cervical mucus (BEHRMAN, 1960, 1967; 
WHITELAW, 1962). Antibodies which react cyto
toxically to sperms of the husband have been 
demonstrated by immunofluoroscopy in the 
cervical mucus and blood of sterile women 
(PARISH, 1968). So-called lethal factors of un
known nature have been reported in the vagina 
and cervix (MASTERS, 1961). 

The fern test (PAPANICOLAOU, 1946; RYD
BERG, 1948; CAMPOS DA PAZ, 1953) should be 
performed on cervical mucus at the same time 
as the Sims-Huhner test (p. 627, Fig. 71). 

At the time of ovulation, a large quantity 
of thin mucus of high elasticity and reduced 
viscosity is produced under the maximal action 
of estrogens. The viscosity is examined by the 
so-called spinnbarkeit, which is greatest at the 
time of ovulation (p. 627, Fig. 72). 
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Fig. 71. Dried cervical mucus taken from a sexually mature woman at the time of ovulation (fern-leaf phenomenon) 

c) Pertubation, Hysterosalpingography and 
Laparoscopy / Culdoscopy 

These different examination techniques are 
complementary rather than competitive. The 
Rubin test, which reveals whether the tubes are 
patents, is applied first (RUBIN, 1920, 1932, 1947; 
SEMM, 1969). It is one of the most important 
and practical methods in the investigation of 
sterility. When carried out properly it can reveal 
whether both tubes are patent or just one, 

whether a stenosis is present and whether tubal 
peristalsis is adequate (HELD, 1940). The test 
tells us nothing, however, about the minute 
physiology and anatomy of the tubes, e.g. 
transport of the ovum, the relative positions 
offimbrial funnel and ovary, which are important 
to fertility, localization of a possible obstruc
tion. The apparatus we prefer is the model 
of SEMM (1969). It permits the necessary simul
taneous volumetric and manometric control. 
The pertubation apparatus developed by FI-

Cervical mucus L57 b 1 ~ b 
Splnnbarkelt 1cm 6cm 15 cm 12 cm 3cm 

VIscosity high moderate low low high 

Quantity + ++ ++++ +++ + 

Leucocytes ++++ ++ 0 0 ++ 

Survival period 
0 + +++ +++ + 

of sperm 
Ovulation 

Fig. 72. Changes in the cervical mucus during the cycle. (After COHEN, 1952) 
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KENTSCHER and SEMM (SEMM, 1969) and by 
SHARMAN are suitable for scientific and clinical 
use. A vacuum adapter is used for obturation. 

If full use is to be made of the diagnostic 
possibilities offered by these methods, and false 
results avoided, the following points must be 
observed. The best time is between the 4th 
and 7th days after menstruation. Every pertuba
tion must be preceded by a gynecological exam
ination to obtain information about the state 
of the portio, position of uterus and state of 
the ovaries (see contraindications). To exclude 
any spastic processes in the region of the uterus 
and tubes, a general anesthetic is given or the 
patient receives 1 ampoule Spasmalgin 30 min 
before the examination and 0.5 mg nitroglyc
erine on a lump of sugar just before the actual 
pertubation. The portio should be pulled down 
as little as possible to avoid altering the relative 
positions of uterus and tubes. If a pressure of 
100 mg Hg or 150 mm Hg is reached with a 
flow velocity of30 ml/min, the flow of CO2 must 
be stopped for 1 min to avoid tubal spasm due 
to too rapid an increase in pressure. The pressure 
should not exceed 200 mm Hg. With a flow 
velocity of 30 ml/min, normal tubes are patent 
at a pressure between 40 and 90 mm Hg. Stenotic 
processes are present if persufflation first occurs 
at a pressure of 140-200 mm. Tubes of normal 
diameter allow CO2 flow at a rate of 180 ml/min 
without causing pressure to rise over 120 mm Hg. 
This rate of flow thus allows the diameter of 
the tubes to be examined at the end of the 
investigation. Since 250 ml CO2/min are expired 
through the lungs, 250 ml CO2/min can be 
insufflated with no danger to the patient. 
Not more than 200 ml CO2 are required for 
examination of tubal patency. If at least 90-
120 ml CO2 reaches the free abdominal cavity, 
the subdiaphragmatic collection of gas charac
teristically gives rise to shoulder pains, usually 
on the right side. Monitoring by X-ray screening 
is essential and allows the phenomenon to be 
objectified. The lower abdomen is auscultated 
as persufflation is performed. This will not only 
detect the localization of an obstruction, but 
the character of the sound of the flow will 
also make it possible to localize any stenosis. 
If there is no patency at a pressure of 200 mm 
Hg this indicates bilateral tubal occlusion. A 
bimanual gynecological examination should 
follow every pertubation so that any pneumo
salpinx present can be diagnosed. The liver 
dullness should be percussed before and after 
the procedure, and X-ray screening performed 
within 1-2 hours. 

Pertubation is contraindicated in the presence 
of pelvic inflammation and during genital 
bleeding (air embolism, spread of endometrium). 
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Though the reason is not understood, the 
Rubin test has a therapeutic effect in addition 
to its diagnostic significance. ISRAEL (1967) 
observed that 4 % of his patients with an 
average sterility duration of 3.5 years became 
pregnant after pertubation. Other authors report 
a success rate of 20-30 %, which is improbably 
high (RUBIN, 1920; SHARMAN, 1954; SCHILD
BACH, 1950). 

A single negative test does not prove a 
definite occlusion. Although RUBIN (1947) is 
not of the same opinion, three negative results 
can still be incorrect. JEFFCOATE (1953) reported 
25 pregnancies after obtaining 3 negative per
tubations in each case. This is also applicable 
to the hysterosalpingography (PEEL, 1964; STALL
WORTHY, 1966). Examination of the patency 
at the junction of uterus and tube is very difficult, 
since the lumen at this point has a diameter 
of only 100 ~m (ROCKER, 1964), and in 75 % 
of cases the course of the interstitial part of the 
tube is angular (SWEENEY, 1962). In addition, 
further narrowing occurs under the influence 
of estrogens, particularly at the time of the 
examination (HARTMAN, 1962). When the results 
of pertubation are interpreted, it must be borne 
in mind that a negative result can be due to a 
functional closure as well as to an anatomic 
anomaly. Functional closure is, however, often 
a result of organic changes. A positive result 
does not necessarily indicate normal conditions, 
since peri tubal adhesions or endometriosis may 
still be present. 

A hysterosalpingography (SEMM, 1969) must 
be performed to localize the site of obstruction 
when the tubes are occluded. We do not 
think that should be carried out routinely in 
every case of sterility. Unfortunately, the ideal 
contrast medium has not yet been discovered. 
Water-soluble media are too rapidly absorbed, 
so that it its impossible to obtain an X-ray 
picture after 24 hours, which is essential for the 
detection of peritubal adhesions. On the other 
hand, granulomatous formations are more fre
quent with oil-soluble contrast media. 

A culdoscopy or laparoscopy (DOYLE, 1951; 
FRANGENHEIM, 1959) is indicated when the 
patient fails to become pregnant within one 
year even when the tubes have been shown to be 
patent and no other sterility factors can be 
found. It is also indicated when pertubation 
and hysterosalpingography give obscure results 
or show that the tubes are not patent. 

It allows detection of endometrial or in
flammatory changes in the pelvic cavity which 
cannot be determined by pertubation and 
hysterosalpingography. This is especially true 
of peritubal adhesions, which impair tubal 
motility and the mechanism of collecting the 
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ovum. Thus, in a group of82 sterile women with 
normal clinical and hysterosalpingographic find
ings, culdoscopy revealed pelvic and/or per
itoneal changes in 35 % and endometriotic 
changes in 29% (RIVA, 1959). Only 20-25% 
of sterile women patients have normal culdo
scopic findings. Postinflammatory changes are 
found in 48 % and 26-40 % prove to be affected 
by endometriosis in the small pelvis (KISTNER, 
1962). "Idiopathic sterility" should therefore 
only be diagnosed after culdoscopic/laparo
scopic examination. If pertubation and hystero
salpingography show that the tubes are occluded 
the patency should be tested during laparo
scopy by the injection of a colored solution 
(hydropertubation) of, for example, methylene 
blue or indigo carmine, into the uterus (so-called 
three-fold examination oftubal patency). Culdo
scopy revealed patent tubes in 30 /~ of patients 
in a group of women with tubes shown to be 
occluded by means of pertubation and hystero
salpingography (PERETZ, 1961). The diagnosis 
of occluded tubes should therefore only strictly 
be made when the tubes are shown to be ob
structed by hydropertubation during culdo
scopy or laparoscopy. 

4. Treatment of Female Sterility 

Improvement of the quality and quantity of 
cervical mucus is achieved by administering an 
estriol preparation such as Ovestin in a dose 
of two tablets of 1 mg daily from days 4-14 of 
the cycle. Estriol has the advantage that it acts 
practically exclusively on the cervical mucosa 
(PUCK, 1958). Due to the strong central in
hibitory action on the hypothalamo-hypophyseal 
system, ethinyl-estradiol preparations (Lynoral, 
Progynon C) and diethyl stilbestrol should only 
be given in very small doses: e.g. 0.02 mg 
ethinyl estradiol, or 0.25 mg stilbestrol daily 
on days 6-12 of the cycle. Higher doses, such 
as 0.04 ethinyl estradiol taken daily from 
day 2 to day 8 of the cycle cause ovulation to 
be postponed by a week. This form of treatment 
is thus suitable for displacing ovulation where 
ovulation occurs during the menstruation phase 
in the presence of biphasic polymenorrhea. 

Uterine Hypoplasia, which is an uncommon 
cause of sterility, can be influenced pharma
cologically by producing a pseudocyesis. Treat
ment with estrogen-progesterone for 12 weeks 
can cause the sound length to increase by about 
2 cm. For example, Anovlar is given from the 
22nd day of the cycle; 1 tablet is taken daily, 
and the dose is increased by one tablet every 
10-14 days until it reaches 3 tablets daily (for 
at least 3 month). 
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Surgical correction of malformations of the 
uterus by the Strassmann plastic operation 
is justified only in cases of habitual abortion. 

Enucleation of a fibroid is only indicated in 
the absence of other sterility factors in the 
subject and the husband. The success obtained 
in carefully selected cases is claimed to be 
surprisingly good (BROWN, 1956; DAVIDS, 1959). 
STEVENSON (1964) observed full-term pregnan
cies in 50 % of cases. 

TANNER (1953) recommends conservative 
treatment of genital tuberculosis with the tuber
culostatic medicaments of choice: streptomycin, 
PAS, ethambutol, rifampicin, isoniazid. 

Hypoplasia of the Endometrium is most probably 
connected with tubal dysfunction. In such cases 
where no other sterility factors are present a 
three-month cyclic ovulostatic therapy is often 
successful, acting perhaps via a hypophyseal re
bound mechanism (KISTNER, 1964). 

Inadequate Secretory Transformation of the 
endometrium can be corrected by either sub
stitution or stimulation treatment (Table 60). 
We prefer to use an acetoxy-progesterone deriv
ative in oral substitution therapy, because of the 
slight androgenic action of nortestoids on the 
fetus. Stimulation with a total of5000-15000 IU 
HCG will cause a corpus luteum of menstrua
tion to be converted into one typical of preg
nancy (BROWN, 1947; JAYLE, 1965). 

Table 60. Treatment of inadequate secretory transformation 
of the endometrium 

A. Substitution treatment 

a) 200-250 mg progesterone + 10 mg estradiol 
2-3 days after rise in temperature 
e.g. Sistocydin (200 mg progesterone crist. + 10 mg 

estradiol mono benzoate) 
Primosiston (250 mg hydroxy-progesterone cap

ron ate + 10 mg estradiol benzoate) 
Withdrawal bleeding 12 days later if pregnancy has 
not occurred 

b) Planovin or another inhibitor of ovulation (4 mg 
megestrol acetate + 50 fig ethinyl estradiol), 1 tablet 
daily on days 18-25 of cycle 

B. Stimulant treatment 

Chorionic gonadotropin (HCG) 
e.g. 4 doses of 1500 IU HCG, administered on days 4, 6, 

8, and 10 of the hyperthermic phase, or 
3 doses of 5000 IU HCG, administered on days 3, 5, 
and 7 after rise in temperature 

Clomifene citrate 
50 mg/day on days 5-25 of cycle 

Until a few years ago, anovulation was a 
therapeutically unconquerable obstacle in prac
tically all cases of sterility. This state of affairs 
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has changed fundamentally since human pitui
tary gonadotropins (p. 600) and clomifene 
citrate have become available (p. 599). 

Treatment of Anovulatory Sterility with Gonado
tropins is delicate and expensive also (p. 599 ff.). 
Patients for this treatment must be carefully 
selected, the choice based on general examina
tion and gynecological and endocrine investiga
tions. Absence of other sterility factors is 
essential. Estimation ofthe hypophyseal gonado
tropins (HPG) is essential. Only women with 
inadequate or normal amounts of gonado
tropins can be considered. Treatment of hyper
gonadotropic anovulation with gonadotropins 
is pointless. On the other hand it is of no 
importance whether a primary estrogen deficit 
is present or not. Pretherapeutic estimation 
of urinary estrogens is therefore not necessary. 
The action of estrogens is monitored before 
and during treatment by means of Shorr 
smears, fern test, spinnbarkeit of cervical mucus 
and diameter of the external os uteri. An endo
metrium biopsy and a progesterone test are 
part of the investigation. 

The response of the ovaries to gonadotropic 
stimulation varies widely from one patient 
to another. The dosage must therefore be 
adjusted to the individual. Special caution is 
required in patients with polycystic ovaries, 
since such ovaries are particularly sensitive 
to gonadotropic stimulation (p.615). We do 
not use the gonadotropin sensitivity test (CROOKE, 
1965). We begin with a low dose because of 
the danger of overstimulation, following the 
schedule given in Fig. 59. 

The patient receives 75 IV HMG/day, e.g. 
1 ampoule Pergonal. As soon as the daily Shorr 
smears, the cervical mucus, and the diameter 
of the os uteri show a good reaction to estrogens, 
the patient is given 5000 IV HCG daily for 3 
days (e.g. Pregnyl i.m.). This level is usually 
reached after 7-10 days. Before the dose of 
HCG is increased, it is essential to perform a 
careful gynecological examination to make 
sure that the ovaries are not painful or enlarged. 
If this should occur, i.e. if overstimulation 
has occurred, only 1000 IV are given daily for 
2-3 days. This reduces the danger of rupture 
of an induced ovarian cyst. Intercourse should 
take place a few hours before and 12 hours 
after administration of HCG. 

The HMG doses are doubled in cases in 
which the doses mentioned have caused in
adequate stimulation of the ovaries. Thus the 
patient receives 150 IV i.m. daily for 10-15 
days. Exceptionally this dose is increased to 
225 IV HMG (2-3 ampoules Pergonal). As 
soon as there is evidence that vagina and cervix 
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are reacting well to estrogens and there is a 
definite rise in urinary estrogens, 5000 IV 
HCG are given daily for 3-5 days. 

From the results available, it can be assumed 
that human follicular stimulating hormone 
acts according to the all-or-nothing law. How
ever, there is only a very small difference between 
the effective dose and that which leads to over
stimulation. 

The success, measured by release of ovula
tion, is very good in correctly chosen patients. 
Ovulation can be produced in all cases. VAN 
DE WIELE (1965) observed that 60 % of these 
sterile patients became pregnant. More than 
half of them, however, aborted, and of the 
viable children there were as many multiple 
pregnancies as single pregnancies. HMG/HCG 
treatment has resulted in pregnancy even in 
patients with Sheehan syndrome who had 
been amenorrheic for years. 

The danger of overstimulation with the 
formation of cysts and rupture must not be 
underestimated even when patients are correctly 
chosen and doses are cautiously regulated. 
Multiple ovulations are frequently induced, 
which is a further disadvantage as they can 
lead to multiple pregnancies, which in turn 
result in increased abortion and prematurity 
rates, an increased incidence of toxemia, and 
more cases of pathologic presentation and 
abnormal births with corresponding danger 
to mother and child. It is therefore absolutely 
essential to make the couple aware of the 
increased risks before treatment is started. 
A sustained action is not achieved with this 
form of therapy. Another ovulation can only 
be produced by renewed stimulation. 

Clomifene citrate given to release ovula
tion has a number of advantages over meno
pausal gonadotropins: it can be given orally, 
the number of multiple pregnancies is smaller, 
there is a lower risk of overstimulating the 
ovaries, and a better chance of ovulation 
occurring spontaneously after withdrawal of 
the treatment. However, there are fewer in
dications (GREENBLATT, 1961; KISTNER, 1965). 
On the basis of experience obtained with a few 
thousand women, the indications can be confined 
within certain limits. 

Clomid (clomifene citrate, chloramiphene, 
MRL-41) is closely related chemically to the 
synthetic estrogens, stilbestrol and chlortrianisen 
(Tace). It is also chemically similar to MER-25, 
which is an effective antiestrogen but is toxic. 
Clomid is given orally in the form of a citrate 
salt. Its spectrum of activity varies in the indi
vidual species (SCHREINER, 1967). 

In the ovariectomized rodent it has a weak 
estrogenic action, but inhibits the action of 



The Sterile Marriage 

estrogens when the two drugs are given together. 
In higher doses, it also markedly reduces the 
excretion of gonadotropins in the urine. Thus, 
clomid has both estrogenic and anti-estrogenic 
effects at the same time in the rodent, and has 
an inhibitory action on ovulation. It has an 
entirely estrogenic action in Rhesus monkeys. 

In contrast to its effects in rodents, clomid's 
main effect is to promote ovulation in the 
human. In the woman, its action is primarily 
anti-estrogenic, so that it eliminates the effect 
of an ovulation inhibitor, for example. Gonado
tropin excretion is increased and the corpus 
luteal phase is prolonged in eucyclic women when 
clomid is taken from days 5-25 of the cycle. 

In contrast to MER-25, no toxic effects 
have yet been observed in women when thera
peutic doses are used. 

Clomid has proved to be a very effective 
drug in promoting ovulation in carefully chosen 
anovulatory patients. In these women, the 
endogenous production of estrogens is usually 
adequate and gonadotropin excretion is normal 
or at the most slightly reduced but not cyclic. 
Pituitary and ovaries must be intact anatomically, 
and adrenocortical and thyroid function normal. 
Due to the absence of a cyclic production 
of gonadotropins, these women show a cessa
tion in follicular maturation, the endometrium 
is well developed, and they may show the 
picture of glandular cystic hyperplasia. The 
progesterone test is positive. 

These patients present clinically with oligo
menorrhea or amenorrhea, often associated 
with sterility due to oligo- or anovulation. This 
large group of forms of oligo-amenorrhea due 
predominantly to hypothalamic factors includes: 
secondary amenorrhea with psychological causes, 
especially of the normogonadotropic type, un
definable normogonadotropic secondary 
amenorrhea such as the so-called Stein-Leven
thal syndrome, oligomenorrhea with the clinical 
picture of metropathia haemorrhagica often 
associated with mastodynia. Furthermore, this 
group also includes sterility due to hypo-
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thalamic oligo- or anovulation found in couples 
with otherwise normal fertility factors. 

Treatment of hypo gonadotropic amenorrhea 
with clomid is not very promising, but the 
attempt is justified in cases with an otherwise 
normal endocrinological state. This is applicable, 
for example, in the cases of secondary galac
torrhea such as is found in the Chiari-Frommel 
syndrome. Panhypopituitarism, which may oc
cur in an advanced Sheehan syndrome or with 
intrasellar tumors, does not respond to treatment 
with clomid. 

Examination of the retina and sella turcica 
must therefore also be included in the pretherapy 
examination. Treatment with clomid is also 
unsuccessful in hypergonadotropic amenorrhea, 
for example in premature menopause or gonadal 
dysgenesia. 

The dose is dependent on the patient and on 
the sensitivity of the ovaries to gonadotropins. 
An initial treatment with 50 mg clomid is 
advisable for 4 to 5 days starting between the 
5th and 9th days after onset of spontaneous 
menstruation or bleeding induced by a gestagen 
(Fig. 73). Ovulation occurs between the 2nd 
and 41st days after onset of treatment in about 
70 % of women treated with clomid (JOHNSON, 
1966) but usually after 8 to 12 days. Cyclic 
treatment can be repeated after an interval 
of at least 4 weeks, and before a new treatment 
is started, a pregnancy or corpus luteal cyst 
must be excluded. The highest success rate is 
obtained in women with the Stein-Leventhal 
syndrome (approximately 78-82 %). A low 
dose of 50 mg daily is <;:hosen, due to the sen
sitivity of the ovaries in these women. Pregnancy 
occurs in over 50 % of the patients in whom 
sterility is due to hypothalamic oligo- or 
anovulation and in whom other fertility factors 
are normal. However, about 7.5 % of the 
pregnancies arising as a result of clomid therapy 
are multiple pregnancies (JOHNSON, 1967). The 
abortion rate in these women is about 22 %, 
i.e. much higher than in the average population, 
but similar to that secondarily sterile women 
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(BUXTON, 1958). Among 672 pregnancies, in
cluding those ending in abortion, there were 
1.8 % newborns with malformations. This figure 
is not higher than that in a group of untreated 
fertile women. A low dose is important in the 
treatment of sterility. A higher dose of clomid 
can suppress ovulation in the human as it does 
in rodents, whereas even larger amounts of 
clomid can cause the cervical mucus to become 
thicker, viscous and scanty. 

Treatment with 100 mg daily for 4-5 days 
can result in ovulation in individual cases in 
whom no success has been achieved with low 
doses. 

The production of ovarian cysts, chiefly 
luteal cysts, is the greatest potential danger 
of treatment with clomid. Formation of ascites 
or rupture with intraperitoneal hemorrhage 
may then occur; such cases have been described. 
Although there is only a slight danger of this 
(about 5 %) when treatment is of short duration, 
the risk increases when the duration is more 
than 10 days and treatment is repeated. The 
duration of therapy must therefore not exceed 
5 days per cycle, and daily doses of over 100 mg 
must not be given for longer than 5 days. Palpa
tion of the pelvis before, during and after the 
administration of clomid is therefore absolutely 
essential. Ovarian cysts that are induced 
usually disappear spontaneously 3 to 4 weeks 
after the withdrawal of clomid. 

About 15 % of the women suffer from hot 
flushes as a side effect of treatment with clomid. 
Other side effects which arise considerably 
less commonly (5 %) are: nervousness, headache, 
giddiness, visual disturbances, loss of hair, 
nausea, sleeplessness, weight increase, abdominal 
complaints and pollakisuria. 

It is definitely essential to select patients 
critically by means of pretherapeutic investiga
tions and to monitor the patients during treat
ment. Apart from the low success rate when 
patients are not chosen carefully, noncritical 
use of clomid can also result in serious complica
tions. 

The mechanism of action of clomid is still 
open to discussion. It is certain that in suitable 
conditions, clomid causes a significant increase 
in LH activity, whereas FSH excretion is only 
slightly changed (KELLER, 1966; Fig. 74). Stim
ulation of LH appears to be the predominant 
mode of action of clomid. The fall in the FSH/ 
LH quotient (Fig. 75) leads to ovulation. An 
increased estrogen excretion has been described 
before the peak of LH excretion, so that condi
tions analogous to spontaneous ovulation seem 
to be present. Individual results indicate that 
clomid acts as a competitive inhibitor to 
estrogens by occupying specific cell receptors 

The Ovary 

for estrogens. This effect would explain the 
observation that clomid therapy fails to produce 
estrogenic effects on the uterus, vagina and 
breasts, despite normal estrogen levels (anti
estrogenic effect). Different receptor organs 
have been considered for clomid (RoY, 1963, 
1964). Certain experiments in vitro show a 
direct influence of clomifene on ovarian enzymes 
taking part in the biosynthesis of estrogens; 
it accelerates aromatization of androstenedione 
and testosterone and the formation of estrone 
and estradiol by inhibiting cytochrome reduction 
with an accumulation of NADPH (HAGERMAN, 
1966). There does, however, appear to be a 
direct hypothalamic action. This was demon
strated in investigations in a 30-year-old woman 
with primary ovarian amenorrhea, showing 
that the LH-stimulating action of clomid is 
connected with a definite estrogen level but 
not with the ovary itself (Fig. 75) (KELLER, 
1966). 

A trial with thyroid drugs is justified in 
sterile patients with clinical hypothyroidism 
or with laboratory findings at the lower normal 
limits. 
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Fig. 74. Percentage increase and decrease in the excretion 
of FSH and LH with the urine in secondary amenorrhea 
following c10mifene medication (KELLER, 1966) 

Treatment with prednisone in a dose of 
10-15 mg daily may result in ovulation in 
borderline adrenal hyperplasia (p. 612). This 
hyperplasia can present clinically as anovula
tion, less commonly as a reduced luteal phase, 
as secondary amenorrhea, hirsutism, acne vul
garis and even as mild hypertrophy ofthe clitoris. 
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Fig. 75. Excretion of FSH and LH in secondary amenorrhea and anovulation before and after c10mifene medication (KELLER , 

1966) 

Prompt treatment of salpingitis with anti
biotics is of decisive importance for future 
reproductivity. We were not convinced by the 
material obtained from the Gynecological Clinic 
in Zurich of the advantages of additional corti
sone treatment, which is theoretically justifiable 
(FUMASOLl, 1969). Residual states, frequency 
of recurrences, and fertility were no less than 
were obtained with antibiotic treatment and 
subsequent resolutive physiotherapy. 

The prognosis of fertility after salpingitis 
is dependent on the state of the tubes at the 
onset of treatment. This is especially applicable 
to tuberculous salpingitis (p. 622). Palpable 
ovarian tumors exclude a later pregnancy. 
Treatment of genital tuberculosis is carried 
Jut with tuberculostatics of first choice. 

If all surgical experience is considered, the 
results of plastic operations on the tubes seem 
to be consistent. These operations are: sal
pingolysis, fimbriolysis, salpingostomy, end-to
end anastomosis and tubal implantation. Preg
nancy later arose in 11 to 17 % of patients 
subjected to these operations (PALMER, 1952; 
GREENHILL, 1956; SIEGLER, 1956; KISTNER, 
1964; BICKENBACH, 1967). Better results re
ported by individual authors are probably 
based on a special selection of patients, different 
tubal pathology and different surgical techniques 
(MARCUS, 1967; MROUEH, 1967). Tubal occlu
sion after generalized salpingitis has a con
siderably worse prognosis than after surgical 
sterilization. 

A pelvic endometriosis must always be 
suspected when the cause of sterility cannot 
be found. The tubes are usually patent. If the 
laparoscopy is positive and no other incurable 
sterility factors can be detected, the diagnosis 
must be made histologically before treatment 
is started. 

Two kinds of treatment are available, med
ical and surgical. 

Medical Treatment of Endometriosis 

The therapeutic procedure introduced by Kist
ner in 1956 is based theoretically on the ob
servation that pregnancy can retard the develop
ment of endometriosis, probably through causing 
necrosis of the endometrium converted into 
decidua. The curative effect of pregnancy on 
endometriosis has, however, become contro
versial in the light of recent investigations 
(McARTHUR, 1965). Treatment consists of in
duction of a pseudocyesis lasting at least 6- 9 
months (possibly 12-24 months) by giving 
progestagens continuously in increasing doses 
(Table 61). 

The side effects are due mainly to the 
estrogenic components. They are similar to 
the effects observed in cyclic ovulostatic treat
ment, but are more frequent and severe. Nausea 
can be alleviated by taking the tablets with 
milk, or by using an antacid or antiemetic. Water 
retention is treated by a saltfree diet, possibly 
combined with a diuretic. Treatment with 
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progestagens alone must be substituted if side 
effects are severe, such as very painful breasts, 
bad headaches, growth of uterine fibroids, 
severe unrest, irritability and insomnia. Treat
ment with progestagens often leads to break
through hemorrhage and results in aggravation 
of skin changes in women with a tendency to 
acne and with a seborrheic skin. There is an 
increased risk of thromboembolism. 

Table 61. Medicamentous treatment of endometriosis 

Oral inhibitors of ovulation or progestagen 
e.g. Primolut-N 

Beginning on day 22 of cycle 
1 tablet daily for 2 weeks 
2 tablets daily for 2 weeks 
3 tablets daily for 2 weeks 
4-5 tablets as long-term therapy 

Primosiston 
1.0 ml (250 mg hydroxy-progesterone capronate and 10 mg 
estradiol benzoate) i.m. once weekly. 
Increase dose by 0.5 ml every six weeks or if breakthrough 
bleeding occurs 

Depo-Provera 
2.0 ml (100mg medroxy-progesterone acetate) 4 ml i.m. 
every two weeks; then 4.0 ml every 4 weeks. 
Oral estrogens should be added if breakthrough bleeding 
occurs 

It is essential to start hormonal treatment 
without delay in a case where endometriosis 
has been diagnosed and pregnancy has not 
occurred within a short time. About 85 % of 
women treated by this regime show a temporary 
improvement - symptoms disappear and tumors 
regress (GRANT, 1964). The average duration 
of remission, however, is only 8-9 months 
(RIVA, 1962), although remissions lasting for 
52 months have been observed (KISTNER, 1964). 
Some 15-20 % show a relapse even 6 months 
after discontinuation of treatment (RIVA, 1961, 
1962; GRANT, 1963, 1964). Information on 
the frequency of conception after discontinua
tion of treatment varies between 10-47 % (RIVA, 
1962; KISTNER, 1966). Conception most often 
occurs with the second or third spontaneous 
ovulation. 

Results obtained with conservative surgical 
treatment are somewhat better. On average 
52 % of 844 women in a pooled group became 
pregnant postoperatively. This value varied 
between 39-70 % (MARCUS, 1967). 

In our opinion, the conservative surgical 
approach is preferable to medical treatment 
when these results are compared and the long 
duration, high costs, frequent side effects and 
rapid and frequent remissions associated with 
medical treatment are considered. Conservative 
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surgical treatment means careful excision of 
all endometrial foci if this is anatomically 
possible. Foci which cannot be excised because 
of their anatomical position, e.g. on the rectum 
or bladder, must be sloughed off electrically. 
Peritubal and periovarian adhesions must be 
detached, a fixed uterus must be anteflexed, 
and finally the presacral nerve must be resected. 
Postoperatively, the patient receives uninter
rupted ovulostatic treatment for 3-4 months, 
according to the schedule for conservative 
medical treatment, to prevent growth of any 
endometrial foci which may have been left 
behind (McCoY, 1963; GREEN, 1966). 

I. Endocrine-Active Ovarian Tumors 

Blastomatous proliferation of different ovarian 
tissues can lead to the formation of endocrine
active tumors, which can produce steroids, 
chorionic gonadotropin or thyroxine in quan
tities giving rise to characteristic clinical pictures 
(Table 62). Various changes arise according 
to the predominant hormone secreted: early 
isosexual differentiation or disturbances, hetero
sexual changes in the form of defeminization 
and virilism, Cushing's syndrome, gestotic 
changes, or hyperthyroidism. Removal of the 
tumor causes partial or complete regression 
of these changes. 

It is often very difficult to classify these 
cases histologically or histogenetically if the 
tumor tissue is very poorly differentiated. In 
some conditions classification is possible with 
some degree of probability only when the 
clinical picture is also taken into consideration. 
Apart from this, the histological picture of 
the same tumor may vary widely in different 
sections. 

On the other hand, the endocrine activity 
of a tumor is no absolute criterion for classifica
tion, since different types of tumor cells can 
demonstrate a similar hormone secretion, i.e. 
morphological changes need not be associated 
with changes in the enzyme pattern. 

For practical reasons, endocrine-active 
ovarian tumors are classified by clinical effect 
in the following discussion (Table 63). 

1. Predominantly Estrogen-Producing Tumors 
("Feminizing" Tumors) 

The estrogen-producing granulosa-theca cell tu
mors are the most common hormone-active 
ovarian tumors. This term was derived by 
VON WERDT (1914). They were first recognized 
as true tumors by LOEFFLER and PRIESEL, how
ever, in 1932, and they described them as 
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Table 62. Endocrine syndrome and ovarian pathology. (Modified from MORRIS and SCULLY, 1958) 

Hormonal status 

Estrogen excess 
(or only estrogen) 

Androgen excess 

Corticosteroid 
excess 

Thyroxine excess 

Syndrome 

Feminization 
estrinism 

1. Pseudo pubertas 
praecox 

2. Dysfunctional 
bleeding 

3. Postmenopausal 
bleeding 

a) Defeminization 

b) Virilization 

Cushing's syndrome 
with or without 
virilization 

Hyperthyreosis 

Table 63. Endocrine-active ovarian tumors 

Pathologic clinical findings 

Anovulation, oligo-amenorrhea, meno
metrorrhagia 

1. Menarche and development of secondary 
sexual characteristics before 8th year 
of life, anovulatory cycles 
accelerated skeletal growth 

2. Breakthrough bleeding in anovulatory 
cycles; hyperplasia or glandular/cystic 
hyperplasia of the endometrium; 
hypertrophy of the myometrium 

3. Hyperplasia or glandular/cystic 
hyperplasia of the endometrium, 
cornification of vaginal epithelium 

a) Anovulation, oligo-amenorrhea, meno
metrorrhagia; atrophy of breasts and 
regression of secondary sexual 
characteristics, atrophy of endometrium, 
myometrium and vaginal epithelium, 
acne vulgaris 

b) Amenorrhea, hirsutism, hypertrophy 
of clitoris, receding hairline, 
prominentia laryngea and deepening 
of voice, masculine habitus 

Obesity of trunk, striae, polycythemiae, 
diabetic metabolism, osteoporosis 

Anovulation, oligo-amenorrhea, nervous
ness, tachycardia, exophthalmos, hyper
hidrosis, muscular weakness, increased 
basal metabolism 

Ovarian pathology 

Follicular cysts 
(follicular persistence) 

Polycystic ovaries 
Granulosa tumors 
[in exceptional cases 
lipoid-cell tumors 
(folliculome lipidique 
Lecene)] 

Brenner tumors 
(in exceptional cases 
cystadenomas, ovarian 
carcinoma 

Polycystic ovaries with 
hyperthecosis 
Arrhenoblastomas 
Gynandroblastomas 
Hilus-cell tumors 
Masculinovoblastomas 

(virilizing lipoid-cell 
tumors) 

Gonadoblastomas 
(in exceptional cases 
pseudom ucincystomas, 
Brenner tumors, 
primary and secondary 
ovarian carcinomas 

Lipoid-cell tumors 

Struma ovarii 
(teratomas) 

1. Tumors producing mainly estrogens (feminizing tumors) 
Granulosa tumors (feminizing mesenchyma after NOVAK), 
theca-cell tumors = fibroma thecacellulare xanthoma
toides ovarii Lofflcr-Priesel 

fibroma thecacellulare xanthomatoides ovarii. 
They are also known as feminizing mesenchy
momas (NOVAK, 1952) on the basis of their 
clinical effect and presumptive origin of ovarian 
mesenchyme. Luteinizing granulosa-theca cell 
tumors are termed luteomas. The frequency of 
granulosa-theca cell tumors varies between 3 and 
7.5 % of all ovarian tumors according to the 
statistics considered (MORRIS and SCULLY, 1958; 
HERTIG and GORE, 1961; SANTESSON, 1947). 
Information about the percentages of granulosa 
cell tumors, theca cell tumors (thecomas) and 
mixed tumors must be evaluated with reser
vation (HERTIG and GORE, 1961) since there 
are no serial section examinations for the 
majority of these tumors. Granulosa-theca cell 
tumors are probably the most common (MORRIS 
and SCULLY, 1958). They are seldom observed 
before puberty (5 %), and are encountered with 
roughly the same frequency during sexual 
maturity (55 %) and in the postmenopause 

Folliculoma lipidique (Lecene = luteinized granulosa 
tumor) 

2. Tumors producing mainly androgens (virilizing tumors) 
a) Androblastomas 

Arrhenoblastomas (Sertoli-Leydig cell tumors) 
Hilus-cell tumors (Leydig-cell tumors) 
Virilizing lipoid-cell tumors (masculinovoblastomas, 
adrenal-remnant tumors, hypernephroid tumors) 
Gonadoblastomas 

b) Mixed tumors 
Gynandroblastomas 

3. Tumors producing corticosteroids 

4. Tumors producing chorionic gonadotropins 
Chorioepitheliomas 

5. Tumors producing thyroxine 
Struma ovarii (teratomas) 
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(40%) (MORRIS and SCULLY, 1958). They vary 
in size between a few millimeters and the size 
of a man's head and are unilateral in 95 % of 
cases (Fig. 76a). 

The cut surface of granulosa-cell tumors 
(Fig. 76 b) is homogeneous and soft. There may 
be necrotic hemorrhagic or cystic areas. Call
Exner bodies are typical histological findings . 

Theca-cell tumors (Fig. 77) are solid and 
firm . The cut surface is yellowish. Characteristic 
microscopic findings are hyaline, fibrous patches 
arranged between twirled spindle cells rich 
in cytoplasm. 

Fig.76a 

Fig.76b 
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In addition, there are undifferentiated sar
coma-like forms which can only be classified 
on the basis of differentiated sections. It has 
been shown that granulosa-theca cell tumors 
have a high ability to convert various precursors 
of estrogen synthesis into estrogens (MARSH, 
1962). Results of the chemical measurements 
of estrogens in tumor tissue performed by 
various authors vary vastly. KECSES (1963), 
using paper chromatography, found unusually 
high values, presented in Table 64. Other authors 
found considerably lower estrogen concen
trations (SAAMELI and JKLE, 1959; BRUK, 1960). 
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The figures quoted for frequency of local 
recurrences and metastases vary between 10-
33 %. Recurrences characteristically arise late 
(VARANGOT, 1937; DIDDLE, 1952), 15- 25 years 
after removal of the primary tumor (MORRIS 
and SCULLY, 1958). This is also supported by 
KOTTMEIER'S statistics (1952), which show that 
17 /~ of recurrences arise within the first 5 years, 
and 41 % after 5 years. The follicular form is 
thought to have a considerably better prognosis 
than sarcomatoid types (KOTTMEIER, 1952), 
with 22 % recurrences as against 71 %. These 
tumors are extremely radiosensitive. There are 
different ways of looking at the question of 
whether there is any connection between the 
granulosa-theca cell tumor and carcinoma of 

~~t1:!l~I~~ the body of the uterus . Different investigators 
'I (INGRAM and NOVAK, 1951; DOCKERTY and 

MUSSEY, 1951; MANSELL and HERTIG, 1955) 
have found carcinoma of the endometrium 
in 14-15 % of women with granulosa-theca 
cell tumors, and in as many as 24 or 27 % 
of cases where the women were over 50. On 
the other hand, SJOSTEDT and WAHLEN (1961) 
did not deduce an increased incidence of 

I'.~':;~ carcinoma in 157 cases. This observation was 
til: confirmed by EMGE (1953), LARSON (1954) and 

Fig. 76 a-c. Left sided granulosa-cell tumor (a) with pseudo
tubular structure (b). Recurrent uterine bleeding 18 years 
after the menopause. Endometrium: glandular-cystic hyper
plasia (c) 

GREEN (1958-1959). Half of all thecomas are 
thought to be associated with fibroids (HODG
SON, 1945). Meig's syndrome in particular has 
been described in association with theca-cell 
tumors. 

Estrogen production in the granulosa-theca 
cell tumor leads to a continuous estrogenic 
effect on the end organs. This is termed as 

Fig. 77. Theca-cell tumor (LoFFLER-PRIEsEL) of the right ovary in a 68-year-old patient with recurrent uterine bleeding after 
the menopa use 
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Table 64. Concentrations of estrogens (J.1g/24 h) in granulosa tumors (KECSES, 1963) 

Estrone Estradiol 

Granulosa theca-cell tumor 165.0 0.0 
Thecoma 0.0 9.2 
Thecoma 2.0 2.6 

Granulosa tumor 

Anaplastic carcinoma 3.0 
Anaplastic carcinoma 10.6 

estrinism. It is questionable whether partial 
"hyperestrinism" exists. Hormonal vaginal cyto
logy shows a mere mild to average estrogen 
effect in the presence of glandular cystic hyper
plasia (Fig. 76c) of the endometrium (KONIG, 
1953). 

So-called estrinism results in precocious 
pseudopuberty in the child. This state is charac
terized by the early development of the genitalia 
and breasts, the appearance of pubic and axillary 
hair, anovulatory bleeding before the 9th year, 
and accelerated increase in height. 

During sexual maturity, continuous estro
genic stimulation of the endometrium in the 
absence of the cyclic influence of progesterone 
leads to glandular cystic hyperplasia with break
through bleeding. This presents clinically as 
oligomenorrhea or amenorrhea with meno- and 
metrorrhagia. At the same time, there is swell
ing of the breasts and hypertrophy of the 
endometrium. 

Analogous changes with bleeding occur 
during the postmenopause. Climacteric features 
disappear. 

Granulosa-theca cell tumors without the 
clinical effects described are so rare that the 
accuracy of the histological diagnosis must 
be doubted in the absence of the clinical picture 
(VARANGOT, 1937). Granulosa-theca cell tumors 
can exceptionally exert an androgenic affect 
(MORRIS and SCULLY, 1958). 

If women with these tumors are young 
and want children, and the tumor is well-defined 
and unilateral, treatment is limited to the re
moval of the diseased ovary. In all other cases, 
bilateral ovariectomy with hysterectomy is in
dicated. Infiltration of the surrounding tissues 
is treated with postoperative radiation. Recur
rences also respond very well to radiation. 

Some ovarian tumors (cystadenomas, Bren
ner tumor, ovarian carcinomas) can lead to 
clinical signs of estrinism. It is assumed that 
increased amounts of estrogens are produced 
in the stroma of these tumors (Table 64). 
Dysfunctional bleeding has been reported in 
25 % of patients with Brenner tumor, and glan
dular cystic hypertrophy has been observed in 
10% (MORRIS and SCULLY, 1958). 

Estriol Total J.1g/mg tissue Urine 

183.0 348.0 24.8 183 
2.6 11.8 7.3 52 
0.0 4.6 4.6 50 

64 

18.0 21.0 0.3 28 
20.0 30.6 0.1 33 

2. Predominantly Androgen-Producing Tumors 

Androgenic hormones can be formed in the 
arrhenoblastoma, gynandroblastoma, hilus-cell 
tumor, masculinovoblastoma and gonadoblasto
mao These are extremely rare tumors, the 
arrhenoblastoma being the most common of 
them. 

As early as 1900, DAVIS reported the clinical 
picture of the androgen-active arrhenoblastoma. 
This case involved a 26-year-old woman with 
defeminization and masculinization, from whom 
a multilocular cystic ovarian tumor was surgi
cally removed in 1895. In 1905 PICK, and two 
years later SCHICKELE described the patho
anatomical picture of the so-called tubular 
testicular ovarian adenoma. Endocrine-inactive 
tumors were present in both cases. R. MEYER 
(1930) then gave this tumor the name of arrheno
blastoma, since he thought the tumor was derived 
from arrhenocytes, "male-directed" residues 
of germinal tissue in the medulla and hilus. 
In Anglo-Saxon literature, the purely descriptive 
term "Sertoli-Leydig cell tumor" is often pre
ferred since the tumor cells are often similar 
to immature Sertoli-Leydig cells. 

In spite of the aggregation of single ob
servations, the arrhenoblastoma is an uncommon 
tumor. Thus, up to 1959, HELD and SCHREINER 
(1959) could only find 187 cases in the literature 
available to them, and OVERZIER was able to 
add only 8 more cases up to 1961. JAVERT and 
FINN (1951) discovered only 3 arrhenoblastomas 
among 22539 gynecological patients, and not 
a single one among 74087 obstetric cases. 
DOCKERTY and MCCARTY (1939), in a resume 
of material from the Mayo Clinic between 
1900-1936, observed only 4 arrhenoblastomas 
among 400 solid ovarian tumors. KENT and 
McKAY (1960) found only 2 such tumors in 
y series of 2530 ovarian tumors. We too only 
found one single case among the histological 
material from 98663 investigations between 
1914-1959 at the Gynecology Clinic of Zurich 
University. 

Only 5 % of arrhenoblastomas are bilateral 
(JAVERT and FINN, 1951). The arrhenoblastoma 
occurs almost twice as frequently on the right 
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side (HELD and SCHREINER, 1959). It is most 
common between the 15th and 30th years. 
The youngest patient was a girl of 21 (NOVAK 
and LONG, 1965). 

Observations were originally so rare that 
the malignancy was not known for a long 
time and was underestimated. JAVERT and FINN 
(1951) documented a large sample of patients 
subjected to prolonged follow-up and found 
a malignancy index of 22 %. This figure was 
suspected by E. NOVAK even in 1938 and 
he estimated it even higher on the basis of his 
wide experience with these tumors (1951). The 
malignancy index corresponds to that for the 
granulosa-cell tumor, and many of the recur
rences also arise late. 

In 80 % of the tumors the diameter is between 
7-10 cm when they are detected. A few are 
larger than a man's head. The macroscopic 
appearance is not characteristic. Arrhenoblasto
mas can be solid or partly cystic. Yellowish 
orange areas are frequently encountered. The 
microscopic picture also varies widely, three 
main types being distinguishable (R. MEYER, 
1930): a highly differentiated tubular form, 
an intermediary form and an undifferentiated 
sarcoma-like form. The large eosinophilic inter
stitial cells containing lipoids are the most 
interesting functional structure. They probably 
correspond morphologically and functionally to 
the Leydig interstitial cells of the testis, and they 
must be assumed to be the site of formation of 
the androgenic hormones (Fig. 78 a). According 

a 
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to TEILUM (1952), neoplastic proliferation alone 
of these interstitial cells leads to the formation 
of the hypernephroid ovarian tumor he considers 
as an extreme variety of the so-called andro
blastoma, and he also classifies the arrheno
blastoma in this group. 

The clinical picture is characterized by 
defeminization with subsequent virilism. Oligo
or amenorrhea arises. Meno-metrorrhagia occa
sionally occurs temporarily. Breasts, endo
metrium, myometrium and vaginal epithelium 

Fig.78b 

Fig. 78 a and b. Mixed-type arrhenoblastoma (a) of the right ovary in a 16-year-old girl with virilization. Prominentia laryngea 
(b) 
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become atrophic (Fig. 78 a). Secondary sexual 
characteristics regress. Hirsutism and acne arise, 
the clitoris becomes hypertrophic and frontal 
baldness appears. The voice becomes deeper 
and an Adam's apple (Fig. 78 b) may be formed. 
The body stature assumes the masculine form. 

Removal of the tumor causes refeminization, 
but hypertrophy of the clitoris and the deep 
voice may persist. Recurrences produce defemi
nization and virilism again (WAGNER, 1930; 
MEIXNER, 1958). 

Chemical investigations of the tumor tissue 
have allowed the deduction that considerable 

Table 65 a. Steroids' in an arrhenoblastoma in a 24-year-old 
woman with defeminization and virilization; excretion of 
17-ketosteroids within normal range (OBER, 1959) 

Testosterone 
6.4-Androstendione 
Progesterone 
~-pregnen-3-on,200!-ol 
170!-OH progesterone 

• After ANLIKER (1956). 

Ilg/kg tissue 

1280 
240 
930 
360 

1110 

Table 65b. Steroids in a 145 g intermediate arrhenoblastoma 
on the right ovary of a 26-year-old patient with defeminiza
tion and virilization; excretion of 17-ketosteroids 13.9 mg/ 
day (WINZELER, 1957) 

Testosterone 
~-Androstendione 
Androsterone 
Progesterone 
Corticosteroids 
Estrogens 

Ilg/kg tissue 

92 
370 

61 
31 
o 
o 

Table 65 c. Testosterone in different tissues (RiiTTNER, 1957) 

Bovine testis 
Porcine testis 
Equine testis 
Metastases of an adrenocortical tumor 

Ilg/kg tissue 

100 
30 

200 
45-55 

Table 65d. Steroids' in an intermediate arrhenoblastoma 
weighing approximately 80 g on the right ovary of a 16-
year-old girl; it had led to defeminization and virilization. 
Excretion of 17-ketosteroids 32.6 mg/day (HELD, 1959) 

Testosterone 
~-Androstendione 
Androsterone 
Progesterone 
Corticosteroids 
Estrogens 

a After ANLIKER (1956). 

Ilg/kg tissue 

37-75 
262-300 
375 
150 

o 
o 
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amounts of androgens are produced by endo
crine-active arrhenoblastomas (Table 65 a-c). 
Judging from the clinical picture, these amounts 
probably correspond to those produced in 
the male. The heterosexual action of the 
arrhenoblastoma is often in marked contrast 
to the excretion of the 17-ketosteroids, which 
is at the upper normal limit or only slightly 
elevated in the majority of cases (Table 66). 
There are, however, numerous reports (HELD 
and SCHREINER, 1959) of cases where urinary 
17-ketosteroids are definitely increased, but 
these values have never been as high as those 
found in the presence of tumors of hyperplasia 
of the adrenal cortex. 

The defeminization and virilism occurring 
with the arrhenoblastoma must therefore be 
considered as being mainly a long-term action 
of relatively slightly increased testosterone pro
duction over a long period of time. This assump
tion is confirmed by the observation that 
pituitary gonadotropins are reduced but not 
fully suppressed. With the exception of Lo
BOTSKY'S case (1954), the pregnanediol-preg
nanetriol complex is negative, despite the con
siderable amounts of progesterone which can be 
demonstrated chemically in the tumor (Table 65). 

Not all arrhenoblastomas are endocrine
active. Thirteen of 111 cases in "The American 
Ovarian Tumor Registry" showed no androgenic 
action (NOVAK and LONG, 1965). Only about 
half the differentiated tumors lead to the 
symptomatology described. About 75 % of inter
mediary tumors are endocrine-active, whereas 
nearly all undifferentiated types are androgen
active (KRAUS, 1967). 

Gynandroblastomas (R. MEYER, 1930) are 
very uncommon and are mixed tumors consist
ing of granulosa-cell tumors and arrheno
blastomas. Accordingly, they have an andro
genic and an estrogenic effe..:t, but the hetero
sexual differentiation caused by the androgens 
dominates the clinical picture (EMIG, 1959). 
Only 14 certain cases have so far been described 
(HUGHESDON and FRAZER, 1953; KISTNER, 1964). 
The diameter of the tumor was found to vary 
between 1-20 cm. Hilus ( Leydig)-cell tumors 
(sympathicotropic-cell tumors) are just as rare 
(NOVAK and MATTINGLEY, 1960). Characteristic 
histological findings are Reinke's crystalloids 
and the arrangement of tumor cells in the region 
of amyelinic nerve fibers. These tumors are 
solid, yellowish, with well-demarcated growths in 
the hilus of the ovary. They seldom have a 
diameter of more than 5 cm and they are benign. 
In contrast to arrhenoblastomas they arise 
mainly during the climacteric or postmenopause. 
As with arrhenoblastomas, the 17-ketosteroid 
excretion is at the normal upper limit or slightly 
elevated (SCULLY, 1963). 
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Table 66. Excretion of 17-ketosteroids and pregnandiol in the presence of arrhenoblastoma (HELD, 1959) 

Age 

LOBOTSKY, J. (1954) 16 

MALLORY, T. B. (1939) 29 
MALLORY, T. B. (1941) 53 
MEIXNER, H. (1957) 20 
NELSON, H. B. (1957) 18 
NOKES, J. M., and CLAIBORNE, H. A. (1956) a) 31 

b) 36 
c) 62 
d) 34 

NORDEN, G., and DAHLBERG, B. (1956) 65 
PLATE, W. P. (1947) 27 
RILEY, CH., and MURPHY, G. H. (1951) 18 
SMILEY, I. (1953) 22 
THOMAS, C. Y. (1952) lli 
WACHS, CH. S., and WEBER, L. L. (1951) 21 
WINZELER, H. (1957) 26 
COHEN, M. (1958) 38 

EVANS, P. R. c., and JONES, R. O. (1955) 15 
FLANNERY, W. E. (1950) 131 
FRASER, R. W. (1941) 30 
GILBERT-DREYFUS, J. (1957) 17 

GREENBLATT, R. B. (1955) ? 
HELD, E., and SCHREINER, W. E. (1959) 16 

JONES, G. S., and EVERETT, H. S. (1946) 26 
JONES, H. W., and SCOTT, W. W. (1958) 23 
IVERSON, L. (1947) 61 
KING, J. M. (1955) 28 
LEVERTON, J. S. (1955) 27 
STABLER (1955) 

So-called virilizing lipoid-cell tumors (BARZI
LAI, 1943) are somewhat more common (mascu
linovoblastoma, adrenal remnant tumor, hyper
nephroid tumor, diffuse androblastoma), As 
can be deduced from the large number of names, 
this is a heterogeneous group; hilus-cell tumors, 
thecomas or adrenal remnant tumors may be 
present. Like granulosa cell tumors and arrheno
blastomas, 95 % are unilateral. They can also 
cause de feminization and virilism. Adrenal 
remnant tumors can also give rise to signs 
of Cushing's syndrome (MORRIS and SCULLY, 
1958). Excretion of 17-ketosteroids is rather 
more frequently increased than with arrheno
blastomas (MORRIS and SCULLY, 1958). The 
~-fraction of this excretion may be greatly 
increased with adrenal rest tumors and values 
as high as those with adrenal tumors may be 
reached (BAVER and KARL, 1952; DEVIS, 1956). 
Lipoid-cell tumors are yellowish brown, solid, 
partly cystic, well-defined, and arise almost 
twice as frequently before the menopause as 
during the postmenopause. They consist mainly 
of large, round or polygonal cells with rich 
eosinophilic or clear, vacuolized cytoplasm. 

17-Ketosteroids (mgj24 h) Other hormone 
estimations 

Preop. Postop. 

12-90 Androgens 5-35 IV 
Pregnand.21-24 mg 

6.3-8.5 
3.9-5.5 
21 
11.4 

a) 13-16.5 
b) 9-10.5 
c) "normal" 
d) 12.5 

3.3 7.3 
16.9 2.6-5.2 
6.7 Pregnandiol neg. 
64 11.2 
7.2 7.8 
10.4 9.3 
13.9 
14.1-19.8 average 6 
(average 16.1) 
7.8-9 "normal" 
6.3-7.4 
5.3-8.5 2.4-3.9 
18.7-22 6-11.6 Corticosteroids 

2-5 mg/24 h 
31.7-37.6 
32.6 2.3-7.2 Corticosteroids 

5.0 preop. 
4.1 postop. 
Pregnand. neg. preop. 

36-56 11 Pregnandiol neg. 
"normal" 
10.9 8.8 
59 12.1 
31.4 4.7-10.7 
4.5 

Incubation studies have shown that there is 
a metabolic block where testosterone and 
androstendione cannot be aromatized by the 
tumor cells (BRYSON, 1962). Formation of 
metastases with a fatal outcome has frequently 
been observed (MORRIS and SCULLY, 1958). 
The malignancy index is similar to that of the 
granulosa-cell tumor and arrhenoblastoma and 
is given as 21 % (PEDOWITZ and POMERANCE, 
1962). 

The gonadoblastoma (MORRIS and SCULLY, 
1958; SCULLY, 1963) is very rare, and also leads 
to defeminization and virilism. It consists of 
immature germinal cells, Sertoli (granulosa) 
and Leydig (theca) cells. The histological picture 
is similar to that of the embryonic gonad, hence 
the name. The tumor has been described most 
frequently in chromatin-negative patients with 
female appearance, all of whom had a uterus 
and tubes. Testes or ovaries have never been 
found. The tumors are solid. Multiple calci
fications are characteristic histological findings 
and are also conspicuous on X-rays. The few 
estimations of 17-ketosteroids in the urine 
have shown normal or slightly elevated values. 
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The therapeutic procedure in all cases of 
endocrine-active tumors is determined by the 
age of the patient, and by the local findings 
and histology. In patients over 40, hysterectomy 
with bilateral removal of the ovaries is indicated; 
this is the procedure we adopt for all ovarian 
tumors. In patients under 40, if the tumor 
is strictly restricted to one ovary, the capsule 
is intact and histology can exclude a sarcomatous 
growth, surgery can be limited to unilateral 
ovariectomy. If there is the slightest suspicion 
of malignancy, hysterectomy with bilateral 
ovariectomy should be performed and followed 
by radiation. 

Apart from the ovarian tumors mentioned, 
pseudomycincystomas, adenocarcinomas, Bren
ner tumors, Krukenberg tumors and other 
ovarian metastases may also be associated 
with virilism (PLOTZ, 1966). All these tumors 
show luteinization. The few measurements of 
17-ketosteroids excretion so far performed show 
normal levels (SCULLY, 1963). 

Differentiation between the androgen-pro
ducing ovarian tumor and tumors and hyper
plasia of the adrenal usually presents no 
difficulties. In the former type, excretion of 
17-ketosteroids is often grossly elevated. With 
the adrenal tumor, the excretion is occasionally 
over 100 mg/day, the ~-fraction being over 
50 %. In contrast, excretion of androsterone 
and etiocholanolone is fairly high in the presence 
of ovarian tumors. Pregnanetriol excretion is 
increased in adrenocortical hyperplasia, whereas 
this is not so with adrenogenic ovarian tumors. 
Prepubertal development of clinical symptoms 
is indicative of an adrenal tumor or hyperplasia. 
Since the endocrine-active ovarian tumor can 
only be palpated in 60 % of cases, it can often 
only be confirmed by means of culdoscopy 
or laparoscopy. Retropneumoperitoneum and 
intravenous urogram may be helpful in differen
tiation. There may be difficulty in differentiating 
between the ovarian adrenal remnant tumor 
and the adrenocortical tumor, since the clinical 
picture and hormonal analytical findings may 
be identical. Urogram, culdoscopy, laparoscopy 
and retropneumoperitoneum are further meth
ods of diagnostic investigation. If symptoms 
such as hypertension, polycythemia, reduced 
glucose tolerance and striae arise, the possibility 
of Cushing's syndrome due to hypothalamo
hypophyseal factors must be considered. If 
this is present there is no virilism and 17-keto
steroid excretion is not greatly elevated. 

In the absence of a palpable ovarian tumor, 
it is difficult to differentiate between borderline 
adrenal hyperplasia (postpubertal increased for
mati on of adrenal androgens), "idiopathichirsut
ism" and the syndrome of polycystic ovaries, 
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which can all give rise to virilism in exceptional 
cases. Routine measurement of steroid excretion 
does not help. French authors (NETTER, 1961; 
MAUVAIS-JARVIS and BAULIEU, 1961; BAULIEU, 
1963; JAYLE, 1967) have recommended the 
combined dexamethasone/HCG test for dif
ferentiation of ovarian androgen formation 
from adrenal androgen formation. This test 
is performed and interpreted as follows: the 
patient receives 3 mg dexamethasone daily for 
12 days, and in addition 5000 IU HCG on the 
6th, 7th and 8th days. Steroid excretion (17-
ketosteroids, androsterone, etiocholanolone and 
dehydroepiandrosterone) are measured before 
the test and on the 5th and 7th days. In the 
healthy patient, the 17-ketosteroids fall to less 
than 2 mg/day. In the presence of increased 
formation of ovarian androgens, 17-ketosteroid 
excretion is more than 3 mg/day, and HCG 
stimulation should produce another rise. Clinical 
experience with this functional test is still too 
limited to permit definite assessment of its 
significance. Results of other investigators (PER
LOFF and JACOBSON, 1963; SOHVAL and SOFFER, 
1951) appear to restrict the value of this test 
considerably (cf. Stein-Leventhal syndrome, 
p.609). 

Rapid progression of the defeminization 
and virilism is indicative of the presence of an 
androgen-producing tumor and makes idio
pathic hirsutism, postpubertal increased forma
tion of androgens and Stein-Leventhal syndrome 
unlikely. Culdoscopy and laparoscopy will help 
in further differentiation in these cases also. 

3. Chorioepithelioma 

A primary ovarian chorioepithelioma arises 
from a teratoblastoma (Fig. 79) or from the 
trophoblastic tissue of an ovarian pregnancy. A 
secondary chorioepithelioma usually originates 
in a uterine chorioepithelioma. The primary 
ovarian tumor is rare, and extremely malignant. 
Gestational tumors arising in an ovarian preg
nancy will respond to cytostatic therapy (Me
thotrexat, Actinomycin-D, Chloramhucil). 
whereas those arising in a teratoblastoma 
are without exception fatal. It may cause 
precocious pseudopuberty when it occurs before 
menarche (WILKINS, 1965), probably because 
of the increased production of estrogens by the 
ovaries, which is caused in turn by the stimula
tion of chorionic gonadotropin. Correspond
ingly, there may be multiple granulosa and 
theca lutein cysts in the intact ovary. After 
menarche, acyclic bleeding and signs of a 
pregnancy are the dominant clinical features. 
Biological and immunological pregnancy tests 
are positive. 
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Fig. 79. Teratoma embryonale of the left ovary progressing to chorial carcinoma in a 15-year-old girl. Implantation metastases 
in the rectouterine pouch. 30000 IU HCG/liter urine; 39.2 mg estriol/24 h 

4. Struma Ovarii 

Thyroid tissue occurring as a component of 
a dermoid cyst (teratoma adultum ovarii) is 
by no means an uncommon finding. Exception
ally, the thyroid tissue predominates to such 
an extent that a so-called struma ovarii develops. 
In about 20 % of these cases, no other terato
matous tissue can be detected microscopically 
(SAILER, 1943). Thyroid tissue tumors are bilater
al in less than 5~'-;; of cases. Macroscopic and 
microscopic findings correspond largely to those 
in a nodular colloid goiter. The histological 
picture usually shows little glandular tissue, 
and characteristic lobular structures. Adeno
matous areas occasionally arise within the 
colloid goiter (MULLER, 1961). About 12 % 
of struma ovarii exhibit carcinomatous regions, 
and metastases are found in about half these 
cases (MULLER, 1946). Clinical signs of thyreo
toxicosis are seen in 10% of cases (SMITH, 
1946), but may disappear after removal of the 
tumor (MULLER, 1961). The iodine content 
only exceptionally corresponds to that of a 
normal adult thyroid gland, usually being 
much reduced or completely absent. Dystopic 
ovarian thyroid tissue can be demonstrated 
by the radioiodine test in these cases (MULLER, 
1954). 
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XI. Pregnancy 

PAUL J. KELLER 

A. Historical Dates 

1904 HALBAN indicated the endocrine function 
of the placenta. 

1928 ASCHHEIM and ZONDEK developed the 
first usable pregnancy reaction. 

1930 PHILIPP proved the phicental origin of 
chorionic gonadotropin. 

1929-1934 representation and characterization 
of estrogens and progesterone from urine 
in pregnancy by BUTENANDT, DOISY, MAR
RIAN etc. 

1958-1970 Exhaustive investigations of steroid 
biosynthesis in the feto-placental unit by 
RYAN, DICZFALUSY, ZANDER and many 
other researchers. 

1960 Development of an immunological preg
nancy test by WIDE. 

1962 JOSIMOVICH isolated and characterized pla
centallactogen. 

B. Anatomy 

1. Development and Structure of the Placenta 

The ovum migrates into the uterine cavity within 
3 to 4 days after fertilization in the tube. During 
this time, it undergoes continual cell division, 
becoming converted into a blastocyst, a hollow 
sphere consisting of the trophoblast and the 
embryoblast. The placenta develops from the 
trophoblast, and the embryo from the embryo
blast. 

After about 6 days, the blastocyst becomes 
implanted in the converted secretory maternal 
endometrium by means of proteolytic ferments 
of the trophoblast. As early as 10 days after 
conception, the blastocyst is completely sur
rounded by endometrial tissue, which becomes 
increasingly loose and vascular under the in
fluence of progesterone, thus developing into 
decidua. 

The trophoblast is then differentiated into 
two cell layers. The inner layer is termed as 
the cytotrophoblast or Langhans's layer and 
consists of cuboid, well-defined cells. The outer 

layer is called the syncytiotrophoblast, and the 
borders of its cells cannot be distinguished. 
Both layers grow rapidly, and 11 to 13 days 
after conception, primordial villi develop, bound
ed internally by the cytotrophoblast and external
ly by the syncytiotrophoblast. The primordial 
villi open the maternal lacunae in the endo
metrium, which has by this time been converted 
into the decidua. The lacunae thus develop 
into intervillous spaces filled with blood. The 
extra-embryonic mesoderm supplies the villi 
with stroma and capillaries which are later 
connected to the embryonic circulatory system. 

The most important organs are formed in 
the embryo blast between days 15 and 42 after 
conception. This phase is termed organogenesis. 
The definitive placenta also develops during 
this period. The villi adjacent to the uterine 
cavity degenerate. This area is called the chorion 
laeve. In contrast, the villi emanating from 
the decidua basalis of the uterine wall continue 
to grow rapidly to form the chorion frondosum 
and hence the placenta. 

The mature placenta is oval or circular in 
shape. It has an average diameter of 15-20 cm. 
It is 1.5-3 cm thick and weighs between 500 
and 600 g with the umbilical cord. It is bounded 
on its fetal side, where the umbilical cord is 
attached, by the chorionic plate consisting of 
trophoblast and the fibrinoid tissue. The uterine 
surface is bounded by the basal plate, whose 
structure is similar. The villous tissue is found 
between these layers and is compressed into 
the cotyledons and the intervillous spaces 
perfused by maternal blood (Fig. 1). The villi 
themselves consist of a fibrous stroma in which 
the fetal villous capillary network runs. The 
villi are bounded by syncytiotrophoblast and 
cytotrophoblast, the latter disappearing almost 
completely between the 3rd and 5th months 
(Figs. 2, 3). The total villous surface is estimated 
to be about 15 m2 in the mature placenta 
(WILKIN,1965). 

Oxygenated maternal blood flows through 
the spiral arteries of the decidua basalis into 
the intervillous spaces. There, it perfuses the 
villi and then returns to the circulation by 
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Fig. 1. chematic repre entation of the structure of the mature placenta 

Pregnancy 

Chorion 

Intervillous spaces 

Fibrin layer 

Decidua basalis 

Maternal Vessels 

Myometrium 

Fig. 2. Histological picture of the chorionic villi during early pregnancy (t 1 th week of pregnancy) 
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Fig. 3. Histology of the chorionic villi during the last 3rd of pregnancy (39th week of pregnancy) 

way of the border sinus and through the veins 
of the basal plate. Fetal blood flows from two 
umbilical arteries into the main vessels of the 
cotyledons and is distributed in the villous 
capillary system. After being oxygenated, it 
flows via the umbilical vein back into the 
fetus. The minute volume of maternal perfusion 
of the intervillous spaces lies between 375 and 
500 ml (BARTELS, 1962; BROWNE, 1954), the 
minute volume of fetal circulation in the 
umbilical cord between 150 and 500 ml (GREEN
FIELD, 1951; ROMNEY, 1955). 

Feto-maternal exchange of substances takes 
place through the syncytiocapillary membrane 
of the villi. Since the chorion is directly perfused 
by maternal blood, a hemochorial system is in
volved. The details of the transplacental trans
port mechanism have not been explained, but 
in addition to diffusion processes of varying 
speeds, active transport and even passage through 
leaks in the placental membrane may be con
sidered. Apart from this, the trophoblast is 
also capable of performing a large number of 
anabolic and catabolic functions, such as the 
synthesis of fatty acids, proteins, and nucleic 
acids. Histochemical investigations have facil
itated great strides in the relation of individual 
substances to definite tissue structures. 

The fetus is connected to the placenta by 
the umbilical cord, and is completely mobile 

in the amniotic fluid surrounded by the fetal 
membranes. Like the placenta, these membranes 
consist of fetal and maternal portions, i.e. the 
amnion, chorion, and decidua. 

Details should be obtained from textbooks 
on obstetrics. 

2. Specific Changes of Other Endocrine Glands 

a) Hypophysis 

The adenohypophysis (anterior pituitary) in
creases in weight by an average of about 100 mg 
during pregnancy. The primary histological 
feature is the large number of pregnancy cells. 
These cells have large nuclei, stain poorly, and 
are probably derived from the chromophobe 
y cells. The function of these cells has not yet 
been satisfactorily explained. They are probably 
an expression of the effect of placental hormones, 
since similar changes are also found in men 
suffering from a chorion-epithelioma. These 
cells regress considerably after the pregnancy. 

b) Ovary 

The most conspicuous change in the ovary is 
seen in the corpus luteum, which does not 
regress after implantation of the fertilized ovum 
as in the menstrual cycle (see p. 520), but in-
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creases in size and is converted into the cystic 
corpus luteum graviditatis. Histologically, all 
the signs of an increase in function are present. 
The layer of theca lutein cells extends and the 
layer of granulosa cells becomes more vascular. 
Peripheral vacuolization of the cells increases 
and more fat globules are deposited in the cells. 
Degenerative processes begin in the third month 
of pregnancy; subsequently, the layer of theca 
cells steadily disappears, the vessels in the 
layer of granulosa cells recede, and finally, 
fibrous organization occurs. 

Follicular maturation fails to occur through
out the pregnancy due to the absence of rhythmic 
regulation by pituitary gonadotropins. Never
theless, a certain degree of follicular growth 
can sometimes be observed, but the stage of 
follicular rupture is never reached. Mild cyclic 
bleeding occasionally arising in the first few 
months of pregnancy may possibly be due to 
this state. 

c) Adrenal Cortex 

The adrenal cortex hypertrophies during preg
nancy and there is a measurable increase in 
weight. Primarily the width of the inner regions 
of the zona fasciculata (see p. 287) increases. 
Increased vascularization and the deposition of 
lipoids can be observed. 

C. Biochemistry of Pregnancy-
and Lactation-Regulating Hormones 

1. Placental Protein Hormones 

a) Chemistry 

The placenta produces at least two and possibly 
even several highly molecular protein hor
mones. Chorionic gonadotropin (HCG, hu
man chorionic gonadotropin) has been investi
gated most intensively. It is found in large 
amounts in the placenta, blood and urine even 
in early pregnancy. The hormone is generally 
obtained by complicated extraction procedures 
since it has so far been impossible to synthesize 
it. The most reliable methods are similar to 
those used for the extraction of hypophyseal 
gonadotropins such as alcohol and acetone 
precipitation, adsorption onto kaolin, permutit 
or benzoic acid. Additional purification by 
means of chromatography on ion exchangers 
such as Decalso, Dowex 2 or Sephadex, and 
electrophoretic procedures makes a specific 
activity of 10000-20000 IV/mg possible (GOT, 
1960; REISFELD, 1960; WILDE, 1965; VAN HELL, 
1966). In spite of these astonishing results, there 
is still no absolute certainty that pure HCG can 
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be obtained. Several compounds fulfil the 
criteria for homogeneity in electrophoresis, 
ultracentrifugation and immunochemistry, but 
even one of the purest fractions seems to consist 
of different biologically active parts (V AN HELL, 
1966). In the circumstances, it is not surprising 
that the chemical constitution has not been 
fully explained and that there is some controversy 
about the matter. It has been confirmed that 
HCG is a glycoprotein and that the fairly high 
proportion of sugar consists mainly of mannose 
and galactose (GOT, 1960). According to BLOBEL 
(1962), there are also 10% hexoses, 12% 
hexosamine, and 6% neuraminic acid. The last 
component is of special interest since splitting 
with neuraminidase or 0.01 N HCI leads to a 
loss of biological activity. The protein com
ponent consists of numerous chains of amino 
acids, asparaginic and glutaminic acids being 
the two most predominant. The molecular 
weight is probably about 30000 (GOT, 1959; 
NYDICK, 1964), but figures vary. The isoelectric 
point lies between 3 and 4 (GOT, 1959; REIS
FELD, 1960). HCG is very stable in the desiccated 
form. Heating causes a loss of biological 
activity. It can also be destroyed by a series 
of chemicals, particularly by urea. 

Placental lactogen (HPL), isolated by JOSI
MOVICH in 1962, is also of importance. On the 
basis of its properties, a number of other 
names have been suggested, such as HCS 
(human chorionic somatomammotropin) or CG P 
(chorionic growth hormone prolactin). This 
hormone can be obtained from homogenized 
or lyophilized placenta by means of alkaline, 
aqueous extraction followed by precipitation 
of the active fraction with ammonium sulfate. 
Gel filtration on Sephadex (FLORINI, 1966) is 
particularly suitable for further purification. 
HPL is chemically and immunologically 
closely related to human growth hormone. It 
is a highly molecular polypeptide. The most 
important amino acids are again asparaginic 
and glutaminic acids and leucine. The molecular 
weight is about 38000 (FLORINI, 1966; CATT, 
1967). Measurements in 5 N guanidine gave rise 
to values half as high. This could mean that 
the hormone is present in the dimerous state 
in aqueous solution. Absolute homogeneity has 
apparently not yet been achieved. 

In addition to these well characterized sub
stances, the placenta also appears to synthesize 
a thyrotropic protein (HCT, human chorionic 
thyrotropin) which is chemically quite similar 
to the corresponding pituitary hormone. Ex
traction and purification are achieved by methods 
similar to those used for other placental protein 
hormones (HENNEN, 1969). An exact charac
terization has yet to be performed. 
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b) Formation 

It is firmly established that RCG arises from 
the placenta. The most important evidence in 
support of this fact appears to be provided by 
the absence of any considerable gonadotropic 
activity in the hypophysis of a pregnant woman 
(PHILIPP, 1930), the rapid fall of the RCG titer 
after removal of the placenta, and the pro
duction of this hormone in placental tissue in vitro 
(STEW ART, 1948). The question of cellular origin 
presents more difficulties. Specific histochemical 
investigations with fluorescent antibodies have 
led to the conclusion that RCG is formed pre
dominantly in the syncytiotrophoblast although 
other placental structures also show some degree 
of activity (MIDGLEY, 1962; LEZNOFF, 1963). 

Nor is there any further doubt that RPL is 
also produced in the placenta. It disappears 
rapidly after removal of the placenta, and no 
significant amounts are demonstrable in the 
hypophysis or fetus. It is produced principally 
in the syncytiotrophoblast and not in the 
cytotrophoblast, as has been shown by histo
chemical studies (SCIARRA, 1963). 

Assertions about other proteins hormonal 
nature which may be present in the placenta 
seem premature. 

c) Metabolism 

RCG is primarily released into maternal blood. 
Minute amounts however, also reach the fetal 
circulation by routes which are still obscure. 
It can also be domonstrated in the amniotic 
fluid and in all maternal tissues. It is excreted 
mainly in the urine, the average renal clearance 
lying between 0.38 and 0.95 ml/min (JOHNSON, 
1950; LORAINE, 1950). A small amount also 
appears in the milk. RCG values decrease 
rapidly after birth (see p. 693) and less than 
10% of the antenatal circulating activity can be 
detected in the urine (WILSON, 1949). The manner 
of inactivation is unexplained. The liver appears 
to have no part in this (LEEB, 1956). It seems 
rather doubtful that postulated inhibitors (SOF
FER, 1961) exert any influence. 

RPL and RCG are metabolically similar. 
Most of the activity of RPL is found in maternal 
serum and in retro-placental blood. Mere traces 
are the most that can be demonstrated in the 
fetal circulation (KAPLAN, 1965). The con
centration in the amniotic fluid is about 10 to 20 
times higher than that in the maternal circulation 
(KELLER, 1970). The hormone disappears ex
ceptionally quickly after removal of the placenta. 
The biological half-life is about 20 min (BECK, 
1967). Only small amounts of RPL are found 
in maternal urine, and the renal clearance lies 

between 0.003-0.007 ml/min (KELLER, 1970). 
The method of inactivation of this hormone is 
also unexplained. 

2. Steroid Hormones 

a) Chemistry 

A large number of C18 , CI9 and C21 steroids 
have been demonstrated in the placenta. Among 
the CI8 steroids, estrone, estradiol, and particu
larly, estriol are the most important hormones 
found. This is a similar state to that in non
pregnant women. Androstenedione and dehy
droepiandrosterone are the most important 
Cl9 steroids, and progesterone and pregneno
lone, the most significant C21 steroids. The 
most important structural formulae are presented 
in Fig. 4. Further details of steroid chemistry 
and the question of nomenclature, are gone 
into on p. 288. 

b) Formation 

Placental steroid hormones are probably pro
duced principally in the syncytial part of the 
villous system. The complicated process can 
be investigated by means of incubation ex
periments in vitro which involve incubation of 
tissue sections or placental homogenates with 
the suspected precursors in predetermined condi
tions. The metabolites produced are then ana
lyzed. Perfusion studies are even more con
clusive. The placental vascular system is per
fused in vitro or in vivo with the initial material 
in a suitable medium. 

Numerous studies have shown that the 
placenta produces estrone and estradiol mainly 
through transformation of Cl9 steroids, partic
ularly dehydroepiandrosterone (DRA), prob
ably formed in the adrenal cortex of mother and 
fetus. These precursors reach the placenta pre
dominantly in sulfate-conjugated form. There 
they are hydrolyzed by enzymes, converted into 
androstenedione and 19-hydroxyandrostene
dione by W-hydroxysteroid dehydrogenase and 
4,5-isomerase, and then aromatized (Scheme 1). 
The fetus can probably also aromatize very 
small amounts of androstenedione into estrone 
and estradiol. 

Since the placenta contains only small 
amounts of 16a-hydroxylase or none at all, 
the formation of estriol is more complex. 
This process probably involves 16-hydroxylation 
of DRA-sulfate in the fetal liver. This sub
stance is then hydrolized again in the placenta 
and converted into estriol by means of 3~
steroid dehydrogenase, 4,5-isomerase, aro
matizing enzymes and 17~-steroid dehydro-
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Fig. 4. Structural formulae of some important steroids of the feto-placental unit 

genase. Transformation can occur via 16a-OH
androstenedione and 16-0H-estrone or more 
slowly via androstenetriol and 16a-OH-testo
sterone (DELL'AQUA, 1967). A second route, 
also via the fetus, consists in conversion of 
sulfated estrone present in the placenta by 
means of 16-hydroxylase into 16-0H-estrone 
sulfate. This then reaches the placenta again, 
is hydrolyzed there, and transformed into 
estriol by 17~-steroid dehydrogenase in the 
way already described. 

In addition to the placenta, the fetus is 
probably also capable of producing estrone and 
estradiol from DHA formed from pregnenolone. 
Limited amounts of estriol can be synthesized 
directly. 

Progesterone (Scheme 2) is synthesized in 
the placenta mainly from pregnenolone or 
pregnenolone sulfate by means of 3~-hydroxy
steroid dehydrogenase. Pregnenolone and preg
nenolone sulfate are obtained either from the 
maternal or fetal circulation or are formed from 
cholesterol in the fetus and mother. Formation 

of cholesterol from acetate (ZANDER, 1966) 
is not necessarily of great importance in the 
placenta. Appropriate hydroxylation processes 
allow the derivation of small amounts of 
20a-hydroxyprogesterone, and probably 6~-
16a-, 17a- and 20~-hydroxyprogesterone from 
progesterone. 

The fetus can produce cholesterol from 
acetate and is able to convert small amounts 
in the adrenal cortex into pregnenolone and 
progesterone. This route is presumably of only 
slight importance. The maternal production of 
progesterone is practically insignificant. Neither 
castration nor adrenalectomy results in a marked 
fall of progesterone metabolites during preg
nancy. (DICZFALUSY, 1961; HAMMERSTEIN, 1965; 
HARKNESS, 1966). 

Androgens found in the placenta, especially 
androstenedione and dehydroepiandrosterone, 
are of particular metabolic importance as 
precursors of estrogens. They are probably 
produced mainly in the fetal and maternal 
adrenal cortex. 
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Scheme 1. Fundamentals of the biosynthesis of estrogens in the placenta 
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Scheme 2. Fundamentals of the biosynthesis of progesterone in the placenta 
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c) Metabolism 

The metabolism of steroid hormones during 
pregnancy is also extremely complex since 
numerous systems are involved at the same 
time, such as the placenta, adrenal cortex, 
gonads, fetal liver and maternal endocrinium. 
Transformation is effected by an extensive 
enzymatic system including a large number of 
different hydroxylases, hydroxysteroid dehy
drogenases, isomerases, desmolases, sulfatases, 
sulfurylases, glucuronidases and glucuronylases. 

The placenta produces increasing amounts 
of all the estrogens during the course of preg
nancy. Estrone and estradiol can be converted 

into each other. Both steroids are released 
into the fetus and sulfated there. They are 
still partly in the sulfated form when they 
return to the placenta, where the conjugate is 
enzymatically hydrolyzed. As has been described 
already, 16-hydroxylation can also occur in 
the fetus, permitting subsequent transformation 
into estriol by the placenta (see p. 671). Only 
limited amounts of estrone and estradiol are 
found in the amniotic fluid and meconium. 
Large amounts of estriol are exchanged between 
the placenta and the fetal circulation. It also 
reaches the maternal circulation together with 
the other two estrogens, but its concentration 
in the maternal plasma is considerably lower 
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than that in the umbilical blood. Estriol is 
present mainly in the form of sulfate in the 
fetal circulation, whereas it is found mainly 
as a glucuronide or double conjugate in maternal 
blood, amniotic fluid, and meconium (TOUCH
STONE,1963). 

Excretion of the estrogens in urine varies. 
The renal clearance for estrone is 11.9, for 
estradiol 8.8, and 205 ml/min for estriol (BROWN, 
1960, 1964). It is possible that sulfate and free 
estrogens are not excreted through the renal 
tubules, or only to a slight extent. This would 
explain the great differences, since in the plasma, 
estrone is present predominantly in the free 
form, estradiol as a sulfo-conjugate, and estriol 
as a glucuronoside or double conjugate. In 
addition to the classic estrogens mentioned, 
at least 20 other estrogenic metabolites can be 
found in the urine during pregnancy, such as 
6et-hydroxyestrone, 15et-hydroxyestrone, -estra
diol and -estriol, 15~-hydroxyestrone and -estra
diol, 16et-, 16~- and 18-hydroxyestrone, 16-keto 
estrone and -estradiol, 16-, 17- and 16,17epi
estriol, 2-methyoxyestrone, -estradiol and estriol 
and others. Fetal urine contains mainly estriol 
and small amounts of estrone and estradiol 
(DICZFALUSY, 1957). 

Increasing amounts of progesterone are 
also produced. About a third of it is liberated 
into the fetal circulation and two thirds into 
the maternal circulation (ZANDER, 1959). In
vestigations of the concentrations of proge
sterone and its metabolites in the umbilical cord 
have shown that mainly progesterone is present 
in the vein, whereas 20et-, 20~- and 17et-hydroxy
progesterone are found in the artery. From these 
findings it can be concluded that the progesterone 
released from the placenta into the fetus is 
probably hydroxylized by the fetal adrenal 
cortex and is returned to the placenta chiefly 
in the form of 20et-hydroxyprogesterone (ZAN
DER, 1961; LURIE, 1966). Further, incubation 
studies have shown that the fetal adrenal cortex 
can form small amounts of androgens from 
progesterone over 17et-hydroxyprogesterone and 
that corticoid synthesis is also possible through 
hydroxylation processes at C6 , Cll , C16 , C17 , 

C20, and C21 . The placenta, in contrast, is unable 
to convert progesterone into estrogens or andro
gens. 

Large amounts of the progesterone released 
into the maternal circulation are deposited in 
the adipose tissue (HASKINS, 1950; ZANDER, 
1959). On the other hand, progesterone is prob
ably converted mainly into pregnanediol in 
the liver and glucuronized there as well as in 
the kidneys and peripheral tissues. Excretion 
occurs in the urine, feces and bile. In addition 
to pregnanediol, progesterone, 15et-hydroxy-
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progesterone, pregnenolone, pregnanetriol and 
other derivatives can be demonstrated in the 
urine. The conversion rate of progesterone into 
pregnanediol has been estimated to be 6 to 
30% (KLOPPER, 1956; PEARLMAN, 1957). 

In the fetus, progesterone is catabolized in 
the liver mainly into pregnanediol and small 
amounts of pregnenolone. Pregnanediol, which 
is probably also sulfated principally in the 
liver, either returns to the maternal circulation 
via the placenta or is excreted in the bile and 
fetal urine und can thus be demonstrated in 
amniotic fluid (KLOPPER, 1959). In contrast 
to the situation with estriol, the fetus does not 
influence progesterone production in the pla
centa. This has been shown by ligation of the 
umbilical cord (CASSMER, 1959). 

3. Prolactin 

Prolactin is thought to be identical to the 
luteotropic hormone (L TH). Its relation to 
milk secretion is particularly interesting. The 
existence of this substance as a separate principle 
has also been confirmed in the human and 
in many other mammals. It is possible to extract 
lactogenic activities from the human adenohypo
physis, and to separate prolactin from HGH, 
which also has lactotropic and luteotropic 
properties. 

a) Chemistry 

The most exact information available is that 
on ovine prolactin, which is extracted from the 
anterior pituitary lobe by precipitation with 
alcohol, fractionated salting out, and purifica
tion by chromatography on DEAE-cellulose. 
Chemically it is a polypeptide with an estimated 
molecular weight of 23300 (DIXON, 1964). 
Asparaginic and glutaminic acids, and leucine, 
are the amino acids predominantly present. 
The isoelectric point is about 5.7. Prolactin 
isolated from the cow and pig shows similar 
properties. 

b) Formation 

Prolactin is formed in the adenohypophysis, 
possibly in the acidophil cells which can be 
stained with erythrosine. During pregnancy in 
mammals, these cells show increasing secretory 
activity which becomes even more intensified 
with the onset of lactation. The prolactin content 
of the anterior lobe of the hypophysis also 
rises during pregnancy and remains elevated 
during lactation. The average concentration in 
sheep is between 30 and 40 IV/mg. 



Normal Pregnancy 

c) Metabolism 

Secretion of prolactin, like that of other anterior 
pituitary hormones, is regulated by the hypo
thalamus, principally through a prolactin in
hibiting factor (PIF, see p. 30). The existence 
of a corresponding releasing factor (PRF) is 
still speculative. Low doses of estrogens can 
stimulate prolactin secretion directly or indirectly 
via the hypothalamus. Thyroxine also has a 
similar effect (MEITES, 1966). Progesterone, 
testosterone, and cortisol are also thought to 
be able to suppress the prolactin inhibiting 
factor thus leading to increased prolactin secre
tion (SAR, 1968). 

Demonstration of this hormone (see p. 701) 
in the blood, and particularly its specificity, 
presents considerable technical problems. Results 
so far published must therefore be accepted 
with reservations, especially results in man. 
Measurements in sheep, however, have shown 
that prolactin activity in the serum is slight 
and is not changed during pregnancy but is 
greatly raised during lactation in both serum 
and adenohypophysis. These findings, how
ever, are contradictory (FORSYTH, 1967). 

No confirmed evidence is currently available 
on the manner of excretion and metabolism. 

4. Oxytocin 

Oxytocin plays a decisive role in the hormonal 
regulation of birth (see p. 692) and lactation 
(p. 696). It is an octapeptide with a molecular 
weight of about 1000. It is probably formed in 
the ganglia of the supraoptic and paraventri
cular nuclei from where it passes to the neuro
hypophysis. The primary effect of oxytocin is 
to reinforce the contractions of the uterus and 
of the myoepithelial cells of the mammary 
glands. Its very rapid breakdown is partly due 
to an oxytocinase, which is probably produced 
in the placenta during pregnancy. More details 
are given on p. 692. 

D. Normal Pregnancy 

1. Hormone Production in the Placenta 

The placenta has numerous functions, gas and 
energy exchange between maternal and fetal 
organisms being of primary importance. In 
addition, the placenta is an extremely versatile 
endocrine system, which forms numerous steroids 
and protein hormones from the beginning of 
pregnancy. Thus, it not only controls pregnancy 
itself, but is also involved to a considerable 
extent in the specific changes of the maternal 
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organism. Its efficiency is amazing. Protein 
hormones now known to be produced autono
mously in the placenta exert luteotropic, mammo
tropic, somatotropic, anti-insulin, and probably 
thyrotropic effects. Biosynthesis of steroids is 
also of utmost importance, but in the case of 
these hormones the fetal-placental interplay is 
of greater significance. 

The most important confirmed or postulated 
components of the placenta are summarized 
in Table 1. 

Table I. Survey of placental hormones 

Hormones Formation Main actions 
in placenta 

Chorionic Confirmed Luteotropic, influences 
steroid biosynthesis gonadotropin (HCG) 

Placental lactogen Confirmed Somatropic,lactotropic, 
(HPL) anti-insulin, influences 

steroid biosynthesis 

Chorionic 
thyrotropin 

Estrogens 

Gestagens 

Androgens 

Corticosteroids 

Relaxin (hormone?) 

a) HCG 

Thyrotropic 

Confirmed Prepares maternal or
ganism for birth and 
lactation, utero tropic 

Confirmed Prepares maternal or
ganism for birth and 
lactation, relaxes uterus 

Confirmed Intermediate metabolic 
importance in steroid 
biosynthesis 

Mineralo- and gluco
corticoid 

Loosening of the sym
physis, uterine relaxa
tion 

Production, secretion, and excretion of HCG 
during normal pregnancy have been studied 
by numerous investigators by means of biolog
ical, immunological and radio-immunological 
methods. The results of these investigations 
are on the whole consistent. Absolute values, 
however, are often more difficult to compare. 
The trophoblast begins to form HCG as soon 
as 10-14 days after conception, first in small 
amounts and then in rapidly increasing amounts. 
After approximately 10 weeks, an average peak 
value of 450 IU per g placenta is reached 
(DrczFALUSY, 1953). The titer rapidly falls to 
less than 50 IU per g in the fourth month and 
does not alter significantly during the further 
course of pregnancy (Fig. 5). 

HCG levels in the serum behave in a similar 
manner. The maximum values are again at
tained between the 8th and 12th weeks and the 
level then declines rapidly. Relation of the 
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Fig. 5. HCG concentration in the placenta in a normal 
pregnancy (biologically measured). (After DICZFALUSY, 1953) 

level of the titer to the sex of the fetus as postulated 
by BRODY (1965), appears extremely question
able. 

22 to 24 days after conception, or 36 to 38 
days after the last menstrual period, the level 
in the urine is in excess of 1000 IU /1. At this 
stage, the more sensitive of the conventional 
pregnancy tests are positive. The amount 
of HCG excreted in the urine also rises steeply, 
reaching immunochemical values of 80000 
to 240000 IU/l between the 8th and 12th 
weeks (KELLER, 1966). Between the 13th and 
17th weeks, the titer falls just as rapidly and 
remains between 5000 and 30000 IU /1 (Fig. 6) 
for the rest of the pregnancy. Values can 
fall below 1000 IU /1 in individual cases with
out any detectable disturbance of fetoplacental 
function. The striking agreement between pla-
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cental urinary relations can be deduced from 
Fig. 5 and 6. 

The importance of HCG production with 
its typical maximum in the first trimester has 
not been altogether explained. It is assumed 
that stimulation of the corpus luteum of preg
nancy is one of the possible functions of this 
hormone. Indeed, numerous investigations have 
shown that HCG has strong luteinizing and 
luteotropic effects and can prolong the luteal 
phase in the human. In-vitro experiments on 
the human corpus luteum have also shown that 
incorporation of C14 into progesterone, 17a.
hydroxyprogesterone, estradiol and estrone is 
increased under the influence of HCG (RICE, 
1964). A stimulating action on the biosynthesis 
of progesterone (MASON, 1962) and on the 
activity of the endopeptidases (JUNG, 1962) has 
also been demonstrated in animal experiments. 

The action on the placenta itself has only 
been explained to a small extent. Nevertheless, 
perfusion studies have shown that HCG stimu
lates the transformation of 16-hydroxylized C'9 
steroids into estriol (TROEN, 1961; 1962; VARAN
GOT, 1962). The influence of HCG on steroid 
biosynthesis can be considered as proven. It is 
still not possible to say with certainty whether 
the fetal endocrine system is also subjected to 
a stimulating influence, and if so, to what 
extent. It appears, however, that the adrenal 
cortex, testes, and ovaries can be influenced. 
HCG production is largely independent of 
fetal function. Ligature of the umbilical cord 
in utero does not diminish the titer (CASSMER, 
1959). 
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Fig. 6. Urinary HCG excretion during normal pregnancy, average values and standard deviations. (lmmuno-chemical assay, 
after KELLER, 1966) 
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The question of regulation of HeG pro
duction is just as difficult as the question about 
the meaning of the production. The existence 
of a feedback mechanism similar to that be
tween sex hormones and the release of hypo
physeal gonadotropins is somewhat questionable 
although various authors have thought that 
they observed a discrete fall in the HeG titer 
under the influence .of synthetic estrogens and 
gestagens. Positive and negative effects of estriol 
and dehydroepiandrosterone have been postu
lated (LAURITZEN, 1966). Whether large amounts 
of HeG inhibit continued production also 
appears questionable. Nevertheless, a slight fall 
has been reported after injection of HeG 
(DICZFALUSY, 1956). Precise methods of esti
mation may solve some of these problems in 
the next few years. 

b) HPL 

Human placental lactogen is demonstrable in the 
trophoblast as little as 3i weeks after fertiliza
tion and its concentration remains more or less 
constant (1-10 g per 100 g placenta) throughout 
pregnancy (JOSIMOVICH, 1964). In contrast, 
plasma levels continue to rise during the course 
of pregnancy (Fig. 7). Plasma HPL can generally 
first be detected between the 7th and the 8th 
weeks. Average values reach a level of 0.5 Ilg/ml 
in the 12th week, 2.5 Ilg/ml in the 24th week, 
and 6 Ilg/ml after the 35th week (KELLER, 1970). 
Only very little HPL is excreted in the urine. 
The daily production at the end of pregnancy 
is estimated to be 0.3-1 g. 
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Fig. 7. HPL concentration in serum during normal preg
nancy, average values and normal 95% range. (Radio
immunoassay after KELLER, 1970) 

The function of placental lactogen is also 
difficult to define. The fact that only traces of 
this hormone can be demonstrated in the fetal 
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circulation leads to the conclusion that the main 
effect must be exerted in the placenta and mater
nal organism. 

There is no doubt that HPL has a weak 
somatotropic action. This can be shown by 
animal experimentation, both in the tibia test 
and in the uptake of labeled sulfate in the costal 
cartilages of hypophysectomized rats (KAPLAN, 
1964). It also induces a general increase in the 
weight of mice and rats (FRIESEN, 1965). In 
experimental conditions, nitrogen retention in 
the human appears to be less pronounced under 
the influence of HPL than under that of growth 
hormone. In contrast, high doses of HPL cause 
a rise in free fatty acids (GRUMBACH, 1966). In 
addition to its action on fat metabolism, HPL 
also has a definite diabetogenic, anti-insulin 
effect on sugar metabolism. This may explain 
the deterioration of latent diabetes during 
pregnancy (see p. 801). The physiological signif
icance of this function may be associated with 
an increase of glucose supply in the pregnant 
organism through mobilization of free fatty 
acids (GRUMBACH, 1966). 

Like human growth hormone, HPL also 
exerts a prolactin-like, mammotropic effect, as 
can be demonstrated on the crop sac of the 
pigeon and in the secretion of milk in pregnant 
and pseudo pregnant rabbits. The lactogenic 
action can also be seen in tissue cultures of the 
milk glands of mouse, where synthesis of casein 
is promoted in the presence of insulin and 
cortisol and the number of cells increases at 
the same time (TURKINGTON, 1966). The action 
of HPL is very similar to that of prolactin in 
animal experiments. 

The luteotropic action is another property 
of this hormone. In animal experiments it can 
be potentiated by HeG (JOSIMOVICK, 1966). 
Nothing can be said about this action in the 
human at present. 

The influence on the placenta and its pro
duction of steroids is still controversial, but 
can be considered likely. Stimulation of the 
conversion of 16-0H -dehydroepiandrosterone 
into estriol has been demonstrated (TOMINAGA, 
1967). 

c) Other Protein Hormones 

Most recent investigations have shown that, 
in addition to the two well-characterized placen
tal protein hormones already mentioned, there 
may be a chorionic thyrotropin (HeT, human 
chorionic thyrotropin) which may be responsible 
for the relatively high thyrotropic activity of 
the serum in pregnancy (HENNEN, 1969). 

Placental extracts also contain adrenocortico
tropic activity (JAILER, 1950; NEHER, 1961), but 
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this probably arises from the maternal adeno
hypophysis rather than from the placenta itself. 

Relaxin is another substance which can be 
extracted not only from the placenta, but also 
from the uterus and ovaries (HISAW, 1950; 
ZARROW, 1958). It is a polypeptide which is 
claimed to cause a loosening of the pelvic ring 
as well as relaxation of the uterine musculature 
and dilatation of the cervix. The hormonal 
nature of this substance is doubtful. 

d) Estrogens 

During pregnancy the concentration of estrogens 
rapidly increases in the placenta, maternal blood, 
and urine. The three classic estrogens are 
present predominantly in the free form in the 
placenta. Data about the amounts vary. Ac
cording to DICZFALUSY (1961), at the end of 
pregnancy there are 37-64 J.lg estrone, 3-142 J.lg 
estradiol and 125-287 J.lg estriol per kg of 
fresh weight. A considerably smaller amount 
is present in the conjugated form. In addition 
to the estrogens mentioned, 16-epiestriol, 17-keto 
estradiol and 6-methoxyestrone have been iso
lated from the placenta. The rate of secretion 
of total estrogens has been estimated to be 
1 mg in the 10th week, 20 mg in the 20th week 
and between 40-100 mg at term (BROWN, 1957). 

More is known about the behavior of 
estrogens in the blood. After conception there 
is no initial premenstrual fall. Levels then rise 
continuously, until at term the concentration 
of estrone, estradiol and estriol is found to lie 
between 2 and 26,1 and 5, or 3 and 30 J.lg/100 ml 
plasma, depending on what technique is used. 
The quotient 

estriol 
estrone + estradiol 

rises during the course of pregnancy and is 
about 4 at term. Similar values of estrone and 
estradiol are found in fetal blood, but there 
is a preponderance of sulfo-conjugated estriol 
so that the above quotient is about 30. 

The excretory relations are of special im
portance for diagnostic reasons to be discussed 
later. Again, there is no premenstrual fall after 
conception, and a mid-cyclic titer is attained 
14 days after fertilization (Fig. 8). The ratio 

estriol 
estrone + estradiol 

rises from approximately 1 to 10 from the 
beginning of pregnancy to term, with a 1 000-
fold increase in the excretion of estriol during 
this period and a mere 100-fold increase in 
the excretion of estrone and estradiol (Fig. 9). 
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This is probably due to renal factors as mentioned 
above. 

The physiologic importance of the enormous 
amounts of estrogens during pregnancy has 
not been fully explained. A primary factor may be 
the growth-promoting action on the uterus 
by increasing protein synthesis. Furthermore, 
it is known that electrolyte shifts at the cell 
membrane of the myometrial cell occur together 
with changes in membrane potential. These are 
important for contractility. Estrogens also have 
a considerable effect in the preparation of the 
organism for lactation (see p. 694). 

e) Progesterone 

The concentration of progesterone in the pla
centa also increases during pregnancy, reaching 
an average value of 1.9 mg/kg at term. This 
value is lower than concentrations found in 
earlier stages of pregnancy, but the total pro
gesterone increases (Fig. 10). In contrast, the 
myometrial concentration rises throughout preg
nancy. The secretion rate is estimated to be 
between 30-250 mg/24 h in the first two tri
mesters and between 190-840 mg/24 h in the 
last trimester (SALOMON, 1962; TAUBERT, 1963; 
RYAN, 1966; ZANDER, 1967). A large amount 
of the progesterone reaching the circulation is 
stored in the adipose tissue. 
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Fig. 10. Total amount of progesterone and progesterone 
concentration per g placenta during normal pregnancy; 
average of 80 estimations. (After ZANDER, 1956) 

The level of progesterone in maternal blood 
also rises considerably. Values lie between 5 and 
7 Ilg/1OO ml plasma in the first trimester, be
tween 2 and 10 Ilg/100 ml in the 2nd trimester, 
and between 4 and 36 Ilg/100 ml plasma in the 
last trimester (SHORT, 1959; 1962; VAN DER 
MOLEN, 1963; AITKEN, 1958). The highest con
centrations are found in retro-placental blood 
and in the umbilical vein. In the umbilical 
artery, there is a predominance of progesterone 
metabolites, hydroxylized at positions 20 and 
17. These metabolites have a less pronounced 
progestational action (see p. 674). 
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As in the non-pregnant state, pregnanediol, 
principally in the glucuronidized form, is the 
most important excretory product of progeste
rone (see p.674). Excretory values rise from 
4--8 mg/24 h at the beginning of pregnancy to 
20-80 mg/24 h at term (Fig. 11). 
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Fig. 11. Pregnanediol excretion in urine during normal preg
nancy, average and normal 95% range. (After SHEARMAN, 

1959) 

The physiological significance of proge
sterone and its metabolites in the human also 
remains obscure. On the basis of animal ex
periments, it is assumed that their primary 
function is to preserve pregnancy by maintaining 
uterine relaxation despite neurohypophyseal 
influences (see p. 692). Furthermore, together 
with estrogens, they play an important part in 
preparing the maternal organism for birth and 
lactation (see p. 694). 

f) Androgens and Corticosteroids 

As was seen in the description of the formation 
and metabolism of placental steroids, androgens 
are important as intermediate products in the 
biosynthesis of estrogens. This is especially 
applicable to dehydroepinandrosterone and an
drostenedione. Adrenosterone and 11 ~-hydroxy
androstenedione have also been demonstrated 
in umbilical blood (ZANDER, 1962). Cortisol 
can be found in the placenta and in umbilical 
blood (NEHER, 1961). There is no doubt that 
the fetal adrenal cortex is capable of forming 
cortisol from progesterone, and possibly from 
acetate, even in the first half of pregnancy. 
The cortisol so formed reaches the placenta 
and the maternal circulation. On the other hand 
no definite evidence of direct biosynthesis in 
the placenta has yet been produced (DICZ
FALUSY, 1964). This is also true of other cortico
steroids, although it is possible to isolate small 
amounts of aldosterone from the placenta 
(BERLINER, 1956). 
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2. Feto-Placento-Matemal Hormone Exchange 

The maternal and fetal compartments and the 
placenta form an endocrine unit which can 
only be understood as a whole, especially in 
relation to the steroid hormones (Scheme 3). 

Maternal protein hormones as a rule do not 
pass through the placental membrane into the 
fetus, or only in minute amounts. Potent amounts 
of TSH and ACTH are hardly likely to reach 
the fetal circulation (TOROK, 1951; KNOBIL, 
1959). The same applies to HGH (GITLIN, 1965; 
LARON, 1966). HCG can be demonstrated but 
its concentration in the fetus is significantly 
lower than that found in maternal blood and 
tissues. HPL is found virtually only in the 
placenta and the maternal organism. Insulin 
does seem to pass the placental barrier to some 
extent, but concentrations in umbilical blood 
are substantially lower than those in the mother 
(JOSIMOVICH, 1961). 

Hormones from the thyroid gland and 
corticosteroids (MIGEON, 1956) reach the fetus 
only very slowly (GRUMBACH, 1956). The clinical 
improvement observed during pregnancy in 
patients with Addison's disease has led to the 
conclusion that these steroids may also be 
liberated from the fetus and pass to the mother. 
There is no doubt that large amounts of andro
gens can be transferred to the fetal circulation, 
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where they can result in virilization of the female 
fetus. 

Relationships between the remaining sexual 
steroids are considerably more complicated. 
These hormones have been described in section C. 
Estrogens and progesterone circulate freely be
tween the fetal, placental, and maternal com
partments. Since the placenta is capable of 
producing progesterone independently but can
not form any significant amounts of estrogens, 
particularly estriol itself, this exchange has a 
very important effect on the biosynthesis of 
steroids. The fetal compartment contains pre
cursors of estrogens, such as dehydroepiandro
sterone and is also capable of 16-hydroxylation. 
Steroids are generally present in the conjugated 
form in the maternal and fetal systems and in the 
free form in the placenta. 

3. Function of Other Endocrine Glands during 
Pregnancy 

a) Hypophysis 

Placental steroids inhibit gonadotropin pro
duction of the adenohypophysis during preg
nancy (PHILIPP, 1930; BETTENDORF, 1966). Re
cently, however, there has been radio-immuno
logical evidence of FSH -activity in the serum 
so that some reservation is still indicated before 

Scheme 3. Simplified representation of the feto-placento-maternal hormone exchange 

Mother Placenta Fetus 

IHGHI IHGHI 

IACTHI <-- ? -- IACTHI 
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I Corticosteroids I F= Fb F= F:t I Corticosteroids I 

Androgens Androgens ~= =:± Androgens 
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a definite conclusion is possible. Formation 
of TSH, ACTH, HGH, and MSH as a whole 
may be increased, as suggested by the intensive 
activity of the thyroid gland, enlargement 
of the adrenal cortex, and the acromegalic 
features occasionally observed. The exact extent 
of the increase in prolactin formation (see 
p.674) during pregnancy is not known. Sim
ilarly, no definite facts can be given about 
the function of the neurohypophysis and the 
secretion of vasopressin and oxytocin during 
pregnancy. 

b) Ovary 

The corpus luteum of pregnancy is capable of 
producing both estrogens and progesterone 
from cholesterol. The average progesterone 
concentration is about 12 J.lg/g. Lutein cells 
may also produce active androgenic hormones 
and, in rare cases, hyperplasia of these cells 
gives rise to transitory virilization. 

The hormonal function of the corpus luteum 
may be involved in the preservation of preg
nancy in the early months. In the human, 
the trophoblast is capable of synthesizing ade
quate amounts of progesterone at a very early 
stage. In certain types of animals, such as 
the cow, rabbit, and rat, in contrast, the corpus 
luteum is essential for the preservation of 
pregnancy. 

c) Adrenal Cortex 

The levels of 17-hydroxycorticosteroids in the 
plasma rise during pregnancy (GEMZELL, 1953). 
It is not certain how far this rise can be attributed 
to increased function of the maternal adrenal 
cortex. As has been mentioned above, the 
clinical improvement in patients with Addison's 
disease during pregnancy suggests that the 
fetus, or less probably the placenta, is actually 
involved in the production of corticosteroids. 

The level of cortisol also rises, but this is 
probably mainly because estrogen induces in
creased binding to a plasma globulin called 
transcortin (SANDBERG, 1959). This results in 
extension of the biological half-life, with a 
resultant rise in the total amount of cortisol. 
Since cortisol bound to transcortin appears to 
be biologically inactive, no clinical signs of 
hypercorticism normally appear during preg
nancy. No cortisol can be demonstrated in 
women with adrenocortical insufficiency, and 
extra-adrenal sources therefore appear to have 
no measurable effect (BAULIEU, 1957). 

Production and secretion of aldosterone are 
also increased by as much as ten times during 
pregnancy (V AN DE WIELE, 1960; STARK, 1963). 
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This rise fails to occur in women who have 
undergone adrenalectomy (LAIDLAW, 1958), so 
that it can be assumed that the maternal adrenal 
cortex is the chief producer of aldosterone in 
these cases as well. 

An adrenal cortex with absolutely intact 
function is not essential for conception and the 
preservation of pregnancy. Pregnancy can con
tinue to term without complications even in 
women with clinically manifest hypofunction. 

d) Thyroid Gland 

The thyroid gland increases considerably in 
size during the course of pregnancy and more 
thyroxine is formed (FREEDBERG, 1957). The 
concentration of thyroxine in the plasma also 
rises, but as in the case of cortisol, this rise is 
primarily due to an estrogen-induced increase 
in the binding of thyroxine to plasma proteins. 

Severe hypo- and hyperfunction of the 
thyroid gland can have only negligible effects 
on pregnancy since sterility is present in most 
of these cases. 

4. Hormonal Effects on the Maternal Organism 

The enormous production of sexual steroids 
and protein hormones by the placenta leads to 
a series of changes in the genital and extragenital 
regions, which are directed partly at metabolic 
adjustment to pregnancy and partly at prepara
tion of the organism for birth. 

a) Uterus 

The weight of the uterus increases 12 to 20 times 
and its internal volume increases 600 to 800 
times (CRETIUS, 1967). The increase in size is 
due mainly to hypertrophy of muscle cells 
already present, and less to hyperplasia, which 
is only of importance during the early stages of 
pregnancy. Muscle cells may undergo a tenfold 
increase in length. Animal experiments have 
shown that the effects of estradiol are virtually 
limited to hypertrophy, estradiol and pro
gesterone together have a hyperplastic action, 
and progesterone alone has practically no effect 
(BRODY, 1961). Thus, hormonal regulation of 
uterine growth appears to be complex. There 
is an accumulation of contractile proteins in 
the myometrium and the energy donors, such 
as ATP, creatine phosphate and glycogen, in
crease under the influence of estrogens. The 
ionic content is subject to displacement, which 
is partly responsible for the motility of the 
uterus and is most probably also due to the 
action of steroids (see p. 692). The myometrial 
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water content increases, resulting in a rise in 
tissue fluid. 

The vascular system of the uterus also shows 
characteristic changes. The spiral arteries become 
stretched and widened and there is a true in
crease. The vessel walls become hypertrophic. 
Vascularization rises from 50 ml/min to 500-
750 ml/min (CRETIUS, 1967). 

The mucosa of the body of the uterus is 
converted from the secretory stage into the 
true decidua, mainly under the influence of 
progesterone and the synergistic action of estro
gens. The decidua thickens very quickly and is 
differentiated into the superficial stratum com
pactum and the stratum spongiosum lying 
beneath. Thus, there is extensive enlargement 
of the glands, which also show signs of in
creased secretion, and the interstitial tissue is 
considerably displaced. 

The same hormonal influences produce 
changes in the cervix. The connective tissue 
becomes loosened, and vessels increase in num
ber and size. Hyperemia of the venous network 
presents clinically as lividity. Cervical glands 
proliferate internally, branch, and penetrate 
into the connective tissue. They secrete thin 
clear mucus which does not usually show the 
arborization phenomenon on drying. 

b) Vagina 

As in the cervix, the tissues in the vagina 
become looser, which helps to ease the process 
of birth later on. Width, length, and distensibility 
increase, vascularization becomes more marked 
and the veins become dilated. The thickness 
of the vaginal epithelium increases, principally 
under the influence of estrogens. The intermediate 
layer in particular becomes thicker. Desquama
tion of cells is accelerated and vaginal secretion 
is increased. Cells in the vaginal smear are 
predominantly from the intermediate layer. 

Vulva, perineum, and pelvic floor show 
similar signs of loosening. 

c) Mammary Glands 

Hormonal preparation of the mammary glands 
for lactation is dealt with in Section G. 

d) Skeleton 

All joints in the pelvic region become softened 
during the course of pregnancy under the 
influence of the sexual steroids. Changes are 
most marked in the symphysis, which becomes 
several millimeters wider. These processes can 
also be considered to be directed mainly at 
easing the birth. It is not clear at present to what 
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extent other factors, for example relaxin (see 
p. 678) are involved in this process. 

e) Skin 

The skin also shows a series of changes in preg
nancy, some of which are due to the action 
of hormones. Accentuated pigmentation is seen 
in 75% of women towards the end of preg
nancy, especially in the regions of the breasts, 
linea alba, vulva and perineum. This may be 
quite pronounced in brunettes. Yellow or brown 
patches often form on the face. This is termed 
chloasma. These changes are due to the action 
of estrogens and possibly also to the increased 
release of melanophoric-stimulating hormone 
(MSH) from the adenohypophysis. According 
to ROTHMAN (1954), progesterone is able to 
activate this hormone and possibly also the 
melanocytes directly. 

Striae gravidarum are observed in many 
pregnant women, particularly on the abdomen, 
but also on the breasts and buttocks, and can 
be attributed to mechanical over-distension as 
well as to constitutional predisposition and the 
action of corticosteroids. 

Vascular changes are quite common and 
can take the form of teleangiectatic, spidery 
vascular patterns on the legs, upper arms and 
occasionally the face. These may be due to the 
action of estrogens. 

f) Gastrointestinal Tract 

Peristalsis is often reduced in the early months 
of pregnancy. There is a tendency to constipa
tion. Progesterone may be of importance as 
well as parasympathetic adaptation, since it 
generally reduces the tone of smooth muscle. 
Similar features have also been observed in the 
gallbladder, the ureters, and the renal pelvis. 

g) Water Balance 

Estrogens cause retention of sodium and water 
and increase vascular permeability. As in the 
premenstrual phase, they act with progesterone 
to produce loosening of the tissues, and the 
extracellular fluid increases by 2-4 liters. About 
two thirds of this amount are found in the 
interstitial tissue space where the water-binding 
capacity increases. Thus, even in normal preg
nancy, there is an increased tendency to edema. 

h) Basal Temperature 

The basal temperature (see p. 567) remains in 
the hyperthermal region for 3-4 months after 
the onset of pregnancy. This is due to the action 
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of progesterone. The temperature later falls 
despite the steady increase in the production 
of progesterone. The reasons for this are un
known, but the temperature remains low until 
birth occurs. Absence of menstruation in the 
presence of a raised temperature on waking 
generally suggests early pregnancy. 

E. Pathology of Pregnancy 
1. Abortion 
a) Terminology 

Abortion or miscarriage signifies the premature 
termination of pregnancy during the first 22 
weeks. The fetus is usually not viable. A distinc
tion is made etiologically between spontaneous, 
legal therapeutic, and criminal abortion. Mild 
bleeding with an undilated cervical canal is 
termed threatened abortion. When the cervical 
canal begins to dilate, the abortion is incipient 
and can usually no longer be prevented. The 
products of conception are subsequently either 
partially or completely expelled, i.e. the abortion 
is incomplete or complete. During the early weeks 
of pregnancy, this process occurs in one stage. 
Later, it occurs in two stages, as at birth, with 
expulsion of the fetus first, followed by the 
placenta. Occasionally, the rejected fetus is 
retained and the abortion is then termed a 
missed abortion. If three or more abortions 
occur in succession, the term habitual abortion 
is used. An abortion can be complicated by 
fever and bacterial invasion of the tissues, 
especially after illegal intervention, resulting 
in a febrile or septic abortion. 

b) Frequency 

Abortion, which is most frequent during the 
2nd and 3rd months of pregnancy, is one of 
the most important complications of preg
nancy. Exact statistical data are difficult to 
obtain since the number of clinically undetected 
cases remains unknown. It is generally estimated 
that about 10% of the total number of preg
nancies end in spontaneous abortion. Illegal 
abortions are, however, much more significant 
since they are estimated to be up to four times 
more frequent than spontaneous abortions on 
average, depending on the country. The frequency 
of habitual abortions is very low and its incidence 
is estimated as one in every 300 to 400 births 
(KASER, 1961). 

c) Pathogenesis 

Pathogenic factors causing abortion can be 
divided into maternal and fetal factors. In the 
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former group, intrauterine changes are of pri
mary importance. Thus, malformations such 
as bicornuate uterus, abnormal positions, fixed 
retroflexion, fibroids, cervical incompetence or 
genital hypoplasia can be responsible for an abor
tion. Infections in the mother, severe generalized 
ilnesses, accidents, toxic states, and even psy
chological factors are also of significance. 

Among the fetal causes, abortive ova are 
particularly important. Malformations of the 
embryo blast and trophoblast are often com
bined. According to HERTIG (1949, 1956), 
malformations can be demonstrated in 50% of 
young ova not implanted. Even after implanta
tion, malformations are found in 35%.Chromoso
mal aberrations are of considerable importance 
as an etiological factor and can be found in 20-
25 % of early abortions (KERR, 1966). Trisomics, 
X-monosomics and triploids are particularly 
common. Sperm anomalies are probably also 
important. According to JOEL (1962), highly 
pathologic spermiograms are found in 5.8 % 
of cases of habitual abortion. 

The part played by endocrine factors is still 
difficult to assess. Most of the changes demon
strated in the hormonal pattern could be of 
secondary nature and could be an expression 
of damage to the trophoblast or embryo blast 
or both. Falls in the levels of HCG, HPL, 
estrogens and progesterone also permit of this 
interpretation. Nevertheless, it is still assumed 
that a hypofunctional corpus luteum graviditatis 
during early pregnancy, insufficient preparation 
of the uterus through sexual steroids, and 
thyroid activity may be of significance. 

d) Methods of Diagnosis 

Abortion is diagnosed primarily by clinical 
means. However, hormonal diagnostic methods 
can be of additional use since in doubtful cases 
information on the state of the trophoblast may 
be obtained. 

Estimation of chorionic gonadotropin in 
the plasma and urine is most important. Almost 
normal titers are characteristic of an imminent 
abortion as long as pregnancy is still intact. 
The prognosis is favorable if the HCG value 
is normal. If considerable damage has already 
occurred in the trophoblast, the HCG titer is 
extremely low (Fig. 12). Values below 1000-
2000 IU HCG/I urine at the time of the physio
logical maximal excretion, between the 7th and 
12th weeks of pregnancy, suggest that conser
vative treatment is useless. The titer is also 
quite low in comparison to the duration of 
amenorrhea in missed abortion. Surviving pla
cental tissue can, however, still result in positive 
pregnancy tests for some time. 



684 

The excretion of estrogens and pregnanediol is 
also reduced in cases of abortion. The practical 
significance of such measurements is limited 
in contrast to results obtained in the 2nd and 
3rd trimesters. 
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Fig. 12. ReG excretion in urine in cases of imminent 
abortion with favorable and poor prognosis (immuno
chemical assay). The curve corresponds to average normal 
excretion. (After KELLER, 1966) 

e) Treatment 

Treatment of an abortion with hormones is, 
of course, only indicated if the pregnancy is 
still intact, i.e. in a case of threatened abortion. 
Hormones can also be used prophylactically 
in habitual abortions and occasionally where 
pregnancy is exposed to extreme risks or during 
surgery. Gestagens in high doses are used in 
these cases, sometimes in combination with 
estrogens, in the hope that they will have a 
favorable effect on the endometrium and cause 
the myometrium to relax (see p. 691). The 
effect of such measures is, however, still doubtful. 
Numerous drugs can be used, but care must be 
taken to ensure that steroids with intrauterine 
virilizing effects are avoided. Allylestrenol (Ge
stanon) can be particularly recommended for 
oral use. It is a very potent gestagen which is 
thought to have a placentotropic action. A dose 
of 15-30 mg daily, divided into three doses 
should be taken for about a week in a case of 
threatened abortion. In habitual abortion, 5-
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10 mg must be given daily as a long-term 
treatment as soon as possible after menstruation 
is missed. This treatment should be continued 
for several weeks over the critical point, i.e. 
to the time at which previous pregnancies were 
lost. Progesterone can also be given intra
muscularly, for example as Lutocyclin in oily 
solution or crystalline suspension. The daily 
dose should be between 25 and 100 mg in a case 
of threatened abortion. If the crystalline suspen
sion is used, weekly injections can be given. 
Intramuscular injections of250 mg 17cx-hydroxy
progesterone capronate (Proluton-depot) every 
2nd or 3rd day have proven very satisfactory. 
This compound can also be used in combination 
with an estrogen, for example estradiol valeria
nate in the form of Gravibinon. 1 ml of this 
drug (250 mg 17cx-hydroxyprogesterone capro
nate, 5 mg estradiol valerianate) should be given 
daily over a week in threatened abortion. 2 ml 
weekly are sufficient in later stages and in cases 
of habitual abortion, where treatment must 
start as soon as possible and be continued long 
after the period which is critical in each case 
individually. 

General management and strict bed rest are 
even more important than all therapeutic hor
monal measures. Spasmolytics such as benzodia
zipines (e.g. Valium) can be used as a supportive 
measure. Surgical procedures such as cerclage 
can be considered for cervical incompetence. 
Success of this treatment is often difficult to 
assess and depends on the pathologic factors 
already described. 

2. Extra-Uterine Pregnancy 

In an extra-uterine pregnancy the fertilized ovum 
becomes implanted outside the uterine cavity. 
The most common sites are the ampullary and 
isthmus of the tube. Formation of folds after 
specific or nonspecific inflammatory processes, 
a diverticulum, endometriosis and possibly 
also impaired motility of the tubes are patho
genic factors coming into consideration. The 
incidence of extra-uterine pregnancy is calculated 
as one in every 100 pregnancies. 

Due to lack of space, developmental disorders 
usually arise very early with rupture of the 
fetal membranes. If the membranes rupture 
inwards tubular abortion occurs, while outward 
rupture of the membrane results in tubular 
rupture, which is much more dangerous and 
potentially fatal. 

The diagnosis is made clinically, but hor
monal investigations can occasionally be of 
use. Since the placenta is relatively small and 
there is also placental damage at the time 
clinical symptoms arise, the HCG level in the 
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serum and urine is usually considerably reduced 
(Fig. 13). Conventional pregnancy tests are 
therefore often negative. 

Surgery is usually necessary. 
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Fig. 13. Urinary HCG excretion in extra-uterine pregnancy 
(immuno-chemical assay). The curve corresponds to average 
normal excretion. (After KELLER, 1966) 

3. Toxemias of Pregnancy 

a) Hyperemesis Gravidarum 

This condition is observed from the 2nd to 4th 
months of pregnancy and is therefore also termed 
early toxemia. Vomiting, often independent of 
the time of day and intake of food, is the 
dominant feature. This can cause electrolytic 
and metabolic disorders with adynamia, dehy
dration, weight loss, and tendency to syncope. 
The etiology is not clear, although psychological 
factors certainly playa part. 

There is some controversy about the extent 
of endocrine involvement. HCG values are 
generally slightly increased. Since hyperemesis 
also commonly occurs in cases of hydatidiform 
mole with excessive HCG production, a certain 
connection is conceivable. Corticosteroid pro
duction and excretion are reduced, but the 
adrenal cortex responds fully to ACTH (STAEMM
LER, 1956). Because of this, relative central 
adrenocortical insufficiency used to be con
sidered a pathogenic factor, but even today, 
no definite pronouncement can be made about 
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which of these changes are merely of secondary 
nature. 

Environmental changes and psychological 
support are often the primary measures of 
treatment and can be obtained by admission to 
hospital. Sedatives can be of additional help. 
Antiemetics can be useful, but a certain amount 
of caution is necessary as a rule during the 
period of organogenesis. It is important, there
fore, to treat the metabolic disturbance with 
infusions of adequate amounts of fluid, saline, 
and glucose. Later, a nourishing, easily digested 
diet can be considered. There is still no proof 
of any benefit obtained from treatment with 
hormones such as ACTH and corticosteroids. 
With correct treatment, the prognosis for the 
further course of pregnancy can be considered 
favorable. 

b) Toxemia in Late Pregnancy 

Toxemia in late pregnancy, also termed as 
EPH-gestosis, represents an exceptionally com
plex condition. Details can be obtained from 
textbooks of obstetrics. Clinical symptoms pri
marily include hypertension, proteinuria and 
formation of edema. The frequency of toxemia 
varies between 3.6% and 24.3% according to 
classification and region (FRIEDBERG, 1967). The 
rate is higher in primigravidas, especially those 
who are much younger or older than average, 
in multiple pregnancies, and in cases of hydatid i
form mole. In severe cases, the features are 
characterized by tonic-clonic convulsions that 
progress into eclampsia, which is potentially 
fatal to mother and child. 

There is still some controversy about the 
pathogenesis. Toxic, anaphylactic, endocrine, 
and metabolic factors have been considered. It 
is now generally assumed that uteroplacental 
ischemia may be involved. Animal experiments 
(OGDEN, 1940; BERGER, 1963) allow the conclu
sion that hypertensive substances may be liber
ated from the placenta in a manner reminiscent of 
the Goldblatt mechanism in the kidneys. It is 
also conceivable that this may cause constriction 
of the ren al vessels with the result that angiotensin 
is released, causing a further rise in blood 
pressure. Adoption of any definitive attitude 
to these questions would be premature. 

The primary pathophysiological finding is the 
generalized spasm of the arterioles, which leads 
to restriction of the circulation. Vascularization 
of the uterus and placenta may be considerably 
reduced, and the placenta may often show 
numerous infarcts of varying severity. In the 
kidneys, there are vascular constrictions and 
blocks in the region of the glomeruli. The 
glomerular filtrate may be greatly reduced, and 
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increased capillary permeability for plasma 
proteins may lead to proteinuria at the same 
time. Formation of edema is due to increased 
water and sodium retention in the interstitial 
space. The intravascular volume is diminished. 

Endocrinological findings show that HCG 
values are discretely or quite markedly raised 
in the placenta (LORAINE, 1953), serum, and 
urine (LORAINE, 1950; VENNING, 1958). The renal 
clearance of this hormone can, however, be 
reduced in severe cases. The HPL level is 
normal in mild cases and often greatly reduced 
in severe cases (KELLER, 1970). 

Estrogen values are reduced to varying 
degrees in the placenta, serum (RAY, 1963; 
RATANASAPA, 1967), and urine. In mild cases 
of pre-eclampsia, estriol excretion varies little 
from normal values, but in grave cases it falls 
considerably with no definite correlation be
tween excretion and severity of the toxemia. 

Placental progesterone is not greatly lowered 
(KUMAR, 1966), but its rate of production is 
not known. Normal or slightly reduced values 
are found in the plasma (SIMMER, 1959; COYLE, 
1962). Pregnanediol excretion is only slightly 
pathologic in mild cases, but in contrast, may 
be grossly reduced in severe toxemia. The effect 
of restriction of the renal clearance has not 
been conclusively explained. 

Aldosterone excretion is thought to be 
significantly lowered, possibly as a result of 
sodium retention. STARK (1963) gives an average 
value of 25 Ilg per day in comparison to 80 Ilg 
per day in healthy women at the end of preg
nancy. The excretion of 17-hydroxycortico
steroids varies and allows no definite con
clusions. 

Dietary measures are the primary form of 
treatment of toxemia. Hypotensive drugs (Ser
pasil, Nepresol), sedatives (magnesium sulfate, 
barbiturates, phenothiazines), and diuretics (Hy
groton, Lasix) can be used in severe cases. 
Details can be obtained from obstetrics text
books. 

The prognosis for severe toxemia is very 
poor when related to perinatal mortality. 
According to available statistics, fetal mortality 
is estimated at between 14 and 39% (FRIED
BERG, 1967) in eclampsia, and the mean maternal 
mortality between 4 and 6% (KYANK, 1963). 

4. Rhesus Incompatibility 

Rhesus immunization leads primarily to fetal 
damage. Placental changes can be considered 
secondary in nature. HCG values in the plasma 
and urine are occasionally found to be above 
normal limits. HPL titers have not so far been 
very characteristic. Estriol excretion is signifi-
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cantly lowered only in severe cases. Pregnanediol 
excretion is little changed, as is consistent with 
the findings above. Assessment of the fetal 
state is best done by means of spectral analysis 
of the amniotic fluid for the presence of biliary 
pigments. 

Intra-uterine transfusions are now possible 
for the treatment of severe cases. Clinical 
improvement can be confirmed by a rise in 
estriol values in the urine (WYSS, 1970). 

5. Multiple Pregnancies 

The main result of a multiple pregnancy is an 
increase in the placental mass and total fetal 
weight. Production and excretion of HCG and 
HPL are correspondingly moderately raised. 
Elevated estriol (SCHWERS, 1968) and pro
gesterone (SHORT, 1959) values are also found 
in the maternal plasma. Excretions of estriol 
and pregnanediol are generally within normal 
limits. 

6. Prolongation of Pregnancy 

The death rate in babies rises when pregnancy 
is prolonged by more than 10 days (MARTIUS, 
1964). A higher incidence of placental infarction 
and impaired oxygen supply to the fetus can 
be observed. The causes of prolongation of 
pregnancy are obscure. In addition to individual 
variations, endocrine factors may also play 
some part, but the whole problem is still in a 
speculative phase (see p. 693). 

According to ROSENKRANZ (1939), the estro
gen and progesterone contents of the placenta 
are lowered in prolonged pregnancies. Plasma 
values are contradictory. Estriol and preg
nanediol levels in the urine are normal or 
slightly reduced except in cases where there 
are manifest signs that pregnancy is impaired. 
Differentiation between true prolongation of 
pregnancy and biological postmaturity of the 
child is not possible in this way. 

Supervision of a prolonged pregnancy is 
best done by physical means such as amnioscopy 
and cardiotocography rather than by diagnostic 
hormonal measures. 

7. Fetal Malformations 

Malformations, particulary anencephaly, are of 
special endocrinological interest. The fetal adre
nal cortex shows pronounced hypoplasia in 
such cases. Growth is usually normal until 
the 20th week of pregnancy. Thereafter, the 
fetal zone undergoes atrophy or development 
comes to a stop. It is possible that HCG regulates 
the first phase of development, and that after 
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this, the hypothalamo-hypophyseal system is 
essential for normal development but is absent 
in the anencephalic fetus. It is not certain whether 
fetal LH (BENISCHKE, 1956) or ACTH (LANMAN, 
1961) plays the crucial role. 

The hypotrophic or atrophic adrenal cortex 
of these babies is unable to form the precursors 
necessary for the formation of estriol in the 
placenta (see p. 671), all of which must therefore 
be obtained from the maternal organism. It 
is thus not surprising that estriol excretion is 
usually extremely low. In contrast, placental 
function itself is more or less intact and pro
gesterone production and pregnanediol excre
tion lie within normal limits (Fig. 14). The 
diagnosis can sometimes be suspected from this 
finding alone. 
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Fig. 14. Estriol and pregnanediol excretions in urine in 
anencephaly. The shaded zones correspond to normal 95% 
excretion limits. (After WYSS, 1970) 

Other malformations usually produce no 
definite hormonal displacements. Estriol excre
tion can, however, occasionally be reduced in 
mongolism (MICHIE, 1967; WYSS, 1970), but it 
is not known whether hypoplasia of the adrenal 
cortex is involved. 

8. Hydramnios 

Placental function is usually not disturbed in 
hydramnios. Significant hormonal changes are 
found only in association with pathogenic 
anencephaly, diabetes, or multiple pregnancy. 
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9. Intra-Uterine Fetal Death 

The placenta can sometimes maintain its endo
crine function for a certain length of time after 
intra-uterine death of the fetus. Because of this, 
hormone values generally fall significantly more 
slowly than during the puerperium. Estriol 
excretion first falls within roughly 3 days to 
values below 200 Ilg/24 h. It then remains 
constant for some time since the placenta 
continues to receive estrogen precursors from 
the maternal organism, although in inadequate 
amounts. The mother probably also takes over 
the 16-hydroxylation required for placental 
formation of estriol. 

Progesterone production can remain normal 
for days or even weeks, provided, of course, 
that there is no primary damage to the placenta. 
As a result, pregnanediol excretion in the urine 
also falls slowly. The same is applicable to the 
production and excretion of HCG and probably 
also HPL. 

10. Hydatidiform Mole and Chorionepithelioma 

a) Hydatidiform Mole 

The hydatidiform mole is a benign malformation 
of the placental villi, which become distended 
in a characteristic manner (Fig. 15). A fetus is 
usually completely absent. It is a rare com
plication and an average frequency of 0.005-
3.7% of all pregnancies has been calculated 
(HORMANN, 1965). Geographical distribution 
is important. For example, the hydatidiform 
mole is considerably more common in the 
Far East than in Central Europe. 

Proliferation of the syncytioblast and cyto
trophoblast in particular is a striking histological 
finding (Fig. 16). The stroma is swollen and 
edematous and contains few cells and vessels. 
Usually the whole placenta is involved in this 
change, but occasionally only individual sections 
are affected. 

There is controversy about the pathogenesis 
of the hydatidiform mole. Developmental dis
turbances ofthe villous vessels (HORMANN, 1958), 
premature loss of the embryonal circulation, 
infections, etc. have been considered. 

The hydatidiform mole usually becomes 
clinically manifest in the 3rd or 4th month. 
Often, a watery-sanguinous discharge is the 
first symptom and clear vesicles can occasionally 
be found in the discharge, confirming the 
diagnosis. The uterus is exceptionally large for 
the duration of amenorrhea. It is often of a 
doughy consistency. Heart sounds are absent 
and no fetal parts can be palpated. 
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Fig. 15. Hydatidiform mole after expulsion 

The hydatidiform mole is hormonally active 
and forms predominantly chorionic gonado
tropin. The HeG titer is therefore greatly 
elevated in the mole itself as well as in the 
serum and urine (Fig. 17). The differences 
between the physiological excretion maxima 
are not sufficient to make a diagnosis, but 
values of 200000 to 2000000 IV HeG/I urine 
are evidence of a mole when pregnancy has 
reached the fourth month or beyond. Lower 
values, however, do not exclude a mole. 

Production and secretion of HPL are usually 
greatly reduced in comparison to values found 
in a normal pregnancy of the same duration. 
The counteracting behavior of these two pro
tein hormones can support the diagnosis. 

The hydatidiform mole is probably capable 
of producing the same amounts of estrogens 
and progesterone as the normal placenta. How
ever, estriol values in the urine are markedly 
reduced due to the absence of a fetus and thus 
an adequate supply of estrogen precursors to 
the placenta (FRANDSEN, 1964). Pregnanediol 
excretion lies within normal limits or is slightly 
lowered (STITCH, 1966; KAISER, 1953). 

Probably due to the enormous production 
of HeG, bilateral lutein cysts, sometimes very 

Pregnancy 

large, are found in about 10% of cases. These 
cysts can also produce estrogens and progesterone 
and regress spontaneously after removal of the 
mole. 

Treatment consists in surgical removal of 
the hydatidiform mole. This must be done very 
carefully and thoroughly. Frequent follow-ups 
with pregnancy tests are absolutely essential to 
avoid overlooking malignant degeneration into 
a chorionepithelioma. When the hydatidiform 
mole is completely removed, a negative result 
can be expected after two weeks at the latest. 
Otherwise at least semi-quantitative HeG esti
mations are necessary (see p. 699). The titer 
should continue to fall and any rise necessitates 
immediate thorough investigation. 

b) Chorionepithelioma 

The chorionepithelioma arises from malignant 
degeneration of the chorionic epithelium. It is 
very malignant, infiltrating locally and extending 
destructively. It metastasizes by way of the 
blood stream into the lungs and vagina. Micro
scopic examination shows proliferations of 
partly atypical chorionic epithelial cells of the 
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Fig. 16. Histological aspect of a hydatidiform mole 
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syncytioblast and cytotrophoblast (Fig. 18). A 
more benign form, the chorionepitheliosis is 
thought to be distinguishable from malignant 
chorionepithelioma or choriocarcinoma (SCHOP
PER, 1949) as the metastases present are not 
autonomous. Diagnosis by histological exami
nation requires great experience. 

The chorionepithelioma develops subsequent 
to a hydatidiform mole or abortion in about 
40% of cases. In 20% it develops following a 
normal pregnancy (NOVAL, 1954). The latent 
period can be as long as 10 years. The frequency 
is one case in 8000-40000 pregnancies. There 
are strong regional variations, and like the 
hydatidiform mole, the chorionepithelioma is 
especially common in the Far East. 

Fig. 17. Urinary excretion of HCG in hydatidiform mole 
(immuno-chemical assay). The curve corresponds to average 
normal excretion. (After KELLER, 1966) 
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Fig. 18. Histological aspect of the chorionepithelioma 

The hormone production is similar to that 
found with the hydatidiform mole. The formation 
of RCG, however, varies according to the 
differentiation of the tumor. Urinary excretory 
values are occasionally at the lower limits of 
sensitivity of the usual pregnancy tests commer
cially available. These values may, however, 
reach titers of 1000000 IU/liter. As in the case 
of hydatidiform mole, lutein cysts may also 
be observed. 

Depending on the type, the chorionepithelio
ma is probably also capable of producing 
estrogens and progesterone. The irregular rise 
in the excretion of sexual steroids could, however, 
also be due to strong or mild stimulation of the 
ovaries by RCG. 

Treatment lies mainly in the hands of 
specialists in oncology. In addition to surgical 

treatment, drugs, in particular aminopterin 
(Methotrexate), possibly in combination with 
other cystostatics (Leukeran, D-actinomycin), 
have recently been introduced into the treatment. 
RCG must be measured continually at each 
follow-up. Measurement of the excretion of 
estrogens and pregnanediol is of little practical 
value. 

11. Hormonal Control of the Endangered 
Pregnancy 

A short summary of the possibilities and indica
tions of the usual present-day hormonal analyses 
used in monitoring an endangered pregnancy 
is presented below (Table 2). 

Estimation of HCG is particularly suitable 
for controlling trophoblastic function in the 
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Table 2. Diagnostic significance of hormonal analysis in 
pathological pregnancies 

HCG HPL Estriol Pregnanediol 

Abortion +++ + 
Extra -uterine 
pregnancy +++ 
Hyperemesis 
gravida rum 
Toxemia in late 
pregnancy +++ +++ ++ 
Rhesus 
incompatibility + 
Plural 
pregnancy 
Prolonged 
pregnancy + + 
Fetal 
malformations ++ +++ ++ 
Hydramnios ++ + 
Intra-uterine 
fetal death ++ +++ ++ 
Diabetes + +++ ++ 
Hydatidiform 
mole +++ +++ 

first trimester of pregnancy. HCG values are 
normal or only slightly reduced in cases of 
threatened abortion with a good prognosis. 
Greatly reduced values are generally found in 
cases with a poor prognosis. Low HCG titers 
are also characteristic of extra-uterine preg
nancies. Values found in cases of hydatidiform 
mole and chorionepithelioma are usually slightly 
or excessively increased in comparison to those 
observed during a normal pregnancy. 

HPL levels are low in cases of abortion 
where trophoblastic function is already im
paired, in severe toxemia of pregnancy, and 
particularly with the hydatidiform mole. HPL 
is probably a measurement of almost pure 
placental function. 

Excretion of estriol reflects placental as 
well as fetal function and is therefore especially 
suitable for early detection of fetal danger 
during the second half of pregnancy. Lowered 
values can be found as an expression of limited 
fetal production of precursors of estrogens in 
toxemia, diabetes, rhesus incompatibility, fetal 
malformations, and hydatidiform mole. Since 
individual values vary widely, estriol excretion 
must be measured regularly in endangered cases 
in order to recognize a fall as soon as possible. 

Pregnanediol values again represent almost 
only placental function. The conclusive value 
is generally less than that obtained by measur
ing estriol; indications are roughly the same 
for both. In rare cases, however, placental 
insufficiency can first present as a reduction of 

691 

pregnanediol excretion. On the other hand, the 
discrepancy between normal pregnanediol levels 
and low estriol levels in the presence of a living 
fetus can occasionally lead to the diagnosis of 
anencephaly. 

In order to compensate for the disadvantage 
of true statistical methods of estimation, func
tional tolerance tests of the feto-placental unit 
using estrogen precursors, in particular dehy
droepiandrosterone sulfate (DHA-S), have been 
suggested (LAURITZEN, 1969; VAN DER CRABBEN, 
1970). In the presence of intact function, intra
venous administration to the mother results in 
16-hydroxylation in the fetus with transforma
tion into estriol in the placenta. As early as two 
hours afterwards, increased amounts of estriol 
are found in the plasma and urine. Important 
prognostic conclusions should be possible from 
the latent period and the degree of the rise. 
According to our experience, no binding con
clusions can yet be made on this basis (KELLER, 
1970). In addition to hormonal diagnosis, 
amnioscopy, microanalysis of fetal blood, ap
parative registration of cardiac frequency, and 
analysis of the amniotic fluid now occupy a 
commanding position in supervision of the 
endangered pregnancy. 

F. Hormonal Control of Birth 

The causes of onset of labor have always been 
subject to numerous speculations. Spontaneous 
activity of the myometrium is directly influenced 
by four factors according to present-day knowl
edge - volume of the uterus, oxytocin, proge
sterone and estrogens. It must therefore be 
assumed that endocrine factors play a decisive 
role in the mechanism inducing birth. Details 
continue to remain uncertain for the time being, 
particularly in the human, and the whole 
concept is merely hypothetical (Fig. 19). 

1. Steroid Hormones 

There is particular controversy about the in
fluence of estrogens on myometrial activity. In 
rats, ovariectomy results in considerable im
pairment of the process of birth or even complete 
arrest, while substitution with estrogens restores 
the normal process (CSAPO, 1969). This suggests 
that estrogen deficiency would reduce uterine 
excitability and response. On the other hand, 
high doses of estrogens lead to premature birth 
in the same experimental animal (CSAPO, 1969). 
The nervous response is also decreased in 
rabbits (MARSHALL, 1969). At the same time 
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Fig. 19. Schematic representation of a few factors controlling 
inductIOn of labor. I increase of myometrial activity, 2 inter
nal uterine volume, 3 estrogens, 4 progesterone, 5 oxytocin, 
6 fetal adrenal cortex 

the membrane potential of the stimulation 
apparatus rises due to the increase in intracellular 
potassium ions. 

The situation is more complex in the human. 
After intra-uterine death of the fetus associated 
with a massive fall in estrogen levels, labor does 
occur spontaneously after a varying interval, 
and contractions can also be induced without 
estrogen substitution TURNBULL'S findings (1967) 
are of interest. High estriol values and low 
estrone levels in the urine during the 34th week 
of pregnancy are claimed to be associated with 
early onset of labor, and low estriol levels and 
high estrone levels in the urine with prolonged 
pregnancies. According to these findings, estro
gens may very well have a certain, but not 
necessarily essential influence on induction of 
labor. 

More is known about the action of gestagenic 
hormones. In numerous animal experiments, 
progesterone suppressed neural excitability and 
uterine response to oxytocin, but this does not 
appear to be the case in guinea pigs (PORTER, 
1969). In the woman, this blocking effect not 
only exists during pregnancy but even during 
the second half of the menstrual cycle. This is 
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probably due to a displacement of the ionic 
distribution in the myometrial cells, with a 
shift of Ca ions in favor of Mg ions (COUTINHO, 
1962). 

These observations suggest that withdrawal 
of progesterone induces labor. In fact, PULK
KINEN (1969) was able to show that the proge
sterone level fell in the blood before the onset of 
uterine contractions in legal abortion induced 
by intra-amniotic injection of hypertonic saline. 
Low values are also often found in spontaneous 
abortion. However, there is still no proof of 
a fall in progesterone levels prior to the onset 
of normal labor. CSAPO (1969) assumes that 
there is probably a state of equilibrium through
out pregnancy between the labor-promoting 
increase in uterine volume and the suppressive 
influence of the rising progesterone level, and 
that labor starts at term or prematurely when 
the ratio rises above a critical value. 

2. Oxytocin 

There is no doubt whatever that oxytocin can 
induce uterine contractions in women and 
animals. This hormone alone is not, however, 
the only factor responsible for induction of 
labor. This statement is supported by the facts 
that physiological doses of oxytocin do not 
induce labor during normal pregnancy, and 
that hypophysectomized women can have a 
normal labor. 

During labor, the oxytocin titer in the 
plasma rises. This titer lies between 20-40 11 V /ml 
at the beginning of dilatation, which is no 
higher than in the non-pregnant state. When 
the cervix is dilated to about 5 em, peak values 
of 2-4000I1V/ml are rapidly attained, and 
just as rapid a fall occurs within one hour after 
delivery (COUTINHO, 1962). Oxytocin must pri
marily be considered as a regulator of sponta
neous uterine activity and not as a true inducer. 
Its action is dependent on adequate hormonal 
preparation. This can be demonstrated particu
larly well on the uterus of the menopausal woman, 
which responds to oxytocin only after appropriate 
preparation with sexual steroids. As mentioned 
above, progesterone and its influence on intra
cellular ionic relations are of primary importance. 

The therapeutic value of oxytocin in the 
induction of labor and for weak contractions 
is of course not limited by these considerations. 

3. Fetal Influences 

From experiments with animals it has been 
recognized that corticosteroids can induce labor 
towards the end of pregnancy, particularly in 
cows and sheep (JOCHLE, 1969). It is therefore 
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conceivable that the fetal adrenal cortex may 
have some effect in the induction of labor. In 
fact, extreme hypoplasia of the adrenal cortex 
results in prolongation of pregnancy in the cow. 
The same effect can be achieved in sheep by 
destruction of the hypophysis. As long as 
adrenalectomy is not performed at the same 
time, labor can be induced by intrafetal injections 
of ACTH (LIGGINS, 1967). In contrast, adreno
cortical hyperplasia in goats produces a tendency 
to habitual abortion. 

It is not known to what extent these findings 
can be applied to the human. Nevertheless, 
there is a tendency to prolonged pregnancy in 
anencephaly with extreme adrenal hypoplasia 
in the absence of hydramnios, whereas it has 
been found that the fetal adrenal cortex is 
markedly enlarged in unexplained premature 
births (TURNBULL, 1969). 

G. The Postpartum Period 

1. The Puerperium 

With expulsion of the placenta the maternal 
organism loses the endocrine gland regulating 
pregnancy. Steroids as well as placental protein 
hormones disappear from the blood and urine 
very rapidly, as long as no placental tissue has 
been retained in the uterus. 
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Fig. 20. Concentrations of estrone, estradiol and estriol in 
peripheral blood after expulsion of the placenta. (After 
Roy, 1963) 

Estrogen levels in the plasma fall by 90% 
within one or two days (Fig. 20). Estradiol 
seems to disappear most quickly and is no 
longer measurable as early as 6 hours after the 
birth on average. Estrone takes 18-24 hours to 
disappear, and estriol about 42-60 hours (RoY, 
1963). Urinary values of estradiol and estrone 
fall to normal non-pregnant limits within 2-3 
days, and estriol excretion returns to normal 
within 7--8 days. 
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Progesterone also disappears from the mater
nal circulation within a few hours (Fig. 21), 
which is not astonishing in view of the extremely 
short half-life of about 5 min (SHORT, 1959). 
The level of the chief metabolite, pregnanediol, 
in the urine undergoes a steep fall during the 
first four postpartum days, followed by a 
more gradual decline. Non-pregnant normal 
values are reached within 6 days. 

Fig. 21. Progesterone concentration in peripheral blood 
after expulsion of the placenta (gas chromatography). 
Average values and maximal deviation in 13 women. 
(After ZANDER, 1967) 

The two most important placental protein 
hormones behave differently after birth. Plasma 
HCG falls by 50% within about 4 hours but 
small amounts are often still demonstrable after 
10 days. Similar relations are found for urinary 
excretion, and the usual pregnancy tests are 
generally negative 1-2 days after, although 
they can occasionally remain positive for weeks. 

In contrast, HPL disappears significantly 
more quickly, although hardly any is excreted 
in the urine and very high titers are present 
towards the end of pregnancy. This hormone 
is hardly demonstrable 3-4 hours after complete 
expulsion of the placenta (Fig. 22). 

• HCG 
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0/0 • c I :; • -g I 
'" • • 
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Fig. 22. HCG and HPL concentrations in the serum of 
4 women after manual removal of the placenta (radio
immunoassay). (After KELLER, 1971) 
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Features of involution occur rapidly in 
parallel to these quick endocrine changes. The 
uterus regains its original form and size within 
6 weeks, and after rejection of the decidua the 
normal endometrium regenerates within the 
same period of time. Changes in extragenital 
organs due to pregnancy also regress quickly. 

2. Lactation 

a) Anatomy and Physiology 

The female mammary glands consist of 15-20 
lobes separated from each other by connective 
tissue. Each lobe sends a lactiferous duct to the 
mamilla, where it dilates into the lactiferous 
sinus. The individual lobes are further sub
divided into lobules which in turn consist of 
alveoli lined with cylindrical epithelium. In 
addition to the true glands, large amounts of 
adipose tissue are also present in the breasts. 
Smooth muscle is also found in the subareolar 
area and is responsible for erection of the 
nipples. 

The breasts start to increase in size during 
the first trimester. The glandular tissue becomes 
more consistent, and the subcutaneous venous 
network and pigmentation become more marked. 
Microscopic findings are an increase and enlarge
ment of the tubules and alveoli. There is no 
substantial secretion of milk but colostrum is 
formed. 

After delivery, the so-called "rushing-in" 
of milk occurs during the first few days. The 
breasts become distended and are often tense due 
to intense hyperemia. All alveoli and discharging 
ducts are distended with milk. The normal mean 
daily production in both breasts together lies 
between 250 and 350 g one week after birth but 
can rise later to 1 000 g. 

During weaning, painful congestion is 
occasionally observed at first, but signs of 
involution soon appear. Numerous alveoli atro
phy, so that a state almost identical to that prior 
to pregnancy is eventually achieved. 

b) Hormonal Regulation 

Lactation can be divided into four quite dif
ferently regulated phases; namely, mammogene
sis (preparatory development of the breasts), 
lactogenesis (induction of milk secretion after 
delivery), galactopoiesis (maintenance of lacta
tion), and finally, true ejection of milk during 
the act of suckling. 

Hormonal preparation of the female breasts, 
mammogenesis, begins as early as puberty. The 
predisposed alveolar tissue develops under the 
influence of estrogens, and the lactiferous ducts 
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begin to branch. HCG may also playa certain 
role at this stage of development. During preg
nancy, the increasing amounts of estrogens 
produced lead to proliferation of the glandular 
ducts in particular. Progesterone results in 
further growth of the alveoli which continue 
to increase in number. HPL (see p. 670), 
corticosteroids, and thyroid hormones are prob
ably also involved in the development (Fig. 23 a). 

«strogens HPL 
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Fig. 23 a. Hormonal regulation of mammogenesis 
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The Postpartum Period 

Induction of lactation, lactogenesis, is a 
very complex process (Fig. 23 b). Loss of the 
high estrogenic and progesterone activity after 
expulsion of the placenta is a causal factor of 
primary importance. It is probable that during 
pregnancy these two hormones reduce the 
peripheral response of the alveoli to lactogenic 
factors and also inhibit the release of prolactin 
or other prolactin-like substances. Numerous 
experiments have indicated that prolactin cer
tainly has a varying influence on lactogenesis, 
but its exact meaning in the human is still 
under investigation. Lactogenic, luteotropic 
and crop sac-stimulating properties, as well 
as the ability to act synergistically with 
estrogens to stimulate alveolar and tubular 
growth of the mammary glands, can also be 
attributed to purified HGH to an extent. 
Preparations with somewhat varying properties 
have been produced (see p. 674), and artefacts 
may be involved. However, there are other 
reasons to believe that prolactin and HGH exist 
in related but different forms in the human and 
that HGH at least is not essential for lactation. 
CANFIELD (1965) has shown that prolactin 
activity and HGH are increased during the phase 
of lactation and in galactorrhea in the absence 
of acromegaly. ROTH (1967) reported a marked 
rise in HGH activity and not in LTH activ
ity after insulin-induced hypoglycemia. RIMOIN 
(1968) found that pregnancy and lactation were 
normal in cases of dwarfism with isolated HGH 
deficiency. PEAKE (1969) described a hypophyseal 
tumor in man, with LTH activity but no HGH 
activity. Lactogenesis is also dependent in some 
unexplained manner on corticosteroids and 
ACTH. Placental lactogen (see p. 670) is of 
little importance in this phase despite its 
prolactin-like action, because of its very rapid 
degeneration after expulsion of the placenta. 

Galactopoiesis, the maintenance of milk 
secretion, is also dependent on various hormonal 
influences, particularly on prolactin, HGH, and 
TSH (Fig. 23c). Animal experiments have 
revealed that ACTH and corticosteroids are 
also essential (T ALW ALKER, 1961) and that 
corticosteroids probably also stimulate the for
mation of certain enzymes of the mammary 
glands. Estrogens and progesterone, on the 
other hand, have almost no effect in this phase. 
Ovarectomized women can breast-feed normally. 
Parathormone and insulin possibly also in
fluence galactopoiesis but are not essential. 
Psychological factors, such as the stimulus 
from continual suckling, which probably in
fluences prolactin secretion via neural paths, 
are of greater importance. Loss of these factors 
results very quickly in drying up of milk for
mation. 
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Fig. 23c. Hormonal regulation of galactopoiesis 
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Sucking 
stimulus 

True milk ejection during breast-feeding 
(Fig. 23d) is governed primarily by oxytocin 
which is released from the neurohypophysis 
through the suckling stimulus by means of a 
neurohumoral reflex arc. Oxytocin then causes 
contraction of the myoepithelial elements of 
the mammary glands (milk let-down effect). 
The necessary rise in intracanalicular pressure 
is mainly promoted by the chewing and sucking 
movements of the child. It is still not exactly 

PitUitary 

Oxytocin 

Milk ejection 

Fig. 23 d. Hormonal regulation of milk ejection (Milk 
let down) 
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known whether oxytocin also exerts a central 
influence on prolactin release. Vasopressin may 
have effects vaguely similar to those of oxytocin. 

c) Suppression of Lactation 

When necessary, lactation can be suppressed 
by the administration of sexual steroids. Estro
gens may be used alone or in combination with 
androgens or gestagens. Milk secretion already 
in existence can be inhibited in this manner, 
and induction of lactation can also be prevented 
if the hormones are used at the right time. 
Inhibition of prolactin secretion might have 
a considerable effect in suppressing lactation. 
The most potent lactation suppressing agent 
today with practically no side effects is 2-Br.
Il(-ergocryptine (FLUCKIGER, 1968; BRUN DEL RE 
(in print)). It inhibits the release of prolactin 
from the anterior pituitary. 5 mg daily p.o. suf
fice to stop laction. (See also Chap. V, p. 83). 

The following drugs also have proven satisfac
tory for the suppression of lactation before the 
onset of breast-feeding: ethinyl estradiol (Lyno
ral, Progynon M) in a dose of 0.2 mg for about 
6 days, or diethyl stilbestrol (Oestremon) in a 
dose of 1 mg for 6 days. Estradiol dipropionate 
(Ovocyclin) in a dose of 10 mg can also be given 
intramuscularly for 2-3 days or 1 ampoule 
Ablacton (combination of 5 mg estradiol ben
zoate, 8 mg estradiol valerianate, 20 mg nor
ethisterone acetate and 180 mg testosteronoen
anthate) immediately after delivery. 

Success is generally better, the earlier ad
ministration of drugs is started. Sometimes 
larger doses are needed in women who have 
already started to breast-feed, and individual 
response varies. An intramuscular injection of 
10 mg Ovocyclin/day for 2-3 days or 1 ampoule 
of Ablacton can be recommended in these cases 
too. Supportive measures are restriction of 
fluid intake, supportive bandages for the breasts, 
cold compresses, laxatives and diuretics. 

d) Pathologic Lactation 

Deficient milk production (hypogalactia) or 
failure to produce milk (agalactia) may be due 
to anatomical and functional factors, such as 
hypoplasia of the glands, anomalies of the 
nipples, previous mastitis and weak suckling 
by the infant. Postpartum hypopituitarism (see 
p. 92) is the most common of the rare endocrine 
causes. 

Hormonal treatment in deficient milk pro
duction is not very successful except in true 
disorders of milk output. In cases where the 
breasts are not very productive, oxytocin, for 
example in the form of an intranasal Synto-
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cinon spray (4-5 IU) shortly before breast 
feeding, can be useful. Sublingual tablets are 
also available for the same purpose. The milk 
is expelled from the alveoli into the larger 
draining ducts under the influence of oxytocin, 
i.e. emptying is promoted. The amount of 
milk is thought to be increased at the same time. 

Persistent lactation after weaning, as is 
seen in combination with amenorrhea and 
genital hypoplasia in the Chiari-Frommel syn
drome (see p. 602), is another endocrine disorder 
of milk production. 

Puerperal mastitis, the most common com
plication during breast feeding, is of no endo
crinological significance. 

3. The Menstrual Cycle 

a) Physiology 

With the loss of excessive steroids produced 
by the placenta, the adenohypophysis resumes 
the secretion of normal amounts of gonado
tropins from about the 10th day after birth 
(KELLER, 1968). The time at which the first 
menstruation occurs, however, is extremely 
variable and depends, among other factors, on 
lactation. According to SHARMAN (1956), 91 % 
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Fig. 24. Urinary excretion of FSH, LH and estrogens 
during lactation. (After original figures from individual 
cases of KELLER, 1968, and BROWN, 1956) 
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of women who do not breast-feed menstruate 
during the first three months after delivery, 
and only 33 % of women who do breast -feed; 
the cycles are often anovulatory, especially 
when arising early. In the above investigations, 
it was found that the 42nd postpartum day was 
the earliest time at which ovulation occurred 
in the group of women not breast-feeding, and 
the 31 st week in women who were breast-feeding. 

The reasons for amenorrhea during lactation 
are not explained. The secretion of FSH and 
LH does not appear to differ much from that 
during the normal menstrual cycle, and a few 
LH peaks have even been observed (Fig. 24). 
In contrast, estrogen excretion remains very 
low after the puerperium and is still reduced 
even in the first ovulatory cycle (BROWN, 1956). 
From this it can be assumed that ovarian 
response to gonadotropic hormones is tem
porarily reduced. 

There is no doubt that fertility is considerably 
reduced during the phase of lactation, but there 
is no absolute protection against conception 
since ovulation may occur occasionally during 
this time. 

b) Pathology 

Gonadotropic function of the anterior lobe of 
the hypophysis can occasionally be diminished 
for a long time following birth, so that a picture 
of secondary, usually hypogonadotropic ame
norrhea arises. The prognosis is favorable on 
the whole. 

Sheehan's syndrome due to postpartum hypo
pituitarism is a much more severe complication 
(see p. 91). It arises subsequent to delivery 
complicated by severe hemorrhage or collapse 
resulting in ischemic necroses of the adeno
hypophysis. Symptoms can vary widely, depend
ing on the degree of destruction. In typical 
cases, gonadotropic as well as thyrotropic and 
adrenocorticotropic regulation are affected. Go
nadotropic function seems to be the most 
sensitive. Agalactia, genital hypoplasia, ame
norrhea, adynamia, pigmentation disturbances 
and loss of secondary sexual hair are early 
symptoms. Details of the later symptoms, diag
nostic methods and therapy can be found on 
p.93. 

H. Endocrinological Methods 
of Investigations during Pregnancy 

1. Pregnancy Reactions 

Pregnancy reactions for the early diagnosis of 
pregnancy are now based almost exclusively 
on the qualitative detection of HCG. Special 
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discussion is necessary since these tests, which 
can now be performed by any doctor in his 
own laboratory, offer considerable practical 
advantages over the quantitative methods of 
determination in technical simplicity and sta
bility, reliability, and most of all the amount 
of time involved. 

a) Biological Methods 

Until recent years, only animal tests were 
available, and numerous different reactions 
were recommended during the course of time. 
The Ascheim-Zondek test proved particularly 
suitable. In this test the urine under investigation 
is filtered and injected into infantile mice at 
regular intervals. The result is positive if 
follicles develop after four days; these follicles 
show hemorrhages, which look like spots of 
blood, and corpora lutea. The hyperemic reaction 
in rats occurs more quickly (KUPPERMAN et al., 
1943). The urine is best administered intra
peritoneally in infantile animals, and an obvious 
hyperemia can be seen in the ovaries as early 
as a few hours after injection in a positive case. 
The Friedman reaction in adult female rabbits 
is based on a similar principle. The urine is 
injected in the vein of the ear, and if adequate 
amounts of HCG are present, hemorrhagic 
follicles and corpora lutea develop 48 hours 
later. The animals can be used for further preg
nancy reactions after the laparatomy. 

Finally, the release of spermatozoa by male 
amphibia can also be used as a pregnancy test, 
as in the Galli-Mainini reaction in sexually 
mature toads or frogs. The urine is injected 
into the dorsal lymph sacs of the animals. Then, 
urinary specimens are taken at short intervals 
from the cloaca and microscopically examined. 
Spermatozoa are found in positive cases. 

All the reactions mentioned are highly 
reliable but most have been completely abandon
ed today in favor of the immunochemical preg
nancy tests because of the costly expenditure 
of time and the problem of keeping the ani
mals. 

b) Immunological Methods 

The agglutination-inhibition tests, based prin
cipally on WIDE'S work(1960), are most frequently 
considered for practical purposes. The reaction 
involved is an immunochemical reaction be
tween tanned sheep erythrocytes coated with 
HCG and a specific antiserum against HCG. 
Agglutination normally arises but is inhibited 
if HCG, for example in the form of pregnant 
urine, is added to the system. This results in 
binding of the antiserum available (Scheme 4). 
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Scheme 4. Principle of immunological pregnancy reactions 
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Latex particles coated with HCG can also be 
used instead of erythrocytes. 

The Pregnosticon Test (N. V. Organon) is 
the most extensively used hemagglutination test 
and is commercially available. The ampoules 
contain HCG-coated erythrocytes, antiserum 
and the buffer substance in lyophylized form 
for this procedure. The test is performed as 
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follows: an ampoule is opened, 0.1 ml filtrated 
urine from a morning specimen and 0.4 ml 
distilled water are added. The ampoule is shaken 
for a short while and put into a stand with a 
mirror (Fig. 25). The result is read after the 
system has been allowed to stand undisturbed 
for two hours_ Inhibition of agglutination, i.e., 
a positive reaction, is expressed by the develop
ment of a marked red-brown sedimentation 
ring at the bottom of the ampoule. Agglutination 
is depicted by a diffuse carpet of erythrocytes 
(negative reaction) (Fig. 26). The sensitivity is 
about 1000 IV HCG/l, and positive results 
can be expected on average after the 22nd to 
24th day following conception. The degree of 
accuracy is extremely high, but false-positive 
patterns can be observed occasionally if urine 
or glassware are contaminated with detergents 
or soap, or in cases where the luteinizing hormone 
is excreted in abnormally high amounts and cross
reacts with the HCG, as, for example, in certain 
endocrinopathies, early in the climacteric or at 
mid-cycle. False-negative results only occur with 
very low HCG values as in extra-uterine preg
nancies and during the very early stages of 
pregnancy. 

The latex-agglutination inhibition tests, such 
as Gravindex (Ortho) or Pregnosticon-Planotest 

Fig. 25. Pregnosticon test. Stand with mirror and inserted ampoules 

Fig. 26. Positive (left) and negative (right) hemagglutination test (Pregnosticon) 
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Fig. 27. Pregnosticon-Planotest. Microscope slide, small bottles with latex suspension and anti-serum 

Fig. 28 . Positive (left) and negative (right) latex agglutination test (Pregnosticon-Planotest) 

(N. V. Organon), take even less time. In this 
procedure (Fig. 27) a drop of morning urine 
and a drop of antiserum are mixed together for 
30 sec on a microscope slide with a ring drawn 
on it. A drop of latex suspension is then added, 
and the mixture is spread out to fill the size 
of the ring by means of a small plastic rod. 
The slide is tilted back and forth for 2 min to 
mix the substances. In a positive case agglutina
tion is inhibited and the suspension remains 
milky and cloudy. In a negative case, agglutina
tion of the latex particles occurs (Fig. 28). The 
sensitivity is about 3000 IV HCG/l, and positive 
results can be expected 24·-26 days after concep
tion. The degree of accuracy is also very good 
except in cases with very low HCG values, as 
in extra-uterine pregnancies. 

2. Quantitative HCG Estimation 

a) Biological Method 

HCG is measured quantitatively on the basis 
of reactions not dependent on steroid influences. 
Increase in weight of the whole prostate or the 

ventral lobe (LORAINE, 1950; ApOSTOLAKIS, 1958), 
of the seminal vesicles or of all the accessory 
sexual glands (DICZFALUSY, 1954) in infantile 
male rats has proved most satisfactory. The 
ascorbic acid-depletion test has also given 
good results (PARLOW, 1959), whereas the 
large number of other biological methods rec
ommended are inferior in precision, specificity, 
and sensitivity. This is also applicable to the 
semi-quantitative method of the classic preg
nancy reactions by means of dilution series. The 
results should always be given in IV for which 
the first and second international standard 
preparations were established in 1939 and 1954 
respectively. 

b) Immunological Methods 

HCG in the urine can be measured semi
quantitatively with the hemagglutination and 
latex-agglutination tests described (see p. 697) 
by applying a corresponding dilution series to 
the urine under investigation. The titer searched 
for is calculated on the basis of the neutral point 
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of the last still positive dilution. This method 
is still of considerable importance in clinical 
work, for example, in diagnosing the hydatidi
form mole. 

A complement-fixation reaction for serum 
has been worked out by BRODY (1960), but it 
has aroused little practical interest. Chorionic 
gonadotropin is best and most reliably measured 
by radioimmunological methods. These pro
cedures are based on comRetitive binding be
tween RCG labeled with 31 I or 1251 and the 
RCG to be measured in the serum to a specific 
antiserum obtained from rabbits or guinea pigs. 
After an incubation period the bound fraction 
is separated from the free fraction by means 
of chromatoelectrophoresis, chemical, or im
munological precipitation procedures, and the 
ratio can be determined by measurement of the 
radioactive impulses. If the RCG titer is low, 
then at a certain adjustment of the system, a 
large proportion of labeled RCG can be bound. 
If the titer is high, only a small amount of 
antiserum is still available for binding with 
the labeled hormone (Scheme 5). 

Scheme 5. Principle of radioimmunological estimation of 
protein hormones 
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After an appropriate standard curve has 
been established, a very precise quantitative 
system can be constructed. This system is also 
extremely sensitive and is most suited for serum, 
whereas urine must be previously dialyzed and 
results obtained are less reliable. 

3. Methods for Estimating HPL 

a) Biological Methods 

RPL cannot be uniformly tested biologically 
because of its various types of actions. The 
tibia test is the first test of importance and is 
also used for determining RGR, a closely 
related compound (see p. 123). Theoretically, 
the classical pigeon crop sac test (see p. 701) 
and the deciduoma test (see p. 701) can also 
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be considered on the basis of the prolactin-like 
and luteotropic properties, but these methods 
are really of little use for the estimation of 
RPL. 

b) Immunological Methods 

In theory, RPL can be determined in the same 
manner as RCG; the method of choice is the 
radioimmunological technique (SAXENA, 1968). 
Separation of the bound and free fractions 
can easily be done by means of a charcoal
dextran system. Unfortunately, no international 
reference preparation is yet available, so that 
results must be given in equivalents of purified 
material. 

4. Estimation of Estrogens 

In theory, estrogens can be estimated by biolog
ical (see p.547), chemical, and now also by 
immunological methods. For research purposes, 
numerous precise but costly and tedious methods 
are now available. The discussion below is 
limited to practical important methods for use 
with urine during pregnancy. 

Estrogens can be measured as a whole; the 
methods after JAYLE (1959) and ITTRICH (1958) 
are particularly suitable for this purpose. JAYLE'S 
method entails enzymatic hydrolysis, conversion 
of the estrogens into their methyl ether, and 
colorimetric estimation by means of the Kober 
reaction. ITTRICH'S method involves extracting 
the Kober chromogens with p-nitrophenol and 
then measuring them by fluorimetric means. 

For practical purposes the shorter modifica
tion after BROWN (1963) has also proved 
suitable. The urine is hydrolyzed with acid, 
extracted with ether and sodium hydroxide and 
incubated with dimethyl sulfate. Furtherpurifica
tion is achieved by oxidation with KMn04 and 
extraction with benzol. The Kober reaction is 
then carried out directly with sulfuric acid and 
hydroquinone and colorimetrized at 465, 515 
and 565 nm. The procedure does not necessitate 
any special apparatus and is very reliable for 
measuring high concentrations of estriol. With 
some modifications and the use of an extractor, 
the method can be done semiautomatically 
(BROWN, 1968). If the necessary apparatus is 
available, estriol can also be measured quickly 
and reliably by means of gas chromatography. 

5. Estimation of Pregnanediol 

In addition to estrogens, progesterone is also 
of practical interest during pregnancy. Deter
mination of serum progesterone is for the time 
being restricted to experienced centers, so that 
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routine investigation is usually limited to the 
measurement of pregnanediol, the main meta
bolite excreted. In addition to gas chromato
graphic methods, the method ofKLOPPER (1958) 
has proved particularly suitable for routine 
purposes. It involves hydrolysis with hydro
chloric acid, extraction with toluene, purifica
tion of the total extract with NaOH and KMn04, 
primary chromatography on aluminium oxide 
with ethyl alcohol and benzol, acetylization and 
further purification with sodium bicarbonate, 
followed by a second chromatography of preg
nanediol acetate on aluminium oxide with 
benzol. Colorimetry occurs at 425 nm. The 
method is highly reliable and specific although 
somewhat time-consuming. 

6. DHAS Test 

In this procedure, dehydroepiandrosterone sul
fate (DHAS) is given to the mother intravenously 
to test the state of the fetoplacental unit. Estriol 
is measured in the urine or plasma before and 
after administration of this compound. Details 
of the procedure are still insufficiently worked 
out and DHAS is not available for general use 
in a suitable form. The results are also contradic
tory so that a detailed presentation is not appro
priate at this point. 

7. Estimation of Prolactin 

The proliferation test on the pigeon's crop sac 
is the method most extensively used for the 
demonstration of prolactin activity. Originally, 
the material was administered to the animal 
intramuscularly and the increase in weight of 
both crop sacs served as the end point. Intrader
mal application is now generally prefered be
cause of the higher sensitivity. Nonspecific 
inflammatory effects are prevented by giving 
prednisone at the same time. The proliferative 
zones can either be measured, histologically 
assessed, or excised and weighed. 

Another possibility is to test the lactogenic 
effect on the mammary glands of rabbits. The 
material is introduced into the duct of the teat. 
A similar principle is involved in the measure
ment of the in-vitro lactogenic effect on tissue 
cultures or sections of mammary glands of 
mice. This method is highly sensitive. 

The luteotropic activity of prolactin can 
either be determined by means of the formation 
of a deciduoma in intact and hypophysectomized 
mice or by means of the hyperemic effect in 
the corpus luteum (KOVACIC, 1963). Preg
nanediol excretion in hypophysectomized, adre
nalectomized rats has also been used to assess 
luteotropic activity (BLOBEL, 1966). 
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A very recent development is the successful 
application of immunological methods to the 
measurement of prolactin. Radioimmunologi
cal methods are again of primary interest 
(JACOBS, 1972). 

Results in the human, however, are still 
controversial. 
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XII. Disorders of Sexual Differentiation (Intersexuality) 

A. PRADER 

A. Definition and Terminology 

Strictly speaking, intersexuality signifies the 
presence of intersexual external genitalia, i.e. 
genitalia which are neither definitely male nor 
definitely female. In the broader sense, however, 
all disorders of prenatal sexual differen
tiation belong to intersexuality. The almost 
incalculable multiplicity of abnormal sexual 
differentiation can be divided into three major 
groups: 

1. Abnormal gonadal development. This is 
commonly the result of an abnormal set of 
chromosomes which in turn frequently leads to 
abnormal genital development. 

2. Abnormal genital development in the pres
ence of normal testes and usually normal male 
set of chromosomes (male pseudohermaphro
ditism). 

3. Abnormal genital development in the pres
ence of normal ovaries and normal female set 
of chromosomes (female pseudohermaphro
ditism). 

The traditional classification of abnormal 
sexual differentiation into true hermaphro
ditism, male pseudohermaphroditism and fe
male pseudohermaphroditism does not include 
the entire spectrum of this classification. True 
hermaphroditism with ovarian and testicular 
tissue is only one of the many forms of ab
normal gonadal development. In contrast, the 
term male pseudohermaphroditism correctly in
cludes abnormal genital development in the 
presence of normal testes (male intersexuality, 
androgynia), and the term female pseudoher
maphroditism includes abnormal genital develop
ment in the presence of normal ovaries (female 
intersexuality, gynandria). 

Finally, the acquired forms of intersexuality, 
in which heterosexual symptoms arise for the 
first time postnatally, can also be classified under 
intersexuality, in the broader sense of the word. 
Hirsutism and virilization are present in the 
female sex, and gynaecomastia and feminization 
in the male sex. These acquired syndromes are 
not dealt with here but in the Chapters on the 
adrenals, testes and ovaries. 

B. Embryology 

The manner and stages of normal sexual dif
ferentiation known today can be summarized 
in a simple scheme (Fig. 1). The sex chromosomes 
(XX in the woman, and XY in the man) decide 
whether male or female gonadal differentiation 
occurs. The gonads in turn regulate prenatal 
genital differentiation, postnatal development 
of the secondary sexual characteristics and also 
psychosexual development to a certain degree. 
Animal experiments in recent years have shown 
that testosterone from fetal or neonatal testes 
exerts an irreversible branding effect on the 
brain (HARRIS, 1965). 

Sex 
chromosomes 

Environment 

j 1 Hormonal imprinting 
Gonades ( ) Brain 

r~do'mp;"" ~ Rot".", r",o, 

Genitalia Secondary sex Psychosexual 
characteristics identity 

Fig. 1. Sex differentiation 

In animal experiments, this branding or 
lack of it determines the future sexual behavior, 
settles the question of cyclic or non-cyclic female 
gonadotropin production in the future and 
thus influences fertility. It is not yet known 
whether this basically important process of 
branding is also applicable to man. The psycho
sexual development in man is a very complex 
process which is not only determined by 
anatomical and hormonal factors but by effective 
psychological environmental influences as well. 

Gonadal differentiation (Fig. 2) occurs during 
the first few embryonal months. Undifferentiated 
gonads consist of cortex and medulla. In the boy, 
the medulla differentiates into the testis between 
the 6th and 8th weeks. This differentiation 
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\2 ~~~allQ 
Testis ~?£?if 

y\ ~---.. -~ Male 

2 nd month 

~ ~ Imprinting 

-------D-~----~ Female 
"" genitalia 

3 rd month 'x:/ 
/ /' 

XX o~--~~~ Female. ImpnntJng 

Ovary 

Fig. 2. Gonadal and genital differentiation 

necessitates the presence of a Y chromosome. 
Differentiation of the medulla into the ovary 
occurs a few weeks later provided two X 
chromosomes are present and Y chromosomes 
absent. Normal gonadal differentiation is pre
sumably also dependent on the presence of 
primordial germ cells. It is not known whether 
antagonistic inductors in the cortex and medulla 
play a part during normal gonadal differenti
ation, or whether the presence of a single 
inductor alone is sufficient to cause testicular 
differentiation, and absence of this inductor 
results in ovarian differentiation. In man, there 
are no known hormonal disorders of gonadal 
differentiation whereas in certain bovine races 
an intersexual form termed a "freemartin" is 
known, which may possibly be due to hor
monal factors. The chromosomal male twin 
of heterosexual twin calves develops normally, 
whereas the chromosomal female twin is sub
jected to intersexual gonadal and genital devel
opment and is later similar to an animal sub
jected to early castration in stature, sexual 
instinct and fertility. Prenatal circulatory anasto
moses presumably have some part in the devel
opment of this intersexual form. Despite in
tensive research the exact cause has still not 
been explained. 

Genital differentiation in the male sex is 
regulated by biochemical factors of the fetal 
testes, whereas similar influences are not present 
in the fetal ovary in the female (Fig. 2). The 
famous animal experiments by lOST and clinical 
experience have shown that genital differenti
ation is also of the female type when fetal 
testes are completely absent or are present as 
undifferentiated streaks (p. 714). In summary, 
male genital development is an active, induced 
process and female genital development an 
autonomous passive process. 

Genital differentiation is schematically pre
sented in Fig. 3, and the homologous genital 
structures in man and woman are given in 
Table 1. Genital differentiation reaches a neutral 
stage at the end of the second fetal month. The 
internal genital system consists ofW olffian ducts 
and Miiller's ducts, and the external genitalia of 
the urogenital sinus and genital eminences. In 
the boy, the ductus deferens, epididymis and 
seminal vesicle develop from the Wolffian duct 
during the 3rd month, while Miiller's duct 
degenerates. In the girl, the Wolffian duct 

Tuberculum 
genitale . 

Urogenital SinUS 

Fig. 3. Genital differentiation 

Wolffian duct 

\ 

\ 
Male 

Duct. deferens 

TestiS 
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Table 1. Homologous genital structures in man and woman 

Male 

Testis 

Seminiferous tubules 
Rete testis 

Epididymis 
Efferent ductules 
Appendix epididymis 

Paradidymis 
Aberrant ductule 

Ductus epididymidis 
Ductus deferens 
Glandula vesiculosa 
Ductus ejaculatorius 

Appendix testis 
Utriculus masculinus 

Colliculus seminalis 

Urethra (distal of colI. seminal is) 
Prostate 
Bulbo-urethral glands 

Penis 

Scrotum 
Scrotal raphe 

Corpus cavernosum urethrae 

Undifferentiated stage 

Gonads 
Cortex 
Medulla 

Epigenitalis (upper group of 
Mesonephric ducts) 

Paragenitalis (lower group of 
mesonephric ducts) 

Wolffian duct 

Muller's duct 

Muller's cumulus 

Urogenital sinus 

Genital protuberances 

Genital tori 

Genital folds 

Female 

Ovary 
Cortex 
Rete ovarii 
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Epoopheron 
Appendix vesiculosa 

Paroopheron 

Gartner's duct 

Tuba uterina 
Uterus 
Vagina 

Hymen 

Vestibulum 
Para-urethral glands 
Vestibular glands 
(BARTHOLIN!) 

Clitoris 

Labia majora 
Posterior commissure 

Labia minora 

disappears, whereas the uterus, tube and upper 
vagina arise from Muller's duct. Development 
of the external genitalia in the boy is charac
terized by growth of the genital eminence into 
the penis, fusion of the genital folds to form the 
penile urethra and fusion of the genital tori to 
form the scrotum. In the girl, the labia minora 
arise from the genital folds and the labia 
majora from the genital tori. 

duct to a vas deferens and suppresses the dif
ferentiation of Muller's duct into the tube and 
the uterus. 

Active induction of male genital differentiation 
is presented in Fig. 4. Our knowledge is based 
largely on experimental work done by lOST in 
animals, but clinical experience shows that it 
is applicable to the human as well. The fetal 
testis acts in three ways on genital development, 
it stimulates the differentiation of the Wolffian 

Induction of external male genital develop
ment is due to the action of androgenic hor
mones. This effect can be imitated by testo
sterone and is probably exerted by testosterone 
produced by Leydig cells in the fetus. The vasa 
deferentia develop from the Wolffian ducts, 
and in the presence of only one testis, only one 
vas deferens develops, on the same side as the 
testis and never on the contralateral side. This 
effect can be simulated by direct contact with 
a testosterone crystal but not by an injection 
of testosterone. Obviously, a local active factor 
is involved, which presumably is the high 

Hormonal inducer External { Phallic growth 
Testosterone? genitalia Midline fusion 

Fetal Local stimulator Wolffian { Vas deferens 
testis Testosterone? ducts Epididymis 

Seminal vesicles 

Local (?) suppressor---> Mullerian { Fallopian tubes 
Biochemically unknown ducts uuterus. 

pper vagma 

Fig. 4. Differentiation of male genitalia (9th to 13th week) 
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concentration of testosterone in the Leydig 
cells of the fetal testis. Suppression of tubal 
and uterine development from MUller's ducts 
cannot be imitated by means of testosterone. 
Here, a still unknown biochemical factor of the 
fetal testis is involved, this factor being in
dependent of testosterone production. 

Thus the fetal testis exerts an androgenic 
effect; in low concentrations the androgenic 
hormones stimulate external genital develop
ment, and in high concentrations they stim
ulate development of the vas deferens. On the 
other hand, the fetal testis has another effect, 
independent of its other actions, which suppresses 
the development of the tube and uterus. Absence 
of androgenic hormones (p. 726) and failure to 
suppress MUller's ducts (p. 725) are known 
in human pathology. Such disorders result in 
the development of male pseudohermaphro
ditism. There are also abnormal androgenic 
influences (p.730) known to affect female 
genital development and resulting in female 
pseudohermaphroditism. 

C. Methods of Investigation 

Investigation should clarify the genital state, 
chromosomes, gonadal relations and the patho
genesis of the disorder. Investigation of the 
internal genital organs is difficult, chromo
some investigations time-consuming and direct 
examination of the gonads only possible by 
means of a laparotomy or laparoscopy. For 
these reasons, an attempt is first made to solve 
the problem by indirect methods by relating 
genetic and anamnestic data, and by a general 
physical examination and estimation of the sex 
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chromatin. Costly chromosome investigations 
and exploratory laparotomies are necessary 
only in selected cases. 

The history often offers valuable help. 
Inquiries must be made about similar cases in 
the family history, about primary amenorrhoea 
in the case of women, and a special attempt must 
be made to determine whether there has been 
any history of an adrenogenital syndrome in 
siblings (vomiting during babyhood, accelera
tion of somatic development, virilization). In 
the personal history, it is important to find out 
whether genital peculiarities were obvious at the 
time of birth, how somatic development pro
ceeded during the first years of life, at what 
time and to what degree secondary sexual 
characteristics arose, how long the female 
patient has been menstruating and whether 
the patient has already undergone genital and 
intra-abdominal operations and herniotomy. 
If possible, one should try to obtain a picture 
of the intellectual, psychic and psychosexual 
development. 

General physical examination must in partic
ular determine exact body measurements, spe
cial characteristics of stature, dysmorphic signs, 
malformations and the degree of development 
of secondary sexual characteristics. 

An exact psychopathological examination, 
with special reference to psychosexuality, is 
essential after the second year of life. 

External genital findings are of extreme 
importance. There are merging transitional 
stages between pure female and pure male 
external genital development, and we have 
arbitrarily divided them into five stages (Fig. 5). 
Type I (Fig. 5) shows enlargement of the 
clitoris without other genital changes. In Type 

?ft£L ~LtfjgLr;JgL ~L 
(~) l~J ~J (~J 0 
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Normal 

Fig. 5. Intersexual external genitalia, Types I-V 
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II (Fig. 5), in addition to clitoric enlargement, 
there is a wide funnel-shaped urogenital sinus 
which contains the openings of the vagina and 
urethra. In Type III (Fig. 5), the urogenital 
sinus is narrower but still funnel-shaped. In 
Type IV (Fig. 5), only a small urogenital 
opening can be seen at the base of the phallus. 
In Type V (Fig. 5), the urogenital opening is 
found at the tip of the phallus as in the normal 
male. Perineal hypospadias corresponds to 
Type IV, whereas hypospadias of the glans and 
penis lies somewhere between Type IV and V. 
The various types can be explained by androgenic 
stimulation varying qualitatively and quanti
tatively. Outward appearances do not indicate 
whether the sex hormones and gonads are male, 
female or abnormal, and no diagnosis can be 
made about the original disorder. The view 
that the aspect of external genitalia does not 
permit diagnosis of the cause is of fundamental 
importance. In boys, Types I-IV represent 
inadequate androgenic stimulation. In girls, 
Types III-V are only possible if abnormal 
androgenic stimulation is present as early as 
the 3rd month. Quite mild androgenic stim
ulation, or perhaps androgenic stimulation 
arising for the first time after birth, can result 
in Type 1. 

Investigation of the internal genital state 
is more difficult. If there is only one urogenital 
opening, then the question arises of whether a 
vagina opens in the urogenital sinus lying 
posteriorly, or whether a male urethra with a 
typical colliculus seminalis is present. As a 
rule, this question can be answered by means 
of a sound, ureteroscopy and X-rays using 
contrast media (urethro-vaginogram). If there 
are separate urethral and vaginal openings, 
the depth of the vagina can be determined 
by introducing a sound. Direct vaginal 
examination, with a urethroscope in the child 
and with a speculum in the adult, and rectal 
palpation will show if a uterus is present 
or not. 

Estimations of the excretion of 17-keto
steroids and when possible of testosterone in 
the urine and plasma are the most important 
hormonal investigations for recognizing an
drogenic influence. When an adrenogenital syn
drome is suspected, estimation of pregnanetriol 
excretion usually gives some diagnostic in
dication (p. 369). The question of estrogenic 
influences arises only during puberty and can be 
assessed just as well by means of the secondary 
sexual characteristics and the vaginal smear 
(p. 535) as with the aid of measurements of 
urinary estrogens. Estimation of gonadotropins 
is of great value. After the appearance of the 
first secondary sexual characteristics, biological 
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assay of urinary gonadotropins permits dif
ferentiation between high levels in primary 
gonadal insufficiency (hyper gonadotropic hypo
gonadism, p. 460) and lowered values in hypo
physeal insufficiency (hypo gonadotropic hypo
gonadism, p.469). This investigation is point
less at an earlier stage since the method is not 
sensitive enough. With new radio immunological 
methods for measuring FSH and LH in urine 
and blood, it is often possible to recognize ab
normally high or abnormally low values even 
before puberty. 

Fig. 6. Sex chromatin in the hair root: Upper left; chrom
atin-positive in normal XX woman; upper right; chromatin
negative in normal XY man; lower left; double sex chrom
atin in XXX girl; lower right; triple sex chromatin in XXXY 
boy. (From SCHMID, 1967) 

Investigation of the sex chromatin in the 
buccal smear or hair root (Fig. 6) yields in
formation about the number of X chromo
somes present. This investigation is based on the 
fact that only one X chromosome is genetically 
active whereas additional X chromosomes are 
genetically inactive and only genetically inactive 
X chromosomes are visible as sex chromatin 
bodies. The number of X chromosomes thus 
exceeds the maximal number of sex chromatin 
bodies per cell nucleus by one. Sex chromatin 
findings reveal nothing about the number of Y 
chromosomes. Thus, a limited number of karyo
typic possibilities are still open which can be 
determined through direct chromosomal exam
ination. Recently however, fluorescent staining 
of the Y chromosome with quinacrinedihydro
chloride (Atebrin) has been recommended 
(PEARSON, 1970). This investigation is just as 
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simple as exammmg sex chromatin, and the 
number of Y chromosomes present can be 
recognized directly. The two investigations are 
complementary and it should be possible in the 
future to assess the set of sex chromosomes 
without the costly direct chromosome exam
ination. 

In the presence of an abnormal constellation 
of sex chromosomes, it is possible to determine 
in certain cases, such as color blindness and 
Xg blood groups of patients and members of 
the family, from the X chromosomal properties 
how this chromosomal disorder arose and 
whether it was due to a chromosomal disturbance 
during oogenesis in the mother or during 
spermatogenesis in the father (RACE and SAN
GER, 1969). 

Investigation of dermatoglyphics can also be 
of interest where a disorder of the sex chromo
somes is suspected. The number of skin grooves 
of the finger pulp is inversely proportional to 
the number of sex chromosomes, i.e. increased 
in the presence of XO, lowered with XXV and 
greatly reduced with XXXXY etc. (PENROSE, 
1968). 

Direct determination of the gonadal sex 
is only possible by gonadal biopsy or the 
detection of spermatozoa in the ejaculate. 
Usually however, the diagnosis can be closely 
limited by consideration of the other findings 
so that there is no longer any doubt about the 
gonadal sex and the gonadal biopsy becomes 
superfluous. This is true for most of the clas
sic syndromes such as Klinefelter's syndrome, 
Turner's syndrome, testicular feminization, 
adrenogenital syndrome etc. Biopsy of the 
gonads is thus only seldom necessary. 

D. Review and Classification 
There is presently no truly satisfactory classi
fication for the numerous disorders of prenatal 
sexual differentiation, since etiology and pa
thology of the various forms are only partly 
clarified. The classification used below is based 
partly on anatomical and partly on patho
logical aspects. Abnormal gonadal development 
is discussed on p. 712, male pseudohermaph
roditism on p.724 and female pseudohermaph
roditism on p. 730. The individual syndromes 
are also indicated in the same sections. 

E. Abnormal Gonadal Development 
The synopsis in Table 2 gives a survey of the 
numerous forms of abnormal gonadal dif
ferentiation. Hypergonadotropic primary hypo-
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gonadism is present in all forms (p. 460) and 
with few exceptions is associated with sterility 
resistent to therapeutic measures. 

As has been mentioned, these disorders are 
frequently but not always the result of a sex 
chromosome anomaly. Like chromosome dis
turbances, most of these syndromes are there
fore not hereditary. However, the reverse con
clusion must not be drawn that every disorder 
of the sex chromosomes is associated with 
abnormal gonadal development and sterility. 
Normal gonadal development and normal fer
tility are usually found in two common syn
dromes, the XXX and XYY syndromes. 

The chromatin-positive, true Klinefelter's 
syndrome (p.464) is the most common syn
drome among patients with male external geni
talia. In the majority of cases, an XXV karyo
type is the cause. A similar clinical picture 
with a normal XY karyotype is termed chroma
tin-negative, pseudo-Klinefelter's syndrome (p. 
468). The pathogenesis of the syndrome XX men 
is the least understood of the various syndromes 

Table 2. Disorders of prenatal sexual differentiation 

A. Abnormal gonadal development 

Disorders of sex chromosomes common. 
Majority of syndromes not hereditary. 

1. Male external genitalia 
- Chromatin-positive Klinefelter's syndrome: 

usually XXV. 
- Chromatin-negative Klinefelter's syndrome: XV. 

Very heterogeneous group. 
- XX men. 
- Male Turner's syndrome: usually XV. 

Heterogeneous group. 
- Congenital anorchia: XV. 

2. Female external genitalia 
- Turner's syndrome (gonadal dysgenesis) with bilateral 

streaks and dwarfism: usually XO, rarely XXqi, XO/ 
xx and many others, occasionally transition to rudi
mentary ovaries or rudimentary testes and to asym
metrical gonadal dysgenesis. 

- Pure gonadal dysgenesis with bilateral streaks without 
dwarfism: XX form with autosomal recessive mode of 
inheritance and XY form inherited though healthy 
women, occasionally transition to rudimentary ovaries 
or rudimentary testes. 

3. Intersexual external genitalia 

- Asymmetric mixed gondal dysgenesis with one streak 
and one rudimentary testis: usually XO/XY, less 
frequently XY or XX/XV, occasionally transition 
to Turner's syndrome, pure XY -gonadal dysgenesis 
and to rudimentary testes (dysgenetic form of male 
pseudohermaphroditism). 

- True hermaphroditism. Fully differentiated ovarian 
and testicular tissue, usually XX, less commonly 
XX/XYetc. 

- Agonadism. No gonads and no internal genital 
structures: 
XV. Hereditary? 
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Table 2 (continued) 

B. Abnormal genital development in presence of normal 
testes = Male pseudohermaphroditism 

Usually normal male XY karyotype. 
Most syndromes hereditary. 

1. Male external genitalia 
- Oviduct persistence (hernia uteri inguinalis): 

autosomal recessive heredity. 

2. Female external genitalia 
- Testicular feminization (Hhairless women"): 

Heredity through healthy women. 
- Disorders of testosterone synthesis (see below). 

3. Intersexual external genitalia 
Very large group, little explained. Numerous cases before 
puberty unclassifiable. 
- Disorders of testosterone synthesis: 

autosomal recessive heredity of enzyme defect. 
- In testes and adrenals: 20-hydroxylase, 3~-dehy

drogenase, 17-hydroxylase. 
- In testes alone: 17-reductase, 17-desmolase. 

- Incomplete testicular feminization with female pubertal 
development: 
heredity via healthy women. 

- Hereditary vulviform perineal hypospadias: 
autosomal recessive heredity. 

- Chromosome disorders XO/XY. 
- Dysmorphic syndrome: Smith-Lemli-Opitz syndrome, 

Russel's dwarfism, Ullrich-Feichtinger syndrome, 
trisomia 13 etc. 

C. Abnormal genital development in the presence of normal 
ovaries = female pseudohermaphroditism 

Normal female XX karyotype. 

Male or intersexual external genitalia 
- Congenital adrenogenital syndrome: various auto

somal recessive heredities of enzyme defects: 3~-dehy
drogenase, 11 ~-hydroxylase, 21-hydroxylase. 

- Transplacental virilization through exogenous steroids: 
administration of androgens or synthetic gestagens 
during pregnancy. 

- Transplacental virilization due to androgenic tumors 
in the mother: ovarian and adrenocortical tumors. 

- Complex urogenital malformations, renal agenesis. 
- Idiopathic hypertrophy of the clitoris. 

of this group. Anorchia (p.461) and the syn
drome of prepubertal castration (p. 461), i.e. 
the absence of testes in otherwise normal 
boys, must be due to secondary destruction of 
the testes after the 3rd fetal month, since 
otherwise induction of the external genitalia 
would not have been male (p. 708). 

Turner's syndrome is most common in 
patients with female external genitalia (p. 713). 
It is characterized by the combination of 
rudimentary dysgenetic gonads or "streaks" 
with dwarfism and various dysmorphic features. 
The classical karyotype is XO, although many 
other karyotypes can occur. In pure gonadal 
dysgenesis (p. 721), which is a rare condition, 
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there is an XY or XX karyotype present, but 
anatomical and functional gonadal findings 
are exactly the same, whereas dwarfism and 
dysmorphic characteristics found in TURNER'S 
syndrome are missing. 

Abnormal gonadal development in patients 
with intersexual external genitalia is seen par
ticularly with mixed or asymmetric gonadal 
dysgenesis (p. 721) and in true hermaphroditism 
(p. 722). 

1. Turner's Syndrome (Gonadal Dysgenesis) 

This syndrome was first described by MORGAGNI 
as far back as in 1760, and involves individuals 
with internal and external normal female ge
nitalia and functionless rudimentary gonads 
(streaks). In addition to the two obligatory 
findings, dwarfism and hypogonadism, a dys
morphic syndrome is often associated with 
a sphinx face, pterygium formation at the neck, 
shield-shaped thorax and other characteristics. 
Dwarfism, the dysmorphic syndrome and hypo
gonadism together produce a characteristic 
clinical picture. The dysmorphic syndrome by 
itself was previously also known as the Bon
nevie-Ullrich condition, but this term was 
stretched so far clinically that it led to more 
confusion than clarity. Together with hypo
gonadism, this syndrome was later termed as 
ovarian agenesis or Turner's syndrome (TUR
NER, 1938) or Ullrich-Turner syndrome. Since 
rudimentary gonads are present and show 
neither specific ovarian nor specific testicular 
elements, the term ovarian agenesis is not 
suitable. Today, the terms Turner's syndrome 
and gonadal dysgenesis are usually used, al
though the term gonadal dysgenesis is also used 
for the syndrome of asymmetric mixed gonadal 
dysgenesis, and by some authors even for other 
syndromes, such as for example Klinefelter's 
syndrome. 

a) Genetics, Chromosomal Findings and 
Pathogenesis 

An X chromosome is missing in the majority 
of cases. The karyotype is therefore 45,XO. The 
sex chromatin is correspondingly negative. In
vestigations of the Xg blood group in female 
patients and parents have shown that the X 
chromosome present is usually derived from 
the father (RACE and SANGER, 1961), i.e. an 
ovum with a normal X content is fertilized by a 
sperm without a sex chromosome or one X 
chromosome is lost again after fertilization. 
In agreement with this, it is found that the 
mean maternal age is not raised, contrary 
to the situation in certain other chromosome 
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disorders (Down's syndrome, Klinefelter's syn
drome). 

In addition to the classic XO karyotype, 
there are other karyotypes with structural 
disturbances or mosaics. About a third of 
all cases of TURNER'S syndrome belong to this 
group. Patients in this group are chromatin
positive almost without exception. The most 
common structural disorders are the iso-chro
mosome (XXqi), the absence of the short 
arm (XXp-) and the ring chromosome (XXr). 
The XOjXX karyotype is the most frequent 
form of mosaic. There are other more com
plicated forms of mosaics but usually XO is a 
part of them. An intact Y chromosome is never 
found in a classic Turner's syndrome but a 
structurally abnormal Y (XYpi or XYqi) is 
found in rare cases. Further, a clinical syndrome 
similar to Turner's syndrome is occasionally 
seen in association with an XOjXY mosaic 
(p. 721). 

The development of individual symptoms has 
only been partly explained. The absence of two 
whole X chromosomes is the cause of the go
nadal dysgenesis and explains the female genital 
development which occurs without exception 
(p. 708) and the hypogonadism. The dysmorphic 
features and dwarfism are not results of the 
hypogonadism, or they could not be present 
even before puberty. Everything indicates that 
they are a direct result of the absence of the short 
arm of an X chromosome (or long arm of the 
Y chromosome) (FERGUSON-SMITH, 1961). This 
presumably also applies to the osteoporotic
like bone dystrophia which can be determined 
before puberty as well. 

As is to be expected with chromosome 
disorders, affection of siblings is extremely rare. 
In two cases, an XO female patient had a normal 
XY twin brother (TURPIN, 1961). In another 
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case, an XOjXX mosaic was observed in mother 
and daughter (DE MEYER, 1970). 

b) Incidence 

The incidence of the chromatin-negative Tur
ner's syndrome among newly born girls is 
1 : 2700 (TAYLOR, 1967). Since a third of all the 
cases of Turner's syndrome found later on are 
chromatin-positive, the total incidence is about 
1 : 1 800. The incidence is much higher in 
spontaneous abortions, there being one chro
matin-negative case in 18 abortions (PA WLO
WITZKI, 1966). This signifies that the XO 
Turner's syndrome is very common in embryos 
and usually acts as a prenatal lethal factor. 

c) Pathology 

The gonads are inconspicuous cord-like or 
strip-like structures of a whitish colour, lying 
in the normal ovarian position (Fig. 7). In 
abortuses with the XO karyotype, normal 
ovarian differentiation is seen as with the 
XX karyotype, in the third month with pri
mordial ova and pre granulosa cells. Later, 
these elements disappear, leaving behind con
nective tissue similar to the ovarian stroma, 
containing a few rudimentary mesonephric 
tubules and quite frequently also nests of 
epitheloid cells (paraganglionic cells, hilar cells, 
interstitial cells). These cell nests occur in both 
chromatin-negative and chromatin-positive pa
tients. Graafian follicles and seminiferous tu
bules are completely absent in classic cases. 
The incidence of ovarian tumours is not in
creased. Internal genital organs are normally 
formed but the uterus and tubes remain hypo
plastic even in adulthood. The adrenals are as a 
rule normal. 

Fig. 7. Streak gonads in Turner's syndrome. 1 gonads ; 2 Fallopian tube. (From HAUSER, 1961) 
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Table 3. Symptoms of TURNER'S syndrome dependent on age 
[--- - ----

-T--I~f;n;;;' - -I-Adoles-;;-~ce J --Ad~1tho~d 
- --

Postnatal 
period 

-~---------- ----, --_. - ----------- -- - --- ---

f-- Dwarfism 

Sphinx face, pterygium colli, finger anomalies etc. 
dysmorphic features 

! Lymphedema ~ 
Shield-shaped, thorax, broad shoulders, 

increased number of nevi 

Bone dystrophy -> Osteoporosis 

Hypogonadism 

- ----- ,- --- ---- -------,---"---------------- - ----

d) Clinical Features 

Symptoms depend on the age of the patients 
and on the intensity of dysmorphic charac
teristics (Table 3). Since these features are often 
more conspicuous and are noticed much earlier 
than hypogonadism, they are described first in 
the fully developed stage, although they are 
only facultative features in contrast to hypo
gonadism which is obligatory. 

Dwarfism is occasionally already present at 
the time of birth. More frequently however, 
these children are of normal size at birth but 
then simply grow more slowly so that the 
retardation in growth becomes increasingly 
obvious. In addition, there is no pubertal spurt 
in growth due to the hypogonadism. The adult 
patient is usually 130-150 cm tall. During 
childhood, the bone age is only insignificantly 
behind the child's age. In young adults, however. 
epiphyseal fusion and thus cessation of growth 
are frequently delayed by 3-4 years, but the 
growth deficit is not compensated for during 
this delay. 

Face and neck show a series of typical 
features giving rise to a sphinx-like picture 
(Figs. 8 and 9): anti-mongoloid slant of the 
eyes, epicanthus, short nose, large, low-set, 
poorly shaped ears, carp-like mouth, narrow 
high palate, short jaw (micrognathia), broad 
short neck, pulling pterygium colli from in
sertion of ear to shoulder, and low broad hair 
line on the neck. Ptosis, pareses of ocular 
muscles, minor malformations of the eyes and 
glaucoma are quite common findings. Chronic 
otitis is also common. 

The shoulders are often conspicuously broad. 
The thorax in the older child and adult, and 

frequently also even at an earlier age, is ob
viously short and wide and has a flat depression 
on the anterior aspect, so that one speaks of a 
shield-shaped thorax (Figs. 10 and 11). The 
circumference of the thorax is too large com
pared to the height of the patient. The nip
ples are often hypoplastic, i.e. even smaller 
than a baby's, and are strikingly wide apart 
(Fig. 10). 

The extremities also show typical features. 
The elbows are in a slight or accentuated valgus 
position. Exostotic-like thickening of the medial 
tibial condyl is often found in the region of the 
knee. Lymphedema of the dorsum of the hands 
and feet is not uncommonly found in the baby 
and infant (Fig. 8). This edema disappears 
over a few years and is only found exceptionally 
in the older child. Shortening of the metacarpals 
and metatarsals is occasionally seen (brady
metacarpia) as in pseudo-hypoparathyroidism. 
The dorsal flexion folds of the fingers and toes 
are often strikingly deeply furrowed, and the 
nails are often small and deeply embedded. 
Minor finger anomalies, such as partial syn
dactylia, klinodactylia etc., are also common. 

Apart from pterygium colli, the skin also 
shows several peculiarities. In the baby, the 
skin of the neck is conspicuously flaccid and 
loose (cutis laxa) (Fig. 8) similar to that seen in 
mongoloid idiots (Down's syndrome). This 
feature disappears after babyhood. A large 
number of small and large nevi are seen on the 
whole body during infancy and adulthood 
(Fig. 12). 

X-rays show thick cord-like bone dystrophy 
and a single X-ray of the hand alone often 
suggests the diagnosis. The vertebral column 
often shows signs of kyphosis with Scheuer-
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Fig. 8. Girl with XO-Turner's syndrome at ages of 5 months and 2 years. In the baby, loose neck creases, low-set ears, lym
phedema of hands and feet and small, deeply embedded nails are typical. At 2 years of age, typical sphinx face with ears inserted 
low and define pterygium colli . (From PRADER, 1962) 

mann-like changes at a very early age, which 
later become even worse due to true osteoporo
SIS. 

Malformations of the kidneys and heart are 
quite common. Unexplained hypertension in 
the absence of a cardiac defect or renal mal
formation is also seen not uncommonly. Anom
alies which normally occur less frequently in 
females than in males are of special interest. 
Stenosis of the aortal isthmus and red-green 
color blindness (an X chromosomal recessive 
heredity) belong to this group of anomalies, 

and are both found remarkably frequently in 
Turner's syndrome. 

In contrast to the dysmorphic features 
described so far, which can occur in various 
combinations and intensities, hypogonadism is 
obligatory for the diagnosis. It of course only 
becomes obvious after the 13th or 14th year 
of life when the expected development of the 
breasts fails to occur and menarche never 
takes place. The genitalia remain infantile 
(Fig. 13), and no estrogenic effects can be 
found in the vaginal smear. In contrast to the 
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Fig. 9. Typical facial features in Turner's syndrome: anti mongoloid slant of the eyes, short nose, large, badly formed ears, 
short lower jaw, thick, short neck and pterygium colli 

Fig. 10. 12-year-old girl with extreme dwarfism (116 cm) 
and dysmorphic characteristics (elderly sphinx face, 
pterygium) of Turner's syndrome 

Fig. 11. Two girls of small stature with XO-Turner's syn
drome at the ages of 9 and 11 years. Marked dwarfism in 
both. Dysmorphic characteristics very definite in one (left) 
and absent in the other (right) 
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complete absence of estrogenic features, pubic 
and axillary hair are not entirely absent, but 
appear later than normal and are poorly 
developed. It is assumed that this is induced by 
adrenocortical androgens (Chap. XIX). 

• 

Fig. 12. Neck of a 9-year-old girl with XO-Turner's 
syndrome. The wide neck, low hair line, pterygium colli 
and numerous naevi are typical 

Fig. 13. Infantile genitalia in a 19-year-old female patient 
with XO Turner's syndrome. (From HAUSER, 1961) 

Due to the hypogonadism, fusion of the 
epiphyses is somewhat delayed in the adolescent 
and young adult, so that duration of growth 
is also prolonged. This often results in mild 
eunuchoid proportions in the adult with body 
height exceeding arm span, in spite of dwarfism. 
A further result of estrogen deficiency is 
osteoporosis which is often found in adults, 
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and which has adverse effects on any changes 
in the vertebral column, giving rise to back 
pains. 

An increased incidence of diabetes and 
lymphocytic thyroiditis has been observed 
repeatedly in adult patients. There is also an 
increased incidence of thyroid antibodies, which 
gave rise to some discussion on whether Tur
ner's syndrome or the XO constellation is 
associated with a predisposition for forming 
auto-antibodies. 

Intelligence is usually somewhat reduced, 
especially compared with that of other members 
of the family. The mean intelligence quotient 
is 85 (ZUEBLIN, 1969). Usually, however, the 
patients appear more intelligent since they are 
capable of adjusting well to social conditions. 
The psyche is usually of female nature but 
shows definite infantile tendencies. The per
sonality is not very striking and there is a lack 
of initiative and drive. It is interesting to note 
that stereoscopic perception and orientation are 
considerably impaired . 

The expectancy of life is not impaired. Even 
MORGAGNI'S patient reached an age of 66. 

As has been mentioned many times already, 
the clinical picture varies very widely in Turner's 
syndrome. There is only a very slight inter
relation with chromosomal findings which is 
hardly of any diagnostic value. Nevertheless, 
the following rough relations between karyo
type and the clinical picture can be adhered to: 
The classic picture is found particularly with 
karyotype XO. Dwarfism is obligatory. Dys
morphic features are found in most of the XO 
patients, are usually well developed and seldom 
completely absent. Hypogonadism is also ob
ligatory, but a few cases can be seen where there 
is mild development of the breasts and irregular 
menstruation. In such cases, the gonads are not 
true streaks but rather hypoplastic ovaries. 
Fully developed secondary sexual characteris
tics and fertility have so far only been found in 
one pure XO case (BAHNER, 1960). Slight 
hypertrophy of the clitoris is seen in a few cases, 
as well as marked pubic hair which is probably 
a result of increased androgen production due 
to the larger number of hilus cells in the ovaries. 

The clinical picture resulting from structural 
changes in the X chromosome is similar to that 
seen with the XO karyotype. The situation is 
different in mosaic cases with normal XX line. 
Here, dwarfism and hypogonadism can be 
absent, so that all transitions hetween the 
classic Turner's syndrome and normal female 
development can occur. 

If one also includes the cases of XOjXY 
mosaic with rudimentary testes (p. 721) and a 
few clinical symptoms of Turner's syndrome, 
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then here as well all transitions between Turner's 
syndrome and normal male development can arise. 

e) Hormone Findings 

As can be expected from the clinical picture, 
estrogens are greatly reduced in older girls 
and adult patients. Gonadotropins are usually 
greatly elevated. This finding can be demonstrat
ed even during childhood in the majority of 
cases, if modern radioimmunological methods 
of estimation are used and results are compared 
with normal values for the corresponding ages. 
Excretion of 17 -ketosteroids and androgens is 
reduced or lies in the lower normal limits. 
Excretion of dehydroepiandrosterone appears 
to be somewhat elevated and androsterone 
excretion somewhat diminished. 

f) Diagnosis and Differential Diagnosis 

The diagnosis is easy in female patients over 
15 years presenting with the fully developed 
syndrome. The dwarfism, typical external ap
pearance, the primary amenorrhea and mani
fest hypogonadism immediately suggest this 
syndrome. If the buccal smear is chromatin
negative, then the diagnosis of an XO Turner's 
syndrome is confirmed. If the buccal smear is 
chromatin-positive, examination of the chromo
somes is required in order to confirm the 
diagnosis. Exploratory laparotomies and go
nadal biopsies were performed earlier but are 
no longer justified in classical cases. 

The diagnosis is more difficult in younger 
patients since the hypogonadism is not yet 
recognizable. Diagnostic difficulties can also 
arise when dysmorphic features are only dis
cretely developed or completely absent. Dif
ferential diagnosis of dwarfism, dysmorphic 
characteristics and hypogonadism are dealt 
with separately in the next section. 

Dwarfism in a girl should always bring the 
possibility of Turner's syndrome to mind. 
Discrete characteristics of dysmorphia should 
then be looked for and the sex chromatin 
examined in every case to detect at least the 
more common chromatin-negative cases. Dwarf
ism combined with hypogonadism also suggests 
pituitary dwatjism. In hypophyseal hypo
gonadism, dysmorphic features are absent, bone 
age is usually more retarded and there are 
usually other signs of hypophyseal insuffi
ciency. In Turner's syndrome, gonadotropin 
levels are elevated and growth hormone in the 
plasma can be stimulated by normal measures. 
In pituitary dwarfism, gonadotropins are 
normal or diminished and growth hormone 
levels cannot be stimulated. 
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In addition to hypogonadism in Turner's 
syndrome, pure gonadal dysgenesis and isolated 
gonadotropin deficiency (idiopathic eunuchoid
ism in the woman) must also be considered. 
In both cases, there are no signs of dwarf
ism and dysmorphic features found in Turner's 
syndrome. 

Dysmorphic features when classically devel
oped are extremely characteristic of Turner's 
syndrome, so that an experienced physician 
suspects the diagnosis even in the baby and 
small infant. Often however, these features are 
so discrete that they must be searched for. 
Even when the features are well developed, 
an inexperienced individual can mistake the 
syndrome for other dysmorphic syndromes 
and pseudo-Turner's syndrome in particular 
(see below). In the presence of a Turner-like 
dysmorphic syndrome with additional dys
morphic features, Turner's syndrome is less 
probable. 

The pseudo-Turner's syndrome or Noonan's 
syndrome is not a very well defined syndrome. 
Turner-like dysmorphic features are present, 
but chromosomal disturbances and also hypo
gonadism as a rule are missing. It occurs in both 
sexes. The male Turner's syndrome can basically 
also be counted to this group (see p. 720). The 
syndrome is occasionally familial. The patients 
are usually but not always of small stature. 
They show signs of a Turner-like dysmorphic 
syndrome, but these features usually deviate 
from Turner's syndrome in single characteristics. 
In the majority of cases, there is some cardiac 
malformation. This fact contrasts with findings 
in Turner's syndrome, but stenosis of the 
aortal isthmus is never found. In other cases, 
in addition to the classical lateral pterygium 
colli, pterygium may also develop in the anterior 
region of the neck, in the axilla, at the elbow 
and back of the knee joint. Such cases of the 
pterygium syndrome do not belong to Turner's 
syndrome. In arthrogryposis, dwarfism and 
dysmorphic features similar to those in Turner's 
syndrome are found in addition to the stiffening 
of joints. The sex chromosomes and gonadal 
function are normal in all these dysmorphic 
syndromes. 

g) Treatment 

Whereas sterility cannot be corrected, suitable 
substitution therapy with female sexual hor
mones can cause the appearance of secondary 
sexual characteristics and menstruation at any 
time. In a few cases, it is questionable whether 
such treatment really has any sense or whether 
the patient would not be happier and come 
through life with less trouble if left untreated. 
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The internal and external situation must be 
examined individually for each case before any 
decision is made. 

Substitution therapy should not be com
menced before the normal age for the onset 
of puberty, i.e. not before the 13th-14th year. 
Since prolonged treatment over decades is 
involved, oral hormone preparations are pref
erable. Cyclic treatment with estrogens is the 
simplest method: 0.5-1.5 mg diethylstilbestrol 
or 0.05-0.1 mg ethinylestradiol daily for three 
weeks, followed by a week's break before 
beginning again. Combined substitution with 
estrogens and gestagens (p. 601) is better. One 
of the sequence preparations (p. 568f.) usually 
used as ovulation inhibitors is today very often 
used instead. 

With this treatment mammary glands, labia 
minora, vagina and uterus develop as in normal 
female puberty. However, not uncommonly 
development of the breast is not quite ideal; 
the nipples can often become strongly pigmented, 
and an almost black and crust-like thickening 
can arise in the mamillary epidermis due to 
treatment with stilbestrol. Menstruation occurs 
regularly every 4 weeks. Sexual hair, previously 
poorly developed, becomes more marked. The 
cause of this is presumed to be the effect of 
estrogens leading to increased androgen 
production by the adrenal cortex, via the 
pituitary. However, body hair as a whole 
also increases, although not excessively. Urinary 
17-ketosteroids rise to normal values for an 
adult woman and elevated levels of gonado
tropins fall. 

If epiphyseal fusion is not yet complete, this 
form of treatment leads to a definite, but usually 
modest acceleration of growth, but it is not 
certain if the final height is materially improved. 
The treatment can at the same time inhibit and 
favourably influence an osteoporosis already 
present. Certain authors think that as long as 
epiphyseal fusion has not yet occurred, growth 
can be more favourably influenced by administer
ing additional doses of anabolic steroids, or 
by giving these steroids alone. Unfortunately 
there is no form of treatment from which 
definite improvement in growth and the ulti
mate adult height can be expected. 

The infantile psychological characteristics 
and poor sexuality improve considerably with 
treatment. The patients become more mature 
mentally, and steadily realize more or less 
normal sexuality so that marriage can be 
successful even in the sexual respect. There 
is therefore no reason to object to the marriage 
of a treated patient providing both partners 
are fully informed about the sterility of the 
woman. 

Disorders of Sexual Differentiation (Intersexuality) 

2. Male Turner's Syndrome 

Occasionally, male individuals are seen who 
have normal male genitalia, but become con
spicuous by poor growth and dysmorphic 
features similar to those found in Turner's 
syndrome (Fig. 14). This condition is called 
male Turner's syndrome if hypogonadism is 
present, and Noonan's syndrome in the absence 
of hypogonadism. These two states probably 
belong to a heterogeneous group. The presenting 
features are the dysmorphic characteristics with 
pterygium colli, sphinx face and cubitus valgus. 
A cardiac defect may also occasionally be 
present. Intelligence is frequently slightly im
paired. Puberty is not very marked and the 
testes remain small because of deficient tubular 
development. However, absolutely normal testic
ular development and normal puberty are also 
often found in the same phenotype. 

Examination of the chromosomes usually 
reveals an XY karyotype. There can be a familial 
occurrence. An XOjXY mosaic is also found 

Fig. 14. 11-year-old boy with the male Turner's syndrome: 
small stature, sphinx face, short and broad neck, small 
nipples, bilateral cryptorchidism and mild mental defi
ciency 
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occasionally. Mixed gonadal dysgenesis with 
intersexual external genitalia is classically as
sociated with this mosaic. In extreme cases with 
normal male genital formation and obvious 
dysmorphic features of Turner's syndrome, 
it is a matter of opinion whether one uses the 
term "male Turner's syndrome" or "mixed 
gonadal dysgenesis". 

3. Pure Gonadal Dysgenesis 

Pure gonadal dysgenesis, occasionally also termed 
as Swyer's syndrome, involves individuals with 
internal and external normal female genitalia 
and functionless rudimentary gonads (streaks), 
as does Turner's syndrome. In contrast to 
Turner's syndrome, neither dwarfism nor dys
morphia is present. 

The karyotype is XX or XY. There is a 
familial incidence for both types. The chromatin
positive XX form is probably inherited through 
an autosomal recessive gene. The chromatin
negative XY form appears to be transmitted 
only through healthy women so that recessive 
inheritance of one X chromosome appears 
probable. In any case, two different genotypes 
are involved. It is unknown whether sporadic 
cases belong exclusively to these two genotypes 
or whether other causal factors are present. 
In a few cases, the alleged Y may really be an 
Xq, i.e. an X with deletion of the long arm 
(KARL, 1967). Absence of male genital dif
ferentiation in the XY form can be explained 
by the absence of fetal testes which are essential 
for the induction of male genital development 
(p.708). 

The gonads are streaks, similar in appear
ance to those in Turner's syndrome (p. 714). 
Histologically, they consist largely of only 
fibrous stroma. A few follicular elements or 
accumulations of hilus cells are occasionally 
found. In the XY form, rudimentary tubules 
can also be seen occasionally. 

Malignant gonadal tumours, gonadoblasto
mas or dysgerminomas, were found in 7 of 
26 XY cases (BARR, 1967). 

The striking clinical feature is the absence 
of secondary sexual characteristics or the very 
poor development of these. Body proportions 
are often eunuchoid. Enlargement of the clitoris 
is occasionally found in the XY form. Estrogen 
excretion is reduced, whereas gonadotropins in 
the blood and urine are raised. 

Asymmetric mixed gonadal dysgenesis must 
be considered in the differential diagnosis. Pure 
gonadal dysgenesis with an XY karyotype as 
well as an asymmetric mixed gonadal dysgenesis 
with an XY or XOjXY karyotype can be present 
in a chromatin-negative patient of normal 
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height, with hypertrophy of the clitoris and 
rudimentary testes. In the latter type of dys
genesis, a testis can be found on one side, 
giving rise to male pubertal development. The 
danger of tumors is similar in both syndromes. 

4. Asymmetric Mixed Gonadal Dysgenesis 

This syndrome is applied to individuals with 
intersexual genitalia, with one testis on one 
side and a rudimentary gonad (streak) on the 
other side. Dwarfism and dysmorphic features 
similar to those in Turner's syndrome may also 
be observed. There are about 50 known cases 
so far. 

The sex chromosome mosaic XOjXY is the 
cause of this syndrome in the majority of cases. 
The XO line explains the rudimentary gonads 
and the clinical Turner's elements, whereas 
the XY line explains testicular development and 
the at least partial male genital development. 
The XOjXY mosaic probably arises from a Y 
loss during one of the first mitoses after fertiliza
tion. Most cases with the XOjXY mosaic show 
asymmetric mixed gonadal dysgenesis. In a few 
cases however, streak gonads are also found 
bilaterally, associated with a more or less 
definite Turner's syndrome, or bilateral testes 
with intersexual genital development, i.e. with 
the clinical picture of male pseudohermaph
roditism are found (p. 724 ). 

In addition to the XOjXY mosaic, there are 
also cases of asymmetric mixed gonadal dys
genesis with the XY karyotype, XXjXY mosaic 
and other complicated mosaic forms. 

The intersexual external genitalia are the 
striking clinical feature. All stages between 
mild clitoral hypertrophy and mild hypospadias 
occur (Fig. 15). Pure female or pure male 

Fig. 15. Intersexual genitalia (Type III) in asymmetric 
mixed gonadal dysgenesis with XO/XY karyotype 
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external genitalia are extremely rare. The re
maining physical development is not obtrusive 
or as in Turner's syndrome, dwarfism and 
Turner-like dysmorphic features such as sphinx 
face, pterygium colli and shield thorax can be 
found, though to a lesser degree. Secondary 
sexual characteristics are usually of the male 
type but often not very marked. There may be 
slight development of the breasts but menstrua
tion fails to occur. 

The unilateral testis usually lies intra-ab
dominally, but can also occasionally be situated 
in the inguinal region or scrotum. The degree 
of differentiation varies, and the testis can be 
rudimentary or even almost normal. On the 
other side of the body, a rudimentary streak-type 
gonad lies in the position of an ovary, as in 
Turner's syndrome. Occasionally no gonad at 
all can be found on this side. A rudimentary 
uterus is usually present. A tube is usually 
found on the same side as the rudimentary 
gonad, and a tube or a ductus deferens or both 
can be found on the side with the testis. The 
deficient male development of the external 
genitalia and inadequate suppression of the 
MUller's derivatives indicate the insufficiency 
of the fetal testis. Development of malignant 
tumors is common on the side with the streak 
and the side with the testis. In one study a 
gonadoblastoma or seminoma was found in 
11 of 40 cases (AARSKOG, 1970). 

The diagnosis of an asymmetric mixed 
gonadal dysgenesis must therefore always be 
considered when external genitalia are inter
sexual, the sex chromatin is negative and when 
only one gonad or none at all can be palpated 
in the scrotum or inguinal region. In this situa
tion, surgical exploration with gonadal biopsy 
is indicated. If asymmetric mixed gonadal 
dysgenesis is found, the intra-abdominal testis 
as well as the streak-like gonad should be 
removed because of the danger of tumors. 
If the external genitalia are more masculine the 
child is brought up as a boy and the state of 
the genitalia corrected surgically. If the genitalia 
are more of a feminine nature, the child is 
declared a girl, external genitalia are corrected 
by appropriate surgical measures, any testicular 
tissue present is removed, and substitution 
therapy with female sex hormones is introduced 
at the age of puberty. 

5.XX Men 

About 40 individuals have been described with 
confirmed testes and a pure XX sex chromo
somal configuration (DE LA CHAPELLE, 1964, 
1970). They show normal male sexual dif
ferentiation, normal male stature, normal growth, 

Disorders of Sexual Differentiation (Intersexuality) 

normal adult height, normal body proportions 
and normal intelligence. The latter findings 
contrast to the classic Klinefelter's syndrome. 
The testes are too small but not always as small 
as in Klinefelter's syndrome. The condition 
resembles that in Klinefelter's syndrome in 
that the secondary sexual characteristics are 
often not very well developed and gynecomastia 
is commonly present. Androgen production is 
correspondingly somewhat reduced and gonado
tropin excretion is raised. The histological picture 
of the testis is sometimes similar to that found 
in Klinefelter's syndrome and sometimes 
similar to the picture in aplasia of the germinal 
cells. 

Since according to present day knowledge 
a testis can only develop in the presence of a 
Y chromosome, it is difficult to explain how 
this syndrome develops. An XX/XY mosaic 
and an XX/XXY mosaic have been discussed, 
where the line contained in Y has disappeared 
or is not found on examination. Another 
theory is that partial exchange occuring be
tween X and Y chromosomes during meiosis 
could cause the X chromosome to acquire 
similar testicular-determined properties (xY) to 
the Y chromosome (FERGUSON-SMITH, 1966). 
Since according to LYON'S hypothesis, it is 
a matter of coincidence whether the X or xY is 
active more frequently, either ovaries (normal 
woman) or testes (XX man) or ovaries and 
testes (true hermaphroditism) could develop. 

6. True Hermaphroditism 

The term true hermaphroditism is used when 
the gonads definitely contain both testicular 
and ovarian tissue. Over 200 cases have so far 
been described. 

Very little is known about the etiology and 
pathogenesis. Most cases are chromatin-positive. 
More than half the cases show a normal set 
of female XX chromosomes. In such cases, the 
same speculations (partial exchange between X 
and Y with development of an xY) can also be 
adapted for the syndrome with XX men. 
Bilateral ovotestes have been observed in siblings 
of two families. The karyotype was measured 
only in one family and was XX (ROSENBERG, 
1963). The XY karyotype and other mosaic 
forms arise as well as the XX karyotype. The 
XX/XY mosaic is the commonest mosaic form. 
In a few cases, two different populations of 
erythrocytes and plasma proteins have been 
demonstrated, so that it can be assumed that 
an ovum with two nuclei is fertilized by two 
different sperms (dispermia). Of special interest 
is the observation of a true XX/XY hermaph
rodite and an XX man in the same generation 
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Fig. 16. Intersexual genitalia (Type II) in true hermaphroditism with a testis on the right side and an ovary on the left. (From 
PRADER, SIEBENMANN, and BETTEX) 

of siblings (BERGER, 1970). True hermaphroditism 
is not always found with an XXI XY karyo
type; asymmetric mixed gonadal dysgenesis 
(see p. 721) or more or less normal testicular 
development with or without hypospadias 
(male pseudohermaphroditism, p. 724) can also 
be associated with this mosaic (AARSKOG, 
1970). 

The external genitalia almost always have 
an intersexual appearance, Types III and IV 
(Figs. 5 and 16, p. 710, 723) occur most fre
quently, so that the majority of patients are 
brought up as boys. Purely male or purely 
female external genitalia are extremely rare. 

The gonads are situated intra-abdominally, 
in the inguinal region, or in the labia or scrotum. 
Bilateral ovotestes are found in a quarter of 
cases (bilateral form), and an ovary on one side 
with a testis on the other side in another quarter 
of cases (lateral or alternating form). In the 
remaining cases, an ovotestis is present on one 
side and either an ovary or a testis is found on 
the other side (unilateral form). Testicular tissue 
is found significantly more commonly on the 
right side and is usually less differentiated than 
the ovarian component. Mature ova develop 
quite frequently whereas mature spermatozoa 
are rarely formed. Mature follicles as well as 
mature spermatozoa are occasionally observed 
in the same patient, so that fertility or even 
self-fertilization is theoretically possible. Until 
now however, there is no known case of definite 
fertility. 

The internal genitalia usually show male as 
well as female characteristics, and all imaginable 
combinations can arise. In the presence of a 
pure male or female gonad, the genital passages 

on the same side are usually of the same sexual 
character as the gonad. However, a Fallopian 

Fig. 17. 14-year-old youth with true hermaphroditism: 
hypospadias scrotalis (wears a post-operative urethral 
catheter), male stature, feminine breast development, bi
lateral ovotestis (left scrotal, right inguinal) 
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tube is usually present on the side of an ovotestis. 
A rudimentary or fully developed uterus is 
present in the majority of cases. Inguinal hernias 
are common. 

Secondary sexual characteristics (Fig. 17) 
arise at the normal age and soon become more 
pronouncedly female or male. The course of 
this development cannot be predicted from the 
gonadal and genital findings. Female breast 
development arises in most cases. Menstruation 
occurs in about half the cases. Mentality and 
sexuality vary from case to case. 

The diagnosis is not easy and is probably 
frequently missed. The condition must be 
considered in every case where external genitalia 
are intersexual. This is particularly applicable 
to chromatin-positive cases which would not 
be classified as non adrenal feminine pseudo
hermaphroditism (p. 730) after exclusion of the 
adrenogenital syndrome. The true diagnosis is 
based on bilateral gonadal biopsies, but 
since biopsy from an ovotestis can reveal 
ovarian or testicular tissue alone under special 
circumstances, even bilateral biopsy is no 
certain method for confirming true hermaphro
ditism. 

7. Agonadism 

A special form of intersexuality termed agonad
ism has been described in 7 individuals brought 
up as girls (OVERZIER, 1956). Gonads were com
pletely absent in these patients. No derivatives 
or merely rudimentary derivatives of the Wolf
fian and MUller's ducts were found. The 
external genitalia consist of a lump, similar to 
a somewhat enlarged clitoris. A normal urethra 
opens below. Other external and internal genital 
structures are absent. The karyotype was found 
to be XY in all three cases examined by one 
author (RATH, 1968). Involvement of siblings 
has been observed once (OVERZIER, 1956). 
Etiology and pathogenesis are not clear. 
According to present-day embryological knowl
edge (p. 708), absence of gonads should lead 
to female development, as is the case in Turner's 
syndrome. It is possible that the disturbance 
occurs at a much earlier stage, i.e. even before 
development of the Wolffian and MUller's 
ducts. According to OVERZIER'S theory, the 
"initial induction" of the gonadal "initial in
duction" of the gonadal "anlage" on the 
development of the genital ductile system is 
missing. 

In order to avoid misunderstandings, it is 
stressed here that the terms agonadism and 
anorchia are used in quite different circum
stances. Normal male genital development is 
associated with anorchia (p. 461). 

Disorders of Sexual Differentiation (Intersexuality) 

F. Abnormal Genital Development in the 
Presence of Normal Testes 
(Masculine Pseudohermaphroditism) 
Male pseudohermaphroditism indicates female 
or intersexual genital development in individuals 
with normal testes and usually also with a 
normal male XY karyotype. This is a very large 
group of various disorders which are compiled 
together in a survey presented in Table 

The pathogenesis of these disturbances is 
only partly explained. Fig. 18 shows once more 
the androgenic stimulation on genital develop
ment through the fetal testes and the non
androgenic action of the fetal testes causing 
suppression of the oviduct (p.709). If the un
known chemical factor of the fetal testes causing 
oviduct suppression is absent, male genital 
development occurs but uterus and tubes also 
develop at the same time. This is the syndrome 
of hereditary persistence of the oviducts (p. 725). 
If the periphery fails to respond to the normal 
androgenic stimulus of fetal testes, then female 
genital development occurs. Tubes and uterus 
are, however, not present due to the non
androgenic action of the testes suppressing the 
oviducts. This gives rise to the syndrome of 
testicular feminization (p. 726). If biosynthesis of 
testosterone is disturbed in the fetal testes, then 
the external genitalia will be intersexual or 
feminine depending on the extent of the synthesis 
disorder, and the internal genital organs will 
develop normally (p.725). Apart from these 
disturbances where the pathogenesis is under
standable, there are numerous others whose 
pathogenesis is not yet known. 

Fetal 
testis 

~ 
Induction of 
male external 

2 genitalia 

Stimulation of 
:1------++-------+ Wolman ducts 

(vas deferens) 

Suppression of 
MUllerian ducts 
(oviducts) 

Fig. 18. Abnormal sex differentiation in male pseudo
hermaphroditism (XY-karyotype with normal testes). 1 De
ficient suppression of oviducts: persistent oviducts. 2 Un
responsiveness to testosterone: testicular feminization. 3 De
fective biosynthesis of testosterone: various enzyme defects 

The situation is particularly confusing in male 
pseudohermaphroditism with intersexual external 
genitalia. Here, numerous individual cases can
not be classified satisfactorily before puberty. 
This is especially tragic in newborns and chil
dren, since a prognosis about the later develop
ment of puberty is impossible without a clear 
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classification, and this renders the decision 
about which sex the child should adopt more 
difficult. Classification in this group is based 
particularly on the nature of the secondary 
sexual characteristics and on the inheritance. 
Incomplete testicular feminization with mild 
masculinization of the external genitalia and 
female secondary sexual characteristics and 
the similar syndrome with hypospadias and 
gynecomastia in the presence of male secondary 
sexual characteristics (p. 729) are inherited 
through healthy women as testicular feminiza
tion (recessive X chromosome). In contrast, 
hereditary vulv!form perineal hypospadias with 
male secondary sexual characteristics is in
herited through a recessive autosomal gene. In 
a few cases, there is a disturbance of the sex 
chromosomes (p.721) which can occasionally 
lead to quite well established testicular develop
ment and normal secondary sexual characteris
tics. Only the incomplete masculinization of the 
external genitalia and incomplete suppression 
of development of the uterus and tubes show 
that testicular development is probably not quite 
normal. 

Finally, masculine pseudohermaphroditism 
with intersexual external genitalia is often found 
together with other malformations or as part 
of a dysmorphic syndrome (Table 2). Reference 
must be made here to pediatric textbooks on 
this subject. 

1. Oviduct Persistence 

The syndrome is also termed as internal mas
culine pseudohermaphroditism or as the uterine 
hernia syndrome. This syndrome involves mainly 
the absence of embryonal suppression of Miil
ler's ducts in otherwise normal men. Either 
the biochemical factor concerned is absent in the 
fetal testes (p. 710) or MUlIer's ducts fail to 
react to it. 

In known cases either unilateral or bilateral 
cryptorchidism is usually present and there is 
also a unilateral inguinal hernia. During the 
course of the operation, the surgeon finds a 
small uterus with Fallopian tubes in the abdomen 
or in the hernia in the presence of more or less 
normal testes and a normal or hypoplastic 
ductus deferens. The patients are otherwise 
unremarkable and show normal male develop
ment of the primary and secondary sexual 
characteristics. The degree of development of 
the testes depends on the position. Atrophy is 
often claimed to be present but normal fertility 
has also been confirmed in a few cases. A 
tumor arises in the majority of cases with 
intra-abdominal testes (termed teratoma, car
cinoma or seminoma). 

Fig. 19. 30-year-old, unobtrusive man with familiary oviduct 
persistence: bilateral cryptorchidism, right-sided inguinal 
hernia operated on at age of 18, contained uterus with 
tubes and testes; intra-abdominal testicular tumour (semi
noma) was operated on at age 20 

The diagnosis can only be made during 
surgical repair of cryptorchidism or during 
herniotomy. There are 70 recorded cases. We 
know of three families in which siblings were 
affected, which makes a sex-limited autosomal 
recessive inheritance appear probable. 

2. Disturbances of Testosterone Synthesis 

There is a series of autosomal recessive disturb
ances of the synthesis of steroids, of adreno
cortical steroids and of testosterone formed in 
the Leydig cells. They can probably all be in
herited. Testosterone synthesis alone may be 
affected, and whereas in this case genital develop
ment is uninfluenced in the girl, the deficiency 
of testosterone in the fetal period causes mas
culine pseudohermaphroditism with abnormal 
external and normal internal genitalia in the 
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boy. It also leads to reduced testosterone 
concentrations in the blood and urine, which 
cannot be stimulated by chorionic gonadotropin 
(HCG). 

The enzyme defects so far known about are 
listed in Table 2 and their biochemical localiza
tion presented in Fig. 27, p. 358. Since most of 
the disorders are discussed fully in the chapter 
on the adrenal cortex, a short account is suffi
cient here. 

In lipoid hyperplasia of the adrenals (p. 323) 
there is a 20-hydroxylase or other defect which 
makes conversion of cholesterol into ~5-preg
nenolone impossible. The male newborn there
fore suffers from an adrenal insufficiency and 
external genitalia are feminine or intersexual. 

In the congenital adrenogenital syndrome 
with a 3f3-dehydrogenase defect (p. 371), conver-

Fig. 20. Two male babies with disorders in testosterone 
synthesis. Left : genital Type I with lipoid hyperplasia of 
the adrenal cortex. Right: genital Type III with ad reno genital 
syndrome with 3p-dehydrogenase deficiency 

Disorders of Sexual Differentiation (Intersexuality) 

sion of 3-hydroxy-~5 steroids into 3-keto-~4 
steroids is blocked. No glucocorticoids and no 
testosterone can be formed, but large amounts 
of dehydroepiandrosterone. This latter com
pound has a limited androgenic action. Adrenal 
insufficiency and female or intersexual external 
genitalia arise in the newborn boy. 

Deficiency of 17 -hydroxylase (p. 359) has 
been little investigated in male individuals 
(p. 339). It blocks the synthesis of cortisol, 
testosterone and all other androgenic steroids. 
It also results in female or intersexual external 
genitalia in the newborn boy. 

Deficiency of 17 -desmolase is the most 
recently described impairment of testosterone 
biosynthesis (ZACHMANN, 1971). 

Deficiency of 17 -reductase prevents conver
sion of androstenedione to testosterone. This 
defect has been seen in a male individual brought 
up as a girl, who had intersexual external 
genitalia and normal pubic hair. In vivo, the 
concentration of androstenedione in the blood 
was many times higher than normal and it 
was not possible to obtain the conversion of 
androstenedione to testosterone by means of 
excised testicular tissue. 

3. Testicular Feminization 

Testicular feminization has been known about 
for a long time and it is a sharply defined form 
of masculine pseudohermaphroditism. The term 
"testicular feminization" (MORRIS, 1953) is 
not really correct with regard to the pathogenesis, 
but it is precise and short. The following descrip
tion would be more correct and cautious: 
"hereditary intersex form in the presence of an 

Fig. 21. External genitalia (left) and inguinal testes (middle) in testicular feminization. Right: external genitalia in incomplete 
testicular feminization 
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Fig. 22. 21-year-old woman with testicular feminization. 
Normal female breast development, axillary hair absent 

individual of female appearance, but with male 
chromosomes and gonads in the absence of a 
uterus and sexual hair". Stressing the presence 
of only one symptom, WILKINS described these 
patients as "hairless women with testes" . The 
frequency is estimated as 1 : 20000 to 1 : 60000. 

Although the patients possess a normal male 
XY karyotype and testes, external genital 
features, breast development, voice and stature 
and psyche are absolutely feminine (Fig. 22), 
so neither the patients nor relatives doubt the 
sex. The feminine beauty and the well developed 
breasts are in fact often commented on in these 
patients. Usually they are tall and long-legged. 
Primary amenorrhea, which is always present, 
and sterility are suggestive symptoms, as well as 
the complete absence of pubic and axillary hair 
and the presence of inguinal swellings or definite 
inguinal hernias. 

Primary amenorrhea and sterility quickly 
lead to recognition of the disorder after thorough 
gynecological examination . The external gen
italia are normal or hypoplastic (Fig. 21). Breast 
development is normal. The sparse pubic hair, 
the too-short vagina ending blindly, the absence 
of an uterus and very often also of ovaries are 
striking findings. In the adult patient, small 
tumors which can also reach the size of a 
fist are found in the small pelvis or in inguinal 
hernias. These tumors are usually benign 
tubular adenomas. The vaginal smear shows 
normal or rather limited estrogenic effects. 

Axillary hair is completely absent in the 
classic case. Pubic hair is usually present but 
sparsely developed. 

Inguinal hernias are frequently present. They 
frequently arise in babies (Fig. 21) but can arise 
later on just as commonly. Usually they form 
a protrusion the size of a nut or plum above the 
labia majora. They occasionally give rise to 
pain, but mainly to vague complaints. The 
gonads can usually be definitely palpated. These 
testes are an important finding, and in infancy 
they are often the only indication of testicular 
feminization. 

Hormonal findings show that testosterone 
levels in the blood and urine lie within normal 
male ranges, and that estrogen values are in 
the lower normal female range. Excretion of 
17-ketosteroids is negligible. Levels of gonado
tropins are usually slightly raised. 

Examination of the internal genital organs 
during an exploratory operation or a herniotomy 
reveals the following features: uterus and tubes 
are absent or mere rudiments are found. The 
tubes may be connected with the blind-ending 
vagina. A rudimentary spermatic cord is oc
casionally found instead of a tube. The gonads 
are situated intra-abdominally, in the inguinal 
canal or very often also in the inguinal hernial 
sac. 

Histology of the testes is exactly similar to 
that of undescended testes. The seminiferous 
tubules are usually lumenless and contain only 
Sertoli cells. Immature elements of spermato
genesis are rarely present, and mature sperma
tozoa even more rarely (KOLLER). A normal 
number or even an increased number of Leydig 
cells are present in the adult. Very often tubular 
adenomas which may be small or the size of 
a fist are also found (PICK'S tubular adenoma 
of the testis, p. 491). The incidence of malignant 
tumors also tends to be high, but they are not 
nearly as common as in true gonadal dysgenesis 
and asymmetric mixed gonadal dysgenesis. The 
adrenals usually show no peculiarities. 

The disorder is hereditary, is always trans
mitted only through healthy women and affects 
statistically half the male offspring. Carriers 
themselves also have extraordinarily poorly 
developed sexual hair and puberty is often 
claimed to have started very late. In the classic 
family tree (Fig. 23), siblings and aunts on the 
maternal side are affected, whereas the carriers 
(female) and a few other healthy female members 
of the family have poorly developed sexual 
hair. Since patients cannot propagate, considera
tion of such family trees does not exclude the 
possibility of an X chromosomal sex-bound 
recessive inheritance or an autosomal dominant 
mode of inheritance with sex-limited action. 
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• = Testicular feminization 

® = Female conductors 

Fig. 23. Genealogical tree in testicular feminization: trans
mission only through healthy women. (From PRADER, 1957) 

Current knowledge of the pathogenesis is 
incomplete, but there can be no doubt that 
the testes determine puberty of a feminine nature. 
In this respect, the term "testicular feminiza
tion" is justified, and is substantiated by the 
effects of castration. After surgical removal of 
the gonads, pronounced features of failure arise 
in the adult patient. Breast development regresses, 
the vaginal mucosa becomes atrophic, patients 
suffer from hot flushes, the excretion of estrogens 
and androgens falls and gonadotropin excretion 
rises. 

All investigations so far indicate a peripheral 
resistance to testosterone or androgens. Testo
sterone production in the testes corresponds to 
normal male levels although the testicular tissue 
in vitro demonstrates a relative 3~-dehydrogenase 
deficiency. The effects of testosterone, however, 
are absent. This can be easily detected clinically 
and by metabolic methods. High doses of testo
sterone produce no signs of virilization, no 
hypertrophy of the clitoris, no change in voice, 
no increase in sexual hair or hair follicles. An 
anabolic effect is also absent, i.e. the usual 
fall in urinary excretion of phosphorous, nitro
gen and citric acid fails to occur. It can there
fore be presumed that resistence to androgens 
is already present in the fetus, resulting in 
suppression of male genital differentiation de
pendent on testosterone whereas suppression 
of MUller's ducts, which is independent of 
testosterone, occurs normally with failure of 
uterus and tubes to develop (p.709, 724). 

The biochemical nature of the resistence to 
androgens has still not been explained. It appears 
that testosterone can only be effective if it is 
first reduced to dihydrotestosterone in the 
tissues and that this process is inadequate in 
testicular feminization. This might be due to a 
5ex-reductase deficiency or to the increased 
binding capacity for testosterone in the plasma 
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(MAUVAIS-JARvIS, 1970). The deficiency of dihy
drotestosterone does not, however, offer a 
satisfactory explanation for the resistence to 
androgens, since in testicular feminization dihy
drotestosterone exerts just as weak an anabolic 
effect as testosterone, in contrast to the effect 
seen in healthy subjects (STRICKLAND, 1969). 
Trials with rats suffering from a biologically 
similar hereditary disorder have given reason 
to believe that dihydrotestosterone is not taken 
up and bound by the cell nuclei (BARDIN, 1970) . 

The fully developed syndrome is so charac
teristic that the diagnosis can be made without 
the help of gonadal biopsies. In the adult, the 
diagnosis is made on the basis of the following 
main features: primary amenorrhea, abnor
mally sparse sexual hair, short, blind-ending 
vagina, negative sex chromatin associated with 
a woman of normal height and with normal 
female development of the breasts. The diagnosis 
is even simpler if hernias are present and if the 
same disorder is found in relatives on the mater
nal side. In children, many important symptoms 
are not yet present so that investigation is 
more difficult, but gonadal biopsy is still not 
essential. This diagnosis must be considered 
in every girl with an inguinal hernia, and the 
sex chromatin and the length of the vagina must 
be determined preoperatively. 

The differential diagnosis includes pure gona
dal dysgenesis with XY karyotype (p. 721), 
although in this condition secondary sexual 
characteristics are poorly developed and a uterus 
is present. Hypertrophy of the clitoris is not a 
sign of pure testicular feminization, but of one 
of the many syndromes discussed under mas
culine pseudohermaphroditism with intersexual 
genitalia (Table 2, p. 712). Differentiation is 
particularly important during infancy since 
puberty of the female type can be definitely 
predicted in cases of testicular feminization, 
whereas a masculine puberty is more likely and 
often almost certain in the other conditions. 

There is no treatment for this condition. No 
hormone treatment can correct the amenorrhea 
and sterility since uterus and ovaries are miss
ing. All that can be done is to orientate the 
patient or her relatives about the genital findings, 
prognosis (sterility) and about the heredity. In 
children, it is important to stress that normal 
female puberty will arise in spite of the absence 
of the uterus. The patients will naturally be 
looked upon as female individuals and care 
should be taken to avoid disclosing the gonadal 
and chromosomal sex. The mistake, which so 
commonly arises from the lack of knowledge, 
of declaring these children boys and masculiniz
ing the genitalia as well as possible by surgical 
means has a disastrous effect with the develop-
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ment of female puberty and female secondary 
sexual characteristics. 

Bearing in mind the possibly increased risk 
of malignant testicular tumors, the only thera
peutic problem is the question of whether the 
testes should be removed at the time of hernio
tomy and the hormone loss later replaced by 
long-term estrogen treatment. It is important 
not to remove the testes in children where 
this danger does not exist, but to place the testes 
in the abdominal cavity thus making spontaneous 
development of female pubertal characteristics 
possible. Later, one would not hesitate to remove 
hernias and gonadal tumors by castration and 
to introduce subsequent substitution therapy 
with female sexual hormones. 

4. Incomplete Testicular Feminization and 
Similar Syndromes 

Apart from classic testicular feminization, there 
is another syndrome which resembles testicular 
feminization in the testes and internal genital 
development. In this syndrome however, there 
is hypertrophy of the clitoris with genital 
Types I-III (Fig. 5), sexual hair of the female 
type and poor development of the breasts. 
Inheritance occurs through healthy women as 
in testicular feminization (DIEFENBACH, 1912; 
SCHERBAK, 1934; LUBS, 1959). The picture is 
always the same within a family. The term 
incomplete or partial testicular feminization seems 
appropriate, although no evidence of partial 
resistence to testosterone has so far been pro
duced. 

There are two syndromes in which male 
genital differentiation is somewhat more obvious 
and which have the same mode of inheritance. 
One of these is the Gilbert-Dreyfus syndrome, 
in which there is scrotal hypospadias (genital 
Type IV), scrotal testes, a male stature, male 
puberty and gynaecomastia. The other is the 
Reifenstein syndrome, characterized by hypo
spadias and gynaecomastia associated with an 

entirely male appearance, although the testes 
are rather small and secondary sexual charac
teristics are not very marked. 

Testicular feminization and the two syn
dromes just mentioned can be considered as 
different stages of inadequate differentiation 
of the external male genitalia (FEDERMAN, 1967). 
The range extends from testicular feminization 
with complete deficiency of androgenic genital 
induction to the normal man with completely 
normal genital differentiation (Table 4). The 
factors common to these syndromes are in
heritance through healthy mothers, absence of 
a true androgen deficiency despite a deficiency 
of androgenic effect, and almost normal sup
pression of MUller's ducts which is independent 
of androgens. It can still not be definitely said 
whether these are clearly definable disorders, 
each due to a different cause, or whether they 
are all one syndrome with varying interfamilial 
pronouncement and whether a gradually variable 
resistence to androgens is present. Resistence 
to androgens has so far only been demonstrated 
in testicular feminization. 

Classification is, however, difficult in in
dividual cases with intersexual external genitalia 
and where no information can be obtained 
about the inheritance from the family history. 
A pseudovaginal perineal hypospadias may also 
be present and in practice classification is often 
impossible. 

5. Hereditary, Vulviform, Perineal Hypospadias 

This term (also "pseudo-vaginal, perineoscrotal 
hypospadias") is applied to a group of individuals 
with intersexual external genitalia, with no 
uterus or tubes, and in whom normal male 
puberty occurs. 

The genital findings can vary considerably, 
from a more female appearance with enlarged 
clitoris and genital Types II-III (Fig. 5) with 
abdominal testes to a more male appearance 
with perineal hypospadias, i.e. with intersexual 

Table 4. Forms of masculine pseudohermaphroditism with varying degrees of androgenic genital differentiation, inherited 
through healthy mothers 

Uterus, Ductus External Sexual Breast Stature 
tubes deferens genitalia hair develop-

(Fig. 5) ment 

Female phenotype 
- Testicular feminization Female ++ Female 
- Incomplete testicular + 1- III + ++ Female 

feminization 

Male phenotype 
- Gilbert-Dreyfus syndrome + III-IV + + Male 
- Reifenstein syndrome + IV-V + + Male 

Normal male + Male + Male 
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genitalia of Types III-IV and scrotal or ab
dominal testes. In the former case, the individual 
is brought up to begin with as a girl, and in the 
latter case as a boy. 

The common factor is the mode of in
heritance, which in contrast to incomplete 
testicular feminization is not via the mother, 
but autosomal recessive. This is supported at 
least by the frequency of the condition in 
siblings and consanguinity of the parents when 
maternal aunts are not affected. The pathogenesis 
is unknown. 

During infancy it is often impossible to 
differentiate between incomplete testicular fem
inization, which would lead to later develop
ment of female puberty, and the form discussed 
here, with development of male puberty, par
ticularly if the family history gives no indication 
of the mode of inheritance and if the course of 
puberty is not helpful. It is not known either if 
sporadic cases with a rudimentary uterus belong 
here to this group. Our very inadequate knowl
edge of this form of masculine pseudoher
maphrotitism makes it almost impossible to clas
sify any individual case and arrive at a prog
nosis. 

The mode of inheritance is also autosomal 
recessive in milder cases of hypospadias with 
scrotal or imperfectly descended testes. Puberty 
arising later is nearly always of the male type, 
so that surgical and psychological measures 
present no problems. 

G. Abnormal Genital Development in the 
Presence of Normal Ovaries 
(F eminine Pseudohermaphroditism) 
Feminine pseudohermaphroditism signifies male 
or intersexual genital development in individuals 
with normal ovaries and a normal female XX 
karyotype. The disorders conforming to this 
definition are grouped together in a survey 
presented in Table . 

An abnormal effect of androgens on female 
genital differentiation is the most common 
reason for this partial to complete mascu
linization of the external genitalia (Fig. 24). 
The fetal ovaries exert no active stimulation 
on genital development. Genital development is 
always of a feminine nature in the absence of 
active androgenic stimulation (p. 708). An ab
normal effect due to endogenous androgenic 
hormones of the fetal adrenal cortex is found 
in the congenital adrenogenital syndrome (p. 360). 
The abnormal action of exogenous hormones 
can be termed transplacental virilization (p. 
731). These hormones are either androgenic or 
gestagenic steroids given to the mother during 
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pregnancy or androgenic steroids secreted 
by ovarian or adrenocortical tumors in the 
mother. 

The degree of masculinization of the ex
ternal genitalia depends on the timing and 
severity of the androgenic influences. It is 
interesting to note that the androgenic in
fluences are never strong enough (or never 
early enough) to cause development of a ductus 
deferens. Since the suppressive action exerted 
by the testes on the oviducts is not of an andro
genic nature (p. 710), tubes and uterus develop 
in the normal way. Thus, only external genital 
development, and not internal genital develop
ment, is masculinized. 

Fig. 24. Two girls with completely masculine external 
genitalia (genital Type V) and apparent bilateral cryptor
chidism. Patient on the left; almost 5 years old, pubic hair 
beginning to appear in congenital ad reno genital syndrome 
with extreme virilization. (From PRADER, 1958.) Patient 
on the right: 7 years old, normal physical development and 
extreme transplacental virilization resulting from an andro
genic adrenocortical tumour in the mother. (From MURSET, 
1970) 

The pathogenesis of these forms of feminine 
pseudohermaphroditism is understandable but 
there are cases with complex urogenital mal
formations where the pathogenesis is unknown. 
Some newborns with renal agenesis belong to 
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this group. Further, a special form is described 
where the urethra is double, consisting of 
vaginal and clitoric portions, is very narrow 
and can give rise to urinary retention. 

The great majority of cases of feminine 
pseudohermaphroditism can be easily classified 
under one of the known forms. Occasionally 
however, cases of idiopathic hypertrophy of the 
clitoris or idiopathic feminine pseudohermaph
roditism with normal feminine puberty can 
occur, but the etiology has not yet been fully 
explained. It is conceivable that androgenic 
influences from the placenta might be involved, 
but nothing is known about this at present. 

Transplacental Virilization 

If testosterone or methyltestosterone or one 
of the other androgens or anabolic steroids is 
given to a woman during pregnancy, the 
external genitalia of the newborn girl will 
show definite features of masculinization even 
when no signs of virilization are to be found in 
the mother. The same is true of synthetic 
gestagens, particularly ethinyl nortestosterone 
(nor-ethindrone) and ethinyl testosterone (eti
sterone) which are used in threatened abortion. 
Progesterone and diethylstilbestrol, which are 
effective in the adult, probably also have 
virilizing actions. Administration of large doses 
during the first three months of pregnancy 
can result in very severe Types IV - V mas
culinization of the external genitalia, so that 
the newborn may be mistaken for a boy with 
cryptorchidism. Milder doses or later treatment 
results only in hypertrophy of the clitoris. The 
fetus is apparently especially sensitive before 
and during the period of genital differentiation, 
and shows an androgenic reaction to steroids 
which produce no or hardly any androgenic 
response in the adult woman. The internal 
reproductive organs are always female. Oc
casionally, bone maturation is found to be 
advanced in newborns. Later growth and devel
opment run a normal female course appropriate 
to the age. 

In the same manner, partial to complete 
masculinization of the external genitalia due 
to an androgenic tumor in the mother has been 
observed in a few cases. Usually an arrheno
blastoma is responsible, but an androgenic 
adrenocortical tumor (Fig. 24) was found in 
one case. The findings are exactly the same as 
those following administration of androgens or 
gestagenic steroids during pregnancy. It is 
extremely rare for a maternal tumor to have 
hormonal effects on the fetus as a virilizing 
tumor usually results in amenorrhea and 
sterility. 
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H. Diagnosis and Differential Diagnosis 
1. Intersexual Genital Appearance 

The problem of classifying the sex arises usually 
in the newborn, but also occasionally only 
later, in the presence of external intersexual 
genitalia. Precise investigations should follow as 
soon as possible after birth to put an end to 
the tragic uncertainty and to come to the 
decision which will prove most suitable in the 
long run. To gain time it is advisable to choose 
a neutral name adaptable to girl or boy (Lesley/ 
Leslie, Christine/Christopher). 

It is essential to realize that while the 
genital examination is extremely important, it 
is never sufficient on its own to permit a di
agnosis (p. 710). 

The situation is somewhat simpler in the 
older child and adult since a change of sex is no 
longer likely insofar as the psychosexual ori
entation does not definitely oppose the sex so 
far adopted. The different possibilities presented 
in Table must be kept in mind during inves
tigation. Differential diagnosis must be based 
on a precise case history and thorough physical 
examination, with careful consideration of the 
following points: age at puberty (premature and 
of the male type in the adrenogenital syndrome), 
position of the gonads, absence of pubertal 
development (agonadism), development of male 
puberty (asymmetric mixed gonadal dysgenesis, 
hypospadias-gynecomastia syndrome, hered
itary vulviform perineal hypospadias and mild 
forms of hypospadias, adrenogenital syndrome), 
development of female puberty (incomplete 
testicular feminization, transplacental viriliza
tion) and mixed puberty (true hermaphroditism, 
hypospadias-gynecomastia syndrome): ame
norrhea in the presence of female puberty 
(incomplete testicular feminization). Important 
laboratory tests are: excretion of 17-keto
steroids (raised in the ad reno genital syndrome), 
the sex chromatin in the buccal smear and hair 
root and Y -fluorescent staining. The last two 
tests (p.711) provide information about the 
number of X and Y chromosomes. When all 
these aspects of investigation fail to permit a 
definite diagnosis, exact investigation of the 
chromosomes and a gonadal biopsy are in
dicated. 

Investigation is considerably more difficult 
in newborns. Here too the different possibilities 
given in Table 2 must be kept in mind. The 
family history may indicate an hereditary syn
drome (various syndromes of masculine pseudo
hermaphroditism and the ad reno genital syn
drome). An exact history of the pregnancy 
may suggest a transplacental virilization. The 
clinical state (pigmentation, salt-depletion syn-
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drome) and excretion of 17-ketosteroids and 
pregnanetriol will lead to recognition of the 
adrenogenital syndrome. Sex chromatin and 
fluorescent staining of the Y chromosome 
facilitate assessment of the sex chromosomes. If 
an XX karyotype can be assumed then the 
findings of the investigations so far will permit 
a definite diagnosis at least as regards the 
possibility of a true hermaphroditism. When 
an XY karyotype can be assumed, abnormal 
gonadal development or masculine pseudo
hermaphroditism is probable. In these cases, 
examination of the chromosomes and gonadal 
biopsy are indicated. 

2. Female Genital Appearance 

In addition to the full clinical picture, there are 
a number of trivial and more incidental clinical 
findings in individuals of female appearance, 
which may indicate the possibility of a gonadal 
disorder or of masculine pseudohermaphro
ditism and make at least the determination of 
the sex chromatin desirable. A negative sex 
chromatin does not chance the fact that these 
individuals must be considered female in prac
tical life, but it is of importance in the prognosis 
of growth, secondary sexual characteristics and 
fertility and in counseling the patient and 
relatives about heredity. 

Turner's syndrome must be considered: 
a) in all girls with unexplained dwarfism, 
b) in all girls and women with pterygium 

colli, or any of the dysmorphic characteristics 
associated with TURNER'S syndrome, 

c) in all girls and women in whom pubic 
hair has developed but not the breasts, 

d) in all women with primary amenorrhea. 
Pure gonadal dysgenesis must also be consid

ered when c) and d) apply. 
Testicular feminization must be considered: 
a) in all girls and women with inguinal 

hernias in which the gonads can be palpated. 
b) in all women with primary amenorrhea, 
c) in all women with no pubic hair. 
Impaired testosterone synthesis must be 

considered in every baby of female appearance 
who shows signs and symptoms of the Ad
disonian type in the early months of life (pig
mentation, anorexia, vomiting, dehydration etc.). 

3. Male Genital Appearance 

In these cases too there are certain features 
which while not striking in themselves must 
suggest a gonadal disorder or masculine or 
feminine pseudohermaphroditism. The sex 
chromatin at least must be determined in 
investigating these findings. The practical con-
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sequences of the exact diagnosis depend largely 
on the age of the patient (p. 733). In adult 
individuals they are limited to the prognosis 
(sterility) and a possible substitution therapy 
with testosterone. 

Klinefelter'S syndrome must be considered: 
a) in every case of gynecomastia, 
b) in the presence of too small testes despite 

visible secondary sexual characteristics, 
c) in every case of male sterility. 
Anorchia must be considered: 
a) in every case of bilateral cryptorchidism, 
b) in the absence of puberty despite a bone 

age of more than 13 years. 
Persistence of the oviducts must be considered 

in men of normal male appearance with inguinal 
hernias and cryptorchidism. 

Transplacental virilization must be consid
ered: 

a) in bilateral cryptorchidism, 
b) if female puberty develops m spite of 

male external genitalia. 
Bilateral cryptorchidism is always suggestive 

of a disorder of the gonads and/or of gonadal 
differentiation and therefore always necessitates 
determination of the sex chromatin. Sex chroma
tin is usually found in anorchia, in all forms of 
feminine pseudohermaphroditism, and quite 
frequently in Klinefelter's syndrome, in XX 
men, in the male Turner's syndrome, in 
persistence of the oviducts and in all forms of 
intersexual external genitalia. 

I. Psychosexuality 

The question of whether psyche and sexual 
drive in intersexuality correspond more to the 
genetic sex and gonadal sex or more to the nature 
of the genitalia and secondary sexual charac
teristics is one to which all investigators have 
always devoted a great deal of attention, and 
is of the utmost importance for the medical 
measures adopted. 

The subject is widely discussed in the 
literature, but the information is difficult to 
classify and even more difficult to reduce to a 
common denominator. Observations about tes
ticular feminization seem to be most consistent. 
It has been noticed that these genetically male 
individuals with testes are female not only in 
all physical characteristics, but also in their 
psyche. They are often able to have a harmonious 
marriage, and normal libido has often been 
reported. This and similar experiences have led 
to the view that the psychosexuality of inter
sexual individuals is dependent only on the 
character of the external genitalia and envi
ronmental influences and not on the chromo-
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somes or gonads. This interpretation is ap
plicable to some patients but there are certainly 
exceptions as well. It would be dangerous to 
make the generalization that the psychosex
uality in healthy subjects was also determined 
only by external factors, i.e. up-bringing and 
environment. The most significant observations 
are those which reveal that the psychosex
uality of numerous patients with intersexu
ality cannot be described simply as male or 
female, but is frequently poorly and inade
quately developed, as in gonadal dysgenesis 
and in the congenital adrenogenital syndrome. 
It is really fundamentally wrong to ask whether 
the sexual drive takes a male or female trend. 
This explains why such patients often accept 
and believe in the sex allotted by their environ
ment on the basis of their external genitalia, 
and why they become well adjusted even if 
this sex opposes the genetic and gonadal sex. 
The position is quite different when this natural 
process of adjustment is suddenly destroyed by 
a forcible change of sex brought about by 
external factors. Reasonably harmonious psy
chic development is hardly possible after such 
an event and psychoreactive disturbances, which 
are otherwise rare in patients with intersex
uality, can then be expected. Intelligence of the 
intersexual lies within normal ranges. 

K. Therapy and Choice of Sex 
The responsibility inherent in the decision 
about suitable measures to be taken in the case 
of intersexual individuals is unusually great. 
The decision is based on a thorough somatic 
investigation and on the knowledge of psy
chosexuality presented in the previous section. 
In patients past babyhood, the decision is also 
based on a precise psychopathological inves
tigation. In summary the following principles 
can be compiled: 

1. Individuals with purely female external 
genitalia (pure gonadal dysgenesis and testi
cular feminization) are brought up in accordance 
with the genital sex. This usually occurs anyway 
before the diagnosis is made. Thus, the time at 
which the diagnosis is made does not affect 
the choice of sex. It would be a tragic mistake 
to attempt to bring up these individuals in a 
way corresponding to their chromosomal sex. 
It is best not to reveal the fact of the inter
sexuality, and just to discuss the prognosis of 
puberty and sterility. In testicular feminization, 
secondary sexual characteristics are of a female 
nature in any case. Substitution with female 
sexual hormones is necessary in pure gonadal 
dysgenesis. 
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2. Investigations should be performed and the 
decision about further procedures made in the 
first year of life in all patients with intersexual 
external genitalia and in female patients with 
male external genitalia (severe form of the 
adrenogenital syndrome and of transplacental 
virilization) in order to avoid the necessity of 
changing the sex later on and the associated 
unfavourable psychological effects as far as 
possible. 

3. If investigations are successfully performed 
in the first year or at least not later than in the 
second year of life, the following measures are 
advisable: 

a) Girls with feminine pseudohermaphrodi
tism and intersexual or male genitalia are brought 
up according to their true sex, as girls. Female 
secondary sexual characteristics will develop 
in the adrenogenital syndrome if consistent 
cortisone treatment is given, and in other 
forms of feminine pseudohermaphroditism, fe
male secondary characteristics will develop 
spontaneously. The external genitalia should be 
corrected surgically during the first year of life. 

b) Boys with masculine pseudohermaphro
ditism and intersexual genitalia and all individuals 
with abnormal gonads and intersexual genitalia 
are brought up as belonging to the sex which 
corresponds best to the external genitalia. This 
solution must be urged since genitalia with an 
almost completely female appearance cannot be 
successfully masculinized by surgical means and 
since these patients, and also their parents, 
will have less doubts about their sex, the better 
the external genitalia corresponds to the as
sumed sex. The genitalia are corrected as 
much as possible by surgery, and gonads are 
removed if they do not correspond to the chosen 
sex. This appears drastic at first glance, but 
has no significant effect on fertility since these 
individuals are usually sterile, and ensures that 
a heterosexual puberty cannot arise later on. 
The parents of these castrated children must 
be informed that hormone therapy is essential 
later on for the development of pubertal 
characteristics. 

c) To guarantee as normal a sex education 
as possible, the parents must be convinced 
from the very beginning that the correct sex 
has been chosen. Surgical procedures for nor
malization of the external genitalia should be 
performed as early as possible to remove any 
possible doubt. 

4. If the case is investigated only later, the 
question of whether the sex so far accepted can 
still be changed under certain circumstances 
arises. Since sexual identification occurs during 
the first years of life and is settled at school age 
at the latest, and since any involuntary change 
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of sex can have unfavorable psychological 
effects in later life as experience has shown, there 
should be no change in sex in general after the 
third year of life. Even when the early decision 
proves wrong, it is better to stick to the sex so 
far assumed and to salvage the situation as best 
as possible by means of treatment with hor
mones, plastic surgery and even removal of 
the gonads in special circumstances. This means, 
for example, that a girl with feminine pseudo
hermaphroditism, brought up as a boy, must 
continue to be looked upon as a boy, and the 
ovaries should correspondingly be removed to 
prevent the development of a female puberty. 
An exception to this principle is made never
theless, if a strong psychosexuality arises in 
definite opposition to the sex so far assumed. 
Such cases are, however, uncommon. 

5. The following question presents a special 
problem: should abdominal testes be removed 
prophylactically because of the increased danger 
of malignancy? The danger of a malignant 
gonadoblastoma or dysgerminoma is so great 
in pure XY -gonadal dysgenesis and in asym
metric mixed gonadal dysgenesis that removal 
of streaks and testes must be undertaken even 
during infancy. The danger of malignant tumors 
is slight in testicular feminization, so it is better 
to leave the testes since they render development 
of puberty possible. If a hernia has to be operated 
on later on or a benign testicular tumor has 
to be removed, castration is more justified in 
such cases since these patients are sterile. The 
situation in masculine pseudohermaphroditism 
with intersexual genitalia of more masculine 
appearance is similar to that in cryptorchidism. 
When the testes cannot be placed in the scrotum 
by surgical means, removal of the testes is 
indicated with subsequent substitution treatment 
with testosterone. Later development of a 
tumor in abdominal testes would probably 
not be recognized early enough, whereas the 
situation can be easily detected in scrotal testes. 
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A. Historical Dates 
G. R. CONSTAM 

Around 1500 B. C., Papyrus Ebers, Egypt; 
description of abnormal polyuria, possibly 
diabetes mellitus. 

6th century B. C. The Indians differentiated 
the asthenic from the sthenic form of 
diabetes mellitus. In the Ayur Veda of 
Susruta, the illness is termed as "mad
humeha" or "honey-urine". 

A few centuries B. C., the Chinese recognized 
the sweet taste of the urine. 

30 B. C. to 50 A. D. AULUS CORNELIUS CELSUS 
described a condition in which much urine 
was excreted. 

30 to 90 A. D. ARETAEUS OF CAPPADOCIA 
gave the same description as CELSUS and 
called it "diabetes". 

131·-201 A. D., GALEN described diabetes as 
a weakness of the kidneys. 

86Q.-932 RHAZES, an Arabian physician, dis
cussed the treatment of diabetes mellitus. 

980~ 1027 A VICENNA believed that the liver 
was particularly affected in diabetes, and 
observed the connection between diabetes, 
furunculosis and impotence. 

1621 ~ 75 THOMAS WILLIS, in Oxford, distin
guished diabetes mellitus from diabetes 
insipidus, and showed that the urinary 
sugar was increased in the former condition. 

1682 JOHANN CONRAD BRUNNER observed poly
uria and polydipsia in a dog after removal 
of the pancreas. 

1774 ROBERT WYATT suspected the presence 
of a substance similar to sugar in the 
urine and blood. He obtained this sub
stance by evaporating the urine. 

1776 DOBSON demonstrated a fermentable sugar 
in the urine and the sweet taste of the 
blood of diabetic patients. 

1788 THOMAS CAWLEY suspected a connection 
between diabetes and changes in the 
pancreas. 

1796 ROLLO recommended a low-calory diet 
in the treatment of diabetes and described 
the smell of acetone. 

1815 CHEVREUL identified the sugar in diabetes 
as glucose. 

1806-86 BOUCHARDAT utilized fermentation tests, 
the polarimeter and solutions of copper 
salts, for estimating sugar. He substituted 
fat and alcohol for carbohydrates, em
phasized the value of green vegetables, 
of a low calory diet, and of much physical 
activity. He introduced days of fasting 
and the use of alkali, and discovered 
gluten bread. 

1848 HERMANN VON FEHLING described the 
urine test which was later named after him. 

1849 CLAUDE BERNARD discovered glycogen in 
the liver, and the "piqure". He made 
quantitative estimations of the sugar in 
the blood. 

1869 PAUL LANGERHANS discovered the islet 
cells of the pancreas. 

1882 CHAUFFARD and HANOT described the 
combination of pigment-cirrhosis and dia
betes as "bronze diabetes". 

1889 v. RECKLINGHAUSEN revealed the nature 
of the two pigments of "bronze diabetes", 
and introduced the term hemochromatosis. 

1889 O. MINKOWSKI and J. VON MERING in
cidentally discovered that total pancreatec
tomy in a suitable experimental animal 
produces diabetes. 

1891 GruLIO VASSALE ligated the excretory ducts 
of the pancreas, which led to the destruc
tion of the acini, but not of the islet cells. 

1892 O. MINKOWSKI produced temporary dis
appearance of diabetes in dogs by sub
cutaneous implantation of the excised 
pancreas. 

1893 LAGUESSE suspected that the islet cells 
formed a hormone. 

1895 v. NOORDEN developed a technique of 
dietary therapy, stressed the formation 
of sugar from protein, and introduced 
the course of oats as a treatment. 

1898~1962 E. P. JOSLIN untiringly improved the 
treatment of diabetes mellitus. 

1906 NAUNYN studied the metabolism in dia
betes, particularly in diabetic acidosis. 
He emphasized the familial occurrence 
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of the disease, and the value of a just 
adequate nourishment in the prophylaxis 
and in the treatment of the metabolic 
disturbance. 

1908 ZUELZER gained an alcoholic extract from 
the pancreas, which after being injected, 
produced shock - probably of hypoglyce
mic nature - causing the trial to be discon
tinued. 

1909 DE MEYER gave the name insulin to the 
still hypothetical hormone of the islet cells. 

1913 F. M. ALLEN became famous for his 
hunger cures. He also contributed to the 
knowledge of carbohydrate metabolism. 

1918 C. K. WATANABE produced hypoglycemia 
in the animal with an injection of guani
dine. 

1921 N. C. PAULESCO in Rumania reported 
"pancreine", i.e. a blood sugar-lowering 
extract from pancreas of dogs or cattle, 
which he had discovered during the First 
World War (1914-18). 

1921 FREDERICK G. BANTING and CHARLES H. 
BEST discovered insulin. 
F. C. MANN and T. B. MAGATH showed 
that hepatectomy results in hypoglycemia. 

1924 B. A. HOUSSAY and MAGENTA noticed 
that hypophysectomy increases sensitivity 
to insulin. 

1924 SEAL HARRIS suspected hyperinsulinism 
as a cause of spontaneous hypoglycemia. 

1926 E. FRANK, M. NOTHMANN, and A. WAGNER 
introduced biguanidines into the treatment 
of diabetes which, however, was aban
doned in 1940. 
ABEL succeeded in crystallizing insulin. 

1927 WILDER, ALLAN, POWER, and ROBERTSON 
published the first case of organic hyper
insulinism. 

1929 HOWLAND, CAMPELL, MALTBY, and Ro
BINSON removed an islet-cell tumor and 
cured a case of hyperinsulinism for the 
first time. 

1936 H. C. HAGEDORN produced the first 
reliable insulin with prolonged action. 

1937 F. G. YOUNG discovered meta-pituitary 
diabetes. 
H. R. JACOBS observed alloxan-hyper
glycemia. 

1942 GUEST pointed out hypokalemia during 
the treatment of diabetic acidosis. 

1942 M. JANBON noticed the hypoglycemic 
action of one of the sulfonamides re
commended for the treatment of typhoid 
fever. 

1943 DUNN, SHEEHAN, and MACLETCHIE dis
covered alloxan-diabetes. 

1944 A. LOUBA TIERES explained the mode of 
action of certain hypoglycemic agents. 
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1955 H. FRANKE and J. FUCHS observed hypo
glycemia produced by another sulfon
amide, and suggested that it should be 
used therapeutically in diabetes mellitus. 

1955 F. SANGER discovered the structural for
mula of the insulin molecule. 

1957 G. UNGER introduced phenethyl biguanide 
into the treatment of diabetes. 

1957 S. A. BERSON and R. S. YALLOW measured 
the insulin content of the plasma by radio
immunological methods. 

1964 H. ZAHN in Germany, KATSOYANNIS in 
U.S.A, and NIU CHING-I in China (1965), 
all independently succeeded in synthesizing 
insulin. 

1967 D. F. STEINER and P. OYER isolated pro
insulin. 

1969 Mrs. D. G. HODGKIN discovered the 
three-dimensional structure of pig insulin. 

B. Embryology and Histology 
G. TONDURY and G. KISTLER 

In the human embryo 3 to 4 mm in length, two 
entodermal outpocketings arise on opposite 
sides of the primitive duodenum. One of the 
epithelial buds grows out from the dorsal wall 
of the gut, just above the hepatic diverticulum; 
it forms the dorsal pancreas. The ventral 
pancreas, on the other hand, originates in the 
caudal angle between hepatic diverticulum and 
gut. When the embryo is about 12 mm long, 
the two primordia meet, and when it is about 
16 mm, they fuse to produce a joint organ. 
With the exception of the major parts of the 
head and the uncinate process, which are 
derivatives of the ventral bud, most of the 
mature gland is formed by the dorsal pancreas 
anlage. Both primordia are crossed by an 
axial longitudinal duct. The duct of the dorsal 
anlage originates directly from the wall of the 
duodenum, whereas the ventral duct opens 
into the stem of the elongating common bile 
duct. When duodenal torsion has brought the 
two primordia into close side-by-side contact, 
the ventral duct taps its dorsal counterpart. 
The major pancreatic duct of the mature 
gland (duct of Wirsung) results, therefore, 
from the fusion of the ventral duct with the 
distal segment of the dorsal duct. The proximal 
stem segment of the dorsal duct, on the other 
hand, constitutes the accessory duct ofSantorini, 
which usually retains its connection to the 
duodenum as well. 

The islets of Langerhans develop from 
epithelial cells ofthe outgrowing pancreatic ducts. 
They are, therefore, of entodermal origin. Even 
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in the embryo of 18 mm in length (age about 
7 weeks), the terminal and side buds of the 
primitive ducts contain a few granular cells 
which can be selectively blackened by silver-salt 
solutions. These cells multiply and form single 
solid sprouts which enlarge to become the fetal 
(and early post-natal) islets. These so-called 
primary islets consist of a central mass of 
insulin-producing type-B cells which are sur
rounded by a compact layer of glucagon-
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synthesizing type-A cells (FERNER, 1952). Be
tween these two subdivisions, a transitional zone 
containing agranular cells soon develops. Here, 
type-A cells appear to be transformed continu
ously into type-B cells. The core of the islet 
thus enlarges considerably and the islet itself 
resembles more and more the one found in the 
adult pancreas. 

The mature islets of Langerhans are rounded 
or ovoid epithelial complexes usually situated 

Fig. 1 a and b. The granules of the glucagon-producing A-cells are electron-dense and separated from the surrounding 
membrane by a narrow, clear zone. In contrast, the often eccentrically located content of the granules of the insulin-synthesiz
ing B-cells (lower half of the picture), usually display a much wider halo. Both types of granules are scattered throughout 
the cytoplasmic ground substance, but tend to be more numerous in the cell portions contacting the capillaries. EP exocrine 
pancreas; K capillary; N nucleus; ER rough-surfaced endoplasmic reticulum; Mi mitochondria; EG extravascular, inter
stitial space containing fibroblast processes as well as collagenous fibrils. x 12000 
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in the central portions of the lobules of the 
exocrine pancreas. They may also, however, be 
found in the interlobular connective tissue or 
associated with the smaller branches of the 
pancreatic ducts. Although the islets are scattered 
throughout the exocrine pancreatic parenchyma, 
they are more numerous in the tail than in the 
head or body of the gland. 

The highly vascularized islets receive their 
blood supply through branches of the inter
lobular arteries which arise from both the 
celiac trunk and the superior mesenteric artery. 
The thin capsule of reticular fibers separating 
the islets from the exocrine parenchyma is 
usually penetrated by one arteriole. Within 
the islet, this arteriole splits up into a number 
of anastomosing capillary loops which are in 
intimate contact with the epithelial cords, like 
the vas afferens in a kidney glomerulum. The 
endothelium of these capillaries varies con
siderably in thickness. In attenuated portions 
of the endothelial cells, typical fenestrae (endo
thelial pores) are present. A few vasa efferentia 
convey the blood into the interlobular venules 
of the exocrine pancreas. 

The functional significance of the unmyeli
nated nerve fibers found to penetrate into the 
islets is still a matter of dispute. In various 
mammalian species, the nerve fiber terminals 
found in close proximity to the A-type cells 
contain synaptic vesicles which differ mor
phologically from those observed in axon 
endings contacting B-type cells. It is postulated 
that the innervation of the A-cells is cholinergic, 
whereas that of the B-cells is adrenergic (W A TARI, 
1968). 

Light microscopy reveals that the islet cells 
are less stainable than the acinar cells of the 
exocrine pancreas. In hematoxylin and eosin 
preparations, the cytoplasm of these cells appears 
more or less homogeneous, but with the Mallory
azan stain, three types of cells can be easily 
distinguished, all of them displaying distinct 
granules in their cytoplasm. The A-cells, which 
are found predominantly at the periphery of 
the islets, contain granules which stain red 
and are insoluble in alcohol. The somewhat 
smaller granules of the more centrally located 
B-cells, on the other hand, stain orange and are 
dissolved in alcohol. A third cell type, the so
called D-cell, is scattered throughout the islet. 
It displays granules which stain blue. In some 
mammalian species, a fourth, agranular cell 
type has been described. It is usually referred 
to as the C-cell. 

Electron microscopy shows that the A- (or 
alpha) cells contain large numbers of membrane
bound, electron-dense granules. Characteristical
ly, the granule is separated from its membrane 
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by a very narrow, electron-translucent cleft 
(Fig. 1 a). A few profiles of rough-surfaced 
endoplasmic reticulum, and rather small, ovoid 
or elongated mitochondria are scattered through
out the cytoplasmic ground substance. The 
inconspicuous Golgi apparatus is situated in a 
juxtanuclear position. The size and electron 
density of the granules of the B-cells (beta cells) 
vary considerably in the different mammalian 
species. The clear zone separating the often 
eccentrically-located granulum from its mem
brane is usually much wider than in the A-gran
ules (Fig. 1 b). In the human B-cells, some of 
the granules contain rounded or polygonal 
cristalloid structures which display an internal 
periodicity. The mitochondria of this cell type 
appear to be more numerous than in the A-cells. 
The Golgi complex is well developed. Between 
the granules, elongated and vesicular profiles 
of the rough-surfaced endoplasmic reticulum 
are intermingled with free ribosomes and small 
vesicles. The granules of the D-cells (delta cells) 
are larger and much less electron-dense than 
those of the A- and B-cells. The functional 
significance of this cell type is still a matter of 
dispute. The presence, in some mammalian 
species, of A- and D-type granules within the 
same cell, would seem to corroborate the 
assumption that the D-cell (delta cell) is an 
altered A-cell. However, D-cells are also present 
in young individuals and lack degenerative 
changes in the nucleus and cytoplasm. 

C. The Islet Cell Apparatus, 
Metabolic Regulation, and Patho
physiology of Diabetes Mellitus 

E. R. FROESCH 

Diabetes mellitus is the most common endocrine 
disease. Contrary to the majority of the hyper
and hypofunctional endocrine syndromes, dia
betes mellitus ist one of GARROD'S "inborn 
errors of metabolism" (STANBURY, 1966). But 
even among these diseases, diabetes mellitus is 
peculiar in that the disturbance of carbohydrate 
metabolism, glucose intolerance, is usually not 
congenital, but rather becomes apparent later 
in life. The lack of insulin is, therefore, not 
congenital in most cases, but develops sooner 
or later during life. The current opinion is that 
insulin deficiency is not due to a single genetic 
defect and that exogenous factors accelerate the 
manifestation of underlying condition as dia
betes mellitus. In order to understand diabetes 
mellitus as a disease, and its management and 
therapy, an elementary knowledge of the im
portant metabolic processes and their control 
is essential. 
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1. Energy Exchange and Intermediary Metabolism 

Every living cell has a basal energy requirement, 
i.e. it needs fuel and oxygen. Oxidation of sub
strates helps to maintain a constant temperature 
and yields the energy for synthetic processes 
occurring constantly in the organism. In poi
kilothermic animals, the basal metabolic rate 
varies according to the outside temperature. 
This is a result of the temperature-dependent 
enzyme reactions. All enzymes have an optimum 
temperature and, in general, operate more 
slowly at lower temperatures. At low tem
peratures, breakdown and turnover of ribo
nucleic acids and desoxyribonucleic acids are 
slowed, and so are protein and enzyme synthesis, 
resulting in a fall of the basal energy requirement. 
In the warm blooded, the situation is reversed 
and the body temperature is maintained at a 
constant level. At lower temperatures the heat 
loss, and thus heat production and energy 
requirements, increase. 

The energy obtained through the oxidation 
of substrates is not only converted to heat but 
is stored in the form of energy-rich phosphate 
The energy reserves may then be used for 
biosynthetic processes or for muscle contraction. 

Adenosine triphosphoric acid (ATP) is the 
most important energy-rich co-enzyme and it is 
formed during the process of oxidative phos
phorylation. A TP transfers energy-rich phos
phate onto glucose with the help of hexokinase 
or glucokinase, thus converting glucose to 
glucose-6-phosphate, a compound richer in 
energy and more reactive than glucose. 

In muscle, creatine phosphate is another 
important energy-rich coenzyme. During mus
cular exercise, creatine phosphate gives off its 
phosphate to adenosine diphosphate to form 
A TP, providing the energy for muscle contrac
tion. The creatine liberated is either broken 
down to creatinine and excreted in the urine, 
or phosphorylated with ATP to form creatine 
phosphate again during muscle rest. 

Different metabolic pathways are open to 
glucose-6-phosphate. When substrate is abun
dant, it is converted to glucose-1-phosphate and 
glycogen by the insulin-sensitive glycogen-syn
thetase. Glycogen is then stored (LARNER, 1964; 
LELOIR, 1964). The storage of glycogen in liver 
and muscle is limited, in contrast to the storage 
of fat in adipose tissue. 

Maximum glycogen reserves of the body 
amount to 200-400 g (800 to 1600 calories) 
and cover the energy requirement for one day 
at the most. 

The conversion of glucose to fat is a com
plicated process. Glucose-6-phosphate goes all 
the way through glycolysis down to pyruvate, 

which is decarboxylated to acetyl-coenzyme A. 
Two molecules of acetyl-Co A condense to 
form acetoacetyl-Co A (mitochondrial synthesis 
of fatty acids) or else, acetyl-Co A fixes CO2 
and forms malonyl-Co A (cytoplasmic synthesis 
of fatty acids) (LYNEN, 1967). The chains become 
longer through further condensation with acetyl
Co A and are then reduced to fatty acids by 
triphosphopyridine nucleotide (NADPH+) and 
diphosphopyridine nucleotide (NADH+). Fatty 
acids are then esterified with alphaglycerophos
phate to phosphatidic acid and finally to tri
glycerides, in which form they are stored. The 
NADPH+ needed for the reductive synthesis 
of fatty acids is formed predominantly in the 
pentose-phosphate shunt, whereas NADH+ 
arises mainly in the tricarboxylic-acid cycle. 
Fatty-acid synthesis corresponds to the activity 
of the pentose-phosphate shunt, from which 
the essential reducing potential is derived. 

During anaerobic glycolysis 1 molecule of 
glucose and 2 molecules of A TP produce 
2 molecules of lactic acid and 4 molecules of 
A TP. During glycolysis 2 molecules of A TP 
are gained from every molecule of glucose. 
However, only a small part of the available 
energy of the glucose molecule is liberated in 
this way. During complete oxidation of glucose 
to H20 and CO2 in the tricarboxylic-acid cycle, 
a further 30 ADP molecules are phosphorylated 
to ATP. The oxidation of the substrates is 
coupled with the formation of energy-rich ATP. 
For each molecule of oxygen 3 molecules of 
A TP are formed. The biologic oxidation becomes 
a highly efficient combustion machine as a 
result of this coupling of oxidation to the for
mation of ATP as an energy store. Approxi
mately 40-50% of the energy liberated during 
the biological combustion of glucose and fatty 
acids are not released as heat but rather used 
for synthesis. 

a) Regulation of Energy Exchange 

The energy requirement of the muscle is not 
related to the substrate supply. It depends 
primarily on muscular work. The uptake of 
substrate and oxygen from the blood is, therefore, 
dependent on the work performed. It is in part 
controlled by hormones during the phase of 
rest and storage. During acute muscular activity, 
A TP is used and is later replaced by A TP 
generated during glycolysis. The musculature 
extracts free fatty acids and glucose from blood 
as an energy source during prolonged excercise. 

We now face the complex question of how 
the uptake of combustible substances by different 
tissues is regulated. Two major factors come 
into play: 1. the need of the tissue for com-
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bustible substances to cover its energy require
ment, 2. the supply of combustible substances. 

Glycolysis is regulated by three processes: 

The local needs of a certain tissue for sub
strate cannot be controlled by hormones which 
act indiscriminately on all tissues. A working 
muscle, for example, must itself be capable of 
adjusting to its elevated energy requirement 
during work by an increased uptake of substrate 
(SANDER, 1964). Therefore, two fundamentally 
different regulations for the uptake of glucose 
by muscle must exist. One is controlled by insulin 
and affects glucose transport. The other is 
controlled intracellularly through stimulation 
of certain enzyme reactions. 

b) Mechanism o/the Insulin-Independent Uptake 
o/Glucose by the Muscle during Work (compare 
Fig. 2) 

ATP 

1. Through the activity of phosphorylase 
which splits off the terminal glucose molecule 
of the glycogen chain by phosphorylating them 
with inorganic phosphorus to form glucose-
1-phosphate (ILLINGWORTH, 1964); 

2. through the transport of glucose through 
the cell membrane, and 

3. through the activity of two key enzymes, 
hexokinase and phosphofructokinase, which 
perform irreversible reactions which are inhibited 
by their end products (HELMREICH, 1964). 
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Fig. 2. The phosphorylating enzymes, glucokinase, hexokinase and phosphofructokinase are the key enzymes in glycolysis. 
Hexokinase and phosphofructokinase are inhibited by their enzymatic end products. Fatty acids and ketone bodies inhibit 
pyruvate dehydrogenase and the entire glycolysis by their oxidation to acetyl-coenzyme A and competition for coenzyme A. 
Apart from this, citrate accumulates and causes an inhibition of phosphofructokinase. During muscular contraction, ADP 
and inorganic phosphate arise from energy-rich A TP. Both products help to prevent substrate inhibition of hexokinase and 
phosphofructokinase and lead to increased glucosephosphorylation and glucose oxidation 
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Phosphorylase occurs in an active (a) and an 
inactive (b) form (KREBS, 1964). Phosphorylase
kinase converts phosphorylase from the b-form 
into the a-form. K + and Ca + + ions and cyclic 
3' ,5' -adenosine monophosphate catalyze this 
process. However, the exact mechanism by which 
electrical stimulation and the contraction of 
muscle fiber activate phosphorylase, thereby 
making glycogen available for anaerobic gly
colysis, remains to be explained (DANFORTH, 
1965; HELMREICH, 1965; BUEDING, 1965). 

The accumulation of fructose-1,6-diphos
phate has a contrary effect, leading to an in
crease of glucose-6-phosphate concentration and 
thus to an inhibition of glucose phosphorylation. 
Inorganic phosphate seems to counteract this 
inhibition so that glycolysis is resumed. It may 
be assumed that among other factors, muscular 
activity stimulates glycolysis through an elevated 
level of intracellular inorganic phosphate. During 
muscular contraction, A TP supplies the energy 
and is converted to ADP and inorganic phos
phate. The increase in inorganic phosphate 
would then prevent substrate inhibition of 
phosphofructokinase and re-establish glycolysis 
(UYEDA, 1965). 

Insulin promotes the transport of glucose 
through the cell membrane and determines 
how much glucose is taken up and stored as 
glycogen and triglycerides in tissues. Compared 
to the effect of insulin, the inhibition of gly
colysis by fatty acids is probably only of minor 
physiologic and pathophysiologic significance. 

When glucose turnover is increased through 
muscular activity or during anoxia (Pasteur 
effect), glucose is also transported into the 
cells by so-called "facilitated diffusion". The 
relationship between energy exchange of the 
cells and activation of this transport process 
has not been explained. 

The uptake of glucose by muscle is inhibited 
by the simultaneous uptake of other substrates, 
in particular by fatty acids, ketone bodies and 
pyruvic acid (OPlE, 1963; RANDLE, 1964; WIL
LIAMSON, 1965). Two mechanisms are important: 
The ratio of acetyl-coenzyme A to coenzyme A 
increases with a rising supply of fatty acids and 
ketone bodies. Pyruvate dehydrogenase, which 
converts pyruvate to acetic acid, is inhibited. 
In addition, the citrate concentration increases 
and inhibits phosphofructokinase. 

The different factors which influence the 
utilization of glucose by muscle not directly 
through the membrane-transport system, but 
rather through a step in the intermediary 
metabolism, are still being discussed. A detailed 
discussion of this problem would lead too far. 
We still do not know whether the excessive supply 
of substances such as fatty acids which inhibit 

glucose uptake by muscle, is causally connected 
with glucose intolerance (see Fig. 2). 

c) Free Fatty Acids as a Source of Energy for 
Muscle 
Glucose supplies only a small part of the energy 
required by resting and exercising muscle. Free 
fatty acids and ketones are the main source 
of energy. They are released into the blood from 
adipose tissue after hydrolysis of stored tri
glycerides (lipolysis). The oxidation of glucose, 
fatty acids and ketones increases in muscle 
during work (INGLE, 1955; HAVEL, 1963). Glu
cose contributes only 10--15% and free fatty 
acids and ketones 70--90% to the total energy 
expenditure of excercising muscle (PAUL, 1967). 

d) Regulation of Glucose Transport through the 
Cell Membrane 

The membranes of most cells are impermeable 
to glucose. Glucose does not diffuse freely into 
the cells. Erythrocytes and parenchymal liver 
cells contain free glucose. Glucose is transported 
in to the cells by a carrier mechanism not requiring 
energy (facili ta ted diffusion) (W ILBRANDT, 1961). 
This mechanism of facilitated diffusion differs 
in principle from pumping transport mechanisms 
by which a concentration gradient may be over
come, as for instance during glucose absorption 
in the gut or renal tubular reabsorption of glu
cose. These active transport pumps necessitate 
energy for functioning. They are coupled in 
some form to A TP-ases which supply the 
necessary energy for the transport against a 
concentration gradient by splitting energy-rich 
ATP (CRANE, 1960). 

The transport of glucose is the limiting step 
of total glucose utilization by muscle and adipose 
tissue, the two major tissues which are sensitive 
to insulin (FROESCH, 1962; CROFFORD, 1965; 
MORGAN, 1961). Teleologically this makes good 
sense. The transport process can be increased 
instantaneously by insulin. Excessive amounts 
of enzymes in the cells are ready to phosphorylate 
and oxidize glucose or to store it in the form 
of glycogen or fat, depending on the tissue and 
the needs. Insulin exerts other actions on the 
cells not related to transport. Its effect on trans
port is certainly the most important. Stimulation 
of enzyme synthesis would necessitate too much 
time to ascertain glucose homeostasis. 

2. Glucose Metabolism in the Liver 

Glycogenolysis, Gluconeogenesis and their 
Regulation (see Fig. 3) 

The daily calorie requirement of man at rest 
lies around 25--30 calories per kilogram of 
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Fig. 3. Gluconeogenesis begins with the transamidation of amino acids to pyruvate and intermediary products of the tri
carboxylic acid cycle. The flux of aminoacids from the periphery to the liver increases in anti-anabolic, catabolic situations 
such as fasting and diabetes and under the influence of glucocorticoids. As has been shown recently, free fatty acids appear 
to activate gluconeogenesis. Free fatty acids are converted to acetyl coenzyme A in the mitochondria and compete with pyruvate 
for coenzyme A which serves for its activation to acetyl-Co A by pyruvate oxidase. Acetyl-coenzyme A inhibits this enzyme. 
In this way, more pyruvate becomes available for conversion to oxalacetate. This latter substance can only be transferred 
to the cytoplasm after conversion to malate or fumarate and can then be used for gluconeogenesis after reconversion to 
oxalacetate. The mitochondrial conversion of oxalacetate to malate is accelerated by NADH+ produced by the oxidation 
offree fatty acids. The activities of the key enzymes in gluconeogenesis (transaminases, phosphoenolcarboxykinase, pyruvate 
carboxylase, fructose-1,6-diphosphatase and glucose-6-phosphatase) are elevated when gluconeogenesis is stimulated by 
insulin deficiency, glucocorticoid excess or both. It has not been clarified whether this increase in enzyme activities is due 
to substrate induction or another type of enzyme induction. This scheme should, above all, stress the significance of the 
supply of free fatty acids to the liver for the activation of gluconeogenesis 

ideal body weight. About 2/5 of the total 
calories are covered by carbohydrate. This 
percentage is fundamentally altered during 
fasting. The organism now uses up its fat 
reserves. The carbohydrate reserves consist of a 
maximum of 150 g each in the liver and muscle 
and are rapidly spent. Glucose consumption 
now contributes only about 10% to total calorie 
expenditure, the rest being covered by fat. 
Since the glycogen reserves are used up after 
approximately 48 hours, the liver must now 
supply glucose. The liver, the proximal renal 
tubules and the mucosa of the small intestine 
contain glucose-6-phosphatase, an enzyme which 
splits ofT glucose from glucose-6-phosphate and 
releases it into the blood. 

The calorie requirement of the brain is 
about 400 calories per day, so that during 
fasting major portions of the glucose produced 
via gluconeogenesis are used up by the brain, 

whereas most other cells oxidize mainly free 
fatty acids and ketone bodies. 

The acute release of glucose from the liver 
necessitates an activation of glycogenolysis. 
Adrenaline and glucagon increase glycogenolysis 
by activating phosphorylase. This activation 
occurs, as in muscle, through the so-called 
"second messenger", cyclic 3' ,5' -adenosine mono
phosphate. Glucagon stimulates adenylcyclase 
and the 3',5' -adenosine monophosphate formed 
in turn stimulates phosphorylase kinase which 
converts phosphorylase B to phosphorylase A 
(SUTHERLAND, 1965). This enzyme is now re
sponsible for the splitting ofT of the marginal 
glucose residue of glycogen and its conversion 
to glucose-1-phosphate. According to recent in
vestigations, it seems probable that the activa
tion of phosphorylase is the major physiologic 
action of glucagon (SOKAL, 1966). Whereas very 
small physiologic doses of glucagon stimulate 
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glycogenolysis, larger doses of adrenaline are 
needed to achieve the same effect. 

This acute regulation of blood sugar through 
glycogenolysis is supported by hepatic glu
coneogenesis, which is responsible for the 
maintenance of normal blood glucose and 
glycogen stores during fasting. The main pre
cursors of glucose formed via the gluconeogenetic 
pathway are certain amino acids and glycerol. 

Amino acids are deaminated and transami
nated to pyruvate or to intermediate products 
of the tricarboxylic acid cycle and can form 
glycogen and glucose. Glycerol liberated by 
lipolysis of triglycerides is the second most 
important endogenous precursor of glucose. At 
a caloric requirement of 2500 calories, about 
2000 calories are generated by the combustion 
of fatty acids and ketones (210 g). Since these 
calories are liberated mainly from triglycerides, 
about 25 g of glycerol are released from adipose 
tissue at the same time and can then be converted 
to glucose. The remaining amount of glucose, 
approximately 75 g, arises from the amino acids, 
as has already been mentioned. The nitrogen 
of these amino acids appears in the urine (10 g 
of nitrogen correspond to 62 g of protein). 

The regulation of gluconeogenesis by hor
mones and substrates is extremely complex. 
Glucagon first induces glycogenolysis and sub
sequently leads to increased gluconeogenesis 
(EXTON, 1966). A rise in the concentration of 
free fatty acids also leads to an increase in 
gluconeogenesis (STRUCK, 1965). The work of 

LARDY and his team has led to a better under
standing of the intermediary metabolism of the 
liver and the most important controlling points 
(Fig. 3) (LARDY, 1965). 

3. Chemistry, Synthesis, Biosynthesis, 
Secretion and Effects of Insulin 

a) Chemistry and Synthesis 

BANTING and BEST in Canada and P AOLESCO in 
Rumania succeeded in extracting insulin from 
the pancreas in 1922. This event precipitated 
tremendous research efforts to elucidate the 
chemical and biological properties of insulin. 
It led from its purification by ABEL (1926) to the 
clarification of the structural formula by SANGER 
(1955), to its synthesis (MEIERHOFER, 1963; 
KATSOYANNIS, 1964; ZAHN, 1967; Institute of 
Biochemistry, Academia Sinica, 1966). 

b) Biosynthesis and Secretion of Insulin 

STEINER (1967) has demonstrated the presence 
of a precursor of insulin, proinsulin, in the 
pancreas, from which insulin is split off by the 
catalytic action of several enzymes. Pro insulin is 
synthesized by the ribosomes and transferred 
to the Golgi apparatus where most of the 
splitting of pro insulin to insulin takes place. 
Insulin is then packed into granules which are 
lined up along microtubules close to the mem
brane of the B-cell. The biosynthesis of insulin 
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Fig. 4. Human insulin is a protein with a molecular weight of 5734. The isoelectric point lies at pH 5.6. It consists of 2 
polypeptide chains, the A and the B chain which are linked by 2 disulfide bridges. The A chain with 21 amino acids contains 
another disulfide intra-chain linkage. The B chain is composed of a total of 30 amino acids. The biologically active centre 
of insulin is unknown. Small changes of the structure appear to alter the spatial arrangement of the insulin molecule so that 
biological activity is lost. Splitting of the disulfide bonds, alterations of the two histidine residues and splitting off of the 
8 C terminal amino acids of the B chain result in loss of activity. The removal of the C-terminal threonine alone does not 
change the activity of insulin, this is changed when the end terminal asparagine of the A-chain is simultaneously removed 
(SLOBIN, 1963). The amino acids in positions 8·-10 of the A chain differ in the human, bovine, procine and sheep insulins. 
A comparison between guinea-pig and human insulin shows that they differ in 14 amino-acid residues. The chemical synthesis 
of the A and B-chain by the conventional methods of peptide synthesis and by the solid-state method of MERRIFIELD (1967) 
no longer appears to present great difficulties. However, the linkage of the disulfide bonds and the combination of the two 
chains to form insulin has not yet been possible on a large scale 
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should not be confused with the process of 
insulin secretion. Different mechanisms are 
involved in insulin secretion: granules containing 
insulin are surrounded by the cell membrane and 
expelled by the process of emeiocytosis or 
exocytosis. Whether or not another secretory 
mechanism exists is not known (LACY, 1965). 
Nothing is known about the regulation of 
insulin biosynthesis. The islet cells seem to 
know when to produce new insulin, namely when 
insulin is being secreted and the insulin content 
of the cell decreases. 

c) Regulation of the Secretion of Insulin 

Until a few years ago, insulin secretion was 
believed to be controlled only by the blood
sugar level. In the meantime, a large number of 
substances which promote or inhibit insulin 
secretion has been discovered. Since CONARD'S 
investigations on glucose assimilation (1955) 
it has been established that insulin secretion is 
stimulated more markedly by orally administered 
glucose than by intravenously injected glucose. 
SAMOLS (1965) and other authors (KETIERER, 
1967) have repeatedly shown that glucagon 
stimulates the secretion of insulin even before 
the blood sugar rises. Following oral glucose, 
glucagon seems to be secreted before insulin 
secretion is increased (SAMOLS, 1965). This 
sequence of events tells us nothing about the 
importance of glucagon as an insulin se
cretagogue. Secretin given intravenously also 
causes insulin release (DUPRE, 1966). Some 
authors have a concept of a whole chain of 
gastrointestinal hormones (pancreozymin, gas
trin, secretin, glucagon) which have to be 
secreted in the right sequence to lead to a 
timely insulin secretion (UNGER, 1967). 

In addition to glucose, amino acids are also 
physiologic stimulators of insulin secretion. It 
has been known for a long time that leucine 
stimulates the secretion of insulin and that it 
can cause hypoglycemia (SCHWARTZ, 1959). A 
mixture of amino acids and single amino acids 
can also stimulate insulin secretion. In order 
of potency these are: arginine, lysine, leucine, 
phenylalanine, valine and methionine (F AJANS, 
1967). Leucine is the only amino acid that causes 
hypoglycemia. In contrast to leucine, the action 
of the other amino acids is not potentiated but 
rather diminished by prior treatment with 
sulfonylureas. Leucine and all other amino 
acids seem to stimulate insulin secretion through 
different mechanisms. The effects of glucose 
and arginine on the B-cell are mutually potenti
ated. The insulinotropic action of amino acids 
is of phylogenetic interest. Certain fish and other 
animals live on protein and fat alone. In these 
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animals, insulin appears to affect in particular 
the transport of amino acids into the cells and 
protein synthesis. It is reasonable to assume that 
insulin secretion is regulated mainly by the 
plasma concentration of amino acids in these 
animals. 

Glucose is the main physiologic stimulus 
of insulin secretion in man. The significance 
of glucagon and secretin is not yet certain. It 
is possible that cyclic 3',5'-AMP, the "second 
messenger", is also a mediator of insulin 
secretion (MALAISSE, 1967). 

Adrenaline and noradrenaline prevent an 
adequate insulin release in response to glucose. 
Whether physiologic or pharmacologic con
centrations of catecholamine are needed for 
inhibition of insulin secretion has not been 
assessed (PORTE, 1968). Hypokalemia can also 
lead to paralysis of the secretory process in the 
B-islet cells and the reduced glucose tolerance 
in patients with aldosteronism is related to 
hypokalemia (GRODSKY, 1966). Other ions, in 
particular Ca + + influence insulin secretion as 
well (MILNER, 1967; MALAISSE, 1971). 

d) Pharmacology of Insulin Secretion 

The diabetogenic effect of diazoxide (F AJANS, 
1966; GRABER, 1966) is due mainly to inhibition 
of insulin secretion. Mannoheptulose (SIMON, 
1966) is a very potent inhibitor of insulin secre
tion. Its effects are reversible, the side effects 
on liver metabolism are negligible. The original 
observation made by LOUBATIERES (1957), that 
sulfonylureas have a hypoglycemic effect by 
way of B-islet cell stimulation, has stood up to 
all criticism. Estimations of immunoreactive 
insulin in the blood before and after acute 
intravenous administration of sulfonylureas show 
that insulin secretion is stimulated within a few 
minutes (SAMOLS, 1965). Insulin secretion after 
sulfonylurea administration is short-lived under 
normal circumstances and prolonged in patients 
with B-islet cell adenoma. 

Pentoses and pentitoles promote insulin 
secretion. It is assumed that these sugars are 
funneled into the pentose-phosphate shunt and 
that they supply extra energy for insulin secre
tion (KUZUYA, 1966; HIRATA, 1968). No other 
hypoglycemic drug acts via the B-islet cells 
(biguanides, synthalin, salicylic acid, hypo
glycine). 

e) Inactivation of Insulin in the Organism 

It is occasionally stated that hormones are 
destroyed while acting on the receptor. This 
certainly does not apply to insulin. Intact 
adipose tissue, which is one of the main target 
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organs of insulin, inactivates hardly any insulin 
(PIAZZA, 1959). 

Insulin has a very short biologic half-life. 
In the rat it is 3 min (BURGI, 1963), in the dog 
about 20 min (CAMPBELL, 1967), and in the 
human about 10 min (WELSH, 1956; CERASI, 
1964). Insulin is split into A- and B-chains, 
mainly in the liver, by the enzyme insulin
glutathione-transhydrogenase (TOMIZA WA, 
1962). This enzyme is also present in the kidneys, 
which contribute to the rapid inactivation of 
insulin. Small amounts of insulin are excreted 
in the bile (DANIEL, 1967). 

Insulin is filtered through the glomerula and 
is almost completely reabsorbed. Nevertheless, 
about another 1 % of the total amount of 
insulin secreted is excreted as such in the urine 
in conditions of tubular dysfunction (CHAM
BERLAIN, 1967). 

The biologic half-life of insulin is prolonged 
in people who have been treated with insulin 
over a long period of time (WELSH, 1956). 
Insulin antibodies then present in blood bind 
insulin so that enzymatic degradation by in
sulin-glutathione-transhydrogenase is prevented. 
Insulin has a prolonged action since it cannot 
be broken down because it is bound to the 
antibodies and is released only gradually (FANK
HAUSER, 1963; CROUGHS, 1965). 

f) Insulin in Blood 

Insulin forms polymers in neutral solution. It 
is assumed but has not been proved that insulin 
circulates as a dimer or tetramer in blood. 
Until now, no specific carrier protein of insulin 
has been found in blood, although for some 
time the alpha-2-macroglobulins were consid
ered to have this function (ZAHND, 1963). 
Endogenous human insulin reacts with insulin
antibodies which were produced in the guinea 
pig by injecting crystalline pancreatic insulin. 

One cannot conclude from this that crys
talline insulin extracted from the pancreas and 
filled into ampoules is the same chemical 
substance as the endogenous insulin circulating 
in the blood, although the antibodies cannot 
differentiate between the two. 

Insulin in blood can also be assayed biolog
ically in vitro using rat adipose tissue. The im
munoreactive insulin in the serum corresponds 
to the insulin-like activity (lLA) which is inhib
ited by antibodies (FROESCH, 1967). The normal 
values of ILA for normal subjects in the fasting 
state lie between 10 and 30 micro-units per ml 
of serum, the average value being 20 micro-units 
per ml. The immunoreactive insulin increases 
rapidly after a single intravenous injection of 
glucose, reaches a maximum of 100 micro-units 

per ml after 2-5 min and falls to the original 
value 30-60 min after glucose administration 
(SAMOLS, 1965). The concentration of insulin 
in blood and its rise after glucose administration 
appear to be dependent on body weight and age, 
among other factors. Overweight patients with 
normal glucose tolerance often show an exces
sive rise in plasma insulin in response to glucose 
administration (KARAM, 1963). 

g) Biological "Insulin-Like" Substances in 
the Serum 

The serum contains protein which promote 
the uptake of glucose by muscle and adipose 
tissue in vitro, and which also simulate the 
antilipolytic effect of insulin. The so-called 
"nonsuppressible" or "atypical" insulin activ
ity of the serum is the most important of these 
substances (FROESCH, 1967). Nonsuppressible 
ILA is not inhibited and is not bound by anti
bodies to insulin. Serum contains about 200 
micro-units of nonsuppressible ILA and 20 micro
units of suppressible ILA. Suppressible ILA 
corresponds to immunoreactive plasma insulin. 
The nonsuppressible ILA can probably not be 
attributed to a single molecule. The main part 
is a protein with a molecular weight between 
70000 and 150000 (BURGI, 1966; JAKOB, 1968). 
This molecule appears to be inactive in vivo, 
at least under standard conditions. The reason 
for this is not clear. Nonsuppressible ILA is not 
decreased in diabetics, in diabetic ketosis, or 
in the pancreatectomized dog. These and other 
observations make it seem unlikely that non
suppressible ILA has any physiologic signifi
cance in glucose homeostasis or that it origi
nates in the pancreas (FROESCH, 1967). The 
hypothesis according to which the large molecule 
with nonsuppressible ILA might pass through 
the cell membrane only when capillary per
meability is increased (muscular activity, in
flammation) is still open to discussion. In 
this way, in contrast to insulin, whose action 
is systemic, nonsuppressible ILA might act 
locally where extra glucose is needed. 

A small protein with a molecular weight 
of 8000 with nonsuppressible ILA has been 
extracted from serum and partially purified 
(BURGI, 1966). It has the same effects as insulin 
on adipose tissue, and appears to stimulate 
glucose uptake by muscle more actively than its 
uptake by adipose tissue (FROESCH, 1966). The 
purified molecule with nonsuppressible ILA 
contains neither A- nor B-chain and probably 
has 3 disulfide bonds. It is an interesting 
molecule. The elucidation of its structure may 
help to find the biologically active centre of 
insulin. Lately, nonsuppressible ILA has been 
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shown to be a potentgrowth factor for fibroblasts 
in culture and a potent sulfation factor (somato
medin) (MORELL, 1973; ZINGG, 1973). 

h) The Action of Insulin on the Transport of 
Glucose 

Today, there is absolutely no doubt that the 
theory first formulated by LEVINE and GOLD
STEIN (1955), according to which insulin accel
erates glucose transport into the cell, is correct. 
This effect of insulin on glucose transport has 
been investigated thoroughly in muscle and in 
adipose tissue (PARK, 1961; CROFFORD, 1965; 
MORGAN, 1964). The action of insulin on 
glucose transport sets in as soon as insulin 
comes into contact with the cell, and stops 
immediately when insulin is neutralized by 
anti-insulin serum (FROESCH, 1963). It is to be 
assumed that insulin combines in a reversible 
manner with the membrane and that it changes 
its configuration. Insulin accelerates the trans
port of glucose in adipose tissue in vitro even 
in concentrations as low as 1-10 micro-units per 
ml. These concentrations correspond to those 
found in the serum of fasting men. When glucose 
transport in adipose tissue and in muscle is 
accelerated maximally by insulin in vitro, glu
cose phosphorylation in the cell may become a 
rate-limiting factor for total turnover, and 
glucose in the free form may accumulate in the 
cell (FROESCH, 1963; MORGAN, 1961). It is not 
likely that this ever occurs under physiologic 
conditions. Insulin is released in particular 
after the intake of starch or glucose, which 
accounts for the fact that glucose reaching the 
blood during the resting state is stored in the 
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tissues. Glucose is not oxidized, but rather 
stored. The regulation of glucose uptake by 
insulin is different from stimulation by muscular 
exercise. Whereas a glucose load can be stored 
only under the influence of insulin, increased 
energy requirement of the cell determines the 
glucose uptake in conditions of exercise and 
glucose need. 

i) Effects of Insulin which are Independent of 
Glucose (see also Fig. 5) 

The transport theory is correct, but the effect 
on glucose transport is certainly not the only 
action of insulin. Insulin promotes the trans
port of amino acids into muscles and fat cells 
and their incorporation into protein (MAN
CHESTER, 1965; SCHARFF, 1965; CARRUTHERS, 
1962; KRAHL, 1964). The uptake of potassium 
by the cell is only increased in the presence of 
glucose. Insulin raises the resting electric po
tential of the adipose-tissue cell in the absence 
of glucose in the medium (BEIGELMAN, 1962). 
The anti-lipolytic effect of insulin is of special 
importance to consideration of the metabolic 
disorders in diabetes mellitus. Insulin inhibits 
the release of glycerol and free fatty acids by 
adipose tissue of the rat regardless of whether 
glucose is present in the medium or not (FROESCH, 
1965; JUNGAS, 1963; MAHLER, 1964). Trigly
ceride-lipase determines the rate of lipolysis and 
is inhibited by insulin. In addition, insulin 
appears to influence glycogen metabolism. In
sulin inhibits phosphorylase and activates gly
cogen synthetase in such a way that glycogen 
is less rapidly broken down and more rapidly 
synthesized (JUNGAS, 1966; FROESCH, 1967). It 
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Fig. 5. The action of insulin on lipolysis and glucose metabolism is partly independent of glucose in the medium and occurs 
as rapidly as its effect on glucose transport. The concentration of cyclic 3',5' -AMP in adipose tissue decreases under the 
influence of insulin and increases under stimulation of lipolysis by glucagon, the adrenal medullary hormones and ACTH. 
These hormones seem to influence the formation of 3' ,5' -AMP by activation of adenyicyclase. This enzyme is localized in 
the membrane and releases 3',S'-AMP, the so-called "second messenger", into the cell. There it activates lipase and phos
phorylase and probably inhibits glycogen synthetase. The causal relations between 3' ,5' -AMP and the activation of enzymes 
is, however, not yet fully explained. The effect of 3',5'-AMP is much less pronounced or absent in the homogenate or in 
the case of purified enzymes, and it will be difficult to prove that activation of these enzymes is really caused by an increase 
in the concentration of 3',5' -AMP and not simply by a concomittant phenomenon. 
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is interesting to note that all three enzymes 
involved are probably bound to their insoluble 
substrate in the cell. This assumption has led 
to speculations that insulin which does not 
penetrate into the cell itself may liberate some 
substance from the membrane into the cell, 
which could then influence the activity of these 
structurally bound enzymes within the cell. 
BUTCHER (1966) has demonstrated that insulin 
inhibits adenylcyclase which converts ATP to 
cyclic 3' ,5'-AMP, the so-called second messenger. 
This cyclic compound promotes all processes 
in adipose tissue which provide energy for other 
tissues, i.e. lipase and phosphorylase. Inhibition 
of the formation of cyclic 3' ,5'-AMP would, 
in contrast, promote the storage of glycogen 
and fat. Thus, in addition to its stimulation 
of glycogen and lipid storage through in-

creased glucose uptake, insulin also inhibits the 
intracellular breakdown of glycogen and fat. 
These interrelations are presented in Fig. 5. 

k) Effects of Insulin on Protein Synthesis 
(see also Fig. 6) 

One characteristic of the diabetic state is a 
partial loss of activity of certain enzymes in 
various tissues. Hexokinase and glucokinase 
activities are decreased (SOLS, 1965). In adipose 
tissue of diabetic animals the activity of lipo
protein lipase is low, while in muscle it is higher 
than normal (HOLLENBERG, 1965). Insulin ad
ministration for 12 to 24 hours will normalize 
these enzyme disorders in diabetic tissue. It is 
not yet certain whether insulin restores protein 
and enzyme synthesis to normal by acting 
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Fig. 6. Effects of insulin on protein synthesis. With few exceptions insulin acts only on intact cells. It stimulates the synthesis 
of enzymes which are important for the storage of glycogen and fat (among others: glucokinase, glycogen synthetase, 
glucose-6-phosphate dehydrogenase, pyruvate kinase, citrate cleavage enzyme, acetate thiokinase) and decreases the synthesis 
of those enzymes in the liver which determine the rate of gluconeogenesis (glucose-6-phosphatase, fructose-l,6-diphos
phatase, phosphoenolpyruvate-carboxy kinase, pyruvate carboxyl ase). It has not been possible to demonstrate that insulin 
acts directly on enzyme synthesis. Some insulin effects are certainly secondary to its primary action on the cell membrane 
(glucose transport, adenylcyclase). The work of WOOL is very important since he has demonstrated for the first time a 
clearcut action of insulin on the ribosomes. According to WOOL (1965, 1967) insulin alters the translation of genetic infor
mation at the level of the ribosomes. Since this effect is inhibited by puromycin and cycloheximid but not by actinomycin 
D, insulin does not appear to affect transcription, i.e. the transmission of genetic information from DNA to RNA but rather 
protein synthesis at the level of the ribosomes. According to WOOL insulin brings about the synthesis of some "specific" 
protein which then induces a chain of further reactions resulting III the synthesis of particular proteins and enzymes. This 
interpretation of the action of insulin on ribosomes still is somewhat speculative. (According to WOOL, 1966) 
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directly on DNA or RNA synthesis or by way 
of its effects on the cell membrane and inter
mediary metabolism. WOOL'S work is very 
interesting and important. He was the first to 
show that insulin acts on cellular components, 
the ribosomes. According to WOOL (1965, 1967), 
insulin changes the translation of the genetic 
information into protein synthesis at the ribo
somes in a short time. Since actinomycin D 
does not influence this effect of insulin, whereas 
puromycin and cycloheximide do, insulin does 
not seem to act on transcription, i.e. the trans
mittance of the genetic information from DNA 
to RNA, but rather on protein synthesis at the 
ribosomes. According to WOOL, insulin stimu
lates the synthesis of a "specific" protein, which 
could further influence the synthesis of other 
protein molecules and enzymes in a chain of 
reactions. This interpretation of the action of 
insulin on isolated ribosomes is, however, still 
a matter of speculation and debate. 

I) The Action of Insulin on the Liver 

The question of whether insulin influences liver 
metabolism directly appeared to be solved when 
no action was detected on liver slices in vitro 
(RENOLD, 1955). Insulin does not act on glucose 
transport into the liver cell. The concentration 
of glucose -in the cytoplasm of the hepatic cells 
is roughly the same as that in the blood in the 
presence and absence of insulin (CAHILL, 1958). 
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However, in recent times, different research 
groups have demonstrated unequivocally that 
insulin decreases the release of glucose, the 
rate of gluconeogenesis and the production of 
urea both in vivo and in the perfused liver 
in vitro (COMES, 1961; DE BODO, 1963; MADISON, 
1965). The mechanism of this hepatic action 
of insulin is not explained. Since some of these 
insulin effects are inhibited by substances which 
block protein synthesis, it may be assumed that 
insulin promotes the synthesis and formation 
of enzymes and exerts some of its effects on the 
liver in this way (SOLS, 1965). Insulin also 
inhibits the biosynthesis of enzymes essential 
to gluconeogenesis (WEBER, 1965). 

4. The Acute Metabolic Disorder in 
Diabetes and Diabetic Coma 

E. R. FROESCH and P. H. ROSSlER 

a) Consequences of Absolute Insulin Deficiency 
(see Fig. 7) 

The acute metabolic disturbance in diabetes 
mellitus is the direct result of the complete or 
almost complete deficiency of insulin. Diabetic 
coma in man can be exactly reproduced in ex
perimental animals by destruction of the B-islet 
cells with alloxan or streptozotocin, by total 
pancreatectomy, by the inhibition of insulin 
secretion with mannoheptulose and by blockade 
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Fig. 7. Scheme of the metabolism of the most important fuels after eating, fasting and in the acute diabetic stage. Insulin 
is an absolute prerequisite for the storage of glucose as glycogen and fat and for the uptake and storage of fat in adipose 
tissue. Insulin increases glucose uptake of adipose tissue and increases the activity of lipoprotein lipase which enables the 
fat cell to hydrolyze chylomicrones and to take up the fatty acids which are esterified with IX-glycerophosphate and stored 
as triglycerides. Free fatty acids released by adipose tissue are the major fuel of the fasting and diabetic organism. The 
massively increased release of free fatty acids by diabetic adipose tissue is due to decreased reesterification and stimulated 
lipolysis. Part of the free fatty acids taken up by the liver are oxydized to ketone bodies which also serve as a fuel but even
tually flood the diabetic organism. (From FRoEscH et al., 1966) 
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of circulating insulin with anti-insulin serum. 
The animals die in diabetic ketosis 48 hours 
after the beginning of an infusion with high 
doses of neutralizing anti-insulin serum (ANDER
SON, 1963). Experimental hyperglycemia and 
ketosis are reversible when insulin is administered 
at the right time and in sufficiently high 
doses. 

Hyperglycemia arising within a few minutes 
after withdrawal of insulin is due to the immediate 
cessation of glucose transport into muscle and 
adipose tissue cells. The half-life of glucose in
creases rapidly in the rat from the normal 20 min 
to between 40 and 60 min after the injection 
of anti-insulin serum. The liver contributes to 
the hyperglycemia only after a while by in
creasing gluconeogenesis. 

Under such conditions, glucose is no longer 
a major substrate for cellular metabolism. 
Free fatty acids and ketones serve as the main 
substrate. They arise entirely from adipose 
tissue. Lipases liberate free fatty acids from 
depot triglycerides. They are in part reesterified. 
The release of free fatty acids from adipose 
tissue is determined by the intracellular re
esterification with alphaglycerophosphate deriv
ed from glucose and by the activity of the lipases 
(VAUGHAN, 1965). When insulin is absent, no 
more glucose is available for the reesterification 
of fatty acids, so that they are released into the 
blood. It is still unknown to what extent direct 
inhibition oflipolysis of adipose tissue by insulin 
and the removal of this block determine the 
release of free fatty acids. Stimulation of 
lipolysis by lipolytic hormones and inhibition 
of lipolysis by insulin fulfill all criteria of a 
neatly regulated metabolic system. Lipolysis 
is not only active when insulin is absent and 
lipolytic hormones, such as adrenaline, circulate 
in increased amounts. Lipolysis is also very 
active when animals are fed after prolonged 
periods of fasting, and lipolysis is then especially 
strongly inhibited by insulin (FROESCH, 1965). 

During insulin deficiency the organism 
switches over from the oxidation of glucose 
to the consumption of fat, i.e. free fatty acids. 
Adipose tissue is the only organ which possesses 
an unlimited capacity for the storage of potential 
energy in the form of neutral fats. During 
fasting and in the diabetic state it provides 
almost all the energy for all other tissues. Only 
the brain and the erythrocytes continue to use 
glucose. 

The release of free fatty acids from adipose 
tissue during fasting slightly exceeds the require
ments of the organism. During complete insulin 
deficiency the free fatty acid release is no longer 
adjusted to the actual needs and ketone bodies 
are formed from free fatty acids. 

b) Formation of Ketone Bodies and Ketosis 

Ketone bodies are formed exclusively in the 
liver from acetyl CoA in a cycle described by 
LYNEN (1958). Acetyl-CoA accumulates in the 
liver by excessive beta-oxidation of fatty acids. 
During glycolysis, every molecule of pyrurate 
may give rise to a molecule of oxalacetate from 
which citrate is derived for the Krebs cycle. 
The same does not apply to the breakdown 
of fatty acids. Acetyl-CoA increases and ketone 
bodies are formed. This is in no way a process 
limited to diabetes mellitus. Whenever the 
liver is flooded with free fatty acids formation 
of ketone bodies is increased. Even the non
diabetic liver extracts a large percentage of 
the fatty acids supply and oxidizes them to 
ketone bodies. The formation of ketone bodies 
is for the most part a function of the concentra
tion of free fatty acids in the blood (AYDIN, 1963). 

Depending on the pH of the urine, the 
keto acids are excreted partly as undissociated 
free acids and partly as sodium and potassium 
salts. During ketosis, sodium and potassium is 
lost. Since the water loss is greater than the 
cation loss, hypokalemia becomes apparent 
only during rehydration. 

c) Causes of Hyperosmolarity and of 
Dehydration (see Fig. 8) 

Insulin deficiency is the cause of the water and 
electrolyte inbalance in diabetic coma. These 
processes are presented schematically in Fig. 8. 
The first phase of diabetic decompensation 
begins with a rise in blood sugar. Serum osmo
larity rises and for compensation water flows 
from the cells into the extracellular space. 
Temporary hypervolemia results and leads at 
first to a brief fall in aldosterone secretion and 
renal loss of sodium and chloride. On the 
other hand, the osmoreceptors in the hypo
thalamus are stimulated to release ADH so 
that more water is reabsorbed in the kidneys. 
This regulation mechanism may function only 
in the first phase of diabetic decompensation 
and later be overrun by a much more important 
mechanism. The renal tubules can reabsorb a 
maximum of 350 mg of glucose per minute. When 
more glucose is filtered through the glomerula 
it is lost in the urine. On the other hand, the 
concentrating capacity of the kidneys is limited 
to a maximum of 1000 mOsmol/1. With a blood 
sugar of 712 mg% and a glomerular filtration 
rate of 125 ml per minute, 540 mg of glucose or 
3 mOsmoles are excreted per minute. The kidney 
needs at least 3 ml of water per minute or 180 ml 
per hour for the excretion of this amount of 
glucose alone. In addition, the concentrating 
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Fig. 8. Causes of hyperosmolality, exsiccosis and ketoacidosis in diabetic decompensation. (From FROESCH et al., 1966) 

capacity of the kidneys is limited during osmotic 
diuresis and seldom exceeds 600--800mOsmoles/1. 
As soon as this enormous loss of water is no 
longer compensated for by drinking, a water 
deficit develops leading to severe hypertonic 
dehydration. This renal water deficit is further 
increased by respiratory loss of water due to 
the deep Kussmaul-type breathing. 

The hyperosmolarity of the serum, primarily 
due to hyperglycemia and water loss, now in
creases further since the end-products of cellular 
metabolism can no longer be excreted because 
of renal failure due to circulatory factors. End
products of metabolism such as urea accumulate. 
As mentioned above, the organism attempts to 
correct hyperosmolarity of the serum by the 
flow of water froth the cells into the interstitial 
space and into the blood. With the exception 
of erythrocytes and liver cells, most other cells 
in the body contain no free glucose. The intra
cellular osmolality of these cells is not affected 
directly by the rise in blood sugar, but secondarily 
by the cellular loss of water into the interstitial 
fluid and the blood. 

d) Effects of Ketoacidosis, Hyperosmolarity and 
Dehydration on the Metabolism of the Brain 

What are the causes of the disturbance of brain 
metabolism leading to cerebral coma? This 
question cannot yet be adequately answered 
even now. There is a pronounced potassium 
deficit in diabetic ketosis. Intracellular potassium 
is replaced by sodium and hydrogen ions. We 

would, therefore, expect an intracellular acidosis 
also in diabetic coma. A massive increase of 
CO2 causes narcosis. CO2 content and pressure 
in the plasma are especially low in metabolic 
acidosis due to hyperventilation. Is the metabolic 
disturbance of the brain directly responsible 
for the coma? Is the cellular dehydration re
sponsible? During hyperglycemia, the sugar 
level in the cerebrospinal fluid is much lower 
than the blood sugar, so that an osmotic gradient 
is built up between the blood and the cere
brospinal fluid. It is temporarily compensated 
by a loss of water from the cerebrospinal fluid 
and a resultant rise of the sodium chloride 
concentration (FROESCH, 1967). The ratio of 
blood glucose to cerebrospinal fluid glucose 
averages 1.9. The quotient is smaller at low 
blood sugar concentrations and rises to above 
2 at blood sugar values above 1000 mg%. A 
comparison between the chemical composition 
of serum and that of cerebrospinal fluid (CSF) 
shows that CSF sodium is always more or less 
markedly elevated in diabetic coma, in spite of 
normal sodium levels in the serum. Can we 
conclude from this that the brain cells are 
bathed in a fluid in which the sodium content 
is elevated and rises as the glucose gradient 
between blood and CSF rises? Whereas the 
cerebrospinal fluid is formed by the ependyma 
of the choroidal plexus and also partly re
absorbed there, we know little about the inter
stitial fluid of the brain and its formation. The 
interstitial space which is thought to make up to 
30 % of the weight of the brain cannot be 
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localized under the electron microscope (TSCHIR
GI, 1960). The capillaries are densely surrounded 
by the foot-like elongations of the astrocytes. 
A few authors hold that the so-called blood 
CSF barrier is formed by these parts of the 
astrocytes and the astrocytes themselves. The 
formation of the CSF is certainly not the same 
as the formation of the interstitial fluid of the 
brain. Furthermore, the CSF is renewed 2 to 
4 times daily, a turnover which could not 
provide the brain with enough glucose and 
oxygen. What do we know about the blood/brain 
barrier in relation to glucose? According to 
TSCHIRGI (1960) the glucose content of the brain 
is, on average, 25-40 % lower than the blood 
sugar and it changes in a parallel manner with 
the blood sugar. When the blood sugar rises 
to 800 and 1600 mg%, however, the glucose 
content of the interstitial fluid of the brain 
does not increase above 300 mg %. As a result 
of this, the ratios differ from those in the CSF, 
but they do indicate similar trends, i.e. an ever
increasing osmolality gap resulting in dehy
dration of the brain cells as the blood sugar 
increases. As early as 1932, ROSSlER made the 
observation that hyperventilation lasts longer 
than the acidosis of the blood and may occa
sionally lead to respiratory alkalosis. An ex
planation for this fact was found in recent 
investigations which show that the pH of the 
CSF lags behind the pH of the blood during 
treatment, since the organic acids pass the 
bloodjCSF barrier only sluggishly. The low 
pH of the CSF continues to stimulate the 
respiratory center, even when the blood pH is 
already normal (see Table 1). 

5. Diagnosis, Differential Diagnosis and 
Prognosis of Diabetic Coma 

E. R. FROESCH and P. H. ROSSlER 

a) Diagnosis and Differential Diagnosis 

The diagnosis of a typical case of diabetic coma 
is very simple. In the majority of patients, 
diabetes mellitus was known to be previously 
present. We then have to differentiate between 
a hyper- and a hypoglycemic coma. The red, 
dry skin, the slow smoothing out of the elevated 
skin folds, the soft eye bulbs, the flat, fast 
pulse rate, the Kussmaul breathing, and finally 
the smell of acetone are unequivocal signs of 
the classical diabetic coma. Apart from the 
positive urine sugar and acetonuria, the deter
mination of a highly elevated blood sugar is 
essential for the diagnosis. Today, this can be 
done rapidly with the Dextrostix at the bedside. 
Occasionally ketone bodies are also elevated 
when the blood sugar is very low during a 
prolonged hypoglycemic coma. It may then be 
mistaken for a diabetic coma since glucose 
may still be present in the urine from previous 
hyperglycemia. This stresses the importance of 
a rapid blood sugar determination for the 
diagnosis of diabetic coma. 

Hyperosmolar, non keto-acidotic diabetic 
coma may present special difficulties (ROSSlER, 
1961; STOTTER, 1962). Often it is the first mani
festation of diabetes mellitus, and the coma is 
not always preceded by a period of polyuria and 
polydipsia, especially when the renal function is 
already impaired in elderly patients. In addition, 
Kussmaul breathing and the smell of acetone are 

Table 1. Blood and cerebrospinal fluid (CSF) in diabetic coma before, 6 and 24 hours after the beginning of treatment 

Predominantly ketoacidotic coma 

Na T (meqd) 
Cl~ (meq'l) 
Glucose (mg 00) 
Osmolality (mosmo1es kg) 
pH 
Remaining acid (meq/l) 

(calculated) 

Na + (meq/l) 
C1 ~ (meq; 1) 
Glucose (mg 0-;',) 
Osmolality (mosmoles kg) 
pH 
Remaining acid (mel! 1) 

(calculated) 

Before therapy 

Blood (11=8) CSF (11=8) 

135.8 156.0 
95.8 134.7 

845 518 
360 339 

7.05 7.10 
30.4 17.0 

6 hours after 
start of therapy 

Blood (11=7) CSF (11=7) 

138.8 147.0 
101.1 123.5 
337 377 
332 310 

7.35 7.20 
15.8 15.6 

Predominantly hyperosmolar coma 

Blood (n= 5) CSF (n=5) Blood (n=4) CSF(n=4) 

137.2 170.8 149.7 160.6 
97.0 150.6 101.7 126.0 

1764 802 734 715 
453 441 418 416 

7.19 7.23 7.37 7.28 
21.4 8.0 18.8 19.4 

24 hours after 
start of therapy 

Blood (n=4) CSF (11=4) 

140.5 151.0 
96.0 116.7 

318 226 
321 315 

7.42 7.31 
11.5 13.8 



756 

absent. The blood pressure often falls even in the 
early stages of hyperosmolar coma. 

b) Prognosis of the Diabetic Coma 

Diabetic coma carries an average mortality of 
10-20%. The definition of diabetic coma is of 
extreme importance in a comparison of the 
results of different medical centers. This is 
brought out by the Frankfurt study (PFEIFFER, 
1960). In this study 83 cases of diabetic coma 
were admitted from 1954 to 1959, and 16 of 
these died from the coma itself and a further 
16 from other causes. Not one of the 215 
diabetics referred in the same period for ad
mission in the precomatose state died. These 
figures indicate how very important it is to 
start treatment as early as possible, since the 
prognosis gets rapidly worse with the duration 
of the unconsciousness. Of the 16 patients men
tioned above, who died in and of the diabetic 
coma, the unconsciousness lasted longer than 
10 hours before treatment was started in 14 
patients, and was even longer in 2 patients in 
whom diabetes mellitus had not been diagnosed 
before the comatose episode. The prognosis is 
unfavorable in elderly patients, mainly because 
of the higher risk of cardiovascular complica
tions. The longer diabetes has been present, the 
worse is the prognosis. In addition, all severe 
precipitating and concomitant illnesses, such as 
myocardial infarction, arteriosclerosis, gangrene, 
uremia and infections, influence the prognosis 
unfavorably. In contrast, the level of the blood 
sugar does not seem to be of importance for the 
prognosis. Several unfavorable prognostic fac
tors not infrequently occur together in hyper
osmolar diabetic coma. This is often seen in 
elderly patients with preexisting cardiovascular 
disease. In many, circulatory failure which may 
be resistant to therapy is present from the very 
beginning or may develop during the course of 
treatment. 

6. Treatment of Diabetic Coma 

a) Treatment Schedule in Use since 1960 in the 
Department of Medicine, University of Zurich 
(ROSSlER, 1960) 

1. Insulin by slow infusion.' Decrease of blood 
sugar, osmolality, free fatty acids, ketone 
bodies and amelioration of acidosis. 

2. Hypotonic fluid administration.' Correction of 
the exsiccosis and of the hypertonic dehy
dration. 

3. Na+ administration, half of it being given as 
bicarbonate.' Compensation of the sodium 
loss and of the metabolic acidosis. 
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4. K+ administration starting between the 4 th 
and 6th hours.' Compensation of the previous 
potassium loss and the potassium displace
ment into the cells during insulin therapy. 

Intravenous fluid for diabetic coma.' 
1/3 as physiologic NaCl solution 
1/3 as physiologic Na-bicarbonate solution 

(1/6 molar, 14 gil), 
1/3 as H 20. 

In uncomplicated coma.' 
1st hour 1 liter with 100 units of 

soluble insulin, 
2nd hour to 4th 1 liter with 100 units of 

soluble insulin, 
5th to 12th hours 1 to 2 liters with 50 to 200 

units of soluble insulin, 
13th to 24th hours 1 to 2 liters with insulin 

according to needs. 

Potassium replacement.' 20 to 40 meq/h 
(1.5-3 g of KC1). 

Glucose.' The hypotonic "coma" solution is 
replaced by a 5% glucose infusion when the 
blood sugar approaches 250 mg%. 

b) Amount of Fluid (see Table 2) 

Table 2. Water- and electrolyte deficit in diabetic coma 
according to various authors 

JOSLIN MACH 
(1959) (1953) 

DEROT 
(1961) 

BUTLER 
(1950) 

Water (ml) 6866 4000-5000 5000-8500 7000 
Na +(meq/l) 351 350 - 700 350 - 700 350 
K ~ (meq/l) 493 400 - 600 350 - 420 420 
Cl- (meq/l) 430 250 - 600 350 280 

As already discussed in the section on the causes 
of dehydration, the water deficit exceeds the 
sodium deficit, resulting in hypertonic dehy
dration. Correspondingly, a hypotonic solution 
should be used for rehydration. It has been 
shown that the results of therapy obtained with 
hypotonic solutions are almost the same as 
those obtained with isotonic fluids. On the 
other hand, hypertonic solutions are strictly 
contraindicated. 

The fluid deficit in diabetic coma varies from 
about 4 to 9 liters (average 5.5 liter), and this 
amount of fluid must be replaced. The rate of 
fluid administration must be adjusted to various 
factors. In the young diabetic without cardiac 
disease, 6 to 8 liters may be given intravenously 
in 24 hours. In the elderly patient fluid must be 
administered with caution. The danger of over
loading the circulation and thus causing pul
monary edema is serious. Such patients should 
generally not be given more than 4 liters intra-



The Islet Cell Apparatus, Metabolic Regulation, and Pathophysiology of Diabetes Mellitus 757 

venously in 24 hours. As soon as these patients 
regain consciousness and as soon as the danger 
of aspiration is overcome, further rehydration 
can occur without any risk by the oral route. 

c) The Composition of the Intravenous Solution 

An essential requirement for any solution is its 
readiness for use at any time, so that treatment 
can be started promptly. For this reason JOSLIN 
(1959) recommended physiologic saline, although 
this solution is isotonic and not hypotonic. The 
major advantage of saline is that it is always 
ready and available. 

The solution of 1/3 physiological saline, 
1/3 physiological sodium bicarbonate and 1/3 
water has the same advantage in being indefinitely 
stable (ROSSlER, 1960). This solution is hypotonic 
with an osmolality of 210 mosmoljl. The ratio 
of sodium to chloride is 2 : 1 and the bicarbonate 
content is 55 meq/l. The Hausmann solution for 
diabetic coma, commercially available in Swit
zerland, has a similar composition. Sodium 
lactate. which was formerly often used instead 
of sodium bicarbonate, has lost its place in the 
therapy of the diabetic coma, since spontaneous 
hyperlactatemia is relatively frequent in these 
patients (HUCKABEE, 1961). The organism should 
not be flooded with organic anions, the utilization 
of which is not guaranteed (SCHWARTZ, 1962). 

Tris buffer has repeatedly been recommended 
for the treatment of coma. We have no personal 
experience of this use of the solution and do 
not understand the reasoning behind this therapy. 

d) Treatment with Intravenous Insulin 
(See Therapeutic Schedule) 

Treatment with insulin, like fluid administration, 
must be started at once after the diagnosis of 
diabetic coma has been made. The extremely 
high doses of insulin often used are not necessary 
if insulin is administered in an intravenous 
drip. The biological half-life of insulin in the 
human is about 10 min. If 200 units of insulin are 
injected intravenously, 100 units are destroyed 
by the liver after 10 min, and only 12 units are 
circulating in the blood after 1 hour. The major 
part of the insulin is removed by the liver and 
inactivated before having exerted any effect on 
peripheral tissues. The situation is quite dif
ferent in diabetics with extremely high titers 
of insulin antibodies in the blood which cause 
insulin resistance. The inactivated insulin bound 
to insulin antibodies circulates for much longer 
in the blood than free insulin. In such patients 
the circulating antibodies must first be saturated 
before insulin can act (FRANKHAUSER, 1964). 
In this case, single injections of high doses of 

insulin are indicated for the saturation of 
antibodies. 

Subcutaneous or intramuscular administra
tion of insulin achieves an insulin depot. The 
unknown factor in this type of insulin therapy 
is the absorption rate, which can be appreciably 
slowed down in diabetic coma because of the 
poor circulatory state. Therefore, we never 
know exactly how much insulin has already been 
inactivated, how much is still circulating in the 
blood and how much remains to be absorbed 
from the depot at any given time during treat
ment with subcutaneous insulin. The logical 
and correct treatment with insulin in an intra
venous drip was not used previously because 
nothing was known about the stability of insulin 
in neutral or slightly alkaline solutions. VOLLM 
(1960) tackled the problem of the stability of 
insulin in our laboratory and demonstrated 
that insulin lost none of its activity when it was 
stored at 37°C for over 24 hours in a solution of 
physiological sodium bicarbonate. Since then 
we have not observed any failures to respond 
to an intravenous insulin drip. The favorable 
results previously reported have been fully 
confirmed in other hospitals and the intravenous 
insulin application is now routine in most Swiss 
hospitals. The dosage of insulin can be adjusted 
much more simply in this way than with sub
cutaneous injections. There is also no danger 
of hypoglycemia, since no depot of insulin is 
applied and since the action of the intravenously 
administered insulin lasts at the most 30 min to 
one hour after the drip is finished. We are 
convinced of the simplicity and of the practical 
advantages of the treatment with insulin in an 
intravenous drip, yet we do not know whether 
the prognosis of diabetic coma has been im
proved by this method. Despite rapid nor
malization of the metabolic situation, refractory 
irreversible circulatory collapse of unknown 
etiology still proves fatal to too many patients. 
The fatal outcome of the diabetic coma is 
frequently due to irreversible brain damage. 
However, not all cases can be explained in this 
way, since circulatory failure is not always 
preceded by severely disturbed brain function 
and deep coma. 

e) The Dosage of Insulin 

The principle that too much insulin at the 
beginning of the treatment of the diabetic coma 
can only help and causes no damage, is certainly 
correct. In our experience 100 units of insulin 
during the first hour after the onset of therapy, 
and a further 100 units in the following 3 hours 
given intravenously in a drip, exert optimal 
effects on the metabolism which can hardly be 
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surpassed by higher doses of insulin. Diabetics 
who have high antibody titers and are resistant 
'0 insulin are probably the exception to this 
rule and require much more insulin. ROOT 
recommended (1959) that the insulin dosage 
be chosen according to the blood sugar level. 
It is questionable whether the blood sugar is 
really a good metabolic index of the severity 
of the condition. We believe that the insulin 
doses in our treatment schedule are adequate 
for the majority of cases and actually exceed 
the amount of insulin necessary for optimal 
metabolic effects. 

Insulin is given intravenously for as long as 
the intravenous drip is administered. As soon 
as the patients regain consciousness, fluid can 
be taken orally, and insulin may be given 
subcutaneously. 

f) Potassium Replacement 
(See Therapeutic Schedule and Table 2) 

Patients in diabetic coma are in a negative 
potassium balance which needs not always be 
reflected by a low potassium concentration in 
serum. The potassium deficit is primarily intra
cellular and can reach values of up to 600 meq 
(see Table 2). The serum potassium level in 
diabetic coma can be normal, low or even 
slightly elevated. Therefore, potassium should 
not be given intravenously at the beginning 
of therapy. As soon as the cells resume the 
uptake of increased amounts of glucose under 
the influence of insulin and store it as glycogen, 
they also take up potassium. The danger of 
hypokalemia now becomes real. As soon as 
the blood sugar begins to fall quickly potassium 
must be administered. This is usually 4 to 6 hours 
after beginning of treatment and can occasionally 
occur after as little as 2 hours. Only a small part 
of the cellular potassium deficit can and must 
be compensated for by intravenous potassium 
administration, since most of the patients can 
take potassium orally when they regain con
sciousness. 

As a general rule, not more than 40 meq 
of potassium (3 g KCI) should be given in a 
drip in one hour. 

g) Treatment with Carbohydrates 

Hyperglycemic coma is by definition character
ized by an excess of glucose in the blood. 
Insulin deficiency alone is responsible for the 
fact that the cells cannot use it. Therefore, 
administration of glucose at the beginning of 
the treatment of the coma is incorrect. Glucose 
increases hyperosmolarity, one of the main 
causes of the dysfunction of the brain, and 
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makes it impossible to judge the success of 
insulin therapy by measuring blood glucose. 

In our therapeutic schedule, the rule that 
the hypotonic salt solution should be replaced 
by a 5% glucose solution as soon as the blood 
sugar approaches the 250 mg% limit has 
proved satisfactory. Fructose therapy is still 
open to discussion. There is no doubt that 
fructose should theoretically improve the meta
bolic state. Liver and adipose tissue, which 
are really the organs responsible for ketoacidosis, 
can utilize fructose independently of insulin. 
Despite this fact, the metabolic state of the 
liver can not be fully normalize9 with fructose 
alone. Furthermore, fructose, sorbitol and xylitol 
are also rapidly converted to lactate and may 
lead to lactic acidosis. At this point, the liver 
has the tendency to convert a large part of these 
substances to glucose. Fructose, therefore, leads 
to a rise in the blood sugar, so that the effective
ness of insulin therapy can no longer be assessed 
by blood sugar determinations in the first hours 
of the treatment of the coma (NABARRO, 1955). 
We have recently shown that the uptake of 
fructose by diabetic adipose tissue is reduced 
roughly to the same extent as glucose uptake, so 
that the administration of fructose alone cannot 
completely normalize the metabolic disturbance 
of diabetic adipose tissue (FROESCH, 1965). 

Nevertheless, diabetic adipose tissue has 
more carbohydrate at its disposal in the presence 
of both glucose and fructose, since both hexoses 
are taken up and metabolized independently 
of each other. Diabetic adipose tissue releases 
less free fatty acids when incubated with 
glucose and fructose together than with glucose 
alone. The suppressed activity of enzymes 
important in fat synthesis in the diabetic liver 
is normalized by fructose without insulin (KORN
ACKER, 1965). 

h) Consequences of our Knowledge about the 
Importance of Hyperosmolarity for the Therapy 
of Diabetic Coma 

There is no clear distinction between acidotic 
and hyperosmolar diabetic coma. Every patient 
with diabetic ketoacidosis also has a more or 
less pronounced hyperosmolarity. On the other 
hand, the pure hyperosmolar diabetic coma 
does not occur very frequently. The principles 
of treatment are the same for both forms of 
coma. Fluid therapy should be carried out 
energetically in patients in hyperosmolar coma, 
provided that the circulatory state of the patient 
permits this. We use the same hypotonic solution 
as for the treatment of ketoacidotic coma. It is 
a matter of opinion whether sodium bicarbonate 
should be replaced by sodium chloride. 
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As far as the pathophysiology of the hyper
osmolar coma is concerned, the complete ab
sence of ketosis in these patients is still un
explained. One must assume that insulin is 
still secreted in sufficient amounts to keep pace 
with the flooding of the liver with free fatty 
acids. Hyperglycemia must then be explained 
by an enormous increase of gluconeogenesis 
in the liver. After successful treatment of 
hyperosmolar coma, diet alone or combined 
with sulfonylureas is often adequate. This proves 
that the B-islet cells are still capable of secreting 
insulin. TEUSCHER (unpublished observation) 
has even succeeded in treating a patient in 
hyperosmolar coma with sulfonyl ureas and 
intravenous fluids without insulin. 

However, caution must be exercised in the 
therapy of diabetic coma. From the electrolyte 
findings in Table 1, it can be deduced that the 
osmotic gradient between blood and cerebro
spinal fluid can be temporarily reversed during 
the treatment with insulin when the blood sugar 
falls rapidly. This would cause a flow of water 
from the blood back into the CSF, the interstitial 
fluid of the brain and from there into the brain 
cells. Cerebral edema or swelling could arise 
from too vigorous treatment of the dehydrated 
patient. This assumption is only correct if we 
can apply our findings in the CSF to the inter
stitial fluid of the brain, a question which is 
not yet resolved. The formation of CSF is a 
very slow process compared to the formation 
of the interstitial fluid of the brain. It is, therefore, 
not astonishing that the sugar in the CSF lags 
considerably behind the blood sugar during 
the development of hyperglycemia as well as 
after the return to the normal state during 
treatment. The rapid turnover of the brain 
fluid also makes it unlikely that a negative 
osmotic difference can develop, as in the CSF. 
Nevertheless, this phenomenon should be further 
observed, since we still have no pathogenetic 
explanation for the fatal outcome of many 
cases of diabetic coma who recover first and then 
fall into a deep irreversible coma suggestive of 
cerebral edema. 

7. Pathogenesis and Etiology of Diabetes 
Mellitus 

E. R. FROESCH 

a) The Inheritance of Diabetes Mellitus 

Diabetes mellitus is the most common inherited 
metabolic disease, but its mode of inheritance 
is not yet known. This may be due to the fact 
that glucosuria is only a symptom of a generalized 
disease, and that other than hereditary factors 

determine the time at which glucose intolerance 
develops. 

The chances are greater than 70% that the 
identical twin sibling of a diabetic counterpart 
will develop diabetes. Nearly 50% of all children 
of diabetic parents under the age of 40 will 
develop diabetes sooner or later. However, 
other cases of diabetics are found only in about 
30% of the families of diabetes. 

V ALLENCE-OWEN (1965) believes that diabetes 
mellitus is transmitted by an autosomal dominant 
gene. This opinion is based on his findings 
that an insulin antagonist (synalbumin antag
onist) could be demonstrated in the serum of 
all diabetics and one of their parents. These 
findings are fascinating because, for the first 
time, it appeared as if the trait of diabetes 
mellitus could be successfully traced from birth 
on. If this finding can be confirmed, the mode 
of inheritance of diabetic mellitus will soon be 
clarified. However:geneticists doubt this theory. 
The gene frequency in the western population 
is estimated to be about 22%. 5% are pre
disposed to diabetes, and 2--3% develop mani
fest diabetes. It was previously assumed that 
an autosomal recessive gene with incomplete 
or variable penetrance could best explain the 
mode of transmission of diabetes mellitus 
(STEINBERG, 1965). As long as the homogeneity 
of the diabetic syndrome has not been con
firmed, this mode of inheritance remains doubt
ful. A simple autosomal recessive inheritance 
is also unlikely because the frequency of diabetes 
in children of 2 diabetic parents in whom 
diabetes became overt after 40 is very low 
(COOKE, 1966). 

In a very thorough Swedish study, GRON
BERG (1968) concluded that epidemiological 
knowledge about diabetes mellitus could be 
accounted for by 4 genetic hypotheses: 

1. Autosomal dominant inheritance, in which 
the manifestation is diminished in the male, 
or in which cases of "nonessential" diabetes 
are more frequent in the female. 

2. Autosomal recessive inheritance with the 
same restrictions as in 1. 

3. Sex-linked dominant inheritance. 
4. Multifactorial inheritance with the same 

restrictions as in 1. 
These authors hold a sex-linked dominant 

inheritance as the most likely hypothesis. 
NEEL (1962) thinks that a multifactorial 

inheritance of diabetes mellitus with 4 dia
betogenic genes is more probable, based on the 
hypothesis of the "thrifty genotype" (NEEL, 
1968). 

According to this theory, it is to be expected 
that the severity of diabetes is dependent on 
whether a complete or an incomplete set of 



diabetogenic genes is present. The comparison 
with spontaneous diabetes in animals also 
leads to the same conclusions. In the Chinese 
hamster, spontaneous diabetes mellitus occurs 
frequently and "juvenile" forms of diabetes 
as well as adult type diabetes are seen (GERRITSEN, 
1967). Diabetes in the Chinese hamster is com
parable to human diabetes mellitus in many 
ways. It is interesting to note that the mode of 
inheritance in this animal cannot be explained 
by a single gene, but rather by a set of 4 dia
betogenic genes (BUTLER, 1967). 

b) "Exhaustion" of the B- Islet Cells 

Although a more or less complete failure of 
insulin secretion and hyalinosis of the islets of 
LANGERHANS are characteristic of the end stage 
of diabetes mellitus, the primary and inherited 
metabolic disturbance need not be situated 
there. It is conceivable that humoral factors 
could lead to a destruction of the islets of 
LANGERHANS. The possibility of a destructive 
autoimmune inflammatory process is currently 
being discussed as a possible cause. This point 
of view is not only fashionable but is supported 
by some observations mentioned below. One 
biological principle, which can also be applied 
to endocrinology in general, very strongly 
speaks against an "exhaustion" of the islet 
cells due to increased insulin requirements 
(FROESCH, 1965). When an organ, or an endo
crine gland, is placed unter strain, it hyper
trophies. In autoimmune diseases which lead 
to a decreased function of certain areas, other 
areas undergo temporary hypotrophy. Hyper
trophy in HASHIMOTO'S goiter, a classic endo
crinological autoimmune disease, is very typical. 
Hypertrophy of the thyroid gland quarantees 
a normal function for a long period of time, 
after which hypothyroidism develops. One could 
reason in favor of the "exhaustion theory" 
that the case of the islets of Langerhans is 
different: they lie as clusters of cells within a 
gland with exocrine function. In different animals 
with inherited diabetes mellitus, where the 
primary pathogenetic factor is increased insulin 
requirement, a hypertrophy of the islets is 
regularly found. Islet hypertrophy is particularly 
pronounced in akomys obesus (PICTET, 1967), 
and in different breeds of the obese-hyper
glycemic mouse (New Zealand, Bar Harbour) 
(HELLMANN, 1965). In contrast, true hyperplasia 
of the islets has not been described in human 
diabetes mellitus, except in newborns of diabetic 
mothers. There is no proof that insulin require
ment is increased in prediabetic subjects. Ex
haustion of the islet cells must, therefore, be 
refuted as an important pathogenic mechanism 
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because at no stage of the disease islet hyper
plasia is found. The exertion of the islet cell 
apparatus by increased food intake and other 
exogenous factors can, of course, playa role in 
the development of islet cell insufficiency. These 
cells are unable to react in the normal manner 
with hyperplasia. A primary disorder of the 
B-cells of the islets is likely to be at least one of 
the genetic disturbances of diabetes mellitus. 

c) Insulin in the Blood of Diabetic Subjects 

WRENSHALL and BEST (1956) extracted little or 
no insulin at all from the pancreas of juvenile 
diabetics who had died of various causes. They 
also found a decrease in the insulin content 
in the pancreas of adult-type diabetics which 
paralleled the duration of hyperglycemia and 
glucosuria. Levels of immunoreactive insulin 
in the serum of juvenile diabetics are reduced 
and there is no increase in response to glucose 
(SAMOLS, 1965). In adult type diabetics the fasting 
values of the serum insulin may still be normal, 
but the rise after glucose administration is 
absent or reduced and delayed (SELTZER, 1967). 
Homozygous twins of diabetic subjects and 
children of two diabetic parents of the juvenile 
type, i.e. prediabetics by definition, already show 
a diminished pancreatic response to glucose 
before glucose intolerance becomes manifest 
(TAYLOR,1967). 

Overweight patients with latent diabetes 
often show a very special insulin response: the 
rise of immunoreactive plasma insulin after 
glucose administration is delayed, but may 
occasionally be even greater than normal after 
2-3 hours when the blood sugar has risen to 
very high levels. This late insulin response can 
lead to hypoglycemia 3-4 hours after glucose 
intake (KARAM, 1963; YALOW and BERSON, 
1960; SELTZER, 1967). These findings have been 
misinterpreted and have given rise to the 
erroneous expression of "hyperinsulinism in 
diabetes mellitus", causing some researchers 
to look even harder for insulin-antagonists in 
pre- and latent diabetes. 

In our opinion such a delayed, and later on 
excessive, reaction of the islet cells can be 
explained by a relative and not yet complete 
decompensation of the genetically inferior islet
cell apparatus. When insulin is not released 
at the right time, hyperglycemia develops rapidly, 
stimulating the islet cells to secrete more insulin. 
In the diabetic, the insulin reserves are di
minished and are replenished only slowly. The 
fact that the delayed excessive reaction may 
sometimes lead to hypoglycemia is consistent 
with this view, since extra insulin is needed to 
restore glucose homeostasis. 
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According to ANTONIADES (1965) insulin is 
present in the blood in a "free" and a "bound" 
form. The liver would convert the inactive 
"bound" insulin into the "free" active form 
during hyperglycemia. According to the research 
of this investigator this process would be 
disturbed in the diabetic. There is no evidence 
whatever that bound insulin contains insulin. 
A relationship between the partially purified 
nonsuppressible insulin-like activity and so
called bound insulin is more likely. 

It should be stressed that the research on 
immunoreactive insulin in the serum has revealed 
many new facts about the secretory capacity 
of normal and diabetic islet cells. On the other 
hand, all hypotheses of the islet cell disturbance 
in diabetes based on the measurement of ILA 
(biological insulin-like activity) have proven 
erroneous. 

d) Insulin Antagonists and Inhibitors 

(X) Endocrine Factors 

Since HOUSSAY'S animal experiments (1932, 1936) 
we know that pituitary and adrenal hormones 
counteract insulin. Growth hormone, gluco
corticoids, catecholamines and glucagon all 
elevate the blood sugar. Cortisol and glucagon 
stimulate gluconeogenesis, whereas catechol
amines and also glucagon increase glycogenolysis. 
Apart from this, adrenaline inhibits insulin 
secretion by the B-cells (PORTE, 1966) and 
glucose phosphorylation in the muscle cells 
(GROEN, 1958; MIALHE, 1965). The action of 
growth hormone is complex (see p. 85ff.). The 
hyperglycemic action of growth hormone is 
partly due to a stimulation of lipolysis and a 
consecutive increase of the plasma free fatty 
acids which compete with glucose for oxidation 
by muscle. 

Diabetes can be evoked in animals by all 
these hormones, providing that the islet-cell 
apparatus has been damaged previously by 
partial surgical removel or chemical damage. 
In the pathogenesis of human diabetes mellitus 
there is no indication of a causal role of any 
insulin antagonistic hormone. The incidence 
of overt diabetes mellitus in acromegaly, pheo
chromocytoma and in Cushing syndrome is 
about 20-30% which corresponds to the esti
mated frequency of diabetic genes in the po
pulation. The endocrine antagonists are no 
longer believed to playa role as causal factors 
in the pathogenesis of essential diabetes mellitus. 

~) Other Humoral Factors 

V ALLENCE-OWEN has been investigating the 
significance of the synalbumin antagonist for 

the past 15 years. This substance is thought to 
occur in increased concentrations in the serum 
of diabetics (1965). This antagonist inhibits the 
action of insulin in vitro on the rat diaphragm, 
but not on rat adipose tissue. Since the level 
of the antagonist is found to be elevated already 
in the potential diabetic, obesity before the 
onset of diabetes and the "exhaustion" of the 
islet cell apparatus occuring later could be 
explained by this antagonist and transitory 
hyperinsulinism. V ALLENCE-OWEN believes that 
the antagonist is the B-chain of insulin bound 
to albumin. Conclusive evidence for this has 
never been presented, although there are no 
obvious technical difficulties in the way of 
testing the hypothesis. 

In has been claimed that an insulin antagonist 
arises in the serum during diabetic ketosis. This 
insulin antagonist inhibits the action of insulin 
on the rat diaphragm, but not on rat adipose 
tissue (FIELD, 1956). This substance has not 
yet been characterized. 

e) Tissue Resistance to Insulin in Decompensated 
Diabetes and in Obesity 

Whereas the importance of the insulin antag
onists in the pathogenesis of diabetes mellitus 
seems to be decreasing, tissue resistance to 
insulin has been demonstrated after prolonged 
insulin deficiency. Thus, the liver loses its 
ability to act as a regulator of glycemia soon 
after the development of insulin deficiency. 
Since we do not know how insulin acts on the 
liver, the failure to respond to insulin after 
insulin deficiency of short duration is also 
unexplained. If a diabetic patient's response to 
insulin is weak or delayed, this signifies that 
the liver continues to release increased amounts 
of glucose, or that the peripheral tissues do not 
take up sufficient amounts of glucose. The 
glucose turnover is elevated in steroid diabetes: 
peripheral tissues assimilate more glucose than 
the tissues of a healthy person, but the liver 
produces relatively more glucose, so that hyper
glycemia can result despite an increase peripheral 
glucose uptake. 

Muscle and adipose tissue lose their ability 
to take up glucose and to respond to insulin 
only after a long period of insulin deficiency. 
This has been proved by conclusive animal ex
periments and also by findings in man. The 
arterio-venous glucose difference is greatly re
duced in the decompensated diabetes and cannot 
be acutely normalized by insulin (BUTTERFIELD, 
1965; ZIERLER, 1964). When insulin is adminis
tered for a prolonged period of time, the diabetic 
patient's tissues are normalized and behave like 
those of normal subjects. We can conclude 
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from this that tissue resistance to insulin in the 
diabetic is a result and not the cause of the 
insulin deficiency. 

The metabolism of the obese subject with 
normal glucose tolerance has been examined 
by measurements of arterio-venous catheteriza
tion. It has been shown that the muscle of the 
obese takes up less glucose than that of the 
non-obese and that its response to insulin is less 
pronounced (RABINOWITZ, 1962). The obese is, 
therefore, in a certain way resistant to insulin. 
The insulin values in the blood of the obese are 
usually higher in the fasting state and after 
glucose loading than in the normal, healthy 
person (KARAM, 1963). Both metabolic defects 
- reduced insulin sensitivity and increased in
sulin values - return towards normal as soon 
as the obese subject reaches his ideal weight by a 
reducing diet and increased physical activity. 
These facts cannot be explained for the time being. 

f) Diabetes Mellitus as an Autoimmune Disease 

Autoimmune mechanisms have been considered 
as pathogenic factors in several endocrine 
disorders, such as primary myxedema, Graves' 
disease and idiopathic, non-tuberculous adreno
cortical insufficiency (see p. 313). Since diabetes 
mellitus coincides frequently with the latter 
condition and occasionally also with primary 
myxedema, it seems reasonable to look for an 
autoimmune process in diabetes mellitus also. 

About 30% of newborns of diabetic mothers 
show eosinophilic infiltration of the islet tissue. 
Many juvenile diabetics show lymphocytic in
filtration of the islet tissue within the first weeks 
of the onset of diabetes mellitus (VON MEYEN
BURG, 1940; LE COMPTE, 1958). Analogous to 
Hashimoto's thyroiditis, these infiltrations have 
been termed "insulitis". No humoral or cellular 
antibody has yet been demonstrated in the 
untreated diabetic, so that the most important 
piece of evidence of an autoimmune disease is 
still missing. It is interesting to note that anti
bodies can be produced by extracted insulin 
from one species when injected into the same 
species (RENOLD, 1966). In animals immunized 
in this way lymphocytic infiltrations similar to 
those found in juvenile diabetics are occasionally 
seen around the islet cells (LE COMPTE, 1966). 
These may occasionally lead to diabetes mellitus 
(GRODSKY, 1966). 

g) Manifestation Factors: 
Nutrition, Obesity and Muscular Activity 

The frequency of the genes for diabetes mellitus 
varies from population to population. The 
estimated frequency of diabetes depends heavily 
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on environmental factors. This is particularly 
evident in various population groups in South 
Africa. Diabetes mellitus was quite uncommon 
among the Indian immigrants as long as they 
belonged to the proletariate of the home country, 
food being scarce and physical work hard. With 
the ascent into the middle class as merchants, 
food became richer and work in the fields was 
replaced by sitting behind a desk. People became 
obese and there was a "diabetes explosion". 
Today, up to 40% of the Indian population 
in certain regions of South Africa are diabetics 
(CAMPBELL, 1963). Similar reports have been 
made about Jews returning to Israel from 
Yemen (COHEN, 1963), and about certain North 
American Indian tribes (WEST, 1965). 

In Europe, the decreased frequency of 
diabetes mellitus in wartime and the rising 
incidence during peace and prosperous periods 
are familiar facts. 

The sand rat (Psamomys obesus) can be 
compared to the human. These rats develop 
diabetes when they are removed from their 
natural environment in the sand desert, which 
offers a sparse diet and free movement, into 
cages with restricted movement and free access 
to laboratory food (HACKEL, 1967). 

NEEL (1962) has formulated the interesting 
concept of the "thrifty genotype" of the diabetic. 
Neel assumes that the chances of survival for 
the potential diabetic were favorable when 
periods of abundance alternated with periods 
of starvation, and that the diabetogenic gene 
has thus persisted into modern times. The 
20th century of the western civilisation with its 
technology, increasing automatization and gen
eral abundance changed this totally. Today, the 
diabetic gene is still inherited because of success
ful treatment of diabetes. 

It is futile to speculate on whether sugar 
or fat is the noxious agent needed for diabetes 
mellitus to become overt. It is rather a matter 
of simple overnourishment, since fat is not 
eaten without sugar, and conversely, sucrose 
not without fat. In any case, the increased use 
of sucrose alone cannot be held responsible 
for obesity and the increasing occurrence of 
diabetes mellitus. Patients with a hereditary 
fructose intolerance, for example, can become 
grossly overweight without any difficulty, al
though they do not eat mono- or disaccharides 
and eat nothing but starch, fat and protein 
(FROESCH, 1966). The remission of diabetes 
mellitus by restriction of calories and increased 
muscular activity is one of the dramatic and pleas
ing results that a physician can experience. They 
prove that excessive demands on a primarily 
inferior islet cell apparatus greatly accelerate 
the onset of the metabolic disturbance. 
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8. The Pathogenesis of Diabetic Angiopathy 
and Neuropathy 

a) Diabetic Macroangiopathy 

Atheromatous involvement of the large arteries 
(coronaries, arteries of the extremities etc,) is 
more frequent in diabetics than in normal 
subjects. Histology shows unspecific lesions, 
which are also found in non-diabetics. However, 
these lesions tend to appear earlier in young 
patients with diabetes mellitus. It is not yet 
certain whether these lesions are the sequelae 
of hyperglycemia. Myocardial infarction occurs 
frequently in patients whose diabetes was not 
manifest previous to the infarction. It is, of 
course, possible that blood sugar regulation 
is impaired (CLAWSON, 1949) many years before 
overt diabetes is diagnosed. The prognosis of 
myocardial infarction is worse in diabetics than 
in metabolically healthy subjects (SIEVERS, 1961; 
PARTAMIAN, 1965). We know no more about 
atheromatosis in diabetes mellitus than about 
the pathogenesis of atheromatosis in general. 
During hyperglycemia the artery produces sor
bitol and fructose from glucose by the polyol 
pathway. The cells take up water and their 
Orconsumption decreases. One of the noxious 
effects of hyperglycemia may be by way of 
intracellular sorbitol accumulation (MORRISON, 
1972). 

b) Diabetic M icroangiopathy 

In 1936, KIMMELSTIEL and WILSON described 
lesions of the glomerula specific to diabetes 
mellitus. They described hyaline globules in the 
glomerula and called it nodular intercapillary 
glomerulosclerosis. Later, the diffuse thickening 
of the basal membrane was described as a much 
more common sign of diabetes mellitus than the 
nodular form of the diabetic glomerulosclerosis. 
The basal membrane is focally or diffusely 
thickened to about ten times its normal thickness. 
The thickening of the basal membrane probably 
explains the reduced glomerular filtration. The 
footlike protrusions of the epithelial cells are 
altered in diabetes in a similar manner as in 
the nephrotic syndrome of different etiologies. 
Some authors hold that the diabetic lesion 
begins with a thickening of the peripheral basal 
membrane of the glomerula (GOETZ, 1960; 
SABOUR, 1962; BLOODWORTH, 1963; AZERAD, 
1964; MACDONALD, 1964). Others localize the 
primary lesion in the mesangial region (MERIEL, 
1962; FIASCHI, 1963; CAMERINI-DAVALOS, 1964). 

The diabetic retinopathy also begins with 
a thickening of the basal membrane. Whereas 
the presence of a thickening of the basal mem
brane of the glomerula in newly discovered 

young diabetics has not been proven (Q)STERBY
HANSEN, 1965), SIPERSTEIN (1968) believes that 
such a change can always be demonstrated in 
the capillaries of the muscle. SXVE-SODERBERGH'S 
findings do not support SIPPERSTEIN'S view 
(1966). On the contrary, these data show a 
good correlation between the duration of the 
diabetes and the thickening of the basal mem
brane. 

The controversial question as to whether 
the thickening of the basal membrane and 
diabetic micro angiopathy are due to hyper
glycemia and its sequelae, or to another, inde
pendent, coexistent disease, cannot yet be 
answered with certainty. Even the staunch 
supporters of the hypothesis that another inde
pendent phenomen is involved acknowledge the 
fact that severe microangiopathy is seldom 
present before overt hyperglycemia has devel
oped. Similar glomerular lesions to those found 
in the human have also been described in ex
perimental diabetes in animals after a sufficiently 
long observation period (Q)RSKOV, 1965). 

In diabetes of long duration, microangio
pathy is found in most organs, including the 
pancreas itself, the gastrointestinal tract, muscle, 
and the brain (FUNK, 1966; ANGERVELL, 1966; 
RESKE-NIELSEN, 1966; ZACKS, 1962). 

The pathophysiological nature of the chemi
cal changes in the thickened basal membrane 
is still unexplained (MUIR, 1964). According to 
WINEGRAD (1966), more glucose than normal 
could be metabolized by the glucuronic acid 
pathway. The basal membrane of the glomerula 
contains glucose and galactose bound to col
lagen and in the form of sialiofructohexosamine 
glycane (DISCHE, 1965). It is possible that the 
synthesis of these carbohydrate-containing com
ponents of the basal membrane is dependent 
on the activity of the glucuronic acid pathway, 
which is increased in diabetes. 

c) Present Knowledge 

The pathophysiology of the acute metabolic 
disturbance in diabetes, the diabetic coma, is 
more or less well understood. The intermediary 
metabolism and its regulation and disturbances 
are relatively well known since they can be 
investigated in the experimental animal. Relative 
or absolute insulin deficiency leads to hyper
glycemia and glucosuria, because cell membranes 
are impermeable to glucose in the absence of 
insulin, so that glucose uptake ceases. The 
insulin action on hepatic glucose production 
is also lost: in spite of hyperglycemia, the liver 
continues to release glucose into the blood, 
thereby increasing hyperglycemia. Adipose tissue 
liberates free fatty acids into the blood from 
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triglyceride stores. Triglyceride lipase is no 
longer inhibited by insulin and the free fatty 
acids cannot be reesterified. Free fatty acids 
are oxidized to keto acids in the liver, which 
flood the organism and eventually lead to 
ketoacidosis. Insulin and the intravenous ad
ministration of hypotonic solutions can correct 
all acute diabetic disturbances. The pathogenesis 
of insulin deficiency and of the diabetic com
plications are much more difficult to investigate 
and are still not clear. Possibilities and hypo
theses have been discussed. Definite conclusions 
have not yet been reached. Diabetes mellitus 
is inherited, but the exact mode of inheritance 
is still not known. How and where the dia
betogenic gene(s) act, is still a mystery. A 
disturbance in the biosynthesis of insulin or its 
secretion must be present. This results ultimately 
in an inability of the islet cells to secrete sufficient 
amounts of insulin. 

D. Morphology of Diabetes Mellitus 
H. STEINER 

1. General 

The morphology of diabetes embraces three 
main forms which have some common traits 
and some particularities 1. labile juvenile dia
betes ("lean diabetes"), 2. stable, mild diabetes 
with obesity, and 3. pancreatic diabetes. 

Although large series allow determination 
of typical morphological patterns quantitatively 
and qualitatively, in an individual case it is 
often not possible to make a definite diagnosis 
on the basis of morphological criteria, since 
most of the findings can also occur, although 
much less frequently, in non-diabetics or pre
diabetics. Conversely, normal morphology may 
exceptionally be present in the diabetic (e.g. 
normal B-cell mass in individual cases of stable 
mild diabetes). 

2. The Pancreas and the Islets of Langerhans 

a) The Exocrine Pancreas 

The pancreas, as a whole, is often considerably 
enlarged in adult obese-type diabetes, but as a 
rule, the increase in volume is due to deposition 
offatty tissue parallelling the generalized obesity. 
There may, however, be a net reduction of the 
parenchymatous mass in such cases. Generally, 
pancreatic weight does not deviate from normal 
in cases of acute juvenile diabetes, whereas the 
weight of the pancreas is often greatly reduced 
during the chronic course of the disease (GEPTS, 
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1965), although increased weight is sometimes 
observed even in these cases. 

The total islet volume also shows the same 
wide variation among individual cases as the 
proportion of islet volume to the total pancreas 
does (Fig. 9). These volumes are difficult to 
estimate, and careful planning of the measuring 
technique is required to exclude erroneous 
interpretation and false results. On average, 
the islet-cell tissue of the diabetic is reduced 
by over 50% in comparison to the volume in 
the healthy subject of the same age. However, 
the proportions may be within absolutely nor
mal limits. This loss of islet parenchyma is 
definitely less pronounced in diabetes of the 
obese type than in juvenile "lean" diabetes 
(Fig. 9). This mass decrease in the latter group 
is demonstrable shortly after the onset of the 
disease, even if the islets are large and very 
active B-cells can be detected. The reduction 
is much less marked, if present at all, in pancreatic 
diabetes, where definitely hyperplastic islets can 
often be seen, in contrast to essential diabetes. 
This also applies for pancreatic cirrhosis asso
ciated with hemochromatosis (HEDINGER, 1953). 
In addition to the severe fat infiltration already 
mentioned, which occurs mainly in diabetes 
of the obese type, arteriosclerosis, a focal or 
diffuse interacinous fibrosis and lymphocytic 
infiltrations of the pancreas are very common 
in chronic diabetes. Foci of acute pancreatitis 
can be observed not uncommonly in acute 
cases (LAZARUS and VOLK, 1962). 
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Fig. 9. Percentage proportion of islet parenchymal mass 
to total pancreatic parenchyma in different forms of diabetes 
and in healthy subjects. Schematic representation. The 
dashed slanted line indicates the upper range limit (left 
border lining of the squares) 
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Fig. 11. Proportion of B-cells in the islets of Langerhans 
in 20 diabetics (staining after GOMORI-RuNGE). The hatched 
area indicates the range or healthy nondiabetics. (According 
to VON WATTENWYL. 1964) 
a Labile juvenile diabetes; b stable adult obese-type diabetes; 
c peracute juvenile diabetes; d insulin-resistent diabetes; 
x 45-year-old uremic male with clinical juvenile diabetes 
of 16 years' duration: To be classified morphologically 
into the group of adult obese diabetes (insulin determinations 
not performed) 
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b) The Islet System 

Deviation of the ratio of A-cells to B-cells in 
favor of the A cells is a fairly constant quantitative 
change (Figs. 10 and 11). This is due to a reduc
tion of B-cells and not to an absolute increase 
of A-cells. This relative A-cell increase is due 
to the glucagon-producing A2-cells in such cases. 
The decrease of B-cells is again very marked 
in chronic juvenile diabetes. In the acute form 
of the disease, the B-cells are usually reduced 
in number, but at this stage they still show 
signs of high secretory activity. The B-cells are 
often reduced by 40 to 50% of normal in adult 
obese-type diabetes, but individual variation 
is very wide (Figs. 10 and 11). Sometimes, small 
(newly formed) islets consisting almost entirely 
of strongly granulated B-cells, are seen in these 
patients (Fig. 12). In contrast to these findings, 
quite definite increases in the islet and B-cell 
massc~ have been observed in animal experi
ments 01/ the healthy animal receiving continuous 
glucose infusions (KINASH and HAIST, 1954). 
Massive islet-cell proliferations can also be 
observed in several types of animals after im
munization with heterologous insulin. The fol
lowing findings are present in newborn infants 
of diabetic women: true hypertrophy of the islet 

Fig. 12. Small islets of Langerhans with richly granulated B-cells (new formation) and large islets with strongly degranulated 
B-cells and nuclear hyperplasia in a 60-year-old female diabetic with stable, mild diabetes. Stain: Gomori-Runge; Scale 
470: 1 
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Fig. 13. Average frequency of typical histological changes in the islets in diabetics and healthy subjects. Schematic representa
tion taking different sources into consideration. (Particularly WARREN and LE COMPTE, 1952; SEIFERT, 1958; LAZARUS and 
VOLK, 1962; GEPTS, 1965) 

apparatus with polynesia (many islets), mac
cronesia (large islets) and a strong predominance 
ofB-cells, so that the weight of the islet apparatus 
can be as much as 10% of that of the total 
pancreas. These changes have also been observed 
in children of women with latent diabetes. 
Pharmacologically-induced hyperglycemia (e.g. 
with corticosteroids) in animals causes a sig
nificant increase in the B-cell mass and islet 
volume (the latter increasing up to 4 times 
more than in controls; HELLERSTROM, 1963). 
The figures for an adult with steroid diabetes or 
acromegaly correspond closely to those for 
subjects with diabetes of the obese type. From 
this it can be deduced that diabetes mellitus 
only develops where a genetic predisposition 
does exist. 

The islet tissue also undergoes numerous, 
but mainly nonspecific qualitative changes, which 
can differ with the various diabetic groups 
(Fig. 13). The majority are probably due to 
secondary factors (? vascular). Lymphocytic in
filtrations of the islets of Langerhans (von 
Meyenburg's insulitis) (Fig. 14) is a very typical 
change in acute juvenile diabetes. It has a 
striking similarity to inflammatory features in 
an autoimmune disease (see also p.762). 

The B-cells are very active in the first phase 
of juvenile diabetes. The cells are mainly totally 
degranulated and reflect a high degree of 
synthetic activity which can be detected by the 
accumulation of Weichselbaum granules (struc
tures in cytoplasm of very active B-cells devel
oped through aggregation of ribonuclein, stain
able with toluidine blue, and eliminable with 
ribonuclease), and enlargement of the nuclei. 

Hydropic changes not uncommonly occur 
in the cytoplasm of B-cells in acute juvenile 

diabetes, where vacuolizations and glycogen 
infiltrations arise (GEPTS, 1965). These changes 
are very rare in chronic forms of diabetes. 
The few B-cells present in juvenile diabetes 
lasting for many years are atrophic, and B-cell 
granules are hardly demonstrable. Islet hyalinosis 

Fig. 14. Lymphocytic insulinitis and periinsulitis in a 
9-month-old boy with peracute diabetes lasting 4 days. 
Insulin treatment started few hours before death. Stain: 
Gomori-Runge; Scale 350: 1 
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Fig. 15. Hyalinosis of the islets of Langerhans. Stain: hematoxyline-eosin; Scale 120: t 

is only rarely found in chronic lean diabetes, 
but is frequent in the obese type (Fig. 15). 
This change increases in frequency in the latter 
group with increasing age and is not uncommon 
in non-diabetics, whereas it can seldom be de
tected in the former group even after diabetes of 
30 years' duratioll. The severity is by no means 
parallel to the degree of severity of the diabetes. 
On the other hand, fibrosis of the islets is a 
common finding in both groups. Investigations 
in the past few years have shown that this 
amorphous hyaline infiltration is due to fine 
fibrils of amyloid deposited between the basal 
membranes (LACY, 1964). Such amyloid deposits 
are, as a matter of interest, frequently encoun
tered within B-cell insulomas (PORTA, 1962). 
The B-cells of obese diabetics are usually well 
granulated. The insulin content of the pancreas 
of these patients is relatively large, but the 
threshold for the release of insulin is higher. 

To summarize: the manifold changes of 
pancreatic morphology are a reflection of an 
extensive and progessive hypofunction of the 
islet apparatus after initial high activity in 
juvenile diabetes. In the obese-type diabetes, 
however, there is only a moderate quantitative 
and qualitative insufficiency of the B-cells which, 
as in pancreatic diabetes, is compensated in part 
by increased activity of the cells present. The 
content of granules is high in this stable form 
of obese-type diabetes, but the threshold for 
insulin secretion is greatly raised. Thus, in 
addition to influences leading to reduction of 
B-cells, there are other noxious agents which 
impair the action of insulin (see p. 760). For 

these reasons, diabetics often require a larger 
amount of insulin than patients who have 
undergone pancreatectomy (see pp. 749 and 808). 

3. Primarily Vascular Concomitant and 
Subsequent Symptoms (So-Called Late Syndrome) 

a) Arteriosclerosis of the great vessels is more 
severe in diabetics and arises earlier than in 
nondiabetics. The lesions, however, are seldom 
specific. Thus for example a picture familiar to 
a clinician - Monckeberg's media sclerosis -
may also be encountered in the elderly nondia
betic. As a rule there is endothelial proliferative 
thickening through colloid, hyaline substances, 
deposition of lipids and splintering of the tunica 
elastica. These morphological changes can hardly 
be differentiated from those in the nondiabetic. 

b) Arteriolosclerosis is also a nonspecific 
change which occurs more frequently in dia
betics than in nondiabetics. It is often associated 
with hypertension. 

c) Diabetic microangiopathy is a very charac
teristic change which must be held directly or 
indirectly responsible for many of the so-called 
late complications. It is a proliferative end
arteritis with deposits positive to PAS (period 
acid, Schiff) and negative to colloidal iron. This 
contrasts to the reactions in common arterio
sclerosis. The elastic internal membrane is 
usually intact in the arterioles. Not uncommonly 
there is an increased number of perivascular 
mast cells. The initial lesion is a pronounced 
thickening of the basement membrane in par
ticular. This change appears as PAS-positive 
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homogeneous lesions (FUNK, 1965) in the capil
laries and pre-capillaries. Antiimmunoglobulins 
can be fixed immuno-histochemically in these 
lesions (LARSSON, 1967). According to certain 
authors, this homogeneous thickening of the 
basement membrane can be found in the muscle 
capillaries in up to 50% of healthy subjects 
born of two diabetic parents (SIPERSTEIN, 1967). 
Others did not observe this finding. POMETTA, 
for example, was unable to reproduce several 
expected results. 

Microangiopathy is dispersed in many organs. 
The lesions seem to lead to the manifest disease 
particularly when tissue function is lost in the 
end organs due to the reduction of blood supply. 
These organs are often fibrotic. Permeability 
of the vessels is increased due to impaired 
metabolism and thickening of the membrane. 
This in turn leads to further characteristic 
changes (see below). 

Renal changes are of considerable practical 
importance: 

d) Diabetic nephropathy. In addition to the 
changes in the small vessels, glomerular sclerosis 
is of particular importance (Fig. 16) in the 

The Pancreas 

kidney of diabetics. This nephropathy may take 
the form of nodular thickening in the inter
capillary spaces, or of a diffuse PAS-positive 
thickening of the basement membrane, or of a 
combination of both. These ultrastructural 
changes can be detected quite early. Changes 
in the intercapillary spaces seem to precede the 
thickening of the basement membrane as a 
rule (KIMMELSTIEL, OSAWA, and BERES, 1966), 
and development in juvenile diabetes seems to be 
dependent on the duration of the disease. More 
recent investigations also indicate that the 
development of glomerular sclerosis is connected 
with the arteriolosclerosis of the kidneys (FISHER, 
1967). Glomerular sclerosis in the nodular and 
diffuse forms is a very common complication 
of juvenile diabetes of long duration, and is 
the main cause of death in this group. In fact, 
nodular glomerular sclerosis has only very 
rarely been observed in nondiabetics, and may 
be considered as a specific diabetic complication. 
The importance of other forms of nephro
pathies is considerably less compared with that 
of glomerular sclerosis. The Armanni-Ebstein 
nephropathy (RITCHIE and WAUGH, 1957) con-

Fig. 16. Kimmelstiel-Wilson glomerular sclerosis with severe hilifugal. PAS-positive thickening of the glomerular loops. 
Stain: PAS; Scale 450: 1 
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sists of an extensive vacuolar deposition of 
glycogen in the cytoplasm of the contorted 
proximal part of the renal tubule. This change 
is observed particularly often in cases with 
severe changes in sugar metabolism leading to 
diabetic coma. It can also be produced ex
perimentally in animals through severe hyper
glycemia. 

Acute papillary necrosis is a grave complica
tion of pyelonephritis often found in diabetics 
(see p. 797). It is an ischemic necrosis of the 
renal papilla. It often leads rapidly to anuria. 
The lesion is not specific to diabetes. 

769 

diverticula of the capillary walls of the venous 
limb which are often thickened by hyaline 
masses containing lipids (Fig. 17). See p. 792 
for the influence of hypophysectomy on diabetic 
retinopathy. 

Refer to appropriate textbooks for treatment 
of other morphological changes in the eyes 
(in the iris, conjunctiva and lens) in diabetes 
mellitus. 

f) The initial processes in diabetic neuropathy 
are partly attributed also to metabolic disorders 
due to changes in vascular permeability. The 
microangiopathy in small perineural vessels can 

Fig. t 7. Severe arteriosclerosis with aneurysmal protrusion of a vessel in the membrane choriocapillaris of the left eye. 
Stain: Van Gieson ; Scale 250 : 1. Same case as in Fig. 16 

e) Diabetic retinopathy. This complication can 
be considered as a result of angiopathy. It is 
now the most common cause of blindness in the 
Western hemisphere. The early change is thicken
ing of the basement membrane. Morphological 
findings include variations in the caliber of the 
vessels, microaneurysms, hard and soft exudates, 
hemorrhagia and proliferative retinitis. The last 
change can be described morphologically as 
capillary proliferations in hemorrhagic foci and 
ischemic areas. The soft exudates (cottonwool 
foci) are due to changes probably developed 
primarily because of metabolic disturbances 
which can partly be accounted for by the hypoxia 
secondary to capillary changes. The hard ex
udates are localized in the outer reticular 
retinal layer and represent serum exudated 
from the vessels (DIEZEL and WILLERT, 1963). 
These hard exudates can be absorbed under 
certain conditions. The microaneurysms are 

first be considered to play a significant role 
in the advanced form due to the poor vasculariza
tion of the tissue. Thickening of the basement 
membrane is the first detectable morphological 
sign of the disease. In addition to the classic 
form of symmetric neuropathy, the ischemic 
mononeuropathy is characterized by multi focal 
small infarctions of the nerves (circumscribed 
ischemic necroses). The vascular disorder in this 
disease is probably localized outside the nerve 
in small arterioles. Diabetic neuropathy also 
involves nerves of the autonomic system. 

g) The microangiopathy of the heart in 
particular (myocardial infarction), the extrem
ities (diabetic gangrene) and skin (diabetic 
dermatopathy, necrobiosis lipoidica) are of 
clinical importance. The morphology of the 
changes in the small vessels cannot be dif
ferentiated from that of the changes in other 
organs. 
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With the exception of Kimmelstiel-Wilson 
glomerular sclerosis, all these changes have 
in common that they also occur, though much 
less frequently, in nondiabetics. The changes are 
thus morphologically nonspecific. Thickening 
of the basal membrane is often the only finding 
in the initial stage. The raised permeability of 
the vessels resulting from this is held partly 
responsible for the morphological consequences. 
The microangiopathy and ordinary arterio
sclerosis are usually localized in several organs. 
For example, retinopathy is almost always asso
ciated with a glomerular sclerosis. 

h} Hypophysis and diabetes mellitus. It is of 
interest that micro angiopathies are partly revers
ible by hypophysectomy (see Chap. V, p. 87). 
The thickening of the basement membrane in 
particular disappears. On the other hand, the 
arterioles remain unaffected. 

For this reason, the interest in the hypophysis 
is evident. This gland is closely linked with 
sugar metabolism through the various hormone 
systems. A more or less significant infarction 
of the hypophysis is not a very uncommon 
finding in diabetes. The acidophils (producers 
and storers of growth hormone and prolactin) are 
greatly increased in the hypophysis particularly 
in juvenile diabetes with severe hypoglycemia. 
On the other hand, no significant deviation in 
the cellular picture is seen in diabetes in the 
elderly where the hyperglycemia is not severe 
(STEINER, 1965). (Juvenile diabetes: 59 ± 11.9% 
acidophils; adult obese-type diabetes: 43.5 ± 
13.8%; normal: 34.8 ± 8.2% in the male; and 
36.8 ± 6.3% in the female). 

4. Other Common Morphological Changes in 
Diabetes Mellitus 

Most changes are not specific to diabetes 
mellitus, as has been shown above, and can also 
arise in other metabolic disorders. 

a) Liver changes. Glycogen inclusions and 
swelling of the nuclei of hepatic cells are often 
found in severe diabetes. These inclusions also 
develop in pancreatic diabetes produced ex
perimentally with alloxan. Intensive investigation 
showed nuclear glycogen in the liver in 80% 
of a group of diabetics, and in 53% of the 
control group (SE~LYEI and WALTON, 1969). 
Liver enlargement is not uncommon and is 
usually due to obesity. Enlargement associated 
with a large deposition of glycogen (Mauriac's 
syndrome) is seen in particular in the poorly 
controlled juvenile type. Liver enlargement and 
glycogen depots disappear again when the 
diabetes is restabilized. 

b} Lesions due to treatment. A whole series 
of changes is directly or indirectly connected to 
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treatment of the disease: complications due to 
development of resistance and allergy, typical 
appearance of lipodystrophy (disappearance of 
fat in the region of the injections), and local 
fibrosis and swelling in the regions of the 
injections (see p. 790). 

c) Infections. These differ only in frequency 
and course in the diabetic. The morphological 
picture is hardly different from that of the same 
infection in the nondiabetic. 

E. The Clinical Features of 
Diabetes Mellitus 

G. R. CONSTAM 

Diabetes mellitus is defined as a chronic meta
bolic disorder leading to incomplete utilization 
of the absorbed carbohydrates and to a rise 
in the blood sugar, usually associated with the 
excretion of pathologic amounts of glucose in 
the urine. 

It is to be expected that better knowledge 
about the pathogenesis and the etiology of this 
disease will soon necessitate alterations in the 
definition, in the diagnosis and in the differential 
diagnosis of diabetes millitus. 

1. Incidence 

Diabetes mellitus occurs at any age and in all 
races. The diabetes morbidity was estimated to 
be 0.7% before the First World War, and 1.5% 
in 1950, in Europe and the U.S.A. These figures 
were based on the examination for urinary 
sugar in whole population groups. When the 
urine was examined for sugar 2 hours after an 
English breakfast, the proportion of diabetics 
rose to 4%, and even to 12% when extra sugar 
was given. In a large American city, the glucose 
tolerance test revealed a 15% incidence of 
diabetes, and in Mexico 13% of the age group 
over 60 years were diabetic. The uncommon 
occurrence of diabetes in younger age groups 
can be explained by the fact that the disease is 
very often still in the latent phase at this age. 

Statistics from South Africa about Indian 
immigrants into Natal are not at all in keeping 
with the above figures. It was found that diabetes 
mellitus occurred 10 times more frequently in 
these Indians than in their original homeland, 
and that 40% of the population suffered from 
diabetes after 20 years of immigration. 

All authors, including the experts of the 
World Health Organization, are of the opinion 
that the incidence of diabetes is increasing 
considerably. SCHOFFLING (1965) found the 
same in Central Germany, OTT (1957) in 
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Switzerland. The Health Authorities of U.S.A. 
estimated the number of cases of overt diabetes 
to be around 2 million in 1949, and to be 3 million 
in 1964. They expect to have 4 million cases 
by 1970. It is not known to what extent the 
determined increase in diabetes morbidity re
presents a real increase and not only the result 
of greater life expectancy and of improved 
methods of investigation. 

See p.759 about etiology, inheritance and 
environment. 

The relations between diabetes mellitus and 
trauma are of interest to both the physician 
and the specialist. To produce diabetes mellitus 
experimentally in an animal, the greater part 
of the pancreas must be removed, in the dog, 
for example, 9/10 of the pancreas. Experience 
gained from pancreatectomies confirms this for 
man. An accident involving the region of the 
pancreas can only cause diabetes if most of 
the organ is destroyed. Such a lesion must also 
result in insufficiency of the exocrine secretion, 
and such severe injuries always are fatal. Cases 
of diabetes caused by traumatic damage to the 
pancreas are therefore very unlikely. 

Theoretically, sclerosis of the pancreas can 
occur as a result of injury or pancreatitis, but, 
so far, this has not been proven histologically. 
Traumatic pseudo cysts of the pancreas do not 
cause diabetes, whereas pseudocysts after pan
creatitis, calcifying pancreatitis and the late 
stages of mucoviscidosis (see p. 809) can. 

Cere bral concussion, intracranial hemorrhage 
and, less often, injury of bones or soft tissues, 
can be followed by hyperglycemia and glycosuria. 
This is a temporary extra-insular stress glycosuria 
(see p. 774). Despite the enormous number of 
cranial injuries during the last wars, there was 
no increase in diabetes mellitus. Not a single 
case of diabetes of traumatic etiology was found 
by VON NOORDEN in 20000 diabetics, or by 
UMBER in 7000 patients or by JOSLIN in 40000 
cases. 

Even if trauma has been dismissed as the 
cause of diabetes, it can, however, act as a 
releasing factor, i.e. it can cause potential, 
chemical or latent diabetes to become clinical. 
In addition, reduced physical activity, over
eating, infections, anxiety, worries or pain can 
cause a subclinical diabetes to become mani
fest. Probably, these cases would have developed 
clinical diabetes even without an accident (or 
releasing factors) if the subjects concerned had 
lived long enough. 

For the same reasons, deterioriation of pre
traumatic diabetes is also possible. On the other 
hand, preexisting diabetes can also influence the 
results of an accident, diabetics being predisposed 
to infections and slow healing processes. 
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Tumors as well as inflammations of the pan
creas must be very extensive before they 
produce diabetes. In acute pancreatitis, the 
glucose tolerance is only temporarily diminished. 
The majority of pancreatic necroses as well as 
tumors of the pancreas progress without de
veloping diabetes. Chronic pancreatitis with 
or without calcifications and formation of calculi 
is often considered a cause of diabetes. Arterio
sclerosis can lead to hyaline degeneration and 
to fibrosis of the islets of Langerhans. The 
connection with diabetes is not clear, since we 
do not know if the latter is a result or the cause 
of vascular changes. 

The development of hyperglycemia and 
glycosuria has been observed during treatment 
with adrenocortical, anterior pituitary and thyroid 
preparations, with diuretics of the benzothiadia
zine group, with chlorthalidone, and also after 
severe extensive burns treated with a high caloric 
diet. Probably a previously potential diabetes 
has been activated in these cases. 

2. Prevention 

Prevention is hampered by our lack of knowledge 
about the cause of the disease and by our 
inability to diagnose it at an early stage. For 
the time being, the predisposition to diabetes 
mellitus cannot be detected clinically with 
sufficient certainty. 

Usually, married couples are advised not 
to have children when both partners have overt 
diabetes. In practice, however, the majority of 
cases of conjugal diabetes are not detected until 
after they have already had children or even 
grandchildren. 

Table 3. Classification of diabetes mellitus (see also Table 4) 

I. Essential, familial 
primary diabetes: 

2. Non-essential 
secondary diabetes: 
a) Insular insufficiency 

diabetes: 

b) Extra-insular 

Causes 

Unknown, perhaps inheritance 
and provocative factors 

Total or subtotal pancreatect
omy, tumors, inflammations of 
the pancreas, mucoviscidosis, 
hemochromatosis. 

diabetes: Adrenaline- (stress-stimulating) 
diabetes, acromegaly, Cushing's 
syndrome, hyperthyroidism, 
Conn's syndrome 

3. Uncommon special forms of diabetes: 
Lipo-atrophic diabetes (LAWRENCE) 
Myatonic diabetes (PRADER, LABHART, WILLI) 



772 

Table 4. Stages of essential diabetes (World Health Organ
ization 1965) (see also HAMURI, 1967) 

I. Potential diabetes: 
Metabolic disturbance not detectable with the present
day laboratory methods. Diagnosis should be suspected 
in homologous twins if one is already diabetic, in children 
with both parents diabetic, children with father or mother 
and a sibling diabetic or cases of diabetes in the family 
of the non-diabetic parent (grandparent, uncle, aunt, 
cousin), in women delivered of a baby with a birth weight 
of 10 pounds or more or stillbirths with hyperplasia of 
the islands of Langerhans in the absence of rhesus in
compatibility. 

2. Latent diabetes: 
a) Normal oral glucose tolerance test which, however, had 

been abnormal under stress or when obese. 
b) Cortisone-glucose tolerance test abnormal. 

3. Asymptomatic = subclinical = chemical diabetes: 
Oral glucose tolerance test abnormal, but no other dia
betic symptoms. 

4. Clinical or overt diabetes: 
Oral glucose tolerance test abnormal, diabetic symptoms 
or complications. 

The diagnosis of a pre-diabetes can only be made in retro
spect, when potential diabetes has progressed into latent, 
asymptomatic or clinical diabetes. 

Table 5. Classification of essential diabetes (WHO) 

Age of Characterization 
manifestation 

a) Childhood 0-14 years Needs insulin early 
(infantile) 
diabetes 

b) Juvenile 15-24 years Majority need insulin at an 
diabetes early stage 

c) Adult 25-64 years Begins less abruptly, needs 
diabetes for insulin vary 

d) Diabetes 65 years Often long periods without 
of old age and over insulin therapy 

Table 6. Differential diagnosis of mellituria 

A. Normoglycemic 

I. Renal glycosuria 
a) Primary, sometimes familial glycosuria with re

duced renal threshold of varying degree 
b) Secondary renal glycosuria through damage of the 

proximal tubules 
IX) Familial: de Toni-Fanconi-Debn! syndrome 
~) Acquired 

c) Glycosuria during pregnancy 
d) Neonatal mellituria 

2. Glycurias 
a) Pentosuria (see p. 775) 
b) Fructosuria (see p. 775) 
c) Galactosuria (see p. 775) 
d) Lactosuria (see p. 775) 
e) Saccharosuria (see p. 776) 
f) Mannoheptulosuria (see p. 776) 
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B. Hyperglycemic (sometimes only of short duration) 

I. Primary essential diabetes mellitus, predisposition in
herited 

2. Non-essential, secondary diabetes mellitus 
a) Pancreatogenic 

IX) Acute pancreatitis 
~) Fibrosis of the pancreas 
y) Pancreatectomy 
(5) Hemochromatosis 
E) Hunger-diabetes (transitory) 

b) Extra-pancreatic 
IX) Adrenaline (" irritant" "stress") glycosuria 
~) Acromegaly 
y) Cushing's syndrome, glucocorticoid administra

tion 
(5) Hyperthyroidism 

3. Oxihyperglycemic glycosuria, tachyalimentation, 
pseudo-diabetes 
a) Accelerated absorption 
b) Delayed or disturbed formation of glycogen 

The alimentary cyclic glycosuria can be due to 1. early dia
betes mellitus, 2. renal glycosuria, 3. oxihyperglycemia. The 
glycosuria in pregnancy can be the consequence of 1. early 
diabetes, 2. a fall in the renal threshold through increased 
glomerular filtration rate. 

Prevention of diabetes tries to remove factors 
promoting the manifestation of the disease. 
Among these, avoiding overweight through in
creased muscular activity and corresponding 
adjustment of nutrition are of the greatest 
importance. Active foci of infection, especially 
of the biliary tract and of the pancreas must be 
eliminated, mental stress whenever possible 
avoided. Women with a family history of dia
betes should not have more than two to three 
pregnancies. 

Recognizing diabetes in its early stages is 
of great importance, since it seems possible 
that early onset of therapy can simplify the 
treatment and improve the long-term prognosis. 

It is still controversial whether electron
microscopic or histochemical vascular changes 
can occur prior to demonstrable metabolic 
disturbances and thus indicate potential diabetes. 
In the future, potential diabetes may become 
detectable by metabolic or morphological devia
tion which is not yet known. 

3. Course of Diabetes Mellitus 

The development of diabetes from the potential 
to the latent and finally to the clinical stage of 
the disease is rapid in some people and slow 
in others. Symptoms and clinical features may 
vary considerably, depending on whether the 
disease arose during growth or after maturity 
or at old age. This difference may be so great 
that some authors believe two different diseases 
are involved. This seems unlikely in view of the 
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fact that different forms can arise in the same 
family and that one form may change into the 
other. We, therefore, think that there is only 
one disease with different rates of evolution. 
When the disease develops rapidly, it becomes 
overt before or shortly after the termination 
of growth, leading relatively soon to failure 
of the islet system and to insular-insufficiency 
diabetes. On the other hand, when the disease 
develops slowly and remains for some time in 
the stages of latent or chemical diabetes plasma 
insulin may in some cases even be increased 
(see p. 761). In clinical diabetes relative islet 
insufficiency usually progresses so slowly into 
ahsolute islet insulficiency that the majority of 
diabetics die before reaching this stage. 

The 2500-year-old classification of the "fat/ 
sthenic" and the "thin/asthenic" (insulin-defi
cient) diabetes is for didactic reasons still 
justified today. The former type is predominantly 
found in the elderly, the latter usually in younger 
patients, in thin people mainly before their 
46th year. 

a) Subjective Symptoms 

The subjective symptoms are: fatigue, polydipsia, 
polyuria, loss of weight, the last three being 
called the "cardinal symptoms of diabetes". In 
children weight loss despite polyphagia is strik
ing. Before the disease becomes overt, some pa
tients complain of weakness and tremor 4 to 5 
hours after a meal. This reactive hypoglycemia (see 
p. 816) disappears after the ingestion of carbo
hydrates, which explains the increased longing 
for sweets, particularly for chocolate. 

In small children, the reappearance of 
enuresis, in the adult a sudden development of 
myopia, and in the elderly dizziness are sug
gestive of diabetes. 

The diabetes of elderly overweight persons 
causes little trouble for a long time and, with 
few exceptions, shows little tendency to keto
acidosis. On the other hand, during growth 
and in normal or underweight elderly persons 
polyphagia may rapidly change into loss of 
appetite, nausea, then vomiting, and later som
nolence, possibly followed by coma. 

b) Objective Symptoms 

In the "fat/sthenic" diabetes rubeosis of the 
skin, especially of the face, disturbances of the 
coronary, peripheral and cerebral circulation, 
of the renal and central nervous systems are 
common. The retina may also be affected, and 
cataracts may be present. Glycosuria may 
be absent even in the presence of hyperglycemia 
which varies less quickly than in the "thin" 
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diabetic. The tendency to ketosis and ketonuria 
is slight. The diabetes responds well to weight 
reduction and to sulfonylurea derivatives, at 
least at the onset of the disease, which is only 
slightly response to insulin. This form of 
diabetes is benign only in so far as its tendency 
to acidosis is concerned, and malignant on 
account of its susceptibility to vascular com
plications. The main goal of its therapy is to 
prevent, reduce or treat these vascular disturb
ances. 

There are exceptions to this rule, and the 
"fat" diabetes can change its character within 
a few days, usually under the influence of some 
stress, and even develop ketoacidosis. 

The "thin/asthenic" diabetic shows severe 
glycosuria at an early stage, sometimes even 
with moderate hyperglycemia. The blood sugar 
fluctuates, there is a strong tendency to keto
nemia and ketonuria. It is sensitive to insulin, 
whereas the sulfonylurea derivatives are only 
temporarily effective in the very early stages. 
Here, the first purpose of treatment is to 
prevent the occurrence of ketoacidosis, the 
second the prevention of the long-term diabetes 
syndrome. 

4. Diagnosis and Differential Diagnosis 

F or the time being, our diagnosis is still based 
on the demonstration of a delayed or reduced 
ability to assimilate carbohydrates in the presence 
of normal gastrointestinal function. This im
paired carbohydrate assimilation is perhaps 
not the cause, but already a consequence of 
diabetes. Measuring carbohydrate assimilation 
by glucose tolerance tests does not furnish a 
sharp dividing line between diabetes and non
diabetic conditions. Thus, in some cases diag
nosis has to be deferred and may be confirmed 
only after long observation and repeated in
vestigations. In the early phases, the metabolic 
disorder appears irregularly, hyperglycemia with 
or without glycosuria may disappear spontane
ously and reappear only after months or many 
years. 

If the evidence is sufficient, we are able to 
diagnose diabetes, but in the absence of signs 
and symptoms, we can never exclude definitely 
the presence of potential diabetes. 

The diagnosis of diabetes mellitus is based 
on the family and personal histories, a thorough 
general examination and the determination of 
glucose in urine and blood. Diabetes in a near 
relative strengthens the suspicion of diabetes 
and indicates diabetes mellitus even if a slight 
abnormality of the carbohydrate assimilation 
has been found which by itself would not be 
sufficient for diagnosis. 
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In the typical personal history, there are or 
were cardinal symptoms present at least in 
severe cases. The clinical examination of the 
diabetic patient has to exclude other causes 
for the symptoms, and to detect any late symp
toms or complications. 

Routine examination for glycosuria most 
often leads to the discovery of diabetes. Blood 
sugar estimations 1-2 hours after a carbo
hydrate-rich breakfast, repeated every year, in 
all direct relatives of each diabetic would 
permit earlier recognition of the disease in 
persons predisposed. See p. 811 about the 
laboratory methods of investigation. 

a) Renal Glycosuria 

The familial renal glycosuria has a limited 
capacity of tubular reabsorption of glucose alone. 
The morphology of the proximal tubules seems 
unchanged, but single tubules may be shortened. 
Depending on their number, the renal threshold 
for glucose can be so much lowered that even 
during fasting, and with perfectly normal blood 
sugar, glycosuria is constantly present, or with 
the renal threshold less depressed, glycosuria is 
intermittent only. The TmGl, the maximum 
capacity for the reabsorption of glucose, is 
not always reduced, but the amount of filtrated 
glucose always bears a definite relation to the 
amount of the reabsorbed glucose (REUB!, 1959; 
FROESCH, 1957; KRANE, 1966). 

The innocuous anomaly is probably in
herited through an autosomal dominant gene, 
the mild cases are possibly heterozygous, and 
the severe cases homozygous (FROESCH, 1957). 
No connection with diabetes mellitus has been 
confirmed. 

The renal glycosuria due to congenital or 
acquired damage of the proximal tubules, the 
morphology of which can be usually demonstrat
ed (SWAN'S neck tubule), is to be differentiated 
from the familial glycosuria. In the former two 
conditions, phosphate, amino acids and bi
carbonate, in addition to glucose, are inade
quately reabsorbed (de Toni-Fanconi-Debre 
syndrome). 

As a rule, osteomalacia resistant to vitamin D 
predominates in the clinical picture. 

The disorder may be congenital and inherited 
through an autosomal recessive gene. It may 
develop from a congenital metabolic disorder 
(cystinosis) or, reversibly or irreversibly, through 
exogenous (malate, lysol, heavy metals) or 
endogenous (Bence-Jones (myelom) protein, 
nephrosis) noxious agents (LEAF, 1966). 

The physiological increase in glomerular 
filtration during pregnancy can lead to a fall 
in the renal threshold for glucose, and thus to 
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renal glycosuria. This glycosuria of pregnancy 
in the presence of normoglycemia is today con
sidered diabetes-suspect, even when it disappears 
with the termination of the pregnancy. 

Glycosuria of the newborn occurs in the 
majority of infants during the first few days or 
weeks of life. Prematurity prolongs its duration. 
It is better described as neonatal mellituria, 
since, besides glucose, lactose, fructose and 
galactose are also found in the urine. Functional 
immaturity of the renal tubules and of the liver 
presumably are the cause of the excretion of 
glucose and galactose. Increased reabsorption 
of lactose from the intestine explains the con
comitant lactosuria. 

b) Cyclic or Alimentary Glycosuria 

The result of the oral glucose tolerance test is 
normal in cyclic or alimentary glycosuria. Inter
mittent glycosuria is restricted to postprandial 
periods, whereas urine voided during the fasting 
state is sugarfree. This may be renal glycosuria 
with a slight fall in the renal threshold, which 
has a good prognosis, or an early stage of true 
diabetes mellitus with lowered renal threshold. 
The prognosis of the latter is uncertain and is 
influenced by medical supervision. 

Primary essential diabetes with an inherited 
predisposition, with abnormally high and pro
longed hyperglycemia after carbohydrate intake 
associated with the excretion of pathological 
amounts of glucose in the urine is the predo
minant cause of glycosuria. Secondary diabetes 
can be due to pancreatic or extra pancreatic 
factors. 

Insular-insufficiency diabetes develops fol
lowing damage or loss of the B-cells of the islets. 
It is reversible in acute pancreatitis and in 
prolonged starvation, and irreversible in ad
vanced fibrosis of the pancreas, in hemochro
matosis, and after pancreatectomy. See p. 748, 
808 for pharmacological and experimental 
pancreatic diabetes. 

Extra-insular diabetes is due to the mobiliza
tion of glycogen under the influence of hormones 
or to increased gluconeogenesis or to diminished 
breakdown of glucose in the periphery. It is 
primarily reversible, only progressing to true, 
irreversible diabetes in the presence of a pre
disposition. 

A large release of adrenaline can occur with 
any somatic or mental stress, and in particular 
with CLAUDE BERNARD'S "piqure", with brain 
injuries, brain tumors, encephalitis, meningitis, 
injuries to the soft tissues, fractures, and myo
cardial infarctions. It is due to increased gly
cogenolysis in the liver with the simultaneous 
inhibition of the secretion of insulin. A pheo-



The Clinical Features of Diabetes Mellitus 

chromocytoma which is active for a long time 
can lead first to intermittent and later to 
permanent diabetes. 

Glycosuria is very rarely due to a tumor oj 
the A-islet cells producing glucagon (see p. 823). 

In acromegaly, the growth hormone prob
ably leads to poor utilization of glucose in the 
periphery through the release of free fatty acids, 
if sufficient additional insulin cannot be liberated 
(see p. 113). See p. 86 for idio- and meta
pituitary experimental diabetes. 

In Cushings's syndrome or during treatment 
with glucocorticoids (cortisone, prednisone), 
gluconeogenesis in the liver is increased (See 
p.303, 351). 

The reduced glucose tolerance of primary 
aldosteronism is rarely associated with glycosuria, 
and is due to potassium deficiency, which 
impairs the formation of glycogen and, above 
all, delays the release of insulin. We do not 
know whether hyperthyroidism can lead to 
clinical diabetes alone, or only when associated 
with potential diabetes. 

In oxi-hyperglycemic glycosuria (LAWRENCE) 
[tachyalimentation (WILLIAMS), pseudo diabetes] 
the blood sugar rises quickly to high values after 
ingestion of food or glucose, on account of an 
accelerated absorption of carbohydrates, and 
then falls rapidly to normal or subnormal 
levels. This reaction is most striking in the 
oral glucose-tolerance test. Temporary gly
cosuria appears, and hypoglycemic symptoms 
are common. It occurs after gastroenterostomy 
or gastrectomy with the consequent accelerated 
emptying of the stomach, in hyperthyroidism 
and in vegetative dystonia. The intravenous 
tolerance test and the tolbutamide test yield 
normal results. Alimentary glycosuria may result 
from this disorder. 

Similar oral glucose loading curves are met 
in the rare cases of glycosuria due to delayed 
or impaired deposition of glycogen. This is 
found only in combination with one form of 
glycogen-storage disease (Type 1, von GIERKE, 
glucose-6-phosphate deficiency) and also, very 
rarely indeed, with severe liver dystrophia (so
called hepatic glycosuria). 

Though glycuria is infrequent, its diag
nosis is of importance to avoid treatment of an 
incorrectly diagnosed diabetes and because the 
recognition of fructose or lactose intolerance 
or of galactosemia is of vital significance. 

Every case of mellituria with normal or 
subnormal glucose tolerance tests must be 
further investigated, and the sugar or sugar-like 
substance in the urine must be identified. This 
can be done most simply with enzymatic methods 
or by paper chromatography (CONSTAM, 1957; 
CONSTAM and ISLER, 1957). 
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Pentosuria. Alimentary pentosuria, i.e. the 
excretion of arabinose or xylose, can occur 
intermittently in normal and in diabetic individ
uals after the intake of food rich in pentose. 
On the other hand, in essential pentosuria, 
xylulose (xyloketose) is continually lost in the 
urine, regardless of food intake. This anom
aly is inherited on an autosomal. recessive 
gene and is due to defective TPN-xylite-dehy
drogenase, an enzyme which activates the con
version of xylulose into xylite (HIATT, 1966). 
Both forms of pentosuria can occur alone or in 
combination with diabetes mellitus. 

Fructosuria, levulosuria, is observed in normal 
persons after excessive intake of fructose. Such 
alimentary Jructosuria is rare, since the limit of 
assimilation for this sugar is seldom exceeded. 
Essential Jructosuria is the result of a deficiency 
of fructokinase. Apart from the polyuria fol
lowing the intake of large amounts of fructose, 
these patients have no other symptoms. Their 
life expectancy is normal. Intake of fructose 
causes an abnormal rise of fructose in the blood 
and a reduction of blood glucose. Fructose 
intolerance, another disorder of the metabolism 
of fructose, is inherited on an autosomal, 
recessive gene. It is caused by a deficiency of the 
fructose-1-phosphate-aldolase and may lead to 
severe hypoglycemia, liver damage, and retarded 
growth. The diagnosis is made by carefully 
injecting fructose intravenously, which results in 
hypoglycemia and hypophosphatemia (FROESCH, 
1966). 

Galactosuria and galactosemia. Hereditary 
congenital galactosemia must be differentiated 
from the mild physiological galactosuria in 
normal babies and from the secondary galac
tosuria in liver diseases. Whereas amino acids 
and protein are excreted in the congenital type, 
lactose or glucose or even fructose sometimes 
are found in the urine in the other two conditions. 

Galactosemia is a metabolic disorder, in
herited on an autosomal recessive gene. The 
body is unable to convert a sufficient amount 
of galactose into glucose, due to a deficiency of 
galactose-1-phosphate-uridyltransferase. The 
toxic intermediate metabolic products lead to 
malnutrition, hepatic cirrhosis, cataract, debility 
and death. The diagnosis can be made by 
showing the absence of this ferment in the 
erythrocytes of these patients, even in the blood 
obtained from the umbilical cord. The damage 
is reversible, provided a galactose-free diet is 
instituted at the right time (lNSELBACHER, 1966). 

Lactosuria is met in normal women about 
6 weeks before delivery, and persists until after 
lactation. It is also observed in healthy infants 
during the period of breast feeding. In both 
cases, galactosuria is an accompanying feature; 
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there are no subjective symptoms and treatment 
is not necessary. 

The lactosuria of lactation must be differenti
ated from the lactosuria due to lactose intolerance, 
which causes diarrhea and occasionally is 
accompanied by lactosuria, glycosuria and in
testinal malabsorption. Treatment involves the 
elimination or the reduction of lactose in the 
diet. 

Saccharosuria results from a disturbance of 
one or several of the disaccharidases. It leads 
to an accumulation of saccharose in the intestine, 
to fermentation and diarrhea. Occasionally this 
may lead to the absorption of disaccharides and 
to their excretion in the urine. Here as well, all 
food containing saccharose must be avoided. 

Mannoheptulosuria follows the intake of 
large amounts of certain Avocado pears. D
Mannoheptulose is excreted in the urine. The 
condition has no clinical importance, unless it 
is mistaken for diabetes. 

5. Prognosis 

As statistics from the Joslin Clinic in 1957 
showed, before the discovery of insulin, six 
years was the average duration of diabetes from 
its diagnosis till death. In 1956/57 it had in
creased threefold and the present day figures 
are even more favorable. This is the result of 
insulin therapy particularly, but also of the 
modem improved methods for the treatment 
of infections and circulatory disturbances, earlier 
diagnosis, and better training of physicians and 
patients. The value of the oral hypoglycemic 
tablets cannot yet be definitely appraised; prob
ably they are of importance too. 

ROOT estimated the life expectancy of the 
diabetic to be at least 3/4 of the normal ex
pectancy. Among 44000 diabetics, he found 
about 3000 had survived the average life ex
pectancy reckoned from the time the first 
diabetic symptoms appeared. 
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According to the figures of WHO, the 
mortality due to diabetes in Germany has in
creased from 10.2 in 1950/52 to 13.6/100000 
inhabitants in 1960/61. In Switzerland, these 
figures have risen from 13.4 to 14.7, and in 
U.S.A. from 16.3 to 16.7 per 100000 inhabitants. 

As Table 6a indicates, ketoacidosis was the 
most common cause of death in diabetics 
before 1922, i.e. before the introduction of 
insulin. Today, renal, cardiac and circulatory 
disorders have taken over this position. The 
cases of death resulting from infections, in 
particular tuberculosis, are also on the decline, 
thanks to the combination of modem chemo
therapeutic agents and antibiotics with insulin 
therapy. The increase of cancer among diabetics 
can be explained by the longer life expectancy 
of diabetics and by the improved diagnostic 
methods. Comparable investigations in the same 
age groups suggest that, with the exception of 
carcinoma of the pancreas, malignant tumors do 
not occur more frequently in diabetics than in 
the metabolically healthy population. The latter, 
according to OAKLEY and co-workers, has a 
frequency of 4% of all the carcinomas in the 
general population, amongst diabetics 14%. 
WARREN et al. reported in 1966 10.7% car
cinoma of the endometrium amongst 214 autop
sied diabetic women dying from cancer, com
pared with 5% in nondiabetic female patients. 
According to MEISSNER and LEGG and to Moss, 
endometrial cancer is twice as common in dia
betics. So far, we have not noticed a preponder
ance of this localization of carcinoma in diabetic 
women. Hypoglycemia as a cause of death can 
be avoided by dividing the daily insulin require
ment into several smaller doses. 

In infantile and juvenile diabetes, keto
acidosis is still a common cause of death. 
KRAINICH and STRUWE found this in 3/4 of 
their cases, and the Joslin Clinic in 44%. The 
majority of the patients who developed diabetes 
before the age of 20 and subsequently lived 

Table 6a. Principle causes of death of diabetics of the Joslin Clinic' 

Causes of death 1898 to 5. 31. 14 6. I. 14 to 8. 6. 22 I. I. 50 to 12.31. 55 I. I. 56 to 12. II. 57 
(%) (%) (%) (%) 

Diabetic coma (primary) 63.8 41.5 1.3 l.l 
Cardiovascular, renal 17.5 24.6 76.3 77.7 
Infections other than tb 7.4 12.7 5.4 3.9 
Tuberculosis 4.9 4.9 0.7 0.2 
Cancer 1.5 3.8 10.3 11.3 
Accidents 0 0.8 2.0 1.7 
Inanition 0.3 2.2 0 0 
Suicide 0.3 0.2 0.5 0.5 
Hypoglycemia 0 0 0.2 0.2 
Other and unknown 4.3 9.3 3.3 3.4 

a From JOSLIN et al.: The treatment of diabetes mellitus, 10th ed. Philadelphia: Lea & Febiger 1959. 
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for over 10 years died from nephropathy. 
Coronary and cerebral circulatory disorders 
were the causes of death in those developing 
diabetes later in life. Our own series of ob
servations on patients who survived the first 
clinical manifestation of their diabetes for 20 
years or more show that 48% died from myo
cardial infarction, 16% from cerebral ischemia 
and 16% from uremia. As already mentioned, 
the prognosis of diabetes is greatly influenced 
by the renal, cardiac and circulatory disturbances. 
These may be accompanied by changes in the 
nervous system, and are collectively termed the 
"diabetic angio-neuropathy" (see Chap. 9). 

Investigations on patients observed for more 
than 20 years show that the severity of the 
metabolic disorder has little influence on the 
prognosis, providing ketoacidosis can be avoided, 
but that the late symptoms grow in severity 
and frequency with advancing age of the patient 
and duration of diabetes. Poor treatment pro
motes the development of diabetic angio-neuro
pathy, whereas correct treatment has the opposite 
effect (Table 7). The quality of control of diabetes 
during the first 5-10 years seems of particular 
importance for the long-term prognosis (CON
STAM, 1965, 1970; CAIRO, 1969). Early and good 
treatment gives to a diabetic the best chances 
for protection from vascular complications for 
30 or even 35 years. He can preserve his working 
capacity for more than 40 years by keeping 
angio-neuropathy at bay. 

Table 7. Relation between the quality of treatment and the 
further course of diabetes 

No late symptoms 
1-2 late symptoms 
More than 2 late 

symptoms 

Total number of 
diabetics 

Quality of treatment 
Always 
poor 

Variable Always 
good 

Duration of diabetes in years 
20 25 30 20 25 30 20 25 

3 2 2 31 6 2 74 39 
10 4 0 83 37 15 33 29 
67 22 6 126 88 48 13 12 

80 28 8 240 131 65 120 80 

30 

14 
19 
10 

43 

There are rare cases of diabetes, less than 
3% of our patients, who, in spite of poor control, 
remain free from renal or circulatory disturb
ances. They present a special, not yet well 
defined type of diabetes. 

The working capacity, the periods of absence 
from work, and the efficiency of the diabetic 
are dependent on the age of the patient, the 
duration of diabetes, the quality of treatment, 
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and the time at which an effective therapy was 
started. Intelligence and energy are indispensable 
to keep a diabetes well controlled, and for the 
very same reason well stabilized diabetics have 
proved to be excellent workers in various 
professions and arts. On the other hand, poorly 
regulated patients are irregular also in their 
professional performances and often compelled 
to interrupt their work. 

Blindness, nephropathy with edema and 
hypertension with cardiac failure make young 
diabetics unfit for work. Gangrene, cardiac in
sufficiency, or cerebral palsy, and less often, 
neuropathy cause incapacity for work in the 
older diabetics. 

6. Therapy 

a) Aim and Principles of the Treatment of 
Diabetes 

Treatment should not only aim at prolonging 
life, but at obtaining normal growth and develop
ment, normal efficiency and life expectancy, and 
physical as well as psychic well being of the 
patient. 

The earlier treatment is started, the simpler 
and the better its long-term prognosis. There
fore, we should do our best to recognize the 
disease as early as possible and to arrest its fur
ther evolution, i.e. to prevent potential diabetes 
from becoming latent, latent from developing 
into clinical and clinical diabetes from pro
gressing to complete insular insufficiency. 

We try to achieve this by reducing the endo
genous insulin requirement. If this is not sufficient, 
we may, in addition, accelerate the release of 
endogenous insulin or slow the intestinal absorp
tion of carbohydrates and increase the peripheral 
action of insulin or substitute exogenous insulin 
for the endogenous hormone. 

Complete control, i.e. normal blood sugar 
values at all hours of the day, is possible only 
in early recognized cases. An effort should be 
made to attain the blood sugar values presented 
in Table 8. The sugar in the urine should 
disappear whenever possible, and, in severe 
cases, should not exceed 10-20 g/24 hours. A 
glycosuria of even 30 g/day must be accepted in 
individual cases of labile diabetes, if severe 
hypoglycemia is to be avoided. Polyuria and 
acetonuria must be suppressed at all costs. 

In exceptional cases, we are sometimes 
compelled to deviate from these rules, such as in 
professions with irregular meal times, patients 
with mental disease and in persons unwilling 
to follow the treatment. The "free normal diet" 
is the choice left open where there is a lack 
of intelligence, and also for children who are 
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Table 8. Guiding principles for" good" and" fair" control 

Overt diabetes 

With diet alone 
Diet + tablets 
Diet + insulin, good 

Diet + insulin, fair 

Blood sugar in mgJ100 ml 

Fasting 

< 1.20 
< 1.20 
< 1.20 

< 1.30 

1 hour 
after breakfast 
or lunch 

< 1.60 
< 1.80 

inadequately supervised at home. Treatment 
with insulin is then restricted simply to prevent
ing ketonuria and loss of weight. The long-term 
prognosis in most of these cases is, however, 
unfavorable. 

Drastic measures should be avoided in 
patients older than 65 years, except when there 
is a vital indication, such as an incipient coma, an 
unavoidable operation or a complication. When 
an overweight patient of more than 70 years 
has suffered from diabetes for more than 10 years 
and this caused no complaints nor late symp
toms, this proves that the patient has adjusted 
his mode of living well to his illness, and it is 
advisable not to change the situation, at least 
not in a radical way. As long as there is no 
ketonuria, high blood sugar values of up to 
260 mg/100 ml after meals are of little signifi
cance in the cases already in existence for a 
long time and without complications or com
plaints, provided glycosuria is relatively moder
ate. 

The treatment must be applied constantly 
by the patient or his relatives. In addition to 
treating and supervising the patient, educating 
the diabetic is an important part of the treat
ment and, therefore, the duty of the physician. 
A severe psycho-organic syndrome, indifference, 
debility, or hypochondria can render education 
impossible, but it is indispensable for the great 
majority of diabetic patients. 

The success of the treatment should not be 
based on the laboratory findings alone. The 
subjective symptoms of the patient, particularly 
his professional efficiency, are as important 
as the objective results of the medical examina
tion. 

b) General and Dietary Treatment 

Treatment with diet, muscular activity, avoid
ance of infections and mental stress all serve 
to reduce the endogenous insulin requirement. 

The method of diet prescription should be 
simple and adequate for use in infantile, juvenile 

2 hours 
after breakfast 
or lunch 

< 1.30 
< 1.30 
< 1.50 

< 1.80 

Glycosuria 
per 24 hours 

o 
o 
< 5 % of carbo

hydrate intake 
< 10% of carbo

hydrate intake 
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Acetonuria 

o 
o 
o 

o 

and adult diabetics, for overweight, normal 
and underweight patients, and even for cases 
with labile diabetes.(Table 9). 

Diet prescriptions are necessary (Table 10 
gives an example) even in the stage of potential, 
and even more in that of latent diabetes, to 
protect the predisposed islet cells from over
work. 

Table 9. Seven fundamentals for permanent dietary treatment 

1. The diet prescription must be given in writing, contain not 
only what is forbidden, but also what is permitted, not 
only the daily amount of food, but also its distribution 
amongst the various meals of the day. 

2. Adaptation of the diet as much as possible to the individual 
needs and possibilities. 

3. No starvation diet! 
4. Distribution into as many single meals as possible. 
5. Carbohydrates are the main producers of sugar, fats the 

main suppliers of calories, proteins are indispensable for 
the formation oftissues and enzymes; they are partly con
verted into carbohydrates and fats. 

6. Restrict the insulin requirement by avoiding" surplus ca
loric import" (exceptions; children and people over 65 
years of age). 

7. Prevent the rapid absorption of carbohydrates byelimi
nating food with highly concentrated carbohydrates, and 
by combining carbohydrates with proteins and/or fats in 
the same meal. 

Table 10. Diet prescription for potential and latent diabetes 

Avoid completely: 
Sugar, food or drinks sweetened with sugar, beer, honey, 
liqueurs, malt-containing food such as ovaltine, syrup, 
sweet cider, sweet wines, pastry. 

Use in moderate amounts and per meal only one of the fol
lowing items: 

Cereal, bread, potatoes, oats, barley, rice, com, millet, 
flour, noodles, spaghettis. 

Overweight persons have to omit also: 
Butter, fat, oil, cream, egg yolk, bacon, nuts. 

Between the 3 main meals (breakfast, lunch, supper) and 
before retiring, 3 snacks consisting of bread or fruit or milk 
are recommended. 
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The so-called "qualitative diet", in which 
only the food richest in carbohydrates is quan
titatively fixed, usually is adequate for diabetics 
who are controlled by diet alone without the 
aid of hypoglycemic drugs (Table 11). 

Table 11. "Qualitative diet" for diabetics controlled with
out hypoglycemic drugs 

Fats in particular (butter, oil, cream, egg yolk, nuts) must 
be restricted or omitted for overweight patients, skimmed 
milk substituted for whole milk, lean cheese for cream cheese, 
lean meat for fat meat, salads made with vinegar or lemon 
juice, meat grilled or boiled, not roasted, sausages are to 
be avoided. 

To be avoided completely: 
Sugar, sweetened foods and drinks, beer, honey, liqueurs, 
oval tine etc., syrups, apple juice, sweet wines, cakes, pas
tries, bananas, dates, figs, raisins, grapes, currants 

Permitted without restrictions: 
to sweeten: 

Assugrin, disorb, saccharine, sionon, sucaryl 
to season: 

Vinegar, pepper, salt and other spices 
Drinks: 

Water, beef tea, meat broth, coffee, tea, mineral water 
without additional substances, completely fermented 
wines 

Vegetables containing few carbohydrates: 
Red cabbage, endives, cucumber, lettuce, cress, dandelion, 
silver beet, mushrooms, rhubarb, pickled cabbage, celery 
stalk and leaves, asparagus, spinach 

The following recommended distribution of the food should 
be changed only with the permission of the physician. 

1. Breakfast: White bread ... grams, or dark 
bread ... grams 

Milk or yoghurt 
Butter 
Cheese 
Coffee or tea 

2. Mid-morning snack: Bread
Butter
Cheese 
Fruit (exceptions given above) 

3. Lunch: Vegetables (in particular those 
listed above) 

White bread ... grams, or dark 
bread ... grams, or ... medium 
size potatoes, or ... ounces of 
barley, or oats, or millet, or 
maize, or ... drachms of rice 

Meat, or fish, or sausages, or eggs, 
or cheese 

Fruit (exceptions given above) 
Butter, fat, oil, cream 

4. Tea: Like 1 st or 2nd meal 

5. Dinner: Like lunch
Milk-

6. Before retiring: Like mid-morning snack 

a Cross out if not applicable, ... physician must fill in cor
responding amounts. 20 g brown bread = 16 g white bread 
= 1 medium sized potato = 1 table spoon of oats, barley, 
millet, maize = 1 dessert spoon rice or noodles or fluor. 
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Reduction in weight is more essential than 
the limitation of carbohydrate intake in the 
overweight diabetic patient. 

The diet poor in fat and limited in carbo
hydrates is nearly always successful. The patients 
do not feel hungry if their food intake is distrib
uted amongst 5-7 meals a day (Table 11). 

Patients who need drugs to lower the blood 
sugar, tablets or insulin, should eat about the 
same amount of blood sugar-forming food every 
day at about the same time. Otherwise, the 
hypoglycemic agents will have one day too 
much, another day too little action. 

To obtain the necessary stability of the diet, 
foods are grouped as shown in Table 12, and 
food equivalents (Table 13) permit patients a 
satisfactory variation in their diet besides the 
uniformity in its composition. 

Some of the foods rich in carbohydrates also 
contain proteins and fats, but only in relatively 
small amounts. In cases where the protein 
content cannot be neglected, glucose formation 
from proteins is considered in our exchange 
tables. Under free foods are listed items which 
either contain very little carbohydrates or are 
normally consumed in such small amounts 
that they have practically no influence on blood 
sugar. 

In Germany and Austria, the carbohydrates 
are usually measured in bread units, one unit 
corresponding to 12 g of carbohydrates. The term 
bread equivalent, preponderantly used in Switzer
land, implies the amount of bread, cereal, oats, 
barley, potato, rice which supply 10 g of carbo
hydrates, inclusive of the glucoplastic amino 
acids. One vegetable equivalent represents the 
corresponding amount of vegetables, one fruit 
equivalent that of fruit or berries. Bread-, vegeta
ble- and fruit equivalents contain equal amounts 
of carbohydrates, but they are physiologically 
different. According to JOSLIN, from bread the 
sugar rushes into the blood, from fruit it flows 
and from vegetables it seeps. 

One milk equivalent corresponds to the 
quantity of milk or milk products, with the 
exception of cream, which yields about 10 g of 
carbohydrates and 7 g of protein. A protein 
equivalent represents the amount of meat, fish 
etc. containing 10 g of proteins, a fat equivalent 
the portion of butter, fat, oil etc., which forms 
10 g of fat, whereas a cream-nut equivalent 
furnishes 10 g of fat, 1-6 g of carbohydrates 
and 2-6 g of proteins. 

The corresponding values of the usual food 
stuffs are presented in Table 13. 

In practice, the dietary conditions are most 
simply arrived at by giving a basic diet to begin 
with, watching its effects, and adding corrections 
subsequently if necessary. 
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Table 12. Classification of foods according to their main nutritional content 

I. Carbohydrates 2. Proteins 3. Fats 4. Free foods of unimportant 
nutritional value 

a) Bread equivalenT Milk equivalent Protein 
equivalent 
Meat 
Eggs 
Cheese 
Poultry 
Venison 

b) Fruit equivalent 

c) Vegetable equivalent 

Table 13. List of "exchangeable" foods. (Taken from G. R. 
CONSTAM: List of foods for diabetics) 

a) Cereals and flour potatoes rice carbohydrate rich 
vegetables 

I German bread 1 Swiss bread 
unit equivalent 
corresponds to corresponds to 

15 g Crackers 12 g 
21 g Rolls 16 g 
21 g Peas, green; pea-flour 16 g 
15 g Barley, grain 12 g 
12 g Barley, flour 109 
15 g Gruel from wheat or maize 12 g 
18 g Oats, flakes, porridge, flour 15 g 
18 g Millet 15 g 
60 g Potatoes, fresh, cooked or uncooked 50 g 
40 g Potatoes, fried 35 g 
15 g Potatoes, baked 12 g 
40 g Chestnuts, fresh with shells 35 g 
35 g Chestnuts, shelled 30 g 
20 g Lentils, uncooked 16 g 
60 g Lentils, cooked 50 g 
18 g Maize, grains 15 g 
12 g Com/maize, flour; maize-meal 10 g 
12 g Rice, or rice flour 10 g 
25 g Rye bread 20 g 
25 g Brown bread 20 g 
40 g Soja flour, with oil removed 35 g 
12 g Noodles, macaroni etc. 10 g 
25 g Whole wheat bread 20 g 
21 g White bread 16 g 
16 g Rusks sugarless 13 g 

b) Vegetables 

I German bread 1 Swiss vegetable 
unit equivalent 
corresponds to corresponds to 

* Red cabbage, cooked * 
* Cauliflower * 

200 g Beans, green, young fresh, uncooked 175 g 
25 g Beans, baked 20 g 

170 g Beans, pods with large seeds 140 g 
* Water cress * 
* Chicon~e * 
* Champignons * 
* Endivie * 
85 g Peas, green, fresh, shelled, uncooked 70 g 

120 g Peas, green, fresh, shelled, cooked 100 g 
150 g Fennel, uncooked 120 g 

* Cucumber * 
240 g Cabbage, uncooked 200 g 
100 g Carrots, uncooked 80 g 
150 g Carrots, cooked 125 g 
210 g Turnips, uncooked 200 g 
* Cress * 

a) Fat equivalent 
b) Cream and nut 

equivalent 

a) Baking powder, meat, broth, 
coffee, tea, curry, pepper, salt, 
vinegar; synthetic sweetening 
substances 

b) Drinks containing no carbo
hydrates 

Table 13 (Continued) 

I German bread I Swiss vegetable 
unit equivalent 
corresponds to corresponds to 

200 g Leek, uncooked 175 g 
180 g Dandelion 170 g 
* Silver beet, leaves * 

240 g Red peppers, uncooked 200 g 
* Mushrooms * 

240 g Radishes 200 g 
* Rhubarb * 

170 g Brussel's sprout 140 g 
180 g Beet root, cooked 150 g 
* Green salad * 
* Pickled cabbage * 

120 g Viper's grass, uncooked 100 g 
240 g Celery bulb, uncooked 200 g 
* Asparagus * 
* Spinach * 

240 g Tomatoes 200 g 
* Savoy cabbage, cooked * 

130g Onions, uncooked 110 g 

c) Fruit and berries 

1 German bread I Swiss fruit 
unit equivalent 
corresponds to corresponds to 

100 g Apple, fresh 80 g 
22 g Apple, baked 18 g 

120 g Oranges, peeled 100 g 
120 g Apricots, with seeds, fresh 100g 

18 g Apricots, dried 15 g 
90 g Bananas, fresh, with skin 70 g 
75 g Pears, fresh 60 g 

150 g Blackberries 125 g 
150 g Strawberries, garden 125 g 
240 g Strawberries, wild 200 g 
260 g Grapefruit, with peel 220 g 
240 g Bilberries 200 g 
170 g Raspberries 140 g 
200 g Red currants 170 g 

75 g Cherries, sweet, with stones 60 g 
200 g Mandarines, with peel 170 g 
200 g Melon, with peel 170 g 
120 g Peaches, with seed 100g 
llOg Plums, with stones 100 g 
300 g Lemons, with peel 250 g 

d) Milk products poor in proteins and fats 

1 German bread I Swiss milk 
unit equivalent 
corresponds to corresponds to 

240 g Buttermilk 200 cc 
200 g Yoghurt 160 cc 
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Table 13 (Continued) 

I German bread 
unit 
corresponds to 

400 g 
240 g 
240 g 
300 cc 
240 g 

e) Proteins 

I) Fats 

Kefir 
Skimmed milk 
Whey 
Curdled milk 
Full milk 

I Swiss milk 
equivalent 
corresponds to 

330 cc 
200 cc 
200 cc 
250 cc 
200 cc 

I protein 
equivalent 
corresponds to 

Meat, uncooked 50 g 
Meat, cooked 40 g 
Brain 100 g 
Tripe 50 g 
Liver, cooked 40 g 
Smoked meat 40 g 
Ham, uncooked 60 g 
Ham, cooked, smoked, salted 40 g 
Tongue 50 g 
Sausages of different types avo erage 60 g 
Fish, without skin and bones, raw 60 g 
Fish, without skin and bones, cooked 50 g 
Eggs, hens', without shell 80 g 
Cheese lean 35 g 
Cheese. at 40 g 

Butter, fresh 
Egg yolk 
Bone marrow 
Margarine 
Olive oil 
Lard 
Bacon, smoked or salted 
Bacon, cooked 

I fat 
equivalent 
corresponds to 

12 g 
20 g 
12 g 
10 g 
10 g 
109 
15 g 
20 g 
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Table 14 gives an example of a basic diet for 
an adult with sedentary occupation. The figures 
in small print below the carbohydrate, protein, 
fat and calories represent average values for 1 
equivalent in order to permit an approximate 
estimation of the composition of the diet. 

Patients who cannot be trusted with the 
simple multiplication in such a diet, can see 
from Table 15 how many grams of apple or 
orange etc. are allowed at a specific meal. 

If the patient continues to excrete sugar 
despite the basic diet, the bread at lunch and 
dinner can be omitted. If this is not sufficient, 
then stronger hypoglycemic agents are needed. 
If, however, the blood sugar values have become 
almost normal, the diet may be extended to 
include more bread equivalents at lunch and 
dinner, and more fruit equivalents before retiring 
etc. 

For adults performing heavy work, the 
bread equivalents of all meals have to be in
creased. If breakfast is very early, two mid
morning snacks may become necessary. Dia
betics who must lunch at or near work need 
at least 4 bread equivalents for this meal, 
giving them the possibility of eating weighed 
sandwiches brought from home, in addition 
to their fruit equivalents. 

The weighing of food appears cumbersome 
at the start. However, after some experience, 
this does not cause any considerable delay in 
preparing meals. Observant diabetics can develop 
the ability to estimate the amount of vegetables, 
fruit and meat correctly within a few weeks. It 
is important that the carbohydrate-rich bread 
equivalents are always correct. When eating 
in a restaurant or while travelling, or when not 
at home, the bread equivalents should be 

Table 14. Average basic diet for an adult with sedentary occupation, under treatment with hypoglycemic agents 

Break- Mid-morn- Lunch Tea Dinner Before Total CHO Protein Fats Calories 
fast ing snack retiring 

Hread 3 3 8 8010 162 8 ' 45657 
equivalent 
Vegetable I a I a 2 20'0 2' 8844 

equivalent 
Fruit 2 2 2 6 60 '0 6' 26444 

equivalent 
Milk 2 20'0 147 168 280 '90 

equivalent 
Protein 2 2 5 5010 306 47094 

equivalent 
Fat 4 40'0 36090 

equivalent 
Cream-nut 
equivalent 

Total 180 88 94 1918 

• Maddition, vegetables marked with * in Table 13 are free to be used or not. 
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chosen in the form of bread or potatoes, because 
their quantity can easily be estimated. This 
also applies to fruit, but farinaceous foods and 

Table 15. Quantitative diet prescription for diabetics of be
low average intelligence 

I. Breakfast: Dark bread ... g, or white bread ... g, 
(20) (16) 
or oat meal ... tablespoons 

(I) 

Milk ... cc, or yoghurt ... cc 
(2) (1.6) 

Coffee or tea without sugar as desired 

Butter" .. . 

Cheese ... g, or eggs ... g, or meat ... g 
(40) (80) (40) 

2. Mid-morning b Dark bread ... g, or white bread ... g 
snack: (20) (16) 

b Apple ... g, or pear ... g, 
(80) (60) 

or tangerine ... g, or orange ... g 
(ISO) (100) 

3. Lunch: Clear meat broth, unlimited 

Brown bread ... g, or white bread ... g, 
(20) (16) 

or potatoes ... g, or oat meal ... , 
(50) (I) 

or barley ... , or corn ... tablespoons, 
(I) (I) 

or rice ... teaspoons 
(2) 

(all cereals must be weighed before cook
ing). 

Vegetables unrestricted (red cabbage, 
cauliflower, endives, cucumber, lettuce, 
water cress, dandelion, silver beet, mush
rooms, rhubarb, salads, pickled clover and 
cabbage, celery leaves, celery stalks, aspar
agus, spinach) 

Beans, green ... g, or carrots ... g, 
(175) (80) 

or beet root ... g, or Brussel's sprouts. 
(100) (140) 

or celery ... g, or tomatoes ... g 
(200) (200) 

Meat ... g, or fish ... g, or sausages ... g, 
(50) (60) (70) 

or salami .. , g, or smoked meat ... g, 
(40) (40) 

or eggs ... g, or cheese ... g 
(80) (40) 

Apple ... g, or pear ... g, or mandarine ... g, 
(80) (60) (150) 

or orange ... g, or peaches ... g, 
(100) (100) 

or apricots ... g, or strawberries ... g, 
(100) (125) 

or grapefruit ... g, or raspberries ... g 
(220) (140) 

Butter, fat, oil a ... 
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Table 15 (Continued) 

4. Afternoon tea: like meal I or 2 

5. Dinner: like lunch, in addition milk b ... cc, 
or yoghurt b ••• cc 

"Physician must indicate whether none, little, much, un
restricted. 
b Physician must cross out the inappropriate. 

stewed fruits must be avoided, as must soups 
and gravy, since their flour content cannot be 
recognized. 

c) Treatment with Antidiabetic Tablets 
(Oral Hypoglycemic Agents) 

Two groups of drugs - the sulfonylurea deriva
tives including pyrimidine and biguanides are 
extensively used today. 

Table 16 gives a survey of the sulfonylurea 
and pyrimidine derivatives in use. 

All the sulfonylurea derivatives act in the 
same way. They differ only in their toxicities, 
their potency per gram of substance, the duration 
of action and their side effects. 

The main action of the sulfonylurea drugs 
is to stimulate the release of insulin from the 

Table 16. The most commonly used sulfonylurea and pyri
midine derivatives 

Carbutamide 

Tolbutamide 

Chlorpropamide 

Glybenclamide, glyburide 

Tolazamide 

Acetohexamide 

Glycodiacine 

Alantin 
Antidiabeticum 
Bucrol 
Butasulfe 
Glucidoral 
Invenol 
Midosal 
Nadisan 
Norboral 
Retarden 
Sulfadiabet 

Artosin 
Dolipol 
Orinase 
Rastinon 

Catanil 
Chloronase 
Diabinese 
Diabetoral 
Mellinese 

Daonil 
Diabeta 
Euglucon 

Diabetas 
Tolinase 
Tolisan 

Dinetin 
Dimelor 
Ordimel 

Gondafon 
Lycanol 
Redul 
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B-cells of the pancreas. In nondiabetics, the 
release of insulin is primarily regulated by the 
glucose content of the arterial blood in the 
pancreas. In the diabetic, however, the damaged 
B-cells can no longer react to the hexose stimulus 
or the reaction is delayed. Sulfonylurea deriva
tives can mobilize insulin reserves still present. 
The insulin in the B-cells may be bound to zinc, 
in the form of large conglomerations of insulin 
molecules. The splitting up of these molecular 
complexes by sulfonylurea promotes the libera
tion of insulin from the B-cells. The insulin 
thus liberated, acts primarily on the liver, 
where it inhibits the release of glucose. The 
sulfonylurea compounds also potentiate the 
action of small amounts of insulin even in the 
complete absence of the pancreas. In dogs fed 
on a carbohydrate-free diet, they increase the 
capacity of the B-cells to produce insulin. 
Whether this holds true for man is not certain. 
Tolbutamide can release insulin from the in
sulin-antibody bondage in vitro and can also 
prevent insulin from combining with antibodies. 
Sulfonylurea derivatives also have an anti
thyroid effect, and some of them are bacterio
static, although this is of no practical impor
tance. The temporary inhibition of individual 
hepatic enzymes is just as unimportant as the 
increased excretion of endogenous citric acid 
when large doses of tolbutamide are used. 

Side effects are the more unpleasant, the 
longer the duration of action of the drugs. 
When these drugs were introduced, side effects 
were observed in 5-11 % of the cases treated 
with carbutamide, and in 1-3.2% treated with 
tolbutamide. They were more common with 
chlorpropamide, but only when the daily dosage 
exceeded 0.5 g. Today, side effects are con
siderably less frequent, due to the more precise 
indications for the use of these drugs. 

The side effects caused by sulfonylurea 
derivatives may be toxic or allergic reactions of 
the skin, the bone marrow and the nervous 
system. They appear as morbilliform rash with 
high fever, as urticaria, as photoallergic eczema, 
as exfoliative dermatitis, as thrombocytopenic 
purpura, as agranulocytosis or as hemolytic 
or aplastic anemia. Headache not associated 
with hypoglycemia or dizziness or peripheral 
neuropathy, which is to be differentiated from 
diabetic neuropathy, may be symptoms of in toler
ance of the sufonylurea compounds. Occasion
ally, heartburn, nausea and abdominal pains 
may occur, due perhaps to the increased gastric 
secretion. Reactivation of gastric or duodenal 
ulcers causes the typical pattern of pain, even 
hemorrhage and perforation. A few patients 
complain of constipation. Cholostatic jaundice 
is especially common with overdoses of chlor-
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propamide. Several cases of porphyria, and 
several of myocardial changes have been report
ed. We have not so far observed hypothyroidism, 
which is thought to develop after years of 
treatment with sulfonylurea. 

Incompatibility with alcohol, an an tabus
like effect, considerably lowers tolerance to 
alcohol. The action of barbiturates is prolonged, 
whereas salicylates, sulphamethizole and phenyl
butazone can potentiate the hypoglycemic power 
of the sulfonylurea drugs. PAS taken at the 
same time is said to produce headaches. 

It is important to realize that the action of 
tolbutamide can be increased by the anti
coagulant agents of the dicoumarol group. 

Overdosage is dangerous and may lead even 
to fatal hypoglycemia. Even normal doses 
endanger patients with renal failure and delayed 
excretion of the drugs. Further, individuals 
who break down these drugs only very slowly 
can also be endangered (SCHULZ). The diag
nosis of hypoglycemia is easily missed, its 
symptoms: weakness, dizziness, ataxia and 
confusion being mistaken for cerebral throm
bosis. Secondary failure of the treatment, i.e. 
the sudden loss of hypoglycemic action after a 
period with satisfactory effectiveness, may lead 
to ketoacidosis in an unobservant patient. The 
right moment for the start of insulin therapy 
should not be missed. 

Tables 17 and 18 summarize the indications 
and contraindications for sulfonylurea com
pounds. Table 19 is for the information of 
patients under this treatment. 

Table 17. Indications for the use of sulfonylurea derivatives 

1. Adults who have never had insulin, who cannot be con
trolled by diet alone and who have no signs of ketosis. 

2. Adults in whom diabetes started after age 40 and was 
treated by insulin for less than 5 years and was controlled 
by 30 units per day or less. 

3. Overweight patients may try oral treatment even after 
larger doses and longer use of insulin, but only after 
preliminary reduction of body weight. 

4. Cases of insulin resistance justify a trial. 
5. In latent diabetes, when the blood sugar I hour after 

breakfast is above 120 mg per cent, cautious oral treat
ment may be used to prevent further deterioration of 
carbohydrate tolerance. 

Table 18. Contraindications to sulfonylurea therapy 

I. Diabetes which can be controlled by diet alone. 
2. Overt infantile or juvenile diabetes. 
3. Insufficient action of sulfonylurea compounds. 
4. Diabetic women who might become pregnant. 
5. Ketoacidosis 
6. Diabetics under stress. 
7. Renal- or hepatic insufficiency. 
8. Infected gangrene or progressive retinopathy. 
9. Insufficient medical supervision. 
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Table 19. Advice for patients on sulfonylurea therapy 

I. The effect of alcoholic beverages is markedly increased 
by these blood sugar-lowering agents. 

2. Besides these tablets no other medication is allowed un
less your doctor approves. Drugs for rheumatic pains or 
urinary infection are particularly likely to alter the po
tency of the blood sugar-lowering tablets. 

3. Stop taking the tablets and notify your doctor immedi
ately if one of the following symptoms appears: 
a) raised temperature; 
b) skin rash; 
c) severe headache; 
d) bleeding from nose, intestine, bladder, genital organs; 
e) incipient acidosis, i.e. nausea, and possibly vomiting, 

combined with much sugar in the urine. 

4. Take 1/2 tablet less: 
a) in case of" insulin reaction" i.e. headache or trembling 

with sweating and weakness; 
b) prior to an unusual exercise like swimming, hiking, 

sport. 
5. Take 1/2 tablet more: 

a) if your urine test shows sugar 2 days in succession; 
b) if after this the morning urine is not sugar free in 2 days, 

blood sugar determination is necessary. 

6. Thirst, large volume of urine and strongly positive sugar 
tests demand immediate notification of the doctor, even 
on Sundays. 

The choice of drug depends on the action 
of the drug and its duration of action. It is 
advisable to try tolbutamide first; it is the 
least potent, but also the least toxic. It must 
be given in two daily doses since its half
life is 8 hours. It is excreted by the organism 
in the oxidized form in the urine, precipitating 
as a whitish sediment on acidification, thus 
simulating albuminuria. If this preparation is 
not effective enough, one of the stronger prep
arations, carbutamide, glyburide or chlorprop
amide, can be tried, and since they have half
lives of 40 and 34 hours respectively, they need 
only be given once daily. In our opinion, the 
other preparations have no great advantages 
over the four drugs mentioned above. 

Without reduction of the needs for endo
genous insulin at the same time, i.e. without 
dietary measures, the oral antidiabetic agents 
are inadequate and not effective for very long. 
They should only be used in combination with diet. 

To stabilize diabetics who are not treated 
with insulin, 0.5 g of carbutamide or 5 mg of 
glybenclamide (glyburide), or 0.25 g of chlor
propamide are given with breakfast on the first 
morning. The blood sugar is measured and the 
leucocytes are counted in the late afternoon, 
as also on subsequent days. If the blood sugar 
measured in the capillary blood does not fall 
to below 140 mg%, then 1.0 g of carbutamide, 
or 10 mg of glyburide, or 0.5 g of chlorpropamide 
is given again on the following day. If the 
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blood sugar is below 120 mg%, however, 
the dose on the following day is reduced by 
0.5 g carbutamide or 2.5 mg of glyburide, or by 
0.25 g of chlorpropamide. This procedure is 
repeated during the next few days. If the blood 
sugar falls, the carbutamide, glybenclamide or 
chlorpropamide dosage can be reduced. If a 
satisfactory fall of the blood sugar is obtained 
with 1 g of carbutamide or 5 mg of glybenclamide 
or 0.5 g of chlorpropamide, these drugs are 
replaced by the less toxic tolbutamide. The daily 
dose of this drug, however, must be greater 
(by 0.5 g) than that of the other 3 preparations 
and must be divided between a morning and 
an evening dose. 

Continuation of the treatment with sulfonyl
urea drugs has little chance of lasting and 
favorable action if the blood sugar does not 
fall to below 120 mg% by the fifth afternoon. 

When the leucocytes fall to below 3000 the 
treatment must be discontinued at once and the 
patient observed for the possible development 
of agranulocytosis. 

The maximum maintenance dose per day, is 
1.5 g of carbutamide, 15 mg of glybenclamide, 
2.0 g of tolbutamide and 0.5 g of chlorpropamide. 

The transition from insulin to oral hypo
glycemic therapy can be made in stages or 
abruptly. In the latter case, the insulin is fully 
discontinued in the morning, and instead the 
patient is given 1.5 g of carbutamide or 10 mg 
of glybenclamide, or 0.5 g of chlorpropamide 
with breakfast. The blood sugar is checked 
by a quick method at 11 a.m., and if necessary, 
insulin can then be injected before lunch. If the 
blood sugar has still not fallen in the late after
noon, insulin therapy must be resumed and the 
trial with tablets abandoned. However, if the 
patient responds, i.e. if the true blood sugar 
is under 120 mg% between 5 and 6 p.m., the 
following day the doses of carbutamide or 
glybenclamide or chlorpropamide are reduced 
in the same way as described above, and tol
butamide eventually substituted for these long
acting preparations. 

If diet and sulfonylurea derivatives are 
inadequate, their hypoglycemic action can be 
considerably enhanced by giving a biguanide in 
addition. The sulfonylurea treatment is contin
ued, and biguanide is administered in the usual 
way, the dosage being slowly increased. 

A trial of sulfonylurea preparations in 
combination with insulin is only worthwhile 
in certain rare cases of insulin resistance. 

Table 20 gives a survey of the biguanides in 
use. 

The actions of biguanides demonstrated in 
vitro on muscular and liver tissues are: in
creased uptake of glucose, enhanced formation 
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Table 20. Survey of biguanides currently used 

Chemical term Structural formula 

OBI Phenylethylbiguanide 

W 37 n-butylbiguanide 

LA 6023 Oimethylbiguanide 

of lactate, with reduced utilization of oxygen 
and diminished storage of glycogen, inhibition 
of various enzyme systems. However, we still 
do not know what effect these actions have in 
vivo. 

In a test using labeled glucose, it was shown 
that biguanides also promote the breakdown 
of glucose in the periphery of healthy subjects, 
but causes gluconeogenesis at the same time in 
the liver, so that the glucose turnover rises, 
while the blood sugar remains constant. In 
the diabetic, the release of glucose from the 
liver is already increased and is little increased 
by biguanide, whereas the action in the periph
eral breakdown is predominant and the blood 
sugar consequently falls (SEARLE, 1966). Prob
ably the liver absorbs more lactate and re
converts it into sugar. The biguanides appear 
to act peripherally only on the muscle cells, 
lowering the threshold for the uptake of glucose 
at the cell membrane. They slow the absorption 
of carbohydrates from the intestine. The mode 
of action is still not fully explained. These 
compounds have no direct influence on the 
B-cells of the pancreas, and do not increase 
the plasma insulin, as do the sulfonylurea 
derivatives. 

The side effects of biguanides may take the 
form of diarrhea, heartburn, loss of appetite, 
nausea, or vomiting. They may occur early 
and promptly disappear if the dose is reduced. 
Later, only 1-2 months after the start of this 
therapy, tiredness, weakness, and loss of weight 
occur. Some patients have a sensation of a 
metallic taste when drinking alcohol. Allergic 
skin changes are exceptionally rare and may 
present urticaria or pruritic erythema. In the 
medical literature, one case of thrombocytopenia 
has been attributed to this therapy. 

The biguanides can also lead to hypogly
cemia, which, however, is never severe. The 
development of ketonuria in the presence of 
normal or only slightly elevated blood sugar 
is dangerous and can be fatal. It must not be 
treated by intravenous administration oflactate, 
since the biguanides, at least phenformin, have 
the tendency to elevate the levels of lactate in 
the blood. A number of cases of severe lactaci-
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Commercial name 

NH-C-NH-C-NH2 Phenformin, OBI, Debinyl 
II II 
NH NH 

Siiubin, Silubin, Silubin retard 

HCI Glucophage, Metformin 

dosis, some with fatal outcome, have been 
described in the last few years. Diabetics with 
acute circulatory failure seem to be particularly 
prone, as are elderly people with renal in
sufficiency, and young diabetics with too little 
insulin. In acute complications, the tablets must 
be replaced by insulin, even when the blood sugar 
levels were normalized by biguanides. 

Here, as well, there is the danger that the 
right moment for starting treatment with in
sulin may be missed. It is better in doubtful cases 
to start with insulin therapy, and then sub
sequently to try tablets. 

Tables 21 and 22 summarize the indications 
or contraindications for using the biguanides. 

Table 21. Indications for treatment with biguanide 

I. Adult, overweight diabetics, in whom the diet alone is in
adequate. Here we prefer biguanides to the sulfonylurea 
derivatives. If only a fair stabilization is obtained with the 
biguanides, a sulfonylurea preparation is added. 

2. As an additional therapy in diabetics inadequately stabi
lized with sulfonylurea compounds. 

3. In labile diabetes, where the stabilization with insulin and 
diet is unsatisfactory (trial). 

4. In insulin resistance (trial). 

Table 22. Contraindications to treatment with biguanide 

I. Gastrointestinal disease. 
2. Infected gangrene. 
3. Circulatory, renal, or hepatic insufficiency. 
4. Underweight. 
5. Operations. 
6. Women who may become pregnant. 

We choose the weaker preparations, dimethyl
and butyl-biguanide in preference to phenformin, 
since we have never observed a case of acidosis 
with the former two compounds. Butyl-biguanide 
is also on the market as tablets with prolonged 
action. 

During the first days, 1 tablet of 500 mg 
dimethyl-biguanide is given three times daily be
fore meals, or 1 tablet of 100 mg butylbiguanide 
retard twice daily, in the morning and in the 
evening. If the desired decrease of the blood 
sugar is not obtained within 5 days, the dose is 
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increased by 1 tablet every fifth day, until the 
blood sugar is stabilized as required, or side 
effects appear and demand that the dose be 
reduced again. 

Combined treatment with biguanides and 
sulfonylurea derivatives has been mentioned on 
p.784. 

d) Treatment with Insulin 

Treatment with insulin is an imperfect sub
stitution therapy, since the exogenous insulin 
injected subcutaneously, intramuscularly or in
travenously, reaches the systemic circulation, 
whereas the endogenous insulin first passes from 
the pancreas into the liver by the portal vein, 
and only then reaches the general circulation. 
In addition, commercial insulin is probably 
changed during the process of extraction from 
the pancreas and therefore not identical with 
the normal hormone. 

Treatment with insulin is necessary in the 
vast majority of cases of growth-onset diabetes. 
It is also indispensible in maturity-onset diabetes 
if diet, adaptation of the mode of living and 
possibly the use of oral hypoglycemic drugs 
are not adequate to control the disease. It is 
also indicated in the presence of severe late 
symptoms (such as progressive retinopathy, or 
infected gangrene, see p. 792/95), since, in addi
tion to its hypoglycemic action, insulin also seems 
to have other effects (see p. 794). Insulin therapy 
is urgent in pre-coma and in diabetic coma. 
An early and rapid start of combined insulin 
and dietary therapy allows interruption of the 
administration of insulin for shorter or longer 
periods in some growth-onset diabetics. 

Insulin therapy should start before the islet 
system fails completely, while reserves of endo
genous insulin are still sufficient to control 
the postalimentary hyperglycemia after exo
genous insulin has reduced the basic blood-sugar 
level. Insulin treatment leads to complete islet 

Table 23. The most commonly used types of insulin 

Type Appearance Addition 

Rapid 

Regular, soluble Clear None 
Actrapid Clear None 

Intermediate 
Globin Clear Globin 
Lente Turbid None 
NPH Turbid Protamine 
Semilente Turbid None 
Rapitard Turbid None 

Slow 

Protamine zinc Turbid Protamine 
Ultralente Turbid None 
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insufficiency, i.e. a form of labile diabetes with 
all the inconveniences this involves for the 
patient if it is started too late or inefficiently 
managed. 

There are no absolute contraindications to 
treatment with insulin. Severe allergy to in
sulin must first be corrected. In elderly patients, 
the blood sugar must be reduced slowly. Mental 
deficiency or pronounced irresponsibility render 
the treatment insulin difficult, and may even 
make it impossible. 

The ferments of the intestinal tract inactivate 
insulin so that it must be given by injection. 

The action of insulin is prolonged by 
combination with proteins such as protamine or 
globin, or other complex substances, such 
as surfen, from which it is gradually liberated. 
The insulins of the lente group are not bound 
to other bodies; their prolonged action is 
achieved partly by their delayed solubility 
and partly by their crystallization. They repre
sent suspensions of amorphous or crystalline 
insulin. 

Table 23 gives a review of the most common 
types of insulin in use. Insulin is measured in 
international units. One unit is the amount of 
insulin which has the same action as 1/24 mg 
of a crystallized standard insulin. 

The action of insulin varies with the in
dividual. The glucose equivalent, i.e. the amount 
of carbohydrates utilized by 1 unit of adminis
tered insulin, varies according to the dose of 
insulin and to the blood sugar level or the 
time at which the injection was made. It is 
greater with small than with high doses. Massive 
single doses of insulin are considerably less 
effective per unit. In the presence of high blood 
sugar, the action per unit of insulin is delayed 
and smaller than in mild hyperglycemia. 

Start of Insulin Therapy: Without diet, the 
effects of the treatment with insulin are un
predictable and irregular. Stabilization with 

Buffer Possibility of mixing Duration 

None With all other insulins 5- 7 hours 
Acetate Lente group 

None Regular 12-18 hours 
Acetate Lente group 18-24 hours 
Phosphate Regular 18-24 hours 
Acetate Lente group 12-16 hours 
Acetate Lente group 4-20 hours 

Phosphate Regular 24-36 hours 
Acetate Lente group 24-36 hours 
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insulin and diet should begin in a suitably 
equipped hospital. 

The first dose is: in the adult 10 U; in chil
dren 4 U soluble insulin and is given 30-45 min 
before breakfast. This rule does not apply to 
cases of ketoacidosis and extreme underweight. 

The following doses are based on the results 
of the urine tests before the three main meals, 
according to the "0-8 rule" (Table 24). The urine 
is examined with BENEDICT'S qualitative reagent 
or with Clinitest-tablets. One hour before the 
test is to be performed, the bladder is com
pletely voided and the urine discarded. The test 
is done on the "second" urine. 

Table 24. "0-8 rule" 

Benedict or clinitest Acetone Acetone Repeat test 
negative positive after 

Increase the dose by 
soluble insulin: 
Blue OU OU 4-5 hrs 
Green-cloudy 2 (1) 4 (2) 4-5 hrs 
Yellow-green 4 (2) 8 (4) 4-5 hrs 
Brown 6 (3) 12 (6) 1 hour 
Red or orange 8 (4) 16 (8) 1 hour 

() = Dosage for children weighing less than 40 kg. 
If food intake stopped (p. 7S8) repeat test after. 

Example: A diabetic who has never received 
insulin, is given 10 U of soluble insulin before 
breakfast. The test for sugar in the urine before 
lunch is brown and acetone is negative. The 
patient then receives 6 U. The test before dinner 
is yellow/green and acetone-positive; the patient, 
therefore, receives 8 U insulin. On the following 
morning, the test is again yellow/green and 
acetone is positive. He then receives another 8 U 
in addition to the 10 U of the previous day, 
making a total of 18 U insulin. The urine test 
is blue at midday, so the dose of the previous 
day is given, i.e. 6 U. In the evening the test 
is brown again, and acetone is negative. The 
patient therefore receives 8 + 6 units = 14 U. 

The blood sugar is measured at the latest 
on the third day, before lunch and supper, 
and before breakfast on the following morning. 
The insulin dosage can then be adjusted more 
exactly. 

Ambulant adult diabetics, who are neither 
resistant to insulin nor ketotic should not be 
given more than 40 U at once. Children under 
40 kg should not be given more than 24 U in 
one dose. After one to two weeks of intensive 
treatment with insulin there is usually some 
improvement in tolerance, so that the insulin 
dose can be decreased, and in certain cases, 
treatment with insulin may even be stopped. 
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As soon as the insulin requirement has been 
constant for 2-3 days the physician can change 
from the rapidly acting soluble insulin to an 
insulin with prolonged action providing the 
following rules are adhered to: 

In diabetics who need 10-30 U insulin per 
day a single injection of a "depot" insulin is 
usually adequate, the choice of preparation 
being dependent on the time of day at which 
the need for insulin is greatest. 

Diabetics with a daily requirement of30-50 U 
of insulin usually need 2 injections given at the 
same time, before breakfast. A rapidly acting 
insulin is given separately from a "depot" 
insulin. 

If 50-80 U of insulin are needed per day, it 
is best to give two injections of an intermediary 
insulin, one before breakfast and the other 
before dinner in the evening. 

The treatment of labile diabetes, or of patients 
who are not compensated with 80 U, necessitates 
the advice of a specialist in this field. The same 
applies to children, even if their insulin require
ment is below 40 U daily. 

Adjustment of the Dose of Insulin to Changes in 
Tolerance. We advise intelligent diabetics to 
increase the insulin dose by 2 U, if the urine 
voided before breakfast contains sugar on two 
consecutive days. This rule applies only to 
patients who are not bedridden, but are capable 
of normal activity. If bed rest is necessary, 
regardless of whether on account of illness or 
injury, soluble insulin is substituted for the long 
acting one. Half as much insulin as used the 
previous day is injected before breakfast, a 
little less than a quarter as much before lunch, 
and a little more than a quarter as much before 
dinner, if the urine sugar tests before the 3 main 
meals are negative. If a test is positive, the 
insulin dose is increased at once by 4 U in adults, 
by 2 U in children. 

Hypoglycemic manifestations despite adher
ence to the prescribed diet and normal physical 
activity always require a reduction of the dose 
of insulin which caused the hypoglycemia. If 
this dose was less than 16 U it must be reduced 
by 2 U, if it was greater, by 4 U. If the hypo
glycemia led to loss of consciousness the dose 
must be reduced by 8 U. Reactive hyperglycemia 
with glycosuria usually follows hypoglycemia. 
Therefore, the dose of insulin must be reduced 
after a hypoglycemic attack, even if glycosuria is 
present. The dose should be reduced by 4-6 U 
per half day before any unusual physical exer
tion; 6 U applies to strenous physical exertions 
such as field work, skiing or competitive sports. 

Interrupted food intake due to lack of food 
or indigestion or loss of appetite should not 
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lead to discontinuation of insulin therapy, but 
to the application of "rule 0-8", since loss of 
appetite may be a sign of precoma. Table 24 
mentions the insulin doses. Urine tests have 
to be repeated and the insulin injections, if 
necessary, renewed every 4-5 hours if the urine 
test is blue-yellowish-green, every hour if it is 
brown, orange or red. 

Hunger in a diabetic indicates poor control 
with significant loss of sugar in the urine, or 
inadequate diet or too high a dose of insulin. 

e) Side-Effects of Insulin 

Q() Hypoglycemia, Insulin Shock, Insulin 
Reaction (see also p. 783) 

The development of hypoglycemic symptoms 
does not only depend on the concentration of 
the blood sugar, but rather on the rate at which 
the blood sugar falls, and, in addition, on the 
amount of glycogen still in storage. Therefore, 
patients can be found who feel well with a 
blood sugar of 30 mg% or less and others 
have symptoms even when the blood sugar is 
still elevated at 180 mg%. 

Hypoglycemia is due either to insufficient 
formation of blood sugar or to excessive blood 
sugar consumption. The former is caused by 
poor food intake or indigestion, or, very rarely, 
by insutlicient or non-mobilizable glycogen or 
fat reserves. Increased blood sugar consumption 
may be due to physical exertion, to overdosage 
of insulin or reduction of the insulin requirement, 
for instance after childbirth or surgical drainage 
of an abscess. Occasionally, improved tolerance 
is met without any recognizable reason, perhaps 
due to blocked insulin being liberated. 

Diabetics with untreated pituitary or adrenal 
insufficiency, are very sensitive to insulin and 
predisposed to hypoglycemic shock. This applies 
also to diabetics who have lost weight, and 
those suffering from diarrhea. 

The possibility of an insulin reaction must 
always be considered in patients treated with 
insulin who do not feel well, particularly when 
the symptoms arise shortly before meal time 
and improve with food intake. The typical 
cardinal symptoms, due in particular to adrenaline 
are: tremor, sweating, weakness and ravenous 
appetite. They may be absent especially when 
slow-acting insulin is used, in which case 
nervous symptoms such as headache, paresthesia 
in the oral region, and visual disturbances are 
prevalent. Some patients complain of pain in 
the pancreatic area. Silly, euphoric behavior is 
mistaken for drunkenness. A state of apathy 
or semiconsciousness and epileptic seizures terrify 
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the patient's family. Cerebral disorders with 
paralysis and bilateral Babinski's sign may be 
difficult to differentiate from encephalorrhagia. 
Lasting cerebral damage, a psycho-organic 
syndrome, epilepsy and even death are pos
sible. 

The prognosis of a hypoglycemic shock de
pends on the dose and type of insulin, on the 
state of nutrition and the cardiovascular system, 
and above all on how fast appropriate treatment 
is started. Even hemiplegia with pseudo-bulbar 
palsy can disappear within a few hours or days. 
Tolerance of severe hypoglycemia by brain 
and heart is poor, and insulin therefore must 
be carefully handled. Particular caution de
mands the use of long-acting insulin, since 
hypoglycemic shock can appear very suddenly 
with no previous warning. 

Hypoglycemia must be differentiated from 
diabetic coma, epilepsy, eclampsia, encepha
lorrhagia, alcoholic intoxication, poisoning, hy
perventilation, tetany and psychoses; in chil
dren from acute infections beginning with 
convulsions. Hypoglycemic symptoms are some
times similar to those of severe hyperglycemia, 
because both are due to the inadequate supply 
of sugar to the brain and muscle cells. 

The differential diagnosis between insulin 
reaction and diabetic coma is presented in 
Table 25. 

Prevention is based on regular food intake, 
correct in time and quantity, adaptation of 
insulin to changes in insulin requirement, for 
instance sport, or work, and appropriate school
ing of the individual patient. The recognition 
of mild signs of hypoglycemia and the appro
priate changes in the dosage of insulin are 
important. 

Treatment: as longs as the patient can still 
swallow, he should immediately eat rapidly 
absorbable carbohydrates, such as sugar or 
bread, no fruit nor fructose. If he is unconscious, 
1-2 mg of glucagon are given subcutaneously, 
intramuscularly, or intravenously, or 40-50% 
glucose solution intravenously. In general, 20-
40 ml of the glucose solution are sufficient. If 
the condition of the patient has not improved 
within 2 min after glucose administration, then 
the intravenous injection of glucose should be 
repeated, and the patient rapidly transferred 
to a hospital, where he should be treated ac
cording to the schedule on p. 816. 

As soon as the patient is able to swallow 
again food is given by mouth. Hypoglycemia 
may recur, especially with the use of long 
acting insulins; therefore food intake is repeated 
e.g. 100 cc milk every 1/2 hour for 2 hours. 
See p. 815 for the so-called prolonged hypo
glycemic coma. 
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Table 25. Differential diagnosis between insulin reaction and ketoacidosis 

Hypoglycemia after Ketoacidosis 

1. Causes 
Food intake 

Physical activity 
Infections 

2. Prerious history 

Onset 
Loss oj consciousness 

Vomiting 
Polydipsia 
Appetite 
Visual power 
Rapid. pass. blindness 
Abdominal pains 
Thoracic tension 
Diarrhea 
Mood 

3. Findings 
Breathing 
Smell of acetone 
Skin 

Slreat 
Tongue 
Pupils 
Ocular pressure 
Tremor 
Musculature 
Babinski 
Blood pressure 
Sugar (urine) 
A cetone in urine 
Blood sugar 

Alkali reserve 

Leucocytes 
Reaction to administra
tion of carbohydrates 

~) Allergy to Insulin 

Rapidly-acting insulin 

Reduced, delayed or 
neglected 
Increased 

Sudden 
Rapid, within minutes 

Seldom, only as a cause 
Absent 
Usually increased 
Diplopia common 
Diplopia common 
Seldom, then only as cause 
Absent 
Only as cause 
Restless. irritable 

Normal or snoring, irregular 
Absent or faint 
Moist, pale, normal 
elasticity 
Increased 
Moist 
Dilated 
Normal, seldom reduced 
Present 
Rigid 
Often pos. both sides 
Normal-elevated 
N one or little 
Seldom present 
Usually < 60 mg % or 
falling quickly 
Normal 

Normal 
Improvement within a few 
minutes 

Redness and swelling of the skin and the sub
cutaneous tissue at the site of injection occa
sionally arise after several days of treatment with 
insulin. These symptoms disappear spontane
ously within a few weeks if the therapy is 
continued. There are two different types of 
reaction, the immediate reaction, occurring within 
minutes of the injection, and the delayed reaction 
arising only after several hours. The question 
of whether these are really allergic or other 

Long-acting insulin 

Reduced, delayed or 
neglected 
Increased 

Dietary mistake 

Reduced 
Common 

Usually sudden Gradually 
Within seconds or after Gradual, over hours or days 
minutes of increased apathy 
Seldom, also as a result Often precedes unconsciousness 
Absent Severe 
Usually good Poor 
Diplopia common 
Diplopia common 
Seldom, then only as cause Often an accompanying feature 
Absent Frequent 
Only as cause 
rarely tired tired 

Normal or snoring, irregular 
Absent or faint 
Moist, pale, normal 
elasticity 
Increased 
Moist 
Usually dilated 
Normal, seldom reduced 
Not always present 
Rigid 
Often pos. both sides 
Normal-elevated 
N one or little 
Seldom present 
Low 

Normal 

Normal 
Improvement usually within 
a few minutes 

Regular and deep (Ku13maul) 
Strong 
Dry, often reddened, reduced 
elasticity 
Absent 
Dry 
Normal or constricted 
Usually reduced 
Absent 
Flaccid 
Negative 
Decreasing 
Much 
Much 
Usually> 400 mg % 

Reduced, 20 Vol % at 40 mm Hg, 
pC02 = 9.1 mEq/1 
Increased 
No improvement 

phenomena is still not settled. It is also still 
unknown whether insulin or accompanying 
substances are responsible for these reactions. 
Severe generalized allergy to insulin, with 
generalized urticaria, angioneurotic edema or 
with thrombocytopenic purpura has now be
come rare, since the modem insulins are highly 
purified. Patients resuming insulin therapy after 
interruption are particularly at risk. Because of 
this, when insulin therapy is resumed, the 
initial doses given on p. 787, should be adhered 
to and can be supplemented if necessary with 
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higher doses after as little as 30 min (see below 
for insulin resistance and the formation of 
antibodies). 

The therapeutic measures consist of giving 
up alcohol for disinfecting the skin, and 
substituting pure porcine, or pure bovine, or 
the highly purified Nipagin insulin for the 
preparation used before. Mixing an antihista
mine, e.g. 0.1 m1 antazoline, with every in
jection of insulin, has proved satisfactory. After 
about 10 days, the insulin will be tolerated 
without any additive substance. For very severe 
cases prednisone is used. 

y) Insulin Lipodystrophy 

Local atrophy of the subcutaneous tissue at or 
near the site of injection, or an abnormal 
accumulation of adipose tissue, "insulin lipomas" 
are not uncommonly found in young diabetics 
of both sexes, and in adult women. They are 
seldom seen in adult men. They occur after 
the use of insulin of most types and their 
cause is not exactly known. Insulinfibrosis, a 
condition in which the site of often repeated 
injections becomes hardened by the formation 
of new fibrous tissue, is mentioned here because 
it needs the same treatment. These areas are 
hypesthetic and the patients therefore prefer 
precisely these places for their injections. The 
lipomas and fibrosis disappear almost com
pletely after months or years if injections 
are made elsewhere. On the other hand, the 
atrophic areas need years to be corrected. The 
following points have proved to be satisfactory 
in preventing the lipo-atrophy: replacement of 
the 70% alcohol for cleaning the skin by 
some other disinfectant such as Desogene 
tincture, sterilization of the syringes and needles 
by boiling, use of small, fine hypodermic needles 
(No. 0.25), and proper distribution of the 
site of injections (CONSTAM, 1966). 

0) Presbyopia due to Insulin 

Hypermetropia develops when the eye ac
customed to high concentrations of blood sugar 
readjusts to normal blood sugar values. It 
is harmless but may be alarming to the patient. 
The refractive disorder disappears spontane
ously after 2-4 weeks. 

e) Death due to Insulin 

Cases of death are very rare in comparison to 
the large number of patients using insulin every 
day. The causes to be considered are over
sensitivity to insulin, and hypoglycemic shock, 
whether erroneous or deliberate as in suicide 
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or murder. A mere 5 units of insulin can cause 
a fatal outcome in a diabetic with an un
substituted adrenocortical insufficiency. 

Resistance to Insulin. Insulin resistance is as
sumed when over a long period of time 200 U 
insulin or more are needed daily to control 
diabetes with a diet of roughly 200 g carbohy
drates. It is, however, advisable to start the 
appropriate measures at the stage when a 
patient needs more than 120 U insulin per day 
and not to wait until several hundreds or even 
a thousand units are necessary. In certain 
conditions, a severe resistance to insulin can 
spontaneously disappear within a few months 
or years. However, it can also lead to keto
acidosis and death. 

The following factors impair the action of 
insulin: 

1. Delayed absorption from the subcutaneous 
tissue. Mild resistance to insulin may be caused 
by local allergy to insulin, or injections into 
insulin lipomas, or into fibrous or edematous 
skin areas. Such patients react with a prompt 
fall of blood sugar after intravenous administra
tion of insulin. 

2. Increased amounts of contrainsular hor
mones as in acromegaly, Cushing's syndrome, 
pheochromcytoma, hyperthyroidism, and after 
treatment with ACTH or glucocorticoids; 
thiazine diuretics can also increase the in
sulin requirement. The insulin resistance occa
sionally observed in hemochromatosis is unex
plained. 

3. Inhibition of the peripheral utilization of 
glucose, e.g. by free fatty acids, ~-oxybutyric 
acid in ketoacidosis. 

4. Blocking of insulin by antibodies, though 
rare, is the most common cause of true insulin 
resistance. 

Therapy. The cells capable of forming antibodies 
can produce different antibodies to one and the 
same antigen. By electrophoresis or ultra
centrifugation these antibodies may be shown 
to be intracellular or humoral. The predis
position to forming antibodies is genetically 
determined and can vary greatly from one 
individual to another. Intracellular antibodies 
can first be formed, followed by humoral ones, 
or only one type is produced, or both types 
together. 

Insulin is a weak antigen in most mammals, 
since its molecule is so small. 

Intracellular antibodies to insulin lead to 
delayed allergy, whilst humoral ones produce 
immediate allergic reactions, rarely anaphylaxis, 
sometimes neutralization of the insulin of all 
mammals including the human, except for the 
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guinea pig. The insulin-antibody complex can 
partly be precipitated in the cold, and then at 
a strongly acid pH insulin may be reliberated 
from it. For reasons unknown, the antibody 
titer can rise at one time, and fall at another, 
and in addition its binding capacity for insulin 
can vary. 

3 weeks to 3 months after treatment is 
started with bovine insulin, antibodies to in
sulin, which can bind in general about 10 U 
insulin/liter plasma are found in diabetics 
as well as in non-diabetics. This occurs less 
frequently with porcine insuline. In cases of 
insulin resistance, these antibodies can be 
greatly increased and can fix several thousands 
of units/liter plasma. The severity' of the re
sistance, i.e. the insulin requirement, for un
known reasons does not run parallel to the 
levels of antibodies contained in the plasma. 
In the presence of high antibody titers, soluble 
insulin can be regained and steadily liberated 
again, so that it acts like a depot insulin over 
24 hours or more (FANKHAUSER). However, in 
patients resistant to insulin large amounts of 
insulin can also be suddenly liberated again, 
for unknown reasons, and can lead to severe 
hypoglycemia. 

If the diet is adequate, and both infections 
and an endocrine hyperfunctional syndrome, 
hyperthyoidism in particular, can be excluded, 
then porcine soluble insulin must first be used 
in cases of insulin resistance, instead of the 
bovine or mixed insulins, since it is less anti
genic in the human. If this has no effect when 
given subcutaneously, 20 U are given i.v., 
which normally causes the blood sugar to fall 
by 50%, and which will confirm or exclude a 
disturbed subcutaneous absorption. 

Oral antidiabetic agents, the sulfonylurea 
derivatives or biguanides, can be tried in 
combination with insulin, as a third measure. 
The molecular structure of altered insulins has 
a less antigenic effect, and recently a sulfated 
insulin (ARNOTT, 1965) has been recommended 
for use in insulin resistance. Only after all 
these measures have proved futile, a trial with 
prednisone is indicated, but this should only 
be done under the supervision of an experienced 
specialist. At first 60-80 mg of prednisone are 
given daily. Success usually becomes apparent 
only after a few weeks. In certain conditions a 
small maintenance dose of 5-10 mg must be 
continued for a very long time. When these 
measures fail, the insulin therapy must be 
continued boldly with massive doses of insulin; 
using preparations with concentrations of 100, 
and even 500 U per ml. Careful supervision is 
essential, since the insulin resistance may sud
denly disappear any day. 
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7. Accompanying Symptoms and Complications 
of Diabetes Mellitus 

Diabetes mellitus is accompanied by charac
teristic tissue changes, the majority of which 
do not become clinically apparent until 8-20 
years after the first clinical manifestation of the 
disease. LUNDBAEK used the phrase "long-term 
diabetes syndrome" to summarize these changes. 
This syndrome is largely due to micro angiopathy, 
which, on careful examination, can already be 
found in the early stages of diabetes. In a few 
cases, the corresponding clinical symptoms may 
even precede clinical diabetes, so we can 
appropriately replace the term "long-term dia
betes syndrome" by "diabetic angiopathy" and 
"diabetic neuropathy". 

The histologists differ in opinion about the 
question of whether this is a change specific 
to diabetes, or arteriosclerosis, modified by 
diabetes. The alterations in the retina, and the 
nodular form of glomerular sclerosis are rec
ognized by the majority of pathologists as 
being characteristic of diabetes. Although the 
arterial changes show no histological differences, 
their location is typical in diabetes. In addition 
to retinopathy and nephropathy, peripheral 
angiopathy in the lower extremities seems to 
be typical. Histochemical investigations on the 
aorta, on coronary and peripheral vessels, have 
shown differences between arteriosclerosis and 
diabetes, but the significance of this is uncertain. 
According to GOLDENBERG and BLUMENTHAL, 
changes characteristic of diabetes are mainly 
found in the arterioles and venules with a dia
meter of less than 150 !lm. Hypertrophy and 
hyperplasia of the endothelial cells, among 
which fine PAS-positive fibrils are embedded, 
are typical, as is thickening of the basal mem
brane. 

Involvement of the smaller vessels with 
exemption of the larger arteries are clinically 
and pathologically considered indicative of 
diabetes, and not of arteriosclerosis. This sug
gests specific vascular changes in diabetes, but 
mixed forms are common. 

Is diabetic angiopathy a result of diabetes 
mellitus, or is diabetes the consequence of 
vascular disease? The facts supporting the first 
view are: the vascular disorders increase in 
number and severity with the duration of 
diabetes, the long-term diabetes syndrome has 
been observed after pancreatitis, after pan
createctomy, in hemochromatosis, and develop
ment of the long-term syndrome can be delayed 
by early control of diabetes. The facts speaking 
against this view (which are, however, being 
questioned again) are: observations of retino
pathy or peripheral angiopathy or necrobiosis 
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lipoidica, of microscopic vascular changes, 
before the diabetes becomes overt, and even in 
the conjunctivae of healthy children of diabetic 
mothers. Finally a still unknown factor X has 
been postulated, which produces both the 
vascular changes, and diabetes. However, in 
recent years it seems more and more probable 
that the angiopathy is the result of diabetes. 

The micro-angiopathy occurs in all organs, 
but is clinically preponderant in the eyes, the 
kidneys, the peripheral, cerebral, and coronary 
vessels, and also in the nervous system. 

In contrast to angiopathy, infections, aller
gies, tumors, and injuries may be incidental 
accompanying features not related pathogenitic
ally to diabetes mellitus, although their courses 
are considerably influenced by diabetes. 

a) Changes in the Eyes 

Ptosis of the upper eyelid is not uncommon in 
diabetics, even without hypothyroidism. Micro
aneurysms of the conjunctival capillaries are 
significantly more frequent in diabetics and in 
the non-diabetic children of diabetic mothers, 
than in the healthy descendants of non-diabetics. 
A stripe-like clouding of the cornea occurs in 
particular with dehydration in diabetic coma. 
This folding of the membrana Descemeti is the 
result of reduced intraocular pressure. The 
loosening of the pupillary margin is charac
teristic of diabetes. Diabetic iritis, a toxic form 
of iridocyclitis, differs from the inflammation 
of the iris in the absence of precipitates. The 
rare rubeosis iridis, a red mottling of the iris 
produced by the expansion and new formation 
of capillaries is usually followed by malignant 
hemorrhagic glaucoma. 

See p. 793, 794 for disorders of the pupils 
and the ophthalmic nerves. 

Refractive changes are common. Every case 
of myopia starting after the age of 30 is 
suggestive of diabetes, whereas hypermetropia 
arising suddenly, during treatment of diabetes, 
indicates hypoglycemia. Insulin-induced pres
byopia has already been mentioned on p. 790. 

In diabetic coma, turbidity of the lens may 
arise as a result of dehydration, and disappears 
1-2 days after the ketoacidosis has been 
corrected. Thickening of the anterior fission 
area of the lens may be found in young patients 
2-3 years after the diabetes becomes overt. This 
rarely occurs in non-diabetics. The senile cat
aract possibly arises somewhat earlier in elderly 
diabetics than in non-diabetics. Treatment is 
the same. In contrast to this, the diabetic 
cataract, begins subcapsularly, and may occa
sionally develop within a few hours to days, 
especially in patients under 50 years. It is 
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relatively infrequent and is encountered only 
in neglected cases of juvenile diabetes. Anti
diabetic therapy may, but does not always, 
succeed in making this turbidity disappear. In 
some cases, it may, therefore, be necessary to 
remove the diseased lens surgically. Primary 
and secondary glaucoma appear to occur more 
frequently in diabetics, even- in young patients, 
than in non-diabetics. 

Diabetic retinopathy is often the long-term 
symptom which is first recognized, because it 
can be diagnosed by simple means. Regular 
examinations are an important part of long
term care of diabetic patients. The earliest 
changes and the evolution of the condition 
can best be demonstrated by repeated flu ores
cine angiography. Fortunately, central vision 
in the majority of cases is maintained for many 
years. The formation of new blood vessels, 
proliferative retinopathy, is an ominous sign, 
often followed by hemorrhage into the vitreous 
body leading to detachment of the retina. Even 
in the absence of visible retinopathy, diabetics 
appear to be more predisposed to detachment 
of the retina. 

The development of the retinal changes 
depends on the duration of the illness but also, 
to a considerable degree, on the time of onset 
and quality of the treatment. The intermittent 
course of retinopathy - remissions are not un
common during the early stages - makes it dif
ficult to assess the effect of therapeutic measures 
in short-term studies. Careful treatment can 
lead to the disappearance of hemorrhage and 
exsudates in patients under 60 years of age. 
The prognosis for elderly patients and in cases 
with proliferative retinopathy is doubtful. The 
large series of statistics presented by White 
shows that of the 1000 or more diabetics, 6% 
were blind when the metabolic disorder had 
been present for 20 years or longer. Therefore, 
prevention is very important, and the judicious 
treatment of diabetes should be instituted as 
early as possible. 

Hyper- and severe hypoglycemia are to be 
avoided since the latter is said to provoke 
hemorrhages into the vitreous body. The diet 
should be low in fat, particularly in saturated 
fatty acids. Exertions which increase congestion 
in the head, particularly straining while holding 
one's breath, are to be avoided. The large 
number of recommended vitamin flavonoid and 
lipocaic preparations have so far not proved 
very effective. 

The action of drugs causing a fall in the 
blood lipids has not been confirmed, nor has 
treatment with sex hormones and anabolic 
androgens stood up to precise testing. Anti
coagulants, corticoids and ACTH are contra-
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indicated. The observation that the retinopathy 
disappeared with the development of Sheehan's 
syndrome led to the recommendation of hypo
physectomy (see p. 115) or the division of the 
pituitary stalk in selected patients. The mode 
of action is unknown. Loss of growth hormone 
is, according to some authors, not responsible 
for the effect (POWEL, 1966). On the other hand, 
pooled findings indicate that 1/3 of the patients 
benefited from the procedure, but the indica
tions were strict in these cases. 2/3 are improved, 
but spontaneous improvement or stillstand can 
also occur in 1/3 (RUCKER, 1967). 

The situation must be carefully considered, 
before this procedure is recommended, as it 
necessitates life-long substitution with cortisone 
and eltroxine. A certain degree of intelligence 
and responsibility in the patient are required. 
The diabetes needs less insulin afterwards, but 
becomes more labile and more prone to severe 
hypoglycemia. The transnasal stereotactic elec
trocoagulation of the pituitary (see p. 116) 
does not cause much stress and the patient 
can get up on the 2nd day. Hypophysectomy is 
only indicated in patients with progressive 
retinopathy despite excellent diabetes control; 
the eye sight of the better eye must still permit 
sufficient vision for an active life, the patient 
must be intelligent enough to handle his diabetes 
despite its tendency to marked hypoglycemia, 
and the substitution for the loss of adrenal, 
pituitary and sometimes sexual functions. Ne
phropathy is a contraindication to this opera
tion. Last but not least, the patient must 
be willing to take the risk of this complicated 
treatment, which does not improve life ex
pectancy. A reliable presentation of the indica
tions and contraindications will only be possible 
after more experience of this method of treat
ment. 

Retinal lipemia is rare and found only in 
forms of lipemia and in severe ketoacidosis. 
It does not influence the visual power, and 
disappears after intensive treatment of the dia
betes with insulin and a fat-restricted diet. All 
ophthalmologists recognize the specificity of the 
diabetic pigmentopathy of the macula lutea. 
Retrobulbar neuritis is not specific to diabetes. 
Atrophy of the optic nerve has occasionally been 
observed even in young diabetics. 

b) Diseases of the Nervous System 

IX) Emotional Disturbances 

Depression can be caused by the patient's 
realization that he has an incurable disease, 
by increasing fatigue and weakness and by 
the possible association of sexual impotence. 
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On account of this, patients with severe diabetes 
often assume a hopeless attitude at the onset 
of treatment. However, after a few days of 
intensive therapy when strength and hope of 
surviving are restored, this mood changes. 

Diabetes mellitus can be found combined 
with all types offunctional and organic disorders 
of the nervous system. According to BLEULER, 
there is a positive correlation with manic
depressive illness, arteriosclerosis, and senile 
psychoses, and a negative correlation with schizo
phrenia, oligophrenia, and possibly also with 
epilepsy. In any case, depression occurs fre
quently, and we have the impression that the 
duration of the depressive phase can be shortened 
by good control of the diabetes. 

~) Disturbances of the Sense Organs 

The visual disturbances have been discussed 
in Sect. a. Olfactory disturbances are demon
strable in over 60% of long-lasting cases of 
diabetes. The taste threshold is elevated for 
glucose but normal for table salt. Impaired 
hearing without intlammatory changes in the 
ears have been confirmed even in young dia
betics. The acoustic nerve is selectively involved, 
the vestibular nerve almost always spared. 

y) Diabetic Neuropathy 

This term includes peripheral, central, radicular 
and medullary symptoms, as well as those of 
the autonomic nervous system. A really satis
factory classification is not possible, since this 
condition has an exceptionally polymorphous 
symptomatology, its pathogenesis is not clear 
and the histology is inconsistent. Depending 
on the predominant clinical features, the terms 
mono- or polyneuropathy, encephalopathy, en
teropathy, radiculopathy and so on are used. 
The old description "diabetic pseudo-tabes" 
remains a fitting term for some cases. 

Pains arise mainly in the lower extremities, 
often on both sides, sometimes symmetrically. 
They are described as dull, cramp-like, tearing 
or burning; they typically occur during the 
night and disappear when the patient gets 
up and walks. They are preceded long in 
advance by a phase of paresthesia, a feeling of 
coldness, numbness, prickling or burning. Hy
peresthesia may become tormenting, and anes
thesia can lead to severe burns. 

The objective findings are diminution or 
loss of tendon reflexes, especially of the ankle 
and knee jerks, and reduction of the sensation 
for vibration, especially in the feet. There are 
also hypesthetic and anesthetic zones, mainly 
in the lower limbs, and in certain conditions 
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there is an increased sensitivity to pressure of 
all the muscles at their points of insertion. The 
ankle-jerk reflexogramm is retarded in the ab
sence of hypothyroidism, and the conduction 
rate of the motor nerves is delayed even in young 
diabetics. 

Weakness of the peroneal muscles is not 
infrequent, but paresis or paralysis of any other 
muscle or of any of the cranial nerves with the 
exception of I and XII do occur. The cranial 
nerves III and VI are involved most frequently. 
In contrast to pains and paresthesia, paresis 
and paralysis are usually unilateral. 

The amyotrophic form of diabetic neuro
pathy causes atrophy of the pelvic and pectoral 
girdles in particular, but also of the muscles of 
hand and feet. 

In exceptional cases, all these symptoms can 
precede the clinical manifestation of diabetes. 

Pupillary disturbances are common, but a 
typical Argyll-Robertson reaction is rare. The 
atony of the stomach - diabetic gastroparesis
leads to delayed emptying of the stomach and 
to retention of food, making good control of the 
diabetes impossible. This is occasionally ac
companied by diabetic enteropathy, with its 
nocturnal or postprandial diarrhea (diabetic 
diarrhea) or nocturnal incontinence of stools 
or severe chronic constipation. Objective find
ings are peripheral neuropathy, sometimes ac
companied by symptoms involving the auton
omic nervous system, such as abnormal sweat 
secretion, orthostatic or positional hypotension 
and diabetic arthropathy. Intestinal X-rays may 
show a so-called malabsorption picture and/or 
a large hypotonic stomach (gastroparesis dia
beticorum). The differential diagnosis has to 
exclude atony of the anal sphincter, exocrine 
pancreatic insufficiency, and sprue. 

Dystonia of the urinary bladder due to weak
ness of the detrusor muscle can be recognized 
cystometrically and may lead to atony of the 
organ. Early recognition of this condition is 
important in order to prevent secondary in
fections. 

The neurogenic forms of impotence, some
times associated with retrograde ejaculation, is 
another manifestation of diabetic neuropathy. 

Callosities of the feet, usually localized over 
the heads of metatarsal bones, are generally 
painless. They develop even in feet with well 
preserved circulation. They often precede trophic 
ulcera, the so-called "mal perforans". 

Neuropathicjoint changes analogous to CHAR

COT'S arthropathy are found in the ankle, the 
tarsal and the tarso-metatarsal joints, rarely in 
the knee. They are clinically characterized by 
sometimes extensive destruction of bones and 
joints in the absence of osteoporosis, osteomye-
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litis or infection. The blood supply is sufficient. 
Swelling occurs in the absence of inflammation, 
with neither tenderness nor temperature changes 
prominent. 

Diabetic osteopathy, mainly localized in the 
feet, reveals spontaneous fractures and/or atro
phy of the phalanges on X-ray examination. 

Minor injuries, repeated and unnoticed for 
a long time by the hypalgesic patient, are 
considered the cause of callosities, arthropathy 
and osteopathy (p. 799, 800). 

Disturbances of the autonomic innervation 
can cause inactivation of the sweat glands, loss 
of vaso- and pilo-motor functions, reversal of 
temperature gradients of the skin, formation of 
edema, orthostatic hypotension with or without 
orthostatic tachycardia, and night sweats, in 
circumscribed areas of the body only. 

Most patients with diabetic neuropathy 
present an increase in the protein content of the 
cerebrospinal fluid with normal cell count. 

There are no pathognomonic signs for 
diabetic neuropathy, so that diagnosis must be 
reached by a process of elimination. Therefore, 
the differential diagnosis deserves close con
sideration. 

The relations between the diabetic neuro
pathy and the severity of the metabolic disorder 
are not clear; with longer duration neurological 
changes increase in frequency. 

The prognosis is good for the majority of 
patients with paralysis. Paralysis involving the 
cranial nerves generally recedes in 6-12 weeks. 
The amyotrophic forms ofthe pelvic and shoulder 
regions regress within 3-18 months, in contrast 
to those involving the distal parts of the 
lumbs, hands and feet, where there is little 
chance of recovery. The prognosis is unpredict
able for neurogenic impotence and diabetic 
enteropathy. Urinary bladder atony in young 
diabetics may disappear when good control 
of the diabetes is achieved. In elderly people, 
cholinergic drugs, e.g. carbachol up to 16 mg 
daily, can be tried. If this fails, resection of the 
internal sphincter of the bladder seems indicated. 
Opium in the form of drops, or Reasec, and 
disinfection of the bowels with sulfonamides, 
neomycin or chloramphenicol have been re
commended for diabetic diarrhea. 

The effects of sodium dithiocaprylicum and 
vitamin B12 on the pains are still not clear. 
The former drug is injected intravenously in 
a dose of 40-50 mg twice daily for one week, 
and is repeated if indicated. 1 000 y of vitamin 
B12 are given intramuscularly for five days. 
Good control of the diabetes is perhaps the most 
important factor. Insulin also appears to be 
more effective here than the oral antidiabetic 
agents. 
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In addition to treatment with diet, insulin 
and vitamins, orthopedic measures may be 
necessary in some cases of arthropathy to obtain 
reasonable equilibrium. 

c) Disorders of the Cardiovascular System 

The larger arteries of diabetics present a more 
extensive and severe atherosclerosis than the 
vessels of non-diabetics of the same age group. 
Heavy calcifications are found more frequently 
in the medium-sized arteries, and the obliterative 
endothelial proliferation is most striking in the 
arterioles. Swelling of the endothelial cells and 
thickening of the basal membranes are typical 
findings in the capillaries. This microangiopathy 
seems to affect all tissues of the body. 

The relations between diabetic angiopathy 
and arteriosclerosis and the development of 
vascular changes prior to clinical diabetes have 
been discussed on p. 791. The connections be
tween fats, proteins, lipoproteins and gly
coproteins of the blood, with diabetic angio
pathy have still not been fully explained. 

In young diabetics, the angiopathy generally 
first becomes clinically apparent in the eyes 
and kidneys; in elderly patients disorders of 
the heart, lower extremities, and brain are 
predominant. 

ex) Peripheral Vascular Disease 

Every peripheral circulatory disorder demands 
a careful examination for diabetes. The clinical 
features, with the exception of a few peculiarities 
(frequency of gangrene and preference for the 
smaller peripheral vessels), do not differ from 
those of arteriosclerotic or endarteritic angio
pathy. They can be found in monographs 
(RATSCHOW, 1959; KAPPERT, 1960). They are 
usually treated medically and surgically in 
the same way, with the exception of the optimal 
control of the diabetes. 

The true form of diabetic angiopathy is found 
particularly in the lower extremities. It can also 
arise combined with or released by infections in 
the upper limbs, in the skin, in the face and in the 
vulva or penis when the diabetes is uncontrolled. 

Tissues of an extremity with a poor blood 
supply are easily injured. This is true particularly 
in diabetics with diminished sensitivity for pain 
and heat as a consequence of their neuropathy. 
Slight injuries, foot mycosis, corn plasters, too 
hot a foot bath or exposure to cold can produce 
ulceration on the feet. As soon as the continuity 
of the skin is interrupted there is danger of 
infection. 

Fissures, sometimes very painful, are mostly 
localized on the heels and are often produced 
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by putting on shoes without unlacing them 
sufficiently. 

Gangrene, the necrosis of tissue, follows the 
obliteration of a vessel, and may be precipitated 
by mechanical, chemical or thermal trauma, 
or by infection. 

Prevention is better than cure. Prevention 
of diabetic angiopathy consists in establishing 
precise control of the diabetes as soon as 
possible, in maintaining this control and avoid
ing injuries. Protection from excessive heat and 
cold, good care of the feet, treatment of foot 
diseases and deformities are important pro
phylactic factors. 

Since the introduction of insulin, gangrene 
arises on average 10 years later than previously. 
The importance of good treatment of the 
diabetes can not be overemphasized. Insulin 
appears to be more effective than oral anti
diabetic drugs. 

We use vasodilating drugs orally, intra
muscularly or intravenously, to improve collat
eral circulation. Sometimes, these drugs are 
given as an intra-arterial injection or infusion. 
The value of the long-term treatment with 
anticoagulants has not yet been proven. 
Total abstinence from nicotine is important. 
When indicated, the patients are referred to a 
vascular surgeon for a unilateral lumbar sym
pathetic ganglionectomy which may be combined 
with excision of short sections of obliterated 
arteries or with endarterectomies. Diabetic 
neuropathy finally leads to suppression of the 
peripheral sympathetic function. In spite of 
this, we use lumbar sympathectomy in earlier 
stages, which then increases peripheral circula
tion considerably. The whole treatment of 
peripheral angiopathy is a fight for time; if 
we can postpone amputation for some years, 
a surgical intervention is justified. If the block 
lies in the femoral artery or higher, bypass 
operations have proved useful even in diabetic 
patients. The use of baths, massage, leeches and 
in particular local treatment with heat or electric 
currents must be avoided, since they can pre
cipitate gangrene. In general, mummified tissue 
areas are not excised, and it is advisable to wait 
for spontaneous segregation. Chemotherapeutic 
agents and antibiotics are used in the usual 
dosage. In some conditions, they are applied 
intra-arterially and/or locally. The local applica
tion of trypsin helps to remove necrotic or 
indurated tissue. In general, we try to keep the 
affected area as dry as possible. 

In infected gangrene major surgery has to be 
postponed until the diabetes is controlled and 
general resistance improved. Till then, surgical 
intervention is limited to draining an abscess 
or removing a superficial crust. With the help 
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of quick-acting insulin, antibiotics, and perhaps 
blood transfusions the patient's condition im
proves in a few days, whereupon surgical 
elimination of the entire infection becomes 
feasible. 

However, in the presence of a fulminating, 
extensive infection, surgery cannot wait so long. 
A few hours of active insulin therapy, if neces
sary intravenously, by an experienced physician, 
and hypothermia to the affected area consider
ably improve the patient's chances in the 
emergency surgical intervention. 

An amputation is only justified if gangrene 
is progressing despite all therapeutic measures, 
optimum control of diabetes with insulin, if 
the pain does not become tolerable within a 
few days, or if there is any danger of septicemia. 

Any decision on amputation must be made 
in the knowledge that a patient with severe 
diabetic angiopathy usually has myocardial 
damage, which will make the use of an artificial 
leg difficult and perhaps impossible. Even after 
a small, partial amputation the other extremity 
will have to carry more weight. Will it be able 
to do this despite the angiopathy which is al
ways bilateral? In our opinion, the most restricted 
amputations are only possible after the diabetes 
is well controlled, but even then we must be 
prepared to take the risk that further amputa
tions higher up may later become necessary. 

McKITTRICK'S advice has stood the test, 
and atropine must be the only premedication, 
no local anesthesia, no tourniquet; the stump 
should be left entirely or partly open after am
putation for infection, and a drain should be 
inserted only when the infection has not been 
removed. The stump should be closed without a 
drain after amputations for non infected arterial 
insufficiency. 

Good control of diabetes by diet and insulin 
with sugar determinations at different times of 
the day is necessary and will permit good healing 
of the amputation stump. In addition, any 
anemia or hypoproteinemia must be corrected. 

Thrombophlebitis in the diabetic is treated 
in the same way as in subjects with normal 
metabolism, providing the diabetes is well 
controlled. 

~) Hypertension 

Hypertension is more common in diabetics 
than in non-diabetics. Even in growth-onset 
diabetics, blood pressure is frequently found 
to be elevated after 20-25 years' duration. 
Hypertension appears earlier and more fre
quently when the diabetic treatment is inade
quate. Elevation of blood pressure in a young 
diabetic should always suggest diabetic nephro-
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pathy, but one should also consider acute 
glomerulonephritis, Conn's syndrome and pheo
chromocytoma. Myocardial infarctions and 
gangrene are more common in hypertensive 
than in normotensive diabeties. 

The use of salidiuretics of the benzothiadia
zine group or of chlorthalidone to reduce blood 
pressure, may necessitate an increase in the 
dosage of insulin in some conditions. See p. 794 
for orthostatic hypotension. 

y) Heart Disease 

Diabetes is very often accompanied by aortic 
and/or coronary sclerosis. This occurs in dia
betic men and women with equal frequency 
whilst it is rare in non-diabetic female patients. 

The frequency of coronary sclerosis and 
thrombosis increases with the duration of dia
betes and with poor quality of treatment. 
Myocardial infarction in a woman before the 
menopause suggests diabetes mellitus. Coronary 
thrombosis is the most common cause of death 
in elderly diabetics. 

The prognosis of coronary sclerosis is greatly 
dependent on the quality of the antidiabetic 
treatment. 

Reduction of weight in overweight patients, 
the exclusion of nicotine, and removal of in
fections, especially of the urinary tract, are 
important. Reduction of body weight and of 
blood sugar must be carried out cautiously. 
The diet should be poor in fats but relatively 
rich in carbohydrates. Hypoglycemia must be 
avoided, since severe falls in the blood sugar 
can precipitate myocardial infarction. Patients 
with heart disease often feel better with a 
slightly elevated than with normal blood sugar 
levels. Therefore, the insulin dosage must be 
carefully, adjusted considering also the sub
jective feeling of the patient. 

d) Diseases of the Kidneys and the Urinary 
Tract 

The collective term "diabetic nephropathy" 
appears to be appropriate since the renal 
changes found in diabetes mellitus are so 
polymorphous. It is now the most frequent 
cause of death in growth-onset diabetics. 

Intercapillary glomerulosclerosis was de
scribed by KIMMELSTIEL and WILSON as charac
teristic patho-anatomical changes in the kidneys 
(see p. 768). Both glomerular and tubular func
tions are limited. Glomerulosclerosis is found 
in diabetics who have been treated with insulin 
and in others who have never received this 
hormone. The duration of diabetes, and possibly 
its intensity, the quality of treatment, the stage 
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at which it was started, and urinary-tract in
fections influence the development and course 
of glomerulosclerosis. 

The diagnosis of glomerulosclerosis is a 
histological one. During life it can only be 
confirmed by renal biopsy. The condition can 
be suspected when there are clinical symptoms 
of a nephrotic syndrome, such as albuminuria 
without particular findings in the sediment 
(apart from the bi-refractive lipoids [Maltese 
crosses]), hypoproteinemia with edema and 
hyperlipemia, associated with hypertension, azo
temia, and retinopathy; sometimes only a few 
of these symptoms are present. 

The prognosis is bad. We know of no means 
which will halt this condition, which lasts for 
2-12 years, on average 6-7 years. 

Treatment is directed at trying to eliminate 
any accompanying infection. As long as there is 
no retention of nitrogen, one aims at compensat
ing the protein loss as far as possible with a 
diet relatively rich in proteins and poor in 
sodium. In the presence of azotemia, the pro
tein intake must be reduced, but not below 
0.5 g/kg body weight. In uremia, numerous 
different methods of estimating the blood sugar 
give values which are too high. 

The terminal phase of the condition is occa
sionally accompanied by a striking improvement 
of carbohydrate tolerance. Various factors have 
been suggested as the cause of this: delayed 
elimination of insulin through the urine, ac
cumulation of the guanidine bodies, increased 
permeability of the cells, facilitating the trans
port of glucose into the tissues in the absence 
of insulin, increased excretion of proteins binding 
insulin, and reduction in the caloric intake. 

Diabetics seem more susceptible to infections, 
which frequently involve kidneys and urinary 
tract. There may be inflammation of the renal 
pelvis, the ureters, the bladder, the ovaries, and 
the urethra, as well as the formation of ab
scesses in the perirenal tissues, in the kidneys, 
and the prostate etc. Some of the former 
infections may easily be missed if they -::ause 
no subjective symptoms. 

The necrosis of the renal papilla is fairly 
typical of diabetes mellitus. It affects women 
more frequently. The diagnosis must be con
sidered if severe renal symptoms suddenly arise 
or when a not very active pyelonephritis leads 
to high pyrexia, hematuria and renal colic, 
with no other apparent reasons. There may 
sometimes be particles of renal tissue in the uri
nary sediment. A retrograde pyelogram shows 
changes which are more or less characteristic. 
However, the patient's grave general condition 
often prevents radiological examination. The 
only therapeutic measure possible is to 
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combat the accompanying infection with 
antibiotics. 

When the urine is infected, the results of the 
tests for sugar in the urine are unreliable. 
Pneumaturia is occasionally seen in diabetes. 
The cloudy urine, looking like apple juice just 
otT the press, contains gas. The patients com
plain of irritation of the bladder, and of inability 
to void urine while lying. If the pneumaturia 
does not disappear after the blood sugar is 
normalized, atony of the bladder and vesico
vaginal or rectovesical fistulae have to be con
sidered. 

Dystonia and atony of the bladder: the interval 
between emptying the bladder increases until 
the patient must only void urine twice in 24 
hours, and then under pressure. Examination 
reveals residual urine in the absence of obstruc
tion and cystometric hypotension (see Sect. y). 

e) Infections 

Diabetics are especially suspectible to infections, 
which usually increase the insulin requirement. 
On the other hand the tolerance may improve 
in extreme conditions with collapse and inanition. 
Poorly controlled patients are less resistent. With 
the exception of draining superficial abscesses 
without anesthesia, surgical procedures must be 
postponed until the diabetes is under control. 

Furuncles and carbuncles are so common 
in untreated diabetics, that their occurrence 
in non-diabetics must lead to a test for diabetes. 

Before insulin was introduced in the treat
ment of diabetes, many diabetics died of 
pulmonary tuberculosis. The incidence of pul
monary tuberculosis is still twice that in non
diabetics. The flaring up of a tuberculous in
fection is usually but not always followed by 
a deterioration of carbohydrate tolerance to 
the extent that ketoacidosis may develop. Some
times, the latter precedes the former. 

The prognosis of tuberculosis in diabetes 
has become considerably more favorable since 
the introduction of insulin, and in particular 
since chemotherapeutic agents and antibiotics 
have become available. 

Mycosis of the foot is without doubt the 
most common infection which can precipitate 
or worsen gangrene. Candida albicans (thrush) 
is sometimes the cause of vaginitis or balanitis 
in diabetics. Pruritus vulvae in diabetes is 
suggestive of fungal infection. 

f) Diseases of the Skin 

See above about infections. They are treated 
in the same way as in non-diabetics. A rosy 
skin on the forehead and cheeks, and sometimes 
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also on hands and feet is von Noorden's 
rubeosis, an early sign of poorly controlled 
diabetes. It is caused by dilatation of skin 
capillaries. 

Xanthomatosis, the diabetic xanthoma, may 
occur, as in any other form of hyperlipemia, in 
poorly controlled diabetics. They can appear 
as a dissemination of yellowish, sometimes also 
reddish, occasionally pruritic or even painful, 
papules and plaques, which are distributed 
symmetrically over neck, back, buttocks, elbows, 
and knees. A low-fat diet and insulin cause the 
diabetic xanthoma to disappear. 

Xanthelasma, i.e. the deposition of lipoids in 
the eyelids has no connection with diabetic 
xanthoma. It may be more frequent in diabetics 
than in non-diabetics. 

Tornblom was the first to discover, and 
Melin the first to describe diabetic dermopathy 
or circumscribed diabetic skin atrophy, or the 
"spotted leg syndrome". All these terms depict 
changes in the skin below the knees on the 
anterior and lateral aspects of the lower legs 
and very rarely on the extensor surfaces of 
other limbs. At first, multiple, reddish, flat 
papules arise, round to oval in shape, measur
ing 5-12 mm across and sometimes arranged 
in a line. Some papules show a central depression 
and blisters may form. Later, this skin eruption 
becomes crusted and the typical picture of the 
disorder does not develop until after a few 
months; the skin where the papules had been 
becomes brownish, slightly depressed and cov
ered by an atrophic epidermis. These atrophic 
areas disappear spontaneously after 1.5 to 2 
years. 

The differential diagnosis includes freckles 
and pigmentation due to varicosis. 

The cause of these skin changes is not 
definitely explained. No treatment is necessary. 

Diabetic necrobiosis lipoidica occurs mainly 
in the younger diabetics and particularly in 
women. In this condition, there are round to 
oval-shaped plaques, sharply demarcated, with 
rather shiny atrophic centers. The peripheral 
areas have a yellowish or reddish colour. As a 
rule, the skin eruptions occur symmetrically 
on both sides, and are rarely unilateral. The 
plaques are sometimes preceded by a stage with 
reddish papules of only a few mm in diameter, 
which may increase to 2 cm and often undergo 
necrosis in the middle. The small ulcers heal 
after a few weeks and leave dark pigmented 
scars which may reopen from time to time. 
The cause of this disorder is unknown. The 
ulcers heal when the diabetes is well controlled, 
but not the plaques, which may increase in 
size. Isoniazid is used successfully in the majority 
of patients (DEGOS, 1966). If it fails, we use local 
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cortisone creams and injections of diluted solu
tions of corticoids under the affected skin. 

Gray or dark brown pigmentations of the skin 
suggest hemochromatosis. See Chap. XVIII for 
diabetes mellitus combined with Addison's 
disease. 

Insulin-induced lipodystrophy has been 
discussed in Sect. d, and the skin changes 
during treatment with the sulfonylurea deriva
tives in Sect. c. 

A thickening of the subcutis in the palm 
of the hands is rarely met in diabetes of long 
duration. There is a loss of the elastic fibers, 
but no signs of collagenosis. This stiff-hand 
syndrome (LUNDBAEK) inconveniences the pa
tient especially in the early morning. 

g) Diseases of the Digestive System, Including 
the Liver 

Acute pancreatitis can give rise to transitory 
hyperglycemia and glycosuria with diabetes
like glucose tolerance tests. According to MILLER, 
2% of the cases are followed by true diabetes 
mellitus. Chronic pancreatitis, on the other hand, 
is considered to cause diabetes mellitus more 
frequently - 13 % of the cases of chronic 
pancreatitis without the formation of calculi, 
and 45% of the cases associated with calculi 
formation result in diabetes mellitus. If the 
period of observation is extended to more than 
18 years, about 10% of cases of necrosis of the 
pancreas may develop diabetes (BERNHARDT). 
Conversely, acute pancreatitis can lead pre
existing diabetes to develop rapidly into keto
acidosis. 

Carcinoma of the pancreas is 3-4 times more 
frequent in diabetics than in non-diabetics. 

Hepatomegaly is a sign of poor control, 
especially in young diabetics. The histological 
findings reveal steatosis in the majority of the 
cases, and glycogen infiltration in a few cases. 
Good control of the diabetes results in the 
rapid regression of the enlarged liver. Over
dosage of insulin for many years is said to 
produce glycogen infiltration. 

h) Diseases of the Sexual Organs 

Menarche arises about a year later in diabetics, 
and the menopause occurs a few years earlier 
than in non-diabetics. Hormonal contraceptives 
worsen the metabolic state only slightly, how
ever, and perhaps only temporarily. Today, the 
fertility of well controlled diabetic young men 
and women is almost normal. However, there 
is a precocious loss of potency in the male, even 
during middle age, sometimes followed by loss 
of libido. A reduction of libido and of the 
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capacity to reach orgasm is met in diabetic 
women too, although much less frequently 
than in men. 

Temporary impotence due to the loss of 
strength in uncontrolled diabetes disappears 
with proper antidiabetic treatment. We more 
frequently encounter chronic impotence on 
account of weakness or lack of erection. This 
usually occurs in diabetics with peripheral 
angiopathy. More rarely, so-called "retrograde 
ejaculation" is found as a consequence of 
diabetic neuropathy, i.e. an increasing amount 
of the ejaculate, and finally all of it, flows 
back into the bladder, due to insufficiency of 
the internal sphincter. Large numbers of sperms 
can be found in the urine voided thereafter. 
In addition to these vascular and neurogenic 
factors, psychic stress and hormonal disorders 
may also be of importance. SCHOFFLING and his 
team found that the testes were reduced in size 
in almost 1/4 of the impotent diabetics, and 
that the prostate was enlarged in about a third. 
Hypogonadotropic hypogonadism, however, has 
not been confirmed with certainty. The prognosis 
of neurogenic impotence is poor, it is doubtful 
in angiogenic impotence in patients over 50. 

The Klinefelter syndrome, though rare, is 
sometimes found combined with diabetes mel
litus. The same applies to gonadal dysgenesis 
and to Turner's syndrome (see p. 713). The 
cause of these combinations is unknown. 

Vulvitis or balanitis are often the first symp
toms leading to the detection of diabetes. 

i) Diseases of the Other Endocrine Glands 

Refer to Chap. XVIII for diabetes in other endo
crinopathies. 

Fig. 18a. Diabetic foot 
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k) Diseases of the Blood and of Hemopoiesis 

The pale face of many patients with diabetes 
of many years' standing is not due to anemia, 
but rather to narrowing of the cutaneous vessels. 
Anemia can, however, easily be overlooked due 
to rubeosis or xanthosis. There are no mor
phological changes of the blood picture typical 
to diabetes mellitus. Pernicious anemia is not 
uncommonly found combined with diabetes. 
This combination occurs too frequently to be 
explained by mere coincidence, and it is striking 
that both diseases can be familial and can also 
arise in combination with hypothyroidism and 
with the nontuberculous Addison's disease. 
This may indicate that the disease is an auto
immune illness (see Chap. XVIII). Diabetics 
more often suffer from a normochromic macro
cytic form of anemia which is difficult to treat. 

l) Diseases of the Bones and Joints 

The term "diabetic foot" describes a swelling 
in the region of the ankle joint, which occurs 
infrequently, develops slowly without pain, and 
results in a typical valgus position of the ex
ternally rotated foot. Another form which 
develops acutely with pain and reddening of 
the skin and with a rise in temperature is 
considerably less frequent. The diabetic foot 
is due to a diabetic arthropathy and osteopathy 
of tarsal bones. 

More frequently, the diabetic osteopathy is 
found in the metatarsals and the phalanges 
where the diaphysis joins the epiphysis. The 
distal regions of the metatarsal and the proximal 
areas of the phalanges are the most common sites 
for these changes. Often osteopathy is accom-



800 

Fig. 18 b. X-ray of the diabetic foot 

panied by trophic ulcers, - mal perforant - or 
by its preceding stages, and by thickening of 
the skin areas exposed to great pressure. These 
concomitant features are not the cause but the 
results of the bony changes. The bones are 
osteoporotic and there are signs of osteolysis 
which leads to fragmentation or rupture of the 
cortex and to secondary changes in the joints, 
sometimes with incomplete dislocation. This 
displaces the toes, dorsally and backwards, 
leading to noticeable shortening of the foot. 
Reparative periosteal reactions with the forma
tion of new bone by the periosteum or osteo
phytes are rare. 

Clinically there is relatively little pain. Often 
these symptoms are combined with diabetic 
angio-, neuro- and retinopathies. Recurrences in 
the same or in the other foot, sometimes after 
years, are common. 

The cause of the diabetic osteopathy is not 
quite clear and perhaps not always the same. 
Neurogenic disorders cannot explain all the 
symptoms. In the American medical literature, 
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the term Charcot's joint is used, suggesting 
a neurogenic mechanism. In addition, angio
pathic changes, and in some cases infections 
or repeated injuries of hypalgetic tissues may be 
involved. The fact that the condition is usually 
localized in the lower extremities stresses the 
importance of mechanical strain. 

The diabetic foot is treated by orthopedic 
measures. Parsons has recommended lumbar 
sympathectomy. The bone fragments loosened 
by osteolysis are sometimes spontaneously cast 
off, leaving a healed but shortened toe. 

Osteoporosis is frequently seen in adult 
diabetics, and at an earlier age than in healthy 
people. We suspect that a diet insufficient in 
calcium for many years may explain this. 

m) Tumors 

With the exception of carcinoma of the pancreas, 
which occurs 3-4 times more frequently among 
diabetics, the incidence of benign and other 
malignant tumors does not seem to be greater 
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in diabetics than in nondiabetics of the same 
age groups. Carcinoma of the endometrium is 
discussed on p. 776. 

8. Marriage, Pregnancy, and Birth 

Diabetes mellitus is no reason for staying single. 
If diabetics marry each other, or someone with 
a family history of diabetes, they should refrain 
from having children of their own. 

Large babies (birth weight 4.5 kg or more), 
still births, and neonatal deaths suggest diabetes 
mellitus, since they are so often observed in 
women who later develop clinical diabetes, 
sometimes after 30 years or more. 

Before the introduction of insulin, preg
nancy was very rare indeed in diabetic women; 
it usually ended in fatal ketoacidosis. Today, 
diabetic women's fertility is normal. In our 
experience at least, the number of spontaneous 
abortions is not increased, but premature birth 
and intra-uterine death during the last quarter 
of pregnancy and neonatal deaths cause an 
increased loss of babies. 

a) Effects of Pregnancy on Diabetes 

Pregnancy has a diabetogenic effect, but only 
in the sense that a potential or latent or sub
clinical disease may become clinically apparent. 
This is supported by observations that diabetes is 
more common in married than in single women, 
and that its frequency increases with parity. 
In uniovular diabetic twins, the one with earlier 
and more pregnancies develops clinical diabetes 
before her twin sister. Organic hyperinsulinism 
improves during pregnancy. 

Every growth process involves an increased 
insulin requirement. The higher number of 
granula, hyperplasia of the B-cells and the 
raised IRI in the blood during late pregnancy 
are signs of elevated insulin production. During 
pregnancy, in nondiabetic women too, the 
insulin content of the blood is found to be 
considerably higher in the fasting state and 
after an intravenous injection of glucose. 

Why is the insulin requirement increased 
during pregnancy? Refer to p. 86 for the 
diabetogenic properties of growth hormone. 
The growth hormone produced by the pituitary 
is not increased during pregnancy; but a hor
mone with similar chemical and active properties 
is formed in the placenta (the human placental 
growth factor) and found in the blood (see 
Chap. V, p. 84, and Chap. XI, p. 677). 

Growth hormone and the glucocorticoids 
are hormonal antagonists to insulin, which 
cause hyperglycemia and an increase of the 
IRI in the serum. Placental tissue also seems 
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capable of binding and breaking down insulin. 
Insulin is essential for growth, the growth 
hormone having an anabolic effect only in the 
presence of insulin (see p. 88). 

Probably, the diabetogenic action of preg
nancy is due to the unknown placental growth 
factor and perhaps also to glucocorticoids. 
This would explain why latent diabetes is often 
recognized during pregnancy, and why it seems 
to "disappear" after delivery. However, dia
betes is not cured, even if the fasting blood sugar 
values are normal and the urine contains no 
sugar. Suitable tolerance tests demonstrate a 
latent diabetes. Treatment is essential in these 
cases, as otherwise the diabetes will become 
overt within a few years. JOHN states that 60/~ 
of women showing temporary glycosuria during 
pregnancy, develop clinical diabetes 1-25 years 
later. 

Pregnancy increases the intensity of pre
existing clinical diabetes. Today, the raised in
sulin requirement can be checked by adaptation 
of the insulin dosage. The fact that the quantity 
of insulin often needs little or no adjustment, 
sometimes even a reduction, can be explained 
by intensified medical supervision and improved 
dietary discipline of the patient. 

In addition to increasing the insulin require
ment, pregnancy can also lead to a fall in the 
renal threshold for glucose and to lactosuria. 
During gestation, there is an increased risk of 
urinary tract infection and renal failure. 

About a quarter of all women show gly
cosuria during the course of pregnancy (FLYNN). 
This can be a renal, i.e. normoglycemic gly
cosuria, a so-called glycosuria of pregnancy. 
It is characterized by the constant excretion of 
abnormal amounts of glucose in the urine, 
despite normal or subnormal blood-sugar levels 
in the oral glucose-tolerance tests. Pregnancy 
leads to a physiological increase of the glomer
ular filtration rate. If the tubular capacity to 
reabsorb the filtrated glucose is exceeded, renal 
glycosuria occurs in healthy subjects as well 
as in diabetics. After delivery, this glycosuria 
disappears. 

Since MILLER observed 4 still births and 3 
overlarge babies in 11 pregnancies with nor
moglycemic glycosuria and Pomeranze saw a 
woman with glycosuria of pregnancy who 
developed clinical diabetes 14 years later, the 
question has arisen of whether some of these 
patients, or perhaps all of them, should not be 
considered potential diabetics. This question is 
not yet settled, and so far, glycosuria of preg
nancy remains suspect of potential diabetes, 
requiring long-term medical supervison. 

A fall in renal threshold may, but does not 
necessarily, develop during pregnancy in women 
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with clinical diabetes. In this event, more 
blood-sugar estimations are needed to control 
the diabetes. Occasionally, the renal component 
of glycosuria is so strong that the carbohydrate 
intake must be increased to avoid ketoacidosis. 
After delivery, the renal threshold reverts to the 
previous level. 

Lactosuria is found only during the last 
days of pregnancy and during lactation. It 
may affect urine tests. Chromatography can 
reveal small amounts of lactose in the urine 
even several weeks before delivery. In addition 
to lactose, galactose is also eliminated in the 
urine; if large amounts are present, even urine 
tests based on oxidase methods (e.g. testape), 
become unreliable. 

The tendency to infections of the urinary 
tract is especially high in pregnant diabetics. 
They are treated in the same way as in non
diabetics. 

The majority of growth-onset diabetics die 
of renal failure. Pregnancy is very dangerous 
in women with renal damage, and especially 
for diabetics with impaired renal function. 

Diabetes mellitus as such is no indication 
for termination of pregnancy, nor even is 
ketoacidosis, which would only be exacerbated 
by surgery. Diseases of the kidneys or heart 
may render the continuation of pregnancy 
dangerous or impossible in diabetic and non
diabetic women alike. The stress of pregnancy 
weighs more in a diabetic than in a normal 
woman. Therefore, the number of pregnancies 
should be limited to 2, in favorable circum
stances to 3 in diabetic women. 

The treatment of diabetes during pregnancy 
is based on a diet of 180-250 g of carbohydrates 
and 1.5-2 g of protein per kg body weight, with 
so little fat that the weight increase remains 
within the physiological limits, i.e. at the 
beginning 1 kg per month, and 1.5 kg per month 
during the last trimester. Table salt is reduced 
or omitted in case of water retention. Acetonuria 
is treated by an increase in carbohydrates and 
reduction of fats in the diet and if necessary 
an augmentation of insulin. 

In early diabetes, when diet and exercise 
alone are insufficient to control the diabetes, 
insulin is used. During the first 3 months of 
pregnancy, insulin is adjusted cautiously to 
avoid hypoglycemia. Later we try to keep the 
blood sugar as close as possible to normal limits. 
Oral hypoglycemic drugs are eliminated (see 
p.783). 

Signs of a late toxicosis (preeclampsia) must 
be treated by bed rest, a salt-free diet, and when 
necessary, hypotensive drugs and salidiuretics. 
It may sometimes be necessary to increase the 
dosage of insulin. 
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As soon as delivery is imminent, the daily or 
twice-daily insulin injections are replaced by 3 
injections of soluble insulin. If labor starts 
while the patient is still under the influence of 
long-acting insulin, an intravenous dose of 
fructose must be substituted for the missed 
meal. 

There is usually a pronounced but temporary 
decrease in the insulin requirement immediately 
after delivery, whether delivery is vaginal or by 
cesarian section. This seems to be due to the 
loss of the placental growth factor. 

b) The Influence of Diabetes on Pregnancy 

Before the insulin era, the mortality rate of the 
mothers was as high as 45 % (GILBERT and 
DUNLOP), whereas today, the lowest mortality 
figures are 0.3-0.7%, in comparison to those 
of 0.32-0.37 for nondiabetic women. 

According to WHITE, only one in three 
untreated diabetics has a chance of producing 
a live child. The mortality rate of the children 
largely depends on the experience, knowledge 
and cooperation of the team consisting of 
diabetologist, obstetrician, anesthesist and pedia
trician. 

The course of the pregnancy to the 30th 
week is usually normal, with the exception of 
the susceptibility to infections. Hyperemesis in 
the early stages of pregnancy does not appear 
to be particularly severe or frequent. It usually 
requires adaptation of insulin to the irregular 
food intake. 

The main obstetric difficulties occurring 
during the last 6-9 weeks are: 

1. increased tendency to hydramnios; 
2. increased tendency to toxemia; 
3. macrosomia or microsomia of immature 

infants; 
4. intra-uterine death (RUST). 
The frequency of hydramnios in normal 

pregnancy is estimated at 0.5-1 %, in diabetics 
at 19%. As mentioned above, WORM and 
SIEGELER showed how hydramnios can be 
avoided by adequate insulin therapy. 

The frequency of toxemia in nondiabetic 
women is reported to be about 10 %; in diabetics, 
according to the literature, it is 8-48 %. Preven
tion, i.e. avoid of abnormal increase in weight, 
seems very important. A gain of 400-500 g per 
week suggests toxemia and calls for admission 
to hospital. If bed rest does not lead to in
creased urine volume and to weight loss, 
diuretics are indicated, even if they increase the 
requirement of insulin still further. 

Nephropathy present before pregnancy con
siderably increases the risk of toxemia. The 
infants of diabetic mothers with nephropathy 
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are small whilst those of diabetic mothers with 
good renal function are generally considerably 
larger and heavier, but more immature than chil
dren of healthy women with the same duration 
of pregnancy. 

The most frequent and the most deceptive 
complication is intra-uterine death. According 
to HAGBARD, this occurs before the 35th week 
in 3% of cases, but the risk increases with 
every week and reaches 25% after the 37th 
week. Neonatal mortality, however, decreases 
from 19% in infants delivered between the 33rd 
and 34th week to 11 % with delivery during the 
35th and 36th week. Placental insufficiency is 
considered the main cause of intra-uterine 
death. 

If fetal movements decrease in intensity and 
frequency this is a sign for alarm. If the time 
intervals between the fetal activity felt by the 
mother grow longer, the life of the child seems 
to be in danger. Bed rest for the mother, if 
necessary combined with inhalations of oxygen, 
up to 8 liter/min for 10-15 min, 2-8 times daily, 
seem to help the fetus, but this is a clinical 
impression only and we do not know the mode 
of action of oxygen therapy. 

Some indication of placental function is 
obtained by measuring urinary estriol elimina
tion. If it falls below 8 mg/24 h during the 
35th week or later, the life of the fetus is in 
danger; according to KYLE, values below 4 mg 
were always followed by fetal death within 48 h. 

The value of ovarian hormone therapy is 
controversial. We have never used the doses 
indicated by WHITE, because the effectiveness 
of this treatment has not been proven and 
damage to the fetus not definitely excluded. 
If the estrial excretion diminishes, we give 40 mg 
of estrogen daily per os and up to 250 mg 
hydroxyprogesterone i.m. 

Choosing the optimal time and the best 
mode of delivery is the main obstetric problem 
in diabetic women, i.e. the time when the 
risk of postnatal immaturity of the newborn 
is about equal to that of intra-uterine death. 
Before the 35th week, the chances for neonatal 
survival are small, after the 38th week, intra
uterine death becomes frequent. 

The following factors should be taken into 
consideration in determination of the time of 
delivery: 

1. obstetric history of the mother; 
2. the evolution of the present pregnancy 

in regard to complications and diabetes. A 
sudden drop in the insulin requirement during 
the last weeks, for instance, may indicate 
impending intra-uterine death; 

3. comparison of the risk of intra-uterine 
death against postnatal prematurity. To evaluate 
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this, fetal movements, excretion of estriol in the 
urine examination of the amniotic fluid and 
changes in insulin requirement give valuable hints. 

The most frequent time of delivery is three 
weeks before the normal term. We allow young 
women whose diabetes has been discovered 
during the course of the current pregnancy, 
who have never before had any perinatal loss 
and whose pregnancy is progressing normally 
to go on to term, but never past the 40th week. 
However, an obstetric history with one or more 
stillbirths calls for induction of labor before 
this, as does diabetes with vascular damage, 
since these women are obstetrically older than 
their age and therefore more prone to fetal loss. 

The determination of the duration of the 
pregnancy is much more reliable in women 
who know the date of conception exactly, be
cause they have recorded their morning rectal 
temperature regularly. In such cases, we consider 
268 days the normal duration of pregnancy. 

An indication of sufficient maturity of the 
fetus is given by the appearance of the distal 
femoral ossification centers on X-ray examina
tion. If possible, we postpone the delivery until 
they are visible, usually 3-4 weeks before term. 
We have never lost a newborn baby delivered 
after the ossification centers had become rec
ognizable. 

Normal delivery, if proceeding without com
plications, involves the least stress for both 
mother and child. Cesarean section involves 
the risks of any major surgical procedure, 
which have been reduced considerably by 
experience and modern anesthesia. The un
certainty of prognosis for delivery per vaginam 
increases with the severity and duration of the 
diabetes and with the prematurity of the infant, 
whilst the duration of cesarean section and the 
stress involved are known beforehand. 

We consider a cesarean section indicated: 
1. if the mother has previously lost a child 

before or during labor; 
2. if the relative positions of head and 

pelvis are unfavorable or the position of the 
fetus is abnormal; 

3. in primiparae aged 28 or ever; 
4. if rapid delivery is urgent; 
5. if delivery is necessary 4-5 weeks before 

term or earlier. Table 2 summarizes our per
sonal experience. 

Early vaginal delivery is started by oxytocin 
drip, often combined with surgical rupture of 
the membranes. Delivery should be completed 
within 12 hours. 

Before cesarean section, the only premedica
tion is atropin. No opiates or barbiturates are 
given. General anesthesia is started by Pentothal 
(penthiobarbital sodium); after delivery of the 
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child, usually 6-8 min after the beginning of 
general anesthesia, we give nitrous oxide and 
oxygen. 

The puerperium is the same in diabetic as 
in nondiabetic women. Breast-feeding is more 
diffcult for the former. 

c) Influence of Maternal Diabetes on Fetus 

Diabetic embryopathy must be differentiated 
from diabetic fetopathy in the children of dia
betic mothers. 

Malformations resulting from diabetic em
bryopathy are three times more frequent than 
similar malformations in the general population. 
The incidence of fetal malformations is 6 times 
higher. The rate of congenital abnormalities 
in our own observations was 12.8%. They are 
not uniform in character. Those affecting the 
heart seem to be preponderant. We have seen 
several cases of deformations of the ear lobes 
and preauricular appendices, which, in two 
children, were combined with a congenital 
facial paralysis. The teratogenic agent of the 
embryopathia diabetica is unknown; we do not 
know whether too much or too little sugar is 
of any importance. 

The frequency of intra-uterine death in 
children of diabetic mothers during the last 
weeks of pregnancy and the increased occurrence 
of stillbirths in the same family underline the 
importance of the fetopathia diabetica. If such 
children are delivered in a macerated state, 
pathologico-anatomical investigations yield little 
information. Often children may be born alive, 
but have little resistance and die within a few 
hours or during the first two days. Some are 
born in a condition resembling hydrops con
genitus, they are swollen, flaccid, adynamic, 
cyanotic, dyspneic and hepatomegalic. Another 
group, in which prognosis is considerably 
better, shows macrosomia with a cushingoid 
hydropic appearance, which may be seen also 
in macrosomia with normal or even subnormal 
weight. These newborn infants have a tomato
coloured bluish red and thick face with flaccid 
cheeks and double chin; the neck is hidden 
by an accumulation of adipose tissue on chin 
and chest; hair is highly developed, covering the 
skull like fur extending down to the frontal and 
temporal regions. 

Some authors attribute the macrosomia to 
maternal hyperglycemia. During the last weeks 
of pregnancy, fetal blood sugar is only a little 
lower than the maternal value. The high blood 
sugar of the fetus stimulates the j3-cells of the 
pancreas, thus increasing their number and 
insulin production. This leads to an increased 
formation of glycogen in the liver and in the 
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musculature and enhances fat and protein 
synthesis. There may be other factors contribut
ing to macrosomia, such as adrenal activity. In a 
child who died 3 hours after delivery, WILLI ob
served suprarenal glands which were almost the 
size ofthe kidneys and weighed 17 g. This perhaps 
explains the Cushing-like appearance. However, 
the hypertrophy of the adrenal glands may also 
be a consequence of hyperglycemia. 

Only a minority of the children of diabetic 
mothers are exempt from macrosomia. The 
birth of a small baby to a diabetic mother may 
indicate maternal nephropathy. 

Immaturity and decreased vitality are typical 
of children of diabetic mothers. They are more 
immature than their weight and the duration 
of pregnancy would suggest. The discrepancy 
between anatomical oversize and functional 
weakness is a striking feature of macrosomia 
(WILLI, 1965). 

Erythroblastosis in the blood, and extra
medullary hematopoiesis in various organs, 
mainly in liver, spleen, lymph glands and 
kidneys, are typical signs of immaturity. The 
same is true of the delay in the development of 
ossification centers. 

Immatury and reduced vitality make adapta
tion to extra-uterine life more difficult. Birth 
injuries are more frequent on account of 
immaturity and macrosomia. 

The respiratory distress syndrome, due to 
the formation of hyaline membranes, is a 
relatively common cause of postnatal death. Its 
pathogenesis has not yet been fully elucidated. 
It is always accompanied by respiratory and 
metabolic acidosis. A pH value of less than 7.15 
is an ominous sign. 

During the first 6 hours after delivery, the 
blood sugar of the newborn falls, sometimes 
to as little as 20 mg%, without causing hypo
glycemic symptoms. In spite of glucose ad
ministration, the blood sugar of these premature 
infants may remain below 40 mg%. 

Another remarkable feature is the fall of the 
blood calcium level which frequently reaches 
pathological levels 6-8 hours after delivery, 
thus causing hypocalcemic tetany; this, how
ever, generally remains latent. It is recognizable 
clinically by tremor and excessive mechanical 
irritability of the peripheral nerves. 

About one third of our children develop 
hyperbilirubinemia of over 15 mg%, which is 
due to the inability of the immature liver to 
conjugate bilirubin during the first days of 
extra-uterine life. In contrast to morbus hemoly
ticus, hyperbilirubinemia reaches its maximum 
only after 3-4 days. 

During the first day, edema may develop, 
although the newborns urinate abundantly, 
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lose weight and take little fluid. Apparently, much 
water moves from the intracellular to the 
extracellular space, causing hypervolemia, a great 
strain on the heart which may show considerable 
dilatation. All these difficulties during the 
change from intra- to extra-uterine life are 
transient and generally subside within 8 days. 

Treatment of Newborn Infants of Diabetic Moth
ers. Immediately after delivery, whilst the 
umbilical cord is tied, the head is kept low and 
the body wrapped in warm towels; nose, mouth, 
throat and upper respiratory tract are vigorously 
aspirated. After a cesarean section, the stomach 
must be emptied. In case of cyanosis, oxygen 
is administered. Then the infant is placed naked 
in an incubator and treated like a premature 
baby. However, this is not necessary for children 
who are mature or have been delivered only 
1-2 weeks before term. 

If no respiratory distress syndrome develops, 
the infant is taken out of the incubator 12-24 
hours later. If cyanosis and dyspnea increase, 
oxygen administration is increased to 30%, 
maximum 40%, but never for longer than is 
absolutely necessary, since too much oxygen 
may favor the formation of hyaline membranes. 
The humidity of the air in the incubator is 
increased to 90-100%, because oxygen therapy 
leads to exsiccation of the mucous membranes. 

The presence of severe metabolic acidosis 
(base excess more than-10 mEq) demands i.v. 
injection of sodium bicarbonate in 10% glucose 
and repeated checks of pH and base excess in 
the arterial blood. In very severe cases, prolonged 
and controlled artificial respiration may prove 
lifesaving. 

General conditions permitting, food intake 
begins at the latest 8 hours after delivery; it is 
delayed in case of respiratory distress syndrome. 
At first, the infants receive 5% glucose orally, 
10 ml 5 times during the first 12 hours, and 
later breast milk. Early and abundant glucose 
intake is believed to prevent severe hyper
bilirubinemia and metabolic acidosis. 

If hyperbilirubinemia exceeds 20 mg%, 
exchange transfusion is necessary. 

Hypocalcemic cramps are treated by i.m. 
injections of 3-5 ml of 10 % calcium gluconate, 
acute dilatation of the heart by i.m. injection 
of 0.5 ml Cedilanid 1-3 times, or oral ad
ministration of 4 drops 3 times, during the 
first day, later on 2 drops 3 times daily. 

9. Infantile and Juvenile Diabetes Mellitus 

Diabetes mellitus which develops in the still 
immature organism, is characterized by its 
tendency to develop ketoacidosis and by the 

805 

lability of blood sugar. It easily leads to hepa
tomegaly, retarded growth, and the relatively 
early appearance of the long-term diabetes 
syndrome. Gastrointestinal disorders and in
fections are quite common at this age and cause 
significant variations in carbohydrate tolerance. 
It is surprising how easily children can adjust 
themselves to the necessities of the disease. 
Difficulties most commonly start at puberty. 

In contrast to neonatal glycosuria, congenital 
diabetes is very rare. It is claimed that 80% of 
newborn infants show glycosuria before the 
first feed (see p. 774). Towards the end of the 
second week, in premature babies a little later, 
neonatal glycosuria disappears. 

Clinical diabetes may appear at any age. 
Periods of rapid growth between the 5th and 
7th, and the 10th and 14th year are preferred. 
Girls develop the disease rather earlier than 
boys. 

After an infectious disease or an immuniza
tion, but usually quite unexpectedly, children 
lose their appetite, start to wet their beds again 
or develop severe constipation, symptoms fol
lowed within a few days by polyuria, polydipsia, 
weakness, weight loss and the signs of precoma. 

Temporary glycosuria, postprandial hyper
glycemia and abnormal glucose tolerance tests 
can be detected months or even years in advance. 
The renal threshold for glucose is often de
creased, while the fasting blood sugar may 
remain normal for a long time. The diagnosis 
must therefore be made with the aid of blood 
sugar determinations after meals. 

According to their height, their formation 
of ossification centers and their dental develop
ment, the majority of diabetic children show 
advanced growth compared to normal ones at 
the time clinical diabetes is discovered. As the 
illness progresses, this situation is reversed, unless 
early good control assures continuation of 
growth. 

Without treatment, the majority of growth
onset diabetics die within a few days to weeks 
from ketoacidosis. When treatment is started 
early, the diabetes is usually successfully under 
control within a few weeks with the help of 
diet and insulin. The following improvement of 
tolerance sometimes enables patients to maintain 
normal blood sugar values with diet alone. 
However, this remission does not occur in all 
the cases and lasts only a few weeks or months, 
rarely years, before the carbohydrate tolerance 
deteriorates again. Insulin therapy must then 
start again, this time permanently. It is not yet 
possible to state definitively whether oral hypo
glycemic agents will prolong the remission. 

As in the adult, treatment includes diet, 
insulin, adjustment in the way of living, and the 
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education of the patient and his relatives. Useful 
as a low calory diet is in the adult, it is detri
mental in children. During childhood, the diet 
should not be adapted to the lowest possible 
dose of insulin, but rather to normal growth 
and well-being, and the prevention of diabetic 
angiopathy. 

The diet differs in four principal points 
from that of healthy children of the same age 
groups: 

1. The carbohydrate and protein contents 
must be about constant, but adapted to age. 

2. Foods with a high concentration of carbo
hydrates, such as sugar, sweetened foods, and 
drinks, honey and grapes, are generally excluded 
(exceptions see below). 

3. If possible, proteins are given in addition 
to the carbohydrates with the three main meals, 
so as to slow down the absorption of the latter. 

4. The protein content is higher than for the 
healthy child, since we cannot avoid a loss of 
nitrogen through the urine. 

We discard the "free or normal diet", since 
it considerably reduces life expectancy! The 
statement that irregular intake of food can be 
compensated for by constant adjustment of 
the insulin dosage, has not yet been proved 
in unhospitalized children. In our experience 
it is not correct and endangers the children 
concerned. The feeds of even healthy babies 
are specified and the diabetic babies are con
tinued on normal feeds, but extra sugar and 
malt products are omitted. Rules for feeding 
for the first 6 months (WILLI and KOLLER): 

Milk: 1/10 body weight, maximum 600 g = 3 
milk equivalents. 

Table 26. Basic diet for diabetic children and juveniles 

1-3 yrs. 

I. Breakfast Bread equivalents 2 
Milk equivalents I 
Protein equivalents 

2. Morning snack Fruit equivalents 

3. Lunch Bread equivalents 2 
Vegetable equivalents 1/2 
Protein equivalents 1/2 
Fruit equivalents I 

4. Tea Bread equivalents I 
Milk equivalents I 
Fruit equivalents I 

5. Dinner Bread equivalents 2 
Milk equivalents I 
Vegetable equivalents 1/2 
Protein equivalents 
Fruit equivalents I 

Approx. Carbohydrates 140 
content of Proteins 45 

o = Values for boys. 
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Carbohydrates: 1 % of body weight, rounded 
ofT to 5 or 10 g, given as gruel or farinaceous 
foods (a child weighing 4200 g receives 45 g 
carbohydrates = 4! bread equivalents). 

From the 2nd to 3rd month, 1-3 ounces of 
fruit juice are given in addition, the nutritional 
value of which is not taken into account. Later, 
vegetables are also added, in small harmless 
quantities to begin with. As soon as potatoes 
are introduced, usually from the 5th month, 
these are measured in bread equivalents (see 
Sect. 7b). 

The nutritional requirements of children and 
juveniles vary greatly from one child to 
another and for the same child, depending 
on whether he is in a phase of intensive growth 
and on his physical activity. On account 
of this, no absolute values for carbohydrates, 
fats, or proteins can be given. The dietary 
regimen summarized in Table 26 for diabetic 
children and juveniles, is used as "basic diet". 
We begin treatment with this diet and it is 
continually adjusted to the individual needs and 
the development of the child. 

In diabetic children who are not overweight, 
we leave the fat allowance open. Fats are used 
to meet the caloric requirements which, at this 
age, vary considerably from hour to hour. 

Any attempt to treat a diabetic child in the 
beginning without insulin or with sulfonylurea 
derivates carries the risk of losing the reserves 
of endogenous insulin and of approaching the 
stage of complete islet insufficiency. 

Diabetic dwarfism is characterized by a 
retardation of more than 10 em below average 
height, and by the infantile psyche in the presence 

4-6 yrs. 7-9 yrs. 10-12 yrs. 13-15 yrs. 16-19 yrs. 

2 4 5 5 5 
I I I I I 

1/2 I I I 

I 2 2 2 2 

2 2 2 2 (3) 2 (3) 
1/2 I I I I 
1/2 I 11/2 2 2 
2 2 2 2 2 

2 4 4 4 (5) 4 (5) 
1/2 I I I I 
2 

2 2 2 2 (3) 2 (3) 
1/2 
1/2 I I I I 
1/2 I I I I (2) 
2 2 2 2 2 

180 220 230 230 (260) 230 (260) 
60 75 85 90 (95) 90 (100) 
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of normal intelligence. The moon-shaped face 
is explained by thickening of the skin. The ab
domen is unusually large, the ossification centers 
develop late, and sexual maturation is often 
delayed. In the early stages, the size of the liver 
varies. Later, it becomes quite large and its 
anterior border is felt below the umbilicus 
(Mauriac syndrome). There is no splenomegaly. 
The abdominal cutaneous veins are distended. 
Diabetic dwarfism is probably due to a wrong 
or deficient diet and to inadequate administra
tion of insulin. The Mauriac syndrome has 
become much less common in recent years. 

The intelligence of diabetic children used 
to be labeled as above average. Whether this 
is true is difficult to decide, since unintelligent 
diabetic children die earlier than gifted ones. 

10. Surgical Procedures in Diabetics 

Today, diabetes mellitus is no longer a reason 
for refraining from an essential operation; it 
is at most a reason for postponing surgical 
intervention. However, it is a technical mistake 
to operate on a diabetic without treating the 
diabetes pre- and postoperatively. 

An operation makes preexisting diabetes 
worse and may provoke ketoacidosis. On the 
other hand, uncontrolled diabetes increases the 
risk of operation due to its tendency to hemor
rhage, delayed healing and infection. 

The preoperative treatment is aimed at in
creasing resistance by eliminating dehydration, 
by replenishing the glycogen stores, by pre
venting acidosis, and by lowering the blood
sugar concentration to normal or almost nor
mal values. The insulin requirement and the 
insulin sensitivity should, if possible, be estab
lished before the patient undergoes surgery. 

Whenever feasible, the diabetes must be 
controlled before an operation. If surgery is 
urgent, intravenous injections of soluble in
sulin every half to one hour will permit suf
ficient control over diabetes and dehydration 
in a few hours. Complications during and after 
surgery are less frequent when there is sufficient 
time to eliminate ketoacidosis, to reduce the 
blood sugar to below 160 mg per cent before 
meals, not only before breakfast, and the urine 
sugar to below 10 g per 24 hours. Cooperation 
between surgeon, diabetologist and anesthetist 
is important. 

The diet should contain relatively ample a
mounts of carbohydrates (180 to 250 g carbohy
drates for an adult). Preoperative undernourish
ment must be avoided, since it increases the tend
ency to acidosis and depletes glycogen depots. 

Treatment with hypoglycemic tablets is 
only continued if control of diabetes is perfect 
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and food intake unchanged by the operation, 
e.g. cataract operation. Treatment with insulin 
is preferable for all other cases, since the 
surgical stress increases the insulin requirement 
to an unpredictable extent. Long-acting insu
lins are replaced by soluble insulin. Three daily 
examinations of the urine, as described on p. 787 
permit the insulin dosage to be adjusted to the 
existing metabolic situation. Blood-sugar meas
urements before meals prevent overdosage of 
insulin. 

Prolonged fasting must be avoided by par
enteral administration of carbohydrates. 

During an emergency operation, which does 
not permit proper preparation of the patient, 
intravenous administration of whole blood or 
of 5% fructose is started and soluble insulin 
added to the tube of the infusion every t-1-2 
hours, according to the blood-sugar level deter
mined by a rapid method every hour before 
and during the operation, and every two hours 
after it. During anesthesia, hypoglycemia should 
be avoided at all costs. 

Operations should be postponed in case of 
ketoacidosis, with the exception of draining an 
abscess. 

Modem general anesthesia is the same for 
diabetics and non-diabetics. If adrenaline is 
combined with local anesthetics, the insulin 
dosage must be adjusted accordingly. No local 
anesthesia is permitted on feet or toes of 
diabetics with peripheral angiopathy. 

During the operation, hypoglycemia is more 
dangerous than hyperglycemia. 

A solution of 40% dextrose and of glucagon 
should always be ready during anesthesia of 
a diabetic patient. 

In order to assure normal healing of wounds, 
the post-operative treatment tries to prevent 
acidosis and hyperglycemia, but also hypo
glycemia with its strain on the myocardium. 
In older patients, e.g. after prostatectomy, 
normalization of blood sugar may lead to 
oliguria which will disappear when we permit 
a small rise of the blood-sugar level. 

As long as the patient cannot drink or eat, 
we give 1-11-2 liters of 5% fructose or 2.5% 
fructose and 2.5% glucose, or 2 parts of physio
logical glucose and 1 part of physiological saline 
solution by intravenous drip. 

When fluid intake per mouth is permitted, 
we first give tea with 1-2 teaspoons of fructose 
per glass of tea. 

With the help of 2-4 blood sugar deter
minations per day, the insulin dose is adjusted 
to the need, until the patient can resume his 
ordinary diet. 

Draining of an abscess is usually followed 
by a sudden reduction of the insulin requirement, 
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permitting reduction of the insulin dosage. 
Hypoglycemia must be avoided during opera
tions on the eye, since it causes an increase 
in the intraocular pressure. 

11. Special Forms of Diabetes Mellitus 

a) Diabetes Mellitus after Pancreatic Failure 

ex) After Pancreatectomy 

The operation only results in diabetes mellitus 
if at least 90% of the pancreas is removed. 
Carcinoma of the pancreas, organic hyper
insulinism and chronic recurrent pancreatitis 
are indications for pancreatectomy. The sub
sequent diabetes needs remarkably little insulin 
for its control, only 10-50 units per day. This 
may be partly explained by the simultaneous 
loss of the exocrine enzymes of the pancreas 
and of glucagon. Retinopathy was found in a 
few patients who survived the operation long 
enough. 

~) After Pancreatitis 

Hyperglycemia and glycosuria which are present 
during the course of acute pancreatitis almost 
always disappear after the inflammation has 
subsided (see p. 798). On the other hand, 
chronic pancreatitis, especially in the recurring 
form, leads to progressive destruction of the 
exo- and endocrine tissue and finally to calcifica
tion. 

This type of diabetes is characterized by its 
fluctuations. The insulin requirement increases 
considerably during painful phases and falls 
during remission. The terminal malabsorption 
syndrome fakes "improvement" of the diabetes. 

This form of diabetes is often followed by 
neuropathy, later retinopathy, whilst nephro
pathy is rather rare. 

y) Due to Hemochromatosis 

Hemochromatosis damages the islet tissue of 
the pancreas, and thus causes diabetes mellitus. 
We distinguish primary, idiopathic, inherited 
hemochromatosis from secondary hemochro
matosis, and hemosiderosis, which is found in 
alcoholic liver cirrhosis, in blood diseases after 
repeated blood transfusions, in rare liver dis
eases, in porto-caval anastomoses, in inanition, 
after excessive intake of iron preparations and 
in protein deficiency of Bantu Africans. 

Idiopathic hemochromatosis is now looked 
upon as a hereditary diseases with dominant 
inheritance. It is often met in the latent form, 
i.e. without tissue changes, in other members 
of the family. The disturbed regulation of iron 
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absorption leads gradually to an excessive 
accumulation of iron in the tissues. It is 10-20 
times less common in women (menstruation!) 
than in men. The predominant clinical features 
are the grey-brown pigmentation of the skin 
(bronze diabetes), liver cirrhosis, diabetes mel
litus, cardiac failure, and in the male hypo
gonadism (see 799). 

The diabetes mellitus develops relatively 
late. In the early phases, it is usually mild, later 
more severe, and sometimes even very severe. 
There is a tendency to acidosis, but the diabetes 
can unexpectedly become latent again. The 
blood sugar is labile and the insulin acts in 
spurts, so that severe hypoglycemic shock may 
arise, which must be treated by the intravenous 
administration of dextrose. On the other hand, 
resistance to insulin has been reported relatively 
often. The long-term diabetic syndrome has 
also been observed in hemochromatosis, but 
less frequently than in the usual form of diabetes 
mellitus, on account of the short duration of 
diabetes, the rarity of hypertension, hyper
cholesterolemia and obesity, and due to mo
derate or poor nutritional status as well as 
to pituitary hypofunction. 

The diagnosis of hemochromatosis is simple 
in the presence of all the clinical features. In the 
early stages, when one or two of three typical 
symptoms are missing or not yet evident, the 
diagnosis may be difficult and sometimes it is 
not possible until a post-mortem examinations 
is performed. 

The diagnosis can be confirmed by the follow
ing methods: estimation of the iron and copper 
contents of the blood, measurement of the iron
binding capacity of the blood, the histological 
examination of the skin or, more reliably, of the 
liver tissue, and further presence of hemosiderin 
in the sternal puncture and in the urinary sedi
ment. The last two symptoms are also present 
in hemosiderosis. 

The prognosis of hemochromatosis has im
proved since insulin has been introduced, com
bined with phlebotomies. 

The most common causes of death are 
hepatic insufficiency, hemorrhage from es
ophageal varicose veins, diabetic coma, primary 
carcinoma of the liver, cardiac failure or inter
current infections, seldom a severe state of 
shock associated with flooding of the organism 
with ferritin. 

The therapy aims at delaying the develop
ment of cirrhosis of the liver, at compensating 
the diabetes, and, above all, at removing iron 
from the body. 

The diet should be relatively high in proteins, 
vitamins and carbohydrates, but low in fat. 
Wine must be avoided! 
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There are two ways of eliminating the iron
repeated phlebotomy or desferrioxamine B. The 
former is the treatment for primary hemo
chromatosis, since a large amount of iron is 
withdrawn rapidly in this way (2 liters of blood 
contain approx. 1 g of iron). Desferrioxamine B 
(Desferal), on the other hand, would, at the 
most, be considered in cases with anemia. 

The indications for treatment with insulin 
are similar to those for the ordinary form of 
diabetes mellitus, but it may be necessary to 
give the insulin intramuscularly due to poor 
absorption from subcutaneous tissue. Sulfonyl
urea derivatives appear to have no effect, 
whereas biguanides sometimes reduce the blood 
sugar. 

8) Due to Fibrosis of the Pancreas 

Mucoviscidosis or fibrocystic disease of the 
pancreas is an inherited familial disease, in 
which the function of all the exocrine glands is 
disturbed, especially those producing mucus. 
The disease often results in chronic bronchitis, 
bronchiectasis, and finally in chronic pulmonary 
insufficiency. In children meconium ileus, cir
rhosis of the liver with congestion of the portal 
veins and prolapse of the rectum are common 
concomitant features. Insufficiency of the exo
crine pancreatic glands can occur alone or 
combined with disturbances of the respiratory 
tract. It may lead to a malabsorption syndrome 
in spite of the increased appetite and ample 
food intake. The sodium and chloride contents 
of sweat, and to a lesser extent of saliva and 
tears, are definitely increased. The activity of 
the pancreatic ferments in the duodenal juice 
and in the feces is reduced. Recently, a glyco
protein which may be characteristic for the 
condition has been demonstrated in the mucus, 
in the epithelial cells of the mucous glands and 
in the stool. The progressive fibrosis of the 
pancreas can destroy the islets and consequently 
lead to labile diabetes mellitus in its late 
stages. 

b) Diabetes Mellitus Resulting from Disorders 
of Other Endocrine Glands and from Hormone 
Therapy 

ex) Pituitary 

See p. 113 about diabetes in acromegaly. 

~) Adrenal Glands 

See p. 335 about diabetes in primary aldo
steronism, p. 432 in pheochromocytoma, and 
p. 349 in Cushing's syndrome. 
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y) Thyroid Gland 

It is not known to what extent hyperthyroidism 
can produce diabetes. It can give rise to oxy
hyperglycemia, and it makes preexisting diabetes 
worse. Hyperthyroidism must be considered in 
every case of acidosis without obvious cause 
and in every case of insulin resistence. Correc
tion of the hyperthyroidism improves associated 
diabetes mellitus, but does not cure it. Refer to 
p.187 for more details. 

c) Diabetes due to Deficiency of Adipose Tissue 

Lipoatrophic diabetes (LAWRENCE), the diffuse, 
diabetogenic lipoatrophy, or lepercaunismus is 
very rare and affects predominantly young 
people. The loss of fatty tissues of the skin and 
internal organs makes the conversion of carbo
hydrates into fats impossible and deprives the 
insulin of one of its end-organs. It leads to an 
increase in growth, which, however, in contrast 
to acromegaly, stops with puberty. The diabetes 
mellitus becomes overt when growth ceases and 
there is a fall in the protein requirements. The 
inability to deposit fats in the adipose tissue 
explains the hyperlipemia and the liver steatosis. 
The "fat-mobilizing" substance recently found 
in the urine will probably explain lipoatrophy 
and diabetes mellitus, but this still awaits further 
confirmation (HAMWI). 

The characteristic clinical features of the 
disease are disappearance of the adipose tissue, 
hyperlipemia, hepatomegaly, and an elevated 
basal metabolic rate, as long as this is calculated 
in the usual way according to the body surface 
and not to the total body weight. Spleno
megaly is not very uncommon, and it has been 
observed several times in combination with 
acanthosis nigricans. Children have a strongly 
developed musculature (Hercules boys), large 
prominences, and crinkly hair which gives them 
an elf-like appearance (leprecauns). Insulin and 
growth hormone in the blood are normal. This 
form of diabetes has no tendency to ketoacidosis 
and is resistent to insulin, perhaps since one of 
its main sites of action is missing and/or the 
excessive mobilization of fatty acids inhibits 
the action of the islet hormone. A low-fat diet 
causes a regression of hyperlipemia and of 
diabetes. 

The relation to progressive lipodystrophy 
(BARAQUER-SIMONS) is not yet clear. This may 
be an early stage of diffuse diabetic lipoatrophy. 
In contrast to the latter illness, the disappearance 
of adipose tissue begins in the face and spreads 
gradually over the upper part of the body. It is 
often combined with diabetes, which sometimes 
proves resistent to insulin, and with hepa-
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tomegaly. Progressive lipodystrophy is much 
more common in women than in men. 

d) Diabetes in the Prader-Labhart- Willi 
Syndrome-Myatonic Diabetes ("Flour-Bag 
Dwarf') 

In 1956 PRADER and his team described 9 children 
with obesity, acromicria, hypogonadism and 
myatonia in the early years of life, associated 
with retardation in mental and physical develop
ment, and also with disorders of carbohydrate 
metabolism. In the newborn, myatonia was 
predominant, and later obesity and oligo
phrenia. In boys, hypogonadism was the pre
vailing clinical feature. The myatonia was 
obvious from birth since the movements of the 
infants were absent or very weak. 

The muscular hypotonia decreases some
what after birth, so that the children can walk 
from the second year on wards. The obesity 
usually develops during the first year, the ab
domen being particularly involved. The acro
micria and the short neck, knock knees, and 
pallor of the skin all combine to give the appear
ance of a flour bag. The hypogonadism - small, 
ectopic or absent testicles with a rudimentary 
scrotum -leads to delayed and incomplete pu
berty. 

In the first years of life, there is hypersensi
tivity to exogenous insulin, and later a reduc
tion in carbohydrate tolerance. Finally, a form 
of diabetes develops, which differs from the 
usual infantile diabetes in the absence of ketosis 
and the good response to dietary treatment and 
sulfonylurea derivatives. A severe case of this 
form of diabetes can be considerably improved 
by the reduction of overweight, which is often 
enormous. With the exception of diabetes, the 
syndrome appears to be the exact opposite of 
lipoatrophy. 

The nature of the disorder is unknown. 
Familial occurrence indicates an inherited dis
ease, and the advanced age of the mother at the 
time of the patient's birth suggests a chro
mosomal anomaly in the baby. 

e) Young Diabetics Independent of Insulin 

In Europe, juvenile diabetes which can be con
trolled for decades by diet alone or in combina
tion with oral hypoglycemic agents, and does 
not need insulin even during pregnancy is very 
rare indeed. 

In Natal, there appear to be many young 
overweight diabetics among the Indians who 
do not need insulin (CAMPBELL). These obser
vations stem entirely from developing countries, 
where the nutritional conditions are difficult to 
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assess. On the other hand, this form of diabetes 
may have a different pathophysiology. The 
type of diabetes in Natal Indians differs from 
the K-type described by SHAPER in Campala, 
Uganda. In the latter type, the diabetes becomes 
overt between the 16th and 35th year and in 
spite of the thinness and the typical classic 
beginning of the metabolic disorder, the patients 
seem able to manage without insulin. In contrast 
to the K-type, there is the J-type described by 
HUGH-JONES among young underweight Afri
cans in Jamaica. This type necessitates large 
amounts of insulin, but the patients show only 
slight ketotic tendencies. Such cases have also 
been described in other warm countries. The 
J-type could be explained by undernourishment 
and deficiency of animal proteins and of fats. 

F. Diagnosis of Diabetes Mellitus 

E. R. FROESCH 

The correct diagnosis of diabetes mellitus is of 
utmost importance to everyone and so are the 
consequences. In spite of the frequency of the 
disease, criteria for the diagnosis of diabetes 
mellitus are still poorly defined. The reasons for 
this unsatisfactory state of affairs are multiple: 

1. Glucose tolerance decreases with age, so 
that the criteria for a normal glucose tolerance 
curve vary for each age group. 

2. The so-called "normal" curves are prob
ably subject to an inherent error. The group of 
so-called normal control subjects undoubtedly 
contains some individuals with potential diabe
tes. 

3. In U. S. and in England venous blood is 
usually used for estimating blood sugar, whereas 
in Europe capillary blood, the glucose content 
of which corresponds to that of arterial blood, 
is mostly used. In the fasting state the arterio
venous difference of blood glucose is very small, 
but during the glucose tolerance test it may rise 
up to 60 mg%. One hour after ingestion of 50 g 
of glucose orally, this difference is 30 mg% on 
the average. 

4. Glucose tolerance is altered by the follow
ing factors: severe, acute illness, physical in
activity or rest, prolonged fasting. A normal diet 
with at least 200 g of carbohydrates for three 
days should precede a glucose tolerance test. 
Glucose tolerance decreases during pregnancy. 
About 50% of all patients with cirrhosis of the 
liver have a "diabetic" glucose-tolerance curve. 
The majority of syndromes of endocrine hyper
activity are associated with carbohydrate in
tolerance. Hypokalemia of any etiology causes 
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glucose intolerance. The following commonly 
used drugs also decrease glucose tolerance: 
glucocorticoids, diuretics and contraceptive 
drugs. 

Polyuria and polydipsia are usually the first 
symptoms of diabetes mellitus. Examination of 
the urine for sugar, therefore, is the first diag
nostic test for diabetes. 

1. Urine Examination for Glucose 

Quantitative or semi-quantitative estimations of 
urinary glucose are essential for the treatment 
and control of diabetes. For the diagnosis, 
however, specificity is more important than 
quantitation. 

a) Glucose Oxidase Methods (Tes-Tape, 
Clinistix) 

These tests are based on the specific oxidation 
of glucose to gluconic acid by the enzyme 
glucose oxidase. The indicator paper is impreg
nated with glucose oxidase, peroxidase and 
orthotolidine (indicator dyes). Glucose oxidase 
reacts with glucose and oxygen to form gluconic 
acid and hydrogen peroxide. The latter converts 
orthotolidine into a blue indicator. The paper 
strips are dipped into the urine and the colour 
reaction is read after one minute. If there is no 
blue coloration, the test is considered negative. 
Concentrations of glucose up to 0.01 % can be 
detected with glucose oxidase test strips. Normal 
glucose excretion may reach values of up to 
200 mg per day or 15 mg%. A slightly positive 
reaction with glucose oxidase does not necessari
ly imply the diagnosis of diabetes mellitus. In 
such a case, a semi-quantitative test such as a 
clinitest must be carried out, from which more 
quantitative conclusions can be drawn about 
the amount of glucose present in the urine. 
Samples of urine voided after a meal are suited 
for detection campaigns for diabetics, since they 
contain glucose also in cases of latent diabetes, 
whereas the urine obtained in the fasting state 
is often devoid of glucose. Apart from this, these 
specific and easily handled glucose oxidase strips 
are very well suited for the occasional control of 
urine in old people with "mild" diabetes. 

b) Benedict's Semi-Quantitative Test 

Benedict's solution contains sodium bicarbon
ate, sodium citrate and copper sulfate. Copper 
sulfate is reduced by glucose under the influence 
of heating and a blue color develops. Eight drops 
of urine are mixed with 5 ml of qualitative 
Benedict's solution in a test tube. The mixture 
is then kept boiling over a flame for 3 min, or 
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heated in a boiling water bath for 6 min. The 
color changes give a fairly exact measurement 
of the sugar present in the urine: blue: no sugar; 
green clear: 0.1 %; green cloudy: 0.3%; green 
with a yellow sediment: 0.5-1 %; yellow: 1 % ; 
orange: 2%, red to brown: over 2%. Benedict's 
test is less specific than the glucose oxidase 
methods. All pentoses, hexoses and both di
saccharides maltose and lactose, also give a 
positive Benedict's test. When the Benedict's 
test is positive and the glucose oxidase test strip 
negative, the sugar present in the urine must be 
identified by means of paper chromatography. 

c) Clinitest, the Tablet Modification of Benedict's 
Test 

Clinitest tablets contain the same ingredients as 
Benedict's solution plus sodium hydroxide. 5 
drops of urine and 10 drops of water are mixed 
with one tablet in a test tube. The sodium hydro
xide present in the tablet causes the mixture to 
boil. The solution can be shaken 15 sec after 
boiling has ceased and the reaction read off 
from a color scale. This test is preferred to 
Benedict's test by most patients since it is much 
easier to carry out wherever the patient happens 
to be. The tablets are hygroscopic and must, 
therefore, be stored in a dry place. The cost of 
the tablets is considerably higher than that 
of Benedict's solution. 

d) Quantitative, Polarimetric Examination of 
Urine Sugar 

Naturally occurring D-glucose deflects the plane 
of polarized light to the right, fructose, protein 
and beta-oxybutyric acid to the left. Provided 
that no other optically active substance is pres
ent in the urine, the glucose content can be 
quantitatively measured. During the phase of the 
stabilization of the blood sugar this method is 
very useful in hospitalized diabetics, provided 
that false results due to the substance mentioned 
above and interfering drugs are excluded. 

2. Qualitative Estimation of Ketone Bodies 
in the Urine 

The presence of ketone bodies in the urine is not 
strictly diagnostic for diabetes mellitus. Ketone 
bodies are always excreted in small amounts, 
and particularly during fasting. As a rule, there 
is no glucose in the urine during fasting, so that 
the presence of glucose together with ketone 
bodies is quite specific for diabetes mellitus. 
Semi-quantitative estimations of ketone bodies 
in the urine are of great importance for the 
initial stabilization of diabetes mellitus. 
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Rothera's or Galat Test. Urine is added to 
ammonium sulfate and sodium nitroprusside, 
both in the form of dry powder. Ammonia is 
then added. A purple-red color, the intensity of 
which increases with rising concentrations, is 
formed in the presence of ketone bodies. A con
centration as low as 3 mg % gives a weak 
positive reaction. Acetest tablets make use of 
the same principle. They also contain sodium 
nitroprusside. A drop of urine is put on a tablet. 
A purple color forms when more than 10 mg% 
acetoacetic acid or 25 mg% acetone are present 
in the urine. The paper strips, Ketostix, make 
use of the same principle. The strips are quickly 
dipped in the urine and the reaction read off 
within 15 sec. A weak purple-red color is formed 
in the presence of a concentration of 10 mg% 
acetoacetic acid. 

3. Methods of Estimating Blood Sugar, and 
their Use in Diagnosing Diabetes Mellitus 

Precautions mentioned in the introduction must 
be observed in interpreting the blood sugar and 
glucose tolerance. Apart from this, correct 
collection and storage of blood are also of con
siderable importance and the method used for 
estimation of glucose must be specific. The 
glucose concentration in blood left to stand at 
room temperature rapidly diminishes and is 
approximately halved within 3-4 hours. Addi
tion of sodium fluoride prevents glycolysis in 
the red cells. 20 mg of a mixture of 1 part of 
sodium fluoride and 2 parts of potassium oxalate 
are used for 5 ml of blood and not only prevent 
coagulation of blood, but also guarantee that 
the glucose concentration remains constant. 
Immediate deproteinization of the blood is 
even better. Today, only those methods of 
estimating blood sugar which guarantee a high 
degree of specificity through the quality of 
deproteinization or through the specific meas
urement of glucose itself should be in use. 
HAGEDORN-JENSEN'S, HOFFMANN'S and the ortho
tolidine methods have been adapted to the auto
analyzer and are, therefore, most commonly 
used. Glucose oxidase methods are very good 
and are employed in nearly all laboratories. The 
hexokinase method which is absolutely specific 
and most reliable, is expensive and, therefore, 
used only for particular research purposes. 

a) Fasting Blood Sugar 

The fasting blood sugar is elevated in manifest 
diabetes mellitus. In the healthy control sub
ject, the fasting blood sugar lies between 60 and 
105 mg%. Values between 105 and 130 mg% 
are suggestive, but not yet diagnostic, of diabetes 
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mellitus. Values over 130 mg% are usually 
diagnostic. In spite of this, diabetes mellitus 
must not be diagnosed on the basis of a single 
laboratory observation, since there are many 
sources of laboratory errors. Moreover, it is 
always possible that the patient was not fasting. 
Therefore, the diagnosis of diabetes mellitus is 
not based on a single blood-sugar value, but on 
several estimations of fasting blood sugar or on 
a glucose-tolerance curve in borderline cases. 

b) Tests which Indirectly Determine the 
Dynamics of Insulin Secretion 

ot) Oral Glucose Tolerance Test (Fig. 19) 

This test is usually carried out with 100 g of 
glucose per os in U.S.A., and with 50 g or 
1.75 g/kg ideal body weight on the continent. 
The large dose of 100 g carries the disadvantage 
of occasional nausea and vomiting or diarrhea. 
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Fig. 19. Oral glucose tolerance test with 50 or 100 g and 
capillary (arterial) blood sugar determination 

In children, 1.75 g of glucose/kg are usually 
given. Glucose is dissolved in 250 ml (50 g) or 
500 ml (100 g) of water and is administered to 
the patient after a period of 12 hours of fasting. 
Blood sugar is estimated in the fasting state, 
1/2, 1 and 2 hours after glucose intake. The 
person under investigation sits or lies still, 
drinks and eats nothing during the test and does 
not smoke. Diabetes is probable if the value 
after 30 min or after 1 hour is above 185 mg% 
and if the value after 2 hours is above 125 mg% 
(capillary blood). As was mentioned in the intro
duction, the age of the patient must be taken 
into consideration in the interpretation of these 
values. The values quoted are absolutely normal 
for a person between 60 and 80 years, whereas 
they are suggestive of prediabetes in someone 
between 20 and 30. 
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~) Intravenous Glucose Tolerance Test 
(Fig. 20) 

The intravenous glucose tolerance test is a 
simple rapid test. In addition, it has the advan
tage over the oral glucose tolerance test that one 
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Fig. 20. Intravenous glucose tolerance test according to 
CONARD with two practical examples and the calculation 
of the glucose assimilation coefficient (KG) 

factor of uncertainity, i.e. glucose absorption, 
is excluded. However, since it is known that 
glucagon, secretin and other intestinal factors 
also affect insulin secretion, it has become 
questionable whether the intravenous glucose 
tolerance test really has so many advantages 
over the oral test. However, it appears that the 
results of the two tests agree very well. As with 
the oral tolerance test, a normal diet with at 
least 200 g of carbohydrates during the 3 days 
prior to the test is required. The test is carried 
out in the morning in the fasting state. Capillary 
blood is collected at the start and then 0.5 g 
glucose per kg of body weight in a 40 or 50% 
solution is rapidly injected intravenously (ap
proximately 2 min). Further blood collections 
are made after 10, 20 and 40 min. The blood
sugar levels are then plotted on semi-logarithmic 
paper. The glucose-assimilation coefficient (KG) 
may be calculated with the aid of logarithm 
tables. It is simpler to use semi-logarithmic 
paper, on which the blood sugar is plotted on 
the ordinate and the time in minutes on the 
abscissa. The line obtained from the three 
blood-sugar values may be extended and the 
biological half-life (1) is read from the curve. 
F or this, one chooses 2 fixed points on the line, 
e.g. the blood sugar value of 200 and 100 mg%, 
and from the abscissa (1) reads off the minutes 
required for this decrease in blood sugar. The 
glucose assimilation coefficient (KG) may then 
be calculated as follows: 
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KG = 0.963 x 100. 
Tin min 

Normal Values. Normal values are still rather 
poorly standardized for different age groups. 
Glucose assimilation decreases with increasing 
age. The mean KG value is 1.80. A KG value 
of less than 1.40 is very suggestive of diabetes 
(= average value of a large group - 2 standard 
deviations). Whereas we have to interpret 3 
figures in the oral glucose tolerance test (blood 
sugar at 30, 60 and 120 min), we obtain a single 
value (KG) with the intravenous tolerance test, 
which may be interpreted without taking any 
other values into consideration. 

y) Tolbutamide Test 

When given intravenously, sulfonylureas cause 
a rapid release of insulin and a fall in blood 
sugar. In the diabetic, less insulin is secreted and 
the fall of the blood sugar is less marked and 
slower. The blood sugar reaches its lowest value 
after 60 min or even later. A specimen for the 
fasting blood sugar is collected and then 1 g 
of tolbutamide is given intravenously over a 
period of 2-3 min. Blood-sugar estimations are 
made after 20, 30, 40 and 60 min. In healthy 
subjects, the blood sugar falls rapidly and 
reaches a minimum between 20 and 40 min. 
Unfortunately, this test is not quite as reliable 
as the glucose tolerance test. In general, it can 
be taken that after 20 min the blood sugar value 
should be less than 75% of the original value. 
If it is higher than 90%, diabetes can be diag
nosed with certainty. Further tests to detect 
the presence of diabetes mellitus must be 
employed in patients with values between 75 
and 90% of the fasting blood sugar value after 
20 min. A value higher than 75% of the fasting 
value at 30 min is considered definitely ab
normal. 

8) Cortisone Glucose Tolerance Test 

Glucocorticoids are some of the diabetogenic 
factors which can convert prediabetes into 
latent or subclinical diabetes. The test is carried 
out as follows. The diet should contain at least 
200 g of carbohydrate in the last three days 
before the test. The patient receives 50 mg of 
cortisone acetate 8t and 2 hours before the 
glucose tolerance test. 100 g of glucose are given 
orally for the glucose tolerance test. The test 
can be interpreted as being positive for diabetes 
when the value after 1 hour (venous blood) rises 
above 160 mg%, and the value after 2 hours 
exceeds 140 mg%. These values exceed the 
glucose values normally found in the venous 
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blood during the normal oral glucose tolerance 
test with 100 g of glucose by 20 mg%. The 
cortisone glucose-tolerance test has not become 
a routine test and remains a research instrument. 

E) Estimation of Insulin in the Plasma (Fig. 21) 

Insulin was the first peptide hormone in the 
plasma to be measured by the radioimmuno
assay, and BERSON and Y ALOW are to be credited 
with this success. The method is based on the 
isotope-dilution principle. A predetermined lim
ited amount of insulin antibodies is mixed with 
serum containing insulin and a certain amount 
of insulin labeled with iodine 131. Insulin anti
bodies of the guinea pig bind insulin labeled 
with iodine 131. More labeled insulin is bound 
if there is little insulin in the serum. The anti
bodies cannot distinguish between insulin la
beled with iodine 131 and human unlabeled 
insulin. At the end of the reaction, when an 
equilibrium is reached between labeled insulin, 
unlabeled insulin, antibodies and antibody
insulin complexes, the free insulin labeled with 
iodine 131 is separated from antibody-bound 
insulin. This separation is achieved either by 
means of paper electrophoresis or by a second 
antibody reaction in which guinea pig anti
bodies against insulin are precipitated by anti
guinea pig serum. A standard curve is made 
with human unlabeled insulin. The insulin con
centrations in serum with unknown insulin 
contents are read otT from the curve. The con
centration of the so-called immunoreactive or 
immunological insulin in the serum lies between 
10 and 20 f.1Ujml of plasma in the normal 
fasting human. The average concentration is 
about 15 flUjml of plasma. During the intra
venous glucose tolerance test, the insulin levels 
rise rapidly within 5 min and reach a maximum 
of 50-100 flU. They then fall to the original 
values after 20-40 min. After oral intake of 
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glucose, the insulin values in the blood do not 
reach a maximum until after 30-60 min, and 
they fall much more slowly. After 120-150 min 
they are back to the fasting value. Insulin 
secretion does not react uniformly to glucose 
loads in diabetes. The fasting values are dimin
ished in juvenile ketotic diabetes, and the insulin 
concentration does not rise after glucose ad
ministration. In the elderly diabetic where the 
disease is manifest but ketosis is absent, the 
fasting insulin values are often within the normal 
range. The rise in insulin concentration is 
delayed, but in obese subclinical diabetics it can 
occasionally reach values exceeding those found 
in normal controls after 2-3 hours. In young 
prediabetic persons who demonstrate a normal 
glucose tolerance but are genetically diabetics, 
the rise in insulin concentration during the 
glucose tolerance test is on an average less than 
in normal controls. The differences are, how
ever, slight. They are of statistical value for 
groups of patients, but are of no diagnostic 
value for individuals. Insulin estimation in the 
plasma has, therefore, remained a research 
instrument rather than a diagnostic tool. 

G. Hypoglycemia 

E. R. FROESCH 

1. Definition 

The blood sugar varies from 70 to 130 mg% 
according to the nutritional state. By definition, 
one speaks of hypoglycemia when the blood 
sugar falls below 50 mg%. The true fasting 
glucose lies between 70 and 105 mg% when 
measured by a specific enzymatic method. The 
blood sugar may fall below 70 mg% during 
prolonged fasting, but usually not below 50 
mg%. The symptoms of mild hypoglycemia are 
nonspecific and cannot be distinguished from 
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Fig. 21. Principle of the radioimmuno assay of insulin in serum 
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those of neurovegetative dystonia. It is there
fore not permissible to diagnose hypoglycemia 
on the basis of symptoms such as sweating, 
trembling, palpitations, and giddiness alone. 
The diagnosis is based on at least one, or better 
several, blood sugar levels below 50 mg%. 

2. Symptoms of Hypoglycemia 

The symptoms of hypoglycemia are almost 
entirely cerebral in origin, since the brain is 
primarily dependent on glucose for its energy 
supply, whereas most other tissues turn to 
other sources of energy when glucose is scarce. 
Myocardial infarction occasionally described as 
having occurred during hypoglycemia is not due 
to nonavailability of glucose in itself, but rather 
to the endocrine counterregulation and partic
ularly to increased levels of blood catechol
amines. The sensitivity of different areas of the 
brain to hypoglycemia seems to vary. The hypo
thesis that the cerebral centers suffer from hypo
glycemia in the reversed order of their phylo
genetic development is interesting but should 
not be interpreted literally. The bizarre and 
varying symptoms of hypoglycemia make such 
a strict order of successive failure of one brain 
center after another during hypoglycemia seem 
unlikely. As a rule, however, the function 
of the cerebral cortex is always lost first, 
whereas the respiratory center, for example, 
may continue to function long after the com
plete loss of cortical function. The clinical 
picture of hypoglycemia depends on the rate 
at which the blood sugar falls. The signs of 
catecholamine release are often much more 
pronounced during rapidly developing hypo
glycemia than during hypoglycemia which arises 
slowly. Symptoms due to adrenaline are cold 
sweating, trembling, uneasy feeling, nausea, 
occasionally hunger, palpitations and a striking 
pallor of the skin. The cerebral disturbance 
varies and is again dependent on the type and 
manner of the fall in blood sugar. Common 
neurologic symptoms are disorders of coordina
tion leading to ataxia, sensory and motory 
disturbances and diplopia. Hemiparesis may be 
seen. The parts of the brain with a poor blood 
supply appear to fail first. Hypoglycemia often 
begins with apathy and inadequate reactions, 
clouding of consciousness and finally ends in 
deep coma with a characteristic retrograde 
amnesia. Not uncommonly, the patients are 
first irritated and excited, with outbursts of 
anger or with peculiar unintelligible behavior 
leading to the diagnosis of schizophrenia. Hypo
glycemia may provoke any type of epileptic 
seizure and many patients with organic and 
other forms of hypoglycemia reach the internist 
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in a roundabout way via the psychiatrist. In 
hypoglycemic shock of short duration no per
manent brain damage remains. The prognosis 
becomes critical when the coma lasts for half 
an hour, one hour or longer. The patients then 
no longer awake promptly when the blood 
sugar level is normalized. A physician should 
never give up when the patient does not awake 
readily from the hypoglycemic shock or within 
an hour after correction of hypoglycemia. There 
are many examples of patients with prolonged 
coma whose cerebral function was restored to 
normal only after 24, 48 hours or even after 
weeks. In this respect, hypoglycemia may be 
compared with ischemia of the brain, in which 
several weeks may be needed for complete 
recovery. If a patient regains consciousness after 
an injection of glucose but becomes unconscious 
later on, the blood sugar has probably fallen to 
hypoglycemic values again due to the prolonged 
action of insulin. In most cases of hypoglycemia, 
the glucose injection should be followed by an 
intravenous drip of 5 or 10% glucose. The so
called protracted hypoglycemic shock is an 
extremely dangerous complication of hypo
glycemia. The coma is described as protracted 
when consciousness is not regained within an 
hour after normalization of the blood sugar. 
The longer hypoglycemia lasts, the greater is the 
danger of irreversible cerebral damage. Patients 
with panhypopituitarism and cortical adrenal 
insufficiency are particularly liable to develop 
protracted hypoglycemic shock; since such 
patients often respond very well to treatment 
with glucocorticoids, prednisone has been in
cluded in the therapeutic scheme for protracted 
hypoglycemic shock. The prognosis is poor but 
not utterly hopeless. One observes again and 
again that patients who have already been given 
up wake up from hypoglycemic coma which has 
lasted for several days and that they recover 
completely or almost completely. 

3. Treatment of Hypoglycemic Shock 

Since the prognosis of hypoglycemic shock 
worsens within minutes, adequate amounts of 
glucose should be given at once without waiting 
for laboratory results. A single intravenous in
jection of 20-40 g of glucose is frequently suf
ficient to correct hypoglycemia. If the patient 
does not wake up at once, glucose is adminis
tered by slow intravenous infusion and the blood 
sugar is measured hourly. The treatment can be 
combined with administration of glucagon, 
1-2 mg being given intravenously or intramus
cularly. A blood sugar stabilized between 150 
and 300 mg% is the only criterion indicating 
that therapy is adequate. 
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Therapeutic Scheme for Hypoglycemic Shock 
1. 20-40 g of glucose (50-100 ml 40% glu

cose) intravenously. 
2. Intravenous drip of 5-10% glucose so 

that blood sugar is kept constant between 150 
and 300 mg%. 

3. Crystalline glucagon, 1-2 mg every 2 
hours, intramuscularly or by slow i.v. infusion 

4. 30 mg of water soluble prednisone every 
6 hours intramuscularly or in the drip. 

Hypoglycemia in the presence of panhypo
pituitarism and adrenal insufficiency must be 
treated with physiological saline as well as 
glucose. An aqueous glucose solution leads to 
severe water intoxication and hyponatremia. 

4. General Pathophysiology of Hypoglycemia 

Hypoglycemia is due to an imbalance between 
exogenous glucose intake and endogenous glu
cose formation on one hand, and glucose utiliza
tion on the other hand. Diminished gluconeo
genesis nearly always results in hypoglycemia, 
whereas increased glucose utilization is often 
compensated for a long time by increased 
hepatic glucose release. Hypoglycemia may be 
subdivided into fasting and reactive types, 
depending on whether it develops in the fasting 
state, after food intake or after the action of a 
certain agent (see Table 27). 

5. Reactive Hypoglycemia 

Reactive hypoglycemia hardly comes into the 
differential diagnosis of organic hyperinsulinism. 

Table 27. Classification of hypoglycemia by pathogenesis 
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Leucine stimulates not only normal B-cells, but 
also B-islet cell adenomas (FLOYD, 1964, 1966). 
This amino acid causes hypoglycemia more or 
less regularly in such patients. Patients with 
familial leucine hypersensitivity (COCHRANE, 1956) 
also react to leucine with excessive secretion of 
insulin (YALLOw, 1960) which leads to hypo
glycemia in these children in the absence of 
histologically detectable changes of the islets of 
Langerhans. These children often show a slight 
tendency to fasting hypoglycemia (COCHRANE, 
1956). The mode of action of leucine is unknown, 
as is the biochemical substrate for the dysfunc
tion of islet cells in leucine-hypoglycemia. A 
qualitatively normal, but quantitatively exces
sive response of the islet cells to a physiologic 
stimulus seems to be involved. 

There are two distinct types of glucose-in
duced reactive hypoglycemia. Reactive hypo
glycemia in the non-diabetic is characterized 
clinically by a feeling of weakness, giddiness, 
trembling, hunger, nervousness, nausea, head
ache and other unspecific symptoms 1 to 2 hours 
after breakfast and less commonly after lunch 
and dinner. Symptoms last between 10 and 30 
min and disappear spontaneously. Many of 
these patients are emotionally labile. Although 
the blood sugar seldom reaches values below 
60 mg%, these patients often react promptly to 
glucose administration. Many respond well to 
a diet low in carbohydrate and rich in protein. 
Meals should be small but frequent. The patho
genesis of reactive hypoglycemia is not uniform 
and in most cases not understood. Since no 
measurable disorder of glucose metabolism is 

Fasting hypoglycemia 

With hyperinsulinism 
a) Organic hyperinsulinism with 

B islet-cell adenoma and carcinoma 
b) Functional hyperinsulinism in 

newborns of diabetic mothers 

Reactive hypoglycemia 

With hyperinsulinism 
a) Neurovegetative dystonia (mild) 
b) Diabetes mellitus (mild) 
c) Leucine-induced hypoglycemia 

Without hyperinsulinism 
Inborn errors of metabolism with defects of glycogenolytic 
enzymes: 
a) Glycogenosis type I (G-6-phosphatase deficiency) 
b) Glycogenosis type III (debranching enzyme deficiency) 
c) Glycogenosis type IV (hepatic phosphorylase deficiency) 
Inborn errors of metabolism with defects of gluconeogenetic 
enzymes 
a) Fructose-l ,6-diphosphatase deficiency 
Deficiency of endocrine insulin antagonists: 
a) Infantile hypoglycemia (Zetterstrom, adrenalin?) 
b) Pituitary dwarfs with growth hormone or ACTH deficiency 
c) Panhypopituitarism 
Paraneoblastic hypoglycemia: 
a) Tumor hypoglycemia 

Reactive hypoglycemia 

Without hyperinsulinism 
a) Hereditary fructose intolerance 
b) Fructose-I,6-diphosphatase deficiency 
c) Galactosemia 
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detectable in most patients, it is assumed that 
nervous, neurovegetative and psychological fac
tors play an important role. A therapeutic trial 
with frequent meals with low carbohydrate 
content and psychopharmacological drugs is 
indicated in every case. A critical and complete 
survey of the problem of reactive hypoglycemia 
is that by MARKS and ROSE (1965, pp. 136-154). 

The symptoms of reactive hypoglycemia 
occuring 1-2 hours after meals in gastrectomized 
patients cannot usually, as was previously as
sumed, be explained by truly low blood-sugar 
levels or a particularly rapid fall in blood sugar 
(STALKER, 1959; SMITH, 1953). Personality chan
ges seem to be of importance in these cases too. 

The other form of reactive hypoglycemia is 
typical of diabetics. In our experience, reactive 
hypoglycemia in early stages of diabetes is un
common. It occurs mainly in overweight diabetics 
in the stage of prediabetes or subclinical diabetes 
(SELTZER, 1956). The blood sugar rises slowly, 
remains elevated for a longer period than 
normal and induces a delayed and prolonged 
release of insulin (PERLEY, 1967; BAGDADE, 
1967), which infrequently results in mild hypo
glycemia 3 to 6 hours after glucose intake. This 
form of hypoglycemia is never dangerous. It is 
temporary and clears up spontaneously. Treat
ment consists of frequent, small meals with low 
carbohydrate content. 

In hereditary fructose intolerance, fructose
i-phosphate aldolase is absent in the liver. 
Fructose-i-phosphate accumulates in the liver 
after fructose intake. This intermediate blocks 
glycogenolytic and gluconeogenetic enzymes, so 
that the liver loses its property to replace the 
glucose that is utilized by other tissues. Hypo
glycemic episodes in patients with hereditary 
fructose intolerance are severe and last for 
hours when large amounts of fructose are ab
sorbed. Plasma insulin is not increased and even 
decreases during hypoglycemia. Patients with 
hereditary fructose intolerance develop a very 
strong distaste for sweet foods since they 
regularly vomit after fructose intake. In this 
way they protect themselves from the ill effects 
of the noxious agent which kills infants who 
are forced to take fructose over prolonged 
periods of time (FROESCH, 1972). 

Fructose-l,6-diphosphatase deficiency may 
present itself with hypoglycemia as the leading 
symptom. Often lactic acidosis is more prom
inent. These children maintain normal blood 
sugar during fasting for as long as glycogen is 
available. When gluconeogenesis should set in 
they rapidly develop severe hypoglycemia. Fruc
tose also induces acute hypoglycemia, probably 
by fructose-i-phosphate inhibition of phos
phorylase. Children with this disease grow 
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normally despite of fructose intake for which 
they do not develop a distaste, in contrast to 
subjects with hereditary fructose intolerance. 

In contrast to hereditary fructose intolerance, 
hypoglycemia after galactose intake by galac
tosemic children is mild and usually symptomless. 
In these patients, galactose-1-phosphate ac
cumulates in liver cells and inhibits the hepatic 
release of glucose, although to a lesser extent 
than fructose-i-phosphate (lSSELBACHER, 1966). 

Sulfonylureas stimulate insulin secretion. 
Even in reasonable doses they occasionally 
induce severe and sometimes fatal hypoglycemia. 
Individual disturbances in their breakdown in 
the liver, renal insufficiency and stimultaneous 
administration of other drugs may be respon
sible for an excessive response to sulfonylureas 
(MARKS and ROSE, 1965). Biguanides, whose 
mode of action is still unexplained, are much 
less potent and hypoglycemic incidents are un
known after these agents. Salicylic acid itself 
has a weak hypoglycemic effect, but can poten
tiate the action of insulin and sulfonylureas. 
Hypoglycine is consumed with the fruit Blighia 
sapida in Jamaica, which contains other psycho
tropic agents. Hypoglycine and its metabolites, 
shortchain, unsaturated fatty acids, with terminal 
vinyl groups, react with coenzyme A. These 
peculiar fatty acids are not oxidized but block 
the oxidation of normal, endogenous fatty acids. 
Thus, glucose becomes the main source of 
energy and glucose utilization increases. In 
addition, gluconeogenesis is inhibited so that 
hypoglycemia develops (JELIFFE, 1954; CORRE
DaR, 1967). The reaction to alcohol differs ac
cording to the nutritional state of the individual. 
Large amounts of alcohol inhibit gluconeo
genesis in fasting subjects and can cause severe 
hypoglycemia (FREINKEL, 1965; ARKY, 1966). 

6. Fasting Hypoglycemia 

Fasting hypoglycemia denotes clinical condi
tions in which a fall in blood sugar is in no way 
connected with the intake of food or drugs. 
Hypoglycemia develops during fasting or during 
work, when glucose utilization is increased and 
no glucose is absorbed from the gut. In normal 
subjects, the blood sugar does not fall below 
70 mg% during the night. It may fall further, 
to 50-60 mg%, if fasting is continued for 
several days. Values below 50 mg% are not 
found in metabolically healthy people and are 
suggestive of an endocrine or metabolic disorder. 
Complete starvation leading to severe cachexia 
in the terminal stage may result in serious 
impairment of gluconeogenesis and hypogly
cemia, even in subjects with previously sound 
metabolism. 
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Intense physical exercise can lead to a 
temporary fall in blood sugar which is rapidly 
compensated and, at the most, results in sub
jective symptoms of hypoglycemia, such as a 
feeling of emptiness and weakness. 

Decreased levels of endocrine antagonists to 
insulin frequently lead to hypoglycemia. Hypo
glycemia is most severe in panhypopituitarism 
and may often be the cause of death. In patients 
lacking both growth hormone and adrenal 
cortical hormones, prolonged fasting regularly 
results in hypoglycemia. Hypoglycemia occurs 
less frequently and is less severe in Addison's 
disease, where pituitary function is intact. 

It is interesting that hypoglycemia never 
develops in adrenalectomized patients who have 
lost the adrenal medulla but are substituted with 
cortisone. In these patients, small amounts of 
adrenaline are still formed by the sympathetic 
ganglia. The adrenaline response to hypo
glycemia is decreased and delayed in the patients 
(VAN EULER, 1961). 

In contrast to the classical opinion, accord
ing to which adrenaline is the main endocrine 
regulator of glycogenolysis, it is now thought 
that physiological doses of adrenaline may be 
ineffective and that glycogenolysis is mainly 
controlled by glucagon (SOKAL, 1966). Never
theless, adrenaline is one of the major physiologic 
stimuli of lipolysis in adipose tissue and may 
hence promote gluconeogenesis through in
creased levels of free fatty acids. Free fatty acids 
are converted into acetyl coenzyme A in the 
liver. The ratio of acetyl coenzyme A to coenzyme 
A changes in favor of the former. Pyruvate now 
is mainly converted to oxalacetate instead of 
acetyl coenzyme A and oxalacetate is available 
for the formation of new glucose. BROBERGER 
and ZETTERSTROM (1961) assume that failure to 
release adrenaline may be the cause of some cases 
of spontaneous hypoglycemia in children. No 
single hormone deficiency can be held respon
sible for all cases of "idiopathic infantile hypo
glycemia" (MCQUARRIE, 1954). Symptoms usu
ally begin before the 6th month and disappear 
at the latest during puberty. Ephedrine, small 
doses of glucocorticoids and diazoxide can be 
therapeutically helpful in these patients. Di
azoxide is certainly the most effective of these 
drugs, but has also some side effects (MARKS and 
ROSE, 1965). Infantile hypoglycemia in the con
genital adrenogenital syndrome with l1-~-Hy
droxylase deficiency is rare. 

Hypoglycemia is a regular concomitant 
symptom of glycogenosis type I and is oc
casionally found in types III and VI. Type-I 
glycogenosis is inherited as an autosomal reces
sive trait. There is no glucose-6-phosphatase in 
the liver. This is the crucial enzyme for glucose 
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production by the liver, since it is responsible 
for the hydrolysis of glucose-6-phosphate. These 
patients' mental development is more or less 
normal, provided that frequent small meals are 
given to prevent severe hypoglycemia (FIELD, 
1966). The differential diagnosis between organic 
hyperinsulinism and the above-mentioned dis
eases presents no difficulties. Only leucine
hypersensitivity and idiopathic infantile hypo
glycemia could be mistaken for organic hyper
insulinism. 

Large extra-pancreatic tumors are rarely as
sociated with hypoglycemia and they present 
greater problems in the differential diagnosis. 
The differential diagnosis between organic hy
perinsulinism due to a B-cell adenoma and 
hypoglycemia due to an extrapancreatic tumor 
cannot be made on the basis of measurements 
of immunoreactive plasma insulin alone, since 
normal insulin values may sometimes be en
countered in rare patients with islet-cell adenoma. 
Often, however, these extrapancreatic tumors 
are so large that they can hardly be overlooked. 
Two-thirds of the tumors are of mesenchymal 
origin, mainly fibrosarcomas, and lie within the 
retroperitoneal space or in the mediastinum 
(PAPAIOANNOU, 1966). Liver cell carcinomas 
come next in frequency of tumors causing hypo
glycemia. They often lead to fulminating and 
severe hypoglycemia which may lead to death 
within a short time. The prognosis of hepatomas 
with hypoglycemia is, therefore, very bad. In 
contrast to this, mesenchymal tumors, although 
usually malignant, often grow rather slowly. 
Long remissions and even total cures after 
surgical treatment and irradiation of such tumors 
have been described. Carcinomas of the gastro
intestinal tract, bronchus and adrenals rarely 
go along with hypoglycemia. 

The pathogenesis of tumor hypoglycemia 
has not been fully explained (UNGER, 1966; 
FRoEscH, 1968). On one hand, glucose utiliza
tion by the tumors is increased, on the other 
hand, glucose release from the liver into the 
blood is partly or completely blocked despite 
otherwise normal liver function and normal 
glycogen content of the liver (FRoEscH, 1963; 
JAKOB, 1967). Pharmacologic doses of glucagon 
result in rapid glycogenolysis and in a rise in 
blood sugar. However, glucose cannot be mobi
lized spontaneously in adequate amounts. Fur
thermore, lipolysis, i.e. the release of free fatty 
acids from adipose tissue is partially or totally 
blocked so that free fatty acids do not increase 
during hypoglycemia. The tissues, therefore, 
continue to use glucose as their only available 
source of energy. This can result in severe hypo
glycemia (FRoEscH, 1963; JAKOB, 1967). In the 
normal subject, only about 20% of the total 
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calories are covered by glucose during fasting, 
whereas glucose remains the chief substrate in 
these patients with tumor hypoglycemia even 
during very severe hypoglycemia. The contri
bution of glucose to total COrproduction 
during hypoglycemia was found to be 40-60%, 
and therefore greatly increased in two patients 
with tumor hypoglycemia. The relation between 
the block of hepatic glucose release and lipolysis 
has not yet been clarified in patients with tumor 
hypoglycemia. SILVERSTEIN, WAKIM, and BARN 
(1965) found increased urinary excretion of 
tryptophane in patients with tumor hypogly
cemia. L-tryptophane causes inactivation of 
phosphoenol pyruvate carboxykinase in the 
liver and thus blocks gluconeogenesis (RAY, 
1966). On the other hand, L-tryptophane is 
partly decomposed to nicotinic acid which in
hibits lipolysis in adipose tissue. This might 
explain both metabolic abnormalities, the de
ficiency of hepatic glucose production as well 
as inhibition of lipolysis. This hypothesis, 
however, has not yet been confirmed experi
mentally. 

Treatment of these patients entails regular 
glucose administration. Glucose requirements 
can rise to 600 or even 800 g per day, so that 
20 to 30 g of glucose must be administered 
hourly. These patients must be wakened and 
fed regularly at night, otherwise they will fall 
in deep hypoglycemia and may die. Whenever 
possible, the tumor should be radically removed 
and postoperative irradiation be carried out, 
although these tumors are not particularly X-ray 
sensitive. An operation is worthwhile even when 
radical removal of the tumor is not possible, 
since reduction of the tumor mass can result in 
an improvement in the metabolic state. Hypo
glycemic attacks may disappear completely or 
become less frequent and less severe. Long-term 
treatment with glucocorticoids or glucagon has 
not proved useful. Diazoxide appears to have 
no favorable influence on hypoglycemia in this 
condition. 

7. Hyperinsulinism, B-Islet-Cell Adenoma 

Hyperinsulinism is difficult to diagnose. Some
times, hypoglycemic symptoms or shock may 
occur only once to three times a year, so that 
the patient does not consult the physician at all 
or the physician may not consider further in
vestigations necessary. Hypoglycemia usually 
develops slowly without any signs of adrenaline 
secretion so that the patient is not warned and 
is taken by surprise by very severe hypoglycemic 
shocks. About half the patients with organic 
hyperinsulinism are first referred to the psychi
atrist or neurologist before the internist is 
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consulted. B islet-cell adenomas are still being 
misdiagnosed as psychosis or epilepsy. The 
following sequence of diagnostic measures is to 
be used in diagnosing hyperinsulinism as quickly 
as possible (MARKS, 1968): 

aJ Diagnosis of B Cell Adenoma 

1. Glucose tolerance test with 50 or 100 g of 
glucose orally, with additional blood sugar 
estimation after 4 hours to detect reactive hypo
glycemia in diabetics. This test must be carried 
out at the beginning of the investigations for 
practical reasons, since glucose tolerance may 
become abnormal after subsequent diagnostic 
measures. The glucose tolerance curve in these 
patients paradoxically shows a diabetic pattern 
in about 50% of the patients (MARKS, 1961). 
Fasting plasma-insulin values are elevated in 
about half the patients. Their rise following 
glucose administration may be normal, exces
sive or not uncommonly less than normal 
(SAMOLS, 1963; LUNDBAEK, 1966). Thus, the 
diagnostic value of the glucose tolerance test 
is questionable but it should still be placed at 
the beginning of the diagnostic measures. 

2. Tolbutamide test using 1 g intravenously. 
This test should only be carried out when the 
fasting blood sugar lies above 50 mg%. In 
patients with B islet-cell adenoma, the blood 
sugar falls below 30 mg% within 30 to 60 min 
and, in contrast to the curve for the normal 
subject, does not return spontaneously or in due 
time to normal levels (FAJANS, 1961). In this 
test a cannula, or better still a slow infusion with 
physiologic saline should be set up so that glu
cose and glucagon can be administered intra
venously at any time. Insulin values must be 
measured before and then 2, 5, 10, 30 and 60 min 
after tolbutamide administration. They usually 
rise above 200 ~ U /rnl in cases of islet-cell 
adenoma and remain elevated for 30 min or 
longer. 

3. 72-hours fasting test. When the tolbut
amide test is negative and no hypoglycemic 
symptoms are elicited, a 72-hours fasting test 
may directly follow the tulbutamide test. In 
cases of islet-cell tumors, hypoglycemic attacks 
occur between the 12th and 36th hour after 
the last meal in more than two-thirds of all 
patients. However, this test must be carried 
through to 72 hours in order to absolutely ex
clude B-cell adenoma. An important safety 
measure is the close surveillance of the patients 
during the night. When hypoglycemic symptoms 
are experienced, the blood sugar should be 
determined, and the test should be dis
continued when the blood sugar value falls 
below 40 mg %. 
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4. Glucagon test. Glucagon strongly stimu
lates insulin secretion, and MARKS and SAMOLS 
(1967) made use of this to develop a conven
ient test for the diagnosis of hyperinsulinism. 
Insulin secretion is stimulated to a greater 
extent by glucagon in patients with B islet-cell 
adenoma than in normal subjects (MARKS, 
1968). These authors consider the glucagon 
test as one of the best and least dangerous for 
the diagnosis of B islet-cell adenoma. 

As already explained, two-thirds of all 
patients with organic hyperinsulinism can be 
diagnosed by determination of immunoreactive 
plasma insulin. Since the insulin concentration 
in the blood varies considerably, at least 3 to 5 
fasting insulin levels should be determined in 
order to exclude or confirm hyperinsulinism. 
Plasma-insulin values must be interpreted with 
caution. Insulin secretion is controlled primarily 
by the blood glucose. Therefore, the ratio of pi as
rna insulin to blood glucose is more meaningful 
than the insulin values themselves. It is charac
teristic of B-cell adenomas that plasma insulin 
stays elevated between 20-40 !lU/ml at blood
sugar levels below 40 mg% when they should 
be below 10 !lU/ml as in the normal subjects. 
Since we have no possibility of producing low 
blood-sugar levels other than with insulin, it 
is difficult to establish this correlation for low 
blood-sugar levels in metabolically healthy sub
jects. 

The diagnosis of a B-cell -adenoma in a 
diabetic, an extremely rare coincidence, presents 
special difficulties. In 1960, Moss and RHOADES 
collected 23 such cases from the literature. The 
diagnosis was made only post mortem in 16 of 
these 23 cases. Insulin requirements generally 
diminish. In addition to severe hypoglycemia, 
reactive hyperglycemia with ketosis may also 
develop. Increased plasma-insulin concentra
tion is of no diagnostic value, since such patients 
already have circulating insulin antibodies due 
to previous treatment with insulin. Theoretically, 
the fasting test should gradually lead to hypo
glycemia in the diabetic with a B-cell adenoma, 
making the diagnosis possible. 

b) Incidence, Frequency and Localization of 
B-Islet-Cell Adenomas (MARKS and ROSE, 1965) 

The incidence of B islet-cell adenomas is in no 
way sex-linked. They are most often found in 
the age group between 20 and 50, but children 
may also be affected. In one case, the adenoma 
was claimed to be present from birth on. Several 
cases of B-cell adenomas in one family are not 
rare. These patients usually belong to the group 
of endocrine adenomatosis. Most adenomas 
have a diameter between 1 and 2 cm. Smaller 
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adenomas may also cause hypoglycemia. B-cell 
adenomas are found in all portions of the pan
creas with no predelection. Those on the 
surface of the pancreas can be distinguished from 
lymph nodes by their brown, blue or blueish
black colour. 

5% of all B-cell adenomas are located out
side the pancreas. They occur with decreasing 
frequency in the duodenum, stomach, jejunum, 
Meckel's diverticulum, ileum, and extremely 
rarely in the gallbladder, excretory biliary ducts, 
mesentery, omentum, transverse colon and 
other structures in the neighbourhood of the 
pancreas. Multiple, benign adenomas are rare. 
They often are not much larger than normal 
islets, but may occasionally reach a diameter 
between 1 and 3 cm. These adenomas are not 
hyperplastic islets (previously termed polynesia) 
but are true multiple neoplasms. Most of these 
cases belong to the syndrome of endocrine 
adenomatosis. 

10-20% of all insulin-secreting pancreatic 
tumors are malignant. There are no definite 
histologic criteria for malignancy. Metastases 
confirm malignancy. The clinical course is very 
variable. Hypoglycemia is often the first symp
tom of an islet carcinoma. Sometimes the 
rapidly increasing severity and frequency of 
hypoglycemic attacks suggests a carcinoma 
rather than an adenoma. The illness can also 
progress slowly and may then not be differen
tiated from an islet-cell adenoma. Occasionally, 
anorexia and tumor cachexia precede hypo
glycemia. B-islet cell carcinomas produce in
sulin, proinsulin and proinsulin-like material. 

c) Pathophysiology of Hypoglycemia in Active 
B-Islet-Cell Adenoma 

Hyperinsulinism produces hypoglycemia during 
fasting, due to increased glucose assimilation 
and an inhibition of hepatic glucose production. 
As explained above, glucose tolerance and 
glucose assimilation coefficient may be in the 
diabetic range (MARKS, 1961). What are the 
mechanisms leading to hypoglycemia in these 
patients? Obviously, there is an imbalance 
between the formation of new glucose in the 
liver and glucose consumption in peripheral 
tissues. In patients with B islet-cell adenomas 
presenting a diabetic glucose tolerance curve, 
insulin secretion is usually not stimulated by 
glucose. These adenomas are often unresponsive 
to glucose. The decreased glucose assimilation 
coefficient is in part due to a failure of the pan
creas to increase insulin secretion after glucose 
administration. Insulin secretion is relatively 
constant, and higher than in normal fasting sub
jects. Hypoglycemia occurs during prolonged 
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fasting because the plasma insulin level remains 
slightly elevated and inhibits glucose release from 
the liver. Not uncommonly, the imbalance 
between glucose production and glucose con
sumption comes to a new equilibrium at a blood 
sugar of 40 mg% which may last for several 
hours before the blood sugar decreases further 
and hypoglycemic shock develops. 

A relative insulin resistance of the peripheral 
tissues in patients with hyperinsulinism has 
already been discussed. Diabetic glucose as
similation coefficients may be found in patients 
with organic hyperinsulinism at a time when 
plasma-insulin values are greatly elevated. We 
still cannot say with certainty whether humoral 
insulin antagonists are responsible or whether a 
true tissue resistance to insulin is present. 

d) Treatment of the B-Islet-Cell Adenoma 

When a case of organic hyperinsulinism has 
been diagnosed, an attempt should be made to 
localize the islet-cell adenoma. The tumor can 
be visualized by a celiacography in the pancreas 
in 10-20% of all cases. As a rule, adenomas 
with a diameter of 1-2 cm are detected by this 
procedure. Smaller adenomas may be missed. 
Scintigraphic methods for localizing insulinomas 
have so far been unsuccessful. The correct 
diagnosis of B islet-cell adenoma is absolutely 
imperative for the surgeon. The surgeon must 
find the islet-cell adenoma by means of careful 
dissection of the whole pancreas. Unfortunately, 
about 5% of islet-cell adenomas are ectopic and 
lie outside the pancreas, so that they are usually 
missed by the surgeon. Previously, when ex
ploration of the pancreas was negative, four
fifths of the pancreas was removed. This pro
cedure can no longer be recommended. If the 
adenoma cannot be localized, no portion of the 
pancreas should be removed. The adenoma may 
well be found during a second exploration one 
or two years later, when the tumor has grown 
larger (STEINKE, 1968). Besides, a four-fifth 
resection of the pancreas involves a high risk. 
An operation according to Whippel, with total 
pancreatectomy and partial resection of the 
small intestine should not be carried out since 
such patients become invalids afterwards. p
cytotoxic substances may make a cure possible 
for these patients in the near future (Strep
tozotocine) (BRODER, 1973). 

e) Symptomatic Treatment of Organic 
Hyperinsulinism 

At present, there is no ideal symptomatic treat
ment for organic hyperinsulinism. Surgery stands 
unchallenged at the top of the list of possible 
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therapeutic measures. Only when it fails, i.e. 
when the islet-cell adenoma is not found or is 
inoperable, should pharmacotherapy be tried. 
The drug of choice is diazoxide (FAJANS, 1966). 
A daily dose of 150-300 mg increases the blood 
sugar by an average of 10 mg%. Symptoms of 
hypoglycemia may be delayed for hours so that 
the majority of patients may be symptom-free. 
Unpleasant side effects of diazoxide are sodium 
retention, palpitations, and high blood pressure. 
These symptoms are usually prevented by rather 
large doses of a hyperglycemic saliuretic drug. 
There are, however, other una voidable side effects 
of diazoxide, of which growth of lanugo-type 
hair on the face is one of the most distressing. It 
always develops in children and female patients 
and is found to be extremely unpleasant. Gastro
intestinal symptoms can, but need not arise and 
usually do not necessitate discontinuation of 
diazoxide therapy. The appetite decreases in 
most patients. Regular glucose administration 
is no longer necessary and overweight patients 
regularly lose weight in the first months of 
diazoxide therapy. Glucagon raises the blood 
sugar only temporarily and for this reason it is 
unsuitable for long-term treatment of organic 
hyperinsulinism. In contrast, treatment with 
glucocorticoids has proved successful since glu
cose formation in the liver is stimulated over a 
long period of time and blood sugar is increased. 
The risks of prolonged administration of gluco
corticoids in high doses are wellknown. Strep
tozotocine should be restricted to cases of B-cell 
carcinoma. Some rather striking improvements 
of hypoglycemia and tumor growth have been 
reported after Streptozotocine therapy. 

H. Glucagon: The Second Pancreatic 
Hormone 
E. R. FROESCH 

McLEOD (1922) was the first to notice that 
intravenous administration of certain insulin 
preparations caused an initial rise in the blood 
sugar. MURLIN and his team (1923) separated 
a substance with a hyperglycemic action from 
insulin preparations and named it "glucagon", 
since it mobilized glucose from the liver. 

Glucagon was later concentrated from insulin 
preparations and pancreas extracts. STAUB, 
SINN, and BEHRENS succeeded in crystallizing 
glucagon in 1953, and in 1956 BRaMER succeeded 
in determining its structure. After ACTH and 
insulin, glucagon is the third polypeptide hor
mone which has been synthetically produced in 
the test tube. 
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1. Chemistry of Glucagon 

The pancreas contains only about 5-10 mg of 
glucagon per kg wet weight, or about one 
twentieth to one tenth of its content of insulin 
(SAMOLS, 1966). Glucagon is highly insoluble at 
a pH of 4-9. These were probably the main 
reasons for the long delay in the purification of 
the hormone. Glucagon which has been re
crystallized repeatedly still contains small traces 
of insulin and vice versa. These small traces 
of insulin cannot be removed from glucagon 
preparations by ordinary methods of protein 
chemistry. 

Glucagon consists of a chain of 29 amino 
acids without disulfide bonds. The isoelectric 
point lies between pH 7.5 and 8. Glucagon is 
soluble at pH 3-4 and is very stable. Insulin 
contaminants can be removed by incubation 
with alkali or with reducing chemicals contain
ing SH-groups, such as glutathione or mercapto
ethanol. 

2. Physiology of Glucagon 

a) Site of Origin 

Glucagon is formed in the A-cells of the islets 
of the pancreas. Ligation of the pancreatic duct 
and atrophy of the exocrine tissue do not result 
in the loss of A-cells. Glucagon can still be ex
tracted from the pancreas after the B-islet cells 
have been destroyed with alloxan (PINCUS, 1950). 
In the dog, there are no A-cells in the uncinate 
process, and glucagon is also absent in this area 
of the pancreas (BENCOSME, 1956). A substance 
similar to glucagon can also be obtained from 
the gastrointestinal tract. Intestinal glucagon is 
immunochemically and biologically related to, 
but not identical to pancreatic glucagon (UNGER, 
1968). It is assumed that the argyrophilic cells 
in the gut, which are similar in appearance to 
the A-cells of the pancreas, secrete intestinal 
glucagon. Intestinal glucagon appears to have 
a greater molecular weight than pancreatic 
glucagon (UNGER, 1968). It reacts with anti
bodies of most animals immunized with pan
creatic glucagon. However, there are already anti
bodies which can distinguish the two types of 
glucagon and which react with only one or the 
other. 

b) Metabolism 

The existence of two or more different sub
stances in the serum with glucagon-like activity 
sheds some doubt on previous findings which 
were collected and interpreted under the as
sumption that there is only one pancreatic 
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glucagon. The glucagon concentration in the 
periphe!"al blood lies between 0.5 and 6 ng/ml 
serum when measured by the most recent im
munochemical methods (WEINGES, 1968). Glu
cagon in a concentration of as low as 1.0 ng/ml 
has a glycogenolytic action on the liver (SOKAL, 
1966). Thus, concentrations of this hormone 
found in the blood are also effective on the liver. 

Glucagon action on the perfused liver in vitro 
is of short duration. It appears to be rapidly 
degraded and inactivated by the liver. It seems 
to have a short half-life which has not been 
exactly determined. Blood sugar rises for 20-30 
min after an intravenous injection of glucagon 
and then falls again. The duration of action is 
quite similar to that of insulin. 

Glucagon has three main sites of action in the 
organism. The most important is the stimulation 
of glycogenolysis in the liver. Glucagon converts 
the inactive phosphorylase-b into active phos
phorylase-a, so that glycogen is rapidly broken 
down and released as glucose from the liver into 
the blood (SUTHERLAND, 1951, 1965). It appears 
that pancreatic glucagon is the true physiological 
antagonist of insulin (FOA, 1968). When the 
blood sugar falls, pancreatic glucagon rises in 
the pancreatic veins and in the peripheral blood 
and causes the blood sugar to return to normal 
values (UNGER, 1968). According to SOKAL 
(1966), glucagon is much more effective than 
adrenaline and noradrenaline, which also have 
a glycogenolytic action and work through the 
same mechanism as glucagon. 

According to the interesting observations of 
SAMOLS and others in the last few years, glucagon 
is not only an antagonist of insulin, but also in 
some way a synergist. When glucagon is given 
by rapid intravenous injection, insulin concen
tration in the blood rises rapidly and before the 
blood sugar increases (SAMOLS, 1965). Further
more, again according to these authors, there is 
first a rise in the glucagon concentration in the 
blood and then a release of insulin following the 
administration of glucose (SAMOLS, 1965). It 
would now appear that glucagon is no longer 
an antagonist to insulin, but rather a stimulator 
of insulin secretion. This view is supported by 
the observation that glucagon also stimulates 
insulin secretion in vitro (VECCHIO, 1966). Since 
it has become possible to differentiate between 
pancreatic and enteral glucagon, evidence ac
cumulates that the rise in glucagon in the blood 
following administration of glucose is due to 
an increase in the secretion of enteral glucagon 
rather than pancreatic glucagon (UNGER, 1968). 
This is also supported by the observation that 
glucagon rises only after oral administration of 
glucose and not after intravenous administra
tion. It is plausible that liberation of enteral 
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glucagon is responsible for the considerably 
greater release of insulin after intake of glucose 
by the oral route than after the intravenous ad
ministration of glucose. It is not known whether 
this enteral glucagon released after glucose ad
ministration has a physiological action different 
from that of pancreatic glucagon. It seems that 
the glycogenolytic action of enteral glucagon 
is less potent than that of pancreatic glucagon 
(UNGER, 1968). The third action of glucagon in 
the organism involves adipose tissue. Glucagon is 
a lipolytic hormone. In physiologic concentra
tions it stimulates the liberation of free fatty 
acids from adipose tissue. Here as well, glucagon 
appears to be an antagonist to insulin, which 
has a definite antilipolytic action. Insulin pro
motes the storage of absorbed food in the form 
of glycogen and fat, whereas glucagon stimulates 
the mobilization of these substances as glucose 
and free fatty acids (WEINGES, 1968; LEFEBRE, 
1967). 

The mechanism of action of glucagon on 
adipose tissue, liver and islet cells appears to be 
the same. The mode of action of catecholamines 
and of glucagon has been thoroughly investi
gated, in particular by SUTHERLAND and his team 
(1965). According to these investigators, gluca
gon promotes the formation of cyclic 3',5'-AMP 
from ATP through the activation of adenyl
cyclase. The cyclic AMP then converts inactive 
phosphorylase-b or inactive lipase into the active 
form of the enzyme by phosphorylation of serine 
residues in the enzyme. Protein kinases are 
responsible for this phosphorylation. 

3. Overproduction of Glucagon 

Overproduction of glucagon is sometimes held 
responsible for the development of diabetes 
mellitus (WEINGES, 1968). The prevalence of 
A-cells over B-cells in the pancreas of the diabetic 
was quoted in support of this hypothesis 
(FERNER, 1953). However, permanent diabetes 
mellitus has been successfully produced in ex
perimental animals only in a few instances and 
with extremely high doses of glucagon. Glucagon 
levels in the blood of diabetics are usually slightly 
elevated or within normal limits. This is further 
evidence against the pathogenetic significance 
of glucagon in diabetes mellitus (WEINGES, 1968). 

Although it is highly probable that over
production of glucagon has nothing to do with 
essential diabetes mellitus, there have been a few 
reports of pancreatic tumors associated with 
hyperglycemia and glycosuria (UNGER, 1964; 
MCGAVRAN, 1966; YOSHINAGA, 1966). Usually 
these tumors are diffusely growing neoplasms 
of the A-cells which lead to destruction of the 
pancreas and to metastases in the liver. The 
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estimation of glucagon content of the serum, 
and when possible of the tumor, is the only safe 
means of substantiating that these tumors really 
secrete glucagon and are responsible for the 
diabetic state. In the few cases described, the 
blood sugar showed very large swings and there 
was no ketosis. In addition, the cases were 
characterized by failure to respond to intra
venous administration of glucagon. 

4. The Glucagon-Deficiency Syndrome 

Pancreatectomy results in diabetes and not in 
hypoglycemia. There is no satisfactory method, 
neither surgical nor chemical, to selectively 
eliminate the A-cells. Cobalt chloride, phenol
sulfonphthalein and syntaline A are only partially 
effective. In certain types of birds, islets con
taining A-cells are separated from those con
taining B-cells. In these animals, fatal hypo
glycemia can occasionally be produced by com
plete removal of the islets containing A-cells. It 
is assumed that this type of hypoglycemia is due 
to glucagon deficiency (FoA, 1968). There is still 
no good evidence that certain forms of spontane
ous hypoglycemia during infancy are due to a 
glucagon deficiency. 
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XIV. The Parathyroids 

M. WERNLY 

With Contributions by 

B. COURVOISIER and J. A. FISCHER 

A. Historical Dates 

1880 The parathyroids were described for the 
first time in man by SANDSTROM. 

1895 KOHN added to SANDSTROM'S description 
and recognized for the first time that the 
parathyroids were independent of the 
thyroid gland. 

1896 V ASSALE and GENERALI showed that re
moval of all four parathyroids produced 
severe tetany in dog. 

1903 ASKANAZY found an adenoma of the 
parathyroid gland at the post mortem 
of a case of skeletal disease and suspected 
a connection between the two. This is the 
first reported case of hyperparathyroidism. 

1906 ERDHEIM suspected the connection between 
the parathyroids and mineral metabolism. 

1907 ERDHEIM described hyperplasia of several 
or all parathyroids in osteomalacia in man. 

1908 MCCALLUM and VOGTLIN successfully de
monstrated that hypocalcemia arose after 
parathyroidectomy. 

1914 ERDHEIM described hyperplasia of several 
or all the parathyroids in spontaneous rick
ets in rat. This is the earliest report of com
pensatory hyperplasia of the parathyroids, 
i.e. secondary hyperparathyroidism. 

1926 MANDL successfully cured a clinical case 
of primary hyperparathyroidism by re
moving an adenoma of the parathyroid. 

1925 COLLIP and HANSON, working independ
ently, discovered parathyroid hormone 
and its hypercalcemic effect. 

1934-1948 ALBRIGHT (Boston) described the 
biochemistry and diagnosis of primary 
hyperparathyroidism. He discovered that 
primary hyperparathyroidism was fre
quently an endocrine disorder, with neph
rolithiasis as the most important symptom. 

1959 RASMUSSEN and CRAIG and AURBACH 
succeeded in isolating and purifying para
thyroid hormone and it was recognized 
as a polypeptide hormone. 

1962 Copp isolated a hormonal factor with a 
hypocalcemic action from the parathy
roids. 

1963 HIRSCH showed that this hormone origi
nated in the thyroid in mammals. 

1963 BERSON described a radioimmunological 
method for the estimation of parathyroid 
hormone in serum, with which he was 
able to measure elevated values. 

1965 TENENHOUSE showed that the hypocalcemic 
factor was also a polypeptide hormone. In 
birds and reptiles it is found in the ultimo
branchial body. It is now generally called 
calcitonin rather than thyrocalcitonin. 

1967 RAISZ succeeded in estimating the cal
citonin concentration in plasma in several 
patients by recording the decrease in the 
number of osteoclasts in bone cultures 
in vitro. 
Immunological methods introduced by 
TASHJIAN, DEFTOS, and ARNAUD have 
simplified the estimation of calcitonin. 

B. Normal Anatomy and Histology 

M. WERNLY 

Weight. The 4 parathyroids in the unfixed state 
have a combined weight of 170 mg on average. 
The superior glands are somewhat smaller and 
each weighs 40 mg, as against the inferior 
glands, each of which weighs 45 mg (WERNLY, 
1946). 

Shape. The normal parathyroid is almost the 
size and shape of a lentil. It is flattened on both 
sides and is usually longitudinally oval. It is 
brownish red in color and has a yellow tint 
in the presence of an increased fatty penetration. 
The consistency is softer than that of a lymph 
node of the same size, and more compact than 
that of a fragment of fat. 

Number. Normally, 4 parathyroid glands are 
formed in man. However, there have been reports 
of 2 or 3 glands. The possibility of congenital 
hypoplasia or aplasia cannot be excluded, but 
it is more likely that inadequate anatomical 
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preparation is the reason. We have demonstrated 
and histologically verified more than 4 glands 
in 50 cases among 450 post mortems. There are 
a few reports of even 8-12 glands (ERDHEIM 
and WERNLY, 1946). 

Ontogenesis. The upper parathyroids arise from 
the 4th pharyngeal pouch and the lower para
thyroids from the 3rd. The two pairs of glands 
cross each other during the developmental 
migration. The lower parathyroids move an 
especially long way, together with the thymus 
which also arises from the 3rd pharyngeal pouch. 
Occasionally their progress is arrested during 
this process or they descend further than usual. 
The numerous variations in the position of the 
lower parathyroids are thus due to the develop
ment. 

Normal Topography. The superior parathyroids 
are usually situated on the posterior surface 
ofthe thyroid gland. They are generally connected 
with one of the hilus-like depressions in the 
middle of the two lobes of the thyroid gland, 
which is entered by a branch of the inferior 
thyroid artery. The lower parathyroids are 
normally embedded in a pyramid-shaped piece 
of fat at the lower pole of the thyroid gland. 
The base of this pyramid faces upwards and 
is formed by the thyroid gland. The two lateral 
surfaces are formed by the carotid artery and 
the trachea, and the anterior and posterior 
surfaces by the superficial and deep fasciae of 
the neck. 

Arterial Blood Supply. Each parathyroid has 
its own artery, the parathyroid artery, which 
enters at the hilus and passes into the center 
of the gland from where it supplies the entire 
parenchyma via several branches. There are 
no anastomoses connecting the parenchyma 
with the surrounding tissues. The parathyroid 
artery is thus an end artery. Generally all four 
parathyroid arteries arise in the inferior thyroid 
artery, but occasionally the upper pair arise 
in an anastomosis between the inferior and 
superior thyroid arteries. There is a further 
anastomosis between the upper and lower 
thyroid arteries and the arteries of the pharynx, 
the esophagus, and the trachea, so that an 
adequate blood supply to the parathyroids is 
ensured in all circumstances. During radical 
neck surgery, and less frequently during opera
tions on the thyroid, one or more of the para
thyroids may be inadvertently removed or 
their blood supply endangered. Ligation of the 
small arterial branches in the region of the 
surface of the thyroid gland is thought to be 
especially dangerous. The branch which gives 
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rise to the parathyroid artery can also be involved 
in this process. Ligation of this branch proxi
mally instead of distally to the origin of the 
parathyroid artery, may cause necrosis of the 
parathyroid gland. HALSTED has therefore advo
cated that the small arterial branches be ligated 
near to the surface of the thyroid gland. The 
value of this suggestion is not known. It is 
more important to ligate the trunk of the inferior 
thyroid artery immediately after it leaves the 
carotid artery, where the procedure is harmless. 
It is also important that the connection between 
the posterior thyroid capsule and the surround
ing tissues is preserved during the wedge-shaped 
resection of a single adenoma next to the 
posterior capsule of the thyroid gland and 
during total thyroidectomy. In this way, both 
the parathyroids and their blood supply remain 
intact. 

Variation in Position. It is sometimes very 
difficult to find the parathyroids when they 
are not in the usual position. The upper glands 
must then be systematically searched for on 
the entire posterior surface of the thyroid gland, 
at its upper pole, between the trachea and the 
esophagus, and higher up, along the carotid 
artery. The lower glands are occasionally dis
placed cranially against the posterior surface 
of the thyroid gland, but more often distally 
against the jugular vein, in which case the 
parathyroid gland lies either in the tip of the 
thymus or free in the retrostemal space. The 
presence of a goiter makes it much more diffi
cult to find the parathyroids. Occasionally, 
one gland may not only be displaced by a 
nodule of a goiter but also compressed and 
pushed out of shape into a long, flat, oval 
band on the surface of the nodule. In some 
animal species, it has frequently been reported 
that it is normal for the parathyroids to be 
completely embedded in the thyroid gland. 
This rarely occurs in man (p. 931, intrathyroidal 
adenoma of the parathyroid). 

Topography of Mediastinal Adenomas. Adenomas 
of the parathyroid glands can be displaced into 
the anterior or posterior mediastinum or onto 
the anterior surface of the pericardium by 
negative intrathoracic pressure since the glands 
are not fixed to any cervical organs. A vascular 
stem is often found running towards the thyroid 
in such cases. The surgeon can use the vascular 
stem as a guide to the correct position in the 
retrostemal space. When a mediastinal adenoma 
is suspected, every downward branch of the 
inferior thyroid artery should be dissected out 
to decide whether a vascular stem of this type 
is present or not. 



Normal Anatomy and Histology 

Cytology. Light microscopy allows division of 
the parenchymal tissue of the parathyroids 
into 3 cell types: the chief cells, the water-clear 
cells (GETZOWA), and the oxyphil cells (WELSH). 
Chief cells and water-clear cells are connected 
by numerous intermediary forms. We differen
tiate between small dark chief cells and large 
clear chief cells, and between small and large 
water-clear cells. The small dark and the large 
clear chief cells make up the main part of the 
normal parathyroid. The water-clear cells have 
strongly vacuolized protoplasm with sharply 
demarcated cell borders. The large water-clear 
cells can be 2-3 times as big as the large clear 
chief cells. 

From the microscopic findings in inactive, 
active and hyperactive glands it can be concluded 
that parathyroid hormone is formed primarily in 
the large chief cells. Since these large chief 
cells are the predominant element in the gland 
of the young subject, they were also called young 
chief cells earlier. Other authors name them 
the clear chief cells or the water-clear transitional 
cells. The small, dark chief cell with a small 
nucleus appears to be the chief cell in the resting 
phase. The functional significance of the water
clear cells, which occur only infrequently in 
the parathyroids of a healthy subject, is not 
clear. All the chief cells as well as the water-clear 
cells contain large amounts of glycogen, the 
inactive dark chief cells containing the least 
and the water-clear cells the most. The pro
nounced vacuolar aspect of the water-clear 
cells, making the protoplasmic space look 
empty, is due to a multitude of small membrane
limited vacuoles originating from the Golgi 
apparatus. They do not contain glycogen. 

The protoplasm of the oxyphil cells has a 
very strong affinity for acidic stains in particular, 
but also for basic substances. Some of them 
are found scattered diffusely in the parenchyma, 
and some as goups of cells or as microadenomas. 
Very few of these cells are found in the para
thyroids of newborns and adolescents. They 
increase greatly in number with increasing 
age, and in the female after the menopause they 
account for up to 10% of the total mass of 
parathyroid glands, or 90 % of a single gland. 
More recent electron microscope and histo
chemical investigations have shown that a large 
part of the protoplasm of these cells is composed 
of mitochondria closely packed together and 
of mitochondrial enzymes. The significance of 
these oxyphil cells is still largely unknown 
(HAMPERL). 

Synthesis of parathyroid hormone, secretion 
granules, and cellular organelles on electron 
microscope examinations (MUNGER, 1963; LAN
GE, 1961; ROTH, 1971) have shown that para-
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thyroid hormone, like other polypeptide hor
mones such as insulin and pituitary hormones, 
is probably found in secretory granules in the 
cells. The pro-secretory and secretory para
thyroid hormone granules are oval and round. 
They are enclosed by a membrane and have a 
diameter of 100-220/lm. They are developed 
in the region of the Golgi apparatus and later 
released into the protoplasm, probably leaving 
the cells via exocytosis. 

Active chief cells of the normal human 
parathyroid contain a well-developed Golgi 
zone, abundant ergastoplasm (site of protein 
synthesis), many secretory granules, a few 
mitochondria and little glycogen. Inactive chief 
cells of inactive glands have all the opposite 
features. The oxyphil cells and the uncommon 
water-clear cells of the normal gland contain 
only very few and only small secretory granules. 
Their Golgi zones and their ergastoplasms are 
difficult to demonstrate and are small. The 
oxyphil cells contain a large amount of mito
chondria, and the water-clear cells contain 
much glycogen. 

The parenchymal cells of the parathyroid 
adenoma in primary hyperparathyroidism in
variably behave like hyperactive cells. They 
contain a great abundance of large secretory 
granules, as well as a strong ergastoplasm, ring 
lamellae, a precursor of the ergastoplasm, and 
a Golgi apparatus. It is striking that the cells 
of the oxyphil and of the water-clear adenomas 
behave in exactly the same way as long as 
these adenomas are really associated with the 
clinical features of primary hyperparathyro
idism, which is a definite difference from the 
oxyphil and water-clear cells of the normal 
parathyroid, in which all these cellular organelles 
are only poorly developed. 

The parenchymal cells of the hyperplastic 
parathyroid assume an intermediate position 
between the normal gland and the adenoma. 
This applies in particular to the secretory 
granules, the Golgi apparatus and the ergasto
plasm. In cases of severe hyperparathyroidism 
with highly increased parathyroid hormone 
concentrations in the blood, the parathyroid 
cells look depleted of secretory granules, whereas 
in moderate hyperparathyroidism a considerable 
number of granules is visible. ROTH (1971) 
suggests that the release of parathyroid hormone 
can be suppressed without a concomitant decrease 
of the synthesis of parathyroid hormone. 

Structure, Fat Cells, Colloid Cysts. The para
thyroids have a trabecular-acinous structure. 
Small glands in the functionally inactive state 
show wide connective tissue septa. With in
creased activity, the number of the parenchymal 
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cells is increased, and there is usually also a 
marked increase in the number of individual 
cells, the very small chief cells developing into 
large chief cells or into small water-clear cells. 
As the activity increases, the full picture of 
hyperplasia of the parathyroid gland develops 
(p. 934). Due to this increase in the volume of 
the parenchyma of the parathyroid, the con
nective tissue septa in the hyperactive glands 
are lost entirely or reduced to narrow strands. 
The gland ultimately assumes the fully compact 
structure of the hyperplastic parathyroid. 

Fat cells are scattered in the interstitial 
spaces and in the parenchyma. They are numer
ous in inactive glands and also in glands of 
obese subjects. They decrease steadily with 
increasing activity and are completely absent 
from hyperplastic glands. The adenomas of 
primary hyperparathyroidism are also almost 
entirely free of fat cells. During childhood and 
youth the glands contain only a small number 
of fat cells. The number of fat cells can be 
valuable in assessment of the functional state 
of a gland or of a glandular biopsy. It must, 
however, be borne in mind that the number of 
fat cells can vary greatly from one part of a 
gland to another, or from one gland to another. 
Furthermore, the number of fat cells can be 
greatly increased in the parathyroids of obese 
subjects, regardless of the degree of activity of 
these glands (WERNLY, 1946). 

Not uncommonly, colloid granules are 
found scattered in the parenchyma of a normal, 
hyperplastic, or adenomatous parathyroid. True 
colloid vesicles with cuboid or cylindrical epithe
lium lining the walls are also found. In addition, 
there are alveoli without colloid, which can be 
small or large. True cysts can also be present. 
It is not unusual for colloid vesicles to arise 
in groups, giving a thyroid-like appearance. 
Large parathyroid cysts can only be distinguished 
from ordinary branchiogenic cysts if they can 
be related to the clinical diagnosis of primary 
hyperparathyroidism. 

C. Physiology and Biochemistry of 
Calcium and Phosphate Metabolism 

JAN A. FISCHER 

1. Calcium Metabolism 

Calcium and phosphate are the main con
stituents of the skeleton. Calcium is also a 
regulator of electrical and biochemical proc
esses. In man, its concentration in the plasma 
is kept within narrow limits. As far as is 
known, the concentration of the ionized cal
cium changes little in the course of the evo-
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lution of the vertebrates. The regulation of 
enzyme reactions, transmission of electric im
pulses in the nervous system, muscular con
traction, lactation, the secretion of gastric 
juices, and renal concentrating ability are all 
dependent upon the concentration of the ionized 
calcium in the plasma. Calcium is also necessary 
for blood coagulation. 

Death probably results from cardiac failure 
in patients with a total plasma calcium above 
18-20 mg/l ()() ml or below 4 mg/l 00 ml. In hyper
calcemia, the ventricle is in a state of contraction 
at the time of death, and in the past the develop
ment of the contraction was even used as an 
assessment of the concentration of the ionized 
calcium in an unknown solution. There are at 
least four points of action in muscle: the conduct
ing nerve, the muscle end plate, the electrically 
charged membrane of the myofibrils and the 
actomyosin. In addition, there are biochemical 
sites of action in numerous enzyme reactions. 
It is not known precisely what process brings 
about cardiac arrest in acute hypercalcemia. 
As a rule, the patients die of renal failure in 
chronic hypercalcemia. 

This chapter deals chiefly with abnormal 
regulation and disorders of calcium metabolism. 
The molecular processes in which calcium 
is an important trace element have not been 
dealt with. The reader is referred to p. 856 for 
a discussion of its function as a supporting 
mineral in the bones. 

a) Distribution 

More than 99 % of the body calcium is found 
in the skeleton and the teeth (p. 856). The 
remainder is distributed in the extra- and 
intracellular fluids. 

Plasma. The calcium concentration is most 
easily measured in the plasma, and this estima
tion is clinically the most important. The 
calcium concentration in the plasma is 8.5-
10.5 mg/l00 ml, depending on the method used. 
When the same method is used the variations 
do not exceed ± 5 % in normal control persons, 
and ± 1 % in the same subject when measured 
at the same time of day. The concentrations 
are kept within the narrow limits mentioned 
above predominantly by parathyroid hormone 
and calcitonin (Table 1). In addition to para
thyroid hormone, vitamin D and thyroxine 
cause a rise in the serum calcium concentration, 
whereas calcitonin, cortisone and glucagon 
cause a fall. A deficiency of parathyroid hor
mone may be present if recovery of the normal 
calcium concentration in the plasma is delayed 
after an intravenous infusion of EDT A, which 
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chelates calcium. The rise of the calcium 
concentration in the plasma is accelerated by 
the administration of growth hormone, which 
presumably causes increased calcium mobiliza
tion from bone (GERSHBERG, 1967). 

Calcitonin causes a fall in the calcium 
concentration in the plasma. Calcitonin de
ficiency arises in patients after thyroidectomy, 
and these patients show a delayed return of 
the calcium concentration to normal values 
after intravenous administration of calcium 
(MAZZUOLI, 1966). Cortisone also causes a 
fall in the serum calcium concentration. One 
exception to this, however, is the elevated 
calcium concentration in the plasma in hyper
parathyroidism. This difference provides a way 
of differentiating hypercalcemia due to hyper
parathyroidism from that due to other factors 
(DENT, 1962) (p. 926). 

Table 1 

Factors increasing the serum calcium concentration 
Parathyroid hormone 
Vitamin D (oversensitivity in sarcoidosis) 
Calcium 
Thyroxine 
Growth hormone 
Vitamin A 
Paraneoplasia (parathyroid hormone-like substances) 
Bone metastases (predominantly osteolytic) 

Factors lowering the serum calcium concentration 
Calcitonin 
Cortisone 
Phosphate 
Vitamin-D deficiency (? resistance) 
Paraneoplasia (?) 
Bone metastases (predominantly osteoplastic) 
Glucagon 

A normal serum calcium concentration can 
only be attained in the presence of a minimum 
intake of vitamin D and/or of calcium, and of 
a maximum intake of phosphate. An increase 
of the plasma phosphate is associated with a 
fall in the concentration of the serum calcium. 
Parathyroid hormone and vitamin D (and its 
metabolites) are necessary for regulation of the 
serum calcium concentration, and their release 
into the plasma is in turn dependent on the 
concentration of the ionized calcium (p. 871). 
Methods for determining ionized calcium are 
not yet generally applied, since measurement of 
the total calcium concentration is usually suf
ficient for clinical purposes. The concentrations 
of diffusible and ionized calcium are dependent 
on the pH and on complexing agents such as 
phosphate, citrate, other organic anions, and 
variations can thus remain unobserved if only 
the total calcium concentration is measured. 
Conversely, variations in the concentration of 

serum proteins lead to hyper- or hypocalcemia 
in the presence of unchanged concentrations of 
ionized calcium. This occurs in an extreme form 
in the hen, where the serum calcium can rise to 
30 mg/ l00 ml in the presence of an ionized cal
cium concentration of about 6 mg/l00 m!. Of 
the calcium in the serum, 60.5 % is in a diffusible 
form (46.9 % ionized, 13.6 % as bicarbonate, 
phosphate and citrate complexes, and 39.5 % 
bound to proteins (MOORE, 1970) (Fig. 1). 
Similar values can be found in WALSER (1961). 
The differential diagnosis between hyper- and 
hypocalcemia is described on p. 926. The calcium 
concentration in the extracellular fluid is 7 mg/ 
100m!. In the cerebrospinal fluid, it is 4.5-6 mg/ 
100 m!. These values correspond approximately 
to the concentration of ionized calcium, since 
the calcium bound to the plasma proteins 
cannot diffuse freely. 

The concentration of intracellular calcium 
can only be roughly estimated. In the liver 
and the kidney, calcium is found predominantly 
in subcellular particles. The calcium in the 
cytoplasm, defined as cell sap free of organelles, 
amounts to 10-6 to 10- 7 M (TRIERS, 1957). 
There is a steep concentration gradient between 
the extracellular fluid and the cytoplasm. Cal
cium is stored intracellularly in the mitochondria, 
the microsomes and the cell nuclei. No absolute 
concentrations can be given for the intracellular 
fluids because of the inhomogeneous distribu
tion in the cell, and there is no point of reference, 
particularly since the volume, the pH, and the 
concentrations of the proteins and anions of 
the individual compartments cannot be measured 
accurately. As a rule, the concentrations are 
deduced from the nitrogen content or the 

Protem-bound 
Ca 

Complexed 
Ca 

lonozed 
Ca 

Nondlffuslble 
39.5'0 

DiffUSible 
60.5", 

Fig. 1. Fractions of total serum calcium as obtained by 
ultrafiltration and determination of the ionic calcium 
concentration in 29 normal sera (percentages are mean 
values of the group). (After MOORE, 1970) 
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nucleic acid content of the cell or from the 
subcellular particles. In addition, there is an 
inhomogeneous distribution in individual organs 
and it is difficult to obtain an insight into the 
complex distribution and compartmentaliza
tion of calcium. It is easier to measure the 
calcium concentration in erythrocytes, which 
contain only small amounts (0.634 J.lg/ml) (HAR
RISON, 1968). Myocardial function can partially 
be judged by the ECG since the Q-T duration 
varies inversely to the serum calcium concen
tration. 

Hypercalcemia and a rapid intake of large 
amounts of phosphate can result in nephro
calcinosis and in the calcification of organs and 
blood vessels. The calcifications arise preferen
tially in alkaline regions in the kidneys and 
occasionally in the gastric mucosa. Further
more, calcifications arise in necrotic areas, and 
possibly for the same reasons also in the liver 
following poisoning with carbon tetrachloride. 
Calcification of the basal ganglia is found in 
idiopathic hypocalcemia (p. 899). DANOWSKI 
(1962) gives a detailed account. 

b) Balance 

Calcium is absorbed from the small intestine 
and is excreted in the gut, urine and sweat. 
It is also excreted through the placental cir
culation and in the milk (Fig. 2). The deter
mination of the calcium balance is inexact 
and time-consuming since an equilibrium be
tween the multiple compartments of the bone 
with variable calcium intake can be obtained 
only over a period of weeks and months. 

IX) Calcium Intake 

The daily requirement of calcium is about 
0.5-1.0 g for the adult, 1.0---1.5 g during growth 
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and pregnancy, and at least 1.5 g during 
lactation. The daily intake is 0.5-1.5 g in West 
European countries and in North America. 
Intake may very well be below the minimum 
requirements, especially in advanced age and 
during pregnancy, and it is certainly below 
the minimum in some developing countries. 

With an increased nutritional intake of 
calcium, the amount of calcium absorbed in 
the small intestine decreases steadily, as the 
intestinal mucosa becomes saturated. Max
imum absorption is achieved with an intake 
of 3-5 g/24 h, and is 1-1.5 g/24 h (NORDIN, 
1968). 

Calcium Absorption. Calcium absorption is 
limi ted to the upper small intestine, the d uoden um 
and the jejunum. The methods available for the 
measurement of calcium absorption are pre
eminently of academic interest. The simplest 
method, which is rather inaccurate, is limited to 
the comparison of the calcium intake and the 
fecal calcium excretion. The calcium intake can 
easily be measured providing the calcium content 
of the drinking water is considered in the 
calculation. Measurement of the calcium excre
tion in the stools is time-consuming and must 
be carried out over balance periods of 3-7 days. 
Chromium is given constantly to the patient 
by mouth and the calcium excretion is related 
to the chromium content in the stools (HAR
GREAVES, 1965). With a daily intake of 1 g, or 
15 mg/kg body weight, the fecal excretion is 
about 700 mg or 11 mg/kg body weight (Fig. 2). 
The error in the measurement can be as high 
as 1 000 mg/24 h in isolated cases, and the 
measurements sometimes have to be continued 
over 4-day periods for over 100 days (lSAKSSON, 
1967). This method is not suitable for deter
mining differences of less than 100-200 mg/24 h 
in the balance. 

Stool <700 mg) --- ( ®J - Dietary Intake (1000 mg) 
~-..,--..,----= 
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.' • r r 
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• ~ '" ' r r 

Bones 

v. "" ~ 
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.". .,., 

Teeth 
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Sweat (up to 400 mg/ 24 h) 
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Fig. 2. The metabolism of calcium. The schematic representation of the osteons and the exchangeable calcium pool reflects 
the auto radiographic picture. For explanations see text. 
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Calcium absorption is estimated more simply 
with radioactive 47Ca after oral intake of 
5-20 ~Ci 47Ca (half-life 4.7 days). The rise in 
the concentration can be measured in the 
plasma, or the retention is determined with 
a whole-body counter or with a scintigraph 
over specific parts of the skeleton such as 
the radius (A VIaLl, 1965; SODE, 1968). This 
method is easy to use. Measurement of the 
specific activity in the plasma has the disad
vantage that it is impossible to allow for secre
tion through the intestine, the calcium excretion 
in the urine, the plasma volume and the flow 
rate of the calcium from the plasma to other 
compartments of the body, especially in patho
logic cases. With the whole-body counter method 
and scintigraphy, a homogeneous distribution 
in the skeleton is assumed. This disadvantage 
can be counteracted by using radioactive 47Ca 
in combination with 45Ca, which has a longer 
half-life. Both isotopes are administered orally 
and intravenously at the same time. The ratio 
of the two isotopes excreted in the urine is 
measured 24 hours later, and the amount of 
calcium absorbed from the small intestine is 
calculated. The rapid decay of 47Ca and the 
formation of the less energy-rich 47SC must be 
taken into account in the measurement of 47Ca 
and correspondingly screened off (DE GRAZIA 
and RICH, 1965). 

Transport mechanisms of calcium through 
the intestinal mucosa are dealt with in the section 
on vitamin D (p. 882). In the intestine, calcium 
deficiency leads to increased absorption of 
magnesium. Magnesium deficiency results in 
increased calcium absorption (ALCOCK, 1962). 
It is still uncertain whether there are transport 
routes common to both magnesium and cal
cium through the intestinal mucosa of whether 
magnesium is simply a requirement for calcium 
absorption. Magnesium promotes calcium ab
sorption in the intestine and leads to elevated 
retention of calcium and magnesium in the bones 
(CLARK, 1967, 1968). Extreme magnesium defi
ciency leads to hypocalcemia in rats (McMANUS, 
1969). Intestinal calcium absorption and cal
cium release from the bones are dependent on 
a minimum magnesium concentration. 

Increased Calcium Absorption. Vitamin D, para
thyroid hormone and growth hormone promote 
the absorption of calcium. It is also increased 
in the presence of an acid pH, by an increase in 
the ionized calcium concentration, and by lac
tose. A protein-rich diet with increased amounts 
of basic amino acids, pregnancy, the growtl! 
period, calcium-deficient nutrition and phos
phate deficiency also promote calcium absorp
tion. Calcium absorption is increased in sar-

coidosis, possibly due to elevated sensitivity to 
vitamin D. The effects of vitamin D and para
thyroid hormone occur only after some hours, 
whereas inhibition of calcium absorption by 
intravenous calcium infusions can be measured 
within minutes (BIRGE, 1969). 

Reduced Calcium Absorption. Calcium absorp
tion is reduced in the presence of adrenocortical 
steroids, thyroxine, vitamin-D deficiency and 
rickets. It is also reduced in the malabsorption 
syndrome with steatorrhea due to the reduced 
absorption of vitamin D and of calcium. Calcium 
absorption is diminished in hyperthyroidism, 
in hypoparathyroidism, and after administra
tion of alkalis, oxalate, phytate or phosphate. 
In inflammatory processes in the region of the 
intestine, calcium absorption is sometimes in
creased after the administration of cortisone, 
if it influences the basic disease. 

~) Calcium Excretion 

Calcium is excreted into the intestine, and III 

the urine, sweat, and breast milk. 

Intestine. The daily excretion into the intestine 
is 150-450 mg or 2-6 mg/kg body weight, and 
is approximately the same as the calcium 
excretion in the urine. 

Calcium excretion in the feces is measured 
after the intravenous injection of47Ca. Assuming 
that the specific activity (47CaroCa) of the 
calcium excreted in the urine is the same as 
that of the calcium excreted in the stools, the 
excretion of the total calcium in the stools 
can be calculated from the excretion of the 
47Ca and 40Ca in the urine and from the radio
active 47Ca in the feces (LAZOR, 1963). 

Kidneys. The urinary calcium excretion is 
dependent on the calcium concentration of the 
ultrafiltrable calcium (about 60 % of the total 
calcium) in the glomerular filtrate and on the 
tubular reabsorption of calcium. Calcium excre
tion is increased by an increased nutritional 
intake and/or intestinal absorption such as 
occurs in sarcoidosis, and by an elevated bone 
breakdown such as occurs in hyperthyroidism 
and in acidosis. The urinary excretion is also 
increased in hyperparathyroidism because of a 
direct inhibition of calcium reabsorption in the 
proximal tubules. Small differences in the 
ultra filtrable calcium can lead to considerable 
variations in the urinary calcium without re
markable changes of the total serum calcium 
concentration. 

Calcium is filtered through the glomeruli, 
and about 99 % is reabsorbed in the tubules. 
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Providing renal function is normal, the excretion 
threshold through the kidneys lies at a serum 
concentration of about 8 mg/lOO mg. When the 
serum concentration falls below 8 mg/l00 mg, 
practically all the calcium is reabsorbed and less 
than 30 mg is excreted in 24 hours. With normal 
nutrition, the daily excretion is 150-450 mg, 
or 2-6 mg/kg body weight. With a calcium-free 
diet the excretion is below 200 mg. The maximum 
excretion in the urine is about 1 g/24 h. When 
this concentration is exceeded, calcium is depos
ited as renal stones or in the tissue until the 
glomerular filtration is so limited that calcium 
can no longer be excreted in large amounts. 
In such cases it is not always possible to deter
mine whether primary hyperparathyroidism was 
originally present or whether the results are 
due to secondary hyperparathyroidism, result
ing from the hypocalcemia of renal insufficiency, 
or even autonomic tertiary hyperparathyroidism. 
Since the calcium clearance never exceeds the 
creatinine clearance, secretion of calcium in the 
tubules cannot be confirmed or excluded. The 
tubular reabsorption, like the absorption in the 
small intestine, is promoted by parathyroid 
hormone and inhibited by cortisone (LAAKE, 
1960). 

Calcium, magnesium and sodium are pre
sumably reabsorbed in the renal tubules by 
a common carrier mechanism. The details are 
unknown. Calcium infusion leads to increased 
excretion of magnesium (COBURN, 1967). In
creased magnesium intake results in an elevated 
excretion of calcium in the urine, which may 
be due partly to increased calcium absorption 
in the intestine (CLARK, 1968). The micro
puncture method has been used to demonstrate 
that calcium and sodium are reabsorbed in the 
same region of the proximal tubule (DUARTE, 
1967). 

Calcium and magnesium reabsorption is 
diminished by an increased sodium intake with 
an expansion of the extracellular space, and 
the excretion into the urine is increased, while 
calcium excretion is decreased in response to 
a diminution of the extracellular space by 
thiazides. Administration of desoxycorticostero
ids such as 9-fluorohydrocortisone with simul
taneous intake of sodium leads to expansion of 
the extracellular space and only then to an 
increase in the excretion of calcium and mag
nesium into the urine (MASSRY, 1968; SUKI, 
1968). The tubular reabsorption of calcium is 
maximally increased in hyperparathyroidism. 
An additional loading of the renal tubules by 
an infusion of sodium chloride, leads to a rise 
in the calcium excretion, in contrast to the 
result in normal control subjects (AXELROD, 
1966). A sodium-deficient diet, however, causes 
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an increase in the tubular reabsorption of 
calcium in idiopathic hypercalciuria (EDWARDS, 
1965). 

Calcium excretion in the urine is increased 
in the presence of complexes such as citrate, 
in phosphate deficiency, and in acidosis. Further
more, calcium excretion is increased by sali
diuretics such as ethacrinic acid, in osmotic 
diuresis and by carbohydrates. Carbohydrates 
produce a higher calcium excretion in patients 
with calcium oxalate stones and in their relatives 
than in control subjects (LEEMAN, 1969). 

Hypercalciuria can result in nephrocalcinosis 
and nephrolithiasis, but calcium is not the 
only factor involved in these disorders. Stone 
formation is favored by an alkaline pH, which 
is usually found in hyperparathyroidism, in 
Cushing's syndrome, in primary hyperaldos
teronism and in urinary tract infections. Renal 
stones are most frequently found in hyper
parathyroidism, in idiopathic hypercalciuria, 
in Paget's disease, in Cushing's disease 
and in immobilization osteoporosis, which 
may also be found with weightlessness in 
astronauts. 

Calcium and phosphate are present in the 
urine in an oversaturated solution, so that 
protective substances which prevent the for
mation of renal stones must be assumed. Phos
phonates, which differ from pyrophosphate in 
that they cannot be metabolized by renal 
pyrophosphatases, inhibit nephrocalcinosis 
(FLEISCH, 1968). A different substance is a 
peptide, which has not yet been successfully 
purified (HOWARD, 1968). 

Hypercalciuria leads to water diuresis with 
diminished water reabsorption and to increased 
excretion of sodium in the urine. Inhibition of 
water reabsorption in the ascending Henle's 
loop can be assumed (BINSWANGER, 1967; SUKI, 
1969). Selective perfusion of the proximal and 
distal tubules of the rat with calcium inhibits 
water reabsorption in the distal tubules. These 
are morphologically altered in dog following 
calciuria, which explains vasopressin resistance 
(LASSITER, 1965; EPSTEIN, 1959). 

Hypocalciuria develops in particular with 
a fall in the calcium concentration in the serum, 
and with diminished calcium uptake in the 
intestine, in intestinal malabsorption syndromes 
or following oral administration of phytates 
and phosphate. Thiazides and a sodium-deficient 
diet lead to increased reabsorption of calcium 
by the renal tubules. These drugs are therefore 
used for the treatment of idiopathic hyper
calciuria (YENDT, 1966). 

Sweat. The calcium excretion is 20-365 mg/24 h, 
depending on the temperature and the humidity 
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of the air. The average excretion is 120 mg/24 h 
(ISAKSSON, 1967). Excretion in the sweat is 
measured on the arm and is related to the 
potassium excretion, which in tum is calculated 
from the exchangeable potassium and the 
potassium balance of the total body surface. 
The calcium concentration varied, depending 
on the author, between 0.3 and 15 meq/ 
liter. Between 0.1 and 0.7 meq/liter, it is 
mainly proportional to sweat excretion (VELLER, 
1968). 

Fetus. Calcium excretion through the placenta 
corresponds to the calcium content of the fetus, 
which contains 30 g calcium and 22 g phosphorus 
at term. With a calcium content of 1200 !!: in 
the adult, the 30 g correspond to a los; of 
2.5 % during pregnancy. This is partly com
pensated for by a greater calcium absorption 
in the intestine with a corresponding rise in 
the parathyroid hormone concentration (CUS
HARD, 1972); during the last quarter of preg
nancy, about 250 mg calcium is incorporated 
daily into the fetus (CUSHARD, 1971; HYTTEN, 
1964). 

Lactation. About 50-70 g calcium is excreted 
in the milk. When lactation is prolonged about 
500 g is excreted. The World Health Organiza
tion therefore recommends a daily calcium 
intake of 1 200-1 500 mg between the fourth 
and ninth months of pregnancy and about 
1200-2000 mg during lactation. 

Summary. Determination of the calcium balance 
is inexact and time-consuming, particularly 
because the fecal excretion and the loss in the 
sweat are not easily determinable. After an 
alteration of the calcium intake, weeks or months 
may be required before equilibrium between the 
different compartments of the bone is attained. 
Intestinal calcium absorption can be estimated 
with isotopes, but this only permits comparisons 
between patient groups with increased, dimin
ished or normal calcium absorption. The most 
important single measurement is the estimation 
of the serum calcium concentration. 

2. Phosphate Metabolism 

Phosphate and calcium are the main bone 
minerals. Phosphate is found in higher concen
trations than calcium in the intracellular fluid 
where it is an important anion and component 
of the nucleic acids and of the energy-rich 
compounds such as adenosine triphosphate. 
Phosphate is a regulator of oxidative phos
phorylation and a buffer in cells, plasma and 
unne. 

a) Distribution 

About 80 % of the phosphate is found in the 
bones and teeth. The remainder is distributed 
throughout the intra- and extracellular fluids, 
and half of it is found in the musculature. 

Plasma. In contrast to the calcium concentration 
in the plasma, which is kept within the same 
narrow limits throughout life, the phosphate 
concentration in the plasma is age-dependent. 
In the adult the concentration of inorganic 
phosphorus is 2.5-4.5 mg/100 ml. During youth, 
it is 4.0-7.0 mg/100 ml, and it rises to 4.5 mg/ 
100 ml during the menopause. Of the inorganic 
phosphate in the plasma, 88 % is ultrafiltrable 
(WALSER, 1961). Phosphate acts as a buffer 
substance in the plasma and the urine, although 
the total buffering capacity in the blood is only 
5.5 % (ELLISON, 1958). In addition to inorganic 
phosphate, there is about 1 mg/100 ml phos
phorus in the form of phosphate esters and 
8 mg/100 ml as phosphates bound to lipids. 
The total phosphorus concentration in the 
plasma is about 12 mg/100 ml. The concen
tration of inorganic phosphate in the plasma 
shows considerable diurnal variations and is 
dependent on nutritional intake (Fig. 3) (STAN
BURY, 1958). The serum phosphate is lowest 
in the morning and highest in the evening. 
This rhythm is approximately parallel to fluc
tuations in the concentration of parathyroid 
hormone in the serum (ARNAUD, 1971). The 
normal rhythm of the phosphate concentration 
in the plasma and of the phosphate excretion 
in the urine disappears after removal of the 
adrenals or of the pituitary gland. The changes 
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Fig. 3. Diurnal variation of the serum phosphorus concen
tration and the urinary phosphate excretion in three normal 
subjects. (After STANBURY, 1958) 
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in the serum are paralleled by those in the urine 
and cannot therefore be related to changes in the 
urinary phosphate excretion. There may be some 
interrelationships between the diurnal fluc
tuations of the cortisol levels and of the phos
phate levels in the plasma (GOLDSMITH, 1965). 
Th;: phosphate concentration is measured in the 
morning in the fasting state. Serum proteins and 
erythrocites must be separated within two hours 
of the blood collection, so that organic phos
phates are not measured as well. 

The phosphate concentration in the plasma 
is influenced by the nutritional intake of phos
phate, by intestinal absorption, by the incorpora
tion and release of phosphate in the bones and 
in the intracellular fluid, and by its excretion 
through the kidneys. Vitamin D, parathyroid 
hormone, thyroxine and acidosis accelerate 
bone metabolism and thereby the release of 
calcium and phosphate into the plasma. Growth 
hormone promotes the reabsorption of phos
phate in the renal tubules and leads to an 
elevated phosphate concentration in the serum 
during growth and in acromegaly (CORVILAIN, 
1964). Parathyroid hormone and calcitonin 
reduce the serum phosphate concentration by 
increasing the excretion through the kidneys. 
Furthermore, calcitonin inhibits bone resorp
tion, and insulin and glucose increase the uptake 
of phosphate into the intracellular fluid. For 
reasons which have still not been explained, the 
serum phosphate concentration is diminished 
in the presence of septicemia caused by gram
negative organisms (RIEDLER and SCHEITLIN, 
1969). 

The differential diagnosis of hyper- and 
hypophosphatemia is discussed on p. 940. 

The concentration of inorganic phosphate in 
the extracellular fluid corresponds to the serum 
concentration. 

It is 1-2 mg/100 ml in the cerebrospinal 
fluid, where it is increased in hypoparathyro
idism. 

Most of the phosphate in the intracellular 
flUid is in an organic form. Phosphate is a 
component of nucleic acids, of energy-rich 
compounds such as adenosine triphosphate 
(ATP), hexose phosphates, and creatine phos
phate. Transport of phosphate through the 
intracellular membranes, such as the mito
chondrial membrane, is increased under the 
influence of parathyroid hormone. Phosphate 
acts as a regulator of A TP synthesis and of 
additional energy-rich compounds which, to
gether with oxidative phosphorylation and the 
respiratory chain, facilitate the transport of 
ions through the mitochondrial membrane. 
A TP is an important source of energy for 
muscular contractions, for the synthesis of cell 
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constituents and for glandular secretions. Phos
phate deficiency leads to muscular weakness, 
nausea, and anorexia (LoTZ, 1968). 

In the urine, phosphate forms an important 
buffering system for the excretion of hydrogen 
ions, after bicarbonate and ammonia. Phos
phate is excreted predominantly as HzPOi 
at pH 4.8, and as HPOi - at pH 7.8. 

b) Balance 

Phosphate is absorbed in the intestine and is 
incorporated into the bones and the intra
cellular fluid. About 80 % is excreted in the 
urine and sweat. Some is presumably excreted 
into the intestine. 

ex) Phosphate Intake 

The daily requirement of phosphate corresponds 
to that of calcium and is about 1 g (calculated 
as phosphorus). Only organic phosphates are 
absorbed. Elemental phosphorus is highly toxic. 

Absorption. The regulatory mechanism for the 
absorption of phosphate in the intestine is 
not well known. Phosphate is presumably 
absorbed by passive diffusion. Vitamin D, 
parathyroid hormone and growth hormone 
accelerate the absorption of calcium and thus 
also that of phosphate. These substances pre
sumably have no direct effect on the absorption 
of phosphate. 

Increased absorption is found with a calcium
deficient diet, following the administration of 
fats and of cations, and in the presence of an 
acid pH. 

Reduced absorption is found with reduced 
calcium absorption or a predominance of cations 
such as calcium, strontium, magnesium and 
aluminum, which form complexes with phos
phate. Aluminum hydroxide gel is used for the 
treatment of renal insufficiency to reduce phos
phate absorption. Organic phosphate compounds 
such as phytates cannot be hydrolyzed and' 
therefore cannot be absorbed. 

~) Phosphate Excretion 

Phosphate is excreted in the unne, stool and 
sweat. Further, about 22 g phosphorus are 
incorporated into the fetus during pregnancy. 
The loss in the maternal milk during a lactation 
of average duration is about 40 g. 

Kidneys. Like the plasma concentration, the 
excretion of phosphate demonstrates a Cir
cadian rhythm which is less obvious in the 
absence of parathyroid hormone. The phos-
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phate clearance must therefore always be meas
ured at the same time of day or, better still, 
over 24 hours (STANBURY, 1958) (Fig. 3). Theo
retically, the most accurate measurement of the 
phosphate excretion is obtained by measuring 
the maximum tubular reabsorption (T mP) while 
the phosphate intake is changed by means of 
intravenous infusions of phosphate. This in
vestigation is complicated by the fact that 
infusions of phosphates cause the ionic calcium 
concentration to fall within minutes, with a 
corresponding increase of the parathyroid hor
mone concentration and a reduction of the 
TmP (FISCHER, 1973). Furthermore, a potassium 
loss may also be produced, which in itself 
causes a reduction of the T mP (STANBURY, 1958). 
The phosphate excretion is measured primarily 
as the tubular reabsorption (TRP) or as the 
maximal tubular phosphate reabsorption (BIJo
VET, 1970). Phosphate is filtered through the 
glomeruli and about 85-95 % is reabsorbed in 
the tubules. When serum phosphate levels are 
increased with phosphate infusions, even in 
hypoparathyroidism, only 38 % is reabsorbed 
(FAIRHURST, 1963). The ratio of the phosphate 
clearance to the creatinine clearance gives an 
indication of the tubular phosphate reabsorption 
(TRP) (the calculation is given on p. 944). The 
maximum tubular phosphate reabsorption can 
be measured directly, or, more conveniently, 
read from a nomogram (BIJOVET, 1969). 

There is probably a transport mechanism 
common to glucose and phosphate in the 
proximal renal tubules. Increased amounts of 
glucose are reabsorbed under the influence 
of parathyroid hormone. An increase in the 
maximum glucose reabsorption (Tm) is thus 
interpreted as a sign of hyperparathyroidism 
in the differential diagnosis of hypercalcemia 
(TRANSBOL, 1967). 

Apart from being reabsorbed in the proximal 
tubules, phosphate is also secreted in the distal 
tubules in amphibians and in birds. This is 
also true of man during the administration of 
high doses of phosphate, when phosphate 
clearance may exceed the glomerular filtration 
rate (WEBSTER, 1967). 

The excretion of phosphate in the urine 
is dependent on the nutritional intake, on the 
plasma concentration, and on factors which 
influence the tubular reabsorption or secretion. 
Renal phosphate excretion is increased by 
various factors: parathyroid hormone, calcium 
administration, cortisone, estrogens, thyroxine, 
increased protein intake, hypokalemia, hypo
magnesemia, acidosis, bicarbonate administra
tion and expansion of the extracellular fluid 
volume (SUKI, 1969). As a rule, the excretion 
of phosphate in the urine is elevated in primary 

hyperparathyroidism, providing renal function 
is not seriously impaired. It is elevated in 
secondary hyperparathyroidism, in rickets, in 
osteomalacia, in hyperthyroidism, in acidosis 
(intensive muscular activity, diabetes, hunger), 
with the intake of large amounts of phosphate, 
in gout, in acute immobilization osteoporosis, 
in the presence of predominantly osteolytic 
bone metastases, especially after treatment with 
estrogens, in vitamin-D intoxication, in sarcoi
dosis, in tubular lesions (renal tubular acidosis, 
pyelonephritis) and in vitamin D-resistant rickets. 
The urinary excretion of phosphate is difficult 
to evaluate in certain cases for the diagnosis of 
hyperparathyroidism, since it can be elevated 
in all forms of hypercalcemia. 

In uremia renal osteopathy develops, which 
is associated with a decrease in the serum 
calcium concentration. This leads to secondary 
hyperparathyroidism with a reduction in the 
tubular phosphate reabsorption. The urinary 
phosphate excretion is only suppressed in the 
presence of a greatly reduced glomerular fil
tration rate (FALLS, 1966) (p. 871). 

Angiotensin diminishes the excretion of 
phosphate, sodium, chloride, calcium and mag
nesium, presumably by inhibiting the renal 
blood flow (BRODEHL, 1966). The excretion 
of phosphate is reduced by growth hormone, 
insulin and hydrocortisone. Thus, it is decreased 
during growth and in hyperinsulinism. It is 
also reduced during pregnancy and lactation, 
vitamin-D deficiency and intestinal malabsorp
tion, with reduced renal function, in hypo
parathyroidism, after parathyroidectomy, in 
certain cases of idiopathic hypocalcemia, in 
Addison's disease and in the presence of 
predominantly osteoplastic bone metastases. 

A small proportion of the phosphate is 
excreted in the urine in the form of pyrophos
phates which probably originate from the bones 
(p. 889). The excretion of phosphate, pyrophos
phate and hydroxyproline is correspondingly 
elevated in hyperparathyroidism (A VIOLl, 
1966). 

Sweat. Phosphate excretion in the sweat has 
not yet been directly measured. The calcium 
and nitrogen excretion is estimated in the sweat. 
The phosphate excretion is estimated on the 
assumption that the ratio between the phos
phate and calcium or nitrogen excretions does 
not differ from the whole body balance. The 
excretion in the sweat is 125 mgjday on average 
(lSAKSSON, 1967). 

Intestine. The amount of phosphate presumably 
secreted together with calcium into the intestine 
is not known. 
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3. Bone Metabolism 

a) Structure and Biochemistry of Bones 

The skeleton consists of cells, the organic bone 
matrix (mainly collagen, mucopolysaccharides) 
and the bone mineral (chiefly calcium and 
phosphate). When bone is formed, bone matrix 
is synthesized and calcium phosphate is sub
sequently deposited. Amorphous calcium phos
phate is transformed into hydroxyapatite. The 
skeleton consists of inorganic bone mineral 
(about 70 %) and of the organic bone matrix 
(about 30 %). 

Macroscopically the bones are composed of 
spongiosa and compact parts. The spongiosa 
consists of trabeculae, and the compact bone of 
concentric lamels. It is found in the subperiostal 
regions of the skeleton and in the diaphyses 
of the long bones. The segmentation in osteons 
is characteristic of the structure of the compact 
bone. These osteons are histogenetically, tro
phically and mechanically determined units. 
They consist of a narrow Haversian canal 
layered with osteoblasts, and undifferentiated 
cells, arteries, capillaries, veins and nerve fibers. 
Around the Haversian canal the bone substance 
is deposited in concentric lamels. Between 
these layers the osteocytes are found. The reader 
is referred to the appropriate textbooks for the 
detailed description of the anatomy of the bones. 

a) Bone Cells 

Bone is probably separated from the extra
cellular fluid by a cellular membrane. NEUMANN 
(1969) found six times more potassium in the 
so-called bone-water than in the extracellular 
fluid. The exchange of fluids, salts and nutrients 
is regulated by cells which control the formation 
and the resorption of bone. 

The osteocytes orignate from osteoblasts 
which, in turn, are formed from undifferentiated 
mesenchymal cells. This series of events can be 
demonstrated autoradiographically with the 
aid of thymidine labeled with tritium. It can 
be shown that thymidine is incorporated into 
desoxyribonucleic acids and cell division occurs 
in undifferentiated mesenchymal cells, from 
which osteoblasts and osteocytes, and osteoclasts 
develop. 

The osteoblasts are only present in growing 
osteons. They are responsible for the formation 
of new bone. The cytoplasm of the osteoblasts 
is rich in ribonucleic acids which regulate protein 
synthesis. They also contain large amounts of 
enzymes such as the alkaline and acid phospha
tases which can be demonstrated histochemically. 
The osteoblasts excrete the organic bone matrix 
and have a well-developed Golgi apparatus 
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(YOUNG, 1964). Increased osteoblastic activity 
can be demonstrated in the presence of a rise in 
the concentration of the alkaline phosphatase in 
the plasma. It runs parallel to an increase of the 
accretion as measured by isotopic-kinetic ana
lysis (p. 863). There is no correlation with bone 
resorption, however (KLEIN, 1964). 

It is possible to separate the alkaline phos
phatases from the placenta, the leukocytes, 
and the small intestine on electrophoresis. 
Alkaline phosphatase of the bone - but not 
of the liver - is inactivated by heat. For practical 
purposes the results are disappointing (POSEN, 
1967). The heat-stable alkaline phosphatase is 
slightly elevated during pregnancy. 

When the liver function is normal, an elevated 
serum alkaline phosphatase concentration serum 
usually indicates increased osteoblastic activity. 
A familial deficiency of alkaline phosphatase 
(hypophosphatasia) leads to impaired bone for
mation with a pronounced increase in osteoid. 
This deficiency shows that an alkaline phos
phatase is important in bone formation (BART
TER, 1966). Hyperphosphatasia or familial os
teoectasia is associated with a pronounced 
increase in osteoblasts and in bone formation, 
as demonstrated by means of labeling with 
tetracycline (THOMPSON, 1969). The mineral
ization of the bones is also inadequate. 

Immature osteons are surrounded by osteo
blasts, whereas mature osteons are enveloped 
by endosteal lining cells. Osteocytes are found 
between the lamellae of the compact bone. They 
are connected by means oflong processes passing 
through narrow canals. As in the case of the 
osteoblasts, it has been demonstrated histo
chemically that alkaline phosphatase and nu
merous hydro lases are present in the osteocytes. 
No acidic phosphatase has been demonstrated. 
The osteocyte is not very different from the 
osteoblast from which it originates (VAES, 1967). 
Osteocytes regulate new bone formation and 
breakdown (BELANGER, 1969), while plurinuclear 
osteoclasts stimulate bone resorption (Fig. 6a, 
p.860). 

P) Bone Matrix 

90-95 % of the bone matrix consists of collagen, 
a protein which contains amino acids, predo
minantly glycine (about 30 %), proline (12 %), 
and hydroxyproline (10 %). The osteoblasts 
initiate the synthesis of the collagen. Free amino 
acids are taken up by the osteoblasts and are 
deposited on the ribosomes, where protocollagen 
is formed. At this point only proline incorporated 
into the proto collagen is hydroxylated into 
hydroxyproline. This reaction requires the pres
ence of ascorbic acid. The protocollagen is 
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Fig. 4. The biosynthesis of collagen in the osteoblasts and in the bone matrix. (After PROCKOP, 1967) 

secreted into the intercellular fluid where it is first 
converted into "neutral salt-soluble" and 
then to "insoluble" collagen fibrils which 
are then connected to form a network (PROCKOP, 
1967) (Fig. 4) . Collagen is composed of three 
helical polypeptide chains with a molecular 
",eight of over 350000. Amino acids such as 
glycine and proline, which have been demon
strated auto radiographically, are the main com
ponents of collagen. Proline is first selectively 
incorporated into the osteoblasts within 30 min. 
From there it passes into the unmineralized 
osteoid within 4 hours, and appears later in the 
mineralized bone matrix (CARNIERO, 1959). In 
addition to collagen, 1- 2 % of the bone matrix 
is formed by the ground suhstance of the bone, 
which is made up predominantly of muco
polysaccharides such as chondroitin sulfate. 

The architecture of the matrix probably 
determines the size of the skeleton and the 
orientation of the bone crystals. 

y) Bone Mineral 

The main bone minerals are calcium and phos
phate. They are present in the form of amor
phous calcium phosphate and of hydroxy
apatite (POSNER, 1969). Tetracycline is deposited 
in the transitional zones between osteoid and 
apatite. The area of the surface marked with 
tetracycline gives an indication of the rate 
of the mineralization of the skeleton and thus of 
the formation of new bone (FROST, 1963) 
(p. 860). Furthermore, the bones contain small 
amounts of carbonate (6 %), nitrate (1/~), 
sodium (0.7 i.'), magnesium (0.7 %), and fluoride 
(traces) (NEUMANN, 1958). The apatite crystals 
measure about 50- 100 x 200-250 x 450- 500A. 
They correspond to synthetic hydroxyapatite 
in X-ray and infra-red spectroscopy. The combi
nation of the phosphate with the side chains 
of collagen molecules appears to be important 

for the beginning of the nucleation process 
(GLIMCHER, 1962). The details of the precipita
tion of calcium and phosphate in the net of 
collagen fibrils are not definitively known. 
Calcium phosphate is normally precipitated 
on the collagen of the bones and in the teeth. 
It is only visible macroscopically in organs 
such as the liver and the spleen, in the blood 
vessels or the skeletal musculature in pathologic 
conditions. The reason for this is only partially 
known. FLEISCH (1961 , 1968) has shown that 
pyrophosphate plays some part in the process. 
Pyrophosphate in vitro inhibits the precipation 
of calcium phosphate on apatite crystals (FLEISCH, 
1961) and it has been demonstrated in the plasma 
and in the bone. Administration in vivo prevents 
calcification ofthe skin and of the aorta (FLEISCH, 
1966 a; SCHIBLER, 1968; CARTIER, 1959). Alkaline 
phosphatases are also pyrophosphatases in 
most tissues, and particularly in the skeleton 
(RUSSELL, 1968). It is possible that a pyrophos
phatase in the bone favors the accelerated 
breakdown of pyrophosphate which inhibits 
calcification. Precipitation of calcium and phos
phate can then occur (FLEISCH, 1968). 

A normal serum calcium and/or phosphate 
concentration is necessary for bone mineraliza
tion. NEUMANN (1958) showed in vitro that cal
cium and phosphate are present in the serum in 
a solution oversaturated with hydroxyapatite, 
and that precipitation is therefore favored. Cal
cification is impaired if calcium and phosphate 
are decreased. A fall in the calcium concentra
tion in the extracellular fluid is observed in the 
presence of an increased bone formation, as 
for example in rachitic children treated with 
vitamin D , in whom the skeleton suddenly 
becomes more mineralized. About 500 mg cal
cium daily are incorporated from the extra
cellular fluid into the bones and correspondingly 
about the same amount of old bone is resorbed. 
In addition, there is a constant exchange of 
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calcium between the apatite lying on the bone 
surface and the extracellular fluid. These two 
exchange processes were estimated separately 
over more than 30 years with auto radiographic 
techniques involving exposure to 226Ra or 90Sr. 
Radioactive 226Ra is bound, to a great degree 
irreversibly, to the skeleton (ROWLAND, 1960). 
The "hot spots" are clearly visible and correspond 
to the areas of bone formation already formed 
at the time the isotopes were taken up by the 
body. At the same time, radioactive radium is 
diffusely distributed over the entire surface of 
the bone minerals. Most of the diffusely distrib
uted radium is presumably exchanged inde
pendently of the metabolism of the bones. The 
sum of the calcium ions in the extracellular fluid 
and in the bones remains relatively constant at 
least for short periods of time. About 50 % of the 
radium is diffusely distributed after 20-30 years 
(MARSHALL, 1959; ROWLAND, 1960). 

With advancing age, apatite replaces water 
in the skeleton so that bones ultimately contain 
no more than 3-5 % water. 

b) Formation and Resorption of Bone 

Hormones and/or vitamin D regulate bone for
mation and resorption via cellular mechanisms 
which, in turn, regulate mineralization and 
demineralization. The formation of new bone 
and its resorption occur simultaneously in 
different parts of the bone. Bone remodeling is 
the sum of both processes, which are frequently 
both increased or reduced. They are regulated by 
hormones and require the presence of vitamins 
A and D, ascorbic acid, and an adequate protein 
intake (p. 888) (Table 3). 

Bone Formation. The formation of new bone 
in the embryo is preceded by the formation of 
cartilage (endochondral) or the bones are formed 
directly from specialized mesenchymal cells 
(membranous). Remodeling of bone continues 
throughout life. Bone formation is regulated by 
osteoblasts and osteocytes and is defined by 
the synthesis of bone matrix and subsequent 
incorporation of bone mineral. This has been 
discussed with reference to the structure and the 
biochemistry of the bone (p. 856). 

Bone Resorption. Bone resorption is controlled 
partly by osteoclasts and partly by osteocytes. 
They liberate substances which dissolve the 
bone matrix, releasing calcium and phosphate. 
Thus, the product of calcium x phosphate in 
the plasma is elevated. The calcium arises either 
from old bones which are destroyed by cellular 
resorption, or from the exchangeable calcium 
pool, in particular from the osteons which are 
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not fully mineralized. When the calcium x phos
phate product in the plasma falls, calcium is 
immediately released from the exchangeable 
portion of the bones (ROSENBAUM, 1964). Bone 
resorption begins only later, when apatite crystals 
are dissolved by osteoclasts and osteocytes 
under the influence of parathyroid hormone, 
and calcium is released predominantly from 
the old, nonexchangeable parts of the bone. 

The rapid incorporation and release of 
calcium from the bones may be regulated by the 
osteocytes. The processes of the osteocytes are 
separated from the bone by a layer of amorphous 
calcium phosphate (BAUD, 1968). A halo around 
the osteocytes indicates an increased bone 
resorption and increased release of calcium 
(BELANGER, 1969) (p. 856). The multinuclear 
osteoclasts are produced only within hours to 
days under the influence of parathyroid hormone 
and cause dissolution of bone mineral. This 
process was described by KOLLIKER as early as 
1873. Acid phosphatase is the predominant 
histochemically demonstrable enzyme in osteo
clasts. It can be elevated in the plasma in hyper
parathyroidism. The question as to whether 
the osteoclasts are principally phagocytic cells 
or whether they initiate and regulate bone dis
solution has been asked over the years. KOLLI
KER'S assumption that the formation of the 
osteoclasts precedes bone dissolution has been 
confirmed histologically, by electron micro
scopy (HANCOX, 1963) and in cultures of bone 
cells in vitro (GAILLARD, 1961). Osteoclasts 
predominantly dissolve the bone and phago
cytize the bone minerals only temporarily. This 
has been demonstrated in autoradiographic 
experiments with plutonium, which can be 
observed first on the bone surfaces and later 
in the cytoplasm of the osteoclasts (ARNOLD, 
1957). The osteoclasts have a brush-border and 
numerous vacuoles and vesicles which are 
demonstrable by electron microscopy (GON
ZALES, 1961). The dark grains in the mitochon
dria are presumably calcium phosphate crystals 
(PEACHEY, 1964). 

Dissolution of apatite occurs when there 
is a fall in pH, formation of complexes with 
calcium or exchange of calcium ions with 
cations such as sodium. The local pH would 
have to fall below 6.8 for dissolution of bone 
minerals to occur, but no such fall has been 
demonstrated. The calcium balance becomes 
definitively more negative when the pH of the 
arterial blood falls, but it has not been confirmed 
whether increased bone destruction and/or 
increased calcium excretion through the kidneys 
is the primary cause of the negative calcium 
balance (LEMANN, 1966; REIDENBERG, 1966). 
Citrate, the best chelator of calcium, occurs 
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only in insufficient concentrations in plasma 
and bones. There is still no explanation or 
evidence of an ionic exchange which would 
have a significant effect on the disintegration 
of the bone surfaces. 

It is possible that pyrophosphate influences 
bone resorption. In addition to bone formation, 
it may also inhibit the dissolution of apatite 
crystals. Since pyrophosphate is normally pres
ent in the bones, this property could be of 
importance in vivo. According to this view, 
the pyrophosphate covering the bone crystal 
must be destroyed during bone resorption 
(FLEISCH, 1966 b, 1968) (p. 889). 

In analogy to the dissolution of the bone 
minerals, the bone matrix could also be dissolved 
by acids or by ionic exchange. Results are 
inconclusive. It is more likely that the bone 
matrix is dissolved by proteases formed in the 
osteoclasts or osteocytes. Parathyroid hormone 
promotes the enzymatic breakdown of collagen, 
although it has not been demonstrated whether 
this is a primary site of action (V AES, 1967). 
Bone resorption is enhanced particularly by 
parathyroid hormone, thyroxine, and vitamins 
A and D. It is inhibited by calcitonin. 

c) Methods 

Bone formation and resorption can be estimated 
histologically (morphometrically) and radio
logically. Determination of calcium, phosphate. 
citrate, and alkaline and acid phosphatase 
concentrations in the plasma and of the urinary 
hydroxyproline excretion can be useful in assess
ment of bone formation and resorption, as 

can physical and chemical analyses of the bones 
and kinetic analysis based on the use of isotopes 
or stable strontium. Some methods described 
in this chapter are still at the experimental 
stage, but they have contributed considerably 
to the understanding of the pathogenesis of 
metabolic bone disease. 

ex) Morphometry of the Bones 

Bone formation and resorption can be measured 
histologically at autopsy, or by means of biopsies 
from the iliac crest or from a rib. The biopsy 
findings have been found to agree with the 
postmortem findings. Withdrawal of a bone 
cylinder from the iliac crest is simple and the 
procedure can be performed in outpatients. 
It is suitable for assessing the course of a meta
bolic bone disorder since it can be repeated sever
al times. A suitable set of instruments has been 
developed by BURCKHARDT (1966). An adequate 
number of normal control cases from all age 
groups is obviously necessary for the exact 
morphometric assessment of bone biopsies. 

A massive increase of un mineralized osteoid is 
even visible in decalcified bone sections. Howev
er, un decalcified sections must be examined by a 
quantitative morphometric method for an accu
rate assessment of bone biopsies (FROST, 1963; 
MERZ and SCHENK, 1970a; JOWSEY, 1966). 

Theformation of new bone is evaluated either 
microradiographically or with the aid of tetra
cycline labeling. The two methods give similar 
results. Microradiography is based on the fact 
that radioopaque (calcified bone) can be dis
tinguished from radiolucent (osteoid) regions 

Fig. 5. Microradiograph of an undecalcified section of rib cortical bone. 80: 1. The less radioopaque, darker parts are young, 
partly mineralized bones and the light areas represent the old parts of the skeleton. (Kindly supplied by Professor ROBERT 

SCHENK) 
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on a microradiophotograph of a bone section 
(JowSEY, 1966) (Fig. 5). The micro radiophoto
graph gives a measure of the size of the surface 
covered with osteoid. It reveals little about 
whether an increase of the osteoid is due to a 
rise of the formation of new bone or to decreased 
mineralization of the skeleton. 

Labeling of the skeleton with tetracycline 
allows better differentiation between the two 
processes. Tetracyclines are only incorporated 
into metabolically active bone at the transitional 
zones from osteoid to apatite; from there 
tetracyclines are transported into the calcified 
bones (FROST, 1963; MULLER and SCHENK, 
1966). The patient is given 1 g tetracycline per 
day (4 x 250 mg) for 4 to 6 days and if possible 
10-30 days before the bone biopsy. The shift 
of the tetracycline from the surface of the bone 
into the calcified bone can be measured in a 
bone biopsy from a rib, and the volume of 
newly formed bone can be calculated as the 
newly formed volume per volume bone per year. 

With the aid of tetracycline, active osteoid 
seams labeled with tetracycline can be differen
tiated from inactive, unlabeled areas in a biopsy 
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taken from the iliac crest. The number of 
osteoblasts per osteoid surface can also be of 
aid in the assessment of new bone formation. 
If the number is increased relative to the amount 
of osteoid present, bone formation is increased, 
whereas in the absence of osteoblasts bone 
cannot be mineralized (MERZ, 1970a). This 
can be particularly well demonstrated in patients 
with osteomalacia due to intestinal malabsorp
tion, in whom the number of osteoblasts 
is inadequate before treatment with vitamin 0, 
causing a defect in mineralization. Treatment 
with vitamin 0 leads to increased numbers 
of osteoblasts and to subsequent deposition of 
bone mineral (FISCHER, 1970). 

Bone resorption is assessed by measuring 
resorption surfaces. Furthermore, Howship's 
lacunae with osteoclasts are distinguished from 
those without osteoclasts. The osteoclast index 
(the number of osteoclasts per 100 mm2 tra
becular bone surface in the iliac crest) gives so 
far the best estimate of osteoclastic resorption. 
The osteoclast index according to SCHENK 
(1969) is 2.6 ± 1.1 in over 100 random autopsies 
on controls between 20 and 80 years of age. 

Fig. 6a and b. Undecalcified sections of bone biopsies from the iliac crest, 5 /lm, Goldner stain, 110: 1. a) Primary hyper
parathyroidism with fibroosteoclastic bone resorption (female, 52 years). b) Osteomalacia in intestinal malabsorption 
(idiopathic sprue) (male, 57 years), the red-stained osteoid, which is present in large amounts, appears dark. (Kindly supp
lied by Professor ROBERT SCHENK) 
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Fig. 7 a and b. U ndecalcified sections of bone biopsies from the iliac crest. Basic Fuchsin stain 45 : 1. a) Normal trabecular 
bone (male, 43 years). b) Osteoporosis with a decreased total bone mass (male, 75 years). (Kindly supplied by Professor 
ROBERT SCHENK) 

The osteoclast index can be elevated or normal 
in hyperparathyroidism. Fibro-osteoclasia is 
qualitatively visible in about 10-20 % of the 
cases with primary hyperparathyroidism (Fig. 6). 
As a rule, these patients also have radiologically 
visible subperiostal resorption zones in the 
phalanges of the fingers (p. 911). There are also 
surgically verified cases of primary hyperpara
thyroidism with a normal number of osteoclasts, 
in whom calcitonin may inhibit bone resorption 
(BINSWANGER, 1968a). 

The volumetric density of the spongiosa is 
measured as the percentage of the bone trabeculae 
in a histological section. Regardless of the rate 
of bone formation or resorption osteoporosis 
is defined as a loss and osteopetrosis as an 
increase in volumetric density (FROST, 1963; 
MERZ, 1970b) (Fig. 7). Osteoporosis can be 
caused by decreased bone formation or by 
increased bone breakdown. 

Hyperthyroidism and Cushing's disease 
have been chosen as examples, since the value 
of the morphometric assessment of the histology 
of the bones is demonstrated in these two dis
orders. A loss of bone substance, i.e. osteo
porosis, is common to both. Hyperthyroidism 

causes more rapid remodeling of the skeleton 
with increased bone formation. The osteoid 
mass is sometimes increased. In contrast to 
the mineralization defect in rickets or in osteo
malacia the major part of the osteoid tissue 
stores tetracycline and is covered by osteoblasts. 
It is therefore metabolically active. The bone 
resorption is also increased and exceeds the 
formation of new bone. The end result is 
osteoporosis and a loss of bone mass. In 
Cushing's disease or cortisone medication, 
however, bone remodeling is slowed down. Bone 
resorption is dominant in all these conditions. 
The end results are clinically and radiologically 
very similar, although the pathogenesis of the 
two forms of osteoporosis is fundamentally 
different. 

~) Bone-Cell Cultures 

The synthesis of the bone matrix and possible 
sites of action of hormones can be observed 
in in-vitro cultures of bone cells (PROCKOP, 1967). 
As a rule, embryonic bone splinters from the 
vault of the skull or from the metaphysis of 
the long bones are used; bone biopsies from 
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patients with hyperparathyroidism have also 
been compared with those of normal controls 
(FLANAGEN, 1965). 

Triiodothyronine in vitro causes a pro
motion of the uptake of amino acids into embry
onic cartilage cells (ADAMSON, 1967). Morpho
metric and kinetic results indicate that bone 
resorption is promoted in particular, and bone 
formation to a lesser extent. Undifferentiated 
mesenchymal cells can imitate the function of 
osteoblasts, osteocytes or osteoclasts. The results 
of metabolic investigations are therefore only 
partly applicable to the conditions in vivo. 

y) Kinetic Studies of Bones 

In this section, kinetic investigations depict 
the measurement of the movement of isotopes 
and of strontium, which are primarily exchanged 
with and incorporated into bones (BAUER, 1961 ; 
AUBERT, 1960; EISENBERG, 1961; HEANEY, 1958, 
1964; PROCKOP, 1967). The diagnostic value of 
the kinetic investigations is still limited. They 
are of value in understanding the pathophysio
logy of the skeleton, especially when used in 
combination with other methods. 

Hydroxyproline labeled with 14C is used to 
investigate the metabolism of collagen. The 
mineral exchange in the bones is measured 
with radioactive calcium and strontium and 
also with cold strontium, since it occurs only 
in traces in bones. 

Collagen. PROCKOP (1967) has promoted in
vestigations with 14C-Iabeled proline. The in
creased excretion of hydroxyproline pep tides 
in the urine is a reflection of an accelerated 
collagen metabolism. Proline is incorporated 
into collagen and subsequently hydroxylated 
into hydroxyproline in the osteoblasts. Kinetic 
methods using 14C-labeled proline can show 
whether the raised excretion of hydroxyproline 
pep tides into the urine is due to increased 
collagen synthesis, to a block in the con
version of the "soluble" collagen into the 
"insoluble" collagen fibrils, or to an increase 
in the breakdown of collagen or hydroxyproline 
into CO2 and urea (PROCKOP, 1967) (Fig. 4). 
The major reason for increased urinary hydroxy
proline excretion is an elevated collagen break
down (soluble and insoluble collagen), e.g. during 
growth, in hyperthyroidism and in hyperpara
thyroidism. During growth and after the ad
ministration of growth hormone there is an 
additional increase in collagen synthesis which 
is responsible for the increased excretion of 
hydroxyproline into the urine. In lathyrism 
and in Marfan's syndrome this is due to a 
disturbance in the incorporation of hydroxy-
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proline into the bone matrix with a retardation of 
the conversion of the "soluble" collagen into "in
soluble" collagen. Cortisone reduces the ex
cretion of hydroxyproline, mainly by inhibiting 
collagen synthesis. Additional histological and 
kinetic investigations with radioactive calcium 
permit localization of the cause of an elevated 
hydroxyproline excretion. In hyperthyroidism 
and in hyperparathyroidism, increased bone re
sorption is the dominant feature. The hydroxy
proline excretion is reduced postoperatively in 
hyperparathyroidism, reflecting the decreased 
bone destruction, although the alkaline phos
phatase rises at the same time with a compen
satory increase of the formation of new bone 
(MACDONALD, 1965). Urinary hydroxyproline 
excretion correlates better with bone resorption 
as measured by isotopic kinetic methods than 
with bone accretion (KLEIN, 1964, p. 864). The 
clinical importance of the urinary excretion of 
hydroxyprolines is discussed on p. 942. 

Bone Mineral. In most methods a single intra
venous injection of radioactive calcium or 
strontium or stable strontium is given, and 
subsequently the loss in the plasma and the 
excretion in the urine and feces are measured 
(Fig. 8). Calcium and strontium behave sim
ilarly towards the skeleton, and the discus
sion is therefore limited to calcium. In about 
48 hours, the calcium reaches a state of equili
brium with the extracellular fluid and with the 
pool of the rapidly exchangeable calcium (ab
breviated calcium pool). At the same time, the 
substitution of the rapidly exchangeable radio
active calcium in the bones through stable 
calcium and its excretion in the urine, feces 
and sweat cause a steady fall in the concen
tration of the isotope in the plasma. The 
amounts excreted can be measured in the 
stools and urine and the difference from 
the amount injected gives an indication of 
the amount incorporated into the bones. Some 
of the exchange processes are related to the 
metabolically active, growing osteons and 
are irreversible during the investigation. At 
the same time, an exchange occurs at the bone 
surfaces. This has also been observed in isolated 
hydroxyapatite crystals in vitro (PAK, 1967). 
A portion of the incorporated calcium is again 
released by bone resorption, presumably after 
a few days to a few weeks. The retention is 
obtained by subtracting the amount of radio
active calcium excreted in the urine and stools 
from the amount administered. A more ac
curate measurement is achieved by using a 
whole-body counter. The results obtained with 
this method are somewhat lower (NORDIN, 
1965), since the excretion in the sweat is not 
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Fig. 8. Fractional dose of 45Ca/g 40Ca in the plasma and in the urine following a single intravenous injection of radioactive 
45Ca in a normal adult. (After HEANEY, 1958) 

taken into account. The retention can be 
followed over weeks and months with a whole
body counter after one or several intravenous 
injections of radioactive 47Ca or M5Sr. The 
classic calcium balance (p. 850) gives similar 
information to the measurement of calcium 
retention. The curve obtained with a whole
body counter gives additional information about. 
the rates of incorporation and removal of 
the calcium from the skeleton, insofar as 
the usual present-day models correspond to 
reality. The method is still in the experimental 
stage. 

The calcium pool gives the theoretic distribu
tion volume of calcium at the time of the in
jection. It is calculated from the ratio of the 
amount of isotope injected (R i) to the theoretic 
plasma concentration at time zero (Rso). These 
quantities are obtained from the retrograde 
extrapolation of the fall in retention or the 
plasma concentration between the second and 
third and sixth and seventh days. The calcium 
pool is the sum of the extracellular distribution 
volume and the rapidly exchangeable calcium. 
The significance is controversial. The calcium 
pool is especially enlarged during growth. In 
rats, calcium administration has no influence 
on the size of the calcium pool (BRONNER, 1965). 
It is used in the estimation of bone turnover 
and accretion in the skeleton. 

Ri E = -.;:,:...:--
Rso 

E = calcium pool 
R i = amount of isotope injected 

Rso = concentration of the isotope at time zero 
TI2 = half-life of the radioactive calcium in 

the plasma after intravenous injection, 
between the second and third and the 
sixth and seventh days 

U = calcium turnover 
C au = excretion of calcium in the urine 

C aF = excretion of calcium in the stools 
R = resorption 
B = calcium balance 

The turnover (U) of the calcium between 
the calcium pool and the bones is calculated 
from the rate of fall of the calcium in the plasma 
or in the urine, multiplied by the calcium 
pool. TI2 is the half-life of the radioactive 
calcium in the plasma after the intravenous 
injection between the second and third days 
and the sixth and seventh days. 0.693 is an 
experimentally derived constant. 

U = 0.693 E 
Tl2 . (2) 

The accretion or deposition (A) is calculated 
from the difference between the turnover and 
the excretion in the stools (C F) and ill the 
urine (Cau). 

A = U - C au - C aF . (3) 

It is assumed that the metabolically regulated 
release of radioactive calcium occurs after 
8-10 days at the earliest, as otherwise the 
accretion would be mainly a measurement of 
the retention of the calcium in the bones (p. 862). 
Turnover and accretion are increased during 
growth, in hyperthyroidism, in acromegaly and 
in Paget's disease. They are reduced in Cushing's 
disease. An increase in the accretion is paralleled 
by a rise in the concentration of the alkaline 
phosphatase in the plasma and indicates in
creased bone formation (KLEIN, 1964). 

The resorption (R) can be calculated from 
the difference between the accretion and the 
calcium balance (B) (difference between calcium 
uptake and calcium excretion). 

R=A-B. (4) 

There is a good correlation between accretion 
and alkaline phosphatase, and between bone 
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resorption and the hydroxyproline excretion 
in the urine (KLEIN, 1964). Calcium administra
tion inhibits bone resorption in rats, presumably 
by inhibiting the release of parathyroid hormone 
(BRONNER,1965). 

The kinetics measurements can be related 
up to a point to the formation of new bone, which 
can be demonstrated histologically. There is 
no strict relationship between accretion and the 
number of osteoid seams labeled with tetracycline 
or bone formation measured microradiographi
cally (LEE, 1965; RIGGS, 1967). There is a better 
correlation in the young than in the adult dog, 
since during growth a large part of the calcium 
given is incorporated into the bones by meta
bolically active osteons, whereas in the adult 
the exchange between isotope and bone surfaces 
becomes a dominant feature. The results ob
tained in osteomalacia are contradictory. Histo
logical examination after tetracycline labeling 
shows that bone formation is slow, whereas 
the turnover measured with strontium can be 
increased up to two-fold (FROST, 1963; FRASER, 
1960). The osteoid borders labeled with tetra
cycline represent newly formed osteons. These 
osteons are autoradiographically visible as black 
spots ("hot spots"), in contrast to the diffusely 
distributed radioactive calcium (MARSHALL, 
1959). The diffuse exchange processes cannot 
be determined histologically with tetracycline 
labeling. These processes may be important, 
particularly in adults, for the rapid regulation 
of the serum calcium concentration and for 
calcium homeostasis. The histological and kinetic 
investigations give additional and independent 
information. A great disadvantage of kinetic 
investigations is that the models used are crude 
simplifications and cannot be regarded as true 
reflections of pathologic conditions. A biopsy 
specimen is only a small part of the skeleton 
and may not be representative. Furthermore, 
purely morphological criteria are used, which 
do not allow measurement of the rates of bone 
formation or resorption. 

B) Physical Examinations 

The breaking strength and the percentage 
deformation associated with fractures are de
pendent on the ash content per bone volume. 
This decreases with advancing age. However, 
the bone mineral remains qualitatively un
changed during adulthood (BELL, 1967). 

E) Radiographic Densitometry 

In addition to the visual assessment of the 
form, structure and density of the skeleton, 
the bone density can be measured with the aid 
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of strictly standardized conditions related to 
the intensity of the X-rays, geometry, and film 
properties. The density of the bone is measured 
at the vertebra in the hand and in the foot, 
and information can be obtained about the 
hydroxyapatite content of the bone. An alumin
ium hydroxyapatite scale with increasing den
sity is laid alongside for comparison. The depth 
of the soft tissues is a hindrance in the assess
ment of bone density (KROKOWSKI, 1966). The 
measurement of the 'Y-absorption with 1251 
gives superior results in thin bones (JOHNSTON, 
1968). 

The bone mass can also be estimated by 
measuring the depth of the compact bone in 
the bones of the hands, and by visual assessment 
of the bone density (GARN, 1967; BERNSTEIN, 
1966). Structural alterations are discussed in 
the clinical section (see index). 

~) Analytical Methods 

Estimation of the ash content or the weight of 
the bone related to bone volume gives some 
indication of osteoporosis (ARNOLD, 1964; 
TROTTER, 1960). The calcium and phosphate 
contents can be referred to the wet or dry weight 
or to the nitrogen or nucleic acid content (p. 849). 
However, a disturbing factor is the absence of 
any point of reference. The nitrogen content gives 

. a measure of the cell activity and of the size 
of the bone matrix. The nucleic acid content is 
related to the number of cells and the mitotic 
rate. The ash weight again takes no account of 
the bone matrix which is important for the 
assessment of the metabolic activity of the 
skeleton. 

Radiological diffraction spectra and infra
red absorption spectrophotometry allow inves
tigation of the quality of the apatite. Bone 
minerals consist chiefly of hydroxyapatite and 
amorphous calcium phosphate. Traces of pyro
phosphate are also present (POSNER, 1967). 

4. Metabolic Bone Disease 

Metabolic bone disorders indicate generalized 
involvement . of the skeleton, in contrast to 
localized disorders due to a fracture or in 
osteomyelitis. Nevertheless, the involvement 
often only becomes clinically obvious in localized 
parts of the skeleton which are especially sub
ject to strain and traction. 

This section gives a general survey on 
alimentary and hormonal influences (except 
parathyroid hormone and calcitonin) and the 
effects of age and immobilization on the skele
ton. Detailed descriptions are given in the ap
propriate chapters (see index). 
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a) Alimentary Influences 

ex) Calcium 

A calcium-deficient diet can cause osteoporosis, 
particularly in growing and undernourished 
persons and in old age. An inadequate intake 
of calcium probably leads to an increased 
secretion of parathyroid hormone and a rise 
in bone resorption. In man, a calcium-deficient 
diet leads to increased intestinal calcium absorp
tion, to an increase in bone resorption as meas
ured by isotopic-kinetic analysis, and to the 
excretion of increased amounts of calcium and 
hydroxyproline in the urine. All these factors 
can be explained by an increased parathyroid 
hormone secretion rate (PRANG, 1968; SMITH, 
1964). Conversely, in some cases an elevated 
intake of calcium leads to a positive calcium bal
ance with a reduction of the isotopic-kinetically 
measured bone resorption, and possibly to in
hibition of the release of parathyroid hormone 
(SCHWARTZ, 1965). 

In cases with microradiographically visible 
increased bone resorption and decreased bone 
formation calcium infusions produce a normal
ization of these findings which may be due to 
inhibition of the parathyroid hormone secretion 
(PAK,1969). 

The density of the compact bone in the 
bones of the hands, measured radiologically 
in subjects receiving a calcium-deficient diet 
( < 300 mg/day) and others receiving a diet rich 
in calcium (> 1500 mg/day), however, does not 
differ from that found in comparable population 
groups in Central and North American (GARN, 
1967). 

In adult cats, a calcium-deficient diet leads 
to osteoporosis which can be prevented by the 
administration of calcium or by parathyroid
ectomy (]OWSEY and RAISZ, 1968 a). In rats, 
an elevated calcium intake causes inhibition 
of the isotopic-kinetically measured bone re
sorption, and possibly also of the release of 
parathyroid hormone, without any alteration of 
the serum calcium concentration (BRONNER, 
1965). Intestinal calcium absorption is sometimes 
reduced in idiopathic osteoporosis during youth 
and old age (DENT, 1956; SPENCER, 1964). In 
these cases treatment with vitamin D and/or 
calcium leads to an improvement in the bone 
findings, without disclosing anything about 
the pathogenesis of the osteoporosis. 

~) Vitamin D, Vitamin-D Resistance and 
Phosphate 

Osteomalacia is characterized by an increase 
in unmineralized osteoid due to a defect in the 
mineralization of the bone matrix. Patho-

gnomonic findings are pseudo fractures and 
Looser's zones. Amorphous calcium phos
phate is deposited into the osteoid, which 
is only slowly converted into apatite (POSNER, 
1967). The osteoid mass can only be quantita
tively assessed in undecalcified sections. 

An increase of the osteoid mass alone is no 
proof of a vitamin-D deficiency. It can also 
occur in hyperthyroidism or in hyperphos
phatasia, when it is a reflection of increased 
bone formation. The rate of collagen synthesis 
is normal or increased in both conditions. 
Osteoblasts and tetracycline deposits in osteoid 
seams are indications that bone formation 
is increased. Their absence suggests a mineraliza
tion defect such as occurs in vitamin-D defi
ciency (M OLLER, 1966; BA YLINK, 1970; FISCHER, 
1970). 

Bone formation as measured by tetra
cycline labeling of osteoid seams, is retarded 
in osteomalacia (RAMSER, 1966). The fibro
osteoclasia is not always very extensive, espe
cially in severe hypocalcemia, in intestinal 
malabsorption and in azotemia, since the per
missive action of vitamin D on bone resorption 
is probably absent (RASMUSSEN, 1963; FISCHER, 
1970). 

The pathogenesis of the osteomalacia cannot 
be explained by the absence of a single factor, 
with the exception of vitamin-D deficiency in 
infantile rickets and of nutritive vitamin-D 
deficiency, which rarely occurs alone (DENT, 
1969). The different forms of osteomalacia are 
therefore discussed separately. 

Osteomalacia develops in vitamin-D defi
ciency in children (rickets), or as a result of 
resistance to the action of vitamin D (renal 
insufficiency, vitamin D-resistant rickets). It 
also arises in steatorrhea, after gastrectomy, 
in liver cirrhosis, with a phosphate-deficient 
diet or with a phosphate loss through the 
kidneys. Vitamin-D deficiency is the dominant 
feature in infantile rickets. At first the serum 
calcium concentration is usually only slightly 
reduced; the reduction later becomes severe, 
causing tetany. The serum phosphate con
centration is low, and the phosphate excretion 
in the urine is elevated due to secondary hyper
parathyroidism. The alkaline phosphatase in the 
plasma is raised before and immediately after 
treatment with vitamin D. It is a sign of in
creased osteoblastic activity. 

Vitamin-D deficiency leads to osteoporosis 
in growing rats on a calcium-deficient diet. 
An increase of the osteoid mass only arises 
when the animals' diet is also deficient in phos
phates (STEENBOCK, 1955). Parathyroid hor
mone deficiency alone, in contrast to vitamin-D 
deficiency, does not lead to a massive increase 
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in the osteoid mass. In the malabsorption 
syndrome with steatorrhea, osteoporosis some
times precedes the osteomalacia, and can be 
treated successfully with vitamin D (GARNER, 
1966; MUNCK, 1963; FISCHER, 1970). 

Steatorrhea prevents normal intestinal ab
sorption of the fat-soluble vitamin D, and 
furthermore, phosphate absorption is reduced, 
since a significant proportion of the phosphate 
is delivered to the organism in the form of 
fats. Finally, protein absorption is decreased, 
which is of importance in the synthesis of the 
bone matrix. In rare cases, there is no steatorrhea, 
and in one case only a reduction of the xylose 
absorption was demonstrable (Moss, 1965). 

Osteomalacia rarely occurs following gas
trectomy. An elevation of the serum alkaline 
phosphatase may be related to an increased 
release of an intestinal phosphatase, especially 
from a blind loop. Osteomalacia was found in 
only 6 out of 1228 patients, and it was improved 
by treatment with vitamin D (MORGAN, 1965). 
In another series the vitamin-D concentration, 
measured biologically in the plasma, was reduced 
in 10 out of 28 patients and the osteoid seams 
widened at the same time (THOMPSON, 1966). 
In some patients, particularly the elderly, the 
bone density, measured radiologically in the 
metacarpal bone, is reduced (MORGAN, 1966). 
Mild, but frequent changes suggesting osteo
malacia are reported by EDDY (1971). 

In renal insufficiency the reduction of the 
calcium concentration in the plasma is the 
predominant feature at first. The osteoid surface 
is generally increased and tetracycline storage 
is limited to a few seams (BINSWANGER, 1968). 
When bone chips are incubated, calcium phos
phate is deposited when certain concentrations 
of calcium and phosphate are reached. The 
calcification is impaired by the addition of 
plasma from uremic patients (YENDT, 1955). 
The acidosis occurring in uremic patients prob
ably also contributes to the inhibition of the 
mineralization of the skeleton. Bicarbonate 
leads to a reduction of the calcium excretion 
in the stools and urine when serum calcium 
and phosphate are unaltered (LITzow, 1967). 

The intestinal absorption of calcium is 
reduced even when concentrations of vitamin D 
in the plasma are normal. This is corrected only 
with pharmacological doses of vitamin D. 
BELL (1964) observed a patient with sarcoidosis 
before and after the development of acute 
nephritis with azotemia: The calcium absorp
tion, which was elevated at first, was reduced, 
while hypersensitivity to vitamin D was re
placed by resistance. The hypocalcemia is not 
due to increased excretion of calcium in the 
urine. The calcium excretion through the kidneys 
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is reduced, as is glomerular filtration. Resistance 
to vitamin D is thought to be the main cause 
of hypocalcemia (STANBURY, 1966). 

The phosphate concentration in the plasma 
is elevated due to the reduced glomerular 
filtration rate. The hyperphosphatemia also 
leads to hypocalcemia and sustains the secondary 
hyperparathyroidism. Parathyroid hormone lev
els are elevated. They can be reduced with 
aluminium hydroxide gel or a phosphate-defi
cient diet (SLATOPOLSKY, 1970). During pro
longed azotemia the osteomalacia disappears, 
but bone resorption increases and the serum 
calcium is normalized during stimulation of 
the parathyroid hormone secretion (STANBURY, 
1966). 

Osteomalacia connected with widening of 
the osteoid seams appears not only in vitamin-D 
deficiency, but also with a phosphate-deficient 
diet or with phosphate loss through the kidneys. 
In man, a massive increase of the osteoid tissue 
is produced in phosphate deficiency by the 
binding of the phosphate with aluminium 
hydroxide gels in the gut, and in rat by a phos
phate-deficient diet (COLEMAN, 1950; LUDWIG, 
1967; LOTZ, 1968). Vitamin D-resistant rickets 
results from a loss of phosphate through the 
kidneys. The calcium concentration in the plasma 
is normal. Calcium absorption from the gut and 
excretion through the kidneys are reduced. 
The phosphate loss is due to a defect in the 
renal tubules. The parathyroid hormone con
centration is in the normal range (ARNAUD, 
1971). 

Treatment with vitamin D in doses which 
would normally lead to vitamin-D intoxication 
improves the mineralization of the skeleton. 
Calcium administration does not lead, as would 
be expected, to improvement of the osteo
malacia. Calcium cannot be incorporated into 
the bones in the presence of a phosphate 
deficiency. Additional evidence that the rate 
of bone formation is slow comes from kinetic 
measurements, which show that the deposition 
rate is reduced, and from a decrease of the 
alkaline phosphatase in the plasma and the ex
cretion of hydroxyproline in the urine (LAFFERTY, 
1964; NAGENT DE DEUXCHAISNES, 1967). 

Even treatment with phosphate alone im
proves the absorption of calcium and phosphate 
in the gut and the mineralization to some extent. 
This is associated with a rise in the calcium 
deposition, measured with 47Ca. Furthermore, 
there is a decrease in the calcium concentration 
in the plasma and the calcium excretion in the 
urine, and an increase in the alkaline phosphatase 
level in the plasma and in the urinary hydroxy
proline excretion, reflecting secondary hyper
parathyroidism; the parathyroid hormone con-
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centration in serum is increased following 
treatment with phosphate (NAGENT DE DEUX
CHAISNES, 1967; ARNAUD, 1971). 

y) Fluoride 

In North Dakota, subjects over 45 years of age 
who are exposed to drinking water with a high 
fluoride content have been found to have 
significantly higher bone density and less fre
quent compression fractures of the spine than 
comparable subjects living in South Dakota, 
where the fluoride content of the drinking water 
is lower. These findings are more common in 
women, although both sexes are subjected to 
the same environment (BERNSTEIN, 1968). 

Fluoride can inhibit or stimulate bone resorp
tion depending on the dose used (FACCINI, 1967; 
BA YLINK, 1970). In rats with immobilization 
osteoporosis, the calcium content of the bones 
is increased and the serum calcium reduced, 
which indicates that bone resorption has been 
reduced and formation of new bone is probably 
being promoted (GEDOLIO, 1966). Studies in 
growing rats, however, reveal an increase in 
periosteal bone formation, an inhibition of 
mineralization, and an increase in bone resorp
tion (BA YLINK, 1970). In man, osteosclerosis 
with increased osteoid formation arises first, 
and after a latent period of a few months this 
is converted into apatite (JOWSEY, 1968 b). This 
delayed calcification is explained by an inhibi
tion of the formation of bone matrix and of 
collagen synthesis by fluoride in vitro (PECK, 
1965). The calcium balance becomes positive 
only after two to three months, and this is 
possibly related to the delayed calcification of 
the bone matrix (RICH, 1964). 

A chronic fluoride intoxication leads to 
osteosclerosis and to increased fragility of the 
bones. 

8) Proteins 

The protein intake influences the collagen syn
thesis and thus the extent of the bone matrix. 
Malabsorption causes osteoporosis as well as 
osteomalacia. 

b) Age 

Senile osteoporosis is the physiological loss of 
bone minerals with advancing age. Osteoporosis 
is characterized by a morphometrically measur
able decrease in the volumetric bone density 
of the spongiosa, by a reduction of the thickness 
of the corticalis and by an enlargement of the 
Havers' compartments in the compacta (Fig. 7b). 
The radiologically measured thickness of the 

cortical is and the ash content or the bone weight 
per bone volume are decreased (ARNOLD, 1964; 
TROTTER, 1960). The thickness of the compact 
bone, measured radiologically, decreases slowly 
in the metacarpal bones from the beginning 
of the fifth decade. No definite connection with 
menarche and menopause in the woman is 
demonstrable, especially since the loss of minerals 
begins at about the same time, at the age of 40, 
in Central America (menopause at 40) and 
in North America (menopause at 50) (GARN, 
1967). Senile osteoporosis is about four times 
more frequent in women than in men, (WHEDON, 
1968). The mineral content of the bones at the 
end of the growth period is seldom known, 
and therefore little can be said, especially in 
individual cases, about the action of the meno
pause on the increased bone loss. Senile osteo
porosis arises independently of the onset of 
the menopause and develops at the same time 
in the male and female. Senile osteoporosis 
cannot be discussed without mentioning ali
mentary osteoporosis, since this is implicated 
in the pathogenesis and in the treatment. 
Successful treatment discloses nothing about 
the pathogenesis of the senile osteoporosis. 
The same is applicable to the action of calcium, 
of estrogens and of androgens, which inhibit 
bone resorption in individual cases without 
causing any radiologically detectable improve
ment of the osteoporosis. As a rule, reduced 
bone formation can be demonstrated in senile 
osteoporosis. The number of newly formed 
osteons per year is reduced in these patients 
(VILLANUEVA, 1966). Two groups of patients 
with a reduced or compensatory increased 
number of osteoblasts and presumably for
mation of new bone become evident (MERZ, 
1970). There may be some connection with 
immobilization osteoporosis, since muscular 
contraction could promote compensatory new 
bone formation in the presence of increased 
bone breakdown. In effect, histological morpho
metric examination of bone biopsies and kinetic 
studies using redioactive calcium reveal in
creased bone resorption as well as decreased 
formation of new bone (FROST, 1963; HEANEY, 
1965). The findings in these bones presumably 
differ only quantitatively from those in hyper
parathyroidism. Calcium deficiency promotes 
increased bone resorption due probably to 
increased parathyroid hormone secretion. The 
pathogenesis of senile osteoporosis is still largely 
unknown. 

c) Immobilization and Gravity 

In the absence of muscular contraction, bone 
formation is impaired and bone resorption 
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increased, leading to hypercalciuria, nephro
lithiasis and occasionally in acute cases to 
increased serum calcium. The hydroxyproline 
excretion is higher during the night than during 
the day, reflecting increased bone breakdown 
at rest (MAUTALEN, 1970). The weights of the 
left psoas muscle and the third lumbar vertebral 
body are proportionally decreased or increased 
regardless of body weight and body length 
(DOYLE, 1970). Muscular contraction leads 
to an increase in the formation of new bone, 
possibly regulated through local piezo electric 
current changes at stressed bone surfaces (BAS
SETT, 1966). Movement is thus the best therapy 
for most forms of generalized osteoporosis. 
Increased bone resorption can lead to com
pensatory formation of new bone, a process 
which is best supported by movement and 
physiotherapy. An impressive example of im
mobilization osteoporosis is seen in astronauts 
in whom the action of gravity is also absent 
(LUTWAK, 1969). In rats, immobilization osteo
porosis can be prevented by thyroidectomy or 
parathyroidectomy (BURCKHART, 1967). 

d) Cortisone 

Bone remodeling is retarded in Cushing's 
disease and following treatment with cortisone. 
The osteoporosis and the reduction in body 
length in children are caused primarily by a 
decrease in the formation of new bone. The 
osteoid mass is diminished and only small parts 
store tetracycline, indicating delayed miner
alization of the skeleton. The excretion of 
hydroxyproline in the urine is decreased, reflect
ing the retarded collagen synthesis (HARTMANN, 
1966). The uptake of radioactive 45Ca by the 
bones in vivo is delayed (CLARK, 1959), as is the 
release of radioactive calcium from bone-cell 
cultures (STERN, 1969). In Addison's disease and 
after the removal of the adrenals in rats, the situa
tion is reversed, and hypercalcemia with in
creased bone resorption arises, which can be 
prevented by thyroidectomy (JOWSEY, 1968c). In 
vitro, synthesis of polysaccharides and cartilage 
growth are retarded (BARRETT, 1966). The 
uptake of uridine labeled with 14C of the 
ribonucleic acids, and the uptake of proline 
labeled with 14C of the collagen are retarded in 
isolated bone cells by cortisone. It is probable 
that cortisone inhibits primarily the synthesis of 
collagen and of mucopolysaccharides, possibly 
at the site where the synthesis of ribonucleic 
acids is controlled by desoxyribonucleic acids. 

Less bone matrix is formed when protein 
synthesis is inhibited, and osteoporosis then 
arises. It is not definitely known whether 
cortisone has an influence on bone resorption. 
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The release of 45Ca from the bones and collagen 
breakdown are not influenced in vitro. A reduc
tion of bone resorption can be only poorly 
demonstrated in isotopic-kinetic and morpho
metric investigations. Hypercalcemic patients 
with mUltiple myeloma who are treated with 
prednisone show a reduction in the previ
ously enlarged calcium pool, and in accretion 
and resorption rates (BENTZEL, 1964). The osteo
porosis in Cushing's disease and following 
medication with adrenocortical steroids is due 
primarily to inhibition of the new bone formation 
with retarded synthesis of bone matrix. In 
addition to the retarded bone metabolism 
cortisone produces decreased intestinal calcium 
absorption and hypercalciuria, which could 
contribute to the negative calcium balance 
(KIMBERG, 1969). 

e) Sex Hormones 

Estrogens and androgens primarily inhibit bone 
resorption, and are therefore used for the treat
ment of senile osteoporosis. Castration causes 
a slight rise in the serum calcium and in the 
calcium excretion in the urine in man, which 
can be explained by increased bone breakdown 
(SZYMGNENDERA, 1967). The morphometrically 
measured bone formation and resorption, as 
well as the hydroxyproline excretion in the 
urine are reduced in the presence of estrogens 
(FROST, 1963; KATZ, 1968). 

Isotopic-kinetic investigations and micro
radiographic findings in bone biopsies show 
that bone resorption is diminished by estrogens 
and androgens (GORDAN, 1963; RIGGS, 1969). 
The best possible result is a temporary increase 
in calcium and phosphate retention. Accretion 
is inhibited by a longer treatment. In addition, 
estrogens inhibit the growth of the epiphyseal 
cartilage and longitudinal growth of the bones 
in mouse, rat and rabbit (SIMMONS, 1966; 
BERNBER, 1968). The calcium balance remains 
uninfluenced (LAFFERTY, 1964; EISENBERG, 1966). 
ALBRIGHT'S theory (1948), which assumed from 
the findings of positive nitrogen balances follow
ing treatment with androgens that there was 
a promotion of bone formation, has not been 
confirmed. 

The fact that estrogens and androgens 
produce a questionable inhibition of the in
creased bone resorption during the treatment 
of senile osteoporosis, says nothing about its 
pathogenesis. It is more likely that osteoporosis 
during the menopause is senile osteoporosis 
with a different course in the male and in the 
female (p. 867). The mode of action of estrogens 
and androgens is similar to that of the adreno
cortical steroids. Bone resorption is retarded. 
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Estrogens and androgens primarily inhibit bone 
resorption and can retard the osteoporosis 
in some patients, whereas the adrenocortical 
steroids inhibit the formation of new bone and 
lead primarily to osteoporosis. 

() Thyroxine 

Thyroxine causes an increase in bone remodeling. 
Bone formation and resorption are increased, 
the latter exceeding the former. The result is 
a reduction in the bone mass, i.e. osteoporosis. 
Bone formation is increased and this is occa
sionally reflected by an increase in the osteoid 
mass. In contrast to rickets and osteomalacia, 
the osteoid seams are narrow, they store tetra
cycline along the demarkation line and there
fore do not show a mineralization defect. 
Mineralization of the skeleton is delayed in 
osteomalacia, whereas bone formation is in
creased in hyperthyroidism, as in the growth 
period and in acromegaly (FROST, 1963). The 
accretion, measured isotopic-kinetically, and 
the number of osteoclasts are sometimes in
creased in hyperthyroidism. They are usually 
below normal limits in hypothyroidism (BELL, 
1967 a; FROST, 1963). There is a good correlation 
between the hydroxyproline excretion in the 
urine and the concentration of protein-bound 
iodine in the plasma (KIVIRIKKO, 1965). The 
increased turnover of collagen becomes apparent 
in the skeleton and the skin, hence the thin 
skin of the patients with hyperthyroidism. The 
increased excretion of hydroxyproline and of 
calcium in the urine, and the increase in the 
osteoclasts as well as the hypercalcemia, which 
arises rarely, are indications of increased bone 
resorption. The possible inhibition of the release 
of parathyroid caused by the slight hyper
calcemia could explain the inhibition of calcium 
absorption in the gut. Intestinal calcium ab
sorption can also be inhibited by the rapid 
passage of the food through the small intestine. 
The inhibition of parathyroid hormone release 
also explains the hypercalciuria with an in
hibition of the calcium reabsorption in the 
renal tubules. Hypercalciuria thus arises much 
more commonly than hypercalcemia in hyper
thyroidism. 

In rats, thyroidectomy prevents the develop
ment of immobilization osteoporosis (p. 867). 

g) Growth Hormone 

Growth hormone primarily promotes bone 
formation, with an increase in the mitotic 
rate of the osteoblasts. In cartilage-cell cultures, 
there is an increased incorporation of tritium
labeled thymidine into desoxyribonucleic acids 

under the influence of growth hormone after 
a latent period of 48 hours. Later, there is an 
increase in cell division (DAUGHADAY, 1966). 
The increased number of osteoblasts causes a 
rise in the formation of osteons in acromegaly 
(FROST, 1963). In acromegaly, bone resorption 
is sometimes increased, with a slight elevation 
of the serum calcium concentration leading 
to a negative calcium balance (BELL, 1967 b; 
NADARAJAH, 1968). 

h) Unexplained Causes 

In addition to the decreased calcification of the 
bone matrix a high increase in the number of 
osteocytes with an increased bone breakdown 
can be observed in osteogenesis imperJecta 
(ROBICHON, 1968). 

In osteopetrosis bone resorption is decreased 
and both the calcium absorption in the intestine 
and the calcium retention in the skeleton are 
increased. This could be caused by overproduc
tion of calcitonin (p. 882). 

In idiopathic hypercalciuria, accretion and 
bone turnover, as measured with radioactive 
calcium, are increased and the intestinal calcium 
excretion is relatively low compared with the 
excretion in the urine. The total calcium excre
tion i.e. into the urine and into the intestine, 
is not elevated. Increased bone remodeling 
could be the primary reason for idiopathic 
hypercalciuria (LIBERMANN, 1968). 

5. Regulation of the Calcium and Phosphate 
Metabolism 

Parathyroid hormone is the most single impor
tant regulator of the serum calcium concen
tration. The presence of vitamin D is necessary 
for parathyroid hormone to be able to exert 
its full effect on the intestine and the skeleton. 
Calcitonin causes a fall in the serum calcium 
concentration and serves as a rapid-onset 
counter-regulator. Skeletal growth and bone 
remodeling are further regulated by growth 
hormone, thyroxine, cortisol, and the sex hor
mones (see index, p. 868). 

a) Parathyroid Hormone 

ex) Occurrence, Isolation, Secretion, and 
Metabolism of Parathyroid Hormone 

Parathyroid hormone is formed in the para
thyroids in all known animal species. 

In addition to the highly purified parathyroid 
hormone (PTH), parathyroid extract (PTE, 
Lilly) is used in clinical medicine. PTE has a 
potency of about 100 units (USPU)/ml, or 
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10 units/mg dry weight. In contrast, the potency 
of highly purified parathyroid hormone is 
2000-3000 units per mg dry weight. PTH was 
isolated in 1959 by counter-current distribution 
(RAsMUSSEN and CRAIG; AURBACH). For later 
purification procedures gel filtration was exten
sively used (RASMUSSEN, 1964b; AUERBACH, 
1967). Parathyroid hormone consists of a single 
polypeptide chain with a molecular weight of 
about 10000. The chain contains 84 amino 
acids. The total sequence of bovine PTH was 
derived in 1970 (BREWER; NIALL) (Fig.9a). 
The first 34 amino-acid residues have been syn
thesized and the chain is still biologically active 
(POTTS, 1971 a). The ability of bovine PTH to 
form antibodies remains intact after oxidation 

Fig. 9a. Amino-acid sequence of bovine parathyroid hor
mone (After BREWER, 1970; NIALL, 1970) 
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with a methionine or after treatment with 
cyanide bromide, while the biological activity is 
destroyed at the same time (POTTS, 1965). 

The sequence of the first 34 amino acid 
residues starting with the amino terminus of 
human PTH has been elucidated (BREWER and 
ARNAUD, 1972) (Fig.9b). The synthesis has 
been accomplished and the chain is still bio
logically active (ANDREATTA, 1973). Antibodies 
have been raised against this peptide and the 
presence of immunoreactive PTH demonstrated 
in human serum using this system (FISCHER, 
1974). Alternative structures for human PTH 
have been proposed by POTTS (1973). 

Purified parathyroid hormone always leads 
to increased mobilization of calcium from the 
bones and thus to a rise of the serum calcium 
concentration of calcium. At the same time 
PTH promotes the excretion of phosphate 
through the kidneys and thus a fall in the serum 
phosphate concentration. The two actions can
not be separated. At least five peptides have 
been found in the parathyroids, and they show 
different biological effects, particularly in vitro 
(RASMUSSEN, 1964b). 

The potency of parathyroid hormone is 
examined by its action on the mobilization of 
calcium from the skeleton (MUNSON, 1955) and 
by the phosphate excretion through the kidneys. 
The most frequently used assay is performed 
in the parathyroidectomized rat, in which the 
rise of the calcium concentration is measured 
after an injection of an extract of unknown 
potency. The increase in the serum calcium 
concentration and the phosphaturic action can 
also be tested in men. In order to prevent 
anaphylactic shock, which is theoretically pos
sible, the extract must be given subcutaneously 
and applied on to the conjunctiva first. An 
intravenous injection of 200 units PTE does 
not normally cause any symptoms. One 

Human parathyroid hormone 

R 

5 10 15 20 25 30 34 

Bovine parathyroid hormone 

R 

5 10 15 20 25 30 34 

Porcine parathyroid hormone 

R 

5 10 15 20 25 30 34 

Fig. 9b. Comparison of the amino acid sequences of amino-acid residues 1-34 of human, bovine, and porcine parathyroid 
hormone. (After BREWER, 1972, 1970; O'RIORDAN, 1971) 
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thousand units PTE given over 12 hours in 
an infusion occasionally gives rise to shivering, 
fever and headaches. To our knowledge, severe 
complications have never occurred. Unpurified 
PTE is not used therapeutically as it leads to 
the formation of antibodies after a relatively 
short time. These antibodies have been demon
strated by radioimmunological methods (ME
LICK, 1967). 

The concentration of the parathyroid hor
mone is measured in the plasma, urine and 
extracts of the parathyroids or of paraneoplastic 
tumors such as bronchial carcinoma and hyper-
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nephroma (GOLDBERG, 1964; SHERWOOD, 1967). 
Biological methods are sensitive enough for 
estimation of the hormone activity in organs 
and in the urine (ELICE, 1965). BERSON'S radio
immunological methods are the most suitable 
for measurement of the concentration of PTH 
in serum (1966), and permit normal subjects 
to be differentiated from patients with hyper
parathyroidism (REISS, 1968 a; ARNAUD, 1971) 
(Fig. 10). At present bovine and porcine PTH 
are used as antigens. Their cross-reactivity 
with human PTH is not known quantitatively 
(BERSON, 1966; ARNAUD, 1971). 

The level of PTH in serum can be estimated 
by indirect methods for clinical purposes. The 
assessment of hyperparathyroidism is based 
on the summation of the biological sites of 
action, and the single most important measure
ment is an accurate determination of the serum 
calcium concentration. The parathyroid hor
mone concentration in the plasma varies in
versely to the serum calcium and magnesium 
concentrations. A fall in the serum calcium 
results in an increased secretion of parathyroid 
hormone (Fig. 11). It is the concentration of 
the ionic fraction rather than the total serum 
calcium concentration which regulates the PTH 
secretion. This has been clearly shown with phos
phate infusions in the cow, where a lowering of 
the ionic calcium concentration preceded a de
crease in total calcium. In this situation a rise in 
PTH concentration occurs within minutes of the 
fall in ionic calcium, while the total calcium con
centration remains unchanged (FISCHER, 1973). 
Infusion of a parathyroid of the goat with 
blood rich in calcium or magnesium leads 
to inhibition of the secretion of parathyroid 
hormone (CARE, 1966). The quantity of para
thyroid hormone which can be extracted from 
parathyroid glands is relatively small. If it 
can be assumed that most of the hormone is 
extracted by the usual procedures, this would 
suggest that the content of parathyroid hormone 
in the parathyroids is renewed 3 to 15 times per 
hour by synthesis in cows (SHERWOOD, 1966, 
1968; BUCKLE, 1968). In normal control subjects 
the concentration of parathyroid hormone in 
the serum is inversely proportional to the cal
cium concentration in the serum. The serum 
calcium and PTH concentrations have to be 
taken into account in the assessment of border
line cases of primary hyperparathyroidism (AR
NAUD, 1971). 

The parathyroids are hyperplastic in rats 
fed on a calcium-deficient diet, although the 
serum calcium concentration may remain in 
the normal range. Acromegaly can be connected 
with hyperplasia of the parathyroids. Presum
ably the rise in the phosphate concentration 
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in the plasma leads to frequent unmeasurable 
falls in the ionic calcium concentration, which 
cause secondary hyperparathyroidism. Rats on 
a high-calcium diet show decreased bone re
sorption, as measured isotopic-kinetically, with 
an unchanged serum calcium concentration 
(BRONNER, 1965). The parathyroid hormone 
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concentration in the plasma in sarcoidosis is 
lowered in normocalcemic subjects, reflecting 
inhibition of the parathyroid hormone secretion 
with increased liberation of calcium from bone 
(REISS, 1968 b; CUSHARD, 1972). A similar 
mechanism is assumed to be the cause of 
the normocalcemic secondary hyperparathyro
idism with a decreased calcium absorption 
due to malabsorption. In addition to the 
hypocalcemia, frequent small unmeasurable falls 
in the serum calcium concentration are prob
ably sufficient to act as a stimulus for an in
creased release of parathyroid hormone (FI
SCHER, 1970). Rats fed on a magnesium-free 
diet develop hyperparathyroidism with hyper
calcemia, which can be prevented by para
thyroidectomy (GITELMAN, 1968). A rise in 
the calcium and magnesium concentrations 
in the plasma leads to inhibition of the release 
of parathyroid hormone (CARE, 1966). A rise 
of the phosphate concentration in the plasma 
itself probably does not influence PTH secre
tion, except when it leads to a fall in the serum 
calcium concentration and subsequently to a 
rise in PTH secretion. The central nervous 
system and the pituitary have no demonstrable 
influence on the parathyroids. In vitro, a reduc
tion in the calcium or magnesium concentration 
in the incubation medium leads to a rise in 
parathyroid hormone secretion and also to 
an increase in the uptake of amino acids and 
in the synthesis of nucleic acids and of proteins. 
An elevated calcium concentration leads to 
inhibition of these processes (RAISZ, 1969; 
SHERWOOD, 1970; OLDHAM, 1971). 

Besides decreased serum calcium and mag
nesium concentrations, epinephrine is also potent 
stimulator of PTH secretion that might be of 
physiological importance (FISCHER, '1973). 

The PTH is regulated by the serum calcium 
concentration in primary hyperparathyroidism. 
It is not autonomous. As shown by POTTS 
(1971 b) and confirmed by BINSWANGER and 
FISCHER (1972), reduction of the serum calcium 
concentration produces an increase in PTH 
in the serum, whereas calcium infusions in
hibit PTH secretion. In chronic hypocalcemia 
with normal kidney function (intestinal mal
absorption, pseudo hypoparathyroidism) the 
PTH is increased in relation to the decrease 
in serum calcium. The PTH concentrations 
are in the same order of magnitude as in pri
mary hyperparathyroidism. However, in patients 
with azotemia and severe renal insufficiency the 
PTH concentrations are usually higher because 
the metabolism of PTH in the kidney is retarded 
(MELICK, 1969; ARNAUD, 1971). 

The metabolism of PTH was not investigated 
until recently. Subsequent to BERSON'S (1968) 
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discovery of the immunoheterogeneity of PTH 
in serum, ARNAUD (1970) has demonstrated 
that the PTH in peripheral serum and in tissue 
culture medium from parathyroid slices in 
vitro is immunologically different from glandular 
PTH, whose sequence is known in the bovine 
species (BREWER, 1970; NIALL, 1970). It appears 
at present that PTH is probably secreted in 
its glandular form in vivo and subsequently 
converted into lower-molecular-weight species, 
which are primarily found in peripheral serum 
and in tissue culture medium (ARNAUD, 1970; 
SHERWOOD, 1970; HABENER, 1971). The lower
molecular-weight forms are biologically active 
(FISCHER, 1972a; REISS, 1972). A converting 
enzyme has been extracted from parathyroid 
glands, liver and other tissues, which facilitates 
the conversion of PTH from its glandular form 
into the form which primarily occurs in serum. 
This conversion is stimulated in the presence 
of EDTA or EGTA, and the converting enzyme 
is a possible site of action for the regulation 
of PTH secretion by calcium. Furthermore, 
a calcium-binding protein has been isolated 
from parathyroid tissue with a high affinity 
(log Kr 5.5) for calcium. This is another possible 
site for the regulation of PTH secretion by 
calcium (OLDHAM, 1971 b). 

There is convining evidence that PTH cir
culating in the serum of patients suffering 
from paraneoplastic hyperparathyroidism, which 
has different immunological properties from 
the PTH circulating in patients with primary 
hyperparathyroidism, has a different molecular 
structure (RIGGS, 1971). 

The metabolic breakdown of PTH occurs 
within hours in the plasma. The half-life of the 
bovine glandular hormone is 10-20 min in man, 
and 20-30 min in the cow, regardless of the serum 
calcium concentration (ARNAUD, 1967; SHER
WOOD, 1968). MUNSON (1955) demonstrated 
hypocalcemia after two hours in parathyroid
ectomized rats on a calcium-deficient diet. 
DAVIS (1960) found that parathyroid trans
plants were more effective in the testes than 
in the spleen, and concluded therefore that the 
hormone was destroyed in the liver. These 
transplantation experiments exclude a nervous 
control over the liberation of parathyroid 
hormone from the parathyroids. ORIMO (1965) 
and MARTIN (1969) demonstrated that the break
down of iodine-labeled parathyroid hormone 
is higher in the kidneys in vitro than in the 
spleen, skeletal muscle and liver. The half-life 
in the plasma is prolonged in patients with 
renal insufficiency or after nephrectomy (ME
LICK, 1969). Parathyroid hormone, which can 
be immunologically demonstrated, disappears 
from the plasma more slowly in uremic patients 

following parathyroidectomy than in hyper
parathyroid patients (BERSON, 1968). 

~) Sites of Action of Parathyroid Hormone 

The most important sites of action are the 
bones, the kidneys and the small intestine. 

Bones. Parathyroid hormone causes an initial 
fall followed by a rise in the calcium concen
tration in the plasma. Immediately after an 
injection of parathyroid hormone the serum 
calcium concentration decreases. This decrease 
is followed by a sustained rise. The initial 
decrease is explained by a sequestration of 
calcium phosphate in bone and in soft tissues. 
The initial decrease was usually attributed 
to calcitonin, until this effect was confirmed 
by PARSONS (1971) with homogeneous para
thyroid hormone. The hypercalcemia is pro
duced primarily by an increased mobilization 
of calcium from the bones and increased 
bone resorption, with an increase in osteo
clastic and osteocytic activity. It is presumably 
the osteoclasts that are responsible for the 
long-term action of parathyroid hormone in 
bone remodeling, whereas the promotion of 
tubular calcium reabsorption by the kidneys, 
the calcium absorption in the gut, and the 
antagonistic action of parathyroid hormone 
and of calcitonin on the osteocytes are essential 
for the regulation of the serum calcium con
centration (RASMUSSEN, 1967b). The signifi
cance of the action of parathyroid hormone on 
the osteocytes is further supported by the fact 
that the activity of osteoclasts can be suppressed 
by 239Pu or by paraaminosalicylic acid, without 
significantly interfering with the mobilization 
of calcium from the bones, which occurs 
under the influence of parathyroid hormone 
(DoTY, 1965). Parathyroid hormone promotes 
the release of calcium from around the osteocytes 
which are then surrounded by a halo (BELANGER, 
1968; FEINBLA TT, 1970). The destruction of the 
bone matrix around the osteocytes by gelatinase 
can be demonstrated photographically on the 
surface of a film. 

Parathyroid hormone causes an increase in 
the alkaline phosphatase in osteocytes (BELAN
GER, 1963). This can be demonstrated histochem
ically. Pyrophosphates protect bone crystals 
from dissolution in vitro. The alkaline phos
phatase might be a pyrophosphatase, which 
would stimulate the metabolism of pyrophos
phates and the dissolution of bone minerals 
under the influence of PTH (FLEISCH, 1970; 
RUSSEL, 1968) (p. 889). 

The promotion of osteolysis via osteoclasts 
is one of the chief actions of parathyroid hor-



874 

mone. Since BARNICOT (1948) observed that 
fibroosteoclasts were demonstrable after para
thyroid tissue was transplanted over the bone 
in situ there has been no doubt that parathyroid 
hormone acts directly on bone, resulting in in
creased bone breakdown. In a similar manner, 
a direct action of parathyroid hormone has 
been demonstrated in vitro in bone cell cultures: 
there was an increase in the number of osteo
clasts, and in the amounts of acid phosphatase 
released from osteoclasts. Prelabeled 45Ca and 
hydroxyprolines were liberated, indicating the 
simultaneous dissolution of mineral and col
lagen (GAILLARD, 1961; RAISZ, 1965; SUSI, 
1966). Calcium is primarily mobilized from 
the older parts of the bone. The increased 
release of calcium is only observed if the 
bones of the experimental animals have been 
labeled with radioactive 45Ca three weeks prior 
to the administration of parathyroid hormone. 
When parathyroid hormone and 45Ca are 
injected simultaneously, radioactive calcium is 
not mobilized from the newly formed parts 
of the skeleton (TALMAGE, 1965). A sudden 
fall in the serum calcium concentration leads 
to an immediate release of calcium from the 
bones, which is similar in parathyroidectomized 
rats and in normal controls. This sudden 
release of calcium from the bones is not regulated 
by parathyroid hormone (ROSENBAUM, 1964). 
A similar process also arises immediately after 
an injection of parathyroid hormone - the phos
phate concentration in the plasma falls and 
there is an increase in the calcium released into 
the serum before the differentiation of osteo
clasts or of osteocytes begins. 

The action of parathyroid hormone on the 
bones consists predominantly in an increase 
in the mitotic rate, followed by an increase 
in the number of osteoclasts. An increased 
incorporation of thymidine into bone cells in 
vitro indicates a new synthesis of desoxy
ribonucleic acids and more frequent cell divi
sions (YOUNG, 1964). This effect is charac
teristic of parathyroid hormone and cannot 
be obtained in parathyroidectomized rats by 
means of peritoneal fluid rich in calcium. On the 
other hand, incorporation of 3H-cytidine into 
ribonucleic acid can be stimulated by para
thyroid hormone or calcium-rich peritoneal 
fluid (PARK, 1968). The increased release of 
calcium from bone cells cultures and the 
formation of osteoclasts is prevented in vitro 
by actinomycin-D. It inhibits protein synthesis 
at the level of the formation of messenger-nucleic 
acids {Fig. 9, Chap. I)(RAISZ, 1965b; GAILLARD, 
1965 a). Calcium mobilization from the bones, 
which occurs under the influence of parathyroid 
hormone, is also inhibited to a large extent in 
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vivo in animals treated with actinomycin D 
(Fig. 12) (RASMUSSEN, 1964a). 

Experiments by TENENHOUSE (1966) provide 
further evidence of a cellular site of action for 
parathyroid hormone. PTH leads to an increased 
release of 45Ca from bone chips incubated 
with ascites tumor cells. After centrifugation 
of the cells incubated with parathyroid hormone, 
a factor with different chemical properties from 
parathyroid hormone was isolated from the 
incubation fluid. This factor in itself leads to 
the release of calcium from the bone chips, 
whereas parathyroid hormone cannot exert its 
influence in the absence of cells. PTH stimulates 
the activity of an alkaline phosphatase in osteo
cytes. It is possible that this factor is the alkaline 
phosphatase, mentioned above, which as a pyro
phosphatase accelerates the dissolution of the 
protective layer of pyrophosphate around the 
osteocytes, and thus promotes bone breakdown 
(p. 889). The connection is still hypothetical. 
Nevertheless, the fact that parathyroid hormone 
possesses a cellular receptor and that cells 
(osteoclasts or osteocytes) promote bone re
sorption, presumably through the release of 
enzymes, appears to be confirmed. VAES' results 
support this view (1967). He demonstrated an 
increased liberation of acid hydrolases such 
as beta-glucoronidase and of hyaluronidase 
from lysosomes which primarily dissolve muco
polysaccharides in bone-cell cultures under the 
influence of parathyroid hormone. The optimum 
pH for these hydrolases is an acid one. The 
concentration of the acid phosphatase is 
elevated in the plasma in a few cases of hyper
parathyroidism and can be diminished with 
calcitonin in vivo and in vitro (DoTY, 1968; 
HEERSCHE, 1969). The synthesis of hydrolases 
precedes the action of parathyroid hormone. 
Actinomycin-D, which inhibits protein syn
thesis, also reduces the increased release of acid 
hydrolyses. This action is similar to the dis
solving action of vitamin A on cartilage or to 
the phagocytosis of the leukocytes. In contrast 
to parathyroid hormone, the action of vitamin 
A can only be demonstrated in isolated lyso
somes (FELL, 1962). 

The release of proteolytic lysosomic enzymes 
through the action of vitamin A in vitro is 
inhibited by cortisone in a dose which has no in
fluence on the increase of the number of the 
osteoclasts and the loss of bone minerals. 
Furthermore, calcitonin has no effect on the 
release of lysosomic enzymes in vitro despite 
its inhibitory action on calcium release and the 
formation of fibroosteoclasts. The increased 
release of hydro lases is therefore apparently 
not a direct effect of parathyroid hormone 
on lysosomes. The significance of these results 
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is also doubtful, since no collagenase has been 
demonstrated in lysosomes and collagen is the 
main constituent of the bone matrix (p. ). 
A collagenolytic factor has been successfully 
demonstrated in bone-cell cultures, and this 
factor is activated by parathyroid hormone. 
The cellular site of origin of the factor is un
known (WALKER, 1964). Parathyroid hormone 
not only induces release of calcium from the 
bones, but also leads simultaneously to des
integration of the bone matrix. The increased 
excretion of hydroxyproline in the urine is an 
indication of the desintegration of the bone 
matrix. In hyperparathyroidism this rise is due 
to increased bone resorption rather than to 
raised collagen synthesis. The excretion of 
hydroxyproline decreases immediately after para
thyroidectomy, although bone formation and 
the alkaline phosphatase in the plasma are 
increased postoperatively (McDoNALD, 1965). 
An infusion with calcium, which suppresses 
parathyroid hormone secretion and promotes 
the release of calcitonin, leads to inhibition 
of bone resorption as well as of the excretion 
of hydroxyproline in the urine (KEISER, 1964). 

The dissolution of apatite into calcium and 
phosphate is promoted by the destruction of a 
protective layer of pyrophosphate, presumably 
under the influence of a pyrophosphatase 
(FLEISCH, 1966)(p. 889). NEUMANN (1958) further 
assumed that the dissolution of bone minerals 
could be promoted by an increase in hydrogen 
ions, as is found with the increased release 
of lactic acid under the influence of parathyroid 
hormone. Acetazolamide (Diamox), which in
hibits carbonic anhydrase and thus also acidifi
cation, prevents a rise in the mobilization of 
calcium released by parathyroid hormone in 
the hen (SIEGMUND, 1965). A definite fall of 
pH to under 6.8 has not so far been demonstrated 
in situ at the bone surfaces. 

Parathyroid hormone and vitamin D together 
lead to a rise in the citrate concentration in the 
plasma in the presence of an increased serum 
calcium concentration. Aconitase is inhibited 
by calcium, and the increase in citrate is pos
sibly principally a result of the hypercalcemia. 
The hypothesis that the increase of citrate, and 
to a lesser degree of lactate dissolves the bones 
by acting as chelators of calcium is attractive 
but must be abandoned since the concen
tration of citrate in the bones is probably 
not even locally adequate for production of an 
increased calcium mobilization. A rise in the 
serum calcium concentration is also observed 
in rats treated with cortisone and under the 
influence of vitamin D without any simultaneous 
increase in citrate formation (HARRISON, 1957). 
An increase of citrate and lactate in the plasma 

in vivo and in bone-cell cultures in vitro merely 
indicates that increased amounts of glucose 
are metabolized with a liberation of lactate, 
citrate and CO2 , The increase of citrate is 
sometimes secondary to increased calcium up
take by os teo clasts with inhibition of aconitase 
activity and citrate breakdown (V AES, 1967; 
COHN, 1965). PTE inhibits isocitrate dehydro
genase in vitro in bone-cell cultures; the effects of 
calcium and/or parathyroid hormone cannot be 
differentiated (HEKKELMAN, 1963; HERRMANN
ERLEE, 1966). Increased oxygen consumption has 
been observed in isolated mitochondria in
cubated with parathyroid hormone and an 
oxidizable substrate (RASMUSSEN, 1966). 

RIGGS (1965) demonstrated increased bone 
resorption in all the bone biopsies taken from pa
tients with surgically verified primary hyperpara
thyroidism by microradiography. BINSWANGER 
(1968a), in contrast, found an increased number 
of osteoclasts per trabecular surface in only 
half his cases of primary hyperparathyroidism 
which were confirmed by surgery. The number 
of osteoclasts remains constant throughout 
life in normal persons. It is justifiable to assume 
that in some patients with hyperparathyroidism 
with no increase in fibroosteoclasts, the counter
regulation by calcitonin causes the disappear
ance of the osteoclasts, (p. 880). 

New bone formation can be elevated or 
reduced in hyperparathyroidism. In some pa
tients, increased bone resorption can lead to 
a compensatory increase in bone formation, as 
has been described in the case of immobilization 
osteoporosis (p. 867). WHITEHEAD (1959) found 
a reduced uptake of radio labeled phosphate 
by the bones of rats treated with PTE. He 
deduced that bone formation was suppressed 
in this way. The compensatory new formation 
of bone does not occur in bone cell cultures 
in vitro, and an inhibitory action of parathyroid 
hormone on bone formation of bone appears 
probable. 

The osteoblasts disappear from bone-cell 
cultures treated with parathyroid hormone 
within three to four days (GAILLARD, 1961). 
Morphological cell differentiation is difficult 
to observe in cell cultures. The inhibition of 
collagen synthesis and the uptake of proline 
and of glycine into the osteoblasts and into 
the bone matrix is a reflection of reduced osteo
blastic activity (GAILLARD, 1965b; YOUNG, 
1964; OWEN, 1968; FLANAGAN, 1969). This 
effect cannot be explained by parathyroid 
hormone alone, since incubation in a calcium
rich medium can also inhibit collagen synthesis 
(PARK, 1968). Proline uptake into collagen is 
decreased in bone-cell cultures from patients 
with hyperparathyroidism with no radiologically 
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visible bone involvement and with a normal 
urinary hydroxyproline excretion. In cases with 
radiologically visible skeletal involvement and 
with an elevated hydroxyproline excretion in 
the urine, the proline uptake into collagen is 
increased, indicating increased compensatory 
new bone formation. The oxygen consumption 
is always raised (FLANAGAN, 1965). There is no 
definite demonstrable action of parathyroid 
hormone on bone formation. 

Kidneys. In contrast to the action of parathyroid 
hormone on bone, which causes calcium to be 
mobilized within some hours, its action on the 
kidneys takes place within minutes. There is 
an increased excretion of phosphate which 
is independent of any alteration in the glo
merular filtration rate. An injection of para
thyroid hormone into a renal artery has the 
same effect (PuLLMAN, 1960). In addition to 
the inhibition of phosphate reabsorption in 
the proximal tubules, the secretion from the 
distal tubules may also be increased since the 
phosphate clearance exceeds the creatinine clear
ance in some cases (WEBSTER, 1967). Selective 
destruction of the distal tubules by means of 
mercuric chloride leads to inhibition of the 
hormone-dependent excretion of phosphate. 
Stop-flow experiments in the dog indicate an 
inhibition of phosphate reabsorption in the 
proximal tubules (NICHOLSON, 1959; LAMBERT, 
1963). There is still no unified concept as to 
whether parathyroid hormone has one or several 
sites of action in the kidney tubules. 

Furthermore, reabsorption of calcium and 
of magnesium is increased under the influence 
of parathyroid hormone (RASMUSSEN, 1963a; 
MAcINTYRE, 1963; NAMY, 1969). PTE causes 
an initial reduction of the excretion of calcium 
and magnesium in parathyroidectomized pa
tients. After one to four days, this reduction 
gives way to an increase in calcium excretion 
(GILL, 1967). The hypercalciuria and the in
creased amounts of bicarbonate excreted at 
the same time, resulting in an alkalinization 
of the urine, sometimes lead to nephrocalcinosis 
and to the formation of kidney stones. 

The increased tubular reabsorption of glucose 
which arises under the influence of parathyroid 
hormone has been used in some cases for the 
diagnostic investigation of hypercalcemia of 
unknown origin (HALVER, 1967). In addition, 
increased amounts of potassium, sodium, chlo
ride, citrate, sulfate, bicarbonate, water and 
amino acids are excreted and more hydrogen ions 
and ammonia are reabsorbed. It is difficult to 
differentiate whether a disturbance is due to 
the primary action of parathyroid hormone 
or to the secondary tubular damage resulting 
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from the hypercalcemia. This is especially 
applicable to the hyposthenuria due to hypercal
cemia, which can arise from a disturbance of the 
counterflow system in the presence of a reduc
tion of the sodium content of the renal medulla, 
or from vasopressin resistance in the distal 
tubules, or as the result of a direct action of 
parathyroid hormone on the renal tubules 
(EpSTEIN, 1959; FOURMAN, 1963). 

Gut. Parathyroid hormone promotes the ab
sorption of calcium, magnesium and phos
phate by the intestinal mucosa. This effect can 
be demonstrated in vivo and in vitro in isolated 
intestinal villi following the injection of para
thyroid hormone into the whole animal. PTH 
has no direct effect on indestinal villi in vitro. 
The uptake of 45Ca is delayed in parathyroid
ectomized rats (RASMUSSEN, 1963; WINTER, 1970) 

Ulcers develop in the stomach and the 
duodenum in about 10 % of cases of hyper
parathyroidism, regardless of the presence of 
islet cell adenomas of the pancreas, which 
occur frequently in familial polyglandular adeno
matosis (ZOLLINGER, 1955; SCHMID, 1961). The 
ulcers usually regress after parathyroidectomy. 
Following administration of calcium, acid secre
tion of the stomach can rise before and after 
parathyroidectomy (BARRERAS, 1967; 1970). 
Calcium can cause increased liberation of gastrin 
in Zollinger-Ellison syndrome (TRUDEAU, 1969). 
A chronic increase of the serum calcium is not 
always associated with a rise in the gastric acid 
secretion (MURPHY, 1966). 

y) Mechanisms of Action of Parathyroid 
Hormone 

The action of parathyroid hormone takes place 
in different phases at various sites of action. 
The increase of the phosphate excretion and 
of the calcium reabsorption in the renal tubules 
begins within minutes and is independent of 
any preceding protein synthesis. It also occurs 
in the absence of vitamin D. Presumably in
hibition or promotion of a transport mecha
nism is involved. The elevated bone resorption 
which arises under the influence of parathyroid 
hormone, with increased release of calcium from 
the bones and raised hydroxyproline excretion 
in the urine, develops within hours and is pre
ceded by an increase in protein synthesis, 
since bone resorption is raised only insig
nificantly in the presence of actinomycin-D 
(Fig. 12) (p. 874) (RASMUSSEN, 1964a). Vitamin 
D is essential to the action of parathyroid 
hormone on the bones (Fig. 13) (RASMUSSEN, 
1963 b). Calcium absorption from the small 
intestine takes an intermediary position. It 
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Fig. 12. The sequential alterations in plasma calcium 
(open circles) and phosphate (closed circles) after an intra
peritoneal injection of 200 J.lg purified bovine parathyroid 
hormone into parathyroidectomized rats. Control values 
on left; values on right recorded in animals given 1 J.lg 
actinomycin-Dig body weight 2 h prior to injection of 
parathyroid hormone. (After RASMUSSEN, 1964) 

comes into effect more slowly than the action 
on the kidneys and more rapidly than the 
calcium mobilization from the bones. On the 
other hand, the action on calcium absorption 
by the intestine is more quickly exhausted than 
the action on the bones (RASMUSSEN, 1961). 
The release of calcium from isolated intestinal 
villi is accelerated under the influence of para
thyroid hormone only in the presence of vitamin 
D (RASMUSSEN, 1963 a). PTE leads to increased 
synthesis of ribonucleic acids in the intestinal 
mucosa (HAMILTON, 1968). 
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Fig. 13. Sequential changes in serum calcium and phosphate 
concentrations after parathyroidectomy by electrocautery 
in vitamin D-fed rats on a low-calcium diet (left) and of 
vitamin D-deficient rats on a normal-calcium diet (right). 
The decrease in serum phosphate 2 h after parathyroidectomy 
in vitamin D-fed rats (left) is significant (p < 0.01) compared 
with the initial value. The initial decrease in the serum 
phosphate in vitamin D-fed rats does not occur in thyro
parathyroidectomized rats (in the absence of calcitonin) 
and the fall in the serum calcium is less steep. (Kindly 
supplied by Professor H. RASMUSSEN; after RASMUSSEN, 

1963) 

Increased administration of lactose leads 
to a rise of the calcium absorption by the intestine 
which is independent of parathyroid hormone 
and of vitamin D. Parathyroid hormone causes 
a rise in the serum calcium in vivo. This can be 
demonstrated even in the absence of vitamin D 
in animals treated with lactose and with calcium. 
In vitro, parathyroid hormone causes an increase 
in the calcium released from bone-cell cultures 
(Au, 1967). 

Failure to respond to the administration 
of parathyroid hormone in cases with intestinal 
malabsorption does not definitely indicate vit
amin-D deficiency or resistance of the skeleton 
to PTH, since the amounts of hormone ad
ministered can be too small to elicit a response 
in the presence of secondary hyperparathyroi
dism. The increase in osteoid mass found in 
hypocalcemia and in vitamin-D deficiency is at 
the most only a relative and not an absolute 
hindrance to the action of the osteoclasts on 
the skeleton. 
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Fig. 14. Schematic representation of the action of para
thyroid hormone on mitochondria in rilro. For some 
actions (+ D) vitamin D is a requirement, others (- D) 
occur in the absence of vitamin D. For detailed explanations 
see text. (After RASMUSSEN, 1963, 1967) 

The mitochondrial membrane is a subcellular 
site of action of parathyroid hormone. There 
is a close relation in the mitochondria between 
oxidative phosphorylation and ionic transport 
mechanisms under the influence of PTH. In 
vivo, the kidneys excrete increased amounts of 
phosphate, sulfate, potassium and water, and 
diminished amounts of hydrogen ions (Fig. 14). 
In mitochondria the uptake of phosphate, 
potassium, sulfate and water is promoted and 
the uptake of hydrogen ions suppressed (Table 2, 
Fig. 14). These effects can also be seen in the 
absence of vitamin D as they occur in the renal 
tubules. Some of the actions on the renal 
tubules are probably due to the hypercalcemia 
and to nephrocalcinosis, which cannot always 
be detected macroscopically. In spite of this, 
the analogy between the action on the renal 
tubules and on the mitochondria is impressive. 
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Table 2. Similarities between the actions of parathyroid 
hormone on the renal tubules and on mitochondria 

P04 
S04 
K 
H 
Ca 
Mg 
H2O 

Excretion by the 
renal tubules in vivo 

Uptake by the 
mitochondria in vitro 

Stimulation Inhibition Stimulation Inhibition 

+ + 
+ + 
+ + 

+ + 
+ + + (Release) 
+ + 

+ + 

The magnesium concentration probably holds 
a key position as an activator of the oxidative 
phosphorylation and of alkaline phosphatase 
or pyrophosphatase, which possibly accelerates 
the bone mineral dissolution around the osteo
cytes under the influence of parathyroid hor
mone. The uptake of magnesium into the 
mitochondria is increased under the influence 
of parathyroid hormone. Calcium is released 
from the mitochondria under the influence of 
parathyroid and/or of vitamin D. Like the 
calcium mobilization from bone, this release 
has only been demonstrated in mitochondria 
from rats previously treated with vitamin D 
(Fig. 15). These examples are meant to illustrate 
that mitochondria are suitable for the study of 
the mode of action of parathyroid hormone. A 
detailed description of possible sites of action of 
parathyroid hormone on the respiratory chain 
has been given by RASMUSSEN (1967a, 1966). 
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Fig. 15. The effect of parathyroid hormone and of vitamin 
D on the release of radioactive 45Ca from mitochondria 
in vitro. (After DE LUCA, 1962) 

A further possible site of action of para
thyroid hormone is the adenylcyclase. After an 
injection of parathyroid hormone, the excretion 
of cyclic 3' ,5' -adenosine mono phosphate (cyclic 
3' ,5' -AMP) is increased prior to the onset of 
phosphate diuresis (CHASE, 1968) (Fig. 16). It 
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has been demonstrated in labeling experiments 
that cyclic 3' ,5' -AMP originates from the kidneys. 
A similar rise in the excretion of the cyclic 3' ,5'
AMP and phosphate has also been achieved 
with high doses of vasopressin. Parathyroid 
hormone activates an adenylcyclase from the 
renal cortex in vitro; vasopressin, in contrast, 
an adenylcyclase from the renal medulla (CHASE, 
1968). The activation of adenylcyclase is also 
promoted in bones under the influence of para
thyroid hormone (CHASE, 1970). Most of the 
actions of parathyroid hormone can be imitated 
by an infusion of cyclic-dibutyryl-adenosine 
3',5'-AMP to the rat or of cyclic 3',5'-AMP 
into the renal artery of the dog. The result is 
an increase in the serum calcium concentration 
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Fig. 16. Subsequent stimulation of urinary 3'5'-AMP and 
phosphate excretion by parathyroid hormone in vivo. 
(After POTTS, 1971) 

and of the urinary hydroxyproline excretion 
and phosphate excretion (RASMUSSEN, 1968 ; 
RUSSELL, 1968 b). There is suggestive evidence 
that cyclic adenosine mono phosphate is the 
effector and second messenger of the action of 
parathyroid hormone. In patients with pseudo
hyperparathyroidism the parathyroid hormone 
concentration in the serum is increased; an in
fusion of parathyroid hormone leads neither to 
an increase of the renal phosphate excretion nor 
to an excretion of cyclic AMP; an adenyl
cyclase deficiency is postulated as the reason 
for the tubular resistance of parathyroid hor
mone (LEE, 1968; CHASE, 1969). Another ex
planation, however, is that in view of the raised 
endogenous serum parathyroid hormone con
centrations, the amount of parathyroid hor
mone injected into these patients was insufficient 
to cause an increase in the urinary phosphate 
excretion. 

In isolated renal tubules, parathyroid hor
mone stimulates the formation of3',5'-AMP and 
gluconeogenesis. In the absence of calcium in the 
incubation medium 3',5'-AMP only is formed. 
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The effect on gluconeogenesis requires calcium 
(NAGATA, 1970). Parathyroid hormone pro
motes the calcium uptake in isolated renal cells 
(BORLE, 1970). The intracellular calcium con
centration is crucial for the transmission of the 
parathyroid hormone action (RASMUSSEN, 1970). 

In the kidneys and possibly in osteocytes 
the primary site of action of parathyroid hor
mone is probably a membrane which depends 
on metabolic processes (mitochondria, respira
tory chain, adenylcyclase). In osteoclasts, the 
desoxyribonucleic acids of the cell nucleus 
probably play a major part in the control of 
the parathyroid hormone action and the syn
thesis of proteins or enzymes which stimulate 
the dissolution of bones. The exact mechanisms 
of action of parathyroid hormone remain to 
be elucidated. 

b) Calcitonin (Thyrocalcitonin) 

Calcitonin (CT) is a polypeptide hormone which 
causes the concentrations of calcium and phos
phate in the serum to fall. The existence of a 
calcium-lowering principle, calcitonin (CT), was 
first suspected by Copp in 1961 (Copp, 1962). 
Calcitonin was then extracted by HIRSCH (1963) 
from the thyroid and named thyrocalcitonin. 
Thyrocalcitonin and calcitonin are identical. 
In most mammalian species including man CT 
is primarily a thyroid hormone. As a calcium
lowering hormone CT is the most important 
counterregulator of parathyroid hormone. 

Cl) Occurrence, Isolation, Secretion, and 
Metabolism of Calcitonin 

CT originates from the parafollicular or C cells 
(PEARSE, 1966a). The C cells were probably 
mentioned for the first time by BABER in 1877, 
but until recently no physiological importance 
was attached to them. On immunofluorescent 
examination C cells selectively bind antibodies 
to CT (BUSSOLATI, 1967). They are histo
chemically similar to the islet cells of the 
adenohypophysis (PEARSE, 1966). C cells are 
found in all cervical organs, in the thyroid 

I I 

gland, in the ultimobranchial body, in the 
parathyroids, in the thymus, and free in the 
neck (CARVALHEIRA, 1968). In pigs, CT has been 
extracted from the adrenal medulla (KAPLAN, 
1970). In shark (squalus suckleyi) and hen CT 
has been extracted from ultimo branchial bodies. 
A small amount is found in the thyroid gland 
in hens, whereas equal amounts have been 
isolated from the thyroid gland and the ultimo
branchial body of pigeons. Separate perfusion 
of the thyroid and the parathyroid glands 
of goats with calcium-rich blood has shown 
that CT arises from the thyroid (FOSTER, 1964). 
With the exception of the anteater, which has a 
separate ultimo branchial body, calcitonin prima
rily arises from the thyroid gland in mammalian 
species (CoPP, 1967; MAcINTYRE, 1967). In man, 
CT was demonstrated in the thyroid as well as in 
the thymus and in the parathyroids (GALANTE, 
1968). Isolation and synthesis of porcine CT 
give evidence of a single polypeptide chain of 
32 amino acids (RITTEL, 1968; GUTTMANN, 
1968). Isolation and synthesis of CT from a 
medullary thyroid carcinoma in man also 
revealed a single chain with 32 amino acids; 
the structure, however, is markedly different. 
There are eighteen amino-acid residues in which 
human CT is diffent from porcine CT (Fig. 17) 
(NEHER, 1968; SIEBER, 1968). The structure of 
CT from the normal human thyroid is not yet 
known. The potency of CT is biologically tested 
in the rat or in the mouse by measurement of 
the fall in the serum calcium concentration. 
Growing animals with increased bone remodel
ing are more sensitive to CT than adult animals; 
a diet rich in phosphate promotes the calcium 
lowering effect (HIRSCH, 1968). In the rat 
bioassay, human and porcine CT do not 
significantly differ. However, salmon CT is 
biologically 20 to 30 times more active in man 
and rat (KEUTMANN, 1970). 

The CT concentration in the plasma was 
first measured in the rat bioassay (STURTRIDGE, 
1968). The use of a radioimmunoassay allows 
more accurate and reproducible determination 
of the CT concentration in the serum (LEE, 1969; 
CLARK, 1969; ARNAUD, 1970). Because of the 

Man H -Cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-Thr-Tyr-Thr-Gln-Asp- Phe-
I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 

I I 
Pig H -Cys-Ser-Asn-Leu-Ser-Thr-Cys-Val-Leu-Ser-Ala-Tyr-Trp-Arg-Asn-Leu-

Man -Asn-Lys- Phe-His-Thr- Phe- Pro-Gln-Thr-Ala-Ile-Gly-Val-Gly-Ala- Pro-NH 2 

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

Pig -Asn-Asn-Phe-His-Arg-Phe-Ser-Gly-Met-Gly- Phe-Gly- Pro-Glu-Thr-Pro-N H 2 

Fig. 17. Comparison of the amino-acid sequences of human calcitonin M (medullary carcinoma of the thyroid) and of 
porcine (X-calcitonin. The amino-acid residues in heavy type are common to the human and porcine calcitonin. The first 
seven amino-acid residues are similar and the C terminals identical. (After NEHER, 1968) 
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different structures of human and porcine CT, 
which was exclusively used until 1968, the 
cross-reaction was, as expected, poor (TASHJIAN, 
1969). CT from medullary carcinomas and 
synthetic human calcitonin M (SIEBER, 1968) 
were used for the generation of high-affinity anti
bodies to human CT (CLARK, 1969; TASHJIAN, 
1970). 

The regulation of the CT concentration in 
the serum by the thyroid is similar to the regula
tion of the parathyroid hormone concentration. 
Calcium and magnesium stimulate the secretion 
of CT directly, without the interposition of a 
feedback loop such as the pituitary or the 
central nervous system. A rise in the serum 
calcium leads to an increase in the CT concen
tration in the venous effluent of the thyroid 
(FOSTER, 1964; CARE, 1967). The CT concen
tration in the serum is proportional to the 
calcium concentration (LEE, 1968; ARNAUD, 
1970). Isolated perfusion of the parathyroids 
with EDT A, which binds calcium, in contrast, 
leads to a rise of the parathyroid hormone 
concentration in the venous effluent from the 
parathyroids (CARE, 1966; ARNAUD, 1970). 

Glucagon and cyclic adenosine monophos
phate increase the secretion of calcitonin in vivo 
and in vitro (AVIOLI, 1969; CARE, 1969; BELL, 
1970). The half-life of CT in the serum is 
similar to that of parathyroid hormone, lying 
between 4 and 12 min (LEE, 1969). The half-life 
of salmon CT in the circulation of the dog 
is much longer than the half-life of porcine CT, 
which explains the unusual potency of salmon 
CT in man (HABENER, 1971). The CT concen
tration in the thyroid is increased in chronic 
hypocalcemia. The parafollicular cells of the dog 
show an enlargement of the nuclei, an increase 
of intracellular vacuoles and a change in enzyme 
concentrations which can be histochemically 
demonstrated (PEARSE, 1966; HACHMEISTER, 
1967; CAMERON, 1968). The CT content of the 
thyroid is slightly reduced in chronic hyper
calcemia. Hypocalcemia probably causes an in
hibition of the release of CT from the thyroid 
and the storage of secretory granules containing 
CT in the thyroid gland of rat (GITTES, 1968). 

There is no fall in the CT concentration in 
the plasma of thyroidectomized patients, as 
measured in the rat bioassay, since CT is also 
synthesized in other organs (GUDMUNDSON, 
1969; KAPLAN, 1970). The thyroid protects 
rats from hypercalcaemia and nephrocalcinosis 
resulting from lethal amounts of parathyroid 
hormone (RASMUSSEN, 1967). Oral administra
tion of calcium causes a temporary calcium 
increase only in thyroidectomized rats (GRAY, 
1969). Parathyroidectomized rats have lower 
serum calcium concentrations than rats in 
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which both the thyroid and the parathyroids 
have been removed. These results in rats provide 
evidence that CT in the serum is effective as 
a regulator of the normal serum calcium con
centration (TALMAGE, 1965). 

In contrast to the situation in parathyroid
ectomized rats, a perfusion of CT over 6 hours 
in intact rats leads to an increase of the fibro
osteoclasts, presumably due to secondary hyper
parathyroidism in the presence of hypocalcemia 
(EVANSON, 1967). The same situation can be 
produced in vitro in bone-cell cultures; para
thyroid hormone and CT first inhibit and later 
even stimulate the release of calcium (FRIEDMAN, 
1968). 

In contrast to parathyroid hormone, the 
onset of the action of CT is rapid, but also 
quickly exhausted even when more CT is infused. 
Presumably CT is necessary for the regulation 
of rapid alterations in the serum calcium 
concentration, whereas parathyroid hormone 
is constantly released to maintain a normal 
calcium concentration in the serum. 

Parathyroidectomy leads to a reduction in 
the serum calcium, whereas the removal of the 
thyroid, the major CT-producing organ in man, 
is not followed by hypercalcemia. Growth 
hormone promotes the calcium-decreasing action 
of CT. CT is more effective in growing rats. 
Hypophysectomy inhibits the action of CT 
(CoPp, 1968). If bone remodeling, and in partic
ular resorption, is increased, CT has a greater 
hypocalcemic effect. MILHAUD (1965) noted that 
the uptake of 131-iodine in the thyroid was 
barely measurable two weeks after hypophy
sectomy, whereas the CT concentration re
mained unchanged. 

~) Sites of Action of Calcitonin 

Bones: The most important action is the in
hibition of bone resorption. In parathyroidecto
mized rats fed on a calcium-rich diet, CT causes 
a reduction in the number of fibroosteoclasts. 
The bone trabeculae become thicker, and the 
changes are accompanied by a corresponding 
increase in bone density on X-ray examination 
(FOSTER, 1966a). The loss of strontium and of 
hydroxyproline from the skeleton and the urinary 
excretion of hydroxyproline are reduced in 
rats treated with CT in vivo (KLEIN, 1968 ; 
KAHLER, 1966; MARTIN, 1966; RASMUSSEN, 
1967). Perfusion of the isolated tibia with CT 
leads to an increase in the calcium retention 
in the bones (PARSONS, 1968). 

In-vitro inhibition of the bone resorption 
was demonstrated in bone-cell cultures pre
treated with parathyroid extract (ALIAPOULIOS, 
1966; FRIEDMANN, 1968). Calcitonin and para-
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thyroid hormone influence bone resorption via 
cellular sites of action. The inhibition of the 
release of 45Ca from bone-cell cultures under 
the influence of CT or the stimulation by para
thyroid hormone is lost after heat inactivation 
(RAIsz, 1967). 

The formation of osteocytic lacunae under 
the influence of PTH in rats is lost if the animals 
are simultaneously perfused with CT (RAS
MUSSEN, 1967). The osteocytes are probably 
a site of action in the bone for CT and PTH 
(p.856). 

The dominant feature of CT is the inhibition 
of bone resorption. Stimulation or inhibition 
of bone formation has not been definitively 
found. Inhibition of bone resorption alone 
can result in increased retention of calcium 
in the bones, which can lead to hyperostosis. 
If bone resorption is suppressed calcium cannot 
be released into the plasma, and this leads to 
hypocalcemia. 

Kidneys. CT increases the urinary excretion of 
phosphate even in hypoparathyroid patients 
without changing the glomerular filtration rate 
(HAAS, 1971 ; ARDAILLOU, 1967). The injection of 
CT in high concentrations into the renal artery 
of the dog does not lead to an increase of the 
phosphate excretion into thc urine (CLARK, 
1969). In contrast to parathyroid hormone, 
which leads to a prolonged rise in the phosphate 
excretion, CT only produces a temporary effect. 
The phosphaturic action may reflect a direct ef
fect of CT on the kidney tubule or it may be 
caused by a lowering of the serum calcium con
centration. The latter alternative is supported by 
the fact that EDT A, which lowers the serum 
calcium, produces an increase in phosphate 
excretion in parathyroidectomized rats (RAS
MUSSEN, 1967). The fall of the plasma phosphate 
and calcium can be demonstrated in nephrecto
mized and eviscerated animals, which shows 
that the major action of CT is the inhibition 
of bone resorption (GUDMUNDSON, 1966). CT 
does not produce a fall in the serum calcium 
in parathyroidectomized hypocalcemic rats, 
whose bone resorption is suppressed. The ele
vated serum phosphate does fall, however, and 
this can be prevented by previous nephrectomy 
(ROBINSON, 1967). These results could explain 
the changes in urinary phosphate excretion in 
patients with hyper- and hypocalcemia and 
varying concentrations of PTH and CT in the 
serum. They also offer an explanation for the 
changing phosphate excretion after the infusion 
of calcium in hyperparathyroid patients, and 
for the resulting uncertainties associated with 
the interpretation of the calcium infusion test 
(p. 943). In addition to the actions of CT on 

the bones and on the kidneys, CT also has 
other effects which are probably secondary 
to the lowering of the serum calcium concen
tration. These effects include the fall in the 
calcium concentration in the myocardium and 
in the kidneys (GUDMUNDSON, 1966; KENNY, 
1965). A similar reduction of the intracellular 
calcium concentration has been described in 
hypocalcemia after parathyroidectomy, where, 
in contrast, there is a reduction of the CT 
concentration in the serum (WALLACH, 1966). 
The calcium absorption in isolated loops of 
the small intestine is not affected by CT (ROBIN
SON, 1968). 

y) Calcitonin in Man 

The structure and synthesis ofCT from medullary 
thyroid carcinomas are discussed on p. 879. 
The biological activity of human CT does not 
differ greatly from porcine CT in man. In the 
presence of increased bone resorption (Paget's 
disease and/or hypercalcemia) CT produces 
a rapid fall of the calcium and phosphate con
centrations in the plasma (FOSTER, 1966c; 
HAAS, 1968). An intravenous injection of even 
1 M.R.C. (Medical Research Council) unit of 
CT produces a significant calcium-reducing 
activity in the plasma of patients with hyper
calcemia (FOSTER, 1966b) (Fig. 18). In normal 
control subjects calcium, magnesium, potassium, 
and phosphate excretion are increased in the 
absence of any lowering of the serum calcium 
concentration (SINGER, 1969). The CT concen
tration of normal human plasma can be measured 
by radioimmunoassay. It is elevated after an 
infusion of calcium in normal subjects and in 
patients with medullary carcinomas of the 
thyroid (STURTRIDGE, 1968; TASHJIAN, 1970). 
Thyroidectomy does not alter the bioassayable 
CT concentration in the serum, and the human 
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Fig. 18. Serum calcium and sodium concentrations after an 
intravenous injection of 1 MRC unit of porcine calcitonin 
in a patient with hypercalcemia resulting from skeletal 
metastases. (After FOSTER, 1966c) 
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thyroid is therefore thought not to be the only 
site of synthesis for CT (GUDMUNDSON, 1969). 
The clinical features of overproduction or defi
ciency of CT do not include any striking find
ings. Thyroidectomy does not lead to hyper
calcemia in man. Deficiency of CT can be 
suspected in thyroidectomized patients if the 
half-life of calcium given by infusion proves 
to be 200 min, in contrast to 48 min in 
control subjects (WILLIAMS, 1966; MAZZUOLI, 
1966). 

An elevated concentration of CT in the 
thyroid and in the plasma has now been demon
strated in most cases with medullary carcinoma 
of the thyroid gland, which often occurs together 
with pheochromocytomas. The serum calcium 
concentration is lowered only in a few cases. 
These patients usually suffer from diarrhea, 
so that intestinal malabsorption must be taken 
into account (TASHJIAN, 1968; CUNLIFFE, 1968). 
Medullary carcinoma of the thyroid can also 
be associated with mucosal neuromas, Marfanoid 
features, myopathy, and pigmentation, making 
the patients look like Giacometti sculptures 
(CUNLIFFE, 1970). Occasionally the disease is 
associated with Cushing's syndrome caused 
by ectopic production of ACTH (KEYNES, 1971). 
Elevated histaminase concentrations have been 
found in serum and in the tumor tissue, which 
accounts for the absence of any histamine 
reaction in some patients suffering from medul
lary carcinoma of the thyroid (BA YLIN, 1970; 
BAUM, 1971). In most of these patients hyper
plasia of the parathyroids or an increased level 
of parathyroid hormone was recorded, which 
can be caused either by a minimal lowering 
of the serum calcium concentration or by a 
possible direct stimulation of parathyroid hor
mone secretion by CT (FISCHER, 1971). Medul
lary carcinomas are frequently familial with an 
autosomal dominant mode of inheritance. The 
life expectancy in patients subjected to surgery 
is good, and the single best laboratory examina
tion in otherwise healthy subjects is radio
immunological determination of the CT con
centration in the plasma (MELVIN, 1971). With 
the particular mode of inheritance half a family 
can be affected with the disease. Surgery is 
certainly the treatment of choice. 

Overproduction of CT could be the cause 
of some cases of idiopathic ""hypoparathyroid
ism" (FISCHER, 1967). An increased concen
tration of CT in the thyroid gland of these 
patients can be explained by the hypocalcemia 
and an inhibition of the release of CT into the 
plasma. Thyroidectomy does not cause any 
lasting correction of the hypocalcemia in patients 
with pseudo hypoparathyroidism (LEE, 1968). 
Hyperostosis is demonstrable in one third of 
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cases with idiopathic or pseudohypoparathyro
idism. The hyperostosis is even more pro
nounced in hereditary osteopetrosis, which is 
occasionally associated with hypocalcemia and 
thus possibly with overproduction of CT or 
with hypersensitivity to CT (WHITE, 1965). The 
osteopetrosis was characteristic in the mice 
described by WALKER (1966) in which hypo
calcemia, hypophosphatemia and a large number 
of parafollicular cells in the thyroid were 
indirect signs of overproduction of CT. There 
may be some connection between the CT and 
PTH secretions in patients with hyperpara
thyroidism with and without hypercalcemia 
and/or fibroosteoclasia. They can be explained 
by a dominance of parathyroid hormone and/or 
CT secretion (BINSWANGER, 1968). 

In summary, the physiological importance 
of CT is still debatable. Thyroidectomy does 
not change the serum calcium concentration. 
In the absence of CT the serum calcium remains 
elevated for quite long periods following a 
calcium infusion; the thyroid protects rats 
from lethal effects due to parathyroid hormone 
(RASMUSSEN, 1967; WILLIAMS, 1966). Thyroid
ectomy does not alter the CT concentration 
in the human plasma (GUDMUNDSON, 1969). 
Animals entirely free of calcitonin have not 
been described. Nevertheless, CT is probably 
important for the rapid regulation of the serum 
calcium concentration. In patients with medul
lary carcinoma of the thyroid excess CT does 
not alter the histological or the radiological 
appearance of the skeleton. 

c) Vitamin D 

Vitamin D differs from parathyroid hormone 
and calcitonin (half-life 10-30 min) in that 
it has a half-life varying from days to months. 
According to conventional definitions, para
thyroid hormone and calcitonin are hormones 
with a short half-life; they are excreted in 
inverse or direct proportion to the calcium 
concentration in the plasma. Vitamin D, how
ever, must be supplied with the diet, and it is 
stored in the body. Parathyroid hormone and 
calcitonin are polypeptide hormones with a 
similar number of amino-acid residues and 
with molecular weights of the same order of 
magnitude. Their structure is species-specific, 
whereas this is not the case with vitamin D, a 
steroid vitamin or hormone effective in all the 
known vertebrates. 

Vitamin D has several features in common 
with hormones, e.g. the stimulation of the 
synthesis of the biologically active 1,25-di
hydroxycholecalciferol from vitamin D by low 
serum phosphate concentrations and para-
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thyroid hormone (TANAKA, 1973; RASMUSSEN, 
1972). 

Vitamin D has two important sites of 
action, the small intestine and the skeleton. 
Hypocalcemia is normalized by the administra
tion of vitamin D regardless of the pathogenesis, 
via increased absorption of calcium in the gut 
and probably via increased bone resorption. 
Vitamin-D deficiency leads to rickets in the 
child and in the adult to osteomalacia, which 
is often associated with oesteoporosis (WERNLY, 
1952; GARNER, 1966). The main causes of 
osteomalacia in the adult are renal insufficiency 
and steatorrhea with malabsorption, which are 
associated with a reduction of protein ab
sorption and of collagen synthesis. Severe 
osteomalacia rarely develops after gastrectomy. 
In renal insufficiency and in phosphate diabetes 
a resistance to the action of vitamin D is con
sidered a cause of the osteomalacia. An isolated 
deficiency of vitamin D has only been demon
strated in the adult in severe nutritional de
ficiency, and has been connected with the lack 
of sunlight in England. No isolated disorder of 
vitamin-D absorption in the gut has been 
demonstrated. so far (p. 865). 

ex) Uptake and Metabolism 

The vitamins of the D group are steroids used 
in clinical practice in the form of ergocalciferol 
(vitamin D2)' cholecalciferol (vitamin D3), or 
as dihydrotachysterol (calcamin, AT -10). The 
physiological properties of vitamin D2 and D3 
and dihydrotachysterol are not very different. 

Dihydrotachysterol has a shorter half-life 
than ergocalciferol (HARRISON, 1967). The dif
ferent preparations are not discussed individually 
(p. 903). Unless otherwise stated, the properties 
of vitamin D3 are described. 

Vitamin D3 is absorbed in the small intestine 
and subsequently transformed in the liver into 
25-hydroxycholecalciferol (25-HCC) (PONCHON, 
1969). 25-HCC is subsequently converted to the 
biologically active 1,25-dihydroxycholecalciferol 
(l,25-DHCC) in the kidney (FRASER and Ko
DICELE, 1970). DELUCA and his collaborators 
(1972) have isolated and synthesized 25-HCC 
and 1,25-DHCC. Their clinical activity is being 
tested. Following the administration of25-HCC 
and 1,25-DHCC the onset of action in the small 
intestine is earlier than that of vitamin D3, 
since vitamin D3 has to be transformed to 
1,25-DHCC to become biologically active. The 
action of 1,25-DHCC on calcium absorption 
from the intestine in the rat starts several hours 
earlier than the action of vitamin D3 (DELUCA, 
1972). Infusion of 25-HCC into the mesenteric 
artery increases calcium absorption within the 

same time period, whereas vitamin D3 in much 
higher doses remains ineffective (OLSON, 1969). 
In bone cell cultures 25-HCC and 1,25 DHCC 
increase calcium release, whereas vitamin D3 
produces only doubtful effects (RAISZ, 1972). 
Most of the experiments reported have been 
performed with vitamin D3 as 1,25-DHCC is 
not yet easily available. 

Vitamin D is absorbed in the small intestine. 
The minimum amount required to normalize 
the serum calcium in a growing rat fed on a 
diet with no vitamin D is less than 1 USP unit. 
The minimum requirement for man is not 
known. It is probably about 10 units per day. 
Vitamin D is also administered parenterally, 
particularly in intestinal malabsorption. It is 
poorly absorbed in the absence of bile in cases 
of bile obstruction, such as primary biliary 
cirrhosis and in steatorrhea, since it is a fat
soluble vitamin. The concentration of vitamin D 
in the plasma can only be roughly estimated 
biologically. It is determined by the measure
ment of the absorption of radioactive calcium 
by the gut, the increase in the serum calcium 
concentration, or the ash content and mineraliza
tion of the skeleton in rats or hens with rickets. 
Competitive protein-binding assays have been 
introduced for the measurement of vitamin D 
and 25-HCC in human serum (BELSEY, 1971; 
BAYARD, 1972). 

Radioactive vitamin D3 has a short half-life 
of 12 hours in the plasma but is converted 
into 25-hydroxycholecaliferol, whose half-life 
is 19.6 days (SMITH, 1971). 

Vitamin D is stored for months in the liver 
and in the skin. Because of the long half-life 
there is a danger of vitamin-D accumulation 
and intoxication leading to hypercalcemia and 
nephrolithiasis, and of generalized deposition 
of calcium in blood vessels and soft tissue. 
7-Dehydrocholesterol is converted to active 
vitamin D in the skin by the action of ultraviolet 
light. F or this reason, patients with hypocalcemia 
and hypoparathyroidism need less vitamin D 
in summer than in winter. Exposure to sunlight 
can lead to hypercalcemia in patients with 
sarcoidosis since the compensatory fall of the 
calcium concentration in the plasma due to 
calcitonin is presumably not sufficient to nor
malize the serum calcium. Patients with sar
coidosis show increased sensitivity to vitamin D. 
The concentration in the plasma, measured 
biologically for its antirachitic activity, is within 
normal limits (THOMAS, 1959). Small amounts 
of vitamin D that are inactive in normal persons 
lead to hypercalcemia in patients with sarcoidosis 
(T AYLOR, 1963; BELL, 1964). In idiopathic 
hypercalcemia, the antirachitic activity is still 
elevated 14 months after discontinuation of 
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treatment with vitamin D; the breakdown is 
probably delayed (FELLER, 1958). The serum 
calcium and the intestinal calcium absorption 
are increased by 1,25-DHCC in patients in 
advanced renal failure (BRICKMAN, 1972), even 
if it is administered in a dose ineffective for 
vitamin D3 . 

~) Sites of Action of Vitamin D 

The most important sites of action are the small 
intestine and the bones, where vitamin D 
accumulates rapidly after a single injection 
(DELUCA, 1968). Physiological amounts (thought 
to be 10 units/day in man) primarily promote 
calcium absorption in the small intestine. Larger 
amounts (="= 1 000--10000 units/day) stimulate the 
mobilization of calcium from bones and lead 
to a rise in the serum calcium concentration. 
Toxic amounts of vitamin D or parathyroid 
hormone cause hypercalcemia, nephrocalcinosis, 
and azotemia. An exception is vitamin D-resistent 
rickets, which can be treated with over 500000 
units daily without necessarily giving rise to 
hypercalcemia. 

Gastrointestinal Tract. Vitamin D in physio
logical concentrations primarily increases the 
uptake of calcium by the small intestine. The 
action of parathyroid hormone is less obvious 
than that of vitamin D. The calcium and 
phosphate absorption are directly stimulated 
by vitamin D. The maximum calcium absorp
tion occurs in the duodenum, the maximum 
phosphate absorption in the jejunum (KOWARSKI, 
1969). Calcium is necessary for vitamin D-de
pendent phosphate transport (HARRISON, 1961). 
calcium transport in vivo does not depend 
on the presence of phosphate (WALLING, 1969). 

Increased calcium absorption under the 
influence of vitamin D can be demonstrated 
in vitro on isolated segments of the gut. The 
absorption is more pronounced when the seg
ments are incubated with oxygen (SCHACHTER, 
1961). However, a partial effect of vitamin D is 
still demonstrable at low temperatures and in the 
presence of cyanide or in a nitrogen atmosphere 
when oxidative metabolism is minimal (HARRI
SON, 1965). Part of the action of vitamin D 
is due to a rise in the permeability of the small 
intestine to calcium, but it is also actively 
absorbed under the influence of vitamin D 
depending on the presence of oxygen (SCHACH
TER, 1966; WASSERMANN, 1968 a). 

The primary sites of action of vitamin D in 
the intestinal mucosa may lie in the cell nucleus, 
since 1,25-DHCC is stored in the cell nuclei 
of the small intestine (TSAI, 1972). The syn
thesis of ribonucleic acids precedes the de-
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layed onset of action of vitamin D on calcium 
absorption in the gut. The formation of 
ribonucleic acids is in tum followed after 16 
hours by the release or synthesis of calcium
dependent adenosine triphosphatase and a cal
cium-binding protein (MELANCON, 1970; W AS
SERMANN, 1968 b). This action is probably 
regulated in the cell nucleus since the stimula
tion of the calcium absorption produced by the 
action of vitamin D and by parathyroid hor
mone is inhibited with actinomycin-D (CORRA
DINO, 1968) (p. 874). 

The physiological importance of the cal
cium-binding protein or calcium-dependent 
adenosine triphosphatase for intestinal calcium 
absorption in vivo has not yet been demonstrated 
because selective inhibition is not possible. 

Bones. Vitamin D probably leads to an increase 
in bone formation and in higher doses to 
increased bone resorption. In vitamin-D de
ficiency an increase of the osteoid mass and 
osteoporosis develop in association with pseudo
fractures or Looser's zones. In contrast to 
hypocalcemia caused by parathyroid hormone 
deficiency, vitamin-D deficiency or phosphate 
deficiency leads to a marked increase of osteoid, 
and it appears probable that vitamin D has a 
direct effect on the formation of new bone. 
This increase of osteoid results from accelerated 
collagen formation and reduced mineraliza
tion of the skeleton in the rachitic rat (ROHR, 
1965; PATERSON, 1968). A similar increase in 
collagen synthesis is encountered in hyper
parathyroidism. It may also be a sign of 
secondary hyperparathyroidism in patients suf
fering from osteomalacia (FLANAGAN, 1965). 

In osteomalacia, there is a discrepancy 
between kinetic data measured with strontium 
or radioactive calcium and the histological 
findings (p. 864). The accretion and the calcium 
pool can be increased, whereas the rate of bone 
formation measured with tetracycline in bone 
biopsies is retarded (FRASER, 1960; FROST, 1963). 
The accretion or deposition of calcium and 
phosphate, measured isotopic-kinetically, is in
creased after treatment with vitamin D (BAUER, 
1956; HARRIS, 1965). In rats, vitamin D leads 
to an increased incorporation of radioactive 
45Ca and radio labeled phosphate into the bones 
(CARLSON, 1952) and stimulates growth, particu
larly the growth of the skeleton. The conver
sion of the epiphyseal cartilage into calcified 
apatite is taken as a biological measurement 
of the vitamin D activity of an unknown 
solution. 

Administration of vitamin D to patients with 
chronic azotemia or intestinal malabsorption 
results in an increase in the number of osteo-
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blasts, the storage of tetracycline, and the 
calcification of osteoid seams (BINSW ANGER, 
1968; BORDIER, 1968). In addition, vitamin D 
also causes an increased incorporation of phos
pholipids into the bones. This can be demons
trated histochemically at the transitional zones 
between osteoid and apatite (CRUESS, 1967; 
IRVING, 1959). 

Vitamin D in higher doses leads to increased 
bone breakdown with a rise of the serum 
calcium concentration. This occurs even with 
a calcium-deficient diet. It is preceded by an 
elevated release of citrate, which can be inter
preted as an indication that citrate in the plasma 
binds the calcium, thus leading to an increase 
in the calcium mobilization (CARLSON, 1954)
The rise of citrate in the plasma is not a manda
tory finding, since the liberation of calcium 
is also raised in rats treated with cortisone 
and vitamin D, without a change in the citrate 
concentration in the plasma (HARRISON, 1957). 
It is possible that the increased release of cal
cium inhibits aconitase and retards the citrate 
metabolism (p. 875). 

The increased bone breakdown under the 
influence of vitamin D and parathyroid hor
mone is, like the increased calcium absorption in 
the small intestine, inhibited by actinomycin D 
and is probably under the control of the cell 
nucleus (HARRISON, 1966) (p. 11). Vitamin D 
in vitro causes an increase in the number of 
osteoclasts and in the demineralized bone matrix 
around osteocytes (GOLDHABER, 1965; BELAN
GER, 1965). The release of calcium from bone
cell cultures is accelerated by 1,25-DHCC 
whereas 25-HCC is effective in higher amounts 
only and vitamin D is ineffective (RAISZ, 
1972). 

Parathyroid hormone and vitamin D syn
ergistically stimulate bone resorption. Para
thyroid hormone leads to an increase in bone 
resorption only in the presence of vitamin D, 
whereas in rats, vitamin D leads to an increased 
excretion of hydroxyproline in the urine only 
when combined with parathyroid hormone 
(RASMUSSEN, 1963; PECHET, 1967). 

Vitamin D stimulates bone breakdown and 
leads to the release of calcium into the plasma. 
At the same time, there is an improvement 
in the skeletal mineralization. The question as 
to whether the bone mineralization is increased 
secondary to an elevated calcium supply, or 
whereas in rats, vitamin D leads to an increased 
of new bone directly is still open. The latter view 
is supported by the fact that hypocalcemia 
alone, such as is found in hypoparathyroidism, 
is not asscociated with any considerable increase 
of the osteoid mass, in contrast to the findings 
in vitamin-D deficiency. 

Kidneys. It is not known whether vitamin D in 
physiologic concentrations has a direct action 
on the renal tubules. During treatment of 
rickets or osteomalcia with vitamin D, there 
is a reduction of the phosphate excretion 
(HARRISON, 1941), associated with inhibition of 
parathyroid hormone secretion by the rise in 
the serum calcium concentration. In the absence 
of parathyroid hormone vitamin D leads to a 
slight rise in the phosphate excretion through 
the kidneys, but the phosphate clearance remains 
within normal limits (ALBRIGHT, 1948). The 
rise is in the same order as that obtained by 
EISENBERG (1965) during the treatment of hypo
parathyroidism with calcium infusions and may 
be a result of the increased serum calcium con
centration. In thyroparathyroidectomized dogs, 
vitamin D, 25-HCC and 1,25-DHCC cause a 
fall in fractional phosphate, sodium and cal
cium excretion (PASCHETT, 1972). 

Vitamin-D intoxication leads to hypercal
ciuria in man, and in severe cases to hyper
calcemia, nephrocalcinosis, nephrolithiasis and 
soft-tissue calcifications. A direct stimulatory 
effect on urinary calcium excretion is debatable. 
It might be the result of inhibition of parathyroid 
hormone secretion by a rise in the calcium 
absorption in the gut, of bone resorption and 
of a rise in the serum calcium concentration. 

An increase in the magnesium excretion is 
observed in rats, together with a fall in the 
magnesium concentration in the plasma. This 
effect is in contrast to the action of parathyroid 
hormone, which inhibits the magnesium excre
tion (LIFSHITZ, 1967). 

Apart from nephrocalcinosis, which arises 
in vitamin-D intoxication, no other actions of 
vitamin D on the kidneys can be demonstrated 
with certainty. 

Mitochondria. Vitamin D promotes calcium 
uptake. This effect is inhibited by cortisone 
in vitro as it is in vivo (KIMBERG, 1969). Like 
parathyroid hormone, vitamin D stimulates the 
release of calcium from liver and kidney 
mitochondria (ENGSTROM, 1964) (p. 877). 

6. Bones, Calcium and Phosphate 

(Interrelationships and Conclusions) 
There is a constant exchange of calcium 

between the bones and the extracellular fluid. 
Part of the calcium is exchanged according to 
physicochemical laws, and the remainder is 
incorporated into or released from the bones 
under the regulation of specific cells. Some of 
the bone mineral is not exchanged with the 
extracellular fluid for years. In adulthood, the 
formation of new bone is equal to its breakdown. 
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The serum calcium concentration is maintained 
within narrow limits under the influences of 
parathyroid hormone, calcitonin, and vitamin D. 
Jone formation and bone resorption are in
fluenced by the homeostatic requirements of 
the plasma for calcium. An elevated serum 
calcium concentration is produced primarily 
by an increased release of calcium from the 
bones. When the calcium concentration falls, 
bone resorption is inhibited and/or increased 
amounts of calcium are incorporated into the 
bones. Small and rapid changes in the serum 
calcium concentration, which are important 
for the minute-by-minute regulation of the 
serum calcium concentration, are effected by 
alterations of the calcium absorption in the 
small intestine and by the reabsorption of 
calcium in the renal tubules (NORDIN, 1970). 

a) Bones 

Regulation of the serum calcium concentration 
is independent of the bone mass. Since the 
calcium reserves in the bones are unlimited, 
a calcium deficiency (osteoporosis) or increased 
calcium retention (hyperostosis) only becomes 
clinically and radiologically manifest after some 
months or even years. The most important 
sites for the regulation of the bone mass are 
the collagen synthesis, the mineralization of the 
bone matrix and bone resorption. 

Vitamin D is necessary for bone growth, for 
skeletal mineralization, and to some extent 
for the release of calcium from the bones under 
the influence of parathyroid hormone. High 
concentrations of vitamin D stimulate bone 
breakdown. Amino acids must be available 
primarily for the formation of bone matrix. 
Calcium and phosphate are necessary for the 
mineralization of the skeleton. A sodium
deficient diet or diminished intestinal calcium 
absorption leads to osteoporosis in the growing 
rat and in patients with intestinal malabsorption. 
Phosphate and vitamin-D deficiency lead to a 
delayed mineralization of the skeleton with 
increased osteoid. 

Skeletal growth and skeletal remodeling 
are affected by parathyroid hormone, calcitonin, 
vitamin D, and also by thyroxin, the adrenocorti
cal steroids, the sex hormones and growth hor
mone. Thyroxin promotes bone remodeling, 
whereas the adrenocortical hormones inhibit it. 
Both produce osteoporosis, since the bone 
resorption exceeds the formation of bone. With 
estrogens, bone formation is usually inhibited to 
a lesser extent than bone resorption. Estrogens 
can thus prevent the osteoporosis from progress
ing at the most. Growth hormone increases the 
longitudinal growth of the bones by activating 

The Parathyroids 

osteoblastic actIVity and bone resorption. An 
increase in the calcium concentration in the 
plasma indicates primarily an elevated bone 
resorption (Table 3). Hydroxyproline excretion 
in the urine parallels the formation of new bone 
and bone resorption. In most cases, a rise in 
hydroxyproline excretion in the urine is a sign 
of increased bone breakdown. Reduced and 
normal values overlap in groups of adult 
subjects; the excretion can only be compared 
in the same individual. Whenever possible, the 
calcium concentration in the plasma is maintained 
within normal limits and calcium is released 
from the bones, even when the skeleton can no 
longer tolerate the physical strain and bone 
pains or fractures develop. 

b) Solubility of Calcium and Phosphate in the 
Plasma and Bones 

There is a constant exchange of calcium between 
the bone surfaces and the extracellular fluid, 
and the sum of the calcium molecules in the 
two compartments remains unchanged. When 
the serum calcium falls, bone resorption, cal
cium absorption in the gut, and the reabsorp
tion of calcium by the kidneys are increased and 
adjusted to the new conditions. Bone resorption 
and intestinal calcium absorption are inhibited 
in hypercalcemia, whereas the calcium excretion 
in the urine is increased. Compensatory processes 
independent of hormonal regulation come into 
action rapidly but are rapidly exhausted. The 
same is true to a lesser degree of the hormone
regulated processes in the renal tubules and 
the gut. Hypocalcemia or hypercalcemia of 
long duration is compensated by a cell-medi
ated, hormone-regulated incorporation or release 
of calcium from the bone. In the absence of 
parathyroid hormone and calcitonin the calcium 
concentration in the plasma is 4-7 mg/100 ml. 
When the parathyroids alone are missing in 
rats, the fall in the calcium concentration 
is greater than when the thyroid and para
thyroids have been removed. This indicates 
that a minimal release of calcitonin continues 
in spite of the hypocalcemia. When the serum 
calcium falls below 6 mg/100 ml the exchange 
between the bone and plasma is chiefly a 
physicochemical process. Normalization of the 
serum calcium to 10 mg/100 ml involves meta
bolic regulation such as is produced by para
thyroid hormone and/or vitamin D (McLEAN, 
1961). 

In vitamin-D deficiency, the calcium phos
phate product in the serum falls. Vitamin D 
is necessary for the increased release of calcium 
from the bones under the influence of para
thyroid hormone. Parathyroid hormone has 
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no effect on the calcium x phosphate product 
as long as the urinary phosphate excretion re
mains normal in the absence of renal insufficien
cy. A rise in the serum calcium concentration 
leads to inhibition of parathyroid hormone 
secretion. A rise in the phosphate concentration 
in the plasma leads to a simultaneous fall in 
the calcium concentration and, together with 
an increased release of parathyroid hormone, 
to an increased renal phosphate excretion. 
This fact is important in potentially fatal hyper
calcemia since an infusion of phosphate causes 
a prompt fall in the calcium concentration 
(HERBERT, 1966; KISTLER, 1966). This fall has 
also been demonstrated in parathyroidectomized 
patients. If parathyroid hormone is constantly 
administered to parathyroidectomized rats, the 
hydroxyproline excretion in the urine and the 
histologically detectable osteolysis around osteo
cytes are not altered by phosphate administra
tion, so that improved mineralization is a 
possible effect (FEINBLATT, 1970). The calcium 
is not excreted in the urine or gut, but is retained 
or at least temporarily sequestered in the bones 
and in the intracellular fluid (EISENBERG, 1970) 
(Fig. 19). Phosphate infusions can lead to the 
precipitation of calcium phosphate at the in
fusion site and in soft tissue such as in the 
liver and the myocardium, especially in patients 
with renal insufficiency. Phosphate deficiency 
leads to osteomalacia and to hypercalciuria. 
Phosphate administration leads to increased 
retention of calcium in the bones (LOTZ, 1968; 
LUDWIG, 1967; GOLDSMITH, 1967; NAGENT DE 
DEUXCHAINES,1967). 
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Serum 13~ ____ 'infusion 16 

mg/100 ml 11 ~-. 8 mg/100ml 
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Fig. 19. Serum calcium and phosphate concentrations, and 
urinary calcium and phosphate excretions following an 
infusion of 3.065 g phosphorus over 6 h in a patient with 
primary hyperparathyroidism. (After KISTLER, 1966) 

Phosphate and calcitonin may lead to in
hibition of alkaline phosphatase or pyrophos
phatase activity in bone, and thus lead to inhibi
tion of the release of bone minerals and of bone 
resorption via a diminished dissolution of 
pyrophosphatases (Fig.20) (FERNLEY, 1968; 

FLEISCH, 1970; RUSSELL, 1970) (p. 889). Calcium 
release from bone-cell cultures and bone resorp
tion are inhibited by an increased phosphate 
concentration in the incubation medium (RAIsz, 
1969). Bone resorption is also inhibited in vivo 
in the presence of phosphate even in parathyroid
ectomized animals, ruling out a stimulation of 
parthyroid hormone secretion in hypocalcemia 
(BINSWANGER, 1971; BAYLINK, 1971). Conver
sely, an extreme phosphate deficiency can make 
a fall in the serum calcium after parathyroidec
tomy impossible (COBURN, 1970). Phosphate is 
also used therapeutically for reducing the cal
cium excretion in the urine and for preventing 
renal stone formation. 

Calcium administration leads to a fall in the 
serum phosphate concentration in thyroid- and 
parathyroidectomized patients, and increased a
mounts of calcium and phosphate are excreted 
through the kidneys (EISENBERG, 1968). A cal
cium infusion into the renal artery of the dog 
leads to a decrease in urinary phosphate excre
tion. A massive administration of calcium, 
particularly when vitamin D is given at the 
same time, leads to a rise in the calcium x phos
phate product in the plasma and to precipita
tion of calcium phosphate in the reticuloendo
thelial system of the liver and spleen and in 
the kidneys, with a consequent decrease in 
glomerular filtration (LAVENDER, 1963; BINs
WANGER, 1966). The calcification of soft tissue 
is also possible after administration of phosphate 
and calcium, particularly in the presence of 
impaired renal function. The precipitation is 
favored in alkaline regions, such as in the renal 
tubules and occasionally in the gastric mucosa. 

In in-vitro conditions ressembling the situa
tion in the plasma, calcium phosphate is pre
cipitated when the solubility product of cal
cium x phosphate is increased. With a fall in 
the serum calcium concentration following 
phosphate infusions, calcium is not excreted 

'in the urine or in the stools. The maximum 
solubility product in vitro corresponds to the 
situation in vivo (HERBERT, 1966). An excessive 
solubility product of calcium x phosphate leads 
to deposition of calcium and phosphate in the 
bone and in soft tissue, while a fall in the cal
cium x phosphate product leads to a release 
of calcium and phosphate from the bones. The 
mechanisms underlying the fall of the calcium 
concentration following the administration of 
phosphate and those responsible for the fall 
of the phosphate concentration following 
calcium administration are presumably partly 
physicochemical, since they are not influenced 
by thyroparathyroidectomy. Physicochemical 
processes regulate the serum calcium concen
tration in the plasma continuously, whereas 
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the metabolic and the endocrine regulatory 
mechanisms come into action within minutes 
or days, depending on the degree of compensa
tion required. The later mechanisms are less 
rapidly exhausted. 

Parathyroid hormone increases the calcium 
concentration and leads to a fall in the phos
phate concentration in the plasma via an in
crease in urinary phosphate excretion. An 
impairment of renal function usually causes 
a rise in phosphate and a fall in calcium in the 
plasma. This leads to an increase in osteoid mass 
for known (acidosis, vitamin-D resistance) or 
unknown reasons, even in the presence of a 
normal calcium x phosphate product. 

The administration of calcitonin causes the 
calcium x phosphate product to fall by in
hibiting bone resorption and stimulating the 
urinary phosphate excretion. A considerable 
fall can be seen in vitamin-D deficiency in in
testinal malabsorption, where the absorption of 
calcium and phosphate is reduced. The hypo
calcemia leads to secondary hyperparathy
roidism and thus to an additional fall of the 
phosphate concentration in the serum. Growth 
hormone increases the calcium x phosphate 
product. It is raised in children and in acro
megaly. 

c) Regulation of the Serum Calcium 
Concentration 

Vitamin D and calcitonin have been demon
strated in all vertebrates including fish, whereas 
parathyroid hormone appears for the first time 
phylogenetically in the amphibians (Copp, 1970). 
Seawater contains 10 mMol/liter calcium, as 
against a concentration of 2.5 mMol calcium 
in the plasma. It is reasonable to assume 
that parathyroid hormone is not necessary for 
the mobilization of calcium from the skeleton 
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in the sea, whereas in the amphibians, which 
leave the water environment, calcium is stored 
in the bones and must be released under the 
influence of parathyroid hormone for the main
tenance of a normal calcium concentration in 
the plasma. Calcitonin is necessary in fish for 
protection from the high-calcium environment 
occurring in the sea. In higher vertebrates, 
parathyroid hormone is important in the main
tenance of the calcium concentration in the 
plasma, whereas vitamin D is essential for 
the mineralization of the skeleton and cal
citonin for the fall and rapid changes in the 
serum calcium concentration. Although only 
a small proportion of the calcium is found in 
the plasma, this is maintained within the same 
narrow limits in the presence of a changing 
intake and excretion. A rise in the serum calcium 
concentration is observed with an increase in 
bone resorption caused by thyroxin and para
thyroid hormone. A fall is encountered when 
bone resorption is inhibited by calcitonin. 
Hypocalcemia can also be a sign of an in
crease in the skeletal mineralization at the 
beginning of the treatment of rickets with 
vitamin D or as an initial effect of parathyroid 
hormone (Table 3). The significance of glucagon 
as a calcium-lowering hormone is still questioned 
because pharmalogical amounts have to be used: 
glucagon leads through an increased release of 
calcitonin to a fall in the calcium and phosphate 
concentrations in the plasma (A VIOLl, 1969). 
Independently, glucagon inhibits bone resorp
tion in vitro and leads to hypocalcemia in 
thyroidectomized rats (SKIN, 1970). Like cal
citonin, it appears to have a direct effect on bone. 
Vitamin D leads to normalization of the calcium 
concentration in the plasma in hypocalcemias of 
any etiology. Precise physiologic regulation of 
the serum calcium concentration is achieved by 
the counteraction of the calcium-increasing para-

Table 3. The bones and the regulation of the serum calcium concentration 

Bone Morphometry 
density 
(X-ray) Bone 

formation 

Parathyroid hormone -+ to 1 1 in vitro 
i in vivo 

Calcitonin -+ to i ? 

Growth hormone i i 
Thyroxine 1 (j) 

Cortisone 1 1 
Estrogens m 
Vitamin D i i 
Senile osteoporosis 1 m or (j) 

Calcium -+ 

Phosphate -+ to i i 

Bone 
resorption 

i 

1 
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thyroid hormone and the calcium-lowering 
calcitonin. The action of parathyroid hormone 
is qualitatively similar to that of vitamin D. 
Parathyroid hormone has a rapid onset of action 
(within minutes) in comparison to vitamin D 
and its biologically active metabolites (within 
hours). Intestinal calcium absorption is pro
moted primarily by vitamin D, whereas the 
release of calcium from bones is increased 
prodominantly by parathyroid hormone. A rise 
in the serum calcium (due to calcium, para
thyroid hormone, or vitamin D) inhibits the 
phosphate reabsorption in the renal tubules 
(EISENBERG, 1968). Calcitonin stimulates the 
renal excretion of phosphate despite the 
hypocalcemia. Phosphate excretion is inhibited 
in renal insufficiency or when calcium is infused 
directly into the renal artery of dogs (LAVENDER, 
1963). 

Parathyroid hormone is the single most im
portant agent in the regulation of the serum cal
cium concentration. Parathyroid hormone de
ficiency after parathyroidectomy leads to hypo
calcemia, whereas thyroidectomy and calcitonin 
deficiency cause no rise in the calcium con
centration in man. 

Regulation of the calcium concentration in 
the plasma is accomplished by means of varia
tions in the calcium absorption by the small 
intestine and in the calcium reabsorption in the 
renal tubules, and also by means of changes in 
the rates of incorporation and release of calcium 
around the osteocytes and the formation of 
osteoblasts and osteoclasts. Parathyroid hor
mone causes a rise in the serum calcium concen
tration via an increase in the calcium absorption 
through the gut, the reabsorption in the renal 
tubules, and raised phosphate excretion. The in
corporation and release of calcium in the bones 
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may be regulated by osteocytes; a halo is charac
teristically formed around the osteocytes, re
flecting increased bone breakdown and thus 
a release of calcium. The osteocytic bone re
sorption is increased under the influence of 
parathyroid hormone and inhibited by cal
citonin (RASMUSSEN, 1967). The osteocytes may 
thus be partly responsible for the regulation 
of the calcium level in the plasma. Presumably, 
alkaline phosphatase in the osteocytes cor
responds to the pyrophosphatase which pro
motes the dissolution of pyrophosphates. Pyro
phosphates protect apatite from dissolution 
(FLEISCH, 1966). Parathyroid hormone causes 
a histochemically demonstrable increase of the 
alkaline phosphatase in the osteocytes, which 
may correspond to the pyrophosphatase. It 
has been postulated that there is an increase 
in pyrophosphatase activity and in the break
down of pyrophosphate under the influence of 
parathyroid hormone, which favors the dis
solution of bone mineral (RASMUSSEN, 1967; 
FLEISCH, 1970; RUSSELL, 1970) (Fig. 20). 

If this hypothesis is correct, the administra
tion of pyrophosphates should lead to a fall 
in the calcium concentration in the serum, 
but this has not been observed, since pyro
phosphates are immediately metabolized by 
a pyrophosphatase. Because of this, analogous 
compounds have been synthesized, such as 
the phosphonates, which are not broken down 
by pyrophosphatase. Phospho nates inhibit osteo
lysis stimulated by parathyroid hormone in vitro 
in mice calvariae and they also lead to a fall in the 
calcium concentration in parathyroidectomized 
rats treated with parathyroid hormone (FLEISCH, 
1968b,1969). 

The calcium-lowering action of calcitonin 
occurs within minutes. It can only be seen 
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Surface (PyW'PhotT 
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PP, = Inorganic pyrophosphate 

Fig. 20. Hypothetical role of pyrophosphate and pyrophosphatase, and parathyroid hormone, calcitonin, and phosphate 
in bone mineralization and resorption. It IS proposed that mineralization and resorption occur more readily after hydrolysis 
of the pyrophosphate layer by pyrophosphatase. (After RUSSELL, 1970) 
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when the bone resorption is increased. It is 
possible that calcitonin is necessary for the 
rapid regulation of the serum calcium concen
tration, as a rise of the serum calcium above 
the normal level under the influence of para
thyroid hormone is seen only after one hour. 
Calcitonin and parathyroid hormone act inde
pendently of each other. Calcitonin is effective in 
parathyroidectomized animals, and parathyroid 
hormone in thyroidectomized animals (GUD
MUNDSON, 1966). Calcitonin·inhibits an increase 
in the serum calcium concentration regardless 
of the cause (e.g. parathyroid hormone, 3',5'
AMP, vitamin D). It does not have to be an 
antagonist acting at the same biological site. 
Calcitonin causes a rapid fall in the calcium 
concentration in the serum (tt < 30 min); a 
slow fall is seen following parathyroidectomy 
(tt > 2 hours), although the concentration of 
parathyroid hormone in the serum falls by 
50 % even after as little as 10-20 min (TASHJIAN, 
1966; MELICK, 1965). 

Actinomycin-D, an inhibitor of the messenger 
ribonucleic acids and thus of protein synthesis, 
impairs the release of calcium from the bones 
which occurs under the influence of parathyroid 
hormone and vitamin D. Vitamin D is essential 
for the full effect of parathyroid hormone. In 
contrast, vitamin D and actinomycin-D have 
no effect on the calcium-lowering action of 
calcitonin or on the rise in urinary phosphate 
excretion resulting from the action of para
thyroid hormone (TASHJIAN, 1965; ARNAUD, 
1966; DELuCA, 1968). These effects occur 
in the absence of previous protein synthesis, 
and are thus of rapid onset (within minutes), 
but they are also rapidly exhausted. The increase 
in osteoclasts due to parathyroid hormone 
requires time (some hours) and the previous 
synthesis of proteins. When protein synthesis 
and calcium release are in progress, the un
limited calcium reserves of the skeleton are 
utilized. Maintenance of a serum calcium con
centration at a level of 10 mg/l00 ml requires 
the constant secretion of parathyroid hormone 
and an adequate nutritional intake of vitamin D. 

D. Hypoparathyroidism 

B. COURVOISIER 

1. Etiology and Pathogenesis 

a) Postoperative Hypoparathyroidism 

The most common cause of hypoparathyroidism 
is damage to one or more of the parathyroid 
glands during operations on the thyroid gland. 
Even with a flawless technique, this occurs in 
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around 1-4 % of cases. Damage results either 
from inadvertent removal of one or more 
of the glands or from ligation of an artery. 
From experiments in animals it has been deduced 
that more than half the parathyroid tissue must 
be lost before lasting insufficiency arises. 

The parathyroids are endangered mainly 
during removal of large goitrous nodules be
cause of their small size and also because they 
are often atypically situated. Topography of 
the arterial vascular supply and the possibilities 
and risks of arterial damage have been dealt 
with on p. 846. Postoperative hypoparathyro
idism is observed considerably more frequently 
in females. It is assumed that there is some 
connection with the fact that thyroidectomies 
are performed more frequently in women than 
in men (hyperthyroidism is more common in 
females) or with the increased stress on the 
parathyroids associated with the variations of 
estrogen production during the menstrual cycle 
and pregnancy. 

b) Hypoparathyroidism Following Treatment 
with Radioactive Iodine 

Possibility of damage of this nature has been 
considered and examined both clinically and 
experimentally, but appears rather unlikely 
(EIPE, 1968). 

c) Reactive Hypoparathyroidism after Removal 
of a Parathyroid Adenoma 

The parathyroid adenoma leads via hyper
calcemia to inactivity and atrophy of the 
remaining parathyroids. Removal of the ade
noma can but need not necessarily lead to the 
development of temporary hypocalcemia. It 
may be that the atrophic parathyroids are 
incapable of producing sufficient hormone, or 
recalcification of the skeleton commences, or 
the compensatory excessive secretion of cal
citonin leads to hypocalcemia. The fact that 
postoperative hypocalcemia is almost exclusively 
observed in primary hyperparathyroidism with 
skeletal involvement and practically never in 
the absence of skeletal involvement supports 
the idea of skeletal avidity for calcium and 
phosphate and thus suggests "recalcification 
tetany". The fact that the level of the serum 
phosphate is usually not elevated but lowered 
fits in with this interpretation. 

d) Hypoparathyroidism in Newborns Associated 
with Hyperparathyroidism in the Mothers 

Reactive, transitory parathyroid insufficiency 
is observed occasionally in the newborn due 
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to primary hyperparathyroidism in the mother. 
In a few cases, the condition in the mother is 
diagnosed for the first time when the disorder 
is found in the newborn. 

e) Transitory, Congenital Hypoparathyroidism 
in Newborns 

This form of parathyroid insufficiency arises 
between the 2nd and 19th days of life and is 
also observed in the absence of maternal hyper
parathyroidism; according to F ANCONI (1967, 
1970) it may be due to a functional insufficiency 
of the parathyroids which are subjected to 
particularly severe stress during this phase of 
life (immaturity of parathyroid function, im
maturity of glomerular function resulting in 
insufficiency of phosphate glomerular filtration, 
increased supply of phosphates from cow's 
milk). Hyperparathyroidism must always be 
carefully searched for in the mother and excluded, 
if necessary by observation over several years. 

f) Idiopathic Hypoparathyroidism 

This term applies to conditions which show 
all the biochemical and clinical symptoms of 
postoperative parathyroid insufficiency al
though no cause can be found. Pathogenesis 
and diagnosis of these disorders are discussed 
later on p. 899. In contrast to pseudohypopara
thyroid ism, where the immunoreactive para
thyroid hormone concentration in the serum 
(lPTH) is usually elevated, IPTH is not measur
able in idiopathic or surgical hypoparathyro
idism. 

2. Symptoms 

a) Tetany 

This is the best known and most important 
manifestation of hypocalcemia of parathyroid 
insufficiency. Clinically, it is a syndrome embrac
ing neuromuscular overexcitability. Three sub
types are differentiated, each of which can 
appear in isolation, but all three can occur 
simultaneously in the same subject. These are: 
1. the tetanic attack, 2. the tetanic equivalent, 
and 3. latent tetany. 

b) The Tetanic Attack 

This is associated with sensory-motor excitability 
and has a specific topographic and chronological 
course. The attack can arise spontaneously or 
can be precipitated by a mechanical, acoustic, 
or psychological stimulus or by hyperventila
tion. In the child, it is often observed following 
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a febrile infection. The onset can be sudden 
and unexpected, but as a rule an aura precedes 
the event, the most common signs being fear, 
general malaise, muscular pains, paresthesias in 
the face and limbs and vasomotor disturbances. 
The duration of the aura varies widely from 
individual to individual. During the actual 
attack, there is tonic contraction of separate 
groups of muscles. The thumb and fingers are 
usually the first to be affected. The thumb is 
usually forced into the adduction position, the 
fingers are pressed together with the meta
carpophalangeal joints flexed and the distal 
joints extended (obstetrician's hand). The hand 
is sometimes even maintained in complete 
flexion (tight fist) however; this is observed 
particularly in children. During the main crisis, 
the spasm extends from the hands to the arms, 
which lie adducted against the body with the 
elbows flexed. The legs are fixed in complete 
extension in the varus position with flexion 
of the foot and toes. The face often shows 
contraction of the upper lip accompanied by 
drooping of the corners of the mouth (carp 
mouth). A common symptom which PRAOER 
describes in the child is the inability to show 
the teeth. Strabismus is occasionally also ob
served. The muscular cramps are usually ex
tremely painful. They are accompanied by 
feelings of fear and paresthesias. 

The autonomic nervous system can be 
involved during the crisis. This involvement 
can present, for example, as laryngospasm, which 
is particularly dangerous in the baby and young 
infant, and as spasm of the bronchi, cardia and 
sphincter of the bladder. In a similar manner, 
blood vessels are also sometimes affected by the 
crisis, causing RAYNANO'S phenomenon, mi
graine, angina pectoris, etc. to occur. Auto
nomic and vascular tetanic features can com
pletely dominate the clinical picture (visceral, 
vascular tetany) and in such cases the diagnosis 
is often rather difficult. Generalized convul
sions and loss of consciousness are common in 
the child. 

The crisis lasts for a few seconds, hours, or 
days, during which there are quite long remis
sions of the acute features. When the crisis 
stops, symptoms disappear in the reverse order 
to that in which they appeared: peripheral 
spasm is the last to recede. 

c) Tetanic Equivalent, the Epileptic Seizure 

The visceral and vascular forms of tetany 
mentioned above actually belong here when 
they arise in isolation. It is, however, more 
justifiable to speak of a tetanic equivalent 
with an epileptic seizure within the field of 
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tetany. It can be the only symptom of para
thyroid insufficiency or it can arise with other 
tetanic manifestations. It cannot be differentiated 
from epilepsy clinically or by means of an 
electroencephalogram. Tetany occurring exclu
sively as part of the epileptic picture is most 
commonly observed in idiopathic hypopara
thyroidism and idiopathic hypocalcemia, less 
frequently with postoperative hypoparathyroid
ism, but only rarely with hypocalcemia of 
any other etiology (D-hypovitaminosis, mal
absorption). Signs of the aura and sphincter 
insufficiency can be present or absent. Occa
sionally, discrete features of latent tetany follow 
the attack. In the literature, cases are described 
which progressed as classic epilepsy for years 
and were treated as such until hypopara
thyroidism was finally diagnosed either by 
chance or from the development of other tetanic 
symptoms. From this, it can be seen that routine 
estimation of calcium is essential in every case 
of epilepsy. 

d) Latent Tetany 

Latent tetany signifies a state in which a partial 
or complete acute attack can readily be provoked 
by diagnostic measures. This state of latent 
tetany embraces a series of neurovegetative and 
neuropsychiatric symptoms. They vary widely 
from one individual to the next and are not 
only seen with hypoparathyroidism but also 
with other forms of tetany. A long list of 
diagnostic procedures has been suggested for 
the recognition of latent tetany, and the most 
important of these are presented here. 

Cl) Chvostek's Sign 

Tapping of the facial nerve immediately below 
and in front of the ear (root of the facial nerve) 
results in twitching of the corner of the mouth, 
the nostril and the orbicularis oculi in latent 
tetany. Similar twitching can be elicited by 
percussion below the zygomatic arch at the 
midpoint between the corner of the mouth and 
the ear. Only simultaneous twitching of all 
three muscles after tapping the root of the facial 
nerve can be interpreted as a sign of tetany 
(Chvostek I). Twitching which can be released 
only in the region below the zygomatic arch 
or in the region of the cheek, or which appears 
only in two muscle groups after tapping the 
root of the facial nerve (defined as Chvostek II 
and III by different authors) can also arise in 
healthy subjects. Thus, such twitching is only 
of slight diagnostic value and must be used 
with caution. Occasionally, however, when 
the diagnosis of tetany has been confirmed, 
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it can be useful in assessment of the course 
of the ilness, e.g. for estimating a therapeutic 
measure. Occasionally, Chvostek's facial phe
nomenon cannot be released in confirmed cases 
of hypoparathyroidism with greatly reduced 
serum calcium levels. 

13) Trousseau's Sign 

A sphygmomanometer is applied to the upper 
arm and a pressure just above the systolic blood 
pressure is exerted for 3 min. In tetanic subjects, 
a typical carpal spasm usually arises. Occa
sionally, this sign fails to occur in confirmed 
cases of tetany. In other cases the spasm can 
be induced by a presure much lower than the 
systolic pressure or simply through pressure 
on the nerve root in the medial bicipital groove. 
Finally, the spasm may be observed only after 
removal of the sphygmomanometer. 

y) Hyperventilation Test 

Any form of latent tetany can become manifest 
in the presence of hyperventilation. After a few 
minutes, typical carpal spasm arises. A hyper
ventilation test carried out over 5 min may 
occasionally be negative, however, in mild 
forms of hypoparathyroidism, and is more 
commonly positive in nonendocrine, normo
calcemic hyperventilation tetany. Carpal spasm 
can be evoked particularly easily by using 
Trousseau's arm constriction in combination 
with the hyperventilation test. It is best to 
apply the sphygmomanometer after the hyper
ventilation. 

b) Electrical Investigations (no longer used for 
practical purposes) 

The excitability of motor nerves is raised in 
tetany of every etiology. With modern electro
myographic methods, which, however, are 
available only to specialists, a series of 
changes more or less specific to tetany can 
be differentiated. Characteristic changes of the 
so-called twitching form are described as Erb's 
sign. 

e) Course of Tetany 

There are numerous individual vanatlOns. A 
tetanic attack can be solitary or can recur 
at more or less regular intervals. Between attacks, 
the patient usually shows subjective and ob
jective signs of neuromuscular overexcitability, 
which are termed as latent tetany. In a few 
cases, the tetany remains latent and never 
progresses into acute tetany. 
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j) Pathology, Physiology, and Pathogenesis of 
Tetany 

In spite of numerous investigations, the patho
genesis of tetany still remains uncertain. There 
is even controversy about the true site of origin 
of the tetanic phenomenon. From close analysis 
of the symptoms, it can be deduced that nervous 
overexcitability is present, involving the cerebral 
centers to a large degree, as well as the spinal 
cord and peripheral nerves. The role of calcium 
and/or magnesium and other electrolytes im
portant for neuromuscular excitability has been 
discussed in the chapter on Physiology on 
p. 848. It has now been definitely established, 
however, that hypocalcemia is observed not 
only in hypoparathyroidism but also in a series 
of other disorders. This question has been 
dealt with under differential diagnosis (p. 897). 
It must be emphasized that tetany is a syndrome 
that can have very different reasons. Thus, 
tetany is not equivalent to parathyroid in
sufficiency, but only one of its manifestations. 
The habit of naming an illness after its main 
symptom (tetany = parathyroid insufficiency 
etc.) should be avoided. 

Since tetany also occurs in the absence of 
parathyroid insufficiency, it is also important 
to know that the syndrome of nervous over
excitability is most marked in parathyroid in
sufficiency. This becomes manifest as severe 
tetanic attacks, and also as the epileptic seizure 
(which is not seen with normocalcemic tetany 
and with hypocalcemia due to D-hypovitaminosis 
or malabsorption), and as diverse neurological 
and psychopathologic features. Finally, the 
duration of the latent tetany can be prolonged, 
extending over decades. 

g) Mental Changes 

Mental changes occur in chronic hypocalcemia 
much more commonly than was suspected in 
the past. They are now usually recognized from 
their unspecific character even were other 
tetanic symptoms are absent, however. Thus, 
in the presence of vague mental disorders, the 
diagnosis of hypoparathyroidism should be 
considered more frequently that it has been 
in the past, and features of latent tetany should 
be searched for and serum calcium and phos
phorus estimated. 

In the child, untreated hypoparathyroidism 
and other forms of hypocalcemia (rickets, mal
absorption, uremia) often lead to tetanic spasm 
(spasmophilia) but tetanic symptoms may some
times be completely absent. In such cases, 
more definite neurological and mental symptoms 
are found, generalized malaise, photophobia 
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and blepharospasm being the features most 
commonly observed. These children very often 
also show retardation of mental development, 
disorders of emotional adjustment and irrita
bility and poor concentration in school. All 
symptoms disappear rapidly after correction 
of the hypocalcemia. The great responsibility 
incumbent on the doctor to recognize these 
cases early is obvious. It can without hesitation 
be ranked in importance with the problem 
of early diagnosis of infantile hypothyroidism 
with mental developmental disturbances. 

Acute tetany and symptoms of latent tetany 
occur less frequently in adults with hypopara
thyroidism than in children. Such patients are 
noticed because of their lability, anxiety, irri
tability, and lack of compensation. They are 
generally somewhat depressed and very often 
complain of chronic headaches. These are 
features of the endocrine psychosyndrome, which 
is dealt with in more detail in the section on 
hyperparathyroidism (BLEULER). In severe tetany, 
features of the acute exogenous reaction type 
(BONHOFFER) are rarely observed, and "neuro
pathic crises" have been reported in the litera
ture. As is true of all psychopathologic dis
orders occurring with endocrine illnesses, these 
symptoms are not specific or particularly charac
teristic of hypoparathyroidism. In contrast to 
previous opinions that psychic disorders oc
curred predominantly with idiopathic hypo
parathyroidism, it has been shown in the last 
few years that these disturbances arise more 
frequently than was suspected in a discrete 
form after thyroidectomy also, and may occa
sionally develop into acute psychotic crises. 

h) Neurologic Changes 

As a rule, neurologic findings are normal in 
parathyroid insufficiency. There are, however, 
known cases of idiopathic or postoperative 
hypoparathyroidism with cerebral edema, in
creased intracranial pressure, papilledema and 
symptoms of a unilateral focal lesion which 
can simulate a brain tumur. Headache without 
neurologic findings is very common. In addition, 
extrapyramidal symptoms with Parkinsonism 
have been described in idiopathic hypopara
thyroidism. Such disturbances can occasionally 
be accentuated or be caused by phenothiazine 
preparations (e.g. prochlorperazine). Mild fea
tures of Parkinsonism can even arise after oral 
treatment, whereas intramuscular injection (e.g. 
10 mg prochlorperazine) can produce very severe 
neurodysleptic (dystonic) attacks. The attack 
begins with painful stiffness of the neck, par
esthesia, fascicular muscular twitching, sweat
ing and tachycardia, followed shortly after-
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wards by tonic muscular cramps in the neck, 
jaws, tongue and extremities. Visual spasm 
and laryngospasm also develop and in addition, 
a series of "typical tetanic" features, such as 
obstetrician's hand, carpal spasm, Trousseau's 
and Chvostek's phenomena, may be found. 
This picture shows very marked similarities 
to the tetanic attack, but differs in that it 
does not respond at all, or at least not promptly, 
to treatment with calcium and magnesium but 
is arrested at once on intravenous administra
tion of barbiturates. Refer to the next section 
for possible connections with cerebral calcifica
tions. 

i) Cerebral Calcifications 

X-rays of the skull often show symmetric and 
small calcified foci irregularly distributed in 
the ganglia of the brain stem, particularly in 
the putamen and the nucleus caudatus. These 
calcifications can be distinguished from those 
of the choroid plexus by the fact that they 
extend further frontally in the brain, whereas 
those in the choroid plexus are limited to the 
region around the genu of the lateral ventricle. 
Their localization can be more precisely traced 
by means of sterographic X-rays. When they 
are very pronounced, they form opaque stripes 
or spots. Small calcified foci are occasionally 
also found in the cerebellum or in the deeper 
regions of the cortex of the brain. About 40 
such cases of cerebral dystrophy have been 
observed and they have been encountered pre
dominantly in idiopathic hypoparathyroidism 
and less commonly in chronic parathyroid in
sufficiency after thyroidectomy. They are not 
specific to hypoparathyroidism and are also 
observed in various congenital disorders of the 
nervous system including mongoloid idiocy and 
a familial form of oligophrenia. Finally, they 
account for some of the characteristic brain 
lesions found in endemic cretinism. The histo
logical structure consists of predominantly peri
vascular hyaline masses, with secondary deposi
tion of calcium and iron salts (pseudocalcium 
concrements). These changes are thus quite 
different from calcium metastases localized 
elsewhere and associated with hyperparathyroid
ism and hypercalcemia of any other etiology. 
It is not certain whether these dystrophic cal
cifications affect brain function. Nevertheless, 
it is suspected that the extremely severe reaction 
of certain patients with hypoparathyroidism to 
phenothiazine drugs (Parkinsonism, neurodys
leptic attack, p. 893), could be due to irre
versible damage to the extrapyramidal centers 
which cannot be influenced by treatment with 
calcium. 
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j) Cataract and Other Changes in the Eye 

The cataract is the best known dystrophic 
manifestation of hypoparathyroidism. It is a 
direct sequela of chronic hypocalcemia and is 
observed in the idiopathic as well as the post
operative form of hypoparathyroidism. It is 
also seen, but less commonly, in chronic hypo
calcemia of other etiologies. It is seen both 
in adults and in children. Often it is the key to 
diagnosing hypoparathyroidism in the age groups 
where cataracts are not normally found. In the 
early stages, it can be differentiated with no 
difficulty from other forms of cataracts, with 
the exception of those found in dystrophic 
myotonia; it is always bilateral, and is situated 
in the anterior and posterior cortical layers of 
the lens in the adult. Zonular and central 
cataracts are occasionally also observed in 
children. In advanced stages, clouding of the 
lens becomes diffuse and the nucleus of the 
lens also becomes involved, so that differentia
tion from other cataracts, e.g. senile cataract, is 
no longer possible. The rate of development 
varies greatly. Cases of bilateral tetanic cataracts 
have been described where blindness has resulted 
within months. In other cases, mild changes 
remain almost constant for years. A cataract, 
once formed, can cease to grow with suitable 
treatment, but it can never be cured. Sometimes 
further progress is observed even despite correct 
treatment. Every case of hypocalcemia should 
be examined for cataracts by a specialist early, 
to avoid recognition of the tetanic cataract 
only after loss of vision. At this stage, it is too 
late for effective therapy. 

Up to now, there is no satisfactory ex
planation for the pathogenesis of the cat
aracts. 

Papilledema, keratitis, strabismus, diplopia, 
lid ptosis, conjunctivitis, blepharitis etc. (POH
JOLA, 1962) are uncommon symptoms in idio
pathic hypoparathyroidism. 

k) Trophic Disorders of the Skin, 
Nails and Hair 

These disorders are found predominantly in 
idiopathic hypocalcemia but have also been 
observed in long-standing untreated cases of 
postoperative hypoparathyroidism. 

Hair. In hypoparathyroidism, tufts of hair can 
be lost, or complete alopecia may develop or 
the growth of hair may be sparse. In addition 
to the hair on the head, the entire body hair 
and the eyebrows and eyelashes are sometimes 
lost. Acute tetanic attacks are occasionally 
preceded by acute loss of hair. 
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Skin. In hypoparathyroidism, the skin is dry, 
split and scaly. Eczema can heal within a short 
time after correction of the hypocalcemia. 

Nails. The nails show transverse furrows and 
are brittle. The skin often covers the nail fold 
and cornification is disturbed. This sometimes 
causes the nail to be rejected, and subsequent 
growth is incomplete. 

Moniliasis. Infection with monilia albicans is 
very common in hypoparathyroidism. The nails 
and the corners of the mouth are the most 
frequent sites, but in severe cases the infection 
spreads over the whole of the skin and the 
buccal cavity and intestinal tract may also 
be affected. Changes in the hair, skin and nails 
can usually be corrected with adequate treat
ment of the hypoparathyroidism, but monilia 
infection of the nails does not respond to this 
sort of treatment. 

I) Dental Damage 

If hypoparathyroidism arises during growth, 
changes in the dental enamel are possible. The 
teeth then show transverse grooves with hypo
plasia of or faults in the enamel, each groove 
corresponding to a tetanic episode during the 
phase of development of this part of the tooth. 
In addition to the faults in the enamel, the 
whole process of development and growth 
of the teeth can be disturbed. The pulpa is 
abnormally extensive, the root is shortened 
and conical, dental eruption is delayed or fails 
to occur, and dental stumps showing no true 
formal differentiation are occasionally found 
enclosed within the jaw bones. The cortex of the 
alveolae is sometimes thickened (lamina dura) 
(in constrast to the findings in hyperpara
thyroidism where it has been known to disappear). 

Like cataracts, the faults in the enamel are 
due to the hypocalcemia, as is borne out by 
the fact that similar defects are seen in children 
with rickets due to hypocalcemia, but it is 
still not known for certain whether the other 
irregularities of dental formation and growth 
are a result of the parathyroid insufficiency or 
are malformations. 

m) Bone and Joint Changes 

Hyperostosis of the skeleton is observed in one 
third of cases of idiopathic hypoparathyroidism 
and very occasionally in postoperative hypo
parathyroidism (MARTIN, 1966) in contrast to 
the bone atrophy in hyperparathyroidism. Lo
calization and extension vary widely: hyper
ostosis can occur exclusively on the long bones, 
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jaw bones and skull (generalized thickening of 
the cranium) or it can involve the entire skeleton, 
including extremities, vertebral column and 
pelvis. The change usually takes the form of 
periostosis and seldom that of full hyperostosis 
(periostosis and endostosis). Radiologically, the 
skeleton appears abnormally dense and the 
periosteum is thickened due to bone apposi
tion. These skeletal changes are never very 
marked and they do not tend to progress rapidly. 
There is never a state of overmineralization such 
as is found in osteopetrosis. Histological ex
amination reveals thickening of the corticalis 
and spongiosal trabeculae without signs of 
increased activity. More frequently, there are 
signs of reduced osteoclastic activity. 

In some cases, bone changes are charac
terized by the combination of periostal hyper
trophy and endostal "pseudoatrophy", where 
the spongiosal trabeculae, although larger in 
diameter, are reduced in number. 

Painful joint changes are often found in 
hypoparathyroidism whether osteopathy is pre
sent or not. They arise in the vertebral column 
and in the ileosacral and hip joints. Inflammatory 
features do not arise, but osteophytic formation 
with calcification is often severe in the capsules, 
tendons and surrounding soft tissues. Changes 
in the ileosacral joints can be distinguished 
from those in Bechterew's disease by the 
extensive para-articular hyperostosis. 

n) Biochemical Changes and Laboratory Findings 

Radioimmunological methods have made it 
possible to demonstrate elevated parathyroid 
hormone levels in the blood of patients with 
hyperparathyroidism (p. 871). Unfortunately, 
this test cannot yet be used for the detection 
of diminished hormone levels in the blood. 
However, pseudohypoparathyroidism with an 
increased concentration of immunoreactive para
thyroid hormone (IPTH) can be clearly dif
ferentiated from idiopathic or postoperative 
hypoparathyriodism; in these conditions the 
IPTH level is too low for assay. The diagnosis 
of hypoparathyroidism must thus be made 
indirectly for the time being, on the basis of 
biochemical effects caused by the hormone 
deficiency. 

The classic humoral syndrome of hypopara
thyroidism is characterized by the triad hypo
calcemia, hyperphosphatemia and hypocal
ciuria. Hypocalcemia is the most constant and 
important change which is almost exclusively 
responsible for the clinical and morphological 
symptoms. The serum calcium rarely falls below 
6 mg/l00 m!. Serum phosphate is elevated to 
above 5 mg/l00 ml in adults and above 
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7 mg/100 ml in children. Finally, the 24-hour 
urinary excretion of calcium is reduced to 
10-50 mg. The 24-hour urinary excretion of 
phosphate, on the other hand, can vary so 
widely (p. 854) that it is of no use for the 
diagnosis. The serum alkaline phosphatase 
is always normal. This is important in the 
differentiation from malabsorption and rachitic 
hypocalcemia, where the phosphatase is in
creased in the majority of cases. Hyperuricemia 
is found in a few cases of idiopathic hypopara
thyroidism. 

ECG. A Q-T segment with a prolonged iso
electric S-T and very short T wave is charac
teristic of every form of hypocalcemia. 

EEG. The EEG is frequently changed in chronic 
hypoparathyroidism. The most common devia
tion consists of long waves (2-5 per sec) arising 
in groups or singly, accompanied by detached 
scatterings of spikes. During tetanic attacks, 
spastic potentials, often of cirumscribed localiza
tion, are sometimes- recorded. All changes are 
accentuated by hyperventilation, and terminated 
by correction of the hypocalcemia. We have 
seen that the epileptic seizure is a symptom of 
tetany but it is impossible to differentiate it 
from more common forms of epilepsy either 
by the clinical findings or by means of the EEG. 
Cerebrospinal fluid is normal, but the pressure 
is occasionally raised. 

0) Onset and Course of the Disorder 

The clinical features of hypoparathyroidism are 
multiple. Postoperative hypoparathyroidism 
usually sets in as early as 24-48 hours after 
surgery (thyroidectomy or removal of a para
thyroid adenoma) and usually starts with a 
typical attack of tetany. The hypocalcemia is 
usually marked at this point. If the case is not 
treated, latent tetany then develops, with occa
sional mild or severe attacks of acute tetany, 
which disappear spontaneously after a few 
weeks providing only ischemia of the para
thyroids or relative parathyroid insufficiency 
after removal of a parathyroid adenoma is 
present. When there is severe damage to the 
parathyroids, latent tetany becomes chronic. 
Although much is known about the symptoms 
of chronic postoperative parathyroid insuffi
ciency, very little is known about the epileptic 
seizure which occasionally arises as the only 
symptom. On the other hand, investigations 
on a large number of thyroidectomized patients 
in the last few years have shown that latent 
or partial parathyroid insufficiency without 
tetany can be demonstrated by means of suitable 
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methods (p. 945) more frequently than ex
pected. There is always a multitude of more 
or less severe functional and psychic symp
toms. This clinical picture is often not rec
ognized. 

Idiopathic hypoparathyroidism (p.899) is 
definitely a chronic disorder. It is seldom 
diagnosed in the newborn or infant. The first 
symptoms usually appear during the second 
decade. Attacks of spasm almost always occur 
in infantile idiopathic hypoparathyroidism and 
sometimes have a fatal outcome. Forms of the 
disorder with epileptic seizures as the only 
symptom are particularly common at this age. 
If the children survive, their mental and physical 
development is usually severely impaired. 

Idiopathic hypoparathyroidism not uncom
monly causes few symptoms and goes unnoticed 
in adults too. Tetany can remain latent without 
an acute attack ever occurring in spite of a very 
low serum calcium. This is probably due to a 
relative adaptation of the neuromuscular re
ceptors to chronic hypocalcemia, and hypo
calcemia is certainly not the only cause of tetany. 
Thus, mental (endocrine psychosyndrome) and 
dystrophic (cataract and osteoarticular syn
drome) disorders are in the foreground. The 
question of the onset of the disorder arises 
in every newly diagnosed case of hypopara
thyroidism in adulthood. Many years can pass 
between the onset of the first symptoms and the 
diagnosis. The diagnosis is often not made 
until adulthood although the case history shows 
that the first symptoms went as far back as 
infancy. The state of the teeth is a particularly 
good indicator of the time of onset. Some cases 
of idiopathic hypoparathyroidism may very 
well arise during adulthood; there is then no 
history of early symptoms. From post-mortem 
observations, it can be concluded that the 
vast majority of cases begin before the 16th 
year of life. The frequency declines in the 
2nd and 3rd decade and increases again slightly 
in the 4th decade. 

The diagnosis is even more difficult in 
advanced age. The advanced hypocalcemic 
cataract can no longer be differentiated from 
a senile cataract, and mental changes can be 
attributed to senility. Few cases of idiopathic 
hypoparathyroidism have been diagnosed for 
the first time between the 60th and 80th years 
of life. 

It is important to realize that the course 
can be very variable. Clinical symptoms and 
biochemical findings can vary over long periods 
of time. Occasionally, serum calcium falls to 
a yearly minimum in spring following the 
dark winter months, indicating D-hypovita
minosis (p. 884). The cyclic variations in mineral 



Hypoparathyroidism 

and bone metabolism in the female under the 
influence of estrogens suggest that estrogens 
also have some effect on the long-term course 
of hypoparathyroidism. 

3. Diagnosis 

The diagnosis is obvious if a hypocalcemic attack 
of tetany follows thyroid or parathyroid surgery. 
The clinical diagnosis can be difficult other
wise, due to the multiplicity of signs and symp
toms, the varying severity of the hormone in
sufficiency, the varying duration of the disorder, 
and the wide variation in the sensitivity of the 
receptors to hypocalcemia. We have seen that 
age plays an important role in the symptomato
logy, e.g. in neurologic changes. Because of 
this, the clinical picture in the child differs 
greatly from that in the adult. 

Diagnosis is particularly difficult when hyper
thyroidism is superimposed on existing hypo
parathyroidism. Hyperthyroidism causes a rise 
in calcium excretion in the urine and a lowered 
calcium level is sometimes normalized. Thus, 
hypoparathyroidism can be overshadowed clini
cally and biochemically by the development of 
hyperthyroidism. This is especially important 
for the choice of treatment of recurrent thyro
toxicosis. 

It is easier to investigate suspect cases than 
to pick them out more or less by intuition from 
the patients in a practioner's consulting room 
or a hospital clinic. General features of hypo
parathyroidism can be so variable and so 
confusing that the diagnosis is not made for 
years. The symptoms can simulate angina 
pectoris or other vasomotor circulatory dis
orders and even gastrointestinal disorders. It 
can also be similar to a psychoneurosis or even 
a psychosis. The doctor should therefore at 
least consider the possibility of hypopara
thyroidism in all vague circulatory disorders, 
spastic illnesses of the gastrointestinal tract, 
nonspecific headaches, all neurotic and psychotic 
conditions, and in every case of laryngospasm 
or epilepsy. The condition must be suspected 
in every patient who has undergone thyroid 
surgery. Occasionally the ophthalmologist is 
the first to diagnose hypoparathyroidism on 
discovery of a tetanic cataract. 

Laboratory investigations and functional 
tests are discussed on p. 940. 

4. Differential Diagnosis 

Difficulty in differential diagnosis can arise 
not only with cataract, cerebral calcifications, 
changes of the skin, hair and nails, dental 
changes and the osteoarticular syndrome, 
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but with every physical symptom. Hypopara
thyroidism is characterized by hypocalcemia, 
atypical behavior of the alkaline phosphatase, 
hypocalciuria, very low concentration of immu
noreactive parathyroid hormone, and neuro
logical symptoms. 

a) Differential Diagnosis of Hypocalcemia 

Hypocalcemia is one of the biochemical symp
toms of D-hypovitaminosis due to malabsorp
tion or other alimentary disorders. It is always 
accompanied by hypocalciuria (as is hypopara
thyroidism), by hypophosphatemia (iri contrast 
to hypoparathyroidism) and by a rachitic
osteomalacic osteopathy with elevated levels 
of alkaline phosphatase in the blood (in contrast 
to normal alkaline serum phosphate levels in 
hypoparathyroidism). Hypophosphatemia and 
the elevated serum phosphatase constitute the 
most important criteria for the differential 
diagnosis between hypocalcemia due to D-hypo
vitaminosis and that due to parathyroid in
sufficiency. 

Hypocalcemia can, however, also have renal 
causes. In certain tubular nephropathies, the 
hypocalcemia is accompanied by hypophos
phatemia and a rachitic-osteomalacic osteo
pathy with hypercalciuria (Albright-Lightwood 
syndrome) or with hyperphosphaturia (vitamin 
D-resistent rickets). Glomerular, azotemic renal 
insufficiency of very long duration can produce 
hyperphosphatemia and hypocalcemia as well 
as hypocalciuria and a mixed osteopathy (osteo
malacia and ostitis fibrosa). In such cases, how
ever, the disorders of calcium and phosphate 
metabolism are dominated by the symptoms 
of renal insufficiency. Tetanic symptoms due 
to hypocalcemia are almost always absent due 
to the coexisting acidosis (the reader is also 
referred to the section on secondary hyper
parathyroidism). Hypocalcemia of entirely dif
ferent etiologies is observed in acute pancreatitis 
and in certain forms of metastatic skeletal 
carcinomatosis (chronic leucopathia, carcinoma 
of prostate, breast and bronchus (HALL, 1966), 
and also in medullary carcinoma of the thyroid 
secreting calcitonin. 

Concentration of Immunoreactive Parathyroid 
Hormone in the Serum (iPTH). iPTH is elevated 
in all other forms of hypocalcemia leading to 
secondary hyperparathyroidism. iPTH concen
trations are elevated in pseudohypoparathyro
idism, nutritional rickets of infancy, intestinal 
malabsorption, and renal insufficiency. iPTH 
may be undetectable in some normocalcemic, 
normal subjects, depending on the sensitivity 
of the radioimmunoassay used. However, in 
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hypocalcemia iPTH is usually elevated, and 
every form of secondary hyperparathyroidism 
can thus be clearly differentiated from hypo
parathyroidism (REISS, 1968; ARNAUD, 1971; 
FISCHER, 1973). 

b) Differential Diagnosis of the Neurologic 
Syndrome 

We have seen that the clinical picture of hypo
parathyroidism is dominated by tetany but 
that tetany with all its features of neuromuscular 
overexcitability also occurs in numerous other 
pathologic conditions. A distinction must be 
made between hypocalcemic and normocal
cemic tetany. The most common causes of 
hypocalcemia are discussed above (p.890). 
Tetany is observed in all these conditions, but 
is not a mandatory feature. It is absent in 
hypocalcemic nephropathies accompanied by 
acidosis. 

Normocalcemic tetany is observed in dif
ferent conditions which may not be related 
to calcium and phosphate metabolism and 
parathyroid function and in which there are 
no dystrophic changes of hypoparathyroidism. 
The most common cause of normocalcemic 
tetany is alkalosis arising after hyperventilation, 
prolonged vomiting, after oral and parenteral 
administration of alkaline salts (bicarbonate) 
and in primary aldosteronism (p. 333). The 
ionized calcium concentration is clearly de
creased, whereas the total serum calcium, 
phosphorus, and phosphatase, and the urinary 
excretion of calcium are normal. Tetany follow
ing hyperventilation is encountered mainly in 
females and can present as acute tetany as well 
as less characteristic chronic disorders such 
as depression and paresthesia. Vegetative cir
culatory disorders (angina pectoris, extrasystoles, 
tachycardia) can also be a manifestation of 
hyperparathyroidism. The attack and the chronic 
state are both characterized by anxiety as the 
predominant symptom. The fear is psychic in 
nature and is maintained by the physical symp
toms of tetany. Hyperventilation can provoke 
acute tetany and other chronic symptoms which 
complicate the diagnosis. Tetanic symptoms 
disappear when exhalation of carbon dioxide 
is interrupted by closing the mouth and nose 
or by breathing into a paper bag or inhaling 
carbon dioxide. The diagnosis is usually not 
difficult in most cases if the psychoneurotic 
element of the personality is taken into account. 

Tetany is induced by a reduction in the 
concentration of ionized calcium, but this may 
not be the only cause. 

So-called idiopathic tetany (not to be con
fused with idiopathic hypoparathyroidism) was 
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first described during World War I, and the 
term is still used occasionally. It can be defined 
as an illness with symptoms of latent and 
manifest tetany in normocalcemic individuals 
of poor social standing. Current views class 
some of these cases under hypocalcemic tetany 
in D-hypovitaminosis and ·others as alkalotic 
tetany. 

One form of tetany is caused indirectly by 
a rise in the level of serum phosphorus and a 
fall in the concentration of serum calcium and 
less frequently of magnesium. 

Unless there is antagonism between serum 
calcium and serum phosphorus, hyperphos
phatemia does not cause tetany. 

Magnesium Deficiency. In man, a fall in the 
level of serum magnesium is observed in pri
mary hyperparathyroidism after resection of 
an adenoma of the parathyroid. This is appli
cable particularly to cases of hyperparathyro
idism with marked bone involvement, especially 
if vomiting occurs at the same time. Magnesium 
deficiency also occurs after infusions of large 
quantities of fluid devoid of magnesium, in 
chronic alcoholism, liver cirrhosis, malabsorp
tion, intensive diuretic treatment with thiazides, 
tubular acidosis, renal insufficiency and pri
mary hyperaldosteronism. Extreme magnesium 
deficiency presents, especially in children, as 
tremor, athetotic-choreiform movements, muscle 
weakness, giddiness, and irritability. Convulsions 
reminiscent of a grand-mal attack are dangerous 
but rarely fatal. Treatment of magnesium defi
ciency is discussed on p. 932. 

c) Differential Diagnosis of Epilepsy 

We have already seen that the grand-mal epileptic 
seizure, or occasionally petit-mal epilepsy, can 
be the presenting symptom of idiopathic hypo
parathyroidism and less commonly of post
operative hypoparathyroidism. The sympto
matology of this form of epilepsy completely 
hides that of genuine epilepsy. The EEG does 
not help in the differentiation. Relevant con
clusions can be drawn only from the therapeutic 
test. Anticonvulsive treatment which inhibits 
true epilepsy has no effect on epilepsy associated 
with hypoparathyroidism, whereas treatment 
which corrects the hypocalcemia clinically cures 
parathyroid epilepsy as well as normalizing 
EEG findings. Although these cases are un
common, they are of great practical importance. 
Clinical symptoms of latent tetany should be 
routinely searched for and serum calcium 
estimated whenever possible in epileptic in
stitutions. The same applies to disorders of 
mental development, retardation and character 
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changes in children, and in adults, illnesses 
with vague psychological features and Parkin
son's disease. 

E. Idiopathic Hypoparathyroidism and 
Pseudohypoparathyroidism 

B. COURVOISIER 

1. Clinical Definition 

a) Idiopathic Hypoparathyroidism (I H P) 

This term embraces a chronic syndrome with 
the following clinical criteria: 

1. biochemical syndrome: hypocalcemia, 
hyperphosphatemia, hypocalciuria; 

2. tetany (latent or manifest); 
3. dystrophies (facultative): cataract, cere

bral calcifications, enamel hypoplasia and anom
alies of dental formation, osteoarticular syn
drome, dystrophies of skin, hair and nails 
(p.894); 

4. no history of surgery or 131 I therapy in 
the parathyroid region; 

5. no other causes for the hypocalcemia, i.e. 
no D-hypovitaminosis, no intestinal malab
sorption and no renal insufficiency. 

IHP is an uncommon condition. About 200 
cases have been described in the literature. 
Both sexes are equally affected. The first symp
toms usually arise during late childhood or in 
adolescence. Many years can go past before the 
diagnosis is made. 

In a review of 22 autopsied cases of IHP 
the parathyroids were atrophied, replaced by 
fatty tissue or not found (ZELTNER, 1969). 
Familial incidence has been observed in many 
cases, especially when the parents were con
sanguineous (BUCHS, 1955-1957; PEDEN, 1960; 
ZELTNER, 1969). These facts suggest that IHP 
is sometimes the result of a sex-linked or auto
somal genetic defect with expression in early 
or late life. The etiology of sporadic IHP is 
obscure. 

Autoimmune Endocrinopathies, Simultaneous Oc
currence of Idiopathic Hypoparathyroidism with 
Addison's Disease and Pernicious Anemia. This 
syndrome is discussed in more detail in Chap. 
XVIII (p. 1009) (pluriglandular syndrome) where 
the coexistence of IHP with primary chronic 
adrenocortical insufficiency and of Hashimoto's 
thyroiditis with hypothyroidism are dealt with, 
together with BLIZZARD'S investigations de
monstrating the presence of antibodies to 
parathyroid tissues in a large percentage of 
these cases. There is a familial incidence of 
IHP and moniliasis (SUTERKIN, 1943). Pernicious 

anamia is often found associated with IHP. 
In addition, in several cases, Addison's disease 
was found to be present and antibodies to the 
"intrinsic factor" and adrenocortical tissue 
were demonstrated. Pernicious anemia usually 
begins late in the course of the IHP. 

b) Pseudo hypoparathyroidism (PSHP) 

ALBRIGHT coined this term (1942) for an illness 
which in addition to the 5 criteria mentioned is 
also characterized by the following 4 criteria: 

6. dwarfism and round face; 
7. brachydactylia; 
8. subcutaneous calcifications; 
9. negative Ellsworth test (no phosphaturia 

after intravenous injection of parathyroid ex
tract) (p. 945). 

In this Ellsworth test, the reaction of renal 
excretion of phosphate to an intravenous in
jection of a parathyroid extract is examined. 
In postoperative hypoparathyroidism, the test 
causes a marked rise in renal phosphate excre
tion which is normally diminished. ALBRIGHT 
demonstrated a similar reaction in idiopathic 
hypoparathyroidism, except in a few cases in 
which renal excretion of phosphate reacted 
only insufficiently or hardly at all to the in
jection of parathyroid hormone. 

ALBRIGHT assumed that the last criterion 
in the list was due to primary renal resistance 
to parathyroid hormone (PTH). With this 
assumption in mind, be put forward the hypo
thesis that PSHP was not to be considered the 
expression of a hormone insufficiency, but 
much more as a failure of the receptor organs 
to respond to PTH. This interpretation was 
confirmed by his findings in parathyroid biopsies 
in three cases, one biopsy showing normal 
parathyroid tissue and two showing parathyroid 
hyperplasia. 

MARTIN (1940) gave the first detailed descrip
tion of this syndrome; all significant criteria 
are summarized here without any theory about 
the pathogenesis. 

PSHP is also a rare disorder (less than 50 
cases in the literature). It occurs more fre
quently in females than in males. The onset 
usually dates back to late childhood or adoles
cence, but the diagnosis is often made much 
later. Clinical symptoms coincide with the 
principal features of IHP. In addition there 
are numerous constitutional anomalies and 
subcutaneous calcifications. Usually the pa
tient's appearance is conspicuous. Stature is 
small and stocky, the dwarfism being propor
tional or the extremities conspicuously short. 
The hands are short and broad. The face is 
round and the features quite expressionless. 
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Mild obesity is rarely observed. Oligophrenia 
is common. Bones of the hands and feet are 
disproportioned, the phalanges, particularly 
metacarpals and metatarsals 1, 4, and 5, being 
shortened due to impaired endochondral growth. 
The rest of the skeleton shows the same osteo
art"cular changes as are found in IHP. Calcifi
cations in the soft tissues can occasionally be 
palpated as small, hard, movable and indolent 
subcutaneous nodules. Usually they are first 
detected on X-rays. They are found mainly 
on the extremities and are para-articular, 
subcutaneous, intra tendinous or intramus
cular. 

The basal metabolic rate is frequently found 
to be reduced in PSHP. Recent investigations 
have not shown this to be due to primary hypo
thyroidism or to a peripheral resistance to 
thyroid hormones, but rather to insufficient 
secretion of thyrotropic hormone (WINNACKER, 
1967; ZISMAN, 1969). 

In PSHP the renal (and perhaps skeletal) 
resistance to PTH is the basic metabolic defect. 
The constitutional anomalies and the subcutane
ous calcifications appear to be separate, unrelated 
inherited defects (FRAME, 1972). The PTH 
resistance is therefore independent of these 
abnormalities. 

c) Brachymetacarpal Dwarfism without 
Hypocalcemia (Pseudopseudohypopara
thyroidism after Albright) 

Examination of the families of patients with 
PSHP has revealed relatives with brachydactylia, 
round face and subcutaneous calcifications but 
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no hypocalcemia. Furthermore, there are isolated 
cases as well as many familial cases where only 
constitutional anomalies and subcutaneous calci
fications are found and no hypocalcemia or 
other symptoms of hypoparathyroidism. This 
syndrome was given the bizarre name of pseudo
pseudo hypoparathyroidism by ALBRIGHT (1952). 
This term is questionable, and attempts have 
been made to replace it by other terms (dysplasia 
with calcification of soft tissues, Albright's 
dystrophy, brachymetacarpal dwarfism). It is 
now certain that the simultaneous occurrence 
of so many polymorphic dysplasias cannot 
produce a uniform picture, particularly since 
other types of malformations are found at 
the same time in the skin, skeleton, cardio
vascular, urogenital and endocrine systems: 
anomalies of skin pigmentation, hypertrichosis, 
bone malformations, gonadal dysgenesia, pheo
chromocytomes etc. New dysplasias belonging 
to this group are continually being reported in 
the literature at the moment. 

The occurrence of PSHP and brachymeta
carpal dwarfism without hypocalcemia in the 
same family indicates that both disorders have 
a common genetic basis. 

The discovery of constitutional abnormalities 
or subcutaneous calcifications without endo
crine malfunction is of practical interest, since 
other members of the family could be affected 
by PSHP. 

2. Pathogenesis 

ALBRIGHT'S hypothesis that PSHP is not a 
hormonal deficiency but a nonresponse of the 

c 

Fig. 21 a-c. Three patients with round face and undifferentiated features characteristic of pseudohypoparathyroidism 
(a: from MARTIN, 1940; b: from SCHUPBACH, 1949; c: a case from Zurich, a 33-year-old imbecile female patient) 
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receptors seems to be confirmed. In fact, three 
different forms of PSHP can be established 
(FRAME, 1972). 

a) Renal and Skeletal Resistance to PTH 

The absence of increased urinary phosphate 
excretion after PTH administration is considered 
a major diagnostic feature. The hormone is 
incapable of inhibiting phosphate tubular re
sorption. CHASE and AURBACH (1967, 1968) 
showed that the adenyl cyclase-3'-5' cyclic AMP 
system in the tubular cells is activated by PTH 
and in normal subjects the hormone increases 
the urinary excretion of 3'-5' cyclic AMP. In 
PSHP the renal tubular resistance to PTH is 
demonstrated by the absence of increased 
urinary phosphate and cyclic AMP excretion 
in response to parathyroid hormone administra
tion (CHASE, 1969). Thus the primary fault 
in PSHP is the inability of the renal tubule 
cyclic AMP system to be activated by PTH. 
The consequence is increased phosphatemia 
that is partially responsible for the hypocalcemia. 
The extent to which the adenyl cyclase-cyclic 
AMP anomaly lowers the distal tubular cal
cium reabsorption which is normally stimulated 
by PTH has yet to be determined. Hypocalcemia 
increases PTH secretion: immunoreactive PTH 
concentrations in the serum are usually elevated 
(LEE, 1968; CHASE, 1969; FISCHER, 1973). Hypo
calcemia together with clinical or X-ray and 
histologic evidence of hyperostosis, as in IHP, 
implies not only renal but also skeletal resistance 
to PTH. PTH normally activates the adenyl 
cyclase-cyclic AMP system in both kidney and 
bone (CHASE, 1969; FEDAK, 1969). However, a 
nonresponse of this kind has not yet been 
demonstrated in bone. One indirect argument 
for this case is the absence of increased amounts 
of hydroxyproline in the urine after PTH 
administration in PSHP in contrast to the rise 
in normal subjects and/or IHP (McDoNALD, 
1972). 

b) Skeletal Resistance to PTH with Normal 
Kidney Response 

It is possible in some cases for only the skeletal 
adenyl cyclase-cyclic AMP system to be un
responsive to PTH, while activity in the kidney 
is normal (FRAME, 1972). This would explain 
the cases observed in which PSHP is associated 
with hyperostosis, hypocalcemia and a constant 
(SCHlJPBACH, 1949; COURVOISIER, 1963) or in
creased urinary phosphate response to PTH 
(FRAME, 1962). A change of this kind has also 
been observed in a case with clear-cell hyper
plasia (FRAME, 1962). 

c) Renal Resistance to PTH with Conserved 
Skeletal Receptivity 

Several cases of biochemical hypoparathyroidism 
combined with renal resistance to PTH (absence 
of increased urinary phosphate and/or cyclic 
AMP excretion), as well as X-ray and histo
logic signs of osteitis fibrosa cystica have been 
reported in the literature (FRAME, 1972). This 
suggests that the renal resistance to PTH brings 
about hyperphosphatemia partially responsible 
for the hypocalcemia, thereby stimulating the 
parathyroids, as in group a). Some of these 
cases of secondary hyperparathyroidism were 
confirmed by radio immunologic hormonal assay 
and/or histologic evidence of parathyroid hyper
plasia. The osteitis fibrosa cystica is proof of 
the normal bone receptiveness to PTH. The 
mobilized bone calcium should correct the 
hypocalcemia, but it is possible that the calcemic 
effect is blocked or blunted by the hyperphos
phatemia and also that there is a defect in 
osteocytic osteolysis (FRAME, 1972). As in the 
first group, the extent to which the adenyl 
cyclase-cyclic AMP anomaly lowers the distal 
tubular calcium reabsorption has yet to be 
established. 

Finally these observations show that some 
patients have constitutional abnormalities, as 
described by ALBRIGHT, while others have a 
normal phenotype. 

Other hypotheses have been suggested to 
explain PSHP: impaired biosynthesis of PTH, 
resulting in the secretion of a biologically in
active hormone, has been postulated, as has the 
presence of a substance inhibiting PTH in the 
blood or tissues (MANN, 1962). The detection 
of a very high concentration of calcitonin in 
the thyroid gland of some patients with PSHP 
(50-100-fold increase) (ALIAPOULIOS, 1966; 
TASHJIAN, 1966) gave rise to the speculation 
that the hypocalcemia is due to an excessive 
secretion of calcitonin. However, the concen
tration of calcitonin was found to be increased 
only in the thyroid gland and not in the peripheral 
blood of these patients. An increase in the con
centration of calcitonin in the thyroid does not 
necessarily reflect an increased secretion but 
can also result from a diminished secretion. The 
ineffectiveness of total thyroidectomy on the 
plasma level of calcium in these patients con
tradicts the view that hypercalcitonism of 
thyroid origin is the cause of this syndrome 
(SUH, 1969). 

3. Hereditary Factors 

The condition can also be looked upon as a 
heredopathia (familial incidence and occurrence 
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in identical twins). Inheritance seems to occur 
through a dominant gene. Transmission is 
irregular and the localization of the gene is 
unknown. The women: men ratio of 2 : 1 sug
gests that the disorder is connected with the X 
chromosome (MANN, 1962). ELRIK and ALB
RIGHT (1950) postulated some time ago that a 
three-fold genetic anomaly might be present 
embracing the following 3 groups of symp
toms: 1. failure of the receptor organs to 
respond to PTH, resulting in the same changes 
as are found in IHP; 2. constitutional anomalies, 
a type of dyschondroplasia, particularly of the 
metacarpals and metatarsals; 3. tendency to 
development of subcutaneous calcifications. 

F. Treatment of Hypoparathyroidism 

B. COURVOISIER 

a) General Facts 

Treatment of parathyroid insufficiency involves 
2 types of drugs: 

1. calcium salts for intravenous and oral use; 
2. the steroids, vitamin D and dihydro

tachysterol. 
Parathyroid hormone cannot be used thera

peutically in the form now available. The 
commercially available extract induces the for
mation of antibodies and leads to "hormone 
resistance". Antibodies to bovine parathyroid 
hormone have recently been demonstrated for 
the first time in man. 

There are two types of vitamin D; vitamin D2 
is of vegetable origin and vitamin D3 of animal 
ongm. 

Vitamin D2, or calciferol, is derived from 
egosterol, which is contained in ergot and 
barm, by means of a photochemical reaction 
under the influence of ultraviolet light. 

Vitamin D3, or cholecalciferol, is the natural 
vitamin D of animal origin and is derived from 
7-dehydrocholesterol. In man, endogenous vita
min D3 is synthesized in the skin under the 
action of ultraviolet light. Exogenous vitamin 
D3 is obtained from food, being found predo
minantly in certain fish oils, and in smaller 
amounts in milk, butter and egg yolk. Synthetic 
vitamin D3, which is identical to the naturally 
occurring substance, has been in therapeutic 
use for the past few years. The recently detected 
more active metabolites 25-hydroxycholecal
ciferol and 1,25-dihydroxycholecalciferol (p. 
883) are not available for therapeutic purposes 
and probable will not be, whereas therapeutic 
interesting analogues may be found. 
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Dihydrotachysterol is obtained by irradiat
ing ergosterol and is used for the treatment of 
hypocalcemia as AT 10 (antitetanic factor 10). 

Chemically pure vitamin D2 and D3 are, 
however, quite as suitable as dihydrotachysterol 
for the treatment of hypocalcemic states. JESSERER 
compared both vitamins with dihydrotachy
sterol and detected only insignificant pharma
cological differences: aqueous solutions of all 
3 substances are equally effective when given 
by i.m. or i.v. injection. An oily solution of 
vitamin D given by the i.m. route is effective, 
whereas an oily solution of dihydrotachysterol 
has no effect. In contrast, when the preparations 
are given orally dihydrotachysterol is more 
potent than vitamin D. All preparations can 
be used for the treatment of hypocalcemic 
states. It is important to know that the individual 
reactions to vitamin D and dihydrotachysterol 
vary and can do so in the same person at different 
times. The correct dose must therefore be chosen 
with care in such a case. The biological half
life of vitamin D2 and D3 is some weeks or 
even months, and vitamin-D intoxication is a 
serious problem in the treatment of hypopara
thyroidism. According to KAYE, the biological 
half-life of dihydrotachysterol is shorter and 
may therefore be more useful in the treatment 
of hypoparathyroidism than vitamin D. 

b) Treatment of Acute Tetany 

Acute tetany is most commonly observed in 
postoperative hypoparathyroidism, the first at
tack usually arising as soon as a few hours 
after thyroidectomy or removal of a para
thyroid adenoma. Acute tetanic attacks are, 
however, also seen in idiopathic hypopara
thyroidism. Treatment consists of an intra
venous injection of calcium salt: an injection 
of 20 mIlO % solution of calcium gluconolacton
ate (= 180 mg calcium) given slowly intra
venously is most suitable. Blood for the estima
tion of serum calcium and phosphate must be 
taken before the injection is given. It is not 
necessary to wait for the results of these estima
tions since treatment with calcium is harmless 
and produces no ill effects in normocalcemic 
tetany. If the patient's response to the first 
injection is inadequate or only temporary the 
injection should be repeated once or twice 
hourly for the next few hours until the result 
of the serum calcium estimation is available. It 
must be stressed that the effect of intravenous in
jection of calcium is only short due to rapid 
fixation of calcium in the skeleton and rapid ex
cretion through the kidneys. Because of this it 
may be necessary to start an intravenous infusion 
with calcium (15 mg Ca + + /kg body weight in 
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500 ml physiological saline). As soon as the 
diagnosis of hypocalcemic tetany is confirmed, 
and depending on the severity of the hypo
calcemia, treatment is supplemented by a steroid 
promoting a rise in serum calcium. Crystalline 
vitamin D 3 in an aqueous solution is most 
potent and has the fastest onset of action. 
Depending on the serum calcium level, which is 
often very low (6 mg/l00 ml and even lower), 
4--6 ampoules (1 ampoule contains 7.5 mg = 
300000 units» are given. The full effect of 
this treatment cannot be expected until after 
1-3 days, in spite of the intravenous route 
of administration. Meanwhile, an uninterrupted 
infusion with calcium is maintained. Repeated 
serum calcium estimations are essential for 
an adequate dosage. Sedation with a bar
biturate can also be useful during this phase. 
Phenothiazine compounds of any sort must 
be avoided, since as was seen above (p. 893) 
extrapyramidal features of hypoparathyroidism 
can occasionally be accentuated or severe neuro
dysleptic attacks induced. When tetanic symp
toms do not cease even after normalization of 
serum calcium in spite of continuous treatment 
and high doses of vitamin D, the possibility 
of magnesium deficiency must be considered, 
particularly in postoperative hypoparathyro
idism following the removal of a parathyroid 
adenoma, though this does occasionally happen 
with other forms of hypocalcemic tetany. After 
serum magnesium has been estimated, sub
stitution therapy must be started at once, follow
ing the schedule described in the chapter dealing 
with the postoperative course and treatment 
of primary hyperparathyroidism (p. 932). The 
hypocalcemia is generally corrected within 1-8 
days following intravenous injection of vitamin 
D. If correction fails to occur, a further 7.5 mg 
vitamin D3 must be given intravenously, and 
if repeated administrations of vitamin Dare 
still required after a few weeks, long-term 
treatment adhering to the principles given below 
must be introduced. Not uncommonly, how
ever, the serum calcium level becomes normal 
spontaneously after a few weeks or, more 
infrequently, months in postoperative hypo
parathyroidism due to compensatory hyper
plasia of the still intact parathyroids. The 
patient can then be considered cured providing 
estimations of serum calcium every 3-6 months 
for the following 2 years give favorable results. 

c) Treatment of Chronic Postoperative and 
Idiopathic Parathyroid Insufficiency 

Vitamin D and dihyrotachysterol given by the 
oral route are the drugs of choice. The most 
important aims of treatment are normalization 
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of serum calcium at a level between 9 and 11 mg % 
and the prevention of hypercalciuria. The 
dangers of hypercalcemia and hypercalciuria 
(nephrolithiasis, nephrocalcinosis etc., p.918) 
and of hypocalcemia (tetany, neurologic changes, 
cataract and other changes, p. 893) have been 
discussed in detail above. Serum calcium can 
vary spontaneously over several months, rising 
without warning to normal values or falling 
to very low levels. 

Thus, with the exception of cases of transient 
postoperative parathyroid insufficiency, hypo
parathyroidism can never be considered cured. 
Patients need treatment for the rest of their 
lives, serum calcium must be checked regularly 
and normalized with vitamin D when necessary. 
No fixed daily dose can be given due to the 
marked individual variation. The dosage must 
be adjusted continually from estimations of 
the serum calcium. Serum calcium and the 
24-hour excretion of calcium in the urine must 
be measured once to twice monthly at first, 
and later every 3 to 6 months. It must be re
membered that the variations in the dosage 
in individual cases can be associated with the 
facts that a lower dose is needed during the 
sunny summer and autumn months than in 
winter and spring, and that vitamin-D require
ments are increased by mobilization and de
creased by immobilization. Vitamin-D require
ments are increased by hypothyroidism and 
decreased by hyperthyroidism. Treatment must 
be discontinued when serum calcium exceeds 
10.0 mg/100 ml and urinary excretion of calcium 
is more than 300 mg in 24 hours. 

The dosage depends of the seriousness of 
the disorder and should be adapted to each 
individual patient. The following dosage sched
ule for vitamin D or dihydrotachysterol will 
serve as a guide: 

Initial dose: 1-2 mg daily for several days. 
Average maintenance dose: 0.5-1.0 mg. 
Vitamin D and dihydrotachysterol have a 

cumulative action. For this reason treatment can 
also be intermittent: 1.0-3.0 mg twice weekly. 

The diet for patients with chronic hypo
parathyroidism should contain adequate 
amounts of calcium. The maintenance doses of 
vitamin D and dihydrotachysterol can be re
duced by regular administration of calcium 
(1.0 g calcium daily). Postoperative hypopara
thyroidism is occasionally associated with hypo
thyroidism. Since thyroid hormones cause cal
cium mobilization, i.e. raise a reduced serum 
calcium level and increase urinary excretion 
of calcium, substitution therapy for thyroid 
insufficiency is strongly indicated. Resistance 
to vitamin D and dihydrotachysterol has oc
casionally been observed in postoperative hypo-
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parathyroidism. In one such case, it was ob
served that pregnancy terminated the vitamin
D resistance. In another case, the normal 
response to vitamin D, which had previously 
been present, was restored by giving 25 mg 
cortisol orally, twice daily. 

G. Primary Hyperparathyroidism 

M. WERNLY 

1. Defmition 

Primary hyperparathyroidism is caused by ex
cessive synthesis and release of parathyroid 
hormone in the absence of an elevated hormone 
requirement of the organism. The most common 
morphological findings in the parathyroids are 
1. the solitary parathyroid adenoma, and less 
commonly, 2. multiple parathyroid adenomas 
or 3. multiple parathyroid adenomas associated 
with the syndrome of the endocrine adeno
matosis ("chief-cell hyperplasia"); 4. primary 
hyperplasia of the water-clear cells and 5. car
cinoma of the parathyroid gland may be 
responsible. 

Secondary and tertiary hyperthyroidism are 
discussed below (p. 934, 939). 

2. Etiology, Incidence and Frequency 

Etiology. With the exception of endocrine adeno
matosis, which is most probably due to a gene 
mutation, nothing is known about the etiology 
of primary hyperparathyroidism. Adenomas of 
the parathyroids are independent of the func
tional state of the pituitary gland. Contrary 
to earlier suspicions, the serum phosphorus 
does not directly influence the formation of an 
adenoma. However, an increase in the serum 
phosphorus concentration always leads to hypo
calcemia and thus to an increased parathyroid 
hormone secretion. 

The term "tertiary hyperparathyroidism" 
describes a pathogenic form of primary hyper
parathyroidism. It has arisen from a small 
number of clinical cases associated with the 
development of parathyroid adenoma causing 
hypercalcemia from hypocalcemic secondary 
hyperparathyroidism. This rare occurrence has 
been observed so far in a few cases of intestinal 
malabsorption and chronic renal failure, which 
presented clinically for years as secondary hyper
parathyroidism with hypocalcemia. During the 
clinical course there was a slow change to 
normo- and hypercalcemia, and at the same 
time the clinical picture of secondary hyper
parathyroidism was replaced by that of pri
mary hyperparathyroidism. The morphological 
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changes causing this condition are found at 
operation to be a diffuse or microadenomatous 
hyperplasia of all 4 parathyroids, sometimes 
associated with a well-defined large parathyroid 
adenoma. The removal of this adenoma cures 
the primary, alias tertiary, hyperparathyroidism 
in the classic way. In addition to the usual 
course of development of the autonomic adeno
ma, there is thus a less common type of develop
ment of a reactive adenoma, in which the 
adenoma is preceded by secondary hyperplasia 
of the parathyroid glands due to hypocalcemia 
or hypomagnesemia. Tertiary hyperparathyro
idism is discussed on p. 939. 

It is not known whether there is any etio
logical or pathogenic connection with inter
current sarcoidosis or gout. 

Most parathyroid adenomas develop for no 
apparent reason. However, in a few cases, hyper
plasia of the parathyroids related to renal or 
some other disease may precede the adenoma. 
The parathyroid adenoma in endocrine adeno
matosis is most probably due to a genetic 
mutation (WERNER). 

Incidence. In adulthood, primary hyperpara
thyroidism due to a parathyroid adenoma is at 
least twice as frequent in the female as in the 
male. There is no sex-linked difference in in
cidence before puberty or for the rare car
cinoma of the parathyroid glands. Nor is it 
yet certain whether primary hyperplasia of 
all four glands is also more common in the 
female sex. Primary hyperparathyroidism is 
uncommon before the 2nd year of life. The 
20-40 age group accounts for 30 % of cases, 
and the 40-60 age group for 50 %. 

Frequency. Primary hyperparathyroidism used 
to be considered a rare disease, but the number 
of cases diagnosed is increasing continually 
with growing medical interest and the possibility 
of measuring parathyroid hormone in the blood 
directly by radioimmunoassay. The knowledge 
that 5 % of all patients with nephrolithiasis 
sutTer from primary hyperparathyroidism has 
contributed to the early diagnosis of cases of 
hyperparathyroidism. The true frequency of 
primary hyperparathyroidism, however, is de
duced from the routine estimation of the serum 
calcium in a series of subjects chosen at random. 
Thus, BOONSTRA found 31 cases of hyperpara
thyroidism confirmed at operation in 26000 
hospital admissions (8 presented clinically as 
nephrolithiasis, 13 had gastrointestinal symp
toms, 17 sutTered from fatigue to the point of 
exhaustion, 3 patients had mental depression, 
none had skeletal involvement). Thus there 
was at least one clinically unrecognized case of 
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primary hyperparathyroidism in 850 hospital 
patients, corresponding to a frequency of 1.2%0. 
However, it must be borne in mind that these 
figures for the frequency relate to patients 
admitted to hospital, who have some significant 
symptoms of disease, and not to a healthy 
population. The percentage incidence is con
siderably higher if parathyroid hormone con
centrations are systematically measured even in 
normocalcemic subjects (PURNELL, 1971). 

3. Pathologic Anatomy and Histology 

A histologist experienced in work on the para
thyroid glands should be present at every opera
tion on the parathyroids. He should examine 
all the pieces of tissue excised by the surgeon 
throughout the operation and should identify 
them as being parathyroid tissue or tissue from 
other cervical organs. He should also make 
the differential diagnosis between the normal, 
hyperplastic, adenomatous or carcinomatous 
parathyroid tissue. 

a) Frequency of the Various Findings in the 
Parathyroids in Primary Hyperparathyroidism 

These data have been derived from four series 
of statistics (Table 4). The differences between 
one series and the other are due to the various 
ways of interpreting the histological findings 
by the different authors. 

b) Solitary and Multiple Adenomas 

Adenomas can be little larger than the normal 
glands but can also reach the size of an almond, 
of a cherry, or of a hen's egg. The weight varies 
between 25 mg and 100 g. The solitary adenoma 
does not differ macroscopically or micro-
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scopically from multiple adenomas. The adeno
mas are somewhat darker than the normal 
gland, which often has a pronounced yellow 
fatty appearance, and may be red-brown to 
red-yellow in color. In comparison with thyroid 
tissue, the parathyroids appear brighter and 
pink. Anatomists and surgeons also consider 
the parathyroids have a characteristic con
sistency, which is softer than that of the thyroid 
tissue, or of a lymph node, but considerably 
firmer than that of fat or thymic tissue. Every 
parathyroid adenoma possesses a clearly re
cognizable capsule. This capsule is only ex
ceptionally penetrated by one or two pseudo
podialike parenchymal processes. When they 
reach a certain size, most adenomas show a 
well-differentiated vascular stem, which is of 
great importance to the surgeon when the 
adenoma is situated in the mediastinum (p. 846). 
The possibility of a parathyroid adenoma within 
the thyroid must be taken into account (p. 931). 

The sectioned surface is usually slightly 
darker than the outer surface. During section
ing, one or several cysts with bright yellow or 
hemorrhagic contents are sometimes opened. 
Adenomas with a completely regular appear
ance on the outside sometimes show a large 
number of microadenomas on being sectioned. 

The histological preparations of parathyroid 
adenomas involving only a part of the glandular 
parenchyma show a globular, oval form. Their 
tendency to expand causes compression of the 
surrounding tissue. In medium-sized adenomas 
the compressed part of the normal parathyroid 
tissue shows up as a narrow stripe. Usually 
no more normal parathyroid tissue is found in 
the presence of larger adenomas. The presence 
of a stripe of normal parathyroid tissue is 
important for the histological diagnosis during 
an operation. Some fat cells are usually also 

Table 4. The frequency given as a percentage of the different findings in the parathyroid glands in primary hyperpara
thyroidism 

Mayo Clinic Massachusetts Armed Forces Karolinska 
Rochester General Hospital Institute Syukhuset 

Boston Washington Stockholm 
(BLACK) (ROTH) (ROTH) (HELLSTROM) 
up to Dec. 1959 up to Aug. 1959 up to Aug. 1959 up to 1960 

Solitary adenoma 89.1% 79 % 83.1 % 84.8°/., 

Multiple adenomas 2.9% 4.7% 2.8% 2.2% 

Multiple parathyroid adenomas 2.6% 
in endocrine adenomatosis 

Primary hyperplasia 6.7% 5.6% 2.9% 
of the chief cells 

Primary hyperplasia 4.9% 6 % 2.8% 9.4% 
of the water-clear cells 

Carcinoma 0.5% 3.6% 5.7% 0.7% 

Number of cases 385 352 142 138 
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recognized in the stripe of normal parathyroid 
tissue, whereas fat cells are extremely rare in 
the adenoma. The behavior of the fat cells 
is also of diagnostic importance and is discussed 
on p. 

The adenomas of primary hyperparathyroid
ism are composed of small and large chief 
cells, water-clear cells of all sizes, or of atypical 
oxyphil cells which are often larger and brighter 
than the usual oxyphil cells. As a rule, however, 
an adenoma contains not only one cell type 
but several. One cell type usually dominates 
the picture. The parenchymal cells of a func
tioning adenoma are analogous to normal cells 
or similar but never quite the same as those 
in secondary hyperplastic glands. They differ 
from normal cells in the following cytological 
properties: peculiar color tinges of the proto
plasm with the usual methods of staining, which 
are not observed in normal cells, tendency to 
syncytial arrangement of the cell types; ab
normally large nuclei of bizarre form (Fig. 22), 
numerous amitoses (50 nuclei or more in a 
narrow syncytial space). True and atypical 
mitoses are never found in this condition, in 
contrast to carcinomas of the parathyroids. 

Parathyroid adenomas often show signs of 
secondary degeneration, which is probably due 
to the enormous cellular proliferation without 
the simultaneous formation of an efficient 
vascular network. This results in hypoxemic 
necrosis, hemorrhage and focal softening 
with cystic formation. Even subtotal or total 
necrosis of the adenoma sometimes occurs, 
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in which case there may be a spontaneous clinical 
cure of the hyperparathyroidism. There are also 
cases of corresponding clinical observations with 
the typical "postoperative" hypocalcemic tetany 
(HOWARD, 1953; JOHNSTON, 1961). 

The lipoid adenoma is considered as a 
parathyroid adenoma presenting clinically as 
primary hyperparathyroidism. Abundant, ede
matous fibrous tissue stroma with numerous 
fat cells is found between the chief cells, which 
are arranged in loose strands (OBER, 1958; 
ABUL-HAJ, 1962). A similar picture is occa
sionally found in a part of the gland in the 
presence of a classic parathyroid adenoma. 
Cystic parathyroid adenomas are discussed on 
p. 847 and p. 924. 

Not every parathyroid adenoma is associated 
with primary hyperparathyroidism. There are 
adenomas which are not active, including pre
dominantly the pure oxyphil adenomas seen 
in elderly persons (p.847). They must be 
strictly differentiated from the active oxyphil 
adenomas in primary hyperparathyroidism, 
which are predominantly or exclusively com
posed of atypical oxyphil cells (p. 906). The 
fundamental difference between the functionless 
adenoma and the functioning oxyphil adenoma 
has recently been confirmed by electron micro
scope studies which showed that the cellular 
organelles of the oxyphil cells of the former 
adenoma type are inactive, while those of the 
second adenoma type are hyperactive (p. 847). 
Differentiation on histological grounds only can 
be difficult. 

Fig. 22. Primary hyperparathyroidism. Abnormaly large nuclei with atypical form in three benign adenomas 
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Fig. 23. Primary hyperplasia of water-clear cells in primary hyperparathyroidism 

Recently, BLACK (1961) and RAMSDELL (1960) 
have also described parathyroid adenomas dis
covered incidentally during operations on the 
thyroid. These adenomas do not differ at all, 
morphologically, from functioning parathyroid 
adenomas. The subsequent, very precise clinical 
investigation revealed no clinical symptoms of 
hyperparathyroidism in most of these patients. 
In a few cases, there was hypercalcemia, or 
borderline hypercalcemia. There was no hyper
calcemia in 7 of 21 cases. Whereas the cases 
of clinically silent hypercalcemia were assessed 
with no particular difficulty (chemical hyper
parathyroidism without clinical symptoms, p. 
911), assessment of normocalcemic cases is 
possible only with the aid of a sensitive radio-

immunoassay for parathyroid hormone in the 
blood (chemically and clinically silent para
thyroid adenomas are discussed on p. 911). 

c) Primary Hyperplasia o/the Water-Clear Cells 

This condition is observed in one in 20 cases 
of primary hyperparathyroidism, and is charac
terized by a pronounced increase in the volume 
of all 4 glands. The weight of two or three of 
the 4 glands is usually over 109. One or two 
glands sometimes retain the normal weight. 
According to BLACK the total weight of all 
4 glands is 760 mg-132 g, and according to 
ROTH 3-60 g. In contrast to the parathyroids 
in normal subjects, the upper glands are usually 

Fig. 24. Secondary hyperplasia of water-clear cells in secondary hyperparathyroidism. Left: chronic nephritis; right: osteo
malacia 
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larger than the lower glands. The surface is 
very irregular in comparison with that of an 
adenoma, and numerous lobes and recesses as 
well as pseudopodia-like processes are seen. 
In spite of this the capsule is thin and trans
parent, and is easily separable from the surround
ing tissue. The color is often a striking chocolate 
brown. These special properties of the surface 
and the color are only recognizable when the 
glands are grossly enlarged. 

All 4 glands contain only one cell type, very 
large water-clear cells (Fig. 23). Even if one 
gland has retained its normal size, it consists 
entirely of these cells. Chief cells, small water
clear cells or oxyphil cells are only rarely 
discovered even with the most thorough in
spection of the preparation. A stripe of normal 
parathyroid tissue is never found. Irregular 
parenchymal processes of the water-clear cells 
are not uncommonly seen in histological pre
parations, extending from the surface of the 
gland into the surrounding adipose tissue. 
Since a water-clear solitary adenoma can give 
a histological picture compatible with these 
findings, the diagnosis of primary hyperplasia 
of the water-clear cells is possible only in the 
presence of evenly distributed hyperplasia of 
the water-clear cells in all 4 glands. 

The differentiation of this characteristic 
picture from that of secondary hyperplasia of 
all four glands in secondary hyperparathyroid
ism, as encountered in cases of chronic renal 
insufficiency or intestinal malabsorption, is 
of practical importance. The reader is referred 
to p. 934 for a discussion of the histology of this 
condition. The finding that the entire parenchyma 
is composed exclusively of large, water-clear 
cells is the decisive feature of the picture of 
primary hyperplasia of the water-clear cells. 

The surgeon performing a subtotal resection 
of the total tissue of the gland, leaving a small, 
well-vascularized remnant of 50-100 mg, can 
often suspect primary hyperplasia of the water
clear cells from the chocolate brown color alone, 
but the histological findings in all 4 glands are 
essential for a definitive diagnosis. Difficulties 
can arise when 2 greatly enlarged glands on 
one side merge into one unit, as the surgeon 
cannot be quite certain whether he has found 
all 4 glands, and cannot carry out the intended 
subtotal resection. 

d) Parathyroid Adenomas in Endocrine 
Adenomatosis 

Multiple adenomas of the parathyroids are a 
form of endocrine adenomatosis (adenomas of 
the parathyroids, adenohypophysis, islet cells 
of the pancreas, adrenal cortex and medulla). 
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They cause primary hyperparathyroidism about 
as frequently as hyperplasia of the water-clear 
cells. The adenomas of the parathyroids are 
always multiple in this syndrome, and in most 
cases every parathyroid gland reveals several 
small adenomas. Some of the cases recognized 
so far have been described as "primary hyper
plasia of the chief cells" in the literature (p. 909). 
The frequent familial occurrence is probably 
an expression of a genetic mutation, and is 
characteristic of endocrine adenomatosis (Chap. 
XVIII, p.1007). 

All the parathyroids are considerably en
larged. ROTH gives the total weight of all 4 
glands as 1-25 g. The upper glands are usually 
more enlarged than the lower. On several 
occasions one of the lower glands has proved 
to be situated in the mediastinum. The surface 
of the gland is irregular, and usually devoid 
of pseudopodia-like processes. The color is 
reddish-brown and not chocolate brown as in 
primary hyperplasia of the water-clear cells. 
A structure consisting of small nodules is 
macroscopically visible. The histology shows 
either a solitary chief-cell adenoma or micro
adenomatous hyperplasia of the chief cells. 
The size of these chief cells varies from field 
to field or from one microadenoma to the 
other. Their size, however, usually remains 
within normal limits. Fields with small water
clear cells are rarely found, and fields with 
larger water-clear cells are even rarer. In two 
cases, the glandular parenchyma was composed 
almost entirely of small and large clear oxyphil 
cells. Giant nuclei and amitoses are more 
uncommon in microadenomatous hyperplasia 
than in a solitary adenoma. A stripe of normal 
parathyroid tissue has never been observed. 
Fat cells are occasionally scattered in individual 
areas. 

The picture described here is very similar 
to that of microadenomatous hyperplasia of 
secondary hyperparathyroidism (p. 934). Some
times it is even impossible to differentiate be
tween the two conditions from the histological 
picture of a single gland or of a glandular biopsy. 
In such cases, only the total clinical findings 
together with the histological findings of all 
4 glands can be of any further help. 

The following factors must be taken into 
account during surgical treatment: in every 
case of primary hyperparathyroidism in which 
clinical or histological examination suggests 
an endocrine adenomatosis all 4 glands should 
be very carefully examined during the operation. 
As a rule three glands are totally removed, and 
30-50 mg of the smallest gland left behind. 
BLACK advocates the precaution of marking 
the residual parathyroid with a black silk 
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suture, so that in case of recurrence, which is 
not uncommon, the gland can be easily identi
fied. The total excision of all four glands is 
the treatment of choice in theory, but this 
procedure will be permissible only when a 
substitution therapy better than the present 
method becomes available. 

e) Primary Hyperplasia of the Chief Cells 

The morphological findings in the parathyroids 
in this disorder are very similar to those in 
endocrine adenomatosis (p. 908). There are 
different opinions about whether the term 
hyperplasia or adenomatosis should be chosen. 
We prefer adenomatosis for of the following 
reasons: changes in the islet cells of the pancreas, 
in the adenohypophysis, and in the adrenal 
cortex are all termed adenoma or multiple 
adenomatosis and the same term should there
fore be applied to changes in the parathyroids. 
However, the term "primary hyperplasia of 
the chief cells" has now become so well-estab
lished that it can no longer be excluded from 
the clinical and patho-anatomical terminology. 

Most cases of primary hyperplasia of the 
chief cells or multiple parathyroid adenomas 
have been observed and described in association 
with endocrine adenomatosis. In a few cases, 
however, multiple adenomas Of all four para
thyroids have been the only findings, with no 
clinical or morphological evidence of involve
ment of the pituitary gland, the islet cells, or 
the adrenals. It is striking that there is an in
creased familial incidence in these cases (in 14 of 
30 cases according to CUTLER), as there is in 
endocrine adenomatosis. Familial frequency, 
however, is one of the characteristic features 
of the syndrome of endocrine adenomatosis, 
and this therefore indicates that isolated, multiple 
parathyroid adenomatosis, or isolated primary 
hyperplasia of the chief cells, should also be 
included in the syndrome of endocrine adeno
matosis. 

f) Carcinoma of the Parathyroid 

This is extremely rare. Many authors in the 
past, however, repeatedly referred to carcinomas 
of the thyroid gland as parathyroid carcinomas 
when the cellular picture of the tumor was 
similar to that of the parathyroids. However, 
the symptoms of hyperparathyroidism were 
absent, and the classification of such tumors as 
parathyroid tumors was not confirmed. 

A few cases of parathyroid carcinomas have 
nonetheless been reported. They all showed 
clinical and biochemical features of primary 
hyperparathyroidism. The tumor in the para-
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thyroids shows local malignant properties with 
infiltrative growth into the surrounding tissues, 
namely into the capsule of the adenoma, the 
thyroid gland, the large blood vessels, the 
muscles and the esophagus. Metastases occur 
frequently and are found in the regional lymph 
nodes, the lungs, liver, bones, and spleen. 
During surgery, the strong adherence of the 
tumor to the surrounding tissues is striking, 
and in direct contrast to the situation in cases 
of benign adenomas. The histological findings 
are less definitive. In most but not all cases 
(v. ALBERTINI), mitoses which are sometimes 
atypical are recognized, as well as distinct 
tumor invasion into the surrounding tissue. 
Amitosis and capsular invasion by themselves, 
on the other hand, cannot be interpreted as 
signs of malignancy, since they have also been 
observed in benign adenomas and in primary 
hyperplasias. The existence of endocrine-active 
metastases and recurrence of the tumor after 
surgical removal are the only features which 
can be considered criteria of malignancy. 

The theoretical question of the existence of 
endocrine-inactive carcinomas of the para
thyroids cannot yet be answered. It is not 
possible to make a diagnosis from the clinical 
features and the findings in the blood, and 
the local findings do not allow a distinction 
from the carcinoma of the thyroid gland. 
There is an unspoken rule that only tumors 
related to primary hyperparathyroidism by 
the clinical features and the findings in the 
blood are described as carcinomas of the para
thyroids. 

Carcinoma of the parathyroids has a typical 
clinical course. Hypercalcemia with more than 
14 mg/l00 ml is usually present. 

Excision of the carcinoma results in the 
disappearance of all the symptoms of the 
disease but the cure is not lasting. There is 
always the possibility of a recurrence of the 
clinical symptoms and the pathologic findings 
in the blood, which can be associated with the 
formation of a recurrent tumor locally or 
with metastases. A second radical operation 
sometimes produces a cure lasting some months, 
and occasionally years. Finally, the terminal 
recurrence appears with the fully developed 
picture of hyperparathyroidism with all the 
clinical and biochemical findings. Death is due 
to renal insufficiency (nephrocalcinosis, renal 
vein thrombosis, renal hypertension and renal 
failure) or pancreatitis. An intercurrent illness 
can also have a fatal outcome. Autopsy reveals 
metastases of the carcinoma of the parathyroids 
in one of the organs mentioned. Carcinoma of 
the parathyroids and its metastases are resistent 
to radiotherapy. 
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4. Pathophysiology 

The parathyroids are not controlled by any 
other known endocrine organ, such as the 
pituitary, in normal or pathologic conditions. 
A fall in the serum calcium and/or magnesium 
levels in the serum are the recognized stimuli 
for the secretory activity of the parathyroids. 
Conversely, their most important function is 
to regulate the concentration of calcium in 
the serum (p. 869, p. 889). 

The clinical symptoms of primary hyper
parathyroidism are entirely attributable to the 
autonomous elevation of the parathyroid hor
mone activity. The following changes have 
been observed in primary hyperparathyroidism 
due to the action of the parathyroid hormone 
at the three sites - the bones, the kidneys and 
the intestine. 

1. Increased activity of the osteocytes, osteo
blasts, and osteoclasts throughout the skeleton. 
In contrast to the normal physiological situation, 
the osteocytic osteolysis and the osteoclastic 
resorption dominate bone formation in pri
mary hyperparathyroidism. This leads to an 
increased release of calcium and phosphorus 
into the extracellular space and into the serum. 
An elevated turnover of calcium and phosphorus 
is seen in the skeleton. This can be domonstrated 
by kinetic methods. Only a few patients, how
ever, lose such large amounts of bone minerals 
that clinically recognizable osteopathy results. 
In most cases, the skeletal involvement is termed 
generalized osteitis fibrosa cystica (v. RECK
LINGHAUSEN), while in a smaller number of 
cases there is a mixed osteopathy, consisting 
of generalized osteitis fibrosa cystica and osteo
malacia. 

2. Elevation of the phosphate clearance and 
reduction of the calcium clearance. The in
creased amounts of phosphate obtained from 
bone resorption are eliminated from the organism 
via the elevated renal clearance of phosphorus. 
Serum phosphorus remains normal or tends 
to fall. The reduced renal clearance of calcium 
favors hypercalcemia, as do the increased 
amounts of calcium released by destruction of 
the bones. Thus, hypercalcemia, normo- or 
hypophosphatemia, hypercalciuria and hyper
phosphaturia are the four mandatory symptoms 
of primary haperparathyroidism (p. 924). 

3. Increase in intestinal absorption of cal
cium. A third, intestinal hypercalcemic factor 
joins the osseous and renal factors producing 
hypercalcemia. More calcium is excreted by 
the kidneys than by the intestine. In healthy 
subjects on a normal diet, 80 % of the calcium 
is excreted in the feces and 20 % through the 
kidneys. In primary hyperparathyroidism the 
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intestinal excretion falls, sometimes to 10 %, 
with an increase of the renal fraction to 90 %. 

In addition to the changes in serum cal
cium and phosphorus levels, serum citrate may 
rise above 3.5 mg/l00 ml in primary hyperpara
thyroidism, while the magnesium in the urine 
can be increased and the serum magnesium 
normal or slightly decreased (SUTTON, 1970). 
In some cases, the magnesium balance is negative. 

Neuromuscular excitability is suppressed in 
hypercalcemia and increases in hypocalcemia, 
which accounts for the hypotonia of the striated 
muscles with asthenia and the atonic constipa
tion found in hypercalcemic patients. 

Extreme hypercalcemia as observed in acute 
hyperparathyroidism leads to polyuria, vomit
ing, dehydration and renal insufficiency with 
hyperphosphatemia. Metastatic calcification in 
numerous organs arises when the serum cal
cium and phosphorus are greatly increased at 
the same time (cf. acute hyperparathyroidism, 
p. 923). The development and assessment of 
additional indirect results of hypercalcemia 
(gastric ulcer, pancreatitis, mental and neuro
logic changes) are discussed in the clinical 
section. 

Hypercalciuria related to or independent 
of hypercalcemia is the cause of the nephro
lithiasis which occurs frequently in primary 
hyperparathyroidism. Nephrocalcinosis is seen 
predominantly but not exclusively in severe 
hypercalcemia of long duration. The diminished 
renal excretion of hydrogen ions with an 
alkaline urine in the presence of hypercalcemia 
has an additional effect on the nephrocalcinosis 
and the nephrolithiasis. The nephrocalcinosis 
can lead to a progressive, irreversible impair
ment of the renal function. It is thus the most 
important feature of primary hyperparathyro
idism, as it is potentially fatal. 

The polyuria observed in primary hyper
parathyroidism is due to the direct effect of 
hypercalcemia on the distal tubules. The water 
reabsorption is suppressed and the free water 
clearance increased. The polyuria is always 
associated with hyposthenuria demonstrable 
even in the early phase of the illness. 

Hypocalcemia, hypophosphatemia and hypo
magnesemia have been observed after removal 
of a functioning parathyroid adenoma with 
pronounced skeletal involvement. These features 
are caused by a rapid deposition of calcium 
phosphate in the skeleton. The so-called re
calcification tetany is caused partly by the 
hypoc~lcemia, and partly by the hypomag
nesemla. 

The immunoreactive parathyroid hormone 
concentration (lPTH) is not always elevated 
in cases of primary hyperparathyroidism. Except 



Primary Hyperparathyroidism 

for the unique experience of REISS (1971), the 
literature reports a considerable overlap between 
normal and elevated levels (BERSON, 1966; 
ARNAUD, 1971). However, ARNAUD (1971) finds 
that when the serum calcium concentration is 
measured as well as IPTH, it is practically 
always possible to discriminate between normal 
and pathologic cases. In other words, when 
the serum calcium concentration is in the high 
normal range IPTH is low or undetectable in 
normal subjects, in contrast to the level in pa
tients with primary hyperparathyroidism, where 
it is elevated. In secondary hyperparathyroidism 
of renal insufficiency IPTH can be in the same 
range as in primary hyperparathyroidism in 
some assays and much higher other assays. 
These differences are caused by the occurrence 
of at least two different molecular forms of 
parathyroid hormone in peripheral serum and 
site-specific antibodies. IPTH can be sup
pressed with calcium infusions in all cases 
of primary hyperparathyroidism, thus ruling 
out complete autonomy of parathyroid hor
mone secretion (POTTS, 1971). This is in contrast 
to the results of REISS (1971) and BUCKLE 
(1971), who seemed to be able to suppress IPTH 
in primary chief-cell hyperplasia of the para
thyroid glands but not in parathyroid adenomas. 
In renal insufficiency IPTH is lowered following 
an increase of the calcium concentration in the 
dialysis bath (FOURNIER, 1971). IPTH has been 
suppressed with calcium in two cases of tertiary 
hyperparathyroidism (BRICKER, 1972; VOSIK, 
1972). In conclusion, IPTH secretion can be 
suppressed with calcium in primary hyper
parathyroidism, thus ruling out complete auto
nomy of PTH secretion. The pathogenesis of 
tertiary hyperparathyroidism (from secondary 
hyperparathyroidism) remains unknown. 

5. Clinical Features and Symptoms 

a) Presentation and Course 

The clinical picture and the course of primary 
hyperparathyroidism are extremely variable. 
As well as the classic type with VON RECK
LINGHAUSEN'S osteitis fibrosa, there is a form 
presenting with predominantly renal symptoms, 
and other forms with gastric ulcers, pancreatitis, 
gout, pseudo gout, and band keratitis. There 
are other forms which show no signs of 
organic changes, but present clinically with 
functional symptoms only (hypercalcemic syn
drome). 

finally, there is a symptomless form with 
hypercalcemia (chemical hyperparathyroidism). 
In addition, parathyroid adenomas discovered 
incidentally at thyroidectomy show all the 
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morphological signs of a functioning adenoma 
without giving rise to clinical symptoms or 
hypercalcemia. The interpretation of these "si
lent" adenomas is still speculative, because of 
the lack of sufficient data (estimation of para
thyroid hormone in the blood) (p. 907). 

The course is chronic in most cases. Ex
ceptionally it is short and peracute or there are 
acute phases during the chronic course (acute 
hyperparathyroidism). There have been reports 
of spontaneous necrosis of the parathyroid 
adenoma (p. 906). The frequency of these 
spontaneous healings is not known. 

b) Skeletal Changes (Osteitis Fibrosa Cystica 
Generalisata von Recklinghausen) 

The skeletal involvement was the predominant 
feature in the first recognized cases of primary 
hyperparathyroidism which were identified be
yond doubt, but the skeletal changes are now 
considered quite an uncommon feature. Pro
nounced osseous changes can be seen clinically 
in about 15 % of all cases of primary hyperpara
thyroidism (KEATING, HELLSTROM and RAS
MUSSEN, 1952). A considerably higher percentage 
is obtained, however, when more sensitive 
methods of skeletal examination are used. 
Skeletal involvement is found in 20--30 % of 
cases by systemic X-ray examination (STEIN
BACH, 1961), and in 80 % with the aid of bone 
biopsies after labeling with tetracycline (VAN 
DER SLUYSVEER, 1964). Quantitative microradio
graphy of bone biopsies (JOWSEY) and bio
chemical methods with "bone-seeking" elements 
can detect involvement of the skeleton in all 
patients with primary hyperparathyroidism (ra
dioactive calcium: BAUER, 1955; stable stron
tium: HARRISON, 1959). 

Primary hyperparathyroidism occasionally 
presents clinically with bone symptoms only. 
They are, however, much more often associated 
with other symptoms of hyperparathyroidism, 
such as nephrolithisasis. 

ex) Clinical Symptoms ofthe Skeletal Involvement 

The beginning of the skeletal disturbance is 
usually marked by the development of vague 
pains in the back, the sacral region, the hips 
and the limbs after prolonged exertion. Deforma
tions results over some months, the most 
common being dorsal kyphosis, or kyphos
coliosis with the simultaneous formation of a 
pigeon chest. Shortening and widening of the 
neck so that the collar becomes too tight is very 
characteristic. Further characteristic changes 
are shortening of the trunk, with loss of the 
physiological lumbar lordosis, and the forma-
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Fig. 25. Kyphoscoliosis, shortening of body and consecutive folding of the skin of the trunk in primary hyperparathyroidism. 
The hands reach down to the knees 

tion of compression folds across the skin on the 
trunk. These patients appear to have arms which 
are much too long in relation to the trunk 
(Fig. 25). The ratio of half the arm span: the 
length of the upper part of the body : the 
length of the lower half of the body is no 
longer 1 : 1 : 1. Shortened, thickened fingers with 
an appearance reminiscent of clubbed fingers 
are also typical. In contrast to true clubbed 
fingers due to hypertrophy of the soft tissue, 
the cause in these cases is compression of the 
soft tissue due to acro-osteolysis (X-ray findings, 
p. 915). Slight thickening of the skeletal structures 
is also noted occasionally and is due to cysts 
in the bones and to osteoclastomas (X-rays, 
p. 915). An osteoclastoma can develop with 
no other demonstrable features as a circum
scribed tumor of the jaw, in which case it is 
called an epulis. Not all epulides are due to 
hyperparathyroidism, but a thorough examina
tion for hyperparathyroidism should be made 
nonetheless in every case with an epulis. Much 
too frequently an epulis is known about for 
years and is treated surgically as a giant cell 
tumor or by irridation. It may even be cured, 

while the fundamental disorder progresses fur
ther and in some cases develops into irreversible 
nephrocalcinosis (HELLSTROM and WELT!). In 
rare cases, the involvement of the jaw bones 
leads to sudden loosening of the teeth with 
subsequent loss of healthy teeth. The skeletal 
disturbance exceptionally presents first as a 
spontaneous fracture at the site of a bony cyst 
or of an osteoclastoma, or also away from 
such a focus. The tendency to heal, however, 
is good. When the fracture penetrates a thin
walled cyst, consolidation is sometimes possible 
only after the removal of the parathyroid 
adenoma (Fig. 29). 

All these skeletal changes can be detected 
clinically, providing they are looked for. It is 
important to diagnose them, since they allow 
the exclusion of joint diseases, intervertebral 
disk disorders, and inflammatory and tumor
like disorders of the locomotor system. It must 
be remembered, however, that gout or pseudo
gout (chrondocalcinosis), i.e., a joint disease, 
is seen in about 5% of cases of primary hyper
parathyroidism. The idea that a painful disorder 
of the locomotor system is due to either a skeletal 
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or a joint disease, but not to both at the same 
time, is not always correct. 

The bone pains become very acute during 
the night in some advanced cases. In these 
cases they are not limited to the site of healed 
or badly consolidated fractures, but involve the 
whole skeleton. The stability of the skeleton 
can be reduced to the extent that the long bones 
and the pelvis become bent even in the absence 
of fractures. Nursing is thus made difficult, 
since every contact with the patient causes him 
intolerable pain. The patients usually. die of 
the advanced nephrocalcinosis present at the 
same time. 

~) X-Ray Examination of the Skeleton 

This reveals primarily the generalization of the 
disorder (osteitis generalisata), and allows dif
ferentiation of circumscribed skeletal disorders 
(Sudeck syndrome, Jaffe-Lichtenstein disease, 
Paget's disease) from most metabolic disorders 
of the skeleton (osteoporosis, osteomalacia, 
primary hyperparathyroidism). In severe cases, 
the atrophy of the bone can be recognized at al
most any part ofthe skeleton. The cortex appears 
to be rarified and porous. It may even be comple
tely perforated and corroded. The spongiosa is 
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not well defined. It looks like cotton wool and the 
radiological contrast is poor. X-ray of the lumbar 
vertebrae shows the typical biconcave fish 
vertebrae, and the bodies of the thoracic 
vertebrae are wedge-shaped and deformed. 
Fractures of the bones are common, and bending 
of the bones is less often observed. They can 
give rise to heart-shaped deformation of the 
pelvis. 

In addition to the severe, generalized atrophy 
of the bones, a series of other symptoms are 
known to be specific to hyperparathyroidism: 
subperiosteal resorption, acro-osteolysis, bony 
cysts, osteoclastoma, and a ground-glass appear
ance of the skull. Occasionally they are also 
seen in a milder form in renal osteitis of sec
ondary hyperparathyroidism (p.936f.). 

x-Ray Examination: Subperiosteal Resorption. 
This is an early symptom and one of great 
importance in the differential diagnosis from 
osteoporosis and osteomalacia in particular. 
In osteoporosis, even in the advanced stages, the 
cortex is rarified but still sharply defined. In 
osteomalacia, involvement of the cortex begins 
relatively late and is only slight (Fig. 26), while 
in hyperparathyroidism, subperiostal resorption 
zones and atrophy of the cortex can be ob-

Fig. 26. General atrophy of bone and multiple zones of Looser in osteomalacia. Healing after treatment with Vitamin D. 
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Fig. 27. Subperiosteal resorption and aero-osteolysis of the end phalangi of the fingers in primary hyperparathyroidism. 
Healing after extirpation of parathyroid adenoma 

served at an early stage. The cortical atrophy 
is most impressive in the middle phalange 
of the middle finger (Fig. 27). The cortex 
appears to be very rarified or even finely 

a 

granulated. The outer silhouette of the bone 
is no longer recognizable in many places, 
so that the spongiosa appears to form the 
edge. This phenomenon is referred to as spongio-

b 

Fig. 28. a) Aero-osteolysis of the acromioclavicular joint in primary hyperparathyroidism. b) Healing after extirpation of 
parathyroid adenoma 
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sation of the cortex. In other places, the cortex 
immediately below the periosteum is sometimes 
still present in parts but fully resorbed over 
other parts . These particularly typical , ribbon
like narrow defects sometimes extend for several 
millimeters parallel to the outer contour and 
are described as subperiosteal resorption (Fig. 
27). Subperiosteal resorption can also be re
cognized in the cortex of the alveola of the 
teeth, where it is termed as loss of the lamina 
dura. Great stress used to be laid on this symp
tom, but it is unreliable since it is too dependent 
on the occurrence of paradentosis . A dis
appearance on porosity of the cortex can be 
seen in the bony walls of the paranasal sinuses 
(Fig. 31) and furthermore in the outer borders 
of the pubic and ischiopubic rami. 

X-Ray Examination : Aero-Osteolysis. This term 
describes pronounced cortical resorption of 
multiple terminal bone structures. It is most 
severe in the distal phalanges of the fingers, 
where it can lead to the complete disintegration 
of the bony structures, so that only a few traces 
of the spongiosa scattered in the soft tissues are 
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still recognizable (Fig. 5). The changes lead 
to clubbed fingers, with distension and defor
mation of the terminal phalanges, as has been 
mentioned already. Acro-osteolysis is occa
sionally also seen at the upper ends of the fibula 
and tibia, the pubic symphysis, at the sacro
iliac joints and in a severe form in the acromio
clavicular joints. The articular ends of the 
clavicle and the acromion appear disintegrated 
and corroded, their contours have a finely 
serrated appearance (Fig. 28). This feature is 
particularly valuable for diagnosis, since it is 
occasionally discovered at a routine chest X-ray 
in the absence of clinical symptoms or any 
suspicion. 

X-Ray Investigations: Bone Cysts and Os teo
clastomas (osteitis cystica) . These are not 
mandatory findings, but their presence is an 
important diagnostic index of hyperparathyro
idism. Differentiation between osteoclastomas 
and true cysts is not possible on X-ray plates, 
and they are often collectively termed as bone 
cysts. Bone cysts are sometimes found in the 
epiphyses of the long bones situated in the 

Fig. 29. Bone cyst and fracture due to cyst of the distal end of the femur; osteoclastoma of proximal end of tibia . Healing 
of the cyst, eburnization of osteoclastoma after extirpation of parathyroid adenoma 
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Fig. 30. Healing of a bone cyst in primary hyperparathyroidism after extirpation of parathyroid adenoma. Edge of cyst 
in middle of picture, right: old lamella, left: irregular zones of repair, new formation of bone 

cortex or centrally. The most frequent localiza
tions are the shoulder, the elbow, the distal 
end of the radius, the femoral head, the trochanter 
and the knee. Osteoclastomas are also found 
in the form of epulides in the jaw, in the cortex 
of the diaphyses of the long bones, in the ribs 
and in the phalanges. Traumatic cysts containing 
fluid due to hemorrhage of the marrow cannot 
be definitely differentiated from osteoclastomas 
by radiological examination. Both appear as 
sharply defined, round or polycyclic recesses 
in the structure of the bone, and can be uni- or 
multilocular. A tumor-like penetration is some
times demonstrable in the cortex at the site 
of the bone cyst or of the osteoclastoma. During 
healing, which can occur spontaneously or 
after surgical removal of the functioning para
thyroid adenoma, the osteoclastoma usually 
shows us an opaque eburnation (Fig. 29), 
whereas with true cysts only the margin of the 
cyst is seen at all clearly (Figs. 29, 30). Osteo
clastomas and cysts can both be lost in the 
general faint pattern of the osseous tissue, and 
remain undetected during the active phases. 
After removal of the parathyroid adenoma, 
however, they are easily recognizable. 

X- Ray Investigation: Ground-Glass Appearance 
of the Skull. The ground-glass appearance of 
the skull is due to the subperiosteal resorption 
as well as to multiple (microscopically) small 
osteoclastomas. Radiological examination shows 
a scattering of fine granules, and in advanced 

cases a coarse perforation of the spongiosa, 
giving a moth-eaten appearance. The internal 
and external cortex are almost completely 
lost (Fig. 31). Not uncommonly, the skull appears 
to be thickened, giving the impression of osteo
sclerosis. This process of sclerosis of the cranium 
is found predominantly during healing after 
removal of the parathyroid adenoma, but has 
also been observed in chronic advanced cases 
of hyperparathyroidism. The picture of cranial 
sclerosis in the active and healing stages has 
often been mistaken for Paget's disease. Dif
ferentiation is possible, however, if it is borne 
in mind that foci of patchy thickening are 
almost always observed as well as resorption in 
Paget's disease, in contrast to hyperparathyroid
ism (LIEVRE, 1959). 

X-Ray Investigat ion: Osteosclerosis. Osteosclero
sis occurs, as mentioned above, in the skull, 
and also sometimes in larger skeletal areas such 
as the pelvis (AITKEN). It can be difficult to 
differentiate from osteosclerosis of Paget's dis
ease (PLATTNER). Generalized osteosclerosis, or 
so-called banded sclerosis of the lumbar verte
bral bodies, is more often seen in secondary 
than in primary hyperparathyroidism (p. 937). 

y) Histology of the Skeletal Changes 
(Osteitis Fibrosa, Osteomalacia) 

In primary hyperparathyroidism affecting the 
skeleton, the most important morphological 
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Fig. 31. Ground-glass appearance of skull. Rarification of cortical is of septs of sinuses in primary hyperparathyroidism. 
Healing after extirpation of parathyroid adenoma 

Fig. 32. Left: dissecting resorption in primary hyperparathyroidism. Magnified picture of cross-section of vertebra (macera
tion preparation). Right: normal vertebra 

feature is osteitis fibrosa. A gross increase in 
osteoid tissue (osteomalacia) is only rarely 
observed. 

Osteitis fibrosa begins in the endosteum, 
surrounding all the trabeculae of the spongiosa, 

and filling the Havers' canals in the cortex. 
The endosteum grows steadily from a layer 
which is hardly visible microscopically into a 
thick broad band of connective tissue. A large 
number of osteoblasts and osteoclasts are found 
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on the surface of the bone. In the advanced 
stages, all the osseous trabeculae are covered 
by a thick layer of connective tissue. This 
fibrous tissue then penetrates right into the 
center of the osseous trabeculae by fine recesses 
of resorption. Osseous trabeculae become ex
cavated to form tunnels over long stretches. This 
process of tunnel formation is called dissecting 
resorption (Fig. 32). In some places, the skeletal 
tissue becomes completely dissolved; irregular 
fields of connective tissue in which numerous 
osteoclasts are scattered are then found. When 
the fields with no skeletal substance are very 
extensive, osteoclastomas ranging from micro
scopic size to the size of an apple develop. 
The space of the hematopoietic marrow is 
encroached by endosteal fibrosis, so that anemia 
can develop. 

The osteomalacic component of the osteo
pathy is less often observed. Slightly widened 
osteoid margins are often seen corresponding 
to the greatly accelerated bone metabolism. 
Severely widened osteoid margins, indicating 
clinical osteomalacia, are only rarely observed 
(LICHTWITZ, 1957). They are always found in 
association with osteitis fibrosa as a mixed 
osteopathy. 

There is still little known about the patho
genesis of the fibro-osteoclastic, osteomalacic 
and mixed osteopathies of primary hyperpara
thyroidism. It involves the interaction of numer
ous factors, which is partly synergistic and 
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partly antagomstIc. These factors are 1. the 
severity and the duration of the parathyroid 
hyperactivity, 2. the exogenous intake of cal
cium, 3. the intestinal absorption of calcium, 
4. the impairment of the glomerular filtration 
of calcium or of the tubular reabsorption of 
calcium due to the hypercalcemia (Chap. XIV, 
p.852, p.910), 5. frequently renal insufficiency, 
resulting in a fall of the serum calcium, and 
6. possible counterregulation by calcitonin. 

c) Nephrolithiasis 

Nephrolithiasis is by far the most frequent 
clinical symptom in primary hyperparathyroid
ism, both in the earliest stages and in the 
later course. It is found in about 75 % of cases 
of hyperparathyroidism. The figures reported 
vary widely according to the classification of 
the patients (medical, urological, psychiatric, 
outpatients or inpatients). KEATING gives a 
frequency of 76.8 % in the 380 cases seen at the 
Mayo Clinic. Solitary renal stones were found 
in 14.7%, multiple renal calculi in one kidney 
in 28.2 %, and bilateral renal stones in 33.9 %. 
In many cases nephrolithiasis is the only symp
tom of hyperparathyroidism. In addition, nephro
lithiasis can occur in combination with any 
other signs of the hypercalcemic syndrome and 
with skeletal involvement. 

The proportion of cases of primary hyper
parathyroidism among un selected cases of 

b 

Fig. 33 a and h. Nephrocalcinosis and nephrolithiasis in primary hyperparathyroidism 
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nephrolithiasis is also the subject of speculation. 
Figures given vary a great deal. Most authors 
accept 5 % as the minimum, and even 12 % 
in cases of recurrent nephrolithiasis. MCGEOWN 
in Belfast has indicated 18 %, but this has not 
been confirmed in other regions. 

Any attack of renal colic can be an early 
symptom of primary hyperparathyroidism. The 
second attack of renal colic or additional clinical 
symptoms of the disease may not occur for 
some years. However, renal colic sometimes 
recurs at short intervals. The renal calculi 
formed in primary hyperparathyroidism consist 
of calcium oxalate or calcium phosphate. Con
cretions of ammonium and magnesium phos
phate can be observed in the presence of an 
intercurrent urinary infection. This is rare in 
the early stages of the illness. Urate stones are 
found at the same time as or alternating with 
stones containing calcium (HOWARD, 1954). 
The renal calculi range in size from simple 
gravel in the urine to solitary stones. They 
may also form casts, or multiple caliciform 
stones. 

The outcome of nephrolithiasis varies widely 
from one individual to the other. Patients 
with history going back over decades sometimes 
show no signs of renal damage at the time of 
the parathyroid operation. In other cases, the 
condition progresses to bilateral infection of 
the kidneys with pyonephrosis. The prognosis 
of the nephrolithiasis is in general good after a 
parathyroid adenoma has been successfully 
removed. Regression of the calculi is possible 
after the hypercalciuria has been corrected. In 
many cases, numerous renal stones are excreted 
over the years, and any concretion remaining 
in the renal pelvis usually remains silent even 
in the presence of urinary tract infection. 
Recurrences or the further growth of existing 
stones have rarely been observed. Lithotomy 
should be performed only after parathyroid 
surgery. 

d) Nephrocalcinosis 

Nephrocalcinosis is much less common than 
nephrolithiasis (7.1 %, Mayo Clinic), but the 
prognosis is much more serious. It has been 
stated that nephrocalcinosis is observed only 
rarely in association with nephrolithiasis. This, 
however, is not an absolute rule (p. 918, Fig. 33). 
The clinical diagnosis is made on radiological 
examination, which shows a few scattered or 
numerous dots of calcium lying very close 
together in the renal shadow, predominantly 
in the renal pyramids (Fig. 33). The comparison 
of X-rays made during life with those of the 
isolated organ at autopsy shows, however, that 
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the nephrocalcinosis is already advanced before 
it can be detected on a straight abdominal 
X-ray or a tomogram. The early stage of the 
condition is not even indicated by the histo
logical demonstration of calcification, since 
in experimental nephrocalcinosis the histo
logical deposition of calcium is preceded by a 
very definite increase in the content of the 
chemically measurable calcium in the kidney. 
It must therefore be assumed that the first 
stage in the renal disorder is represented by a 
submicroscopical change in the tubular epithe
lium and in the basal membrane of the tubule. 
All the other stages up to complete calcification 
of all the epithelial tubules, the basal membranes 
and large areas of interstitial tissue occur after this 
(ENGFELDT). Radiological evidence always means 
that the condition is at an advanced stage. We 
have often observed that polyuria associated 
with hyposthenuria is usually present at an 
early stage in primary hyperparathyroidism 
(p.910). This loss in concentrating capacity 
sometimes disappears completely after the para
thyroid adenoma has been removed, but some
times it continues, especially if nephrocalcinosis 
is present, so that the cure obtained in primary 
hyperparathyroidism is only partial or tem
porary in some cases. It can progress to tubular 
disturbances and to severe glomerular insuf
ficiency with uremia and malignant hypertension. 
The morphological changes causing late renal 
damage can be obstruction of large tubular 
areas and compression of the medium-sized 
arteries by the calcium deposition. Death follows 
from uremia or from a vascular complication 
of the hypertension. Too many cases of hyper
parathyroidism are diagnosed too late and lead 
to fatal uremia or malignant hypertension, in 
spite of a successful parathyroidectomy. Only 
early diagnosis can avoid this. 

e) Gastric Ulcer 

A peptic ulcer of the duodenum or of the stomach 
is found in about 15 % of cases of primary hyper
parathyroidism. Hyperparathyroidism is there
fore associated with an increased predisposition 
to the development of ulcers. The course of 
gastric ulcers occurring in hyperparathyroidism 
appears to be more severe than that of gastric 
ulcers occurring otherwise. As a rule, the clinical 
and radiological findings disappear rapidly after 
the removal of a parathyroid adenoma. It 
appears that the increase of the gastric secretion 
is due to the hypercalcemia (BARRERAS). The 
association of an ulcer with a parathyroid 
adenoma is of practical importance, and the 
possibility of primary hyperparathyroidism must 
always be considered in every case of peptic 
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ulcer which is difficult to treat (FRAME). In 
exceptional cases hyperparathyroidism may even 
be discovered because of a peptic ulcer. Treat
ment of an ulcer with milk and alkaline salts 
is not only useless but also dangerous in the 
presence of primary hyperparathyroidism as 
it can lead to hyperparathyroid crisis by the 
summation of two hypercalcemic factors: hyper
parathyroidism + milk-alkali syndrome. Pri
mary hyperparathyroidism must always be 
considered when short-term treatment of an 
ulcer with milk and alkaline salts causes an 
unfavorable reaction with nausea and vomiting. 

Peptic ulcers in the Zollinger-Ellison syn
drome are discussed in Chap. XV (p. 971). 

f) Pancreatitis 

Pancreatitis is observed more frequently in pri
mary hyperparathyroidism than among healthy 
individuals chosen at random. KEATING found 
it 10 times among 380 cases at the Mayo Clinic 
(2.6 %). More recent investigators give higher 
figures (MIXTER 7 %, KYLE 12 %, LUDWIG 19 %), 
which may possibly be due to the fact that even 
patients with mild forms of pancreatitis are 
very carefully examined for hyperparathyroid
ism. All forms of pancreatis can be present 
in primary hyperparathyroidism: acute recur
rent, subacute recurrent, chronic with abdominal 
pains, or chronic without pain, but with nausea, 
vomiting, diabetes and steatorrhea. During the 
course of acute pancreatitis, hypocalcemia and 
hypophosphatemia develop almost regularly 
during the first or second day, reaching the 
lowest levels between the fourth and seventh 
days. So far, hypocalcemia has been attributed 
to the binding of large amounts of calcium 
in the region of the necrotic adipose tissue, 
and also to activation of trypsinogen due 
to the elevated serum calcium ions concen
tration. Recently, however, PALOYAN has put 
forward the view that the massive release of 
glucagon demonstrated during attacks of pan
creatitis is responsible for the hypocalcemia 
(the action of glucagon causing a fall in the 
serum calcium and a release of calcitonin). It 
is important to diagnose hypocalcemia after 
pancreatitis, since it may mask the hyper
calcemia of primary hyperparathyroidism. Pri
mary hyperparathyroidism must be considered 
in every case of pancreatitis, and the serum 
calcium should not only be estimated during 
the acute phase but several times 1-3 months 
afterwards. 

PALA YON considers the hypocalcemia which 
has been postulated but never confirmed in 
chronic pancreatitis is a cause of secondary 
hyperparathyroidism. 
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g) Band Keratitis, Conjunctival Calcification 

Superficial deposition of calcium in the Bow
man's capsule of the cornea has been observed 
in all forms of hypercalcemia, including pri
mary hyperparathyroidism. As a rule, the 
calcifications are seen only in the lateral region 
of the palpebral fissure, in the form of ill-defined, 
patchy grey opacities, usually in a sickle-shaped 
formation along the margin of the cornea. 
This condition can be differentiated from arcus 
senilis by the very superficial localization of 
the lesions. The initial stages can only be 
recognized with the aid of a slit-lamp. Occa
sionally, subepithelial, superficially situated, 
round glass-like particles consisting of calcium 
are also found in the conjunctiva in the region 
of the palpebral fissure. The conjunctiva is 
nearly always inflamed in the region of the 
particles, and the patient complains of con
junctival irritation. 

Very intensive marginal keratitis, with iden
tical morphology, involving the entire palpebral 
fissure like opalescent glass, is occasionally 
found in the absence of hypercalcemia. It 
occurs as a dystrophic calcification in intra
ocular inflammation of different types. 

h) Hyperuricemia and Gout 

Hyperuricemia and gout are more frequently 
observed in patients with primary hyperpara
thyroidism than in the average population 
(hyperuricemi;l in approximately 50-60 % of 
all cases of hyperparathyroidism, gout in 5-
25 % depending on the author). However, 
it is still not known whether the hyper
uricemia and the gout are results of the renal 
insufficiency in primary hyperparathyroidism 
(SCOTT), or whether there is a genetic relation 
between gout and hyperparathyroidism (MINTZ, 
TURRIAN). It is also possible that the transport 
of uric acid through the renal tubules is im
paired by the calcification, as is supported by 
the fact that cases of gout have also been 
described in hypercalcemia of sarcoidosis, and 
in pseudohypoparathyroidism with calcification 
of the soft tissues (SCOTT, 1964). In the dif
ferential diagnosis, it must be remembered that 
the articular changes cannot be interpreted as 
an argument against primary hyperparathyroid
ism, since attacks of gout and chronic gout of the 
joints are to be expected in a certain number of 
cases of hyperparathyroidism. Systematic inves
tigation of every case of hyperuricemia and of 
gout for primary hyperparathyroidism has so far 
proved disappointing, however: SCOTT (1964) 
for example, did not detect a single of hyper
parathyroidism in 100 cases of gout. 
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i) Pseudogout (Articular Chondrocalcinosis) 

Like gout, pseudo gout is found more frequently 
in patients with primary hyperparathyroidism 
than in the average population (in 2.5-7.5 % 
of all cases of hyperparathyroidism, MCCARTY). 
The acute form of this clinically uncommon 
condition shows great similarity with an attack 
of monarticular gout, but it is the knee joint 
and not the big toe which is most often involved, 
and colchicin has no therapeutic value. In 
addition to the acute form, there is a chronic, 
polyarticular course. The fluid obtained from 
the joint during the acute phase contains 
numerous small crystals of calcium pyrophos
phate, which almost proves the diagnosis (Mc 
CARTY). The same crystals can also be de
monstrated scattered diffusely or localized in 
articular cartilages (AITKEN), ligaments, tendons 
and menisci. On radiological examination, they 
appear as a fine punctate haze, as bands, or 
as lines. Pseudo gout does not only occur 
frequently in primary hyperparathyroidism, but 
also in diabetes mellitus (40-60 %), whereas 
classic gout occurs in 4 % and hyperuricemia 
in 35 % of cased. It an be concluded that the 
deposition of calcium crystals is only partly 
due to the hypercalcemia of primary hyper
parathyroidism (MCCARTY). 

j) The Hypercalcemic Syndrome 

This term includes a series of clinical symptoms 
arising directly from hypercalcemia, which are 
not associated with marked morphological 
changes, and usually disappear rapidly after 
correction of the hypercalcemia. The hyper
calcemic syndrome does not only develop in 
primary hyperparathyroidism, but has also 
been observed in hypercalcemia of different 
etiologies. The clinical symptoms are: mental 
and neurologic changes, polydipsia, polyuria, 
loss of appetite, meteorism, vomiting, con
stipation, muscular weakness, and bradycardia. 
According to general opinion, skeletal and 
renal changes, peptic ulcers, gout, pseudo gout 
and pancreatitis are not part of the hyper
calcemic syndrome. However, symptoms of 
hypercalcemic syndrome usually are associated 
with the classic symptoms of primary hyperpara
thyroidism, i.e. the skeletal and renal changes, 
but they can also occur on their own, and 
according to KEYNE'S estimate, do so in 15 % 
of all cases. Mild hypercalcemic symptoms 
are not noticed by many hyperparathyroid 
patients. Only after successful surgical treat
ment with the re-establishment of normal condi
tions, do they notice in retrospect that numerous 
symptoms have disappeared. 
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(1) The Hypercalcemic Syndrome: 
Psychic and Neurologic Changes 

The accounts in the medical literature are limited 
to case histories or enumeration of single 
symptoms such as depression, apathy, agitation, 
hallucinatory phenomena, and paranoia. 

BLEULER was the first to attempt to classify 
the various mental changes in endocrine diseases. 
He found initially that mental changes could 
arise with almost all endocrine disorders, and 
also showed that these mental changes were 
on the whole similar to each other, regardless of 
the underlying endocrine pathology. He divided 
them into two well-defined forms according to 
their psychopathologic picture. The first form 
is a chronic type, the so-called localized psycho
syndrome in the brain. BLEULER called it an 
endocrine psychosyndrome. There is considerable 
evidence that the mental changes observed in 
this condition are due to localized metabolic 
disturbances in the brain (similar psychic pictures 
are seen after psychosurgery, after localized 
cerebral inflammation, in inherited systemic 
degeneration, and in experimental investigations 
on the localized effects of hormones on different 
parts of the brain). The clinical picture takes 
the form of changes in mood, and changes in 
initiative and the individual drives. The second 
form of the endocrine psychic disorder is observ
ed much less frequently and is due to diffuse 
brain damage. I ts psychopathology is of the 
acute, exogenous reaction type (BONHOFFER). It 
presents clinically as a state of confusion or 
somnolence progressing into pre-coma or coma, 
or as a state of excitement or confusion with 
exaggerated emotions, hallucinations, dreams 
and delusions. 

In primary hyperparathyroidism, it is usually 
the changes associated with the endocrine 
psycho syndrome which are observed. Its in
cidence is difficult to estimate. Petersen, a 
student of BLEULER, made a thorough investiga
tion of 54 cases, and found significant disturb
ances in one third, mild psychic peculiarities 
still within normal limits in another third, and 
no deviations from normal in the last third 
of his hyperparathyroid patients. In general, 
severe changes are predominantly observed 
in the presence of highly elevated serum calcium 
concentrations (PETERSEN). The patients do not 
really appear to be ill, but seem affected, de
pressed, peculiar or childish. The changes in 
their mood and drive can be chronic, but they 
characteristically arise without warning, and 
disappear after some time just as unexpectedly. 
The patients are occasionally euphoric, irritable 
and spiteful, but more often they are depressive. 
The patient feels he is not fit to live, loses all 



922 

motivation, gives up fighting for his existence 
and say he wishes to die. From here onwards, 
all intermediate stages up to severe depression 
are found. The patients often also complain 
of mild symptoms such as tiredness, headaches, 
and confusion. In other cases, exaggerated 
sensitivity and irritability are the predominant 
features. These deviations usually all disappear 
a few weeks to 6 months after removal of a para
thyroid adenoma. Changes in individual drives, 
such as hunger, thirst and aggressivity, are rel
atively frequent in primary hyperparathyroidism. 
It must be assumed that the polyuria and the 
polydipsia are also due to a renal mechanism 
(p.910). Loss of appetite can be considered 
a disturbance in the drive, and also a result of 
the meteorism and constipation, which are 
common in primary hyperparathyroidism. The 
disturbance of the emotional state is thus much 
more pronounced than the changes in the 
individual drives in the endocrine psycho
syndrome. 

KIND, an associate of BLEULER, has already 
described several typical cases of the acute, 
exogenous reaction type (BONHOFFER), which gen
erally occurs only if the serum calcium concen
tration is over 16 mg/100 ml, in primary hyper
parathyroidism. The main symptoms are memory 
disturbances, clouding of consciousness, drow
siness, disorientation and confusion. Most re
ports in the medical literature relate the organic 
confusion and disorientation to paranoia and 
schizophrenia. This is incorrect. These psychic 
changes, although due in general to severe, 
diffuse brain damage, can also disappear rapidly 
after treatment of the hypercalcemia. 

Finally, some patients suffering from hyper
parathyroidism with slight psychic disorders 
go through a hypocalcemic phase after removal 
of the parathyroid adenoma, and can be pre
cipitated into a severe state of confusion. The 
reactions of these patients to treatment are 
quite variable. The emotional disturbance can 
disappear instantaneously after the serum cal
cium has been normalized. In some cases, the 
disappearence is only temporary, and the condi
tion recurs after a short time. The further 
course of the condition is unpredictable. The 
state of confusion varies without any clear 
connection with the treatment carried out, 
and even without any correlation with the 
level of the serum calcium. Recovery may occur 
suddenly for no obvious reason (KIND and 
WERNLY, 1942). According to BLEULER, either 
hyperparathyroidism and hypoparathyroidism 
lead to similar psychic symptoms, or the psychic 
changes are related to the magnesium and not 
to the calcium levels, as hypomagnesemia also 
occurs in the postoperative state. 
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In addition to the mental changes, neuro
logical disturbances have been observed in 
primary hyperparathyroidism, predominantly 
headaches and muscular weakness accompanied 
by sensory and motor disturbances of the 
peripheral nerves. The headaches occur fre
quently and are not always related to inter
current hypertension. They do not respond to 
conventional analgesics but usually disappear 
quickly after removal of a parathyroid adenoma. 
The muscular weakness is restricted to gen
eralized flaccidity, asthenia and increased fatig
ability on physical exertion, but exceptionally 
it becomes very severe, so that use of the 
extremities and in particular the ability to 
walk may be greatly impaired. The tendon 
reflexes are normal or slightly diminished, and 
diffuse muscular atrophy is occasionally found. 
GERSTER (1969/70) describes neuralgic pains, 

. disturbances of the deep sensibility, of the 
conductance of peripheral nerves, and of the 
electromyogram. All these features, which are 
characterized mainly by severe hypercalcemia, 
can be cured if the parathyroid adenoma is 
removed within some few days or weeks, and 
the disturbances can disappear completely. 

The increase of the protein content of the 
cerebrospinal fluid is of interest. It occurs in 
hypercalcemia of various etiologies, including 
primary hyperparathyroidism. In addition to 
primary hyperparathyroidism, the following 
pathologic conditions have been given as causes: 
idiopathic hypercalcemia, carcinoma without 
metastases in the brain, vitamin-D intoxication, 
milk-alkali syndrome (EDWARDS, 1959; KRA

WITT, 1965). Only a small number of observa
tions have been recorded, and changes in the 
CSF have not been seen in every case of hyper
calcemia. 

~) Polyuria, Polydipsia 

Mild polyuria and polydipsia are frequently 
seen in primary hyperparathyroidism, but are 
rarely so severe that the patient complains of 
pronounced thirst. If the patient does experience 
thirst it is more tormenting than most other 
forms of thirst. It continues day and night. 
The patient declines milk, tea and lemonade, 
and requests cold water. However, no amount 
of fluid quenches the thirst and the feeling of 
discomfort remains. In contrast to this condi
tion, the thirst encountered in diabetes insipidus 
is reduced by an adequate fluid intake. The 
polyuria in the hypercalcemic syndrome can 
reach 10 liters, and can be confused with 
diabetes insipidus. The polyuria, however, is 
resistant to vasopressin, and is sometimes 
associated with a loss of the sweat secretion. 
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Removal of the parathyroid adenoma reestab
lishes normal sweating. 

The etiology of the polyuria and polydipsia 
has been dealt with on p.876 and p. 910. The 
reader is referred to p. 932 for the effect produced 
on them by removal of a parathyroid adenoma. 

y) Anorexia, Flatulence, Vomiting, Constipation 

Discrete forms of meteroism and constipation 
are almost always present in primary hyper
parathyroidism. The patients often mention 
loss of appetite and nausea. There is a history 
of periodic attacks of vomiting, occurring 
relatively often for no apparent reason. The 
patients also complain of abdominal pains, 
even in the absence of an ulcer (p.919) or 
pancreatitis (p.920). The gastrointestinal symp
toms are related to the reduction in neuro
muscular excitability and are thus a direct 
result of the hypercalcemia. However, it has 
not been confirmed that cases with severe 
hypercalcemia suffer from intestinal disorders 
more frequently than those with less severe 
hypercalcemia. Nevertheless, nausea, loss of 
appetite, vomiting and loss of weight are never 
absent in severe hypercalcemia. Severe vomiting 
always implies the onset of the very dangerous 
acute form of hyperparathyroidism (p. 923 f.). 

8) Circulatory Symptoms 

Bradycardia is observed most frequently and 
must be mentioned first, followed by the electro
cardiographic findings. The typical ECG findings 
for hypercalcemia, with a shortening of the 
Q-T interval, are less often encountered than 
the prolongation of the Q-T found in hypo
calcemia. The hypercalcemia can therefore rarely 
be diagnosed from the ECG alone. The fact that 
an increase in the calcium ion concentration 
in the extracellular space enhances the effect 
of digitalis is of practical importance. Great 
caution must therefore be exercised in using 
digitalis and strophantine in hyperparathyroid 
patients with hypercalcemia. The same is true 
of adrenaline. 

k) Acute Hyperparathyroidism 

A very dangerous, acute exacerbation of hyper
parathyroidism may suddenly arise without 
apparent cause. This acute phase is similar 
to the state caused by experimental poisoning 
with parathyroid hormone, and is known as 
acute hyperparathyroidism or parathyroid crisis. 
An excessive concentration of calcium in the 
blood is the initial characteristic biochemical 
finding. In the later course of the crisis, severe 
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hyperphosphatemia also develops. The para
thyroid crisis can develop from the chronic cases 
of previously existing primary hyperparathyroid
ism slowly or unexpectedly. Sometimes, however, 
it occurs suddenly without any premonitory 
symptoms. The situation usually becomes serious 
when the calcium level exceeds 17 mg/l00 ml. 
The highest recorded values are about 21 mg/ 
100 ml. Shortly before the crisis, there is 
vomiting or polyuria, or both. In the acute 
condition, there is severe generalized dehy
dration. Circulatory collapse, renal failure, hy
perpyrexia, confusion, hallucinations, somno
lence and coma have been observed. Hyperphos
phatemia develops as a result of the renal failure. 
The simultaneous oversaturation of the serum 
with calcium and phosphate in a state of severe 
dehydration leads to the deposition of calcium 
in almost all the tissues, kidneys, lungs, gastric 
mucosa, arteries, periarticular tissues, conjunc
tiva, cornea, tympanic membrane, myocardium 
and skeletal muscles, parotids, pancreas, thyroid 
and liver. Thromboses are occasionally found, 
most often in the arcuate and interlobular veins 
of the kidneys; according to STEMPL, this is 
another factor in the etiology of the terminal 
uremia. Hemolysis and parenchymatous jaun
dice have been reported. as has intravascular 
clotting. 

It has been postulated that an acute rise 
in the release of parathyroid hormone is the 
cause of the acute crisis. In this light, the clinical 
picture is identical to that of experimental 
parathyroid hormone poisoning. It has also 
been repeatedly observed that crude palpation 
of a parathyroid adenoma can precipitate a 
parathyroid crisis. In recent years, however, it 
has become apparent that the excess parathyroid 
hormone is not the only factor and probably 
not even the most important cause of a para
thyroid crisis. More frequently acute hyper
calcemia arises in the presence of known or 
unknown primary hypercalcemia when a second 
pathogenic mechanism favoring the develop
ment of hypercalcemia is introduced, such as 
the administration of vitamin D. Parathyroid 
hormone and vitamin D act synergistically to 
produce mobilization of calcium from the 
bones, and the calcium mobilization is potentiated 
by the presence of elevated concentrations of 
both parathyroid hormone and vitamin D. 
A similar potentiation can be caused by the 
following pathogenic factors: postoperative im
mobilization, BLACK warns that surgery should 
never be performed in patients with primary 
hyperparathyroidism unless the patients are 
well hydrated and the serum calcium lowered 
if possible. Hyperparathyroidism can be poten
tiated by high doses of oral calcium (COLLIP), 
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by chlorothiazides and treatment with milk 
and alkaline. The unfavorable effect observed 
in the treatment of peptic ulcers in primary 
hyperparathyroidism and all other factors which 
can be considered as possible causes of hyper
calcemia are summarized in Section tX, p. 927. 

Treatment of the parathyroid crisis has been 
dealt with on p. 933. 

6. Diagnosis 

The diagnosis of primary hyperparathyroidism 
is based largely on laboratory findings, but 
clinical diagnosis is sometimes possible: the 
clinical suspicion gives the first impetus, the 
laboratory investigations confirm or contradict 
the clinical suspicion. There are no serious 
difficulties in recognizing the advanced forms 
of the illness with extensive skeletal and renal 
involvement. Care and thoroughness are neces
sary for early diagnosis of the disease, which 
is only possible if the doctor considers the 
possibility of primary hyperparathyroidism when 
faced with a series of apparently trivial symp
toms such as renal colic, spontaneous fractures, 
vague abdominal symptoms, gastric ulcer, and 
tiredness, headaches and depression. Special 
attention should be given to patients who 
present with several suggestive symptoms. Table 
8 gives a survey of the clinical, radiological and 
laboratory features considered as positive evi
dence. 

Finally, there are cases of clinically symp
tomless hyperparathyroidism, which can only 
be detected by systematic estimation of the 
serum calcium and parathyroid hormone con
centrations. The conclusive investigations carried 
out by BOONSTRA have already been mentioned 
above (p.904). It is thus advisable to estimate 
the serum calcium at least once in every patient 
admitted to hospital. 

Lahomtory Tests. Repeated demonstration of 
hypercalcemia is the most important step in 
the diagnosis of primary hyperparathyroidism. 
The existence of a normocalcemic form of 
primary hyperparathyroidism with recurrent 
nephrolithiasis as an isolated clinical symptom 
is discussed in the section on the differential 
diagnosis of idiopathic hypercalciuria on p. 929. 
The detection of hypophosphatemia or hyper
calciuria is considerably less reliable. Up to 
now, the only single test of parathyroid function 
which also allows a conclusive diagnosis is 
radioimmunologic determination of the para
thyroid hormone concentration in the serum. 
A critical account of these tests is given on 
p. 941. The tests measuring the phosphate 
clearance must be used cautiously. In many 
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TableS 

Clinical evidence 
Renal colic, concretions containing calcium 
Polyuria, polydipsia 
Sacral and limb pains 
Thoracic kyphosis, compression folds on the trunk 
Spontaneous fractures 
Clubbed fingers 
Tumors of mandible and maxilla (epulis) 
Anorexia, meteorism, intermittent abdominal pains or 

dyspepsia 
Peptic ulcers refractory to therapy 
Vomiting after milk-alkali treatment 
Recurrent pancreatitis 
Asthenia, muscular adynamia 
Tiredness, malaise, headaches 
Depression, irritability, aggressiveness 
Confusion, hallucinations 
Somnolence, apathy, coma with hyperpyrexia 
Band keratitis, subconjunctival calcifications 
Gout, hyperuricemia, pseudo gout 
Tetany in newborns (maternal hyperparathyroidism) 

Radiological evidence 

Generalized skeletal demineralization 
So-called osteoporosis 
Spongiosation of the cortex 
Subperiosteal resorption of the phalanges 
Aero-osteolysis (fingers, acromioclavicular joints) 
Bone cysts 
Epulis 
Ground-glass appearance of the skull 
Nephrolithiasis 
Nephrocalcinosis 

Laboratory evidence 

Elevated level of immunoreactive parathyroid hormone in 
the serum 

Hypercalcemia 
Hypophosphatemia 
Elevation of the alkaline phosphatase 
Hypercalciuria (24-hour urine) 
Unexplained uremia 
Unexplained isosthenuria 
Shortening of the Q-T interval in the ECG 

cases, the diagnosis of hyperparathyroidism is 
made by a process of elimination when no 
other cause for hypercalcemia can be found. 
The cortisone test after DENT is the best method 
for differentiating between hypercalcemia due 
to hyperparathyroidism and that due to some 
other factor, but this method is not infallible. 

The localization of a parathyroid adenoma 
can rarely be determined by palpation, and a 
thyroid node cannot be excluded. Most intra
thyroidal parathyroid adenomas are situated 
in the lower pole of the thyroid, which can be 
significantly enlarged on palpation. The radio
logical identification of a parathyroid adenoma 
is rarely sucessful, mostly in cases of large 
cystic adenomas in the mediastinum. 

Arteriographic and scintigraphic methods 
are equally unsuccessful so far. Better results 
were obtained, however, by preoperative cathe-
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terization and radioimmunological measurement 
of the parathyroid hormone concentrations in 
8 large veins of the neck and of the superior 
aperture of the thorax (REITZ, 1969). REISS and 
CANTERBURY (1969) used the immunoassay for 
parathyroid hormone, introducing a different 
method for the lateral localization of parathyroid 
adenomas, which is easier but less reliable. 
First, the basal value of the parathyroid hor
mone concentration in serum is determined. 
Then one side of the neck is squeezed from the 
clavicle and along the trachea for 10-20 sec, 
and two hours later the same procedure is 
repeated on the other side. The parathyroid 
hormone concentration is checked in two further 
serum samples 1 min after the squeeze on each 
side. On the side of the parathyroid adenoma, 
there is usually an increase in the parathyroid 
hormone concentration, while on the other 
side the parathyroid hormone concentration 
does not vary from the basal value. 

Recent experience suggests that cervical 
thermography may be a very useful method of 
localizing parathyroid disease and of differen
tiating parathyroid hyperplasia from adeno
matous disease (SAMUELS, 1972). 

7. Differential Diagnosis 

Typical primary hyperparathyroidism is not 
difficult to diagnose. It is more difficult to 
evaluate poorly defined symptoms, noncharac
teristic generalized disorders or gastrointestinal 
symptoms, and mental changes. It has already 
been stressed that it is essential that primary 
hyperparathyroidism be considered in the pres
ence of symptoms of this kind. 

Other diseases which have symptoms sug
gestive of hyperparathyroidism must also be 
taken into account. This applies mainly to 
nephrolithiasis, but also to certain skeletal 
conditions or radiological changes in the skele
ton, nephrocalcinosis, and finally to idiopathic 
hypercalciuria. The single most important meas
urements are the determination of the serum 
calcium and the immunoreactive parathyroid 
hormone concentration. 

a) Differential Diagnosis of Skeletal Involvement 

The radiological findings in fully developed 
generalized osteitis fibrosa cystica are typical 
in primary hyperparathyroidism, which can 
hardly be confused with other skeletal disorders. 
The distinction from other metabolic skeletal 
disturbances can, however, be more difficult in 
milder forms and in the initial stages. This is 
true of renal osteopathy due to secondary 
hyperparathyroidism, and of the osteomalacia 
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and the osteoporosis to a lesser extent, as well 
as of other nongeneralized skeletal disturbances. 

ex) Generalized Osteitis Fibrosa Cystic a of 
Secondary Hyperparathyroidism 

This has been observed particularly in chronic 
uremic renal diseases, in intestinal malabsorp
tion, in vitamin-D deficiency of rickets in infancy, 
and in a very few cases of pseudohypopara
thyroidism. The pathogenesis, the clinical symp
toms which patients rarely complain of, the 
histology, biochemistry and radiological find
ings corresponding to those in primary hyper
parathyroidism are discussed below (p.936f.). 
The differential diagnosis is based on the chemical 
findings in the blood and on discovery of the 
underlying condition. 

~) Rickets and Osteomalacia 

These two skeletal conditions are also generalized 
and are characterized by the almost patho
gnomonic Looser's zones. Subperiosteal resorp
tion is rarely observed (Figs. 26 and 27, p. 913f.). 
Acroosteolysis, bone cysts and osteoclastomas 
hardly ever develop. A reliable diagnosis can 
be made on radiological examination in many 
cases, based on these characteristic signs. The 
differentiation between renal osteopathy and 
intestinal malabsorption can be more difficult, 
since they are both mixed osteitic-osteomalacic 
diseases (p. 936f.). The findings in the bone 
biopsy, the hypocalcemia, hypophosphatemia 
and the elevated serum phosphatase are im
portant for the diagnosis of osteomalacia. 

y) Osteoporosis 

Radiological examination allows differentiation 
between this generalized skeletal affection and 
primary hyperparathyroidism: predilection for 
the vertebral column, pelvis, ribs and skull, 
slight involvement of the long bones, absence 
of subperiosteal resorption (on the contrary: 
well-maintained, sharply defined cortex), ab
sence of bone cysts and osteoclastomas. Pri
mary hyperparathyroidism mainly affects the 
40-60 age group, whereas the age distribution 
is quite different for osteoporosis: post-meno
pausal osteoporosis, 5-8 years after the meno
pause, senile osteoporosis in the male sex in 
the 7th or 8th decade, idiopathic osteoporosis 
in the male sex (idiopathic hypercalciuria is 
discussed on p. 929) in the 3rd and 4th decades. 
The main symptoms in osteoporosis are lumbo
sacral pains and spontaneous fractures at typical 
sites (vertebral bodies, neck of femur, distal 
end of radius, proximal end of humerus). The 
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calcium, phosphate and alkaline phosphatase 
levels in the blood are normal in osteoporosis. 

&) Osteitis Deformans (Paget's Disease) and 
Polyosteitic, Fibrous Dysplasia 
(J affe-Lichtenstein Disease) 

These conditions are monoosteitic or polyosteitic 
disorders focal but never generalized skeletal 
diseases. The pseudocystic changes can arise 
in a single place in fibrous dysplasia. When 
multiple pseudocysts are present, they are 
unilateral or segmental. The difficulties en
countered in differentiating the skull in Paget's 
disease from the osteosclerotic skull in primary 
hyperparathyroidism have already been men
tioned on p. 916. Alkaline phosphatase is dis
cussed on p. 940. 

E) Multiple Myeloma 

The diffuse infiltrative form of this disease 
sometimes simulates generalized metabolic at
rophy of the bones, but the osteolytic foci of 
the myeloma can easily be mistaken for bone 
cysts or osteoclastomas. The possibility of a 
myeloma should always be considered in every 
case of a skeletal disease in advanced age. In 
every unexplained skeletal disorder, routine 
X-rays of the skull, thorax, the thoracic and 
lumbar vertebrae, pelvis and hand should be 
taken in addition to those of the affected part 
of the skeleton. Clinically silent lesions can 
thus be detected, e.g. osteolytic foci in the 
skull in multiple myeloma. The hematological 
findings and the serum proteins on electro
phoresis are decisive factors in the diagnosis 
of multiple myeloma. The serum calcium is 
often elevated and rarely lower than normal; 
serum phosphate is normal, rarely elevated, 
and exceptionally reduced; the alkaline phos
phatase is often normal. 

~) Metastatic Skeletal Carcinomatosis 

This condition is found particularly in carcinoma 
of the prostate, breast, thyroid, kidney and 
bronchus. Carcinomas of the gastrointestinal 
tract do not metastasize to the skeleton, with the 
exception of carcinoma of the rectum. As in 
multiple myelomas routine X-rays of the entire 
skeleton are important. Changes in the calcium 
and phosphate metabolism are often found in 
carcinoma of the prostate and of the breast 
(p. 927) but rarely in other types of carcinoma. 
In carcinoma of the prostate, the preferred 
localization is the pelvis. The X-ray findings 
can be similar to those in Paget's disease but 
in contrast to this disease, the osteoplastic 
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metastases often extend beyond the cortical 
margin and can be seen on X-rays as
penetrations into the surrounding tissues. 
Another feature of Paget's disease with 
involvement of the pelvis is that the sacrum 
is practically always a site of lesions. This 
rarely the case in other similar skeletal 
disorders. 

ll) Solitary Bone Cysts and Giant Cell Tumors 
of Bones 

These are circumscribed skeletal lesions. The 
biochemical findings are always normal. Con
fusion with the epulis does occur, but can be 
avoided if the normal biochemical findings 
are taken into account. 

b) Differential Diagnosis of Nephrocalcinosis 

Discrete depositions of calcium in the renal 
pyramids are quite often found on histological 
examination. They are of no clinical importance 
and cannot be detected on radiological examina
tion. Fully developed nephrocalcinosis can be 
recognized even on a straight abdominal X-ray, 
and even better on a tomogram (Fig. 33, p. 918). 
Apart from primary hyperparathyroidism, vita
min-D intoxication, tubular acidosis and every 
form of hypercalcemia can also lead to severe 
nephrocalcinosis. Milder forms of nephrocal
cinosis can also occur in the Franconi's syndrome, 
occasionally in idiopathic hypercalciuria, and 
in rare cases of poisoning with uranium, 
mercury, and oxalates. It also occurs occa
sionally in interstitial nephritis. The X -ray 
findings may sometimes be confused with 
depots of thorotrast, a contrast medium no 
longer in use, which was formely used for the 
retrograde pyelogram. 

c) Differential Diagnosis of Hypercalcemia 

Hypercalcemia is the most important diagnostic 
criterion for primary hyperparathyroidism, but 
it is not pathognomonic of this condition. It 
has been observed in a series of different illnesses, 
which are listed roughly in order of frequency 
below. Several hypercalcemic factors can be 
combined in individual cases. An example of 
this type is immobilization, which by itself 
only exceptionally causes hypercalcemia, but 
which in combination with metastatic skeletal 
carcinomatosis, Paget's disease, bone fractures, 
orthopedic surgery, poliomyelitis, and vitamin
D therapy sometimes produces hypercalcemia. 
In principle, analogous combinations of all the 
factors listed are possible, and some are very 
well known (p. 923). 
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ex) Causes of Hypercalcemia 

1. Malignant tumors, with or without skeletal 
metastases; 

2. Primary hyperparathyroidism; 
3. Hyperthyroidism; 
4. Sarcoidosis; 
5. D-hypervitaminosis; 
6. Multiple myeloma and other hemo

blastoses; 
7. Estrogen and androgen treatment in malig

nant tumors; 
8. Immobilization, e.g. after bone fracture, 

orthopedic surgery; 
9. Paget's disease; 

10. Primary bone tumors; 
11. Milk-alkali syndrome; 
12. Addison's disease, withdrawal of adreno

cortical steroids; 
13. Idiopathic hypercalcemia of childhood; 
14. Thiazide diuretics. 

~) Malignant Tumors 

Hypercalcemia found incidentally, is due to a 
malignant tumor approximately as often as 
to primary hyperparathyroidism. Carcinoma of 
the breast is the most common malignant 
tumor giving rise to hypercalcemia, particularly 
during treatment with estrogens and androgens. 
However, other malignant tumors, such as 
multiple myeloma, hypernephroma, carcinoma 
of the prostate, bronchus, thyroid and ovary, 
neuroblastoma, and various sarcomas can also 
cause hypercalcemia. Hypercalcemia also occurs 
in leukemia during childhood. The serum cal
cium is considerably elevated in many cases, 
whereas the serum phosphate is only slightly 
elevated, normal, or reduced. Hypercalcemia 
is usually caused by the skeletal metastases, but 
occasionally it can also occur in the absence 
of skeletal metastases, and can disappear after 
removal of the malignant tumor. This is seen 
particularly with hypernephromas and bronchial 
carcinomas, which sometimes secrete para
thyroid hormone (RIGGS, 1971). SHERWOOD 
was able to demonstrate by radioimmunological 
methods that parathyroid hormone levels can 
be elevated in serum and in tumor tissue in 
patients with hypercalcemia caused by various 
tumors. Very rarely, osteoplastic metastases of 
carcinomas lead to hypocalcemia (p. 897; Table 1, 
p.849). Osteoclastic resorption zones are seen 
around skeletal metastases of paraneoplastic 
parathyroid hormone-producing tumors, as de
scribed by BARNICOT in 1941 with a parathyroid 
gland transplantation onto the surface of the 
skeleton (p. 874) (MELVIN, 1971). 
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y) Hyperthyroidism 

Hypercalciuria is almost a frequent symptom 
of hyperthyroidism, whereas slight hypercalcemia 
is found only occasionally, and marked hyper
calcemia only exeptionally. An injection of 
parathyroid hormone produces more pro
nounced hypercalcemia in hyperthyroid patients 
than in healthy subjects, due to the summation 
of two hypercalcemic factors (HARRISON, 1964). 
Marked hypercalcemia can be expected when 
primary hyperparathyroidism and hyperthyroid
ism occur at the same time. The differential 
diagnosis in this case is not easy and must be 
based on determination of the parathyroid 
hormone concentration in the serum. 

8) Sarcoidosis 

As in hyperthyroidism, hypercalciuria is often 
observed, whereas hypercalcemia is rare. Corti
sone suppresses the hypercalcemia in sarcoidosis 
promptly and almost without exception. Patients 
with sarcoidosis are highly sensitive to vitamin D 
(danger of a hypercalcemic crisis). Sunlight 
alone can lead to hypercalcemia in sarcoidosis, 
which is still frequently mistaken for primary 
hyperparathyroidism. A diagnosis of primary 
hyperparathyroidism should thus not be made 
until sarcoidosis has been excluded. The situa
tion is further complicated by the fact that 
there have been several reports of sarcoidosis oc
curring at the same time as primary hyperpara
thyroidism, proof of the latter condition being 
provided by the surgical removal of a parathyroid 
adenoma and radioimmunologic determination 
of elevated parathyroid hormone levels (p. 904). 

E) D-Hypervitaminosis 

This condition was previously often observed in 
association with large doses of vitamin D used 
in the treatment of primary chronic polyarthritis, 
lupus vulgaris and sarcoidosis. To-day severe 
hypercalcemia with the full-blown picture of the 
hypercalcemic syndrome is encountered much 
less frequently, sometimes when repeated doses 
of vitamin D are given intermittently without 
sufficient indication, or with vitamin-D therapy 
in cases with elevated sensitivity to vitamin D. 
Every patient with an additional hypercalcemic 
factor must be considered as being oversensitive 
to vitamin D (p. 927). It has recently been 
demonstrated that hypersensitivity to vitamin D 
is possible not only in sarcoidosis but also in 
tuberculosis (SHAI, 1972). In these cases normal 
doses of vitamin D can produce severe hyper
calcemia. A history of previous treatment with 
vitamin D or the more or less unnoticed intake 
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of vitamin D in food or as multivitamin is a 
deciding factor in the differential diagnosis 
between overdosage with vitamin D and pri
mary hyperparathyroidism, due to the close 
similarity of the two clinical conditions. 

Administration of average doses of vitamin 
D occasionally makes the diagnosis of primary 
hyperparathyroidism difficult. Since therapeutic 
doses of vitamin D remain active for some weeks 
or even months, the biochemical diagnosis of 
primary hyperparathyroidism is only possible 
when increased immunoreactive parathyroid 
hormone concentrations are measured in the 
serum. The differential diagnosis can also be 
made from the clinical features and the possible 
cause of the hypercalcemia. If this fails in cases 
of mild hypercalcemia, it is permissible to 
wait until the action of the vitamin D has 
disappeared. In cases of severe hypercalcemia, 
however, the procedure recommended for the 
treatment of the acute hyperparathyroidism 
must be used (p. 933). 

1;;) Idiopathic Hypercalcemia in Childhood 

It should not be too difficult to differentiate 
the various forms of this syndrome from pri
mary hyperparathyroidism, since primary hyper
parathyroidism has never yet been described 
in children less than two years old. Idiopathic 
hypercalcemia is also associated with typical 
facial changes, debility, and multiple changes 
in the large arteries (WILTSE, 1966), such as 
supravalvular aortic stenosis. 

11) Milk-Alkali Syndrome (Burnett Syndrome) 

The intake of alkaline powders together with 
large amounts of milk over some months for 
the treatment of gastric ulcer can lead to symp
toms very similar to those seen in vitamin-D 
overdosage and in hyperparathyroidism. Exten
sive calcium depositions, band keratitis, and 
calcifications of the periarticular tissue occur. 
In addition, there is usually severe renal failure. 
The metabolic picture is characterized by hyper
calcemia, hyperphosphatemia, and hypocal
ciuria, the last being an important diagnostic 
feature. The condition is usually easily distin
guished from hyperparathyroidism by the behav
ior of the calcium in the urine and the phos
phate in the blood, and also by the clinical 
history. Difficulties can arise, however, when 
renal failure develops in primary hyperpara
thyroidism due to nephrolithiasis or nephro
calcinosis. In a case of this kind, the metabolic 
picture can be similar to that in the milk-alkali 
syndrome. Further difficulty is encountered 
when a gastric or duodenal ulcer arises during 
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the course of primary hyperparathyroidism 
and is then treated with milk and alkaline salts. 
The differentiation between the Burnett syn
drome and hyperparathyroidism associated with 
the Burnett syndrome can then be very difficult. 
Immunoreactive parathyroid hormone should 
be determined in the serum. A diagnostic ex
ploratory operation of the cervical organs is 
then indicated in doubtful cases with severe 
hypercalcemia refractory to therapy. The treat
ment for acute hyperparathyroidism should 
otherwise be followed (p. 933). 

B) Immobilization 

It has already been mentioned that immobiliza
tion alone very rarely leads to hypercalcemia. 
However, hypercalcemia occurs more frequently 
when an additional, even minor, factor pro
moting calcium mobilization occurs. As well as 
the factors given in section a. (p. 927), the follow
ing situations have also been implicated: bone 
fractures in young subjects, Paget's disease, 
bone metastases; previous long-term treatment 
with vitamin D for vitamin D-resistant rickets 
at the time of the immobilization, e.g. after 
an orthopedic operation. 

1) Addison's Disease 

It has been known for some years that the 
Addisonian crisis can cause hypercalcemia. 
Chronic hypercalcemia in ADDISON'S disease 
is rare and occurs predominantly during child
hood (PRADER). Mild hypercalcemia is found 
in about one third of untreated Addisonian 
patients. Hypercalcemia can also arise after 
total adrenalectomy and after sudden with
drawal of treatment with cortisone or ACTH. 

K) Paget's Disease 

In the presence of extensive skeletal involvement, 
hypercalcemia can arise due to immobilization 
following a fracture. Previous treatment with 
vitamin D may even favor this complication. 
Hypercalcemia due to immobilization is un
common in Paget's disease (GoRDAN and 
LIilVRE). 

A) Thiazide Diuretics 

It has been known for some time that diuretics 
of the thiazide group almost always produce 
hypocalciuria by inhibition of the tubular 
reabsorption of sodium (amount of calcium 
excreted in the urine in 24 hours decreased by 
30 % or more, LICHTWITZ). The fact that the 
same diuretics can produce severe hypercalcemia 
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in the presence of a preexisting mild elevation 
of the serum calcium is less well known; it 
does, however, occur, but less frequently. VAN 

DER SWYS VEER (1965) has observed this feature 
repeatedly in primary hyperparathyroidism. 
Thiazide diuretics are not known to produce 
an acute hypercalcemic syndrome by themselves. 
It is important to know about the mechanism 
of this type of hypercalcemia since dangerous 
hypercalcemia can be prevented by withdrawal 
of these drugs. 

d) Differential Diagnosis of Hypercalciuria 

Changes in the serum calcium level and in the 
amount of calcium excreted in the urine are gen
erally parallel. There are two important excep
tions to this rule: the milk-alkali syndrome, in 
which the hypercalcemia is associated with nor
mo- or hypocalciuria, and multiple myeloma, in 
which hyper- normo- or hypocalciuria can be 
present. The absence of hypercalciuria is due to 
renal failure in both cases. Primary hyperpara
thyroidism also exceptionally runs a course with
out or with only mild hypercalciuria, due to the 
stimulation of the calcium reabsorption in the 
renal tubules by parathyroid hormone, or to 
renal failure. In spite of this, hypercalciuria 
is an important feature in the diagnosis of 
primary hyperparathyroidism (p.941). Since 
hypercalciuria has been observed in numerous 
clinical conditions and often in association with 
nephrolithiasis, as in primary hyperparathyro
idism, however, the differential diagnosis must 
be made in every case of hypercalciuria. The 
table below gives the various forms of hyper
calciuria with or without hypercalcemia. 

Hypercalciuria resulting from hypercalcemia 
is due to elevated glomerular filtration of 
calcium, while hypercalciuria in the absence 
of hypercalcemia is due to impaired tubular 
reabsorption of calcium (p. 852). In some 
cases, e.g. after the administration of high 
doses of vitamin D, both factors can function 
at the same time, producing an additive effect. 

Idiopathic Hypercalciuria. It is often difficult 
to differentiate this condition from primary 
hyperparathyroidism. Idiopathic hypercalciuria 
is found in about 10% of patients with renal 
stones (MELICK). It is characterized by hyper
calciuria, normocalcemia, and sometimes mild 
hypophosphatemia. The following clinical fea
tures are worth mentioning: recurrent nephro
lithiasis (oxalate, phosphate or mixed oxalate 
and phosphate stones), infrequent idiopathic 
osteoporosis (beginning in the 3rd or 4th decade, 
a rare type of osteoporosis of the male sex), 
a strong predominance in the male sex. Idio-
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Table 6 

Causes of hypercalciuria 

A. Hypercalciuria resulting from hypercalcemia 
1. Malignant tumors with or without skeletal metastases 
2. Primary hyperparathyroidism 
3. Multiple myeloma and other hemoblastoses 
4. Estrogen and androgen treatment of malignant tumors 
5. Idiopathic hypercalcemia of childhood 
6. Addison's disease 

B. Hypercalciuria with facultative hypercalcemia 
1. Hyperthyroidism 
2. Sarcoidosis 
3. Vitamin D overdosage 
4. Immobilization 
5. Bone fracture, orthopedic operation 
6. Paget's disease 
7. Primary bone tumor 

C. Hypercalciuria with normocalcemia 
1. Idiopathic hype rcalci uri a 
2. Acute osteoporosis 
3. Cushing's syndrome 
4. Cortisone therapy 
5. Vitamin-D therapy (isolated cases) 
6. Tubular acidosis (isolated cases) 
7. Pyelonephritis 

D. Hypercalciuria with hypocalcemia 
1. Vitamin-D therapy for hypocalcemic conditions oc

casionally early in the treatment 
2. Tubular acidosis 
3. Pyelonephritis 

Causes of hypocalciuria 

E. Hypocalciuria with hypercalcemia 
1. Milk-alkali syndrome 
2. Multiple myeloma 

F. Hypocalciuria with normocalcemia 
1. Multiple myeloma 
2. Hypothyroidism 
3. Growth 
4. Vitamin-D deficiency 
5. Intestinal malabsorption 

G. Hypocalciuria with hypocalcemia 
1. Hypoparathyroidism 
2. Other forms of hypocalcemia 

H. Hypocalciuria independent of the concentration of the 
serum calcium 
1. Renal insufficiency 

pathic hypercalciuria can also occasionally be 
observed alone, in the absence of nephro
lithiasis or of skeletal disturbances. 

Idiopathic hypercalciuria with recurrent 
nephrolithiasis is the first condition to be 
considered in the differential diagnosis of hyper
parathyroidism with nephrolithiasis. All forms 
of symptomatic hypercalciuria must be excluded 
initially in both these conditions (Table 6, p. 929). 
It is also advisable to estimate the immuno
reactive parathyroid concentration and the serum 
calcium at weekly intervals for some time. In 
some cases, the parathyroid suppression test 
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after HOWARD, KYLE and HAAS (p.943), or 
the parathyroid hormone test after BECKER 
(p. 944) can be helpful. The cortisone test after 
DENT is not helpful in cases of mild hypercal
cemia. Some authors (MATHER, 1953; WILLS, 
1969) suggest the existence of rare cases of pri
mary hyperparathyroidism with bilateral re
current nephrolithiasis as an isolated clinical 
symptom with normal laboratory findings. Since 
differentiation from idiopathic hypercalciuria 
would not be possible in these circumstances, 
they recommend exploratory revision of the neck 
if the clinical findings are alarming despite the 
laboratory findings. Whether this concept is 
correct will be demonstrated when a large 
number of well-documented cases with reliable 
radioimmunologic measurements of the para
thyroid hormone concentration and perfect 
parathyroid histology is reported in the liter
ature. Thiazide or phosphate can be used in 
the treatment of idiopathic hypercalcemia, since 
they reduce the calcium excretion by the 
kidneys (YENDT, 1966). Thiazides may cause 
hypercalcemia mainly in cases of preexisting 
mild hypercalcemia (cf. section on the dif
ferential diagnosis of hypercalcemia, p. 927). 
Primary hyperparathyroidism can become evi
dent following the treatment of idiopathic 
hypercalcemia with chlorothiazides (DUARTE, 
1971; ADAMS, 1971). Furosemides are the only 
diuretics which lower serum calcium. 

8. Prognosis 

The prognosis of primary hyperparathyroidism 
is determined by the extent of the irreversible 
limitation of renal function. Early diagnosis 
and treatment are therefore desirable. It is 
questionable, however, whether the sinister 
picture of uremia in the terminal stages of 
nephrocalcinosis or bilateral pyonephritis is 
applicable to most cases of hyperparathyroidism, 
or only to a small number of patients. We 
are inclined to accept the second, more opti
mistic, prognosis. We know of exceptional 
cases of primary hyperparathyroidism which 
have been cured spontaneously due to spontane
ous necrosis of the parathyroid adenoma (p. 906). 
Furthermore, statistics show that primary hyper
parathyroidism is a relatively common condition 
(5 % of all cases of renal calculus according to 
MELICK, p.919, 1.2 % of all hospital patients 
according to BooNSTRA, p. 905). Only a small 
proportion of these cases are diagnosed, treated 
surgically, and cur~d in most hospitals all 
over the world. If, however, only half the 
unknown cases have a fatal outcome because 
of nephrolithiasis or nephrocalcinosis such 
illnesses should be observed frequently, clinically 
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and at autopsy. We conclude that the course 
of the illness is more favorable than assumed 
and may extend over years, and that spontaneous 
healing of primary hyperparathyroidism occurs 
more frequently than was thought earlier, due 
to spontaneous necrosis or other unknown 
causes. It is impossible to give even a vague 
figure for the frequency of the favorable 
outcome. 

9. Therapy 

Surgical removal of the parathyroid adenoma 
is almost the treatment of choice for primary 
hyperparathyroidism (the medical treatment of 
hypercalcemia is described on p. 932 and p. 933). 
Radiation of the parathyroid adenoma has 
proved ineffective. A high serum calcium must 
be lowered preoperatively if possible. 

The removal of a parathyroid adenoma 
requires an experienced surgeon, and patients 
should be referred to an adequate clinic. 
ALBRIGHT has expressed the opinion that the 
most important step in obtaining successful 
results in the treatment of hyperparathyroidism 
is the choice of the right surgeon. It is partic
ularly dangerous when a surgeon with little 
experience decides "to have a look". Two results 
are then possible; either the removal of the 
parathyroid adenoma is easy and the inter
vention ends successfully even when performed 
by an inexperienced surgeon, or location of the 
adenoma is exceptionally difficult and the 
surgeon with little experience does not succeed 
in locating it and causes a large number of fibrous 
adhesions which greatly handicap a second 
surgical procedure. As is typical in surgery, 
success is only seen after the surgeon has had 
experience with 50 of the same sort of cases. 

This very pointed statement from ALBRIGHT 
describes a delicate problem in hard words. 
It may be absolutely justified in large surgical 
centers, but a compromise must be made in 
smaller centers. In general, it is recommended 
that parathyroid operations should be left to 
the few surgeons who have had the opportunity 
to perform these operations frequently. In 
any case, it is essential for the surgeon to study 
the literature, even if he is not a specialist in 
this field. We mention here the works published 
by CHURCHILL and COPE and in particular the 
exceptionally thorough and critical monograph 
by BLACK. 

A few fundamental points about the surgical 
technique will be quoted from BLACK'S work 
at thispoint. The possibilities and limitations 
of preoperative localization of the adenoma 
have been discussed on p.924. The surgeon 
must be convinced of the correctness of the 
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diagnosis before the operation. He must have 
sufficient time at his disposal for the procedure, 
since though the parathyroid adenoma can 
become visible in the field of operation within 
a few minutes, it can take several hours of 
careful dissection to find it. If an adenoma 
cannot be found, the surgeon must make use 
of the intactness of the operation field in the 
first operation to inspect the positions of the 
normal parathyroids, to mark them, and if 
possible to perform a biopsy. The parathyroid 
biopsy must be performed with the greatest 
care. The presence of a pathologist experienced 
in the histology of the parathyroids is therefore 
indispensable throughout the operation. 

The upper parathyroids should be looked 
for in the following positions: on the posterior 
surface of the thyroid gland, in the upper and 
posterior parts of the mediastinum between 
the trachea and esophagus, and in the con
nective tissue around the large vessels. The lower 
parathyroids must be searched for at or behind 
the lower pole of the thyroid gland, in the 
upper posterior mediastinum, and in the anterior 
region of the mediastinum. It is important 
to expose the way to the lower thyroid pole 
by ligating the inferior thyroid vein or the 
ima vein when necessary. If the parathyroid 
adenoma is located some distance from the 
thyroid, there is almost always a distinct 
vascular stalk arising from the inferior thyroid 
artery and leading to the parathyroid adenoma. 
Some adenomas of the anterior mediastinum 
are an exception to this, when they develop 
in a primarily abnormally located parathyroid. 
In this case, there is no vascular stalk running 
up from below (cf. p.846). The size of para
thyroid adenoma expected can only be pro
phesied with reservations. Statistics, however, 
show that the severity of the hypercalcemia and 
the increase in parathyroid hormone concen
trations are in direct proportion to the weight 
of the adenoma. The adenomas in cases of 
hyperparathyroidism with skeletal involvement 
are usually larger than in cases with only renal 
complications. The variation between these 
two rules, however, is too wide for the surgeon 
to be guided by them during the operation. 
Parathyroid adenomas are small in some cases, 
e.g. only 100-250 mg. BLACK indicates that 
the small adenoma can present more difficulties 
to the surgeon than an abnormal location, 
but he is more optimistic than other surgeons 
about the abnormal position. Among 200 
operations performed for parathyroid adenomas 
at the Mayo Clinic, BLACK only had to search 
for the adenoma in the anterior mediastinum 
after dividing the sternum in three cases. He 
performs the operation under local anesthesia 
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supplemented with nitrous oxide. Other surgeons 
prefer a general anesthetic. Intubation anesthesia 
without curare is used at the Urology Clinic 
at Zurich University Hospital (MAYOR). Local 
anesthesia, especially with adrenaline added 
to the anesthetic fluid, has been rejected because 
of the danger of ventricular fibrillation. All 
cardiac glycosides are forbidden in hyperpara
thyroid patients for the same reason (p.923). 
The Kocher collar incision is made in the usual 
way, the thyroid gland is exposed, and the 
parathyroids are searched for in turn. When a 
parathyroid adenoma is discovered during this 
process, it is totally removed. Partial resections 
used to be carried out because of the danger 
of the postoperative tetany but are no longer 
necessary. The removal of a normal parathyroid 
instead of an unfound parathyroid adenoma 
should never be permitted (p. 890), although 
it is not always easy to differentiate macro
scopically between hyperplastic and normal 
glands. If three or four normal parathyroids 
are located, and still no adenoma is found, 
intrathyroidallocalization of the adenoma must 
be considered. Usually an adenoma of this 
type is enclosed in the lower pole of one lobe 
of the thyroid and can be recognized by a slight 
bulge in the thyroid at this site. If there is the 
slightest indication of an intrathyroidal adenoma, 
examination of the cervical organs must be 
followed by partial resection of the thyroid. 
MAYOR even recommends subtotal thyroidec
tomy, leaving the upper part of the pyramid 
median lobe intact in cases where the exploration 
of the cervical organs is negative. Inspection 
of the anterior mediastinum is carried out 
at a second operation, not less than 1-3 months 
after the first. In the interval it would become 
obvious whether the hyperparathyroidism per
sists, or whether it has been cured by unrecognized 
removal of the adenoma or by ligation of the 
vascular supply to the parathyroid adenoma. 
The calcium and phosphorus abnormalities 
then return to the normal state. Before the 
second exploratory operation is undertaken, 
immunoreactive parathyroid hormone concen
trations in the serum should be measured and 
special attention paid to a possible overdosage 
with vitamin D or other causes of hypercal
cemia. The anterior mediastinum is inspected 
through a division of the sternum from the 
manubrium to the xyphoid process, or through 
a transverse incision opening the thorax in the 
4th intercostal space and dividing the sternum 
transversely. If no adenoma is found after 
careful dissection of the whole region, the 
thymus must then be removed. This is done 
as an ultimate procedure, after the arch of the 
aorta with its branches, the pulmonary artery, 
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the left anonymous vein and the surface of the 
pericardium have been exposed. If a procedure 
involving division of the sternum is essential, 
the removal of a bone biopsy must never be 
neglected. 

A special procedure is recommended for 
cases of primary hyperplasia of the water
clear cells. The surgeon recognizes this condition 
from the gross enlargement of all four para
thyroids. In some cases, one gland can be 
much larger than the others, simulating a 
solitary adenoma. In these cases the diagnosis 
is possible only from the biopsy, which shows 
the same characteristic picture in all four 
glands (p. 907). If the diagnosis is confirmed, 
all the parathyroid tissue except a small well
vascularized tissue residue of about 100----200 mg 
must be radically excised. It seems that it is 
not always easy to decide what is a well-vas
cularized piece of tissue. BLACK observed post
operative tetany several times among 15 of 
his own cases. 

The problem of the risk of recurrences of 
multiple parathyroid adenomas (primary hyper
plasia of the chief cells) has already been 
discussed above. Again no more than 100-
200 mg of well-vascularized tissue should be 
left behind. BLACK recommends marking the 
residual tissue with a black suture, because 
of the danger of recurrences entailing a second 
operation (p. 908). 

Cases in which exploration of the cervical 
organs and mediastinotomy yield no positive 
findings, and those in which hyperparathyroid
ism persists after removal of a parathyroid 
adenoma, present a difficult problem. In such 
cases, the diagnosis must be minutely revised, 
taking all the possibilities into consideration in 
the differential diagnosis. If the diagnosis of 
hyperparathyroidism is confirmed, a surgeon 
with wide experience in the field of parathyroid 
surgery should be consulted for a second opera
tion. At this point we should like to recall the 
classic case of Captain Martell; a parathyroid 
adenoma in the anterior mediastinum was 
removed by CHURCHILL at the 7th operation 
(CoPE,1966). 

The first object of any treatment adopted 
in the interval before a second operation must 
be the prevention of renal complications and 
of acute, excessive hypercalcemic hyperpara
thyroidism, because these complications are 
dangerous. The first and most important meas
ure is to encourage the intake of very large 
amounts of fluid. This is best done by distribut
ing the fluid over the 24 hours, e.g. by taking 
600-1 000 rn1 approximately every 6 hours, 
waking up once during the night as well. When 
excessive hypercalcemia seems imminent, the 
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phosphate infusion which is always ready or 
furosemide treatment should be started without 
delay (p. 933). 

Patients who refuse surgery or are not 
cured by an operation must be treated with 
intravenous infusions of phosphates given at 
regular intervals. Oral phosphate treatment can 
be tried in less severe cases (p. 933). There is 
still no experience of the results achieved with 
long-term calcitonin treatment. In cases of 
hyperparathyroidism where the diagnosis is 
uncertain, an attempt to reduce the elevated 
calcium concentration with cortisone is worth
while. 

10. Postoperative Treatment 

After successful removal of the adenoma, post
operative oliguria, and an immediate reduction 
of the urinary excretion of calcium, magnesium 
and of phosphorus are usually observed at 
first (GOLDSMITH, 1966). The values for serum 
calcium and phosphorus return to normal ranges 
within two to three days, but it is often much 
longer before the hypophosphatemia becomes 
normal; weeks and months can elapse before 
it occurs, or it may even fail to occur, without 
causing the success to be evaluated as incomplete. 
If the operation is unsuccessful, the serum 
calcium and the other metabolic changes fail 
to become normal or are only partially normal
ized. 

Postoperative tetany develops in a few 
cases after successful removal of the adenoma. 
Hyperparathyroidism without apparent skeletal 
involvement is rarely associated with this com
plication, and then only mildly, but severe tetany 
lasting for weeks can develop in cases with 
extensive skeletal involvement and elevated 
serum phosphatase. The etiology of the two 
forms of tetany is not the same. The mild, 
transient form associated with the extra-osseous 
hyperparathyroidism is probably explained hy 
parathyroid insufficiency due to atrophy of 
the nonadenomatous glands remaining in the 
organism. Severe postoperative tetany of hyper
parathyroidism with skeletal involvement is 
due to the excessive recalcification of the bones 
in addition to parathyroid insufficiency. The 
skeleton is deprived of mineral substances and 
shows a great avidity for calcium, phosphorus, 
and magnesium after the parathyroid adenoma 
has been removed. Serum calcium, mag
nesium and phosphorus fall to extremely 
low levels. The more severe the skeletal changes 
are with high preoperative values of the serum 
phosphatase, the more severe this form of 
the postoperative "recalcification tetany" can 
be. 
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Treatment of severe postoperative tetany 
should not be postponed until the full tetany 
syndrome develops. Tetany must be expected 
postoperatively in patients with a high serum 
phosphatase. The serum calcium must be esti
mated several times on the first day. Intravenous 
calcium and vitamin D are then given according 
to the method of treatment described in p. 902. 
As soon as oral feeding is possible, the patient 
receives 30-50 g calcium lactate or calcium 
gluconate and 50-100 mg magnesium oxidate 
p.o. The dose of calcium is later reduced to 
10-15 g while the magnesium dose remains 
unaltered. When the serum magnesium falls 
very low, down to 0.8 mEq/liter or less, mag
nesium can be given intravenously in a dose of 
2 mEq/kg body weight over four hours, or 
up to 4 mEq magnesium/kg body weight daily. 
This dose can later be reduced to 0.25-0.5 mEq 
magnesium/kg body weight/day (MACINTYRE, 
1967). Prophylactic use of intravenous vitamin 
D immediately after the operation in cases with 
an elevated phosphatase is not without danger. 
Even the surgeon experienced in parathyroid 
surgery can sometimes find only one of several 
parathyroid adenomas which may be present, 
with the result that the metabolic changes of 
primary hyperparathyroidism persist; in a case 
of this type, a single large dose of vitamin D 
could precipitate a parathyroid crisis. If there 
is still a tendency towards hypocalcemia after 
the first acute symptoms have subsided, vita
min D in a dose of 1.25-2.5 mg (= 50000-
100000 units) or dihydrotachysterol (AT 10) 
in a dose of 8-10 drops can be given orally 
each day. It may take months for the skeleton 
to become recalcified. Until then, treatment 
with oral vitamin D combined with calcium and 
magnesium salts should be continued. 

The bone pains usually disappear rapidly 
after successful operations, often even withip 
hours. The recalcification of the skeleton, how
ever, takes several months, during which there 
is still a higher predisposition to fractures. 

Paresis of the recurrent laryngeal nerve 
developing with postoperative tetany is danger
ous. An intravenous calcium injection should 
therefore always be kept ready. In doubtful 
cases, tracheotomy should not be postponed 
too long. 

Postoperative psychosis of the acute exogen
ous reaction type has been dealt with above 
(p.922). 

11. Treatment of the Parathyroid Crisis 

Measures must be taken at once to ensure 
adequate fluid intake at the first signs of an 
acute hypercalcemic crisis (p. 923). The ad-
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ministration of calcium and vitamin D in any 
form is to be avoided, as is treatment with 
thiazide diuretics. Administration of phosphates 
by the i.v. route has proved the most effective 
treatment. They should be given as recommended 
by GOLDSMITH: 1 liter of a sodium and potassium 
phosphate buffer solution at pH 7.4, containing 
0.081 mol Na2HP04 + 0.019 mol KH2P04, to 
be given over 6-20 hours depending on the 
renal function. In severe hypercalcemia the 
renal function is rarely normal and extreme 
caution must be applied in the intravenous 
administration of phosphates. The most im
portant element in the treatment ofa parathyroid 
crisis is a high fluid intake, which may be com
bined with diuretics such as furosemide, which 
increase urinary calcium excretion (p. 851). 
The serum calcium begins to fall even during 
the phosphate infusion and sometimes reaches 
normal limits on the first day. The infusion 
can be repeated every 24 hours or whenever 
the serum calcium begins to rise again. The 
duration of action of the phosphorus admini
stered varies widely. The same hypocalcemic 
effect can be achieved with oral phosphorus in 
less severe states. WILSON and YENDT re
commend the following mixture for the oral 
treatment: 2.1 g NaH2P04 ' H20 + 30.0 g 
Na2HP04 . 12 H20 in one liter of calcium-free 
water. 100 ml of the solution contains 300 mg 
phosphorus. The daily dose is 300-600 ml or 
0.9-1.8 g phosphorus, divided into 4 doses. 
This has recently been produced commercially 
in the form of sugar-coated tablets, under the 
name of "Reducto". In the recent past, there 
have been objections to the treatment with 
i.v. phosphates (BREUER and SCHACKNEY, 1967), 
but there have been few cases of death occurring 
during or after the infusion among the numerous 
cases benefited by this method (KISTLER), and 
the cause of death was not fully clarified in 
any of them. These authors have recommended 
that i.v. phosphates not be given in renal 
failure. The dose can be reduced to 500-250 ml 
and the phosphate given more slowly. The 
serum calcium, phosphorus, creatinine, and 
urea have to be monitored at short intervals. 
Caution is also indicated in hypercalcemia of 
multiple myeloma, since renal failure is often 
already present. In summary, it appears that 
intravenous administration of phosphates is 
the best available treatment of acute hyper
calcemia at present when carried out correctly. 
The most important treatment in a parathyroid 
crisis is a high fluid intake. This may be combined 
with i.v. phosphate or diuretics, such as furo
semide, which increase urinary calcium excre
tion. Furosemide (Lasix) can be given after 
the patient has been hydrated with 1-2 liters 
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of saline. The intravenous dose amounts to 
80-100 mg every 1-2 hours leading to an 
average daily dose of 1240 mg (160-3200 mg). 
This results in an increased urinary excretion 
of calcium, sodium, and water. It is therefore 
essential to check the water balance (intake 
and excretion) every hour, to determine the 
concentrations of calcium, sodium, potassium, 
and magnesium in the serum, and if necessary 
replace the sodium, potassium, and magnesium 
lost in the urine (SUKI, 1970). A favorable 
hypocalcemic effect has also been observed 
with sodium sulfate ions, but very large 
amounts must be given, which can endanger 
the circulation (an isotonic solution with 116.7 g 
sodium sulfate in 3 liters water over 9 hours, 
after CHAKMAKIJAN). In desperate cases, peri
toneal dialysis or hemodialysis can be used. 
Whether calcitonin (COPE and FOSTER) or 
mithramycin (SINGER) will solve the problem 
of the treatment of hypercalcemia is not known. 
Trials have shown only partial lowering of 
the elevated blood levels of calcium of different 
etiologies following calcitonin (RASS, 1967). 
The cytostatic antibiotic mithramycin (MITHRA
CIN and PFIZER) has recently been introduced 
to lower serum calcium especially in tumor 
hypercalcemia or if all other therapeutic measures 
have failed. The drug has been used in the 
treatment of metabolically active Paget's disease, 
despite possible side effects. If the diagnosis 
of primary hyperparathyroidism has been con
firmed or is very likely, no time should be 
lost in operating immediately after rehydration 
and reduction of the hypercalcemia. 

H. Secondary Hyperparathyroidism 
M. WERNLY 

1. Definition 

In secondary hyperparathyroidism parathyroid 
hormone secretion is increased secondary to 
various stimuli such as a lowered calcium or 
magnesium concentration in the serum. Syn
thesis and release of parathyroid hormone into 
the blood are increased and there is generalized 
hyperplasia of the parathyroid glands. 

2. Morbid Anatomy and Histology 

The generalized hyperplasia of the parathyroids 
in secondary hyperparathyroidism involves all 
four glands and is termed secondary parathyroid 
hyperplasia because of the special etiological 
factors and because it contrasts with the pri
mary hyperplasia of the chief cells (p. 909) 
and the water-clear cells (p. 907). A diffuse and 
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a microadenomatous form are differentiated 
histologically. 

The term microadenomatous hyperplasia 
implies only the morphological picture and not 
the functional state of the glands. Micro
adenomas are found in morphologically in
distinguishable forms in primary as well as 
in secondary hyperparathyroidism. 

1. Diffuse hyperplasia is characterized by 
uniform, compact enlargement of all four 
glands, in which nearly all the parenchymal 
cells are converted into large chief cells or into 
small water-clear cells. There are few fat cells. 
The structure is compact and homogeneous. 
The weights of the different glands can vary 
widely (cf. p. 848). 

2. Microadenomatous hyperplasia .is due 
to a focal proliferation of the smaller and middle
sized chief cells. Only a few large chief cells 
and water-clear cells are found. Multiple pro
liferations arise in all sections of the glands 
and grow to form microadenomas of different 
sizes, while the original glandular lobules be
come compressed to narrow cellular bands 
during the process. There are no fat cells in 
the microadenomatous regions, though they 
may be present in the original lobules. The 
weight of the different glands varies widely. 
The total weight of the glands is higher in the 
microadenomatous form than in diffuse hyper
plasia. 

It is not possible to differentiate between the 
two forms of hyperplasia etiologically or func
tionally. Clinical data indicate that micro
adenomatous hyperplasia is associated with 
a more intensive increase in the hormonal 
activity than the diffuse form. The difficulties 
in differentiating secondary microadenomatous 
hyperplasia from primary hyperplasia of the 
chief cells have been discussed above (p. 908). 

3. Incidence 

As parathyroid hormone in the serum is not 
estimated routinely, the conditions leading to 
secondary hyperparathyroidism remain insuffi
ciently explained. We can only suspect a sec
ondary hyperparathyroidism where patho-ana
tomical evidence of a secondary parathyroid 
hyperplasia is found. This unsatisfactory criterion 
has now been replaced by the demonstration 
of increased levels of parathyroid hormone in 
the serum in renal insufficiency, intestinal 
malabsorption, infantile rickets and pseudo
hyperparathyroidism, which are the most com
mon forms leading to secondary hyperplasia 
(BERSON, 1966; POTTS, 1969; LEGUIN, 1970; 
FOURNIER, 1971; RACKENS, 1972). Clinical tests, 
such as the measurement of the phosphate 
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clearance, or preferably the TmP, the measure
ment of the urinary hydroxyproline excretion 
and the morphometric evaluation of bone 
biopsies are valuable indications of an increased 
parathyroid hormone secretion in parathyroid 
hyperplasia. In conclusion, there is a good 
correlation between the pathologic-anatomical 
evidence of parathyroid hyperplasia and in
creased parathyroid hormone concentration in 
the serum in secondary hyperparathyroidism. 

Parathyroid hyperplasia is observed in chron
ic renal failure and in vitamin-D deficiency. 
It is seen considerably less frequently and in 
only a small proportion of cases of leukemia, 
multiple myeloma, skeletal metastases, Paget's 
disease, liver cirrhosis and certain gangrenous 
infections (WERNL Y, 1946). 

Secondary hyperparathyroidism can also 
be clinically diagnosed in the presence of a 
typical osteopathy (subperiosteal resorption), 
or metabolically or morphometrically from 
elevated bone resorption. Clinically, secondary 
hyperparathyroidism can be demonstrated in 
rare cases of pseudohypoparathyroidism. Fur
thermore, increased bone destruction can be 
demonstrated in certain forms of osteoporosis 
with the aid of bone biopsies and of kinetic 
methods. It is not certain whether an increased 
release of parathyroid hormone is associated 
with this process. 

4. Etiology 

In the majority of cases, parathyroid hormone 
secretion is stimulated by a lowered serum 
calcium concentration lasting for months or 
years in chronic uremic renal disorders and 
in intestinal malabsorption. The importance 
of the hypocalcemia for the stimulation of the 
parathyroid glands has been demonstrated ex
perimentally; perfusion experiments with thy
roid-parathyroid preparations, using extracor
poreal circulation, have shown that hypo
calcemic perfusing blood (EDT A-hypocalcemia) 
results in the release of parathyroid hormone, 
whereas the blood draining away has hyper
calcemic effects (Copp) and a radioimmuno
logically elevated parathyroid hormone con
centration (CARE). Recently, BERSON and Y ALOW 
have even demonstrated radioimmunologically 
a rise in the parathyroid hormone level after 
EDT A- induced hypocalcemia. 

Hypomagnesemia can also cause secondary 
hyperparathyroidism and hypermagnesemia can 
suppress parathyroid hormone secretion. Using 
parathyroid explants in vitro, SHERWOOD (1971) 
has demonstrated that the parathyroid hormone 
secretion is inversely proportional to the mag
nesium concentration in the incubation medium. 
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Furthermore, CARE was able to suppress the 
parathyroid hormone secretion in vitro by 
perfusing the parathyroids with hypermag
nesemic blood. Clinically, little is known about 
the importance of magnesium in secondary hyper
parathyroidism. It is possible that hypomagnesia 
is the cause of the secondary parathyroid hyper
plasia observed in liver cirrhosis. 

It is still undecided whether there are other 
factors besides hypocalcemia and hypomag
nesemia which cause secondary hyperpara
thyroidism. We cannot entirely exclude this 
possibility because of the only very 111ild 
hypocalcemia encountered in certain cases of 
chronic renal insufficiency and intestinal mal
absorption, and because of the difficulty in 
explaining certain uncommon forms of para
thyroid hyperplasia (in leukemia, multiple my
eloma, metastatic skeletal carcinomatosis, 
Paget's disease, liver cirrhosis, and gangrenous 
infections). It is certain, however, that a rise 
in the serum phosphate alone does not lead 
to secondary hyperparathyroidism, because it 
is always associated with a lowering of the 
serum ionized calcium concentration (FISCHER, 
1972). It appears, however, that hypocalcemia 
is the most important stimulus, because if phos
phate and calcium are given together no increase 
in parathyroid hormone concentration in the se
rum is seen (SHERWOOD, 1968; REISS, 1971). 

5. Pathophysiology 

Primary hyperparathyroidism is a disease of 
the parathyroids, whereas secondary hyper
parathyroidism is a combination of a primary 
disease and of a parathyroid disorder. 

Secondary hyperparathyroidism due to vita
min-D deficiency is caused by the hypocalcemia 
found in all forms of osteomalacia. Accordingly, 
there is almost always parathyroid hyperplasia 
(WERNL Y, 1946), elevated phosphate clearance, 
an increased urinary excretion of hydroxy
proline and an increase in the number of osteo
clasts, reflecting the raised parathyroid activity 
(NORDIN, 1956; CRABBE, 1965; FISCHER, 1968). 
The increased release of parathyroid hormone 
into the blood corrects the hypocalcemia, 
depending on the severity of the vitamin-D 
deficiency or resistance. At the same time it 
causes the hypophosphatemia characteristic of 
most forms of osteomalacia. The action of 
parathyroid hormone may be determined by 
the loss of the permissive action of vitamin D 
in osteomalacia with a strongly reduced con
centration of vitamin D in the blood and the 
tissues (p. 876). In extreme vitamin-D deficiency, 
parathyroid hormone no longer acts on the 
bones (ARNAUD, 1966). In most cases, the 
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increased parathyroid hormone activity is ex
pressed as the known, specific changes in the 
skeleton, associated with fibrous osteitis (ToR
RANI, 1924; BALL, 1960; FISCHER, 1968) together 
with the changes of osteomalacia. 

The pathophysiology of the renal form of 
secondary hyperparathyroidism is more complex. 
We have already shown that hypocalcemia of 
long duration is the cause. Renal disorders in 
existence for years or going back to youth are 
the main cause of the severe form of renal hyper
parathyroidism. These include congenital mal
formations of the urinary tract with chronic 
renal insufficiency and urinary tract infection, 
or chronic pyelonephritis. As in osteomalacia, 
the hypocalcemia is either inadequately or 
almost completely corrected by the increased 
release of parathyroid hormone. The elevated 
phosphate level resulting from glomerular in
sufficiency remains uncorrected - there is no 
raised phosphate excretion since the parathyroid 
hormone succeeds in acting only inadequately 
on the diminished number of renal tubules. The 
effects of secondary hyperparathyroidism on 
the bone tissue are identical to those of primary 
hyperparathyroidism. They are, however, com
plicated by osteomalacia, which is usually 
quite severe, although it varies widely from 
case to case, and which is seen together with 
the changes brought about by fibro-osteoclastic 
osteitis (MACH, FOLLIS, BERNER, and BALL). 
Osteoid is occasionally seen in primary hyper
parathyroidism (p. 917), whereas this is always 
present in renal secondary hyperparathyroidism. 
The osteomalacia of chronic renal insufficiency 
is probably due to suppression of the hydroxy
lation of 25-hydroxycholecalciferol into 1,25-
dihydroxycholecalciferol by the kidney, leading 
to a state which resembles nutritional vitamin-D 
deficiency. 

Intestinal absorption of calcium and phos
phorus is greatly reduced even in the early 
course of chronic renal insufficiency (STAN
BURY). The osteomalacia of chronic renal dis
orders is identical to the changes seen in nutri
tional vitamin-D deficiency. It can thus be 
assumed that the chronic hypocalcemia of the 
chronic renal failure is due in the first place 
to calcium malabsorption. In addition, ex
tremely low amounts of calcium and phos
phates are usually excreted in the urine, and 
there is an increase in the serum phosphatase 
depending on the severity of the secondary 
hyperparathyroidism. The insufficient vitamin
D activity results in deficient calcification of 
the newly formed bone matrix with an accu
mulation of large uncalcified osteoid masses. 

In conclusion, the bone changes accompany
ing the renal manifestation of secondary hyper-
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parathyroid ism are a mixed form with fibrosis 
and osteomalacia. The osteomalacic components 
of the renal osteopathy can be therapeutically 
influenced by high doses of vitamin D (p. 938), 
although there is considerable danger of vita
min-D intoxication and soft-tissue calcifica
tion. 

Parathyroid hormone secretion is highly 
stimulated in some cases of renal secondary 
hyperparathyroidism, which can cause the orig
inal hypocalcemia to give way to normocalcemia 
and finally to hypercalcemia. This increase of 
the serum calcium due to the mobilization of 
calcium from the skeleton is accompanied by 
a similar rise in serum phosphates, also due 
to an increase in bone resorption. The phosphate 
cannot be removed by the damaged renal tubules. 
In such cases, extensive fibrous osteitis with 
bone pains develops, with radiologically severe 
subperiosteal resorption. In addition to this, 
when the Ca x P product exceeds 70, metastatic 
calcification can occur. This represents hyper
function of the parathyroids which has become 
apparently autonomous. This hypothetical as
sumption has recently been supported by new 
evidence obtained from the findings with renal 
transplants. It has been shown that after 
successful renal transplantations, the pre-oper
ative hypocalcemia not infrequently reverts to 
an often temporary hypercalcemia with values of 
11-13.5 mg/100 ml, with the clinical picture of 
the skeletal hyperparathyroidism with calcifi
cation of the soft tissues and associated with 
the danger of renal damage due to nephro
calcinosis (MCPHAUL and McINTOSH). In some 
cases, spontaneous correction of the hyper
calcemia has occurred after several weeks or 
months, indicating the regression of the para
thyroid hyperfunction. In other cases, however, 
hypercalcemia has lasted months or years and 
subtotal parathyroidectomy has had to be 
performed, thus curing the clinical and radio
logical symptoms of the fibrous osteitis and 
normalizing the serum calcium concentration 
(MCPHAUL, p.938). The hypothesis that fully 
autonomous (tertiary) hyperparathyroidism can 
develop from secondary hyperparathyroidism 
is questionable, since all forms of primary and 
secondary hyperparathyroidism can be sup
pressed with calcium infusions (POTTS, 1971; 
BINSWANGER, 1972). Subtotal parathyroidec
tomy is discussed on p.938 and tertiary hyper
parathyroidism on p. 939. 

6. Clinical Features and X-Ray Findings 

The bone changes in secondary hyperpara
thyroidism are rarely clinically evident, mainly 
in cases of chronic uremia. Depending on 
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the pathogenesis fibroosteoclasia or osteo
malacia is predominant (cf. section on the 
pathologic histology of primary hyperpara
thyroidism, p.916). Pains in the extremities 
are the most frequent symptom, associated 
with deformations in adolescents (genu valgum 
and varum, pectus carinatum with rachitic 
rosary, kyphoscoliosis, epiphysiolysis or 
necrosis of the femoral head). The growth 
in children is retarded (renal dwarfism, renal 
rickets). The extensive osteopathy occasionally 
leads to severe bone pains with difficulty in 
walking, and exceptionally to invalidity. In 
severe osteomalacic osteopathy, tetany and 
muscular weakness are occasionally observed 
in the regions of the deltoids, the supraspinatus, 
and the iliopsoas, and can be associated with 
the characteristic waddling gait. Vitamin D often 
brings about an impressive correction of this 
osteomalacic myopathy (STANBURY). A painful 
form of pruritus is occasionally associated 
with secondary hyperparathyroidism of renal 
insufficiency. 

The radiological findings present a combina
tion of the changes of osteitis fibrosa cystica 
generalisata and/or of osteomalacia. The osteitis 
fibrosa is visible as subperiosteal resorption 
and cannot be differentiated from that occurring 
in primary hyperparathyroidism (p.913). The 
acro-osteolysis and the ground-glass appearance 
of the skull are also identical to the findings 
in primary hyperparathyroidism (p.915). Even 
bone cysts and epulides have been observed in 
rare cases of renal osteitis. Focal osteosclerosis 
alone is more frequently encountered in sec
ondary hyperparathyroidism than in primary 
hyperparathyroidism (p.916). The banded 
sclerosis of the vertebral bodies is considered 
especially characteristic. It is a ribbon-like 
thickening of the spongiosa along the upper 
and lower plates of the lumbar vertebrae. Each 
sclerotic band thus partly borders a clear 
intervertebral disc and a clear central part of 
the vertebral body, thus producing zebra-like 
transverse stripes (rugger-jersey spine). Where 
the osteomalacia predominates, typical Looser's 
zones can be found in all the possible localiza
tions of classic osteomalacia. Bending of the 
bones also occurs in some cases, e.g. heart
shaped deformation of the pelvis. Changes in 
the epiphyseal regions have been observed in 
young subjects and in children. These changes 
are similar to those found in nutritional rickets. 
In some cases, acro-osteolysis of the metaphyseal 
end of the diaphysis can develop in addition 
to rachitic metaphysis, so that the diaphyseal 
ends appear to have a moth-eaten, perforated 
structure. In rare cases where the Ca x P 
product is above 70, X-rays reveal periarticular, 
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subcutaneous, and arterial calcifications and 
nephrocalcinosis. 

7. Differential Diagnosis 

Although primary hyperparathyroidism differs 
from secondary hyperparathyroidism in the 
early stages, differentiation between the two 
conditions can be difficult in advanced cases. 
Primary hyperparathyroidism with nephrocal
cinosis, uremia and skeletal involvement is 
often clinically, biochemically and even patho
anatomically similar to advanced secondary 
hyperparathyroidism due to chronic renal in
sufficiency. The histological findings in the 
parathyroids in secondary hyperparathyroidism 
(microadenomatous hyperplasia, p.934) are 
indistinguishable from those in primary hyper
parathyroidism due to primary haperplasia of 
the chief cells (p. 908). As has already been 
mentioned, the histological skeletal findings 
are identical in both conditions. 

A few clinical characteristics which can be 
used for differentiations in individual cases are 
outlined here. A history of nephrolithiasis is 
very common in primary hyperparathyroidism, 
whereas it is hardly ever found in secondary 
hyperparathyroidism. Chronic renal insufficien
cy, when present, is almost always connected 
with severe nephrocalcinosis in primary hyper
parathyroidism; nephrocalcinosis rarely arises 
in secondary hyperparathyroidism resulting from 
chronic uremic nephropathy. If the symptoms 
date back to youth, the secondary hyper
parathyroidism is usually associated with rachitic 
deformations. This is not seen in primary hyper
parathyroidism since this disorder is rare in 
children. Pruritus, subcutaneous and periartic
ular calcifications, osteosclerosis (rugger-jersey 
spine), and highly elevated immunoreactive 
parathyroid hormone levels (depending on the 
antibody used) are rarely seen in primary hyper
parathyroidism, but are present quite often in 
secondary hyperparathyroidism. 

8. Therapy 

The therapy of secondary hyperparathyroidism 
in chronic uremia is restricted to cases with 
clinical skeletal symptoms, tetany, myopathy 
or metastatic tissue calcifications. However, 
the cause of the secondary hyperparathyroidism, 
chronic uremia, has to be treated first, in
cluding the nephrogenic anemia. 

Before treatment with vitamin D can be 
started the serum phosphorus must be lowered 
or brought back into the normal range with 
oral aluminium hydroxide (Amphojel). The 
purpose is to reduce the calcium x phosphate 



938 

product to less than 70 and if possible to 
avoid soft tissue calcifications. Only then the 
patients receive vitamin 0 orally, in an initial 
daily dose of 0.25-0.5 mg (1 mg = 40000 IU). 
If no beneficial effect is seen after several weeks, 
the dose is gradually increased to 12.5 mg 
daily. The therapeutic success can be recognized 
from the normalization of the serum calcium 
concentration, the disappearance of skeletal 
pains, improvement of the general condition 
and normalization of the radiological findings. 
However, since vitamin 0 acts slowly and 
accumulates in tissues such as the liver, the 
dose must be increased cautiously. In order 
to avoid any risk of vitamin-D overdosage it 
is essential to check the serum levels of calcium, 
phosphorus and phosphatase regularly. An 
increase of the serum calcium above the normal 
range should be avoided, as should high serum 
phosphate levels, which result in a Ca x P pro
duct of over 70. 

The fall of the alkaline phosphate to normal 
values can be considered a sign of an established 
cure. When there is the slightest suspicion of 
vitamin-D overdosage, the treatment must be 
interrupted for several weeks and the clinical 
course observed. Because of the accumulation 
of vitamin 0 in tissues, interruption of the 
treatment is perfectly permissible as a pre
caution even if there is no special suspicion 
of overdosage. With the onset of recovery, 
the vitamin-D therapy can be discontinued 
while the patient remains under clinical ob
servation, or maintenance therapy with 0.25 mg 
daily or 3 times weekly is introduced. 

In hyperphosphatemia the serum phosphate 
must first be lowered with aluminium hydroxide 
(see above). This is even more important if 
the serum calcium is normal or increased and 
the serum phosphorus is also high, thus causing 
an elevated Ca x P product. Here, vitamin 0 
would also have a favorable effect on the osteo
pathy, but this cure must be purchased at the 
price of hypercalcemia with soft tissue calci
fication, nephrocalcinosis and progressive renal 
failure. If the condition is incurable, subtotal 
or total parathyroidectomy may be indicated 
in such cases. Conditions necessary for this 
procedure are relatively good general health 
and normal or not highly elevated blood pressure. 
In severe renal insufficiency renal dialysis must 
be started first. After subtotal parathyroidec
tomy in which several grams of parathyroid 
tissue can be removed and according to WILSON 
a residue of 200-300 mg or 7/8 of the total 
glandular tissue is left behind, the levels of the 
serum calcium and phosphorus fall alarmingly. 
Vitamin 0 in relatively high doses of2.5-6.25 mg 
per day can now be administered. The osteo-
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pathy heals clinically and radiologically, the 
metastatic calcifications may disappear, and the 
general condition improves considerably. Any 
doubts about the justification of subtotal para
thyroidectomy in cases of chronic uremic renal 
disorders with a favorable prognosis have been 
removed by convencing reports of successful 
cures with considerable improvement in the 
skeletal pains and the general condition. 

When patients in chronic renal failure are 
dialyzed, the calcium concentration in the 
dialysis bath is critical for the maintenance of 
secondary hyperparathyroidism. FOURNIER 
(1971) has demonstrated that the immuno
reactive parathyroid hormone concentrations 
can be lowered if a calcium concentration of 
8 mg/l00 m1 rather than 5-6 mg/l00 ml is used. 
However, the serum phosphate must first be 
lowered and kept in a normal range in order to 
avoid soft tissue calcifications. This is achieved 
by oral administration of aluminium hydroxide 
(Amphojel). Thus a highly successful con
servative treatment of severe secondary hyper
parathyroidism is possible and subtotal para
thyroidectomy is avoidable in a certain number 
of patients on chronic dialysis. 

9. Normocalcemic Secondary 
Hyperparathyroidism 
JAN A. FISCHER 

The increased secretion of parathyroid hormone 
in the presence of hypocalcemia has already 
been described on p. 872 as a cause of secondary 
h yperparath yroidism. 

When patients with steatorrhea and hypo
calcemia are treated with vitamin 0 for short 
periods, the serum calcium becomes normal 
within days. Hyperparathyroidism persists al
though the stimulus for the fall in serum cal
cium is absent. This can be supported by the 
rise in the phosphate excretion index, the 
hydroxyproline excretion in the urine and 
by the increased number of osteoclasts in 
bone biopsies. One patient remained normo
calcemic for at least 9 months before dying of 
encephalomalacia. The post mortem revealed 
generalized fibroosteoclasia and hyperplasia 
of the parathyroid glands. Another patient 
showed clinical signs of hyperparathyroidism 
after having been normocalcemic for over 
18 months. 

The phosphaturia cannot be due to vitamin 
o since the doses used do not produce a patho
logic increase of the urinary phosphate excretion 
even in patients who have undergone para
thyroidectomy. When the parathyroids are 
intact the phosphate excretion is usually re
duced due to suppression of the parathyroid 
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glands by the simultaneous rise in the serum 
calcium concentration (ALBRIGHT, 1948). In 
contrast to the action of parathyroid hormone, 
vitamin D reduces hydroxyproline excretion 
(KLEIN, 1963). 

FISCHER (1968) has described this condition 
as normocalcemic secondary hyperparathyro
idism. It is presumably a special form of sec
ondary hyperparathyroidism with an altered 
feedback mechanism in the parathyroids. In 
spite of the normalized serum calcium concen
tration, the intestinal malabsorption persists 
with a reduction in calcium absorption. Lower
ing of the serum magnesium concentration as 
a possible additional cause of the increased 
release of parathyroid hormone in spite of the 
normocalcemia cannot always be excluded. 

The differentiation from tertiary apparently 
autonomous hyperparathyroidism is not always 
easy. The homeostatic regulation of the calcium 
concentration in the serum is intact in the 
presence of a normal serum calcium concen
tration. 

The normocalcemic form of secondary hyper
parathyroidism is also seen in nutritional rickets 
of infancy. As a rule the phosphate concentra
tion in the serum is diminished and immuno
reactive parathyroid hormone concentrations 
increased (ARNAUD, 1972). It is possible 
that vitamin-D deficiency independent of the 
normal serum calcium concentration is the 
cause of normocalcemic secondary hyperpara
thyroidism (FISCHER, 1973). 

In summary, this is a form of hyperpara
thyroidism in which hypocalcemia, the usual 
stimulus for an increased release of parathyroid 
hormone, is absent and in which no hyper
calcemia is seen, suggesting that factors other 
than the serum calcium concentration stimulate 
parathyroid hormone secretion. 

I. Tertiary Hyperparathyroidism 
M. WERNLY 

This condition has already been discussed on 
p.904 in the etiology of primary hyperpara
thyroidism, where it was mentioned that a 
parathyroid adenoma can sometimes develop 
from secondary hyperparathyroidism, giving 
rise to the clinical picture of primary hyper
parathyroidism. This condition was given the 
name tertiary hyperparathyroidism by ST. GOAR 
in 1963, and DAVIS in 1956 was the first to 
remove a parathyroid adenoma from a patient 
with malabsorption. It must be added that 
this condition cannot be sharply differentiated 
from the clinical picture of severe secondary 
hyperparathyroidism, which STANBURY and oth-
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ers treat with subtotal parathyroidectomy (p. 
938). In both conditions autonomous ("pri
mary") hyperparathyroidism develops from re
active (secondary) hyperparathyroidism. 

Table 7. Diagnosis of normocalcemic secondary hyperpara
thyroidism. CaS = serum calcium; PEl = phosphate ex
cretion index (immunoreactive parathyroid hormone in
creased) 

Hyperpara
thyroidism 

Primary 

Secondary 

Secondary 
normo
calcemic 

CaS 

j( -;) 

~ 

Tertiary i 

OH- Fibro- PEl 
proline osteo-
III urine clasts 

j( -;) j( -;) j( -;) 

In some cases all four parathyroids are 
hyperplastic, reflecting secondary hyperpara
thyroidism. There are, however, confirmed cases 
of tertiary hyperparathyroidism due to a solitary 
adenoma after kidney transplantation. Tertiary 
hyperparathyroidism can only be differentiated 
clinically from secondary hyperparathyroidism, 
and not by the histological findings in the 
parathyroids. There are transitional stages be
tween normocalcemic secondary hyperpara
thyroidism and tertiary hyperparathyroidism. 
They are characterized by hypercalcemia, a 
rise in the phosphate excretion index, and in
creased hydroxyproline excretion in the urine. 
An increase in the number of osteoclasts is 
almost always demonstrable. The parathyroids 
secrete parathyroid hormone seemingly auto
nomously, independent of any regulation by 
the serum calcium, and it can therefore only 
be differentiated from primary hyperparathyro
idism by a previous history of secondary hyper
parathyroidism. It often arises after renal trans
plantation (HERDMAN and McINTOSH). 

In most patients the serum calcium concen
tration becomes normal after some weeks or 
months. When it remains elevated subtotal 
parathyroidectomy is necessary. 

The suppressibility of the immunoreactive 
parathyroid hormone concentrations by calcium 
infusions in primary hyperparathyroidism and 
in secondary hyperparathyroidism of renal in
sufficiency (p. 911) makes it appear likely 
that tertiary hyperparathyroidism is not auto
nomous either. However, the few patients with 
secondary renal hyperparathyroidism who de
velop hypercalcemia after renal transplanta
tion have not been fully investigated. 



940 

K. Laboratory Investigations and 
Function Tests in Disorders of the 
Parathyroids 

B. COURVOISIER 

BERSON and Y ALLOW introduced a radioim
munoassay for estimation of the parathyroid 
hormone concentration in plasma or serum 
(p.870). Since then the sensitivity and the 
precision of the measurement of the immuno
reactive parathyroid hormone concentration in 
the serum (lPTH) has been considerably im
proved (REISS, 1968; POTTS, 1969; ARNAUD, 
1971). The principles of radioimmunological 
estimations of hormones have been discussed 
elsewhere (estimation of insulin, p. 814). The 
reader is referred to the literature for other 
methods of investigation which are of particular 
importance for research purposes. These include 
balance investigations, quantitative morpho
metric evaluation of bone biopsies after labeling 
with tetracycline, and dynamic investigations 
of bone metabolism with trace substances, 
such as stable strontium, radioactive calcium 
(45Ca, 47Ca) and radioactive strontium (85Sr). 
They have opened up new aspects in research 
into bone metabolism. Only clinically applicable 
methods in current use are discussed below 
(p. 873). It must be emphasized that measurement 
of the immunoreactive parathyroid hormone 
concentration in the serum (IPTH) is essential 
in the diagnosis of all doubtful cases of hyper
parathyroidism. The detailed clinical evaluation 
of IPTH is discussed on p. 897. 

1. Diagnosis of Primary Hyperparathyroidism 

a) Hypercalcemia 

The normal range for serum calcium is 9.0-
10.5 mg/100 ml. Values vary according to the 
methods used and from one laboratory to the 
other, so that it is essential that the normal range 
is known in each laboratory. 

Hypercalcemia is a very important biological 
finding in the diagnosis of primary and tertiary 
hyperparathyroidism (several recent reports in 
the literature have, however, emphasized the 
occurrence of normocalcemia in primary hyper
parathroidism (p.904». The serum calcium 
must be estimated by a very accurate chemical 
method. The levels of the serum proteins must 
be taken into account in the interpretation of 
the results obtained (the serum calcium is 
decreased in the presence of a low blood level 
of protein). The acid-base balance must also 
be considered (ionized serum calcium is raised 
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in acidosis and reduced in alkalosis). Prolonged 
venous constriction must be avoided when the 
blood sample is taken since the calcium can 
rise due to hemoconcentration (DENT, 1962). 
Apart from this, cork stoppers must not be 
used to seal containers with blood samples 
because they contain calcium. 

Ultrafiltration of plasma and estimation 
of the free diffusable (ionized and complex
bound) calcium are necessary for calcium 
clearance investigations. In doubtful cases the 
estimation of the ionized calcium concentration 
is indicated. 

b) Hypophosphatemia 

The normal range for serum phosphate is 
4.0-6.0 mg/100 ml in children and 2.5-3.5 mg 
100 ml in adults. Like hypercalcemia, hypophos
phatemia is a mandatory symptom of primary 
hyperparathyroidism. Its value, however, is lim
ited by the fact that phosphate is not adequately 
excreted in renal insufficiency which is often 
found in primary hyperparathyroidism. In these 
patients the serum phosphate concentration 
can be normal or increased. In the presence 
of normal renal function, hypophosphatemia 
is frequently seen in primary hyperparathyro
idism. 

The combination of hypercalcemia and hypo
phosphatemia used to be considered almost 
pathognomonic for the diagnosis of hyper
parathyroidism; it has now been shown, how
ever, that in hypercalcemia of other etiologies, 
serum phosphate is usually normal or slightly 
elevated, but that this is not a constant finding, 
since hypercalcemia can also be combined with 
hypophosphatemia in some circumstances, e.g. 
metastatic skeletal carcinomatosis and hyper
calcemia following carcinoma without skeletal 
metastases. Since the levels of parathyroid 
hormone and an immunoreactive substance 
similar to parathyroid hormone in the blood 
have been found to be elevated in several cases 
of tumor hypercalcemia (p. 927), the above 
combinations appear understandable, at least 
in these cases (RIGGS, 1971). 

c) Alkaline Phosphatase 

The level of this enzyme in the serum appears 
to be an index of osteoblastic activity. Numerous 
methods of measurement are reported, whose 
results are given in different units. The normal 
ranges are generally well defined for each 
method. An increase in alkaline phosphatase 
is a common but not mandatory finding in 
primary hyperparathyroidism. Elevated levels 
are found almost exclusively in cases with 
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demonstrable skeletal involvement. The alkaline 
phosphatase may also be elevated in numerous 
other conditions with skeletal involvement, e.g. 
Paget's disease, osteomalacia, rickets, renal 
osteopathy, osteogenic sarcoma, metastatic skel
etal carcinomatosis, etc. Elevated values of 
alkaline phosphatase can only be interpreted 
as the result of a skeletal disorder if hepato
biliary disorders have been excluded. See above, 
p. 856 for information on special forms of 
alkaline phosphatase. 

Acid serum phosphatase can be elevated in 
primary hyperparathyroidism (GRUNDIG, 1965). 

d) Hypercaiciuria 

Estimation of the urinary excretion of calcium 
in 24 hours is important in the diagnosis of 
primary hyperparathyroidism. Since this in
vestigation is thought to reveal the endogenous 
calcium turnover, i.e. the endogenous calcium 
loss, it should be carried out while the patient 
is receiving a calcium-deficient diet. 

The patient receives a calcium-deficient diet 
containing about 150 mg calcium/day for at 
least 4 days. The 24-hour calcium excretion is 
measured on the last 2 or 3 days. Hydroxyproline 
can also be measured in the same urine samples 
providing the diet is deficient in collagen as well 
(Table 8). As urinary calcium is influenced by the 
quantity of sodium ingested in the diet and ex
creted by the kidney (the renal tubular handling 
of calcium is similar to that of sodium), the sodi
um content in the diet and urine must be taken 
into account if the clinical significance of urinary 
calcium is to be appreciated. In cases where 
strict dietary restrictions are impossible, as for 
example in outpatients, a low-calcium diet can 
be limited to the omission of milk and cheese 
(butter permitted) and a collagen-deficient diet 
limited to the omission of meat and gelatine. 
The 24-hour urine should be collected in a 
clean container and bacterial infection prevented 
by the addition of a few crystals of thymol. 
Before a sample is removed for analysis, the 
urine should be acidified and well stirred (to 
dissolve precipitates containing phosphates and 
oxalates). 

Interpretation: With a calcium-deficient diet, 
not more than 200 mg (strict diet) or 250 mg 
(diet avoiding milk and cheese) calcium should 
be excreted in the urine in 24 hours. Hyper
calciuria ranging between 200 and 600 mg is 
found in primary hyperparathyroidism, depend
ing on the degree of hypercalcemia. Hyper
calciuria is not a constant finding, however, 
because parathyroid hormone increases the 
tubular reabsorption of calcium. Hypercalciuria 
is more frequently seen in vitamin-D intoxication, 

or in hypercalcemia not caused by parathyroid 
hormone, where parathyroid hormone secre
tion is suppressed. 

Table 8. Quantitative low-calcium and low-hydroxyproline 
diet 

1 600 calories 
160 mg calcium 

600 mg phosphorus 

Breakfast: 

Tea or coffee 
Bread 
Butter 
Sugar 
Jam 

Lunch: 

Beef or veal 
Artichoke hearts 

{
Canned asparagus 
Grated carrots 

or Canned French beans 
Tomatoes 

Potatoes 
Oil 
Bread 

{
Bananas 
Canned peach compote 

or Apples 
Canned pears 

Dinner: 

Egg (not to be replaced by meat) 
Noodles 
Butter 
Salad 
Oil, salt, pepper, vinegar 
Same fruits as lunch 

Salt, pepper. Sugar: ad libitum 

Drinks: 

40 g proteins 
2 g collagen 

280 mg hydroxyproline 

50 g 
10 g 
20 g 
50 g 

100 g 
50 g 

110 g 
50 g 
50 g 

200 g 

150 g 
20 g 
25 g 

100g 
150 g 
150 g 

75 g 

1 
40 g 
10 g 

{ 25 g 
10 g 

Distilled water, no other mineral water, juice of one lemon 
per day, tea, black coffee, tea made with distilled water 

e) Estimation of Hydroxyproline 

Measurement of the urinary excretion of hy
droxyproline permits an approximate quanti
tative assessment of bone turnover and especially 
of bone resorption (C, 3, b, p. 863). Hydroxy
proline is an end product of the metabolic 
breakdown of collagen. About 50 % of it arises 
from the skeleton. 

Interpretation: The mean 24-hour urinary 
excretion of hydroxyproline is 30 mg in healthy 
subjects (range 10-40 mg). During growth, 
hydroxyproline excretion is higher (50-90 mg/ 
24 hours). Abnormally high values are found 
in numerous conditions with skeletal involve
ment, as well as in primary hyperparathyroidism 
with marked skeletal involvement. 
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f) Renal Phosphate Excretion Tests 

These tests are based on the fact that parathyroid 
hormone increases the renal phosphate excre
tion by inhibition of the tubular reabsorption. 
Except for the estimation of the phosphate 
clearance, which does not require the measure
ment of the creatinine clearance, the method· 
is identical, but the calculations for obtaining 
the various indices discussed below are not. 

Method. The phosphate intake must be adequate 
for several days immediately before the test. 
The patient therefore receives a normal diet 
containing 700 to 1400 mg phosphorus/24 hours. 
The test starts at 8 a.m. in a fasting patient, 
and lasts four hours. The patient empties his 
bladder just prior to the test, and collects the 
urine 4 hours later. A blood specimen is taken 
in the middle of the test. The phosphate and 
creatinine levels are determined in both serum 
and urine. The phosphate excretion can be 
expressed in various ways. 

Phosphate Clearance. 

c= P urine x V 
P serum 

V = volume of urine 

The normal phosphate clearance is 10.8 ml ± 
2.7 mljmin. It usually exceeds 15 mljmin in 
primary hyperparathyroidism. The measure
ment of the phosphate clearance allows only 
poor discrimination between normal and hyper
parathyroid subjects and it also varies widely 
with the phosphate intake. 

Tubular Reabsorption of Phosphate (TRP). The 
creatinine clearance corresponds approximately 
to the glomerular filtration rate. The ratio 
between phosphate and creatinine clearances 
thus indicates the proportion of filtered glo
merular phosphate not reabsorbed by the 
tubules. The ratio is calculated as follows: 

C P urine x creatinine serum 
~ = P serum x creatinine urine 

Cp = phosphate clearance 
Ccr = creatinine clearance 

Usually these results are expressed as the 
proportion of the glomerular filtrate reabsorbed 
by the tubules: Tubular reabsorption of phos
phate (TRP) 

TRP = r (1 - e) x 100 J % 

= r (1 _ P urine x crea ti~.i~e ser':lm) x 1001 0% 
L P serum x creatlOlOe unne J 
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Interpretation: The normal range for TRP 
is 85-95 %. In primary hyperparathyroidism 
it is frequently lowered although there is 
significant overlap between the two groups. 

Phosphate Excretion Index (PEl). NORDIN and 
FRASER (1965) include the serum phosphate 
level in their calculations to take into account 
the phosphate load of the kidney filtration. 
The PEl is calculated from the following 
formula: 

PEl = ~ - 0.055 x P serum + 0.07 . 
Ccr 

P E.I 

+ 0.60 • t + 0.81 

• 
Confirmed +0.50 

• hyperpara-
thyroidism 

.0 Suspected 0 +0.40 

• 0 hyperpara-
• thyroldlsm 

• 
.0 +0.30 

.eo 

.0 

- 00 • • • • 
+0.10 • .. 

0 • 
l-
i: 

o 

-0.10 -

• •• I 
-0.20 L- • 

Hyperpara- Normal Hypopara-
thyrOIdism thyrordlsm 

Fig. 34. Phosphate excretion index in hyperparathyroidism, 
hypoparathyroidism and in normal subjects (NORDIN, 1965) 

The normal range is -0.09 to +0.09. 
Regardless of the serum phosphate level, a 
PEl lower than - 0.09 or higher than + 0.09 
indicates an abnormal urinary phosphate excre
tion. In most of their cases of primary hyper
parathyroidism, NORDIN and FRASER (1965) 
found the PEl to be above +0.09. However, 
overlaps do occur with normal subjects with 
the PEl and the TRP. 

Index of Phosphorus Excretion (IPE). This is a 
modified phosphate excretion index (PEl), which 
appears to allow better discrimination between 
hyperparathyroid and normal subjects (NORDIN, 
1968). 
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The IPE is calculated from the following 
formula: 

IPE = P urine x creatinine serum 
creatinine urine 

P serum - 2.5 
2 

The normal range is -0.5 to +0.5. 

Maximal Tubular Reabsorption of Phosphate 
(Tm/GFR). The Tm/GFR can either be meas
ured directly with the infusion of phosphate, 
or calculated and read off from the nomogram 
of BUOVET (1969) (Fig. 35). 
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Fig. 35. Nomogram for the estimation of the Tm ~ from 
GFR P 

the TRP or the Cpo,/CCceat. (After MORGAN. 1972) 

The TRP and the Cp/Ccr have to be calculated, 

and the ~ x 1 read off from the 
GFR P serum 

nomogram of BIJOVET. This value has then 
to be mUltiplied by the serum phosphate 
concentration and the result is the Tm/GFR. 

The normal range of the Tm/GFR is 22-
42 mg/liter. It is lower in hyperparathyroidism 
and higher in hypoparathyroidism. The dis
crimination between normal and hyperpara
thyroid subjects appears to be better than 
with any other renal phosphate excretion test 
used. 

g) Parathyroid Inhibition by Induced 
Hypercalcemia 

Parathyroid activity is controlled by the con
centration of calcium ions in the plasma. In 
healthy subjects, induced hypercalcemia thus 
causes temporary inhibition or suppression of 
parathyroid activity which becomes apparent 
as a sudden fall in the phosphate clearance. 
It used to be thought that the parathyroids 

acted autonomically and their activIty could 
not be suppressed in primary hyperparathyro
idism. If this were so, exogenous hypercalcemia 
would be followed by only a very slight change 
in phosphate clearance or none at all. Since 
sensitive methods for the determination of 
parathyroid hormone have been available, it 
has been demonstrated repeatedly that in hyper
parathyroidism the parathyroids or their ade
nomas are not autonomous and their secretion 
is influenced by the concentration of the cal
cium ions in the blood (POTTS, 1972; BINS
WANGER, 1973), so that both the following 
tests have lost their theoretical basis. However, 
in hyperthyroidism the influence of a further 
rise in calcium seems to produce a less pronounc
ed fall in the phosphate clearance, and the tests 
might have some empirical value if no better 
criteria are available. 

KYLE and HAAS Method. Phosphate and cre
atinine clearances are measured on the first 
day of the test between 8 and 10 a.m. Blood is 
taken at 9. An intravenous drip containing 
15 mg Ca + + /kg body weight in 500 ml physio
logical saline is set up on the evening of the 
first day (10 ml20 % calcium gluconate = 180 mg 
Ca + +). The infusion is started at 9 p.m. and 
stopped at midnight. Blood is taken before and 
after the insfusion. On the second day, phosphate 
and creatinine clearances are measured under 
exactly the same conditions as on the previous 
day. This procedure of spreading out the test 
over 2 days is thought to eliminate a false 
interpretation due to variations of phosphaturia 
at different times of day (p.854). This test is 
only of value when the serum calcium rises 
by at least 3 mg during the infusion. 

Interpretation: Normal phosphate clearance 
is 10.8 ± 2.7 ml. Following hypercalcemia, the 
phosphate clearance can fall by more than 
50 % in healthy subjects. This fall is less than 
25 % in some patients with primary hyper
parathyroidism. 

Pak's Method. It has been shown that during 
a calcium infusion the change in the renal 
phosphate excretion is not dependent only 
upon the parathyroid inhibition. The calcitonin 
secretion is stimulated by the hypercalcemia 
and acts directly on the kidney to increase 
phosphate excretion. Calcium infusion also acts 
directly on the phosphate clearance independ
ently of the PTH and calcitonin levels. 

The stimulated endogenous calcitonin and 
the direct hypercalcemic action oppose the 
parathyroid inhibition. False-positive values are 
thus obtained in normal subjects by this test. 
PAK et al. have noticed that these two mecha-



944 

nisms are active only for the first 12 hours 
after a four-hour calcium infusion. The inhibi
tion of parathyroid hormone lasts 24 hours 
or longer. If phosphate clearance is determined 
over 12 hours (12th to 24th hour) after the 
calcium infusion, the source of error can be 
eliminated and the parathyroid response to 
hypercalcemia tested. 

The patient is given a constant diet for 
three days; the daily intake of calcium, phos
phorus and sodium is approximately 400 mg, 
1000 mg, and 100 mEq respectively. The first 
day on the diet is the equilibrium day; the 
second is the control day for calcium infusion. 
At 9 a.m. on the third day of the diet the infusion 
of calcium is begun: 15 mg calcium (as calcium 
gluconate)/kg of body weight diluted to 500 ml 
with normal saline and administered intra
venously over four hours. Amounts of sodium 
and fluid equivalent to those in the infusion 
are removed from the diet on the day of the 
infusion to keep the intake constant. Food, 
medication and fluid are given at the same time 
each day. 

Urine is collected every 12 hours for two 
days beginning at 9 a.m. of the control day. 
Phosphorus and creatinine levels are measured 
in each specimen. The urinary phosphorus level 
is expressed as the ratio (by weight) to urinary 
creatinine level (mg phosphorus/mg crea
tinine). 

The urinary excretion of phosphorus during 
the second half of the day of the calcium in
fusion is compared with that of the correspond
ing time period of the control day. 

In normal patients, the ratio P/C2 is decreased 
between - 29 % and - 80 % (mean value 
- 52.7 %); in hyperparathyroid patients this 
ratio varies between - 25% and + 26% (mean 
-7.7%). 

h) Changes in the Reabsorption of Phosphate 
after Administration of Parathyroid Hormone 
(BECKER) 

(This test should be avoided if parathyroid 
hormone determinations are available, because 
of parathyroid antibody formation.) An in
jection of parathyroid hormone administed to 
healthy subjects causes a fall in the index of 
tubular reabsorption of phosphate. This fall 
is much more striking in the presence of hypo
parathyroidism than in the healthy individual 
(COURVOISIER). There is, however, a slight 
resistence to exogenous parathyroid hormone 
in cases with an elevated endogenous para
thyroid hormone secretion. 

Method: After supper, the subject to be 
tested receives nothing more to eat or drink 
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until the following mornmg. The bladder is 
emptied at 8 p.m. and the urine discarded. 
A slow intravenous infusion of 1 000 ml of 
5 % glucose is set up immediately afterwards. 
All urine is collected during the subsequent 
12 hours, and phosphorus and creatinine meas
ured. The infusion is regulated to last until 
between 7 and 8 a.m. At 8 a.m. blood is taken 
for the estimation of phosphorus and creatine. 
The patient is then discharged and instructed 
to pursue normal activities. At 8 p.m. on the 
second day, a similar infusion is given, this 
time, however, with the addition of 200 USP 
units of Lilly parathyroid extract (1 ml = 100 USP 
U = 20 U after COLLIP). The parathyroid extract 
must always be tested in a healthy subject 
(same method). An intracutaneous test should 
be performed on the person beforehand 
as a precaution to prevent allergic reac
tions to the parathyroid extract. (An intra
cutaneous injection of the extract diluted to 
10 times its volume with physiological saline 
is given.) The index of tubular reabsorption 
(% TRP) is calculated on both days of the 
test. 

Interpretation: The injection of parathyroid 
hormone causes a significant fall in tubular 
reabsorption of phosphate in healthy subjects 
and in hypercalcemia not due to primary hyper
parathyroidism (11.5-27.6% fall in TRP). In 
primary hyperparathyroidism the reabsorption 
falls by a maximum of 6.8 %. 

i) Cortisone Test after DENT 
for the Differential 
Diagnosis of Hypercalcemia 

This test is used by DENT for the differentiation 
of hypercalcemia due to primary hyperpara
thyroidism from hypercalcemia of other etio
logies. SHULMAN was the first to notice that 
hypercalcemia in sarcoidosis can be corrected 
by glucocorticoids. Later, the same observation 
was made in vitamin-D intoxication. Gluco
corticoids inhibit bone resorption and the release 
of calcium into the serum. 

Method: 150 mg cortisone or 30 mg pred
nisone is given daily for 10 days. The serum 
calcium is determined before the test and on 
the 5th, 8th and 10th days. 

Interpretation: From DENT'S work, it can 
be concluded that cortisone and its derivatives 
do not affect hypercalcemia associated with 
primary hyperparathyroidism, whereas they 
cause a fall in serum calcium in hypercalcemia 
of other etiologies. Other authors, however, 
have occasionally demonstrated exceptions in 
both directions (THOMAS and GWINUP). In spite 
of this, the cortisone test can be recommended 
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for the differential diagnosis of hypercalcemia 
because of its simplicity. 

2. Diagnosis and Differential Diagnosis of 
Hypoparathyroidism 

a) Calcemia and Phosphatemia 

(Hypocalcemia; Hyperphosphatemia) 
Measurements used in the diagnosis of pri
mary hyperparathyroidism are also used for 
this purpose (p. 943). 

b) Alkaline Phosphatase 

This parameter is normal. 

c) Urinary Calcium Excretion 

Hypoparathyroidism is characterized by a very 
low urinary excretion of calcium. The calcium 
excretion depends to a large extent on the 
serum calcium concentration. The urinary cal
cium excretion allows no clear-cut discrimina
tion between hypoparathyroid and normal sub
jects, one reason for this being that the tubular 
calcium reabsorption is inhibited in the absence 
of parathyroid hormone. It appears that in 
normocalcemic control subjects on a calcium
deficient diet the 24-hour urinary calcium 
excretion always exceeds 50 mg. 

d) Phosphate Excretion Measurement 

In contrast to hyperparathyroid patients, only 
a poor discrimination between normal and 
hypoparathyroid subjects is possible, whatever 
phosphate excretion test is used. 

e) Ellsworth-Howard Test 

The phosphaturic effect of parathyroid hormone 
or extract is used to differentiate pseudo hypo
parathyroidism from other forms of parathyroid 
insufficiency. 

Method: On the first day of the test, hourly 
samples of urine are collected for 6 hours. 
Volume, phosphate and creatinine are measured 
in each sample. This investigation should be 
carried out at the time of day when phosphaturia 
is most stable, i.e. during the afternoon (after 
lunch). On the second day, 6 samples of urine 
are collected at the same time intervals, and 
200 USP U Lilly parathyroid hormone (1 ml = 
100 USP U) are injected at the end of the third 
hour. If possible, the same test should be 
performed at the same time in a healthy subject, 
using the same brand of parathyroid extract 

with the same production number to examine 
its phosphaturic potency. To prevent allergic 
reactions to the parathyroid extract, an intra
cutaneous test is performed beforehand with 
a solution of the extract diluted to 10 times 
its volume with physiological saline; 0.1 ml 
is used for the intracutaneous injection. 

Interpretation: In healthy subjects, there 
is a 100 % increase in the excretion of phos
phate in the first hour after the injection of the 
parathyroid extract. This rise is even more 
pronounced in postoperative hypoparathyro
idism and in certain cases of idiopathic hypo
parathyroidism. Pseudohypoparathyroidism, 
however, is thought to be characterized by the 
fact that there is only a slight response to para
thyroid extract or none at all. 

j) Parathyroid Stimulation Tests 

These tests should allow diagnosis of undected, 
latent, or partial hypoparathyroidism. Investiga
tions of this type have been performed in 
thyroidectomized subjects with a normal serum 
calcium concentration. The method is described 
below, although it is of more theoretical than 
practical interest. 

g) Artificial Hypocalcemia with EDT A 
(JONES and FOURMAN) 

Ethylene-diamine-tetra-acetate (EDT A) chelates 
calcium. This chelate has a high affinity for 
calcium and makes it unavailable to the system. 
Thus, this salt causes hypocalcemia. 

Method: Na3-EDTA is given by intravenous 
infusion: 70 mgjkg body weight in 500 ml 5 % 
glucose. The infusion is given over 2 hours 
(20 ml 2 % procaine is added to prevent or 
alleviate pain which may be caused by the 
infusion). Blood is taken before and 2, 4, 8, 12, 
and 24 hours after the start of the infusion. 
Serum calcium not bound to EDT A is measured 
by titration. 

Interpretation: In healthy subjects, the level 
of calcium not bound to EDTA falls by 2-3 mgj 
100 ml towards the end of the infusion (after 2 
hours) and reaches normal levels again after 12 
hours. It is assumed that this rapid correction of 
the hypocalcemia is due to mobilization of cal
cium caused by stimulation of the parathyroid 
hormone secretion. In parathyroid insufficiency, 
the fall is often more pronounced after 2 hours 
than in healthy subjects. The slow return to 
normal is particularly striking. It is 12 hours, 
or sometimes more than 24 hours, before 
normal levels are restored. This is thought to 
be due to an insufficiency of the parathyroid 
hormone secretion. 
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XV. Tissue Hormones 

A. LABHART 

With Contributions by 

CHR. REDINGER and 1. MOLLER 

A. Definition 

Endogenous organic transmitter substances not 
formed in glands but in individual cells, which 
may be contained within organ tissues or scat
tered throughout the entire body, are described 
as tissue hormones (FELDBERG, 1955). They can 
reach their end organs either by the blood stream 
as in the case of gastrointestinal hormones, 
or by diffusion into their immediate sur
roundings (local hormones) (GADDUM, 1955). 
The term "cellular hormones", however, indi
cating substances which regulate metabolic 
processes within the cell, is still inadequately 
explained and it is better to use a different term. 
According to the definition, neurohormones are 
also tissue hormones. For practical reasons they 
are dealt with here in the chapters on the corre
sponding endocrine systems. 

Finally, the hormones which are formed in 
tumors and produce the paraneoplastic syn
dromes are considered either as pathologic tissue 
hormones or as ectopically formed hormones 
(Chap. XVI). 

The science of the tissue hormones today 
extends for the main part beyond clinical endo
crinology and forms a special field of pharma
cology and physiology. Those tissue hormones 
which are of no importance in clinical endo
crinology are therefore only mentioned here in 
connection with more recent pertinent literature. 

Three well-defined hyperfunctional syndro
mes of tissue hormones are known and are 
discussed below. Hypofunctional syndromes 
may also occur (COHEN, 1973), but need to be 
confirmed by further studies. 

The tissue hormones can be divided accord
ing to their chemical nature into the following 
groups: 

I. Polypeptide 

1. Gastrointestinal hormones: 
a) Gastrin, 
b) Secretin, 
c) Cholecystokinin-pancreozymin, 
d) Cerulein, 

e) VIP (vasodilator intestinal peptide), 
f) GIP (gastric inhibitory peptide), 
g) Motilin. 
h) Intestinal glucagon 

2. Kinins: 
a) Bradykinin, 
b) Kallidin, 
c) Methionine-kallidin. 

3. Angiotensin II. 
4. Substance P. 
5. VDM, VEM. 

I/. Glycoproteins: 

Erythropoietin. 

III. Amines: 

Serotonin, melatonin, dopamine. 

IV. Fatty acids: 

Prostaglandins. 

The list of chemically identified gut hormo
nes is almost certain to grow. The prime candi
dates are gastric inhibitory hormones from the 
intestine (enterogastrones) other than secretin 
and GIP. For other as yet hypothetical hormones 
see CROXATTO (1960). 

B. Polypeptides 

1. Gastrointestinal Hormones 

Peristalsis and secretion in the digestive system 
are regulated partly by nervous influences, and 
partly by the mechanical, chemical and physico
chemical effects of the chyme on the gastro
intestinal mucosa. Signals from the receptors of 
the gastric and intestinal walls are transmitted 
to the glands involved in digestion mainly by 
way of the gastrointestinal hormones. These are 
formed in the gastrointestinal mucosa by cells 
which appear to have a common origin in the 
neural crest (APUD-cells, PEARSE, 1971) and 
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reach their end organs via the blood stream. They 
are all polypeptide in character. 

Among the gastrointestinal hormones which 
are suspected and known, the structure of 
gastrin, secretin, cholecystokinin and pancreo
zymin (CCK-PZ), which seem to be identical, 
and GIP (gastric inhibitor polypeptide) have 
been clarified; the first two have been syn
thesized. The amino-acid composition and se
quence of cerulein are known, and synthesis has 
been accomplished. The term entero-gastrone is 
now used for a group of gastrointestinal hor
mones with an inhibiting effect on gastric 
secretion. 

A second glucagon ("enteroglucagon") which 
appears to be formed in the duodenal mucosa 
and not in the A cells of the islets is discussed 
in Chap. XIII (p. 822). 

a) Gastrins 

EDKINS suspected the existence of gastrin in 
1905. KOMAROV demonstrated it in 1938, GRE
GORY and his team purified and synthesized it 
in 1964. Human gastrin I is a polypeptide of 17 
amino acids.' Gastrin II has the same 
actions, and is esterized with sulfuric acid at 
the 12th tyrosyl residue. Gastrin of pig, dog, 
and sheep differ from each other only in the 5th 
amino acid and perhaps the sixth. The end
terminal tetrapeptide, tyr-meth-asp-phe-NH2 , 

has the same qualitative action, although 
to a slighter degree, as the heptadeca poly
peptide. 

Gastrin is formed in the mucosa of the antrum 
and is released through mechanical stimuli (dis
tension), chemical stimuli (proteins and their 
metabolites, alkaline pH), and indirectly through 
vagal stimulation and peristalsis. An acidic pH, 
below 1.5, and other, as yet unexplained, in
fluences from the gut inhibit the secretion of 
gastrin. 

Besides human gastrin I and II, at least three 
other types of gastrin have been described in 
man. The "big gastrins" (MW about 3900) 
contain the heptadeca peptide amide as a C
terminal sequence linked to the remainder of the 
molecule by a peptide bond (GREGORY, 1972; 
Y APON, 1971). They have a relatively slow 
turnover and - when compared on the basis 
of blood levels - less effect on gastric secretion 
than heptadeca gastrins (WALSH, 1973). An 
important source of big gastrin is the intestine. 
A rise of serum levels is observed after meals. 

"Big big gastrins" have a molecular weight of 
about 20000. These gastrins constitute the 
major fraction of fasting gastrin in serum. 
They are elaborated by the gut and not re
leased in response to a meal (YALOW, 1973). 

Tissue Hormones 

The biological actions of big gastrins are 
unknown. 

Still another type of gastrin is found in 
patients with pernicious anemia. It may be 
determined by radioimmunoassay but is bio
logically inactive (HANSKY, 1973). Biological 
activity of gastrins is mainly determined by the 
end terminal tetrapeptide (tyr-meth-asp-phe
NH2). The remainder of the molecule modifies 
the strength but not the type of this activity. 

Recently the fasting concentration of gastrin 
in the serum has been determined radioimmuno
logically. Normal values differ in different 
laboratories, but the concentration is in the 
range of 20--150 pgjml. Patients with ulcus 
duodeni have a significantly higher fasting 
value for gastrin than normals, patients with 
ulcus ventriculi, or patients in whom complete 
vagotomy has been performed (BYRNES, 1970). 
The same is true of patients with pernicious 
anemia (MCGUIGAN, 1970). 

Vagus • Gastrin 

~Histamine/ 
1 

HCl 

Fig. 1. Neural and humoral regulation of gastric acid 
secretion 

When gastrin is given in physiological doses 
the following effects may be observed (GROSS
MAN, 1970): stimulation of acid secretion and to 
a lesser extent pepsin secretion by the gastric 
mucosa, stimulation of water and enzyme 
secretion by the pancreas (this action probably 
does not occur in man), stimulation of bile 
flow, inhibition of water and electrolyte ab
sorption in the intestine, contraction of the 
gastroesophageal sphincter, relaxation of the 
sphincter of Oddi, relaxation of the ileocecal 
sphincter, increased gastric mucosal blood flow, 
increased protein synthesis and growth in the 
gastrointestinal tract, contraction of gastric 
smooth muscle and release of insulin. There is 
still controversy as to which of these actions are 
of physiological importance and may also be 
observed following gastrin release by a meal. 
Pharmalogical actions following very high doses 
of exogenous gastrin include inhibition of 
gastric secretion, contraction of gallbladder and 
uterus and transient hypotension. 

It has been proposed that the stimulatory 
effect of gastrin on acid secretion is mediated 
by histamine (CODE, 1965) (Fig. 1), which in 
turn stimulates adenyl cyclase. This may be true 
for amphibia but not for mammals (HAKANSON, 
1971). Here, histamine might be one but is 
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certainly not the only mediator of gastrin action. 
Inactivation of gastric histamine receptors in 
man leads to a decrease but not to an abolition 
of gastrin stimulated acid secretion (BLACK, 
1972). 

Little is known about the mechanism of in
activation of gastrin. Liver and kidney seem 
to have a role in the degradation of gastrin. 
Serum gastrin rises proportionally in chronic 
renal failure with the serum creatinine. Whereas 
hemodialysis does not significantly alter gastrin 
levels, renal transplanation tends to return it to 
normal (KORMAN, 1972). 

The synthetic pentapeptide, pentagastrin 
(butyloxycarbonyl- ~-ala- tyr-meth-asp-phe
amide), can be used in a dose of 6 ltg/kg body 
weight subcutaneously or 6 Itg/h/kg by intra
venous infusion or as snuff (1 mg every 10 
minutes for 1 hour) (WORMSLEY, 1968) to pro
duce the maximum stimulation for examination 
of the HCI production of the stomach. It has 
less side effects than histamine (multicenter 
pilot study 1967). 

Other polypeptides found in animals with 
the same C-terminal pentapeptide as cerulein are 
even more active on the gastric secretion than 
gastrin (see p. 974). "Antigastrin" (2-phenyl-2-
(2-pyridil)-thioacetamide) seems to be a com
petitive antagonist of gastrin (BEDI, 1967; OT
TEN.lANN, 1968). In addition, antibodies against 
gastrin can be produced by crude gastrin extracts 
or gastrin coupled to a gamma-globulin (Mc 
GUIGAN, 1968). 

ex) The Zollinger-Ellison Syndrome 

The syndrome described in 1955 by ZOLLINGER 
and ELLISON includes the triad: 

1. Severe, therapy-refractory ulcer disease, 
often with multiple (10%) ulcers, sometimes 
atypically located (25%), and with frequent 
complications. 

2. Massive hypersecretion and hyperacidity 
of the gastric juice. 

3. Non-B islet cell tumor of the pancreas, 
usually multiple, sometimes situated ectopically, 
and often (60%) malignant. 

Watery diarrhea or steatorrhea often occurs 
in addition. The Zollinger-Ellison syndrome 
(ZES) results from overproduction of the tissue 
hormone gastrin. This syndrome must be dif
ferentiated from that of islet-cell tumors with 
diarrhea but no hyperacidity (see p. 974). Both 
syndromes have the same genetic basis. The 
ZES has recently been reviewed by ISENBERG 
(1973). 

1. Frequency and Incidence. Up to 1964, 250 
cases had been described. It is difficult to esti-
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mate the frequency, since individual cases are 
now seldom reported. At a rough estimate, 10% 
of unusually severe ulcer diseases are due to ZES 
(ZOLLINGER, 1964). The syndrome is more fre
quent in men (3: 2) and occurs in every age 
group, but especially often in the 4th, 5th, and 
6th decades; about 25% of cases of ZES are 
associated with adenomatosis (see Chap. XVIII). 
The combination of non-B islet cell adenomas 
and peptic ulcers in autopsy material chosen at 
random is more frequent than can be explained 
by the coincidence of probability (v. PLANTA, 
1957). 

Since' multiple or atypical ulcers occur only 
in roughly one third of cases of ZES, tests for 
ZES should be performed in every case in which 
ulcer disease is refractory to therapy or has an 
atypical course, as also in cases with inexplicable 
diarrhea (HALLENBECK, 1968). 

2. Morbid Anatomy and Histology. The tumors 
can be any size, from nodules visible only micro
scopically to tumors 8 cm in diameter, and are 
multiple in over 50% of cases. They are evenly 
distributed over the whole pancreas, but they 
can also arise ectopically (25%) in the duodenal 
mucosa or in the gastric antrum. Finally, devel
opment of the syndrome may also be due to 
adenomatosis or hyperplasia of the non-B islet 
cells (10%). Histologically, the cells are non-B 
islet cells. They probably arise from the argyro
phil-metachromatic D cells (CAVALLIERO, 1967) 
although a few A-cell tumor have been described. 
There are signs of malignancy in over 50% of 
cases, and metastases are not uncommon, 
especially in the lymph nodes and liver (Fig. 2 
from ZOLLINGER, 1964). The cells may have 
a trabecular, ribbon-like or an acinar-ca
nalicular arrangement in which some authors 
see similaraties with pancreatic duct cells 
(CREUTZFELDT, 1973). 

Malignant 
62% 

Mult iple s ites 55% 

Benign 
38% 

Fig. 2. Ulcerogenic tumors of the pancreas. Incidence of 
malignant, metastasizing multiple types (ZOLLINGER, 1964) 

In the stomach there is hyperplasia of the 
parietal cells (MIEHER, 1962) which also extend 
to the antrum and are found in practically every 
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part of the stomach, probably due to chronic 
stimulation by gastrin. Hyperplastic glandular 
rods are demonstrable in the broadened hyper
plastic folds of the gastric mucosa, which is 
reminiscent of Menetrier's syndrome. Differen
tiation is, however, possible, as Menetrier's 
syndrome is often associated with hyposecretion. 
Recently it seems that two types of ZES may be 
differentiated: type 1 with a short history, very 
high levels of serum gastrin, hyperplasia of 
G-cells in the gastric antrum and no pancreatic 
tumor, and type 2 less extreme hypergastrinemia 
and a tumor in the pancreatic islets (POLAK, 
1972; Editorial, 1973). Still another type of 
ZES has been described where a gastric tumor 
arising from the antral G-cells producing gastrin 
caused the syndrome (ROYSTON, 1972). 

3. Clinical Features. Ulcer symptoms dominate 
the picture in nine-tenths of cases and the 
remainder suffer from diarrhea. In the acute 
course the ulcers with complications are the 
presenting features. The disease can, however, 
also begin with diarrhea and loss of weight 
which may persist for some years before the 
ulcers become manifest (20%). 

Oehydra\ i on .... 1111 ..... 11II .... 111 ..... 11 ____ -'162'!. 

Massive 

Hemorrhoge--==:JI.S·/, 

Multiple 

Perforation I - I 1",,'/. 
Obsl ruction I:?;\ (':/:?U 23 'I. 

Fig. 3. Symptoms and complications of ZES 

The ulcer most frequently (65% of cases) lies 
in the first two-thirds of the duodenum, and in 
a quarter of these just below the TREITZ'S liga
ment. The pain is often constant and it does 
not respond to antacids. Ventricular ulcers are 
next in frequency, occurring in 20%. Jejunal 
peptic ulcers are characteristic of ZES, and 
ulcers are occasionally found in the esophagus. 
The ulcers are multiple in 12-15% of cases and 
all the complications, such as massive hemor
rhage, perforation and obstruction, are common 
(Fig. 3, from ZOLLINGER, 1964). Ulcers regularly 
recur after conventional surgery. Although the 
symptoms of the ulcers in ZES are especially 
pronounced, they are not different in nature 
from those of the usual peptic ulcer. 

Serum gastrin levels rise in proportion as the 
serum calcium increases. In the Zollinger-Ellison 
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syndrome gastrin levels decrease after para
thyroidectomy and rise again during calcium 
infusions, but do not respond to administration 
of parathormone (TRUDEAU, 1969). 

Diarrhea in ZES (40%) is due to hyper
secretion and hyperacidity and the direct stimu
lus is irritation of the small intestine by large 
amounts of acidic gastric juices. The diarrhea 
ceases if the gastric juices are continuously 
suctioned off. When the gastric juices are 
aspirated and neutralized and then given intra
duodenally, they no longer cause diarrhea. The 
diarrhea is watery and reaches a volume of 5-10 
liters/24 hours. It is refractory to opiates and 
leads to severe dehydration and in particular to 
hypokalemia, with grave or even fatal conse
quences. 

The steatorrhea is also due to the hyper
acidic hypersecretion and inactivation of the 
pancreatic lipase. As much as 30 g or more of 
fat may be excreted in the feces, and sometimes 
the full picture of a malabsorption syndrome 
can be present. 

Islet-cell tumors rarely give rise to clinical 
symptoms. Even if malignancy is present the 
growth is slow and the course relatively benign. 

4. Diagnosis. Before it was possible to estimate 
gastrin in the blood, the diagnosis of ZES was 
mainly based on the demonstration of Hel 
hypersecretion. The basal secretion, which is 
independent of vagal stimulation, is consider
ably raised in ZES, and is only slightly stimulated 
by histamine or appropriate stimulants. Esti
mation of the 12-hour secretion by continuous 
suction must produce a volume of more than 
2 liters, with more than 100 mEq of free acid. 
One can never be certain that all the secretion 
has been obtained with a 12-hour estimation. 
A more reliable test is that of hourly basal 
secretion, which must yield a volume of more 
than 200 ml and an Hel content of over 20 
mEq/h. The comparison of the basal secretion 
to the secretion after the maximum histamine 
test (Kay test) is of particular value. The pro
duction of acid after maximum histamine stimu
lation is proportional to the number of the parie
tal cells. The rise after maximum histamine or 
histalog stimulation should not be more than 
60% and the ratio of the basal secretion to 
the maximum secretion in mEq Hel should 
be higher than 0.6. However, this test can 
also only give an indication of ZES since the 
basal secretion can vary considerably over the 
course of time, and the test may give false
positive or false-negative results (WINSHIP, 
1967). 

The most reliable diagnostic procedure now 
available is radioimmunological determination 
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of the fasting level of gastrin in the serum. The 
mean value differs from one laboratory to the 
other but is in the range of 20--150 pg/ml. In 
ZES the concentration is 10 times higher than 
normal, or even more (MCGUIGAN, 1968). 
However, an increasing number of ZES with 
serum values below 300 pg/ml has been reported 
(ISENBERG, 1973). Gastrin has been found in an 
islet-cell carcinoma with ZES in a concentration 
16 times higher than in the serum of the patient, 
but there are gastrinomas which do not store 
gastrin to any significant degree. 

Radiological examination of the gastro
intestinal tract can detect the following charac
teristic findings in ZES: 

1. Greatly increased fasting secretions, espe
cially in the stomach, duodenum and proximal 
jejunum. 

2. Frequently multiple ulceration, atypically 
situated (duodenum distal to the bulbus 19%, 
proximal jejunum 23%, several ulcers 10%). 

3. Greatly hypertrophic stomach folds, 
edema in the duodenum and jejunum. 

4. Megaduodenum. 
5. Hypomotility of the stomach and duo

denum with hypermotility of the small intestine 
(AMBERG, 1964). 

The tumors can sometimes be demonstrated 
angiographically by means of selective pan
creas-arteriography (CLEMETT, 1967). 

Detection of parietal cells in a biopsy spec
imen from the gastric mucosa in the antrum is 
further evidence of ZES. 

The diagnosis is not difficult when there is a 
classic familial history, evidence of multiple and 
atypical ulcers, acid hypersecretion and hyper
gastrinemia. Surgery is definitely indicated in 
such cases. If, however, these pathognomonic 
features are not found in the history and 
radiological examination does not reveal ade
quate evidence for the disease, the following 
procedures may help in establishing a diagnosis: 

1. Calcium infusion test (PASSARO, 1970). In 
patients with ordinary duodenal ulcer, infusion 
of calcium (12-15 mg/kg over 3 hr period) 
produces an increase in acid secretion which is 
far below maximal acid output (MAO). In 
ZES, secretion may rise to MAO values. 

2. Calcium injection test (PASSARO, 1972). 
Rapid intravenous injection of calcium (2 mg/kg) 
produces an immediate and prolonged rise of 
acid secretion in ZES but not in other ulcer 
patients. 

3. Secretin infusion test (ISENBERG, 1972). 
Secretin (3 U /kg per hr) usually inhibits acid 
secretion. In ZES, it may lead to increased acid 
secretion and hypergastrinemia far above basal 
levels. Similar observations have been reported 
with glucagon. 
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5. Therapy. If the diagnosis is certain or highly 
probable surgical intervention is definitely in
dicated. Although individual cases have been 
cured by the removal of a solitary non-B islet 
cell tumor, excision of the visible and palpable 
pancreas tumors is not, as a rule, sufficient in 
the face of the frequent multiplicity, malignancy, 
and ectopia of the tumors. Tumors or metastases 
which are overlooked give rise to recurrences. 
Combination with a conventional ulcer opera
tion is also pointless, since in ZES the border cells 
are found throughout the stomach, and even a 
gastric stump will lead to hypersecretion under 
the influence of gastrin and thus to recurrences. 
If a single tumor is found on exploration of the 
pancreas this can be removed, and if the basal 
secretions measured during the operation before 
and after removal of the tumor show a regres
sion and biopsy of the lymph nodes is neg
ative, it is reasonable to end the operation 
there and to await developments. In the case 
of multiple pancreatic tumors or of re
currences, the only certain measure to be 
considered is total gastrectomy and perhaps 
resection of the tail and body of the pancreas. 
ZOLLINGER has been advocating this procedure 
since 1958. 

It is not yet known whether competitive 
antagonists such as antigastrin, GIP (see p. 971 
and p. 975) or gastrin antibodies have potential 
therapeutic applications. 

6. Etiology and Pathogenesis. ZES is a group of 
symptoms of endocrine adenomatosis. This is 
an autosomal dominant hereditary disease with 
high penetration and varying expressivity and is 
pleiotropic. There is associated endocrine adeno
matosis in only a quarter of the cases of ZES. 
However, endocrine adenomatosis is found fre
quently among siblings, antecedents, and de
scendants of patients with ZES (see Chap. 
XVIII, p.10(7). 

The symptoms of ZES have been explained 
by the demonstration of gastrin in the non-B 
islet-cell tumors of ZES (GREGORY, 1960). ZES 
is due to the ectopic formation of gastrin, which 
is normally produced by the mucosa of the an
trum and not by the pancreas. 

Overproduction of gastrin is observed after 
gastric operations in which the antrum is re
moved from the rest of the stomach but is left 
attached to the pylorus (Billroth II modi
fication after FINSTERER). The gastrin pro
duction of the antrum can then no longer 
be inhibited by contact with the acidic con
tents of the stomach. This results in a maxi
mum secretion by the remaining part of the 
stomach, hyperacidity, and ulcers at the 
anastomoses. 
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/3) The Syndrome of Watery Diarrhea with Hy
pokalemia with Non-B Islet Cell Tumors 
(WDHA - Watery Diarrhea, Hypokalemia, 
Achylia) Syndrome, Verner-Morrison Syn
drome, Pancreatogenic Cholera). 

There is one variant of endocrine active non-B 
islet-cell adenoma which does not produce 
gastrin, but apparently does produce a sub
stance which stimulates tlte gut to an abnormally 
copious secretion particularly rich in potassium 
and may inhibit the gastric secretion at the same 
time (MARKS, 1967). This substance is at present 
hypothetical. Glucagon, secretin (ZoLLINGER, 
1968) GIP (ELIAS, 1972; Editorial 1973) or VIP 
(BLOOM, 1973) have been suspected. It must be 
postulated since the diarrhea disappears after 
the removal of these tumors, and gastric secre
tion resumes. Exclusion of HCI hypersecretion 
is essential for the diagnosis. Usually there is hy
po- or achlorhydria. This syndrome also has the 
same genetic basis as endocrine adenomatosis, 
and these tumors may be benign or malignant. 

1. Clinical Features. Massive watery diarrhea 
refractory to the usual treatment usually begins 
abruptly, and 10-20 liters are lost in up to 20 
evacuations in 24 hours. The excreta are 
especially rich in potassium and bicarbonate, 
so that hypokalemia with metabolic acidosis, 
as well as dehydration, azotemia, and shock 
arise. Hypercalcemia is seen in about half the 
patients. 

2. Therapy. Strangely, the diarrhea is consider
ably improved by 15-20 mg of prednisone 
daily. (Inhibition of kinin-activation? See p. 
977). The only causal treatment is complete 
removal of the tumor. In contrast to ZES, a 
gastrectomy is useless in this syndrome. Whether 
other syndromes, such as that with hypergly
cemia, are variations of this one has still to be 
confirmed or denied (LEGER, 1962; KNAPPE, 
1966; RAPANT, 1965). Hypokalemia itself leads 
to reduced glucose tolerance. 

b) Secretin 

Secretin was the first gastrointestinal hormone 
to be found. BAYLISS and STARLING created the 
term "hormone" for it in 1902. It has recently 
been purified and its structure clarified (JORPES, 
1962). It is a one-chained polypeptide of 27 
amino-acid residues of the following sequence 
(Fig. 4): It is strikingly similar in structure to 
His-Ser-Asp-Gly-Thr-Phe-Thr-Ser-Glu-Leu
Ser-Arg-Leu-Arg-Asp-Ser-Ala-Arg-Leu-Glu
Arg-Leu-Leu-Glu-Gly-Leu-VaI· NH2 
Fig. 4. Porcine secretin structure formula (MUTT, 1967) 
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glucagon (see p. 822), also having 14 identical 
amino-acid residues. It has recently been suc
cessfully synthesized (MUTT, 1967). 

Secretin stimulates the pancreas and the 
bile ducts to secrete water and bicarbonate. It 
inhibits gastric secretion of gastrin and peri
stalsis, but stimulates pepsin secretion. It also 
causes the release of insulin (see p. 748). It 
has a lipolytic action and some effects on the 
kidney and the cardiovascular system. Secretin 
is formed in the mucosa of the upper small 
intestine and is released in response to chemical 
stimuli [hydrogen ions, fatty acids (MEYER, 
1972)]. Its clinical importance is limited at 
present to the pancreas function test (DREILING, 
1958). It is still too expensive for trials in the 
treatment of ulcers. 

c) Cholecystokinin-Pancreozymin (CCK-PZ) 

In 1928 IVY and OLDBERG extracted chole
cystokinin from the mucosa of the upper sections 
of the small intestine. In 1943, HARPER and 
RAPER showed that an extract of the same 
mucosa stimulates the secretion of amylase, 
trypsinogen, and lipase in the pancreas. They 
called this gastrointestinal hormone pancreo
zymin. It releases the enzymes from the acinar 
cells and promotes enzyme synthesis (MORISSET, 
1971). Later, as more purified extracts became 
available it was possible to state that cholecy
stokinin and pancreozymin were the same 
intestinal hormone (MUTT, 1967). The only 
CCK-PZ so far isolated and investigated is 
porcine cholecystokinin. It may be that there 
are several species-specific cholecystokinins. It 
is composed of 33 amino-acid residues and has 
a molecular weight of 3900. The C-terminal 
octapeptide of porcine CCK-PZ is 

Asp-Tyr(S03H)--Met-Gly-Trp-Met
Asp-Phe-NH2 • 

In addition to its effects on the pancreas, 
CCK-PZ leads to the contraction and evac
uation of the gallbladder as well as to the 
relaxation of the sphincter of Oddi. It inhibits 
gastric secretion probably competitively to 
gastrin (BROOKS, 1970). It is released when the 
intestinal mucosa comes in contact with fats, 
peptones, and dilute hydrochloric acid. 

A rather crude preparation is used for 
radiological and clinical diagnosis of conditions 
affecting the gallbladder, and in surgery of the 
bile ducts (JORPES, 1964). 

d) Cerulein 

ERSPAMER and his group detected in the skin 
of different species of frogs a decapeptide and 
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a nona peptide, which they named cerulein and 
phyllocerulein respectively, with the following 
structure: 

Pyr-Gln-Asp--Tyr(S03 H)-Thr-Gly-Trp--Met-
Asp--Phe-NHz· 

Phyllocerulein lacks -Asp-- in the third position. 
There is a striking resemblance in chemical 
structure between the ceruleins and the C-ter
minal octapeptide of porcine cholecystokinin
pancreozymin and the C-terminal hexapeptide 
of the gastrin. The chemical similarity corre
sponds with a striking resemblance in the 
pharmacological effects, which are very similar 
or even identical to those of cholecystokinin
pancreozymin. This latter might be simply a 
carrier polypeptide from which a smaller hepta
or octapeptide is split off and liberated into the 
circulation when the flow of bile and pancreatic 
juice as well as intestinal movements are 
necessary for digestive processes. It has a very 
strong effect on the contraction of the gall
bladder, which is estimated at least 3 times more 
potent than that of CCK-PZ. In doses of 
5-30 ng per kg i.v. it has been used for chole
cystographic studies in patients. As CCK-PZ, 
it has a relaxant effect on the sphincter of 
Oddi. 

In human subjects, cerulein inhibits duodenal 
motility and stimulates jejunal and colonic 
motility and tone. 

In addition, it is a potent stimulator of 
pancreatic secretion, not only of pancreatic 
juice but also of amylase and bicarbonate. In 
the endocrine pancreas it stimulates the release 
of insulin. 

In the liver it stimulates the flow of hepatic 
bile. 
It has a similar but more potent effect 

than gastrin in stimulating acid secretion of the 
stomach; however, it can also inhibit the action 
of gastrin, probably in a competitive way. 

In addition, it seems to have a hypotensive 
action on the cardiovascular system, which, 
however, differs widely from species to species. 

Untoward side effects in man occasionally 
consist of a sensation of heat in the face with 
sweating, abdominal discomfort, and nausea of 
short duration. 

e) Hypotensive Polypeptide of Said and Mutt 
(VIP), Vasodilating Intestinal Polypeptide 

Recently, a new intestinal hormone of poly
peptide character has been extracted from 
porcine small intestine by SAID and MUTT 
(1970). The polypeptide has 28 amino-acid 
residues whose composition, but not the se
quence, is known. In contrast to the kinins, the 
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substance P, and other vasoactive peptides, it 
has no glycine or proline. 

The biological activity consists mainly in 
arterial vasodilatation with a hypotensive effect 
but with an increased total cardiac output. 
There seems to be no direct effect on the heart 
muscle although a stimulation effect on res
piration has been observed. 

In addition, it has a hyperglycemic effect 
corresponding to about two-thirds of that of 
glucagon. 

The hormone is inactivated in the liver, and 
thus probably has no effect on the peripheral 
circulation. The physiological function might 
be regulation of the intestinal blood flow and 
the blood sugar. It might have pathogenetic 
importance in liver cirrhosis early dumping 
syndrome and WDHA-syndrome (BLOOM, 
1973). 

f) "Gastric Inhibitory Polypeptide" (GIP) 

BROWN and PEDERSON purified GIP from a crude 
gastrointestinal extract containing CCK-PZ 
which inhibits the acid secretion of the 
stomach. Pentagastrin, stimulated H + secre
tion and secretion induced by hypoglycemia 
are also inhibited. This substance could be 
the gastrointestinal hormone released when fat 
is instilled into the duodenum. Porcine GIP is 
a polypeptide of 43 amino-acid residues, the 
sequence of which has been clarified by BROWN 
and DRYBURGH (1971). 15 of the first 26 
amino acids occur in the same position as 
they do in porcine glucagon and 9 of the 
first 26 in the same position as in porcine 
secretin. The calculated molecular weight is 
5105. 

g) Motilin 

BROWN and co-workers (BROWN, 1971) isolated 
a polypeptide from a side fraction produced 
during the purification of secretin, which pro
duced increased motor activity in the antrum 
and an increased pepsin output. This poly
peptide was purified and is composed of 22 
amino-acid residues with an N-terminal of 
phenylalanine. The composition of the amino
acid residues is entirely different from that in 
the other gastrointestinal hormones (BROWN, 
1972). 

h) Intestinal Glucagon (Enteroglucagon) 

It seems probable that glucagon extracted from 
A-islet cells of the pancreas and the one extracted 
from the duodenal mucosa are different poly
peptides (see Chap. XIII, p. 822). 
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2. Kinins 

More recent reviews can be found in ERDOS 
(1966), MELMOM (1967), WERLE (1967) and 
STURMER (1966). 

WERLE in 1937 considered the kinins as a sub
stance in the plasma activated by the saliva and 
responsible for releasing the contraction of 
smooth muscle. The kinins were isolated by 
ROCHA E SILVA in 1956, and were synthesized 
by BOISSONNAS in 1963. The term "kinins" 
IS today applied to the following three bio
logically active polypeptides of 9 to 11 amino
acid residues. 

a) Bradykinin or kinin 9. 
b) Kallidin (lysyl-bradykinin, kinin 10). 
c) M ethionyl-Iysyl-bradykinin (methyionyl

kallidin, kinin 11). 

Over 70 analogues have been synthesized 
and their actions been examined, so that the 
amino-acid residues responsible for the action 
are known. 
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The kinins are the most potent known 
vasodilators and need neither alpha- nor beta
receptors for their action. They produce pain 
and cause the contraction of smooth muscle 
fibers (bronchospasm, increased tone and motili
ty of the gastrointestinal tract). They increase 
capillary permeability and promote the migra
tion of leukocytes. 

The kinins are liberated from kininogen, 
an (X2-globulin which is specific to the species 
and is produced in the liver. They are liberated 
by kallikrein, a group of enzymes which occurs 
in the plasma, granulocytes, and different 
glands (salivary, tear, and sweat glands, pan
creas, kidney, gut). The plasma kallikrein can be 
activated by various physicochemical stimuli, 
but usually the presence of the Hageman 
factor, also essential for blood coagulation, 
is also necessary. Trypsin, however, can also 
activate kallikrein, that is, convert kallikrei
nogen into kallikrein. Inactivators of kallik
rein also appear to be normally present in 
the plasma. 

Kininogen (amino acid chain)----------------, 

I I 

~ Kinin 11 = methionYI-kallidi~ 
Kinin 10= kallidin 

I I Kinin 9= bradykinin Ni' 

.... Cys ... '~~;!:r:rg-I M'TY't'-PW-~:::::~:'-::~;k::: ~ s., V,IGlu-V,l-M"h (~ .... CY" .... 

r' -----'·--------Organic kallikrein -----j 

L--------~"Spontaneous release"-----j 
L-________________ Pepsin -----'-------------' 

'-------S-----------------------S----~ 

Fig. 5. Formation of kininogens and kin ins released by different enzymes. (According to WERLE, 1967) 

Inactive 
plasma- Glandular Granulocytes 

kallikrein~kallilkreCDilns :! ~~ ~62 :::~ules [Kidney 

~ /' ~ Plasma Activated Hageman G I~' b'd N 
~~f;:nan factor ranU~OC~;:L • .>~ .. "" /car oxypeptJ ase 

Q)CD CDQ)@@) ""'..7 ,:. 

Active 
PI kallikrein Kininases I . 
ki:~:~en ------------>, Kinins----------tlt-I ..... , p~~~:~:: 
(1X2 globulin)@ /v ~~ 0) 

. ~ Q) / Capillary 
Pam ® permeability 

Smooth Vasodilation 
muscle 
constriction 

Fig. 6. Interactions of the kallikrein-kinin-kininase system, illustrating the various sources of kallikrein, the participation of 
Hageman factor, the sources of kininases, and the steps at which the synthesis, breakdown and effect of the kinins are in
fluenced by pharmacologic agents. 1 glucocorticoids; 2 salicylates; 3 colchicine; 4 low oxygen, cyanide, EDT A; 5 EDT A, 
s-amino caproic acid; and 6 phenothiazines = blocking. 
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The polypeptide trasylol, obtained from 
bovine lungs, inactivates kallikrein in particular, 
and also trypsin, chymotrypsin, and plasmino
gen. Apart from kallikrein, trypsin and plasmin 
can also liberate kinins, but to a lesser degree. 
It is not yet certain to what extent the ~- and 
y-globulins PF (the permeability factors) are 
similar to kallikrein or to what extent they 
can activate this substance (ERDOS, 1966). Snake 
venom, bacterial enzymes, and pepsin can mobi
lize kinins. The active kin ins have an exception
ally short half-life. They are inactivated within 
seconds by the plasma granulocytes and kidney 
kininases at the C-terminal end so that their 
concentration in the plasma normally lies below 
2.5 ng/ml. 

The kininase in human plasma is ac
tivated by epinephrine. Chymotrypsin In

activates bradykinin. Carboxypeptidase-B in
hibits exogenous bradykinin. Kininases of the 
plasma are further inhibited by EDT A; E-amino
capronic acid inactivates the carboxypeptidases 
(for literature see KELLERMEYER, 1968). 

The physiological importance of the kinins 
is still unknown. They can have an effect on the 
change-over from the fetal to the neonatal 
circulation. Furthermore, they probably regu
late the blood flow to the active glands and 
muscles. Kinins increase the blood supply to 
the brain, the coronary vessels, and the skin. 
In the kidneys, plasma flow, diuresis, sodium
potassium excretion, and the free water clear
ance are increased. On the other hand, the 
kinins are thought to cause the release of vaso
pressin. There is a relationship with the catechol
amines which together with histamine are 
liberated by the kinins. Catecholamines are in 
turn mobilized through histamine. 
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burns and in shock (for literature see KELLER
MEYER, 1968). 

The activation of the kinin system is related 
to the coagulation of the blood - both are 
dependent on the Hageman factor. On the other 
hand, immunological processes in which kinins 
are liberated are also connected with kinin 
activation. 

Salicylic acid and glucocorticoids interfere 
with the activation of the kinins at different 
sites. This would partly explain their anti
inflammatory actions. 

3. Renin-Angiotensin II 

J. MULLER 

a) Definition 

Renin is an enzyme which can be extracted 
from kidney tissue. As a result of its interaction 
with a plasma protein, the renin substrate 
(angiotensinogen), the decapeptide angiotensin I 
is split off, which in turn is converted to the 
active octapeptide angiotensin II by a peptidase, 
the so-called converting enzyme. Angiotensin II 
itself is split into inactive peptide fragments 
by the action of different peptidases for 
which the collective term "angiotensinases" is 
used. 

Whereas renin is exclusively or predom
inantly formed in the kidney, all the other 
reactions of angiotensin metabolism can occur 
in the peripheral blood. It is, however, not yet 
known whether in the intact organism angio
tensin is produced predominantly in the kidneys, 
in the peripheral circulation, or in other organs 
under the action of stored renin. Nor do we 

Renin substrate-------> Angiotensin I -------> Angiotensin II -------->Inactive peptides 
(Angiotensinogen) i (Decapeptide) i (Octapeptide) f 

I I I 
I I I 
I I I 
I ' I 

Renin Converting Angiotensinases 
enzyme 

Fig. 7. Formation and degradation of angiotensin II 

The important characteristics of inflamma
tion (rubor, calor, tumor and dolor) can be 
pathophysiologically explained by the action 
of the kin ins. They are involved in endotoxin 
shock and in Quincke's edema, and are respon
sible for the flush in the carcinoid syndrome 
(see p. 986). 

In addition, the kinins are probably involved 
in the pathogenesis of pancreatitis, arthritis, 
foreign-body granulomas, transfusion accidents, 

know exactly which organs are responsible for 
the conversion of angiotensin I to angiotensin II 
and for the breakdown of angiotensin in vivo. 
From our present-day knowledge we can assume 
that changes in the concentration of angiotensin 
II in the plasma are due mainly to changes in 
renin secretion, whereas the remaining com
ponents of the renin-angiotensin system are 
usually present in excess. However, some find
ings have indicated that the concentration of 
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the renin substrate in the plasma is also under 
a physiological control, and it is possible that 
the conversion and breakdown of angiotensin 
are also variable. 

Only angiotensin II has the properties of a 
hormone and is biologically active. It is not 
known whether the other components possess 
further physiological functions in addition to 
their effects on the production of angiotensin. 

b) Biochemistry 

cx) Renin 

The exact structure is at present still unknown. 
Studies with gel-filtration chromatography and 
ultracentrifugation indicate that the molecular 
weight of renin lies between 40000 and 50000. 
Renin is a thermolabile protein with an iso
electric point between pH 6.5 and 7.5. 

From experiments with artificial substrates 
it can be assumed that renin splits the peptide 
bond between two leucine groups. The velocity 
with which purified renin liberates angiotensin 
from a standard substrate is linearly dependent 
on the renin concentration over a wide range 
and remains constant for a long period of time. 
Renin is also active in an electrolyte-free 
medium. 

The species-specificity of renin activity is 
limited. Human, canine, rabbit and rat renin 
also act on a bovine substrate. By contrast, 
human renin does not react with porcine 
substrate. 

Injection of renin of a foreign species leads 
to the formation of inactivating antibodies. 
Renin which is inactivated by acetylation remains 
antigenically active. Amazingly, it appears to be 
possible to provoke the formation of antibodies 
inactivating the endogenous renin in animals by 
treatment with renin of a foreign species 
(DEODHAR, 1964). 

~) Renin Substrate 

In the plasma, the renin substrate is found in the 
cx2-globulin fraction. SKEGGS (1963) succeeded 
in isolating three protein fractions from porcine 
plasma from which angiotensin-like peptides 
were split off during incubation with porcine 
renin. Three of these protein fractions could be 
purified to a high degree. These were glyco
proteins with a molecular weight of about 
57000 and an almost identical amino-acid 
composition. The organ of origin of renin 
substrate is still not definitely known. 

According to animal experiments by CAR
RETERO and GROSS (1967) the renin substrate 
concentration in the plasma is not only dependent 
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on the utilization but is possibly subject to a 
physiological regulation. Unilateral or bilateral 
nephrectomy, experimental renal hypertension, 
treatment with mineralocorticoids or excessive 
salt intake led to increased renin substrate levels. 
By contrast, low substrate concentrations were 
found following adrenalectomy and during sodi
um restriction. In humans, the plasma renin-sub
strate concentration is increased during preg
nancy (GOULD, 1966), whereas it is decreased in 
the rat (CARRETERO, 1967). An increased renin 
substrate level in the plasma may be of clinical 
importance in women in whom hypertension 
and hyperaldosteronism occur during treatment 
with oral contraceptives (LARAGH, 1967). 

y) Angiotensin I and Angiotensin II 

Structure: 

Angiotensin I (bovine) 
H2N-Asp-Arg-Val-Tyr-Ileu-His-Pro-Phe
His-Leu-COOH 

Angiotensin II (bovine) 
H2N-Asp-Arg-Val-Tyr-Ileu-His-Pro-Phe
COOH 

Synthetic-fJ-angiotensinamide II 
H2N-~Asp(NH2)-Arg-Val-Tyr-Val-His-Pro
Phe-COOH. 

Naturally occurring angiotensin II probably has 
a helical structure. The amino-acid composition 
of human angiotensin is unknown. Porcine 
angiotensin II (5-valine) and bovine angio
tensin II (5-isoleucine) are almost equally potent 
in man. The peptide most commonly used for 
therapeutical purposes is synthetic ~-angio
tensinamide II which has a prolonged effect, 
possibly due to increased resistance against 
angiotensinases. 

On isolated smooth muscle, angiotensin I 
is about 10 to 20 times less active than angio
tensin II. On the other hand, it is not certain 
whether angiotensin I itself has any effect on 
blood pressure. 

The structural basis of biological activity of 
angiotensin II has been established by many 
experiments with numerous analogues. A hexa
peptide with amino acids 3-8 is still weakly 
active. Phenylalanine must be in the terminal 
position and its carboxyl group must be free. 
A tyrosine in position 4 is obligatory (PAGE, 1962). 

0) Converting Enzyme 

The chemical nature of this factor is totally 
unknown. Chloride ions are necessary for the 
conversion of angiotensin I to angiotensin II in 
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the plasma. The experiments of NG and VANE 

(1967) indicate that in the intact animal con
version does not occur diffusely in the blood 
but mainly during circulation in the lungs. 

8) Angiotensinases 

This collective term includes several known 
proteolytic enzymes, such as trypsin, chymo
trypsin, leucine-aminopeptidase, carboxy-pep
tidase, pepsin and numerous unknown enzymes 
from tissue and erythrocytes. The angiotensinase 
activity of human plasma is very high. It is, 
however, not sufficient to account for the short 
biological half-life of the pressor effect of 
angiotensin II. Therefore, degradation probably 
occurs in part extravasally, in organs such as the 
liver, kidney, spleen or muscles. 

In the plasma, angiotensinase activity is 
found mainly in the cxl-globulin fraction. Amino
peptidase activity accounts for 60% of the total 
activity. A significant rise in the plasma angio
tensinase activity has been observed by different 
authors in acute and chronic liver diseases 
(BIRON, 1967). Plasma angiotensinases are only 
active in the presence of calcium ions and can 
be inactivated by EDT A. 

() Methods of Determination 

For methodology of plasma renin and angio
tensin determinations and their normal values 
see Chap. VII, p. 378. 

c) Physiology 

cx) Origin of Renin 

In the mammalian organism, the major part 
of renin originates from the kidneys. The kidneys 
can secrete renin into the blood, the lymph or 
the urine. Renin-like substances have been 
isolated from the placenta, uterus and sub
mandibular glands, but it is not definitely 
known whether they are identical to the renal 
renin . 

8asal
membrane 

Glomerular 
capillary 
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It is generally accepted that renin is predom
inantly formed in the vascular pole of the 
glomeruli. However, it is still controversial 
whether renin is produced by the juxtaglomerular 
epitheloid cells of the afferent arterioles, or 
rather by the neighboring macula-densa cells 
of the distal renal tubules. At present, there is 
no definite direct evidence supporting one 
theory or the other. In many experimental 
situations the granulation of the juxtaglomerular 
cells is parallel to the renin content of the 
kidneys and it is assumed by different investi
gators that these granules are representative of 
the production or storage of renin. Under normal 
conditions, renin is only produced in the outer 
third of the renal cortex. Increased amounts of 
renin, however, are found in the deeper layers 
in renal artery stenosis. 

~) Regulation of Renin Production and Secretion 

At present, renin production cannot be quan
titatively measured in an intact animal. Our 
present-day theories about the regulation of 
renin secretion are based on the estimation 
of renin concentration in the plasma or in renal 
tissue. Since the renin content in the kidneys 
changes in the same direction as the renin 
concentration in the plasma under most long
term experimental conditions it is assumed that 
production and secretion are controlled by the 
same regulating mechanisms. 

1. Receptors and Mediators 

Production and secretion of renin are influenced 
by renal and extrarenal factors. At present 
two theories of renal regulation are under 
discussion. They are based predominantly on 
morphological observations and on the assump
tion that the receptors of renin regulation are 
either identical to the renin-producing cells or 
in their immediate vicinity. 

Baroreceptor Theory. According to this theory, 
renin production is mainly regulated by changes 
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Fig. 8. Mo rphology or the juxtaglomeru la r appara lus. (F rom WOLFF. 1964) 
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in pressure. The receptors are situated in the 
wall of the afferent glomerular arteriole and 
register changes in arterial blood pressure, in 
vascular tone or in interstitial renal pressure. 

Macula-Densa Theory. According to the opinion 
of other authors, renin production changes 
predominantly in response to changes in the 
composition of the urine in the distal tubule. 
According to this theory, the macula densa 
cells are chemoreceptors registering changes in 
sodium flux. 

Neural Regulation. It is certain that renin 
production is influenced by the sympathetic 
nervous system. However, we do not know 
whether this is by direct stimulation of the renin
producing cells or by indirect amplification of 
the stimuli acting on the two postulated intra
renal receptors. The juxtaglomerular apparatus 
is richly supplied with non-myelinated nervous 
fibers. Denervation of the kidney leads to a fall 
in its renin content. Infusion of catecholamines, 
tyramine or dimethylphenylpiperazine into the 
renal arteries induces increased renin secretion. 

Hormonal Regulation. Angiotensin exerts a 
negative feedback effect upon renin production. 
This suppression of renin production is in
dependent of the plasma aldosterone level or of 
renal arterial blood pressure. Infusion of aldo
sterone into the renal artery of a sodium
deficient animal does not suppress renin secre
tion. It is uncertain whether hormones other 
than catecholamines and angiotensin can di
rectly influence renin production. 

2. Variations in Renin Secretion under Physio
logical and Pathological Conditions 

Biological Rhythms. In normal humans, there 
is a circadian rhythm of plasma renin concen
tration which is independent of posture and 
food intake. In recumbent subjects, the highest 
values were found between 2 and 8 a.m., the 
lowest values between noon and 6 p.m. (GORDON, 
1966). 

Upright posture leads to a steep increase in 
plasma renin concentration, but the increment 
is larger in the morning than in the afternoon. 
The rise of renin can be suppressed by bandaging 
the lower half of the body. 

In normal women, plasma renin concen
tration increases during the luteal phase of the 
menstrual cycle. 

Sodium Balance. Acute or chronic sodium 
deficits due to a sodium-deficient diet, sali
diuretics, tubular sodium loss, Addison's disease 
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or adrenalectomy lead to a marked increase in 
plasma renin concentration, excessive oral or 
parenteral sodium intake or treatment with 
mineralocorticoids to decreases in renin con
centration. 

Alterations of Circulating Blood Volume. Hemor
rhage or hypotension lead to an increased 
secretion of renin whatever the etiology. An 
increase in renin production in thirst and in 
edematous diseases (cirrhosis of the liver, 
nephrosis) is probably also due to a decrease in 
circulating blood volume. Elevated renin con
centrations are not usually found in patients 
with untreated congestive heart failure. 

Hypertension. Normal or low plasma renin 
values are found in benign essential hyper
tension. In renal or malignant hypertension, the 
plasma renin concentration is often but not 
always elevated. There is no correlation between 
hypertension and the renin concentration; on 
the other hand, there is a reversed correlation 
between the sodium concentration and the renin 
concentration in the plasma. However, it is not 
certain whether the low plasma sodium con
centrations found in some patients with renal 
hypertension are the cause or a consequence of 
the elevated renin level. 

Pregnancy. Plasma renin concentrations are 
within the normal range in approximately 50 
percent of normal women throughout preg
nancy. In the others, plasma renin concentration 
increases during early pregnancy, stays at a high 
level until delivery and then decreases rapidly to 
normal values. The renin may be formed partly 
by the placenta. Normal or decreased renin 
values are observed in preeclampsia. 

y) Physiological and Pharmacological Effects 
of Angiotensin II 

1. Effects on the Circulation 

Blood Vessels. Angiotensin II has a marked vaso
constrictive effect mainly on the precapillary 
vessels, whereas its constrictive effect on the post
capillary vessels and the veins is only weak. Its 
predominant effect is on the vessels of the skin, 
of the splanchnic area and of the kidney, result
ing in an acute reduction of the blood supply of 
these organs. Its effects on the vessels of skeletal 
muscles and on cerebral, coronary and pulmo
nary circulation are considerably less pro
nounced. 

Heart. In vitro, angiotensin exerts a positive 
inotropic effect on the cardiac muscle (KOCH-
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WESER, 1964). However, it is very questionable 
whether it exerts the same activity in vivo. 

Blood Pressure. Angiotensin II is one of the most 
potent hypertensive agents. On a molar basis, it 
is 40 times more active than noradrenaline. 
Even a dose of 2 ngjkgjmin can lead to a con
siderable rise in blood pressure. After an intra
venous injection of angiotensin II the blood 
pressure reaches a maximum within one minute 
and becomes normal again within five minutes 
without a secondary fall below normal. Since 
the pressor activity of angiotensin is still demon
strable after adrenalectomy, sympathectomy, 
and cordotomy, as well as during treatment 
with atropine, ganglion blockers and adrenergic 
blockers, it is assumed that it acts directly on the 
vascular muscles. However, a stimulatory effect 
on the symphathetic nervous system may con
tribute to its overall effect on blood pressure. 

Adrenal Medulla. Angiotensin acts directly on 
the chromaffin cells and leads to the release of 
catecholamines. 

2. Effects on the Kidneys 

Angiotensin causes an acute decrease in the 
renal blood supply and thus decreases the 
glomerular filtration rate. As a result, there is 
a decrease in water and electrolyte excretion. 
This antidiuretic effect has been observed mainly 
in humans and dogs. On the other hand, angio
tensin inhibits sodium reabsorption in the distal 
tubules and thus leads to sodium and water 
diuresis. This diuretic action has been observed 
mainly in rabbits and rats. However, it is also 
demonstrable in man under certain conditions. 
Certain forms of renal hypertension lead to 
sodium loss. Administration of angiotensin in 
patients with cirrhosis of the liver and ascites 
leads to a marked salt-and-water diuresis. 

3. Effects on the Adrenal Cortex 

Angiotensin in small doses specifically stimulates 
the biosynthesis and secretion of aldosterone. In 
many cases of so-called secondary aldosteronism, 
an elevation in aldosterone secretion rate ap
pears to be directly related to an increased renin 
production. Alterations of aldosterone secretion 
in response to alterations in sodium balance are 
at least partly mediated by the renin-angiotensin 
system. 

4. Effects on Smooth Muscles 

Angiotensin not only provokes contractions of 
vascular smooth muscles, but has a similar effect 
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on the smooth muscles of the gut, uterus, gall 
bladder, seminal vesicles and ureters. These 
effects, however, are at least partly mediated by 
the autonomic nervous system. Thus, the effect 
of angiotensin on guinea-pig ileum can be partly 
suppressed by atropine. 

d) Hyperfunctional and Hypofunctional Clinical 
Syndromes of the Renin-Angiotensin-System 

Recently, 6 cases of renin-producing renal 
tumors, "hemangiopericytomas", originating 
from the juxta glomerular cells have been 
observed. The patients had hypertension and 
in a late phase hypokalemia as patients with 
primary aldosteronism. However, renin activity 
in the serum was high and especially elevated in 
the venous plasma from the affected kidney. 
After operations, the patients were cured, and 
renin-like enzyme could be extracted from the 
tumors. Also other, more common tumors as 
Wilms's tumor, may occasionally be associated 
with "primary reninism" and hypertension in 
children (Leading article, 1973; CONN, 1972). 

On the other hand, isolated hypoaldo
steronism with recurrent weakness and blurring 
of consciousness with hyperkalemia can be due 
not only to blocked biosynthesis of aldosterone, 
but apparently also to a deficiency of renin. 
Infusion of angiotensin II corrects plasma 
aldosterone, and the patients are successfully 
treated with fludrocortisone (Leading article, 
1973; BROWN, 1973). 

4. Substance P 

In 1931 EULER and GADDUM described a new 
type of substance, probably of peptide struc
ture, in extracts of the brain and gut. This sub
stance, even in the smallest amounts, stimulated 
smooth muscle, salivary secretion and caused a 
fall in blood pressure. 

This substance P, has now been purified, 
it's amino-acid sequence clarified; and recently 
it has been synthesized (CHANG, 1971; TREGEAR, 
1971). It is a one-chain hendecapeptide. 

Substance P is found in the intestinal tract 
and in the nervous system of man and of all the 
vertebrates examined (HAEFELY, 1962; LEMBEcK, 
1962; ZETLER, 1963). 

Substance P causes most of the organs with 
smooth muscle to contract and causes the blood 
pressure to fall as a result of peripheral vaso
dilatation (PERNOW, 1953). Based on the grounds 
of occurrence of substance P in the central 
nervous system and on certain actions of 
poorly purified preparations, it has been pos
tulated that the polypeptide has some function 
as an inhibitory transmitter substance at cen-
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tral synapses (LEMBECK, 1962; ZETLER, 1963). 
Experiments with highly purified preparations, 
however, did not provide evidence of the 
specific neurotropic property of the substance 
(HAEFELY, 1962; BAILE, 1967). The assess
ment is, however, encumbered by the exceptional 
instability of the purified substance. An enhance
ment of intestinal peristalsis seems to be its most 
probable physiological action. 

The hendecapeptides Eledoisin, extracted 
from Salivary glands of cephalopods and Phy
salaemin, isolated from amphibian skin, have a 
similar constitution and similar effects. 

5. VEM and VDM (Vasoexcitor and Vaso
depressor Substances) 

In 1945, SHORR, MAZUR, and BAEZ discovered 
the vasoactive substances VEM and VDM 
during their studies of experimental shock. There 
is still a difference of opinion about whether 
these substances should be termed "tissue 
hormones", and this can only be settled after the 
physiological importance of these substances 
has been finally determined. 

VDM is formed in the liver, spleen, and 
skeletal musculature. VEM is formed by the 
kidneys. The VDM produced in the liver has 
been identified as the Fe-containing protein, 
ferritin. Its hypotensive action is bound with 
its reduced sulfhydryl-ferro form. It loses its 
effect in the oxidized state. This is thus dependent 
on the prevailing oxygen tension. Apart from 
this, the adrenocortical hormones, protein in
take, and ascorbic acid influence its activity. 
Ferritin reduces the reactivity of the capillaries 
to adrenaline, especially in the splanchnic area. 
In addition, it is thought to have an antidiuretic 
effect via the release of vasopressin and also has 
a function in the storage and liberation of iron. 
Very little is known about the nature of the 
VDM of muscular origin and of the hypertensive 
VEM. 

6. Parotin 

It is still uncertain whether a protein extracted 
from the glandula parotis and glandula sub
maxillaris, which stimulates calcification of the 
connective tissue in certain mammals, especially 
the teeth, lowers the serum calcium, and favors 
leukocytosis, is a hormone or not (ITO, 1960). 
Further, a protein NGF has been extracted from 
submaxillary glands of mice, which stimulates 
the growth of sympathicus nerve cells in the 
mammal (COHEN, 1960; LEVI-MoNTALCINI, 
1968). Other factors from the same source are 
said to stimulate the erythropoietin and the 
granulocytes (LEVI-MoNTALCINI, 1968). 

Tissue Hormones 

C. Glycoprotein: Erythropoietin 

In 1906 CARNOT and DE FLANDRE observed that 
serum of anemic rabbits promoted the produc
tion of erythrocytes in the normal animal. This 
substance, now named "erythropoietin", has 
received intensive attention only in the past 
20 years. 

Erythropoietin is a glycoprotein, or a poly
peptide with carrier protein. It is probably an 
alpha-globulin with a molecular weight of 
28000-33000, containing neuraminic acid, 
7-8% hexoses, hexosamine and sialinic acid. 
Despite a SOOOO-foid concentration from serum 
of anemic sheep, especially by means of ionic 
exchange chromatography, the hormone has 
still not been produced in purified form. In spite 
of weak antigenic properties, antibodies are 
retained which neutralize erythropoietin in vivo 
and in vitro. The antigen-antibody reactions are 
not species-specific (SCHOOLEY, 1962). 

There might be a renal erythropoietic factor 
which converts a substance formed in the liver 
to active erythropoietin. 

An insufficient oxygen supply is an adequate 
stimulus for the formation or release of erythro
poietin. Thus, hypoxia and severe anemia can 
cause a rise in the plasma content, whereas the 
erythropoietin level falls with over-transfusion 
or with the return to sea level after adaptation 
to heights. The daily production, according to 
the urinary excretion, is estimated to be 4.0 U 
(WHO Standard B) with variations of 1.2-9.S U 
(ADAMSON, 1966). 

Hormones of the pituitary, gonads, thyroid, 
adrenal cortex and medulla are nonspecific 
stimulators of erythropoiesis. Androgens pro
mote the formation of erythropoietin directly, 
whereas estrogens inhibit it. 

Erythropoietin acts on the parent cells of the 
bone marrow and stimulates their differentiation 
into erythroblasts. It also seems to govern the 
rate of hemoglobin synthesis in the erythro
blasts already differentiated. Further Cobalt 
ions increase the formation of erythropoietin. 
The erythropoietin content of the blood falls 
after nephrectomy and can no longer be stimu
lated by cobalt. Erythropoietin is formed mainly 
in the renal tissues, probably in the juxtaglo
merular apparatus. It is possible that a small 
amount is also produced extra-renally. 

Erythropoietin in the plasma is increased in 
all sufficiently severe cases of anemia. Erythro
poietin is excreted in the urine in amounts 
definitely dependent on the severity of the 
anemia. 

The erythropoietin is demonstrated by meas
urement of the 59Fe incorporated into the 
erythrocytes in the overtransfused mouse after 
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administration of the serum or urine extract to 
be examined. 

Renal tumors which give rise to polyglobu
lism contain and produce more erythropoietin. 
Erythropoietin is also accumulated in the fluid 
of renal cysts, in the cysts of cystic kidneys, and 
in hydronephrosis. This can lead to polycythemia 
probably secondary to partial ischemia of kidney 
tissue (ADAMSON, 1968). There is a series of other 
tumors known to lead to secondary polyglobu
lism. 

D. Amines 

1. Serotonin (5-hydroxytryptamine, enteramine) 

Serotonin is formed in the enterochromaffin or 
argentaffin cells of the gastrointestinal tract as 
well as in the central nervous system. Mast cells 
form serotonin in the rat and mouse, but not in 
man. Serotonin probably acts as a local hormone 
(parakrinial), and can exert distant effects by 
means of the bloodstream in which it is trans
ported predominantly by the thrombocytes. The 
blood platelets can concentrate serotonin from 
the plasma by more than a thousand fold, the 
uptake capacity being dependant of an intact 
energy metabolism with a normal A TP content. 
The abundance of serotonin in the spleen is 
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probably due to the accumulation of thrombo
cytes. In the central nervous system, the hypo
thalamus in particular contains large amounts 
of serotonin and catecholamines, whereas the 
pineal body also forms the serotonin derivative, 
melatonin (see Chap. IV, p. 73). 

a) Biochemistry 

The biosynthesis of serotonin from tryptophane 
occurs by processes similar to the synthesis of 
the catecholamines from phenylalanine. Some 
of the same enzymes are employed. The dopa
decarboxylase also decarboxylates hydroxytryp
tophane to hydroxytryptamine. 5-Hydroxyla
tion by tryptophane-hydroxylase is the first step. 
Under normal conditions, about 1% of the 
tryptophane taken in with the food is converted 
to serotonin. This percentage can rise to 60% 
under pathologic conditions such as the car
cinoid syndrome. 

Breakdown occurs in the first place through 
the actions of monoamine oxidase, which con
verts the serotonin into hydroxy-indole acetic 
aldehyde. Monoamine oxidase is also involved 
in the breakdown of a series of other amines but 
shows a preference for serotonin. 5-Hydroxy
indole acetic acid is formed from the aldehyde 
through an aldehyde dehydrase and is then 
excreted through the kidneys. The individual 
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Fig. 9. Biosynthesis and metabolism of 5-hydroxytryptamine (serotonin). (From CERLETTI, 1958) 
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Table I. Inhibitors of formation and degradation, releasing factors and antagonists of serotonin. (According to LEMBEcK, 
1962) 

Inhibitory substances Enzymes Liberators Antagonists 

Tryptophane 

1 
Hydroxy tryptophane 

ex-Methyl-Dopa, 
Phenyl acetic acid Decarboxylase --1 

Hydroxytryptamine 
(Serotonin) 

Reserpine et al. LSD, Deseril, 
Medomin. etc. 

Iproniacide, Niamide et al. Monoamine oxidase --1 
Hydroxyindole acetic acid 

stages of the building up and breaking down 
processes can be inhibited by enzyme inhibitors. 
This, however, is only of theoretical interest and 
cannot be used therapeutically (see p. 970). 

b) Physiology 

In 1966 a handbook of 724 pages on hydroxy
tryptamine was published. Although the pharma
cological research of serotonin is very advanced, 
little is known about its physiology. Reserpine 
and similar compounds liberate serotonin from 
the brain and the thrombocytes, yet they have 
only a slightly similar effect on the enterochrom
affin cells of the intestinal tract. Almost nothing 
is known about the physiological releasing 
mechanism. Adrenaline and noradrenaline can 
liberate serotonin. The only probable physio
logical action of serotonin known today is the 
increase in the motility of the gut. i.e., a fall in 
the stimulus threshold for mechanical influences 
acting on the Meissner's plexus to release peri
staltic waves. 

It is not known whether serotonin has any 
effect on blood coagulation through the de
struction of the thrombocytes which is associated 
with the liberation oflarge amounts of serotonin. 
Depletion of serotonin stores through large 
amounts of reserpine does not produce a pro
longed bleeding time. It is possible that in the 
case of a pulmonary embolus, the serotonin 
liberated through the destruction of platelets 
increases the pressure in the pulmonary circu
lation slightly. Only unphysiologically high 
doses of serotonin have an antidiuretic action, 
probably because they release vasopressin. It 
has no effect in diabetes insipidus (REBER, 1956). 
The renal blood supply is not influenced by 
physiological doses. The physiological signific
ance of serotonin in the brain is still unexplained. 
Depletion of the stores by means of reserpine or 
para-chlorophenylalanine leads to depression, 
insomnia and hallucinations. The insomnia can 
be counteracted in animal experiments by the 

administration of 5-hydroxytryptophane (JOU

VET, 1967). The concentration of serotonin in 
the brain varies during day and night, so that 
serotonin has also been called "somnotonin" 
(KOELLA, 1970). The hallucinogenic lysergic acid 
diethylamide is an antagonist to serotonin in 
various peripheral organs. However, it has not 
yet been proven that its actions are due to the 
inhibition of serotonin. Iproniazide, a mono
amine oxidase inhibitor, results in the accumula
tion of serotonin in the brain, and is described as 
a psychoenergetic agent by the pharmacologists. 
It inhibits the breakdown of the catecholamines 
as well as of serotonin. 

c) Carcinoid Syndrome 

Today it is doubtful whether the carcinoid syn
drome is due entirely to the over-production of 
serotonin. However, there is, almost without 
exception, increased production of serotonin 
in this syndrome. Over-production of serotonin 
is probably responsible for individual symptoms 
if not the cause of the syndrome. Carcinoid syn
drome is dealt with here for these reasons as a 
hyperfunctional syndrome of the tissue hormone, 
serotonin. 

0:) Morbid Anatomy 

The carcinoid syndrome has two main forms 
(Table 2); the pseudocarcinoid syndromes, i.e. 
groups of symptoms simulating carcinoid syn-

Table 2. Different forms of carcinoid syndrome 

Tumor Clinical Biochemistry 
symptoms 

I. Typical Carcinoid Typical Typical 
carcinoid 
syndrome 

2. Atypical a) Carcinoid Atypical Atypical 
carcinoid b) Noncarcinoid Typical Typical 
syndrome 
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Fig. 10. Carcinoid syndrome. S 1597/53, 76-year-old male. Upper left: Fibrous thickening of the tricuspid valve and of the 
endocardium in the right atrium. Upper right: Chronic fibrous endocarditis of the pulmonary valves with pulmonary stenosis. 
Lower left: Hepatic metastasis of a carcinoid of the ileum. Lower right: S 726/56, 65-year-old male with metastasizing car
cinoid. Polyp-like fibrous thickening of the endocardium in the right atrium 

drome, must be differentiated from these two 
forms. 

Carcinoids. Carcinoids are usually situated in 
the gastrointestinal tract, primarily in the thin 
bowel, in the appendix and less often in the stom
ach, the colon, or in Meckel's diverticulum. 
Carcinoids, however, also occur in the bronchial 
tree or in teratomas of the ovaries or testicles. 
Carcinoids of the gastrointestinal tract derive 
from argentaffin or enterochromaffin cells char
acterized by their affinity to silver salts which 
they reduce without reducing agents to metallic 
silver and form granular black precipitates in 
the cytoplasma of these cells. A part of the 

tumor is, however, only argyrophil, i.e., the 
granula are made black by silver salts only if 
a reducing agent is added. The argentaffinity is 
very labile and can disappear within two hours, 
so negative findings are to be cautiously con
sidered. There is no parallel between the fre
quency of the carcinoids in the different parts 
of the gut and the number of the argentaffin 
cells in the corresponding parts. Primary tumors 
of the gastrointestinal tract are usually small, 
the size of a cherry, and occasionally multiple. 
The metastases occur especially in the mesen
terial lymph nodes and in the liver. They can 
also occur in more distant parts. The full-blown 
carcinoid syndrome usually only occurs if meta-
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stases in the liver have developed. Mass and 
extension of the metastases do not parallel the 
intensity of the syndrome. Carcinoids outside 
the portal system, e.g., carcinoids in teratomas 
of ovaries and testicles, can produce a full 
carcinoid syndrome without metastases. The 
carcinoids of the bronchial tree produce the 
syndrome only if liver metastases occur. The 
carcinoids of the stomach produce especially 
atypical syndromes (see p. 990). This type 
seems to produce predominantly bone meta
stases. 

Other Tumors with Carcinoid Syndrome. Ana
plastic, particularly oat -cell bronchial carcinoma, 
can produce the carcinoid syndrome without 
typical carcinoids. Also, medullary carcinoma 
of the thyroid, tumors of the pancreas, and 
especially of the islets, as well as other tumors 
can produce the syndrome. 

Cardiac Changes. The most impressive second
ary symptoms are the changes in the heart. 
Metastasizing thin-bowel carcinoids, changes of 
the tricuspid and pulmonary valves with pul
monary stenosis form a typical triad (ISLER and 
HEDINGER, 1953). The changes in the endo
cardium are due to a thickening of the tricuspid 
and pulmonary valves with a strange frosting
like mass which spreads over the surrounding 
parts of the endocardium of the right atrium, 
right ventricle, and the pulmonary artery (Fig. 
10). The thickening consists of a tissue rather 
rich in cells with a basophilic and metachromatic 
ground substance spread over the endocardium. 
Occasionally, the valves of the left heart can 
also be attacked, especially if there is a shunt 
between the right and the left heart, for instance 
if there is an open foramen ovale. 

Vascular Changes. In the regions where the flush 
occurs, there are enormous dilatations of the 
subepidermal capillaries (angioma tehmgiecta
ticum - SCHOLTE, Steiner-Voerner syndrome 
-PARKES-WEBER) with edema and basophilic 
infiltration of the surrounding collagen tissue. 
After removal of the tumor these changes may 
regress. 

Other Findings. Besides the flush and its se
quelae, a kind of pellegra may occur which dis
appears after removal of the tumor or after 
treatment with niacin. Occasionally, a thickening 
of the collagen tissue of the pelvis with a ring
like wall around the bladder and the rectum has 
been ohserved. There are no significant inflam
matory infiltrates. It is possible that there is 
fibrosis as a sequel to accumulation of agents 
which act on the connectIve tissues and are se-

Tissue Hormones 

creted by the metastasizing carcinoid into the 
abdominal cavity. 

~) Frequency and Incidence 

Asymptomatic carcinoids are found relatively 
often. In 0.65% of all necropsies there are small 
carcinoids in the gastrointestinal tract. Car
cinoids are found in about 0.2-0.5% of the 
surgically removed appendices. Classic car
cinoid syndromes are, however, relatively rare. 
WALDENSTROM (1962) in Malmo observed 6 
cases in a population of about 200000 persons 
within a period of 10 years. In the same period, 
there were three cases of pheochromocytoma 
and only one active insuloma. 

Atypical carcinoid syndromes with simul
taneous hyperinsulinism, ACTH overproduc
tion, prostaglandin secretion, histamine release, 
etc. are rarities. Carcinoid syndromes due to 
other types of tumors or carcinoids in endo
crine adenomatosis seldom occur. The relative 
frequency of different localizations of carcinoids 
is reviewed in Table 3. 

Table 3. Localization and incidence of carcinoids 

Localization Incidence Argentaffinity 
(%) Carcinoid Normal mucosa 

Bronchial tree I Rarely (+) 
Stomach 3 Rarely ++++ 
Pancreas Rarely Often (+ ) 
Duodenum 2" Mostly +++++ 
Jenunum } 33" Mostly Ileum ++ 
Meckel's 

diverticulum I Often ++ 
Appendix 46 Often ++ 
Colon 2 Not always + 
Rectum I Rarely +++ 
Bile ducts 0.2 Rarely + 
Hamartomas Rarely Variable 
Teratomas Rarely Variable 

" Craniocaudal increase in incidence. 

The statistics published by MOERTEL (1961) 
show a male preponderance of approximately 
2: 1. The patients are mostly between 50 and 60 
years old. The syndrome has, however, also been 
found in juveniles and elderly people. 

y) Clinical Features 

The clinical illness is dominated by the following 
four cardinal symptoms: 

1. Skin symptoms: flush, constant cyanosis, 
telangiectases. 

2. Gastrointestinal symptoms: colic, diar
rhea, obstruction. 
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Skin 

Respiratory system 

Gastrointestinal tract 

Symptom 

Flush 

Constant cyanosis 

Telangiectasias 

Pellagra-like dermatosis 

Asthma 

Diarrhea 

Colic-like abdominal pain 

Ileus or su bileus 

987 

Incidence %-+ 

129 

25 

35 

9 

26 

107 

70 

21 

~93.5 

~18.1 

~25.2 

~6.5 

~18.9 

~77.5 

~50.7 

~15.2 

Heart Endocardial fibrosis in the right ventricle 
(aut optically) or valvular alteration 
proven by heart catheterisation 

55 ~39.9 

Endocardial fibrosis of the left ventricle 
(only detected by necropsy) 18 ~13.1 

26 ~18.9 
Water balance Oliguria or edema 

(no signs of cardiac diseases) 

Articulations J oint pains, "Arthritis" 10 ~7.3 

Tumor Palpable tumor of the liver 86 ~62.4 

Body weight Weight loss 65 ~47.1 

Fig. II. Type and incidence of symptoms in typical carcinoid syndrome in 138 patients. (According to KAHLER, 1967) 

3. Respiratory symptoms: bronchial asthma, 
tachypnea, hyperpnea. 

4. Cardiac symptoms: pulmonary stenosis, 
tricuspid insufficiency, right-sided failure. 

The frequency of the main and minor symp
toms is given in Fig. 11. 

The symptoms start slowly and the course 
may be drawn out over years or even decades 
since the tumors grow slowly and are relatively 
benign in spite of metastases. On average, 
however, the illness lasts for 2-4 years, and the 
long-term prognosis is poor with very few ex
ceptions. 

1. Skin Symptoms. The most characteristic and 
pathognomonic symptom in the typical course 
of the disorder is the flush: a striking reddening 
of the face, consisting of large spots or patches, 
which may change into cyanosis and may be 
associated with a sensation of heat. The dura
tion of an attack and the frequency can vary 
greatly. As a rule, the attacks last for a few 
minutes but may last for hours. At the beginning 
they arise monthly or weekly. Later, they can 
occur several times a day. The flush develops 
spontaneously at any time, but it is especially 
frequent on wakening. It can, however, be 
precipitated by physical exertion, excitement, 
intake of food, especially of alcohol, and by 

mechanical pressure on the tumor or on meta
stases. In addition to the unpleasant sensation 
of heat, the patients suffer from congestion in 
the head and sometimes from nausea and vomit
ing. They may experience a burning in the areas 
of skin involved. Itching seldom arises. The 
flush goes through three stages. First the pre
capillary arterioles become dilated. Cheeks and 
nose become brick red, and the reddening 
spreads to the neck, thorax and perhaps the ex
tremities. The conjunctivas are injected. The skin 
then becomes purplish red. At the same time 
edematous swelling arises, especially in the lips 
and lids. The skin is hot. In the subsiding phases, 
patchy cyanosis develops - the arterioles are 
constricted and the capillaries dilated. The skin 
is then cold. The cardiac output is first reduced, 
then increased. Tachycardia develops, with 
slightly elevated diastolic and systolic pressures. 
Finally, hypotension arises, and collapse may 
ensue. 

Apart from the flush during attacks, per
sistent reddening of the face may develop, and 
finally, constant cyanosis due to local hemostasis 
in the dilated capillaries. The telangiectases on 
the nose and cheeks are characteristic. They may 
disappear after the tumor has been removed. 
Finally, pellagra-like changes become noticeable 
in the skin as goldenbrown pigmentation in the 
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face and on the back. Hyperkeratosis may be 
associated with stomatitis, glossitis and vulvitis. 

2. Gastrointestinal Symptoms. These arise early 
in the form of irregular watery diarrhea and 
colic-like attacks of pain. They may occur 
together or separately. Loud borborygmi are 
characteristic. Colic and diarrhea occur either 
occasionally or as often as 20 times daily. The 
feces may contain undigested food, and radio
logical examination reveals exceptionally accel
erated motility of the gut. Occasionally steator
rhea may develop. 

Obstruction, sub-ileus, and ileus are due to 
the primary tumor or the metastases. 

Finally, in over 50 percent of cases, a tumor 
is palpable in the liver. 

Diarrhea and colic may arise with the flush 
or independently. 

3. Respiratory Symptoms. As a rule, the flush is 
associated with tachypnea and hyperpnea, which 
is usually accompanied also by bronchial spasm 
with typical bronchial asthma. Occasionally the 
asthmatic symptoms may precede the typical 
carcinoid symptoms. The asthma varies from 
breathing with mild stridor to extremely severe 
attacks with asphyxia. 

4. Cardiac Symptoms. Endocardial fibrosis in
volves predominantly the right side of the heart. 
Changes in the left side of the heart have only 
been found at autopsy and almost exclusively 
with pulmonary carcinoid or with intra
cardial shunts. The cardiac changes are a late 
symptom, and they are irreversible. In rare cases 
the pericardium is slightly affected by fibrosis 
as well as the endocardium. Half the patients 
with cardiac involvement die of cardiac failure; 
pulmonary valvular stenosis, occasionally com
bined with mild pulmonary insufficiency and 
all the corresponding typical auscultatory find
ings, dominates the clinical picture. The values 
obtained by cardiac catheterization are also 
typical. The ECG shows right ventricular over
load and damage. The X-ray may reveal a pro
truding pulmonary arch. The right ventricle 
does not become enlarged until cardiac failure 
develops. Tricuspid insufficiency usually arises 
only when the pulmonary stenosis leads to 
increased pressure. The right side of the heart 
soon becomes insufficient and fails. Tricuspid 
insufficiency can be recognized from the venous 
and hepatic pulsations. 

5. Other Symptoms. Disturbances in water bal
ance - oliguria, edema, and occasionally ascites 
and pleural effusions - are less frequent symp
toms. They may also occur in the absence of 
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cardiac failure. Their development cannot 
be readily explained. Serotonin is thought 
to increase the venous pressure and capillary 
permeability. 

Joint pains in small and large joints, occa
sionally with slight inflammatory signs, do not 
necessarily correspond to true arthritis. Duo
denal ulcers are thought to occur frequently. 

Cases of bronchial carcinoid with hypo
glycemia and increased immunoreactive insulin 
in the serum as well as in the tumor have been 
observed (SHAMES, 1968). 

6. Psyche. Critical investigation of patients with 
carcinoid syndrome has not revealed any psycho
pathologic manifestations which can be directly 
related to 5-hydroxytryptamine. Acute or chronic 
over-administration of serotonin does not have 
any immediate effect (SCHNEIDER, 1957; KIND, 
1957). 

In addition to the full-blown presentation 
which is easy to diagnose, individual organic 
symptoms may completely dominate the picture. 
Thus a tumor form, an enteral form, a cardio
vascular form, and a pulmonary form can be 
differentiated (HEDINGER, 1962). 

8) Pathogenesis 

Not every carcinoid, and not even every car
cinoid with liver metastases, results in carcinoid 
syndrome. Conversely, in rare cases, the full 
picture of the syndrome may be found in the 
absence of the morphological correlate of a car
cinoid tumor. 

Carcinoids are tumors of the enterochrom
affin or argentaffin cells which form the tissue 
hormone serotonin. The tumors contain rela
tively large amounts of serotonin while dopa
decarboxylase activity is high and amino oxidase 
activity low, so that the serotonin pool in the 
carcinoid patient can be estimated to be as much 
as several grams (ZIEGLER, 1967). The level 
of serotonin in the blood is elevated almost 
without exception, and increased amounts of 
5-hydroxy indole acetic acid, the breakdown 
product of serotonin, are excreted in the urine. 
A hyperfunctional syndrome of serotonin was 
formerly thought to be recognized in the carcinoid 
syndrome, since serotonin acts on the gut, dilates 
the capillaries and produces edema and bronchial 
spasm. Supporting this view is the fact that pres
sure on the tumor or on the metastases can 
cause an attack. On the other hand, however, 
one finds that during the flush, the serotonin in 
the blood is not raised, and that injections of 
serotonin produce certain vascular reactions but 
are hardly capable of releasing a typical flush. 
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In addition, despite all efforts, cardiac changes 
have not been successfully produced in animal 
experiments by the chronic administration of 
serotonin which would correspond to the carci
noid syndrome. Serotonin over-production is 
probably responsible for the diarrhea at the most. 

Tumor metastases in the liver, in contrast to 
healthy liver tissue, contain considerable a
mounts of kallikreinogen, or kallikrein, the 
enzyme which liberates the kinins, particularly 
kallidin or lysyl-bradykinin, from the kininogen 
in the plasma. Bradykinin releases the typical 
flush in both the healthy subject and the car
cinoid patient. At the same time it causes 
bronchospasm and intestinal contractions. As a 
rule, however, the concentration of bradykinin 
in the hepatic vein is not always elevated during 
the flush. 

The catecholamines, adrenaline and nor
adrenaline, can also produce a typical flush. 
The carcinoid tumors, especially metastases, 
liberate kallikrein under the influence of cate
cholamines, which then leads to a rise in the 
bradykinin in the blood. On the other hand, 
serotonin can also liberate catecholamines and 
vice versa. It is probable that all three substances 
are involved in the flush, the diarrhea, and the 
asthma to some extent. It can be concluded that 
the diarrhea is due predominantly to serotonin, 
since the serotonin antagonist, methysergide, 
causes only the diarrhea to cease. The flush can 
be counteracted successfully with glucocor
ticoids. It is known that glucocorticoids inhibit 
the activity of kallikrein (see p. 977). The patho
genesis of the cardiac symptoms has not yet been 
explained. It is likely that they are produced by 
a substance found in the vena cava and only 
rarely contained in the pulmonary veins. It is 
generally assumed that both serotonin and 
bradykinin are found in higher concentrations 
in the pulmonary artery than in the pulmonary 
veins. However, changes in the left side of the 
heart may also occur in the absence of pulmonary 
carcinoids, metastases, or of a right-left shunt. 
Bradykinin increases endothelial permeability. 
It has yet to be proven that bradykinin or similar 
substances cause endocardosis. The changes in 
the heart are not related in any way to the dura
tion of the illness or to the size of the liver meta
stasis (ROBERTS, 1964). 

The predisposition to edema and oliguria 
may be due to serotonin. The pathogenesis of 
the joint pain is not clear. The pellagra-like 
cutaneous manifestations and pigmentations 
are probably the results of a nicotinic acid 
deficiency. This deficiency is probably due to 
the removal of tryptophane by the carcinoid 
tumors so that the basic substance is not available 
in adequate amounts for nutrition. 
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E) Laboratory Diagnostic Tests 

Routine laboratory investigations such as ESR, 
blood picture and urine analysis generally yield 
normal results. Occasionally thrombocytosis is 
found. There is hypoproteinemia in about 25 
percent of cases. 

The diagnosis is confirmed by the demonstra
tion of a definitely increased content of 5-hydroxy 
indole acetic acid in the 24-hour urine. This 
substance can be estimated colorimetrically after 
suitable extraction and purifying processes 
(UDENFRIEND, 1955). The qualitative and semi
quantitative urinary tests are not reliable. Con
ditions necessary for the test are the withdrawal 
of all possible drugs, especially those of the 
phenothiazine group, and the elimination of 
fruit with a high serotonin content, such as 
bananas, walnuts, and pineapples from the 
diet, before collection of the 24-hour urine. 

Values of 2-8 mg are considered normal. 
Values above 15 mg/24 h are certainly patho
logic. Values of 50-300 mg/24 h are found in 
carcinoid syndrome. A distinctly elevated value 
is evidence of carcinoid syndrome. Normal 
values, however, do not exclude a carcinoid. 
Serotonin may be released intermittently, and 
the amount of 5-hydroxy indole acetic acid in 
the urine may vary from one day to the next. 
When there is clinical suspicion of a carcinoid 
and the values are normal, a provocative test 
with reserpine is indicated. This test proves that 
a carcinoid is present when the result is positive 
but does not exclude a carcinoid when the result 
is negative. 2-5 mg reserpine is given by i.m. 
injection, and the 5-hydroxy indole acetic acid 
excreted in the 24-hour urine is measured for 
2-3 days. A rise of over 15 mg excretion is 
required for a positive result. Slight increases 
occur in normal individuals. If the test gives a 
negative result with this dose and the reserpine 
is well tolerated the test can be repeated with 
5-10 mg reserpine (LANGEMANN, 1955; KAHLER, 
1967). 

Attempted precipitation of a flush by ad
ministration of 1-1 Ollg adrenaline intravenously 
is a useful clinical test. 

1;;) Differential Diagnosis 

The carcinoid flush must be differentiated from 
menopausal hot flushes which are not, however, 
so severe and are not associated with cyanosis 
and the unpleasant concomitant manifestations. 
The swelling of the lids and mouth may suggest 
Quincke's edema. The histamine-induced flush 
in mastocytosis, i.e., urticaria pigmentosa, is 
bright red, lasts longer, and results in pigmenta
tion. Finally, the emotional rubeosis of vege-
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tatively labile young people may occasionally 
come into the differential diagnosis. 

If the diarrhea is not accompanied by a flush, 
all types of spasmodic diarrhea especially those 
due to endocrine factors, must be considered in 
the differential diagnosis. In contrast to bron
chial asthma, bronchial spasm in the carcinoid 
syndrome is always associated with tachypnea 
and hyperpnea. The cardiac symptoms of the 
carcinoid syndrome arise late, and acquired 
pulmonary stenosis in later life, especially in 
combination with tricuspid insufficiency, is 
almost pathognomonic. 

11) Therapy 
(KABAKow, 1959; MENGEL, 1965; KAHLER, 1967) 

When the carcinoid syndrome becomes mani
fest, metastases are almost always already pres
ent, with the sole exception of the rare gonadal 
carcinoid. Curative treatment by surgery is 
therefore only possible in a few cases. Surgical 
intervention is, however, vitally indicated in 
cases of intestinal obstruction and as a palliative 
measure in the progressive course of the dis
order. It is worthwhile removing individual large 
metastases and sometimes even a hemi-hepa
tectomy is indicated. The operation may allow 
the patient to be symptom-free for years. 
However, carcinoid patients are especially at 
risk during surgery and the symptoms can also 
be relieved by drugs. The indications for a 
palliative operation must therefore be very care
fully considered. 

The carcinoid is not very radio-sensitive, and 
radiation is therefore not helpful. Cystostatics, 
such as cyclophosphamide, can result in sub
jective improvement, objective reduction in the 
size of the metastases, and regression in the 5-
hydroxy indole-acetic acid excretion. A local 
perfusion of the liver with 5-fluorouracil may 
occasionally be considered. 

The flush is best influenced by a daily dose 
of 20-40 mg prednisone, which inhibits the 
activation of kallikrein and thus the formation 
of bradykinin. The alphareceptor blockers di
benzyline and phentolamine (Regitin) also act 
symptomatically. Decarboxylase blockers such 
as alpha-methyl-dopa have no effect. Trasylol, 
the kallikrein inhibitor, suppresses the flush 
only during slow infusion. Reserpine cannot 
be used since it does not deplete the enteral 
store of serotonin. On the other hand, chlor
promazine can greatly improve the flush, diar
rhea, abdominal pain and bronchial spasms, or 
even cause them to disappear. In addition to 
being a sedative, chlorpromazine is also an 
antagonist to bradykinin. Only the diarrhea 
responds to the serotonin antagonist, methy-
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sergide. The use of parachlorophenylalanine is 
of theoretical interest. It competitively inhibits 
the hydroxylation of tryptophane to 5-hydroxy
tryptophane. The administration of several 
grams daily improves the diarrhea but depletion 
of the serotonin storage in the central nervous 
system results in side effects such as depression 
and hallucinations (ENGELMANN, 1967). 

3) Atypical Carcinoid Syndrome 

There are carcinoids which are not quite typi
cally situated and in which the histology, clinical 
symptoms, and biochemistry are also atypical. 
On the other hand, noncarcinoid tumors may 
be associated with typical clinical carcinoid 
symptoms and biochemistry (HEDINGER, 1962; 
MOERTEL, 1965). 

The former are associated with a light red, 
patchy, often very extensive flush, and besides 
serotonin, they produce 5-hydroxytryptophane 
and, especially, histamine which are demon
strable in increased amounts in the blood and 
urine. The stomach and bronchus are given as 
the most frequent sites (W ALDENSTROM, 1963; 
MELMON, 1965). 

The typical carcinoid syndrome may arise 
in association with carcinomas of the stomach, 
liver, biliary passages, and pancreas. In most of 
these cases, an increased formation of serotonin 
and a raised excretion of 5-hydroxy indole 
acetic acid can be demonstrated. On the other 
hand, carcinoids of the ovary can provoke revers
ible alterations of the heart without any flushes 
occurring. This suggests that the flushes may 
not be caused directly by serotonin (CHATTERJEE, 
1968). 

Finally, there are intermediary stages of the 
paraneoplastic syndrome in which different 
tumors, especially the oat-cell bronchus car
cinoma, can produce a carcinoid syndrome and 
other endocrine hyperfunction syndromes such 
as CUSHING'S syndrome at the same time (SIE
GENTHALER, 1965). Finally, there are different 
combined forms of endocrine adenomatoses and 
Zollinger-Ellison syndrome (WILLIAMS, 1962; 
SCHMID, 1964). 

E. The Prostaglandins 

The observation that human seminal fluid con
tains substances which activate smooth muscle 
fibers (KURZROK and LIEB, 1930; GOEDBLATT, 
1933; v. EULER, 1934) led to the isolation and the 
constitutional examination of the prostaglandins 
(BERGSTROM, 1966). Prostaglandins are un
saturated, aromatic, long-chained fatty acids 
with free hydroxy and keto groups. 
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Three groups with different actions have 
been differentiated: prostaglandin E, with a keto 
group and an alpha-hydroxy on the five
membered ring, prostaglandin F, with two 
alpha-hydroxyl groups, and prostaglandin A, 
with a keto group and a double bond on the ring. 
Within these groups, additional double bonds 
and hydroxyl groups allow differentiation of 
E 1-3, F 1-2 and A 1-8, so that around 20 
active compounds are now known. 

Prostaglandins are found in the seminal 
fluid of man, monkey, sheep and goat but not 
in other mammals. They can be extracted from 
the seminal vesicles of sheep. The physiological 
significance for the muscular contractions of the 
uterus or tubes is currently being investigated. 
They are also found in human menstrual 
blood as well as in numerous other tissues 
such as the lungs, kidneys, brain, pancreas, 
thymus, and iris. 

Prostaglandins are composed of essential 
fatty acids, especially arachidonic acid. They 
accumulate in the kidneys and liver and are 
oxidized and quickly metabolized in the lungs 
and liver (SAMUELSON, 1967). Their physiological 
importance is presently unknown. Biological 
actions have been demonstrated on smooth 
muscle, on the heart, on the vasomotor system, 
on the kidney, on the lungs, on the gastroin
testinal tract, on the fatty tissues, on the blood, 
and on the central nervous system. 

In addition, there is an effect on the female 
reproductive organs. Hypotheses and facts con
cerning the physiology are reviewed by HORTON 
(1969), for current papers see the journal 
"Prostaglandins", edited by ANDERSON, CALD
W.ELL, and SPEROFF since 1972. 

Prostaglandins E and F act very strongly on 
smooth muscle fibers outside of the vasomotor 
system, while Prostaglandin A has only a weak 
effect. As a rule, they produce contractions 
(diarrhea) but may also induce dilatation, de
pending on the dose and the state of the muscle 
(e. g. the uterus). E and A cause the blood 
pressure to fall; F causes a rise. The peripheral 
resistance is reduced, independently of the alpha
and beta-receptors and the action of noradrena
line. When PGA is used, no side effects on the 
gastrointestinal tract arise. The cardiac output 
increases due to tachycardia. 

It is possible that prostaglandin A, which is 
particularly abundant in the outer layers of the 
renal medulla ("medullin") represents the renal 
hypotensive factor. When this factor is lost, 
renoprival high pressure develops. It inhibits 
the Goldblatt mechanism in the presence of an 
intact contralateral kidney. As a renal hormone, 
PGA may have a generalized vasodilatory 
action, or it may act locally within the kidney to 
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increase the blood supply to the cortex and 
cause the loss of sodium in the urine (LEE, 1967). 

The relations between prostaglandins and 
the natriuretic "third factor" (see Chap. VII, 
p. 301) are controversial. The prostaglandins 
seem to increase plasma renin activity (CARL
SON, 1967; WERNING, 1970) while they also have 
an antagonistic effect towards angiotensin II 
(WERNING, 1970). 

PGE has an anti-lipolytic action on spon
taneous or hormone-induced lipolysis in the 
fatty tissues of rats in vitro. It is possible that 
this action is due to the cyclase. In the intact 
animal PGE (but not PGF) in high doses reduces 
the free fatty acids induced by noradrenaline. 
Low doses can probably increase them through 
a sympathetic activation. Finally the prosta
glandins in group E act on the central nervous 
system. They are liberated spontaneously, but 
especially under electrical stimulation and under 
the influence of spasmogenic substances. They 
appear to modify the action of carrier substances 
without being such substances themselves. E\ 
and E2 have recently been found to be stimula
tors of bone resorption (RAISZ, 1973). 

It is possible that a hyperfunctional syndrome 
of the prostaglandins exists in medullary car
cinoma of the thyroid gland, as well as calcitonin 
overproduction (see p. 232). 

This type of thyroid carcinoma, which is 
associated with multiple familial phaeochromo
cytomas and fibromas (see p. 232), is often as
sociated with persistent diarrhea. In 4 of 7 such 
tumors, prostaglandins were shown to be the 
active substance (WILLIAMS, 1968). 

On the other hand, many tumors of the bron
chi and other organs produce prostaglandins 
which can provoke diarrhea besides other ectopic 
hormones (SANDLER, 1968). Further, an in
creased content of prostaglandins has been 
found in the diseased kidney in renovascular 
hypertension (STRONG, 1966). 

New pharmacological properties with pos
sible therapeutic applications are being discov
ered all the time. 

Prostaglandins are used as hypotensive 
agents, in the prophylaxis of thrombosis, and 
in the treatment of peptic ulcer and arthritis. 
They are currently being tested in the induction 
of labor and abortion; they are harmless, though 
not completely free of side effects (diarrhea and 
vomiting). Particular interest is devoted to their 
possible application as a contraceptive. Abor
tion can be induced in the human in early as 
well as late pregnancy by the infusion of high 
doses of PGE 1, PGE 2, or PGF2cx (EMBREY, 
1970; KARIM, 1970). Topical application avoids 
the side effects. Low doses can be used to 
induce parturition at term. 
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PGE 2 stimulates progesterone synthesis in 
vitro (SPEROFF, 1970), whereas PGF 2ex in vivo 
has a luteolytic action (MCCRACKEN,J970; 
KIRTON, 1970). Probably the reduced blood flow 
through the ovary causes resorption of the corpus 
luteum and a fall in the level of progesterone in 
the blood so that implantation of the ovum in 
the endometrium does not take place. 

All these uses of the prostaglandins are still 
at the testing stage. 

The main physiological or pharmacological 
effects currently known can be summed up by 
stating that the prostaglandins influence 1. the 
smooth muscles of the female reproductive tract, 
2. parts of the endocrine system, 3. the adipose 
tissue, 4. the central nervous system, 5. the perip
heral nervous system, 6. the cardiovascular 
system, 7. the urinary system, 8. the blood plate
lets, 9. the motility and secretions of the gastro
intestinal tract, and to. the smooth muscles of 
the respiratory tract. 
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XVI. Endocrine Hyperfunctional Syndromes by Ectopic Hormone 
Formation (Paraneoplastic Syndromes) 

A. LAB HART 

A. Definition 

Ectopic formation of hormones means the pro
duction of most probably normal hormones by 
tumors of tissues which normally form no 
hormones or different hormones. These tumors 
are with few exceptions malignant. 

duced by endocrine glands, are formed ectopic
ally. Mostly they are of polypeptide nature 
formed in malignant tumors of tissues which are 
of ectodermal origin (neutral crest) or arise 
from entodermal tissue (WEICHERT, 1970). It is 
striking that so far no ectopic steroid formation 
which stems from tissues ot neurodermal origin 
has been discovered (Table 1 after LIPSETT, 
1964). 

The term "ectopic hormone formation" is 
preferable to the word "paraneoplasia" since 
the term paraneoplastic syndrome includes 
both hormonal and non-hormonal distant effects 
of malignant tumors, such as neuropathy, myo
pathy, angiopathy, blood disorders and derma
toses. 

At present, 15 syndromes caused by over
production of ectopically formed hormones are 
known. In 11 of these syndromes, protein and 
polypeptide hormones, which are otherwise pro-

Relations between malignant tumors and 
endocrine diseases have been known since 1928, 
when BROWN first described what was apparently 
CUSHING'S syndrome associated with a bronchus 
carcinoma. The fact that malignant tumors 
produce hormones became obvious when it was 
observed that the endocrinopathy disappeared 
after the removal of the tumor and reappeared 
with the development of metastases. LIDDLE 

Table I. Hyperfunctional syndromes caused by ectopically formed hormones 

Syndrome 

Glandular polypeptide hormones 

Cushing's syndrome 
Cushing's syndrome 
Hyperparathyroidism 
Sch wartz-Bartter syndrome 
Hyperthyroidism 
Acromegaloid } 
Osteoarthropathy 
Precocious pUberty} 
Gynecomastia 

Gynecomastia 

Hypoglycemia 
Galactorrhea 

{ COnstiPation} 
Steatorrhea 

Tissue hormones 

Polycythemia 
Carcinoid With} 
bronchus CA 
Zollinger-Ellison syndrome 
Medullary Ca of the} 
thyroid gland 

Demonstration of hormone 

in blood 

ACTH?' 

Parathormone?' 
Vasopressin ?' 
TSH?' 

STH?' 

FSH?', LH?' 

Placental lactogen?' 
Chorionic gonadotropin?' 
Insulin ORI))' 
Prolactin?' 

Glucagon 

Erythropoietin ?' 
Serotonin?' ? 
Bradykinin ?' 
Gastrin?' 

ACTH?' 

Similar syndrome produced by non-endocrine humoral substances 

Hypoglycemia 
in large tumors 

in tumor 

ACTH,MSH 
CRF 
Parathormone 
Vasopressin 
TSH 

FSH, LH 

Placental lactogen 
Chorionic gonadotropin 
Insulin (IRI) 
Prolactin 

Glucagon 

Erythropoietin 
Serotonin? 
Bradykinin 
Gastrin 
Calcitonin 
Prostaglandin 

Tryptophane? 
Niacin? 
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(1961), CHRISTY (1961) and HOLUB (1961) have 
succeeded in demonstrating ACTH in tumors 
and in the plasma of patients with paraneo
plastic Cushing's syndrome. It is now almost 
certain that the ectopically-formed ACTH is 
identical to pituitary ACTH, since they both 
have the same chemical, physical, biological and 
immunological properties as far as can be deter
mined by present-day methods. Since then, 
vasopressin, a parathormone-like polypeptide, 
FSH, LH, TSH, STH, erythropoietin, sero
tonin, gastrin, and prostaglandin have been 
successfully demonstrated in the blood, in 
tumors, or in both. It is, however, not certain 
whether these latter hormones formed ectopic
ally are chemically identical to the corresponding 
glandular hormones. One tumor can produce a 
very wide variety of hormones (O'NEAL, 1968), 
and different tumors may form the same hor
mones. 

The hormone-producing tumors are almost 
always malignant. The oat-cell bronchus car
cinoma is especially common, but other tumors 
can be responsible: squamous-cell bronchus car
cinoma, carcinoma of the thymus, islet-cell car
cinomas, adrenocortical carcinomas, hyperne
phromas, adenocarcinomas of the gut, hepa
tomas, tumors of the uterus, prostate and 
nervous tissue. Benign tumors have been ob
served to form erythropoietin. 

B. Pathogenesis 
The question of how the undifferentiated cancer 
cell with a defective genetic system, a disturbed 
metabolism, and uncontrolled growth can com
plete complicated syntheses of polypeptides with 
molecular weights from 176 (serotonin) to over 
30000 (gonadotropin) is one of the most fasci
nating problems in endocrinology, oncology, 
and genetics. 

Since hormones have been successfully ex
tracted from the tumors, numerous earlier 
hypotheses such as the predisposition of endo
crinopathies to tumors or of neoplasia to endo
crinopathies have been discarded. The view that 
the tumors only represent a sort of sponge for the 
hormones which stores normally formed hor
mones and protects them from degradation can 
be excluded by the duration of the illness and 
the high production rates which can be demon
strated for certain hormones formed ectopically. 
The argument that it is possible that a few of the 
many constellations of the amino-acid com
pounds developed within the abnormal metab
olism and abnormal growth of the cancer cell 
could accidentally correspond to polypeptide 
hormones (BOWERS, 1966), is easily refuted by 

application of the law of probability. There is 
an extremely large number of possible variations 
for the arrangement of the amino acids of a 
protein hormone such as FSH with a molecular 
weight of 30000. 

The hypothesis put forward by LIPSETI 
(1965) now seems the most probable: Every cell 
of the body is probably provided with the same 
genetic code, so that presumably each possesses 
the information necessary to synthesize any 
protein. Under normal conditions, most of this 
information is repressed. In the neoplastic 
variation of the cell, malignant or benign, dere
pression occasionally occurs, which is not normal 
in postnatal life (W ALDENSTROM, 1970). This 
process could also be compared to a dedif
ferentiation, where there is a loss of the specific 
control mechanisms which prevent every cell 
from using all the information stored in its DNA. 
Derepression of protein-forming templates only 
active in the fetus have been observed, such as 
the formation of fetuin in hepatomas. 

The clinical pictures of the hyperfunctional 
syndromes of ectopic hormones are dealt with 
in the appropriate chapters. They may differ 
in several aspects from the usual endocrine 
disease, as in Cushing's syndrome (see Chap. 
VII). We refrain from discussing there the 
syndrome of severe and often fatal hypoglycemia 
associated with large, usually retroperitoneal, 
tumors. It was not possible to demonstrate any 
insulin or insulin-like activity in the plasma of 
the patients or in the tumors of the majority of 
well over 100 cases reported. The demonstration 
of an insulin-like activity with the diaphragm 
of the rat or by the epididymal fatty tissue 
methods can only be accepted as specific if it can 
be inhibited with insulin antibodies. Hyper
insulinism has been demonstrated immunologi
cally only twice (OLEESKY, 1962; SHAMES, 1968). 
In the tumors themselves it has only once been 
possible to detect immunologically reactive 
insulin. However, with the fat-pad method no 
more insulin-like activity could be detected than 
in other tissues. It is improbable that these 
tumors, which are always very large, produce 
insulin. On the other hand, they appear to block 
glycogenolysis, gluconeogenesis and lipolysis 
through humoral substances (JAKOB, 1967; 
FROESCH, 1968) (see p. 818). 

Only the cases of hypercalcemia and hypo
phosphatemia can probably be included in the 
syndrome of the ectopic formation of parathor
mone. Increased amounts of vitamin D or similar 
substances cannot be demonstrated in the blood 
or in the tumors in cases with hypercalcemia 
and hyperphosphatemia which are often seen 
with bone metastases and can be normalized by 
cortisone application. Increased production of 
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gonadotropins with endocrine syndromes (pu
bertas praecox, gynecomastia) can only be 
attributed to the syndrome of ectopic hormone 
production if these gonadotropins are not pro
duced by tumors of the placenta or of tropho
blastic tissue. Increased amounts of FSH and 
LH have been demonstrated in the blood and 
tumors of patients with bronchus carcinomas 
(see p. 488). The excretion of gonadotropin and 
estrogen is increased (BECKER, 1968; ROSEN, 
1968), and strangely, osteoarthropathy of un
known pathogenesis usually exists at the same 
time. Galactorrhea can result form prolactin 
production in malignant tumors (TURKINGTON, 
1971). In one case of osteoarthropathy with a 
bronchus carcinoma, in the absence of gyneco
mastia the growth hormone concentration in 
the blood was found to be raised. This returned 
to normal with the disappearance of the joint 
complaints after removal of the tumor (STEINER, 
1968). Growth hormone can be synthesized by 
cell cultures of lung carcinoma (GREENBERG, 
1972). 

By the strictest definition, the Zollinger
Ellison syndrome is due to the ectopic formation 
of gastrin. However, since the pancreas might be 
a potential producer of gastrin under pathologi
cal conditions (see p. 973), only the atypical 
forms which do not develop from an islet-cell 
adenoma are to be considered as the paraneo
plastic syndrome. The carcinoid syndrome (see 
p. 984) can only be considered as paraneoplasia 
in its atypical forms or if combined with pro
duction of other ectopic hormones. 

The therapy can only be causal and involves 
the surgical removal of the hormone-active 
tumor. Not uncommonly, the endocrine illness 
can cause the tumor to be detected relatively 
early (gynecomastia in heavy smokers). When 
the tumors are inoperable or have metastasized, 
radiation and cytostatics must be considered. 
Removal of the end-organ is only justified in 
exceptional cases such as in the Zollinger-Elli
son syndrome. 

References 

Ectopic Hormones 

AZZOPARDI,J.G., WILLIAMS, D.D.: Pathology of nonendo
crine tumors associated with Cushing's syndrome. Cancer 
(Philad.) 22, 274 (1968). 

BECKER, K. L., COTTRELL, J., MOORE, CH. F., WINNACKER, 
J.L., MATTHEWS, M.J., KATZ, S.: Endocrine studies in 
a patient with a gonadotropin-secreting bronchogenic 
carcinoma. J. din. Endocr. 28, 809 (1968). 

BOWERS, B.F., GORDAN, G.S.: Hormonal effects of non
endocrine tumors. Ann. Rev. Med. 16,83 (1965). 

1001 

BROWN, W. H.: Case of pluriglandular syndrome; "diabetes 
of bearded women". Lancet 192811, 1022. 

CHRISTY, N. P.: Adrenocorticotrophic activity in the plasma 
of patients with Cushing's syndrome associated with 
pulmonary neoplasms. Lancet 1961 1,85. 

DONAHOWER, G.F., SCHUMACHER, O.B., HAZARD, J.B.: Med
ullary carcinoma of the thyroid-a cause of Cushing's 
syndrome-report of two cases. J. din. Endocr. 28, 1199 
(1968). 

FAIMAN,CH., COLWELL,J.A., RYAN,R.J., HERSHMAN,J.M., 
SHIELDS, TH. W.: Gonadotropin secretion from a bron
chogenic carcinoma. New Eng\. J. Med. 277, 1395 (1967). 

FROESCH, E. R., JACOB, A., LABHART, A.: Hypoglykiimie bei 
extrapankrealen Tumoren. In: Nebenschilddrtise und 
endokrine Regulation des Calciumstoffwechsels. Spon
tanhypoglykiimie Glucagon (Ed. by KRACHT, J.). Berlin
Heidelberg-New York: Springer 1968. 

Fusco, F. D., ROSEN, S. W.: Gonadotropin-producing ana
plastic large-cell carcinomas of the lung. New Eng\. J. 
Med. 275, 507 (1966). 

GARDNER, B.: Hypercalcemia and malignancy. J. Amer. med. 
Ass. 204, 24 (1968). 

GINSBURG, J., BROWN, J. B.: Increased oestrogen excretion 
in hypertrophic pulmonary osteoarthropathy. Lancet 
1961 II, 1274. 

GLEESON, M.H., BLOOM, S.R., POLAK, J.M., HENRY, K., 
DOWLING, R. H.: Endocrine tumor in kidney affecting 
small bowel structure, motility and absorptive function. 
Gut 12, 773 (1971). 

GORDAN, G.S., FITZPATRICK, N. E., LUBITeH, W. P.: Identi
fication of osteolytic sterols in human breast cancer. 
Trans. Ass. Amer. Phycns 80, 183 (1967). 

GREENBERG, P.B., BECK, c., MARTIN, T.J., BURGER, H.G.: 
Synthesis and release of human growth hormone from 
lung carcinoma in cell culture. Lancet 19721, 350. 

HAAS, H.G.: Endokrine Oberfunktion bei malign en Tumo
reno Praxis 18, 610 (1964). 

HUGUE~IN,R., FAUVET,J., PIERAT,A., LEOBARDY,J.DE: Le 
syndrome «cancer bronchopulmonaire, periostite des os 
longs. gynecomastie». Bull. Soc. med. Hop. Paris 70. 
986 (1954). 

JAKOB, A., MEYER, U.A., FLURY, R., ZIEGLER, W.H., LAB
HAR T, A., FROESCH, E. R.: The pathogenesis of tumor 
hypoglycemia: Blocks of hepatic glucose release and of 
adipose tissue lipolysis. Diabetologia 3, 506 (1967). 

JONES, J.E., SHANE, S. R., GILBERT, E., FLINK, E.B.: Cushing's 
syndrome induced by the ectopic production of ACTH 
by a bronchial carcinoid. J. din. Endocr. 29, 1 (1969). 

KATZ, A., KAPLAN, L., MASSRY, S.G., HELLER, R., PLOTKIN, 
D., KNIGHT, I.: Primary hyperparathyroidism in patients 
with breast carcinoma. 

KRACHT, J.: Pathologie der ektopisch hormonbildenden 
Tumoren. Verh. dtsch. Ges. inn. Med. 73, 488 (1967). 

LABHART, A.: Endokrine Oberfunktionssyndrome der Ge
webehormone. In: Gewebe- und Neurohormone. Physio
logie des Melanophorenhormons. 8. Symp. Dtsch. Ges. 
Endokr. Berlin-Gottingen-Heidelberg: Springer 1962. 

LAW, D. H., LIDDLE, G. W., SCOTT, H. W., JR., TAUBER, ST. D.: 
Ectopic production of multiple hormones (ACTH, MSH 
and Gastrin) by a single malignant tumor. New Engl. J. 
Med. 273, 292 (1965). 

LIDDLE, G. W., GIVENS, 1. R., NICHOLSON, W. E., ISLAND, D. P.: 
The ectopic ACTH syndrome. Cancer Res. 25, 1057 
(1965). 

- NICHOLSON, W. E., ISLAND, D. P., ORTH, D. N., ABE, K., 
LOWDER, S. c.: Clinical and laboratory studies of ectopic 
humoral syndromes. Recent Progr. Hormone Res. 25, 
283 (1969). 

LIPSETT, M. B.: Hormonal syndromes associated with neo
plasia. Advances in metabo\. disorders 3, 112 (1968). 

- ODELL, W.D., ROSENBERG, L.E., WALDMANN, TH.A.: Hu
moral syndromes associated with nonendocrine tumors. 
Ann. intern. Med. 61, 733 (1964). 



1002 Endocrine Hyperfunctional Syndromes by Ectopic Hormone Formation (Paraneoplastic Syndromes) 

O'NEAL, L. W.: Secretion of various endocrine substances 
by ACTH-secreting tumors: gastrin, melanotropin, nor
epinephrin, serotonin, parathormone, vasopressin, glu
cagon. Cancer (Philad.) 21, 1219 (1968). 

ROSEN, S. W., BECKER, CH. E., SCHLAFF, S., EASTON, J., 
GLUCK, M. C: Ectopic gonadotropin production before 
clinical recognition of bronchogenic carcinoma. New 
Eng!. J. Med. 279, 640 (1968). 

Ross, E.J.: The cancer cell as an endocrine organ. In: James, 
Recent advances in endocrinology, 8th ed. London: 
Churchill 1968. 

- Endocrine and metabolic manifestations of Cancer. Brit. 
med. J. 19721, 735. 

SANDLER, M., KARIM, S. M. M., WILLIAMS, E. D.: Prosta
glandins in amine-peptide-secreting tumors. Lancet 
1%811, 1053. 

SPARAGANA, M., PHILLIPS, G., HOFFMAN, C, KUCERA, L.: 
Ectopic growth hormone syndrome associated with lung 
cancer. Metabolism 20, 730 (1971). 

STEINER, H., DAHLBACK,O., WALDENSTROM, J.: Ectopic 
growth hormone production and osteoarthropathy in 
carcinoma of the bronchus. Lancet 19681, 783. 

STRon, CH.A., NUGENT, CH.A., TYLER, F.H.: Cushing'S syn
drome caused by bronchial adenomas. Amer. J. Med. 44, 
97 (1968). 

STUDER, H., STAUB, J.J., WYSS, F.: Klinische und metabo
lische Fernwirkungen maligner Tumoren. Schweiz. med. 
Wschr. 101,446 (1971). 

T AMM, J.: Die Klinik paraneoplastischer Endokrinopathien. 
Verh. dtsch. Ges. inn. Med. 73, 481 (1967). 

TURKINGTON, R. W.: Ectopic production of prolactin. New 
Engl. J. Med. 285, 1455 (1971). 

UPTON, G. V., AMATRUDA, TH. T, JR.: Evidence for the pres
ence of tumor peptides with corticotropin releasing 
factor-like activity in the ectopic ACTH syndrome. New 
Eng!. J. Med. 285, 419 (1971). 

VORHERR, H., MASSRY, S. G., UnGER, R. D., KLEEMAN, C. R.: 
Antidiuretic principle in malignant tumor extracts from 
patients with inappropriate ADH syndrome. J. clin. 
Endocr. 28, 162 (1968). 

W ALDENSTROM, J.: Maladies of derepression. Sch weiz. med. 
Wschr. 100,2197 (1970). 

WEICHERT, R. F.: The neural ectodermal origin ofthe peptide
secreting endocrine glands. Amer. J. Med. 49, 232 (1970). 

WEINTRAUB, B.D., ROSEN, S.W.: Ectopic production of 
human somatomammotrophin by non trophoblastic 
cancers. J. clin. Endocr. 32, 94 (1971). 

WILLIAMS, E. D., KARIM, S. M. M., SANDLER, M.: Prosta
glandin secretion by medullary carcinoma of the thyroid. 
Lancet 1968 I, 22. 



XVII. Thymus 

P. 1. GROB and A. LABHART 

Studies over the past years have established 
that the thymus has a central role in the 
immune system (MILLER, 1969; METCALF, 1966; 
HESS, 1968; BURNET, 1962). Evidence has been 
found that the thymus might exert at least 
part of its function by acting as an endo
crine organ. Recent findings also suggest that 
thymic hormones might influence the neuro
muscular function (GOLDSTEIN, 1971; WHITE, 
1970). 

1. Embryology and Structure 

Embryologically the thymus arises from an 
epithelial outgrowth of the third and the fourth 
branchial pouches, which later forms a sponge
like structure. In fetal life the human thymus 
becomes predominantly lymphoid and this 
histological pattern is preserved throughout 
childhood. Thereafter, the lymphoid component 
gradually decreases. The human thymus ac
counts for approximately 0.8 % of the body 
weight at birth. Its relative size then gradually 
decreases. Although it has not been fully 
established, many data suggest that the lym
phoid cells within the thymus originate from 
stem cells of bone marrow or related organs 
(FORD, 1966). They divide within the thymus, 
and most of them die in situ while others seem 
to go on to populate the peripheral lymphatic 
organs. 

The histological units of the thymus are 
lobules, which are joined in the center of the 
organ. The cortical areas of the lobules are 
packed with predominantly small lymphocytes, 
which show a high rate of mitoses and cell 
death. These cells are highly sensitive to X-ray 
irradiation. In contrast to peripheral lymph 
nodes, no germinal centers are usually seen. 
In the medullar region, on the other hand, 
where the epithelial mesh work is densest, 
relatively few lymphocytes are present which 
do not divide and are not sensitive to X-ray 
irradiation. Epithelial cells are aggregated into 
whorled patterns (the Hassall's corpuscles). 
Myoid cells are also found. 

2. Thymus and Immune Function 

A normally functioning thymus is necessary 
for the development and expression of at least 
part of lymphoid tissue and its immunological 
function (MILLER, 1969; ROITT, 1969): lym
phoid stem cells appear to differentiate and 
acquire immunologic competence under its 
influence. Most of the evidence collected points 
to two possible modes of thymic action: a) 
Lymphoid stem cells migrate into the thymus 
where they mature and attain immune reactivity 
by direct contact in situ within the gland. 
b) Thymic hormones, such as thymosine and 
others, act locally and/or peripherally to endow 
lymphoid cells with the capacity to respond 
to antigenic stimuli. Evidence for the endocrine 
hypothesis derives from experiments in which 
neonatally thymectomized mice were recon
stituted with cell-free thymic extracts or with 
thymic tissue placed in cell-impermeable Milli
pore chambers (OSOBA, 1963). Both mechanisms 
(a and b) could act cooperatively or additively. 

An immunoactive thymic extract called thymosine was 
described by GOLDSTEIN and collaborators in 1966. Further 
investigations have suggested that it might be a protein 
influencing the rate of maturation of immunological 
competence in more primitive potentially competent lym
phoid cells. Further evidence of immunoactive factors has 
been found by COMSA (1955), TRAININ (1970), BACH (1971), 
DUTTON (1971) and others. 

While the thymus plays a major role in the 
ontogenesis of the immune system, its in
fluence in adult life is less clear. It may act 
as a supply organ, functioning predominantly 
when the peripheral lymphoid system is ex
hausted. 

The immune system is divided into cell
mediated (cellular immune response) and anti
body-mediated phenomena (humoral immune 
response). T cells (mediators of cellular im
munity) seem to derive from and be under the 
control of the thymus, while the B cells (mediators 
of the humoral immune response) seem to be 
less dependent on its influence. On the other 
hand, T cells have recently been found to 
amplify the B-cell function by a "helper" 
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mechanism (cell cooperation). Thus, the thymus 
may modulate the B cell-mediated reactions at 
least indirectly. (Its influence is necessary for 
primary antibody production against certain 
antigens.) It is also possible that there are 
various subpopulations of T cells (RAFF, 1971). 

Our knowledge of thymic function and of 
the consequences of defects is based mainly 
on observations in animal experiments. At 
least some conditions point to similar situations 
in man: Congenital absence or dysfunction of 
the thymus in the human, as for example in 
infants with DiGeorge syndrome, is characterized 
by an almost total absence of cell-mediated 
immune responses, causing conditions such as 
lymphopenia and a marked susceptibility to a 
wide variety of infectious agents, particularly 
of viral or fungal nature (DIGEORGE, 1968). 
Transplants are not rejected, and delayed skin 
reactions cannot be elicited. In contrast, only 
inconsistent antibody deficiencies are observed. 
Patients with DiGeorge syndrome have been 
successfully treated with thymic transplants 
(AUGUST, 1968; CLEVELAND, 1968). There are 
other human diseases associated with thymic ab
normalities and partial or total defects of 
cellular immune functions, such as reticular 
dysgenesis, alymphocytic agammaglobulinemia 
(Swiss type), ataxia telangiectatic a and other 
combined immune deficiencies (NEZELOF, 1964; 
ROGERS, 1968; GABRIELSEN, 1969). 

SORKIN et al. (SORKIN, 1970; PIERAPOLI, 
1969; FABRIS, 1972) have found evidence that 
thymic function itself might be under the control 
of the adenohypophysis. These authors also 
emphasize the possible importance of the thymus 
as a biological clock and of hormones in the 
aging processes of lymphocytes and in aging 
as such. Their evidence is based mainly on work 
with hypopituitary dwarf mice. 

3. Thymus and Neuromuscular Function 

The frequent association of myasthenia gravis 
and thymic abnormalities is well known. Thy
mectomy may be of value in patients with 
myasthenia gravis (PAPATESTAS, 1971). Recently, 
GOLDSTEIN et al. have found experimental 
evidence for two different biologically active 
extracts of thymic origin, "thymotoxin", a 
basic polypeptide which induces myositis, and 
"thymin", which leads to a neuromuscular block 
similar to that seen in myasthenic patients when 
given by injection in rat (GOLDSTEIN, 1971). 

4. Other Thymic Hormones 

Other hormone-like agents have been attributed 
to the thymus, as well as thymosin and related 
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substances. These include promin, which pro
motes growth, and retin (SZENT-GYORGY, 1962), 
which is thought to inhibit growth and fertility. 
The thymus extract thymocrescin (Asher) is 
also thought to promote growth. Another sub
stance, infertin, has been isolated from promin 
and is believed to induce sterility in rats, tem
porarily in adult and permanently in young 
animals. These substances have so far neither 
been sufficiently characterized to qualify as 
hormones, nor is their nature or mode of action 
clearly understood. 
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XVIII. The Pluriglandular Syndromes 

A. LABHART 

A. Endocrine Adenomatoses 

The rare hereditary syndromes of endocrine ade
nomatosis have been known to pathologists since 
the turn of the century (ERDHEIM, 1903). Clinicians 
have been able to diagnose the syndrome for the 
past 30 years (ROSSlER, 1939; SHELBOURNE, 1945; 
UNDERDAHL, 1953; WERMER, 1954), and about 
100 cases have now been described (BALLARD, 
1964; JOHNSON, 1967). There is a hypothesis 
concerning the pathogenesis of these syndromes 
which also takes into account the occasional 
occurence of ectopic peptide hormones in cer
tain types of endocrine adenomatosis (WEI
CHERT, 1970). It is proposed that neuroendocrine 
cells migrate to the primitive gastrointestinal 
tract from where they form the endocrine cells of 
the anterior pituitary and the parathyroid glands 
and islet cells of the pancreas. Neuroendocrine 
cells, as argentaffin cells, are scattered through
out the gastrointestinal tract mucosa and also 
occur in other organs such as the bronchi. 
Related cells can be found in the adrenal medulla. 
These neuroendocrine cells may occasionally 
develop in the tumors producing peptide hor
mones. Thus, the syndrome of endocrine ade
nomatosis may be a dysplasia of neural ectoderm. 
Cytochemical methods make it possible to 
distinguish a series of cells stemming from the 
primitive alimentary tract and maturing into 
endocrine cells of the anterior pituitary, the 
pancreas islet r:i.2 - and ~-cells and the c-cells of the 
thyroid. On the other hand, they form the entero
chromaffine cells of the gut and argyrophil cells 
of the stomach. They all have the ability to form 
peptide hormones and have been called cells 
of the APUD-series (amine-precursor-uptake 
and decarboxylation (PEARSE, 1968). 

There are two distinct types of endocrine 
adenomatosis; one is characterized by benign 
tumors of the parathyroids and pituitary, and 
benign or malignant growths in the islet cells 
of the pancreas, and the other by medullary 
carcinoma of the thyroid and bilateral pheo
chromocytoma, the medullary carcinoma pro
ducing ectopically formed hormones in addition 
to calcitonin. 

1. Multiple Endocrine Adenomatosis (Endocrine 
Polyadenomatosis, Familial Multiple Endocrine 
Adenoma (MEA), Wermer's Syndrome, "Job's 
Syndrome", Steiner's Multiple Neoplasia,Type I) 

This syndrome is centralized around benign 
tumors of the parathyroids and adenohypo
physis, and benign or malignant growths in -the 
islet cells of the pancreas. Corresponding endo
crine hyperfunctional or deficiency syndromes 
are also present; in addition, the majority of 
patients suffer from peptic ulcers. The fully 
developed Zollinger-Ellison syndrome may 
sometimes be present, or sometimes there is a 
tendency to recurrent and often multiple gastric 
and duodenal ulcers. 

The tumors and hyperplasia occasionally ob
served in the thyroid gland, adrenal medulla and 
cortex and testes probably do not belong to this 
syndrome. The illness can become manifest at 
any age and the frequency is the same in both 
sexes. The disease begins as hyperfunction of 
one gland and can be followed by hyperfunction 
in other glands and/or pituitary failure. Every 
combination is possible. 

The parathyroids are most frequently affect
ed (80-90%). Functioning adenomas are usually 
found in several glands and there may be several 
in each of the parathyroids. Patho-anatomical 
examination reveals hyperplasia of the chief 
cells, chief cell adenomatosis or adenomas (see 
p. 908). A striking feature is the benign course 
of hyperparathyroidism over years and some
times even decades with only slight hyper
calcemia. Renal stones and nephrocalcinosis 
occur significantly less frequently than in ordi
nary hyperparathyroidism. Skeletal involvement 
is uncommon, and hypercalcemia is often an 
incidental finding.This and the multiplicity of the 
adenomas indicates reservation in surgical treat
ment, which is only justified if the patient 
complains or if complications appear likely. 
Total resection of the three largest glands and 
subtotal resection of the smallest is usually 
necessary in such cases, and the latter should 
be marked in case another operation is required 
(see p. 932). 
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Recent reviews suggest that tumors of the 
islet cells are found in 45-80% of cases and are 
nearly always multiple. Adenomas or carcinomas 
(multiple) of the non-B-cells are found in over 
half the cases. About one third of the cases are 
affected by multiple B-cell adenomas and occa
sionally by B-cell carcinomas. Solitary adeno
mas and different combinations are found in the 
remaining cases. 

In a third of the cases there is hyperinsulinism 
with hypoglycemic attacks requiring exploratory 
surgery and usually subtotal resection of the 
pancreas because of the frequent multiplicity of 
the adenomas. Non-B-cell adenomas or car
cinomas cause the Zollinger-Ellison syndrome 
(see Chap. XV), which typically occurs in one 
fifth of multiple endocrine adenomatoses and 
is familial, probably developing through the 
same gene. On the other hand, they also cause 
the syndrome of pancreatogenic diarrhea ("pan
creatic cholera", WDHA-syndrome), a severe 
illness with massive watery diarrhea and a heavy 
loss of potassium (see Chap. XV, p. 974), which 
is found in only about one eighth of cases. 

Apart from the Zollinger-Ellison syndrome, 
over half of the patients with endocrine adeno
matosis suffer from peptic ulcers which are more 
often multiple than solitary. The relationship of 
endocrine adenomatosis to "ordinary" ulcera
tion is, however, not yet clear. Increased num
bers of parietal cells are found in the gastric 
mucosa (MIEHER, 1962) in subjects with en
docrine adenomatosis as well as in subjects with 
duodenal ulcers, and it is possible that this 
parietal cell hyperplasia has the same genetic 
basis or is a result of gastrin overproduction. 
The recognized frequency of the peptic ulcer in 
hyperparathyroidism (see p. 919) cannot entirely 
explain the nature of the relationship since the 
peptic ulcer occurs much more frequently in 
multiple endocrine adenomatosis than in hyper
parathyroidism. Finally, increased secretion of 
gastrin or the interaction of different factors 
must be considered even if there is no evidence 
of non-B-cell tumors. 

See p.974 for the difficulties inherent in the 
therapy of the Zollinger-Ellison syndrome and 
pancreatogenic diarrhea. 

Adenomas of the anterior pituitary occur in 
65-70% of patients suffering from MEA. Al
most half are chromophobe adenomas and one 
fourth are eosinophil adenomas associated with 
acromegaly. Chromophobe adenomas may be 
an incidental finding, or they may present the 
typical symptoms of loss in the visual fields and 
pituitary failure. Acromegaly in endocrine ade
nomatosis does not differ in any way from 
ordinary acromegaly. It is improbable that a 
basophil hyperplasia or a basophil adenoma are 
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symptoms of this syndrome since Cushing's syn
drome, which is radiosensitive was observed 
only once among 100 cases. A chromophobe 
adenoma was once observed with hyperthyreosis 
due to increased TSH production, acromegalia, 
and parathyroid adenoma (LAMBERG, 1969). 
See p. 122, 115 for the therapy of chromophobe 
and eosinophil adenomas. Conservative treat
ment must be selected in these cases too, because 
of other manifestations of the syndrome which 
are usually more important. 

In addition, there appears to be a general 
predilection for developing tumors, and multi
ple lipomas, fibromas, sarcomas, polypoid ade
nomas of the gastrointestinal tract, meningio
mas, and papillomas have been reported. 

Observation of 12 families over 6 generations 
permitted the recognition of an autosomal 
dominant mode of inheritance with a high 
penetrance, variable expressivity and pleiotropy. 
The peculiarity of this very variable illness was 
usually repeated within one family. Sometimes 
up to half the affected members of the family 
were symptom-free (JOHNSON, 1967). However, 
multiple endocrine adenomatosis can be fatal, 
especially in combination with the fully devel
oped Zollinger-Ellison syndrome. The ulcer 
condition with all its complications, particularly 
perforations, is the most common cause of death. 
Less frequently patients die from a unrecognized 
hypoglycemia or islet-cell carcinoma. 

Life is particularly hard for those patients 
in whom one glandular disorder after another 
becomes manifest giving vital indications for 
repeated operations, and who see the suffering 
of other members of their family. This has led to 
the suggestion of naming the syndrome "JOB's" 
syndrome after the biblical sufferer (MoLDA WER, 
1962). 

Although this syndrome is rare, it is import
ant to recognize it, since when the first mani
festation is recognized as a part of multiple endo
crine adenomatosis, it may be possible to institute 
purposeful life-saving surgical or substitution 
therapy, which may avoid the repeated, dis
appointing, and useless surgical interventions 
frequently recorded in the case histories of these 
patients (RENWICK, 1968). 

The syndrome has also been observed in the 
dog (RuTISHAUSER, 1943) and can be produced 
in the rat by radiation (BERDJIS-CHAMSI, 1960). 

2. Medullary Thyroid Carcinoma - Bilateral 
Pheochromocytoma (Sipple's Syndrome, Steiner's 
Multiple Endocrine Neoplasia, Type II) 

Medullary carcinoma of the thyroid derives 
from the C- or parafollicular cells of the thyroid 
(see p. 232) which are the source of calcitonin. 
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The calcitonin concentration is grossly in
creased in the blood of patients with medullary 
carcinoma, which may be diagnostic for this 
tumor. Characteristically, this thyroid carcinoma 
also produces amyloid, which allows histological 
diagnosis. SIPPLE (1961) recognized the non
fortuitous association of medullary carcinoma 
with pheochromocytoma. In 60 to 80% of cases, 
the latter is bilateral. The syndrome is also trans
mitted by an autosomal dominant mode of in
heritance with reduced penetrance (SAROSI, 
1968). (Besides the hereditary form this disease 
can also occur sporadically.) In addition, there 
are often other malformations such as neuro
fibromatosis, intestinal ganglion neuromatosis, 
and neuromas of the mucosa, which appear 
mainly on the tongue and on the eyelids. The 
patients have a peculiar constitution ·reminiscent 
of the Marfan syndrome, with coarse features, 
thick lips, and chloasma-like pigmentations, 
especially around the mouth. In spite of the 
gross overproduction of calcitonin, the serum 
calcium of these patients is usually normal or 
only slightly below normal. However, very often 
there is hyperplasia or adenoma of the para
thyroids. This might be due to a compensatory 
effect on chronic hypocalcemia or a direct 
stimulatory effect of calcitonin on the para
thyroid cells (FISCHER, 1971). 

If medullary carcinoma is diagnosed, all 
members of the patient's family should have 
the calcitonin content of their blood tested. 

Diabetes mellitus is occasionally seen in these 
patients and may result from the inhibition of 
insulin release by the hormonal secretions of a 
pheochromocytoma. 

Besides calcitonin, a medullary carcinoma is 
able to produce ACTH, MSH, prostaglandins, 
and serotonin. Thus Cushing's syndrome with 
various clinical characteristics is observed in 
about 3% of the patients with these syndromes. 
Bilateral adrenalectomy or necropsy always 
reveals marked bilateral hyperplasia of the 
adrenals (DONAHOWER, 1968). 

About 30% of the patients suffer from diar
rhea and sometimes steatorrhea. After removal 
of the tumor the diarrhea ceases. Prostaglandins 
have been found in high concentration in some 
medullary tumors; some prostaglandins are 
known to stimulate peristalsis. Serotonin has 
sometimes been detected, which can activate 
bradykinin and may explain the flush which 
occasionally occurs in these patients. Serum 
histaminase may be increased and can be 
inhibited by amino guanidine. 

For treatment of the hereditary type of 
medullary carcinoma, total thryoidectomy with 
removal of the regional lymph nodes is indicated 
as the carcinoma may be multicentric. Because 

of the relatively long benign course in the spo
radic cases the operation can be restricted to the 
elimination of the tumor and resection of one 
lobe. Radiotherapy is probably beneficial. Ra
dioiodine treatment is useless because there is no 
uptake by the tissue. Thyroxine medication 
should be given prophylactically. In any thyroid
ectomy for medullary carcinoma enlarged para
thyroid glands should be looked for, even if the 
blood calcium level is normal. Pheochromo
cytoma and diabetes should also be ruled out. 

For a review of familial medullary thyroid 
carcinoma and the syndrome of "familial chrom
affinomatosis", based probably on an inherited 
defect of cells originating in the neural crest 
["APUD" (PEARSE, 1971)], see MELVIN (1972). 

It is still not definitely known whether there 
is a third syndrome of papillary thyroid car
cinoma and adenomas of the parathyroids 
(ELLENBERG, 1962). 

B. Autoimmune Polyendocrinopathy 
(Pluriglandular Insufficiency, 
Multiple Endocrine Sclerosis, 
Schmidt's Syndrome) 

1. Definition 

The syndrome of endocrine autoimmune poly
adenopathy includes the primary disorder of 
two or more endocrine glands resulting, as a 
rule, in their insufficiency. The so-called primary 
or cytotoxic, non-tuberculous atrophy of the 
adrenal cortex is the main feature of the syn
drome. It is most often combined with Hashi
moto's thyroiditis or with hypothyroidism, and 
less commonly with hyperthyroidism. They are 
frequently associated with diabetes mellitus. 
Hypoparathyroidism may develop in addition 
to this triad. More often, however, it is found 
with primary adrenocortical atrophy combined 
only with moniliasis (see p. 895, 899). Primary 
failure of the gonads has also been observed. The 
pathogenesis can be complicated by the presence 
of "hypophysitis", a lymphocytic infiltration of 
the pituitary gland with or without fibrosis. 
When this arises, primary failure is theoretically 
possible in addition to the secondary. Finally, 
autoimmune diseases, in particular pernicious 
anemia, immunologically dependent steator
rhea, sporadic myasthenia gravis, and certain 
kinds of liver cirrhosis commonly occur with 
this syndrome. Occasionally striking alopecia is 
seen in women. All combinations are possible 
and most of these have been described. 
Table 1 gives the various frequencies. Over 
150 cases of endocrine polyadenopathy have 
been detected so far. It shows a familial fre-



1010 

quency and the female sex is affected more 
often. Morphologically similar lymphocytic in
flammations can be produced experimentally 
with organ extracts (LE COMPTE. 1966; LEVINE, 
1967). 

Table I. Frequency of the combinations of the polyendo
crinopathies. (After STEINER, 1968) 

Hypothyroidism + Addison's 
Hypothyroidism + Addison's + Diabetes mellitus 
Hypothyroidism + Addison's + Hypoparathyroidism 
Hypothyroidism + Addison's + primary amenorrhea 

(2 d.m.) 

Cases 

102 
32 

5 
8 

Hypothyroidism + Diabetes mellitus 55 
Addison's + Diabetes mellitus 125 

(also a few with adrenal TB) 
Hypophysitis 
Hypoparathyroidism + Addison's 
Hypoparathyroidism + Hypothyroidism 
Hypoparathyroidism + Diabetes mellitus 
Hypoparathyroidism + Gonadal insufficiency 
Hypoparathyroidism + Gonadal insufficiency 

+ Addison's 
(Hyperthyroidism + Addison's 

3 
22 

10 
2 

1 
68) 

The syndrome was first described by CLAUDE 
and GOUGEROT in 1908 as "insuffisance pluri
glandulaire", FALTA in 1912 suggested the term 
"multiple endocrine sclerosis" to emphasize the 
multiple, independent primary disorders of the 
endocrine system. Despite this, the term was 
frequently applied to classical cases of hypo
pituitarism. In 1926 SCHMIDT described the 
morbid anatomy of two cases of primary 
adrenocortical atrophy and a lymphomatous 
goiter with characteristic lymphocytic infiltra
tion of the adrenals and thyroid gland. This in
filtration can be clearly distinguished from the 
lymphocytic foci found in Addison's disease. 
Over the past ten years thyroid antibodies have 
successfully been demonstrated in Hashimoto's 
thyroiditis and in hypothyroidism (see p. 243, 
152), adrenal antibodies in primary adreno
cortical atrophy (see p. 313), antibodies to the 
gastric mucosa and the intrinsic factor in 
pernicious anemia, and to muscular tissue in 
myasthenia gravis; finally, antibodies to the 
parathyroids have been demonstrated in hypo
parathyroidism (see p. 899). These antibodies 
can be detected in the blood in most, but not all, 
cases of endocrine polyadenopathy. Antibodies 
to the thyroid gland, the parathyroids, or the 
parietal cells of the gastric mucosa may be found 
in primary adrenocortical atrophy, even in the 
absence of demonstrable involvement of these 
organs. In any case, there is no correlation be
tween the severity ofthe illness and the titer of the 
antibodies. It is worth mentioning that women 
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with gonadal dysgenesia, and their relatives, of
ten have antibodies to ovarian tissue, the thyroid 
gland, and the gastric mucosa (VALLOTON, 1967). 

2. Pathogenesis 

The demonstration of organ-specific antibodies 
and of chronic lymphocytic inflammation lead
ing to atrophy strongly indicates immunological 
processes. The higher incidence in the female 
sex and the familial frequency of the syndrome 
also suggest immunological diseases. Nonethe
less, no causal relation between the organ
specific antibodies and atrophy of the endocrine 
glands has been proven, and the question of the 
pathogenesis of this syndrome is still unansw
ered. It is hardly probable that the circulating 
antibodies alone are directly responsible for the 
lymphocytic infiltration and atrophy of the 
glands. The cellular immunological systems seem 
to be deranged, which may explain the lack of 
correlation between the severity of the disease 
and the antibody titer. The fact that no antibodies 
have been found in Addison's disease due to 
tuberculosis or other infections, however, makes 
it appear unlikely that the damaged glands 
liberate antigens and activate the immunological 
system. It is probable that these patients possess 
a familial, inherited disposition to autoimmune 
reactions, depending on a disturbed immune 
tolerance (IRVINE, 1967), and that the antibodies 
rather reflect a disturbed immunological system 
than that they cause it. Organspecific anti
bodies are also frequently found in healthy 
members of a patient's family (EVANS, 1967). 
Nevertheless, an indirect action of the anti
bodies in the precipitation or maintenance 
of the disease process cannot be excluded 
(BLIZZARD, 1967). Whereas disorders such as 
pernicious anemia and myasthenia gravis, con
sidered to be organ-specific autoimmune dis
eases, have been observed with the autoimmune 
polyendocrinopathy, it is not known whether 
the so-called collagen diseases with organ-non
specific antibodies to components of the cell 
nucleus, e. g. lupus erythematosus, occur more 
frequently than just by chance (BECKER, 1965). 
Besides hypothyroidism and Hashimoto's 
thyroiditis, hyperthyroidism is the only hyper
functional syndrome which frequently occurs 
concomitantly with primary adrenal atrophy. 
This may be due to the immunological processes 
involved in thyrotoxicosis and the possible transi
tion of hyper- into hypothyroidism. Immuno
logical processes today also occupy a prominent 
position in the pathogenesis of diabetes mellitus 
(see p. 762), and antibodies to the thyroid gland 
and the gastric mucosa are found more fre-
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quently in diabetics than in non-diabetics 
(MOORE, 1964). In addition to gastritis, latent 
or manifest malabsorption also occurs and may 
have an immunological basis (SIURALA, 1968). 
The occurence of endocrine adenomatosis and 
endocrine autoimmune-polyadenopathy, which 
has recently been observed in one family, remains 
unexplained (MERSHON, 1966). The role of the 
giant-cell granulomas in individual endocrine 
glands described in the earlier literature is not 
yet known. 

3. Clinical Features 

Adrenal insufficiency dominates the clinical 
picture. It usually, but by no means always, 
becomes manifest first, causes most of the 
complaints and endangers the patient most. 
Pigmentations are present and sometimes viti
ligo; the latter may have a common auto
immune pathogenesis (MCGREGOR, 1967). They 
are, however, not so striking as in the usual 
Addison's disease, especially if hypothyroidism 
with pallor and myxedematous skin develops. 
The lack of animation and the bloated expres
sionless features contrast to the sharply chiselled 
face of the Addisonian patient, and may give a 
clinical indication of associated hypothyroidism. 
If the gonads are also involved and there is 
absence of axillary and pubic hair and atrophic 
testes in the male or amenorrhea in the female, 
differentiation from hypopituitarism is difficult 
and only the pigmentation instead of the pallor 
suggests a primary glandular disorder. The 
diagnosis must be confirmed by laboratory tests 
when pituitary insufficiency is suspected; if the 
suspicion is correct an increase instead of an 
absence of gonadotropins will be revealed. 
Negative ACTH and TSH tests confirm the 
diagnosis. Occasionally, resorption is also im
paired (SIURALA, 1968). 

It is difficult to control the diabetes in spite 
of cortisone substitution, and the long-term 
prognosis is not favorable even with correct 
replacement therapy. 

It has long been observed that hyperthyro
idism and hypothyroidism (GASTINEAU, 1964, 
1963) and diabetes mellitus (BEAVEN, 1959) 
occur frequently in Addison's disease. It is 
therefore worthwhile to examine thyroid func
tion and to estimate the calcium and blood sugar 
in Addison's disease, especially in those cases 
with no history of tuberculosis. Wherever there 
are facilities, antibodies to the adrenals, the 
thyroid gland, the parathyroids and the gastric 
mucosa should be investigated. This enables the 
concomitant disorder to be detected before it 
becomes manifest. On the other hand, it is not 
worthwhile to undertake the systematic tests for 

concomitant endocrine disorders in hypothyro
idism (BLIZZARD, 1967). 

The treatment is no different from that for 
ADDISON'S disease, hypothyroidism, and diabe
tes mellitus. 

C. Syndrome of Diabetes Mellitus, 
Diabetes Insipidus, and Optic Atrophy 

This rare syndrome has been observed in eight 
members of five families and is probably trans
mitted by an autosomal recessive mode of in
heritance (BRETZ, 1970). 
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XIX. Growth and Development 

A. PRADER 

A. General Concepts of Growth and 
Development 

Growth is due to an increase in the number and 
size of the body cells and to the development 
of cartilagenous and osseous substances. Ana
bolism exceeds catabolism in the continuous 
process of transformation of protoplasm and 
bone tissue in the growing organism. In other 
words, growth is an anabolic process. This 
process is characterized clinically by an increase 
in height and weight, and metabolically in 
particular by retention (positive balance) of 
water, nitrogen and electrolytes. 

Development, i.e. the morphological dif
ferentiation and functional specialization of 
certain parts of the organism, progresses parallel 
to growth. 

The final size of an adult depends both on 
the rate of growth and on the duration of 
growth. Longitudinal growth, however, is only 
possible as long as the epiphyses of the bones 
are not closed. Consideration of the maturation 
of the bones is thus of great significance for an 
understanding of growth. Bone maturation 
does not imply longitudinal growth of bones 
but rather the degree of ossification which is 
radiologically detectable (p.l 026). 

Almost all endocrine disorders beginning in 
the first 2 years ollife have a decisive influence 
on growth and development. The deviation of 
growth and development from normal often 
indicates not only the type of disorder but also 
the time of onset. Precise knowledge of normal 
and pathologic growth and development is 
therefore indispensable in pediatric endocrino
logy. 

1. General Factors of Growth 

As far is known, conditions necessary for normal 
growth can be summarized (Fig. 1) as follows: 

1. Building material obtained from the 
nourishment must be completely adequate in 
quality and quantity. The more marked growth 
in the upper social classes and the acceleration 
of growth observed over the past 100-150 years 

are probably due to better nutntlOn. Psycho
logical factors can also affect the intake of food 
and thus growth and development. 

Fig. 1. General growth factors 

2. Neurohormonal regulation. The hypo
thalamo-hypophyseal system is responsible for 
the integration of all the growth-regulating 
influences. The influence of hormones is dis
cussed in detail on p. 1016. Cerebral and hor
monal disorders can result in severe growth 
disturbances. 

3. Metabolism. The building material avail
able must be properly absorbed, transported 
and assimilated. The intestinal, cardiac, renal 
and other forms of dwarfism are due to im
pairments of these metabolic processes. 

4. The end organ (protoplasm, bones) must 
posses a normal growth potential. Chondrodys
trophy is an example of reduced growth potential 
of the long bones. 

5. Genetic factors can influence growth via 
points 2-4. 

2. Body Growth and Growth of the Endocrine 
Glands 

Growth and development of the body show 
many features related more or less closely to 
the weight curve of the endocrine glands and 
the excretion of hormones in the urine. The 
growth curves of the whole organism, the 
individual organic systems and endocrine glands 
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are not at all similar. Broadly speaking, the 
following types of growth can be recognized. 
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Fig. 2. Graph showing body growth, growth of the endo
crine glands and increase in hormone excretion from birth 
to adulthood (as percentages of the postnatal increase in 
size) (PRADER, 1956) 

a) General Growth 

Increases in height and weight, in body surface, 
musculature, skeleton and other organs all 
demonstrate a similar type of growth at first 
glance. On closer analysis, however, four dif
ferent phases can be recognized. To begin 
with, the body grows extremely quickly. This 
is followed by a slower but quite constant period 
of growth extending to puberty. In this phase 
the growth curve is roughly parallel to the 
weight curves of the hypophysis and the thyroid 
gland. Puberty is accompanied by a new spurt 
of growth which is obviously related to the 
sudden increase in weight of the gonads and 
adrenals and the production of sexual hor
mones. The pubertal spurt in growth gradually 
subsides and is followed by an arrest of growth. 

Growth and Development 

b) Neural Growth 

There are no parallels in growth of the endo
crine glands and in the excretion of hormones 
corresponding to the disproportionately rapid 
increase in the circumference of the head and 
the weight of the brain during the first 3 years 
of life, followed by the insignificant growth 
in subsequent years. This type of growth is prob
ably largely independent of hormonal factors. 

c) Lymphatic Growth 

Growth of the lymphatic system (measured 
from the weight of the thymus) is characteris
tically more intense and more prolonged. A 
strong involutional process begins at puberty 
and a temporal connection with the accelerated 
growth of the gonads and adrenals cannot be 
mistaken. 

d) Genital Growth 

The genital system grows very little before 
puberty and then completes its entire phase 
of growth within a few years. The weights of 
the gonads and adrenals and the excretion of 
gonadotropin and sexual hormones follow a 
similar course and show that genital develop
ment is dependent on the hypophysis, gonads 
and adrenals. 

The growth curve of the adrenals is the most 
striking of all. Apart from minimal fetal hyper
plasia and postnatal involution, which are still 
not understood (p. 286), before puberty the 
curve corresponds to the steady increase in the 
excretion of corticoids and aldosterone and 
during puberty to the sudden increase in the 
weight of the gonads and excretion of gonado
tropins and sexual hormones. The shape of 
this curve reflects the uniform increases in the 
production of gluco- and mineralocorticoids 
on one hand, and the rapidly rising production 
of adrenocortical androgens (adrenarche, p. 
1039) beginning in puberty on the other. 

B. Hormonal Influence on Growth and 
Bone Development 

Hypophyseal growth hormone (STH), thyroid 
hormones and probably insulin have a decisive 
effect on growth as a whole. In contrast to this 
prolonged action, gonadal hormones and prob
ably certain adrenocortical hormones promote 
growth and bone development only during 
puberty. A growth-promoting action was at
tributed to the thymus earlier, but this has 
never been confirmed. 



Hormonal Influence on Growth and Bone Development 

True growth hormones are only those with 
protein-anabolic, i.e. nitrogen-retaining actions 
such as STH, insulin, and testosterone. Other 
hormones, with no anabolic action, such as 
thyroxine, are also essential for normal growth 
but cannot be termed true growth hormones. 

Table 1. Influence of hormones on growth and bone devel
opment 

Growth Bone 
devel-
opment 

Hypophyseal growth hormone (STH) +++ + 
Thyroid hormones + ++ 
Insulin ?+ '1+ 
Glucocorticoids 
Androgens· + ++ 
Ovarian estrogens· 0 ?+ 

+ promoting action, 0 no effect, - inhibitory action, • only 
during adolescence. 

Table 2. Growth and bone development in over- and under
production of hormones 

Hyperfunction 

STH 
(hypophyseal gigantism) 

Thyroid hormones 
(hyperthyroidism) 

Insulin 
(islet-cell adenoma) 

Adrenocortical 
gl ucocorticoids 
(Cushing's syndrome) 

Adrenocortical androgens 
(adrenogenital syndrome) 

Testicular androgens 
(Leydig cell tumor) 

Ovarian estrogens 
(Granulosa cell tumor) 

Hypofunction 

STH 
(hypophyseal dwarfism) 

Thyroid hormones 
(hypothyroidism) 

Insulin 
(diabetes mellitus) 

Adrenocortical steroids 
(Addison's disease) 

Testicular androgens 
(hypogonadism) • 

Ovarian estrogens 
(hypogonadism) • 

Growth Bone 

+++ 

+ 

+ 

++ 

++ 

+ 

?O 

o 

o 

devel
opment 

0-

+ 

+++ 

+++ 

++ 

?O 

+ accelerated, 0 uninfluenced, - retarded, • only during 
adolescence. 
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1. Survey 

Tables 1 and 2 give a schematic survey of the 
present-day interpretation of the action of 
various hormones on growth and bone develop
ment in normal and pathologic conditions. 

2. Hypophyseal Growth Hormone (STH, GH) 

In pituitary gigantism (p. 107), growth is greatly 
accelerated whereas bone development is normal 
or delayed. In pituitary dwarfism (p. 98), due 
to an isolated STH deficiency, growth is greatly 
retarded and bone development only slightly 
retarded. 

Experimentally, STH has anabolic and 
growth-promoting actions (p. 88). In rats, 
hypophyseal gigantism can be induced by in
jection of STH, and hypophyseal dwarfism by 
hypophysectomy. In spite of its short half-life 
(p. 84) and the irregular fluctuation of its 
plasma concentration, the growth-promoting 
effect of STH is constant, exerted not directly 
but indirectly via the sulfation (p. 88) and 
thymidine factors to enhance protein synthesis. 
This action can easily be measured by means 
of nitrogen retention. Administration of exo
genous STH produces much better nitrogen 
retention and growth in patients with endogenous 
STH deficiency than in patients with normal 
endogenous STH production (p. 101). The opti
mum effect, however, is only attained in the 
presence of thyroxine and insulin. 

STH is demonstrable in the hypophysis and 
plasma of the human fetus from the 4th fetal 
month. Since STH cannot pass through the pla
centa, there is no exchange between maternal and 
fetal STH. STH concentration in the plasma of 
the newborn is considerably higher than in 
the mother. It therefore appears probable that 
prenatal and neonatal growth, characterized 
predominantly by an increase in the number 
of cells, is related to the increased plasma 
concentration of STH. In fact, promotion of 
cellular multiplication is the main function of 
STH, and it also promotes cell growth but to a 
lesser degree (CHEEK, 1970). The fact that 
anencephalic babies are of more or less normal 
size at birth led to the interpretation in the 
past that STH was not essential for fetal growth. 
Further support for this assumption was found 
in the fact that prenatal growth and growth 
in the first months of life were normal in pitui
tary dwarfism. However, this interpretation 
does not take into account the fact that most 
cases of STH deficiency were due to cerebral 
injury at delivery and that the effects of this 
could only arise postnatally. It now appears more 
likely that in prenatal STH deficiency body 
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size compared to weight is slightly impaired 
even at birth. It can be assumed from this that 
prenatal and neonatal growth are at least partly 
dependent on STH. 

Serum phosphorus and alkaline phosphatases 
are higher in the growing child than in the adult. 
The concentration of phosphorus can be con
sidered an index of STH production, and 
alkaline phosphatase an index of osteoblastic 
activity. In overproduction of STH (pituitary 
gigantism, acromegaly) the serum phosphorus 
is elevated but is normalized by the admini
stration of androgenic or estrogenic hormones. 
Serum phosphorus is diminished in STH defi
ciency and rises on administration of human 
growth hormone. In rats, treatment with STH 
leads to a rise of phosphorus and alkaline 
phosphatase in the serum whereas hypophysec
tomy results in a fall. 

3. Thyroid Hormones 

One of the chief results of infantile hypo
thyroidism (p. 165) and thyroidectomy in the 
young animal is inhibition of growth and bone 
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development. As a rule, bone age is more 
retarded than growth. In contrast to this, growth 
and bone development are usually somewhat 
accelerated in infantile hyperthyroidism. These 
disorders can easily be imitated experimentally 
in animals. 

Thyroid hormones are formed by the fetal 
thyroid gland. Because of this, bone maturation 
and brain development are found to be retarded 
even at birth in cases of congenital athyroidism. 
Only small amounts of thyroid hormones pass 
through the placenta, and maternal thyroid 
hormones are therefore unable to compensate 
fully for the absence of the fetal thyroid gland. 

Thyroid hormones are responsible for nor
mal postnatal growth and, even more, for 
normal bone maturation. Physiological doses 
produce this effect only in athyroidism and 
hypothyroidism. The presence of STH is essen
tial. In the presence of STH deficiency thyroid 
hormones can only correct the delay in bone 
maturation and not the delay in growth. Higher 
doses accelerate bone maturation considerably 
and only slightly affect growth in normal sub
jects. 

Fig. 3. Influence of adrenocortical hyperfunction on growth. The three girls are all the same age (4- 4.5 years). The increased 
prod uction of anabolic adrenocortical androgens in the adrenogenital syndrome (left) promotes growth. The increased 
production of catabolic glucocorticoids in Cushing's syndrome inhibits growth (right) (PRADER, 1956) 



Hormonal Influence on Growth and Bone Development 

In hypothyroidism, growth retardation is 
probably not only due to deficiency of thyroid 
hormones but also to a secondary STH defi
ciency. The rise in STH is found to be in
adequate after hypoglycemia induced by insulin. 
This defect disappears on treatment with thyroid 
hormone. Besides the change in the basophil 
cells in the hypophysis (p. 80) a decrease 
in the number of eosinophil cells, which pre
sumably form STH, following thyroidectomy 
is consistent with this viewpoint. 

4. Insulin and Glucagon 

Normal protein anabolism in the organism can 
only occur in the presence of adequate amounts 
of insulin. It is therefore assumed that insulin 
is essential for the anabolic and growth-pro
moting action of STH. This interpretation is 
supported by the facts that growth is retarded 
in badly treated juvenile diabetics and that 
growth is rather accelerated in patients with 
islet-cell tumors. In over-weight babies of dia
betic mothers and in infantile obesity, mild 
gigantism is a characteristic feature. Provocation 
methods in both instances cause a pronounced 
rise in insulin, whereas the rise in STH is 
reduced. Conversely, after the administration 
of large amounts of glucose to patients with 
STH deficiency, the insulin rise is diminished 
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and can be normalized by treatment with 
human STH. 

Very little is known about the action of 
glucagon on growth. Nevertheless, the STH 
concentration in the blood can be stimulated 
by glucagon in normal conditions. 

5. Adrenocortical Hormones 

Over-production of the anabolic-acting andro
genic adrenocortical hormones results in the 
adrenogenital syndrome (p.358). Growth and 
bone development are greatly accelerated in 
these patients (Fig. 4). Since bone development 
is accelerated more than growth, epiphyseal 
fusion and arrest of growth occur before normal 
adult height is attained (Fig. 29). The gigantism 
in childhood is thus replaced by dwarfism in 
adulthood. 

Over-production of the catabolic-acting glu
cocorticoids is present in Cushing's syndrome 
(p. 340). In the pure Cushing's syndrome 
during childhood, growth and bone development 
are greatly inhibited (Fig. 3). Analogously, 
long-term cortisone treatment in children leads 
to definite inhibition of growth which can 
usually be recompensated after treatment has 
been terminated. The effect may be due in part 
to a secondary STH deficiency. In fact, the 
STH level in the plasma is reduced in Cushing's 
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syndrome and during treatment with high doses 
of cortisone, secretion and the peripheral ana
bolic action of STH being more severely im
paired than its production. During therapeutic 
use of glucocorticoids it must be borne in mind 
that cortisone and cortisol inhibit growth to 
a lesser extent than prednisone and prednisolone 
and that equivalent doses of the other syn
thetic glucocorticoids have an even greater 
growth-inhibiting action. The latter compounds 
should therefore never be used during childhood. 
The growth-inhibiting action is even slighter 
if cortisone is given every other day or if ACTH 
is used instead. 

In chronic adrenocortical insufficiency such 
as is seen in Addison's disease and in adrenal
ectomized rats, growth is only inhibited if 
inadequate amounts of salt and cortexone 
( desoxycorticosterone) are given. Bone develop
ment is almost normal. 

In summary, growth and bone development 
are promoted by androgenic adrenocortical 
hormones and inhibited by glucocorticoids 
(Fig. 3). Growth and bone development remain 
normal in the absence of both types of hormones. 
The influence of adrenocortical hormones 
on normal growth in puberty is discussed on 
p. 1021. 

6. Gonadal Hormones 

Up to shortly before puberty, the gonads 
produce only very small amounts of hormones. 
During normal puberty as well as in premature 
puberty and in the absence of puberty, growth 
and bone development show characteristic fea
tures associated with the endocrine function 
of the gonads. 

a) Testicular Androgens 

Over-production of androgens by the testes 
occurs only with Leydig-cell tumors (p. 1051). 
The clinical picture is similar to that of preco
cious pseudopuberty (p. 1045). As with the 
overproduction of adrenocortical hormones, 
growth and bone development are accelerated, 
especially the latter. The same is applicable 
to true precocious puberty (p. 1045), where the 
testes produce androgens prematurely but in the 
normal manner. In this condition too, the 
result of the accelerated bone development is 
that growth is arrested even before normal 
adult height has been reached. 

Failure of the testes to produce androgens, 
pre-puberal castration and eunuchoidism (p. 457) 
result in partial inhibition of bone development 
while growth is not suppressed. The spurt of 
growth during puberty fails to occur but delay 
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testes in the male or amenorrhea in the female. 
duration of growth. The result is a height 
somewhat above the normal and strikingly 
long extremities (eunuchoid gigantism, p. 458). 

Testosterone, the androgenic hormone se
creted by the testes, has a very strong anabolic 
action (p.453). Like the endogenous androgen 
production, testosterone used therapeutically 
during the period of growth results in accelera
tion of growth and bone development, the latter 
being the more markedly affected. In the presence 
of an STH deficiency, the anabolic action of testo
sterone promoting growth and the androgenic 
effect are reduced (p. 102). Conversely, testo
sterone enhances STH secretion: there is a greater 
rise is plasma STH after provocation in a child 
receiving testosterone, and the increase is greater 
in adults than in children. 

b) Ovarian Estrogens 

Primary overproduction of estrogens during 
childhood due to granulosa-cell tumors (p. 
1050) leads to the picture of pseudosexual 
precocity (p. 1045). Growth and bone ma
turation are usually accelerated as in true 
precocious puberty and in the adrenogenital 
syndrome. 

Failure of the ovaries to produce estrogens 
(pre-puberal castration), like male eunuchoidism, 
gives rise to slight inhibition of bone develop
ment without growth impairment so that the 
end result is a eunuchoid gigantism. In contrast, 
bone development in Turner's syndrome is 
found to be normal or slightly retarded and 
there is usually pronounced dwarfism which 
has a genetic and not a hormonal cause. 

In contrast to testosterone and anabolic 
steroids, estrogenic hormones have not been 
found to have any definite anabolic action, 
experimentally or therapeutically. They do not 
promote growth, tending rather to inhibit it, 
and probably promote bone development to 
a small extent. As in pseudo sexual precocity 
due to a granulosa cell tumor, an apparently 
paradoxical effect is often seen when Turner's 
syndrome is treated with estrogens: not only 
does pubic hair develop but growth as a whole 
is also promoted (p. 720). In pituitary dwarfism 
it is only possible to achieve both actions with 
testosterone. Treatment with estrogens probably 
stimulates the production of androgenic adreno
cortical hormones in the presence of an intact 
hypophysis (p. 1040). 

c) Hormonal Control of Growth during Puberty 

A period of accelerated growth begins at 
puberty, subsiding towards the end of puberty 
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and coming to a standstill with the fusion of the 
epiphyses. As has been shown in the preceding 
sections, this is also applicable to true preco
cious puberty and to precocious pseudopu
berty associated with isolated hyperfunction 
of the gonads or adrenal cortex. Both andro
genic gonadal hormones and androgenic adreno
cortical hormones interact with STH to promote 
growth and bone development. The puberal 
growth spurt is apparently due to secretion 
of androgenic steroids and STH. In the absence 
of gonadal hormones, there is no spurt of growth 
during puberty, but a deficiency of adreno
cortical androgens may also playa great part 
(p. 1038), particularly in girls. Because the epi
physes fuse late, the period of growth is pro
longed, but the rate of growth is so slow in the 
last few years that the resultant gigantism is 
insignificant. 

The earlier normal puberty or a pathologic 
form of puberty arises, the shorter is the total 
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C. Normal Values for Body 
Measurements and Development of 
Bones and Teeth 

1. Height and Weight 

Height and weight are the most important 
measurements for assessment of physical de
velopment, but at the same time it must not be 
forgotten that there are wide physiological 
variations. Heredity, standard of living and the 
acceleration of growth from one generation to 
another all have marked effects. 

Normal percentile curves for boys and girls 
from birth to the 18th year are given in Figs. 4 
and 5. The terminal point of the growth curve 
can be used to estimate the height in adults. 
Since weight continues to increase after growth 
has ceased up to the 30th year, special tables 
(Table 2) are necessary for the assessment of 
adult weights. 

o I 2 3 4 5 6 7 8 9 10 12 14 16 18 
Chronologica l age. Years 

Fig. 5. Height and weight of girls. Percentile 50 represents median values. Percentile 10 (or 90) signifies that 10 o~ (or 90 O~) 
of all subjects of the same age are shorter or lighter and 90 o~ (or 10 O ~ ) are taller or heavier 

duration of growth and the smaller is the final 
size attained. The average size of women 
is less than that of men since the more rapid 
bone development in girls is paralleled by earlier 
puberty so that growth also ceases sooner. 

Height age and weight age signify the 
average age at which a certain size and weight 
are reached (percentile 50 in Figs. 4 and 5). 
A deviation of ± 20 % from the chronological 
age is completely normal and roughly corre-
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sponds to the area of dispersion between 
percentiles 10 and 90. 

If the average yearly increase in height and 
weight during the entire period of growth is 
considered (Fig. 6), the striking feature is the 
marked increase in height at the beginning 
of puberty. This spurt in growth does not 
occur in the absence of puberty. 
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2. Body Surface and Dosages for Tolerance Tests 

Dosages per kg body weight used in tolerance 
tests given in this book are only applicable to 
adults. These dosages would be too low for 
children. During childhood, it is preferable 
to give the dose per m2 body surface. The 
dosage according to body surface, however, 
can be used just as well in adults and can thus 
be employed more universally than the dosage 
according to body weight. The body surface 
can be assessed from body height and body 
weight with the aid of a nomogram. Ex
perienced workers can estimate the body 
surface from the following rough scale of 
normal values: newborn = 3.5 kg = 0.2 m2 , 

2 years = 12 kg = 0.5 m2 , 9 years = 30 kg = 
1.0 m2 , adult = 65 kg = 1.7 m2 • 

3. Body Proportions 

As growth increases, the head becomes pro
gressively smaller and the extremities pro
gressively longer in proportion to the trunk. 
The relative lenghts of the trunk and the 
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extremities is important in endocrinology. The 
simplest way of estimating these proportions 
is to measure the lower length or lower segment 
(height from floor to the upper edge of the 
pubic symphysis) and then calculate the upper 
length or upper segment (body height minus 
lower segment). The sitting height is very often 
measured instead of the upper segment and is 
only slightly different. The ratio of upper 
segment/lower segment is about 1.7 in the 
newborn and decreases with increasing age 
(Fig. 9). The ratio is about 1.0 in a 10-year-old. 
During puberty, the extremities are compar
atively longer than at any other time of life so 
that the quotient may fall to 0.9 in boys and 
0.95 in girls. It is slightly more than 1 in adult 
women and slightly less than 1.0 in men. 

A rougher estimate of the proportion be
tween trunk length and extremity length can 
be made by measuring the arm span (distance 
from finger tips of one outstretched arm to 
finger tips of the other outstretched arm) and 
body height. The arm span is slightly less than 
the body height before the 10th year of life and 
slightly more after the 10th year. It exceeds 
body height by a maximum of 4-7 cm in adults. 
The fact that arm span corresponds to height 
and the lower segment to the upper segment 
in the man is seen in LEONARDO DA VINCI'S 
famous artistic sketch of human proportions 
(Fig. 7). 

The development of these proportions is 
retarded, i.e. the relative length of the extrem
ities is too short (Fig. 8), in certain forms of 
dwarfism, particularly in hypothy"roidism and 
chondrodystrophy. The ratio of upper segment/ 
lower segment is higher than normal and the 
arm span shorter. The same is applicable to 
all forms of true and pseudo sexual precocity 
after growth has ceased. In these patients 
epiphyseal fusion occurs before adult pro
portions are attained. Conversely, in other 
subjects the extremities are longer than normal, 
particularly in eunuchs and in arachnodactylia. 
This feature is less marked but still obvious in 
almost every case of delayed puberty. The 
ratio of upper segment/lower segment is then 
lower and the arm span longer than normal 
(eunuchoid stature). 

4. Bone Development 

Bone development is most easily assessed from 
an X-ray of the hand. Developmental age of 
the skeleton of the hand (bone age) can be 
determined by comparing the X-ray with Figs. 
10-13. There are special atlases from which 
the precise bone age of the hand can be read 
(GREULICH-PYLE). Even more exact methods 
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Fig. 7. LEONARDO DA VINCI'S sketch of the human proportions 

are based on counting all the centers of ossifica
tion on one side of the body (SONTAG). 

As in the case of height age and weight age, 
a deviation of about ± 20 % of bone age from 
chronological age is completely normaL Bone 
development is faster in girls than in boys, 
the greatest difference being found during 
puberty when bone development is about 2 years 
ahead in girls. It is not unusual to find a slight 
dissociation, i.e., a disturbance in the sequence 
in which the ossification centers arise. Marked 
dissociation is especially common in hypo
thyroidism and following severe generalized 
diseases. 

Comparison of height age and bone age 
is valuable in the investigation of many growth 
disorders. In pituitary dwarfism (p. 98), height 
and bone age are retarded severely and to 
approximately the same extent. Bone age is 

more retarded than height age in untreated 
hypothyroidism during infancy (p. 165). Height 
age alone is advanced in hypophyseal gigantism 
(p. 107). Bone age is more advanced than 
height age in true and pseudosexual precocity 
(p.l045). 

In some endocrine disorders the X-ray of 
the hand is of value not only in the estimation 
of bone age but also in the assessment of bone 
structure. A marked calcified endplate of the 
radius and ulna with splintering of the ossifica
tion center of the ulna (epiphyseal dysgenesis) 
points to hypothyroidism (p. 173), whereas 
bone absorption in the region of the phalanges 
indicates hyperparathyroidism (p. 915). Gen
eralized calcium deficiency is found in various 
disorders of calcium/phosphorus metabolism. 
Coarse ropelike structural changes are found in 
Turner's syndrome. Transverse lines in the vicin-
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ity of the epiphyses in long bones and a coulisse· 
like structure of the ossification centers (Fig. 10, 
p. 173) can indicate a sudden change from 
slow to rapid bone growth even months to 
years after a temporary inhibition of growth 
in generalized illness or the onset of treatment 
with thyroid extract in hypothyroidism. 

5. Prognosis of Puberty and Growth from Body 
Height and Bone Development 

Bone age is a much more reliable indicator 
of the time puberty will occur than chronological 
age or body measurements. The appearance 
of the first sesamoid bone of the thumb (Fig. 11) 
at a bone age between 10- 11. 5 years in girls 

Boys 
Gir ls 
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and between 12.5-13.5 in boys usually coin
cides with the onset of puberty. Menarche and 
the point at which mature spermatazoa are 
probably produced for the first time usually 
occur about two years later. 

ment. (After E:-':GrT, RACIl. 1932) Fig. 10. Skeleton or lhe hand of a I ~-yc"r-old bo) (KspZ) 
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This allows a rough prediction of the time 
puberty will occur after the 8th year. Thus for 
example, if bone age is two years in advance 
of chronological age in a 9-year-old boy puberty 

Fig. 11. First sesamoid bone of the thumb shown on the 
X-ray. Left, in a boy at the age of 13; right, in a boy of 15 
(KspZ) 

can be expected at the age of 11 instead of at 
13. 

Since growth ceases in girls at a bone age 
of 16-17 years and in boys at a bone age of 
18-19, the further course of growth can be 
roughly predicted from body height and bone 
age in children with a bone age of at least 
6 years (Table 3). However, this necessitates a 
completely accurate assessment of bone age, 
which can be obtained with the aid of the 
Greulich-Pyle Atlas. This possibility is of im
portance since parents of children growing too 
slowly or rapidly despite the absence of any 
endocrinological abnormality are particularly 
likely to demand a prognosis on growth from 
the doctor. 

6. Dental Development 

Development of the teeth is best assessed from 
a lateral X-ray of the lower jaw. The develop
mental age of the teeth (dental age) can be 
assessed by comparing the degree of mineraliza
tion of the teeth with Fig. 14. Fig. 14 also shows 
hypoplasia of the enamel of the permanent 
incisors is caused by a disorder ot calcification 
during very early childhood (rickets, hypo
parathyroidism). 

Table 3. Table for predicting adult height from body height and skeletal age. The figures indicate the percentage of final 
adult height at a given skeletal age. (From BROCK after tables by BAYLEY and PINNEAU) 

Skeletal 
Boys Girls 

age in Skeletal age Skeletal age 
years and 
months advanced normal delayed advanced normal delayed 

6. 0 68.0 72.0 73.3 
6.6 70.0 73.8 75.1 
7.0 67.0 69.5 71.8 71.2 75.7 77.0 
7. 6 68.5 70.9 73.8 73.2 77.2 78.8 
8. 0 69.6 72.3 75.6 75.0 79.0 80.4 
8. 6 70.9 73.9 77.3 77.1 81.0 82.3 
9. 0 72.0 75.2 78.6 79.0 82.7 84.1 
9. 6 73.4 76.9 80.0 80.9 84.4 85.8 

10.0 74.7 78.4 81.2 82.8 86.2 87.4 
10. 6 75.8 79.5 81.9 85.6 88.4 89.6 
11. 0 76.7 80.4 82.3 88.3 90.6 91.8 
11.6 78.6 81.8 83.2 89.1 91.4 92.6 
12.0 80.9 83.4 84.5 90.1 92.2 93.2 
12.6 82.8 85.3 86.0 92.4 94.1 94.9 
13.0 85.0 87.6 88.0 94.5 95.8 96.4 
13.6 87.5 90.2 96.2 97.4 97.7 
14. 0 90.5 92.7 97.2 98.0 98.3 
14 6 93.0 94.8 98.0 98.6 98.9 
15.0 95.8 96.8 98.6 99.0 99.4 
15.6 97.1 97.6 99.0 99.3 99.6 
16.0 98.0 98.2 99.3 99.6 99.8 
16. 6 98.5 98.7 99.5 99.7 99.9 
17.0 99.0 99.1 99.8 99.9 100.0 
17. 6 99.4 99.95 99.95 
18.0 99.6 100.0 
18. 6 100.0 
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Development of the teeth usually deviates 
less from the normal than bone development 
in endocrine disorders. Thus, dental age is 
less retarded than bone age in infantile hypo
thyroidism (p. 165) and in pituitary dwarfism 
(p. 98). In contrast, dental age is normal or 
only slightly advanced in all forms of pseudo
or true precocity, although bone age is extremely 
advanced (Fig. 29). Development of teeth is 
obviously less dependent on endocrine factors 
than bone development. Hypoparathyroidism 
arising during infancy is an exception (p. 895), 
since development of the teeth is often con
siderably impaired due to deficient calcification 
of the roots. The X-ray is valuable in the diagnosis 
of hyperparathyroidism (p. 915) since it reveals 
the absence of the lamina dura (cortex of the 
dental alveoli). 

7. Graphic Representation of Growth and 
Development 

Fig. 9 on p. 172 and Fig. 29 on p. 1047 show a 
simple and clear graphic representation with 
chronological age plotted along the abscissa 
and developmental age along the ordinate. The 
curve appropriate to each developmental age 
(height age, weight age, bone age, mental age, 
etc.) is then drawn in. The different measures 
of development can then be determined at a 
glance. 

D. Disorders of Growth 

1. Definition of Dwarfism and Gigantism 

Any definition of small and large stature and 
dwarfism and gigantism is subjective and there
fore none can claim to be standard. 

During childhood, the concepts of small and 
tall stature are used (Chap. XVIII) when the 
height age deviates by more than 20 % from 
the norm, and those of dwarfism or gigantism 
when the deviation exceeds 40 %. According 
to another definition, dwarfism or gigantism 
is present if the height differes more than three 
standard deviations from the normal mean. 
Both definitions incorporate almost the same 
limits during childhood. If the same form of 
measurement is applied to adults, dwarfism 
(or small stature) is present in a male if he is 
smaller than 145 cm (or 165 cm), and gigantism 
(or large stature) if he is taller than 200 cm (or 
185 cm). Similarly, dwarfism (or small stature) 
is present in a woman if she is smaller than 
135 cm (or 155 cm) and gigantism (or tall 
stature) present if she is taller than 185 cm 
(or 170cm). 

Table 4. Etiological classification of dwarfism 

1. Deficiency of building materials 

Hypocaloric dwarfism 
Intestinal dwarfism (see under 3) 

2. Neural and hormonal disorders 

Hypothalamus and pituitary 
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Dyscerebral and microcephalic dwarfism. Laurence
Moon-Biedl-Bardet syndrome 
Constitutional retardation of growth and puberty 
True precocious puberty 
Pituitary dwarfism 

Thyroid 
Hypothyroid dwarfism 

Pancreas 
Badly stabilized diabetes mellitus 

Adrenals 
Cushing's syndrome 

Gonads 
Pseudosexual precocity' with gonadal tumors 

3. Nonhormonal metabolic disorders 

Renal dwarfism 
Renal malformations, chronic nephritis, Fanconi syn
drome, renal diabetes insipidus, etc. 

Intestinal dwarfism 
Celiac disease, cystic fibrosis, megacolon, etc. 

Hepatic dwarfism 
Glycogen storage disease, cirrhosis, etc. 

Anoxemic dwarfism 
Congenital heart disease, bronchiectases, chronic ane
mia, etc. 

Rachitic dwarfism 
Vitamin-D deficiency and vitamin D-resistant rickets 

Lipoidosis 
Gaucher's disease, Niemann-Pick, Hand-Schiiller
Christian, and Pfaundler-Hurler's disease 

4. Deficient growth potential or bones 

Primordial dwarfism and progeria 
Congenital skeletal disorders 

Achondroplasia, dysostosis (d. multiplex Pfaundler
Hurler, d. enchondralis Morquio, d. cleidocranialis, 
etc.) 

Acquired skeletal disorders 
Rickets, hyperparathyroidism 

Congenital dysmorphic syndromes 
Gonadal dysgenesis, pseudohypoparathyroidism, auto
somal chromosomal disorders (Down's syndrome, etc.) 

" Growth retardation only after epiphyseal fusion. 

2. Etiological Classification of Dwarfism 

A survey of the various forms of dwarfism 
is presented in Table 4. The etiological classi
fication corresponds to the growth factors 
given on p. 1015. The different forms of dwarfism 
due to endocrine disorders are discussed in the 
appropriate chapters dealing with the organs 
and on p. 1031. This chapter deals with the 
nonhormonal forms of dwarfism which are 
freq uently misinterpreted as endocrinopathies 
and the differential diagnosis of dwarfism. 
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3. Dyscerebral and Microcephalic Dwarfism 

Microcephalia, brain malformations, and con
genital and acquired brain damage of all types 
are often connected with dwarfism. A defi
ciency of growth hormone is only exceptionally 
found to be the cause in such cases. This suggests 
that cerebral and hypothalamic factors can 
also influence growth and development via 
nonhormonal routes. 

4. Hypocaloric and Psychosocial Dwarfism 

Numerous studies on growth in school children 
during war and postwar times have shown that 
deficient nutrition definitely impairs growth 
and that proper nourishment promotes growth 
in undernourished children. The best examples 
of hypocaloric dwarfism can be found among 
incorrectly and poorly fed babies, children 
with severe chronic generalized illnesses, and 
children with anorexia persisting over many 
years. These last patients illustrate extremely 
well that psychological influences can also 
interfere with normal growth by their effect 
on nutritional uptake. 

In addition to children in whom under
nourishment or long-standing severe psycho
logical conflicts are apparent there are others 
with dwarfism, striking emaciation and slightly 
retarded bone development. In these children, 
a deficient diet is only discovered to be the 
cause of the dwarfism after change of environ
ment and an optimal diet have produced an 
acceleration in growth. 

In the U.S.A. there has recently been a 
special study of forms of dwarfism due to a 
combination of psychological and social factors. 
These types of dwarfism are usually reversible 
(PATTON, 1962; POWELL, 1967), and are referred 
to as "emotional deprivation" or "maternal 
deprivation" or as psychosocial dwarfism. Apart 
from the dwarfism, behavioral disturbances and 
neglect are also dominant features. It is not 
quite certain whether psychic factors can inhibit 
growth directly or whether the dwarfism is 
connected with the malnutrition. The latter 
appears more probable. In some cases the 
concentration of growth hormone in the blood 
was found to be low and to respond insuffi
ciently to stimulation. A functional, i.e. rever
sible, growth-hormone deficiency may therefore 
be present. The growth hormone concentration 
is, however, raised in other cases of more acute 
undernourishment with protein deficiency (K wa
shiorkor) (PIMSTONE, 1966). If the child can 
be successfully removed from this situation 
by a change of environment or improved diet, 
accelerated compensatory growth can be ob-

Growth and Development 

Fig. 15. Familial constitutional delay of development with 
spontaneous puberty at the age of 18. Left, boy of almost 
18 with definite dwarfism, puberty still absent, slightly 
eunuchoid proportions. Bone age of almost 13 years signi
fies that puberty is imminent. Right, exactly one year later. 
As expected, puberty occurred spontaneously and there was 
a marked acceleration in growth (PRADER, 1955) 

served with complete correction of the condi
tion. If it is left untreated, the growth curve 
is similar to that in patients with growth
hormone deficiency (p. 98) or to that found 
in constitutional delay of growth and puberty, 
discussed in the following section. 

5. Constitutional Delay of Growth and 
Development 

Bone development and puberty are retarded 
in many children with dwarfism in whom no 
pathologic findings and no proof of inadequate 
nutrition can be detected. During shool age, 
height, weight, and bone development are 
usually retarded by 2- 4 years. Puberty and the 
puberal spurt in growth occur somewhat later 
than in other children, between the 14th and 
18th years, but are absolutely normal. As the 
period of growth is prolonged to the 20th to 
23rd year of life these individuals reach a normal 
height, even if at the lower normal limits, at 
a later date. 

This delay in growth and puberty is the 
most common cause of dwarfism in childhood. 
It is usually familial. The case history may 
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reveal that the father was also one of the 
smallest at school and was still growing at the age 
of 20, or that menarche was late in the mother, 
occurring at the age of 15 or 16, or that puberty 
developed very late in older siblings and they 
only started to catch up on growth after this. 

The clinical diagnosis is based on the follow
ing elements: the child or youth gives a healthy 
and robust impression, there are no signs of 
endocrinopathy, the growth curve lies below 
and almost parallel to that of the 3rd percentile, 
bone age is retarded to the same extent as growth, 
the family history may reveal similarly retarded 
growth and puberty in the father or mother 
or older siblings. In such circumstances detailed 
endocrinological examinations are not indicated. 
If, however, the growth curve deviates further 
from the 3rd percentile, isolated growth hor
mone deficiency must be considered in the 
differential diagnosis and appropriate tests 
initiated. 

The ability to predict from the bone age 
when puberty can be expected (p. 1024) and 
what the future adult height will be (p. 1024) is 
crucially important in the selection of treatment. 
In order to leave endogenous development of 
puberty undisturbed, every type of hormonal 
therapy should theoretically be postponed until 
the bone age (girls about 11.5 years, boys 
about 13.5 years) at which the first signs of 
puberty should appear is reached. When these 
do not appear as expected the diagnosis of 
constitutional growth and developmental re
tardation must be discarded and a true hypo
gonadism assumed as the cause. As a general 
rule it is permissible to delay treatment if 
puberty is almost imminent. But after the 15th 
year or sometimes even earlier, a true psycho
logical emergency may arise. During confidential 
talks with the patient it suddenly becomes 
apparent how inadequate he feels physically 
and often socially, how difficult it is for him 
to keep up in sports, how awkward, inferior, 
and abnormal he feels, how he is made fun 
of and terrorized by his associates and how 
he lives in a constant state of fear. This situation 
presents a pressing psychosocial indication for 
temporary treatment with chorionic gonado
tropin or testosterone. Chorionic gonadotropin 
has the advantage that any expected response 
of the testes to stimulation can soon be re
cognized as secondary sexual characteristics 
develop quickly. A weekly injection of 2000 
units for 3 months is a suitable dosage. Treat
ment with testosterone is correct either from 
the beginning or subsequent to administration 
of chorionic gonadotropin (10-25 mg methyl 
testosterone daily orally, or 250 mg of a depot 
testosterone preparation given by i.m. injection 
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each month). Testosterone, however, should 
only be given until a bone age of 13.5 years 
has been reached. Body weight, height, and 
physical strength will increase rapidly during 
treatment. Secondary sexual characteristics ap
pear at the same time but the testes remain 
small in size since endogenous gonadotropin 
production is inhibited by the treatment. Appe
tite, efficiency, and self-confidence also in
crease. Puberty continues spontaneously under 
the control of endogenous gonadotropins after 
treatment is discontinued, and the testes rapidly 
increase in size providing the bone age has 
passed the stage of 13-13.5 years. 

6. Primordial Dwarfism 

In primordial dwarfism, body proportions, 
bone development, development of puberty and 
the age at which growth stops correspond 
roughly to the chronological age. In other words, 
with the exception of growth in height and 
weight, these children develop absolutely nor
mally and are capable of reproduction. The 
incidence of this form of dwarfism is both 
sporadic and familial. Growth is usually re
tarded at the time of birth in spite of a pregnancy 
of normal duration (Fig. 17). It is not unusual 
for subjects in whom the condition is sporadic 
to have children of normal size. In other cases, 
the family tree shows a true selection for dwarf
ism, since small people prefer to choose small 
marriage partners and they in tum have small 
children. 

7. Progeria 

Progeria (Hutchinson-Gilford syndrome) is a 
very rare, non-familial, congenital growth dis
order with premature aging. The patients are 
of normal intelligence and all have exactly the 
same unmistakable appearance. As well as 
dwarfism and deficient panniculus, the condition 
is characterized by an old-looking bird-like 
face (Fig. 16). 

Typical symptoms usually arise as early 
as the first year of life. Growth is greatly 
retarded but ceases at the normal time. Average 
height is only 117 cm and the mean weight 
only 16.5 kg at the age of 18 (THOMSON, 1950). 
The face is strikingly small compared to the 
skull, which has a slightly hydrocephalic appear
ance. The eyes are prominent and the nose 
is beak-like and pronounced. The lower jaw 
is hypoplastic. Hair on the head, eyebrows, 
and eyelashes is usually sparse or completely 
absent. Veins on the forehead are greatly 
dilated and protruding. X-rays show a mild 
calcium deficiency in the bones, coxa valga, 
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and hypoplasia of the distal ends of the clavi
culae. Extremities are always held in a position 
of slight flexion. Arteriosclerotic and arthrotic 
changes always arise at a very early age. Death 
usually occurs during the 2nd decade and is 
most often due to coronary insufficiency. The 
oldest known case reached the age of 26 years. 

Fig. 16. Classic progeria in a 3~-year-old boy. Body height 
is 85 cm instead of 95 (ROSSI, 1951) 

The cause of progeria is unknown. Some 
time ago hypophyseal insufficiency was thought 
to be the cause, but this has never been proved. 
More recently, hereditary mesenchymal dys
plasia with resistance to growth hormone and 
insulin has been postulated (VILLEE, 1969). 

8. Dysmorphic Syndrome with Dwarfism 

The numerous syndromes of dwarfism with 
multiple dysmorphic features or multiple mal
formations are extremely difficult to diagnose 
and even more difficult to treat. The regions 
predominantly affected by the multiple mal
formations are those of the head, face, hands, 
feet, heart, and external genital organs. Dwarf
ism is commonly already present at birth. Bone 
development corresponds to the chronological 
age or is retarded. Intelligence is normal or 
below normal depending on the type of syn
drome. Turner's syndrome (gonadal dysgenesis, 
p. 713), pseudo-Turner's syndrome (p. 719), 
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pseudohypoparathyroidism (p. 899), autosomal 
chromosomal disorders of which mongolism 
(Down's syndrome) is the most frequent, and 
numerous other syndromes belong to this 
group. The diagnosis is important for prog
nostic reasons and for genetic counselling, but 
it requires special knowledge in this field 
(SMITH, 1970) and cannot be discussed any 
further at this point. 

9. Clinical Investigation of Dwarfism 

The survey of the various forms of dwarfism 
(Table 4 on p. 1027), the types of growth in 
Fig. 17, and the summary of the differential 
diagnosis in Table 5 should be kept in mind 
during the following account. 

Clinical investigation of dwarfism is often 
laborious and time-consuming. The cause can 
only seldom be detected at first glance (hypo
thyroidism, chondrodystrophy, mongoloid idio
cy, etc.). An exact family history (height of 
parents and siblings, age at onset of puberty, 
and at cessation of growth) and a careful personal 
history giving information about the course 
of growth until the present time, nutrition, 
appetite and previous illnesses are absolutely 
essential. Thorough general physical examina
tion with urinalysis is also of the utmost im
portance. It is very important to record height, 
weight, bone age, body proportions and the 
state of puberal development to provide a 
standard of comparison in assessing the sub
sequent course of growth and development at 
later examinations. The X-ray of the hand is 
used to assess bone age and also reveals any 
metabolic and endocrine skeletal disorder. 

Only tests aimed at confirming a suspected 
diagnosis should actually be performed; even 
consideration for the patient alone forbids in
discriminate testing for all conditions which 
can cause dwarfism. 

A thorough case history and clinical exa
mination nearly always lead to the diagnosis 
in adults. The diagnosis is more difficult in 
children but far more important for prognostic 
and therapeutic reasons. Often, however, even 
the most careful investigations do not definitely 
reveal the cause of the dwarfism in the child. 
Periodic observation is very valuable since the 
course of growth is quite characteristic for most 
forms of dwarfism. 

If investigations do not reveal an easily 
detectable endocrinopathy (hypothyroidism, 
Cushing's syndrome), or metabolic disorder, 
cerebral disturbance or skeletal disorder, and 
the child gives a generally healthy impression 
and appears to be of normal intelligence, the 
condition is frequently due to constitutional 
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retardation of growth and puberty (p. 1028). 
Less commonly, it may be primordial dwarfism 
(p. 1029), pituitary dwarfism (p. 98) or Turner's 
syndrome (p. 713) without striking dysmorphic 
features. Pituitary dwarfism can be detected 

by means of thorough examination of pituitary 
function with estimations of growth hormone. 
Turner's syndrome must be condidered in 
every girl of small stature, and pterygium etc. 
must be looked for carefully. A negative sex 
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Fig. 17. Typical growth curves in various forms of dwarfism (PRADER, 1971) 

Table 5. Differential diagnosis of endocrine dwarfism in childhood 

Diagnosis Growth Bone maturation Intelligence Special features 
(and puberty) 

Dyscranial dwarfism Delayed Delayed Reduced Microcephalia 
Neurological findings possible 

Hypocaloric dwarfism Delayed Delayed Normal History 
Psychosocial dwarfism Emaciation 

Constitutional delay of Both similarly Normal Parental history 
growth and puberty delayed Healthy 

Primordial dwarfism Delayed Normal or slightly Normal Parents often very small 
delayed Healthy 

Pituitary dwarfism 
a) isolated deficiency of Very delayed Less delayed Normal Doll-like appearance 

growth hormone than growth Normal body proportions 
b) deficiency of several Both similarly Normal As in a) associated with other 

pituitary hormones delayed hormonal failures 

Hypothyroidism Delayed More delayed Reduced Characteristic appearance 
than growth Infantile body proportions 

Cushing's syndrome Delayed Delayed Normal Obesity with other Cushing symptoms 

Turner's syndrome Very delayed Less delayed Normal or Typical dysmorphic characteristics 
(gonadal dysgenesis) than growth slightly 

reduced 

True and pseudo-precocious Accelerated Greatly accelerated Normal Accelerated somatic development 
puberty up to 12th year, premature secondary sexual 

then standstill characteristics 
with dwarfism 
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chromatin confirms the diagnosis whereas a 
positive sex chromatin does not help and 
demands analysis of the chromosomes when 
Turner's syndrome is clinically suspected. 

10. Prognosis and Treatment of Dwarfism 

The prognosis for growth is of greatest practical 
importance in children. If an endocrine hypo
function is present the prognosis will depend 
on regular substitution therapy. The time at 
which puberty will occur and the future adult 
height can be predicted quite accurately in all 
other forms from body height and bone age 
(p. 1024). Obviously no further growth is pos
sible after fusion of the epiphyses. 

Causal treatment is possible in only a few 
cases of dwarfism. It includes optimal nutri
tional intake if the condition is due to mal
nutrition, administration of human growth hor
mone in pituitary dwarfism, or of thyroxine 
in hypothyroidism, insulin treatment in diabetes 
mellitus, surgical removal of endocrine-active 
tumors, treatment with cortisone in cases with 
the adrenogenital syndrome and inhibition of 
gonadotropins in cases of sexual precocity. 

Some of the growth-promoting drugs re
commended for symptomatic treatment are: 

1. Pituitary Growth Hormone. Extracts from 
animals are useless. The amounts of growth 
hormone extracted from human pituitary glands 
at our disposal are barely adequate for the 
treatment of pituitary dwarfism, so that we 
have very little experience of its action in other 
forms of dwarfism. The usual doses currently 
used for symptomatic treatment (2-6 IV 2-3 
times weekly) appear to have little or no effect. 

2. Thyroid Hormones. The growth-promoting 
effects of these hormones are very slight except 
in hypothyroidism. This form of treatment 
must be used with caution since it involves the 
risk of accelerated development of the bone age. 

3. Testosterone. Testosterone promotes growth 
considerable. Its androgenic action is a dis
advantage and only very low doses can be 
used before puberty. Another drawback is its 
stimulating action on bone maturation. Since 
bone maturation is promoted more than growth 
(p. 1020), there is a risk of premature epiphyseal 
fusion with premature arrest of growth as with 
an overproduction of endogenous androgens 
(p. 713). In other words, the acceleration of 
growth is obtained at the expense of a reduction 
in future adult height. Testosterone should 
therefore only be given after the 12th year of 
age and only to boys with a good growth 
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prognosis. Symptomatic use of testosterone has 
been discussed in connection with the treatment 
of constitutional retardation of growth and 
puberty (p. 1029). 

4. Anabolic Steroids. It has been claimed that 
the growth-promoting anabolic action of various 
synthetic testosterone derivatives is much greater 
than their androgenic effect. In practice, how
ever, it has been found that, like testosterone, 
they usually have stimulating and androgenic 
effects on bone maturation in doses promoting 
growth. The misgivings applicable to testo
sterone are thus also applicable to these drugs. 
Exceptional caution is required, particularly 
in treating girls, because of the androgenic 
action. 

5. Insulin. Findings from animal experiments 
(p. 1019) and theoretical consideration suggest 
that symptomatic promotion of growth may be 
possible with insulin. Its use, however, is prob
lematic because of the danger of hypoglycemia 
and there is no practical experience as yet. 

6. Nutrition. An optimal intake of calories and 
proteins is advisable in every form of dwarfism. 
Definite success can only be expected if the 
inhibition of growth is due to deficient nutri
tion. Trying to force anorexic children to eat 
is usually useless and only leads to psycho
reactive disturbances. 

7. Vitamins, Liver Preparations, Antibiotics and 
Antiallergics. It has been claimed that vitamin 
B12, liver extracts, certain antibiotics and, more 
recently, certain antiallergic drugs can promote 
growth directly or by stimulation of the appetite. 
There is no definite evidence of an action of this 
kind in man. Even if a clinician is sceptical 
about their validity, trials with these drugs are 
occasionally indicated for psychological reasons. 
Vitamins and liver preparations are then pre
ferable, and the use of actual pharmaceutical 
preparations is only justifiable if regular check
ups are carried out. 

11. TaU Stature and Gigantism 

The various forms of gigantism are presented 
in Table 6, in which the same etiological 
classification has been used as for dwarfism 
(Table 4). The different forms of gigantism 
due to endocrine factors are dealt with in 
the corresponding chapters. A few nonhor
monal forms of gigantism which are still fre
quently misinterpreted as endocrinopathies are 
discussed below with the differential di
agnosis. 
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Table 6. Etiological classification of gigantism 

1. Excessive building materials 

Prepubertal and pubertal obesity (subsequent to pituitary 
hyperfunction) 

2. Neural and hormonal disorders 

Hypothalamus 
Dyscerebral gigantism with hydrocephalus, etc. 
True precocious puberty 

Hypophysis 
Hypophyseal gigantism 

Thyroid 
Hyperthyroid gigantism 

Adrenals 
Adrenogenital syndrome 

Gonads 
Pseudo-precocious puberty with gonadal tumors 

3. Nonhormonal metabolic disorders 

Arachnodactylia (Marfan syndrome) 

Homocystinuria 

4. Excessive growth potential of' bones 

Primordial gigantism 
XYY syndrome 
Wiedemann-Beckwith syndrome with omphalocele and 
macroglossia 

In cerebral gigantism, gigantism is present 
from birth or babyhood. The striking features 
are: the large dolichocephalic head with the 
high forehead and large orbits, large plump 
hands and feet, often mild mental deficiency 
and generalized motor clumsiness. Bone age 
and puberty are usually somewhat advanced. 
The EEG is frequently found to be pathologic 
and there is often slight hydrocephalus. The 
syndrome occasionally arises among siblings. 
Hormonal findings correspond to the develop
mental age. Contrary to expectation, growth 
hormone levels are not raised. The pathogenesis 
is just as obscure as is that of microcephalic 
dwarfism. 

There is also a primordial form of gigantism. 
Apart from the conspicuous height, these in
dividuals are healthy and normal in every 
respect. Bone maturation and development of 
puberty are within normal limits. This form 
of gigantism is frequently familial. For under
standable psychological reasons, very tall in
dividuals often marry each other, so that as 
in dwarfism, there is true selection of gigantism. 

The differential diagnosis is seldom difficult. 
The general examination and family history 
usually allow a definite diagnosis to be made. 
In the presence of impaired vision, and disorders 
of the nerves supplying the ocular muscles, the 
rare diagnosis of a pituitary tumor would have 
to be considered. The common XYY syndrome 
(p. 468) must be considered in cases where 
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youths are extremely tall compared with their 
parents. The diagnosis is confirmed by means 
of Y-fluorescence staining of the buccal smear 
or by direct chromosomal investigation. 

The prognosis about when puberty will 
occur and the future adult height can easily 
be determined from the age, height and bone age. 

Causal treatment is only possible in the 
rare hormonal disturbances. There is no causal 
therapy available for the other types or for 
constitutional gigantism, which is very common. 
During school age and adolescence, extreme 
body height often leads to serious psychological 
problems and to organic kyphosis (Scheuer
mann's disease) or to psychogenic posture 
kyphosis. If the expected adult height is extreme, 
symptomatic treatment to reduce the future 
height is desirable. An urgent psychosocial 
indication for this type of treatment may present 
particularly in girls. As in precocious puberty, 
high doses of sexual hormones can reduce the 
phase of growth and thus the expected adult 
height (in girls, estrogen medication with ge
stagens every 4th week, testosterone in boys). 
Therapy of this kind inhibits gonadotropin 
secretion and thus suppresses gonadal develop
ment, at least temporarily, but current knowl
edge of the optimal dose and the complications 
associated with the treatment is not sufficiently 
advanced for it to be recommended for general 
use. 

E. Puberty 

1. Survey 

Puberty is the phase of development at which 
secondary sexual characteristics arise and the 
gonads attain incretory and secretory matura
tion. It begins with the development of the 
first secondary sexual characteristics, generally 
lasts for about 5 years and ends when fertility 
has been attained shortly before cessation of 
body growth. Occasionally, puberty is defined 
as the first phase of development up to menarche 
(roughly the same period of time in boys), 
and the term adolescence is applied to the sub
sequent phase of development up to termination 
of growth. No distinction is usually made now, 
however, between puberty and adolescence. 
On average, puberty arises almost two years 
earlier in the female than in the male sex. 
Time relations vary according to race and 
other hereditary factors and are also influenced, 
like growth, by exogenous factors, way of life 
and nourishment. In addition, an earlier 
maturation (pubertal acceleration) has be
come obvious over several generations, which is 
presumably also related to exogenous factors. 
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The onset of puberty is now between the ages 
of 8 and 14 years in girls, and between 10 
and 16 years in boys. Girls are sexually mature 
and adult between the ages of 14 and 16 years, 
and boys between 16 and 20. 

The reader is referred to the chapters on the 
ovary and testis for the histology of gonadal 
maturation. Only external characteristics of 
puberty and the underlying hormonal relations 
are discussed in this section. 

2. External Characteristics and Course 

Tables 9 and 10 show the average course of 
puberty in girls and boys. Tables 7 and 8 show 
the usual stages used today for the develop
ment of pubic hair and breasts. Fig. 21 gives 
the normal values for testicular volume. The 
development as a whole shows a wide chrono
logical variation between individuals (Figs. 18 
and 19), whereas the order in which the individual 
characteristics arise and the time intervals be
tween them vary much less. 

As described in the discussion of growth 
(p. 1015), the spurt of growth during puberty, 
the bone maturation leading to fusion of the 
epiphyses and standstill of growth are the main 
characteristics of puberty. Bone development 
is related much more closely to puberty than 
chronological age or body size. This makes it 
possible to predict the onset of puberty from 
the chronological age and bone age. The rela
tions between puberty and bone development 
and between bone development and arrest of 
growth also explain why growth comes to a 
halt sooner with early puberty. This rule, 
however, only applies to individual development 
and not to the generalized acceleration of growth 
and puberty observed in modem children. 
Puberty occurs at an earlier age now than in 
earlier generations and children, therefore, now 
reach adulthood earlier, but even so they are 
also taller than children of past generations. 
This increase of body height in spite of earlier 
puberty can be explained by the fact that the 
more intense prepubertal growth more than 
compensates for the shorter duration of growth. 

Table 7. Stages of breast development. (After TANNER, 1962) 

Growth and Development 

Table 8. Stages of pubic hair. (After TANNER, 1962) 

PI No hair 

P 2 A little pubic hair around root of penis or on labia 
majora, unrecognizable on photo of whole body 

P 3 Dense hair in circumscribed limits, visible on photo 

P 4 Dense hair as in adult but less extensive 

P 5 Extensive dense hair with horizontal upper margin and 
extending laterally onto thighs 

P 6 Triangular extension towards umbilicus 

Table 9. Chronological table of the development of puberty 
in girls 

Age Physical characteristics 
(years) 

Before 8 Infantile state 

10--11 Breast buds = thelarche (B 2) 
Acceleration' of growth 
Maturation of vaginal mucosa 

11 First pubic hair = pubarche 
First sesamoid bone of thumb 

11-12 Marked growth of external and internal genitalia 

12-13 Pubic hair and breast development in Stage 3 
Peak height velocity 

13 Menarche, irregular anovulatory menstruation 
Axillary hair 
Pubic hair and breast development in Stage 4 

14-15 Regular ovulatory menstruation 
Pregnancy possible 
Pubic hair and breast development in Stage 5 

16--17 Epiphyseal fusion and standstill of growth 

Table 10. Chronological table of the development of puberty 
in boys 

Age 
(years) 

Before 10 

11-12 

12-13 

13-14 

14 

14-15 

Physical characteristics 

Infantile state 

Testes begin to grow 

Appearance of pubic hair = pubarche 
Enlargement of penis starting 
Acceleration of growth 

Marked growth of testes and penis 
Pubic hair in Stage 3 
Mild swelling of breasts 
First sesamoid bone of thumb 

Peak height velocity 

Moustache appearing on upper lip 
Pubic hair in Stage 4 
Axillary hair 
Marked breast swelling 

B 1 No palpable glands 15-16 Breaking of voice 
B 2 Breast bud: areola enlarged, protusion of glands in 

region of areola 

B 3 Gland larger than areola 

B 4 Budding breast: glands in region of areola become 17-19 
elevated 'separately from the other glands 

B 5 Mature breast: retraction of the areolar protusion into 
the general contour of the breast 

Pubic hair in Stage 5 
Testes and penis fully grown, mature sperma-

tazoa 
Regression of swelling of breasts 

Increase in facial and body hair 
Pubic hair in Stage 6 
Masculine hair border on forehead 
Epiphyseal fusion and growth standstill 
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Fig. 18. Chronological scattering of the development of 
puberty in girls (VAN WIERINGEN, 1968) 
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Fig. 19. Chronological scattering of the development of 
puberty in boys 

The striking length of the limbs and the 
marked growth of the hands and feet (pubertal 
acromegaloid) are further features of growth 
during puberty. The comparative length of the 
extremities is greater, i.e., the ratio of upper 
to lower segment (p. 1024) is lower in the 
first phase of puberty than at any other time 
of life. This is explained by the fact that the 
extremities grow more than the trunk before 
and at the onset of puberty and that they also 
stop growing at an earlier stage. These almost 
eunuchoid proportions are more obvious the 
later puberty arises. 

Sex-specific skeletal characteristics develop 
parallel to generalized bone maturation during 
puberty. These features (wide hips in the woman, 
broad shoulders in the man, etc.) together with 
the development of the musculature and adipose 
tissue determine the characteristic stature of 
the man and woman. 

Development of the mammary glands or 
thelarche is the first of the secondary sexual 
characteristics to arise in the girl. The develop
ment is often unilateral to begin with, occurs 
more frequently on the left side, and there 
is often a difference between the two sides even 
later on. At first, the swelling of the glandular 
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tissue can only be palpated, then the areola 
protudes. All stages of breast development 
occur during 3-4 years. At the same time, the 
labia minora become enlarged. 

Parallel to this, gradual maturation of the 
vaginal mucosa can be followed in the vaginal 
smears and the steady increase in size of the 
uterus can be determined by means of rectal 
examination. The first pubic hair, or pubarche, 
appears shortly after the onset of breast develop
ment or more uncommonly before. The first 
sesamoid bone of the thumb becomes visible 
on the X-ray at about this time. This occurs 
at a bone age of about 11 years. The peak of 
the pubertal spurt of growth occurs about a 
year later and axillary hair develops after 
another year, at about the time when menarche 
arises. The first menstrual periods are usually 
painless, still irregular and not accompanied 
by the typical biphasic temperature curve (an
ovulatory cycle, p. 576). Fertility is not reached 
until 1-2 years later, with the development of 
regular and often painful menstruation (ovula
tory cycle, p. 564). 

Increase in the volume of the testes is the 
first secondary sexual characteristic in boys. 
Shortly after this the first pubic hair arises 
(pubarche) and the penis begins to grow at the 
same time. As in girls, the first sesamoid bone 
of the thumb appears on the X-ray roughly 
at the same time, corresponding to a bone age 
of 13 years. The peak of the spurt of growth 
during puberty is reached shortly after. Axillary 
hair appears later, and the beard begins to 
grow and the voice to break. The various charac
teristics become more pronounced in sub
sequent years. The rapid growth of the penis 
and testes is particularly striking, and develop
ment of these organs is complete by the age of 
16. The typical characteristics of body hair in 
the male are the tapering upper border of 
pubic hair extending towards the umbilicus and 
dense generalized body hair. Beard and the 
temporal retrogression of the hair margin on the 
forehead develop later. Swelling of the breasts 
(pubertal macromastia or physiological pubertal 
gynecomastia) is less striking, arises in most 
boys at the onset of puberty, usually disappears 
after 2-3 years and hardly ever exceeds the 
diameter of the areola. It is difficult to state 
definitely the point at which fertility is reached, 
i.e. when mature spermatazoa are produced. 
Although pollution and ejaculation occur very 
early on in puberty, mature sperms are not 
usually formed until a few years after the onset 
of puberty. 

Changes in the skin also belong to the 
secondary sexual characteristics in both sexes 
but particularly so in boys. Sweat excretion 
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increases, particularly in the axillae, and the 
sweat acquires a penetrating odor. Function 
of the sebaceous glands is greatly increased 
particularly in the facial region and acne of 
varying severity may be the presenting feature. 
The acne usually only involves the face and 
upper trunk and usually disappears spontane
ously after a few years. Striae distensae of the 
gluteal region and occasionally also of the upper 
parts of the thighs is another cutaneous symp
tom appearing in both sexes. Little attention is 
paid to this symptom but it is not uncommon 
and does not occur only in obese children but 
not infrequently also in thin subjects. 

Objective assessment of the size of the 
testes and occasionally also of the penis is very 
useful in the assessment of puberal disorders 
or hypogonadism. Testicular volume depends 
mainly on the development of the seminiferous 
tubules and only to a slight degree on the Leydig 
cells. Testes which are too small suggest in
adequate spermatogenesis due to primary tes-

Fig. 20. Orchidometer. Models of known volumes for 
estimating testicular volume hy comparative palpation 
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ticular insufficiency or gonadotropin deficiency. 
A conspicuously enlarged testis is often found 
in the absence of the contralateral testis and 
occasionally in the adrenogenital syndrome due 
to hyperplastic intra testicular adrenocortical 
tissue (p. 366). The simplest method for estimat
ing the volume is comparative palpation of the 
testis and testicular models of known volumes 
(Fig. 20). The volume before puberty is about 
0.75 ml to 2 ml at the most. The volume in
creases to 3-12 ml before the appearance of 
pubic hair and the final volume is reached by 
the 16th to 17th year (Fig. 21). 
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Fig. 21. Average testicular volume. Percentile 50 represents 
the median values. Percentile 10 (or 90) means that 10 % 
(or 90%) of all healthy boys of the same age have smaller 
testes and that 90 % of them (or 10 %) have larger testes 

The size of the penis is assessed by measuring 
the dorsal length of the stretched penis, which 
corresponds roughly to the length of the erect 
penis. The circumference of the penis may also 
be measured. The length of the stretched penis 
before puberty is about 4-8 cm and after the 
age of 16 it is 10-17 cm. The circumference 
of the flaccid penis is 3-6 cm before puberty 
and between 6-11 cm after the age of 16. 

3. Hormonal Findings 

The concentrations of gonadotropins and sexual 
steroids in the plasma and urine are very low 
before puberty, although the hypothalamo
hypophyseal-gonadal axis is definitely already 
in action. Shortly before secondary sexual 
characteristics arise or during their development 
the concentration of these hormones rise steadily 
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and reach normal adult values during or at 
the end of puberty. 

The newly introduced radioimmunological 
methods for the estimation of gonadotropins 
have yielded the following picture (BAGHDAS
SARIAN, 1970): before puberty in both sexes 
LH and FSH values in the serum are between 
2-6 ImU/ml (international milliunits, 2nd IRP
HMG, p. 558). These values begin to rise 
shortly before puberty or sometimes with the 
appearance of the first characteristics of puberty 
FSH reaching adult levels of about 5-15 1m U /ml 
about mid-puberty and LH at the end of puberty. 
Urinary values of FSH correspond to those 
in the plasma, rising from about 0-4 IU /24 h 
to 5-15 IU /24 h. LH values increase much more 
and reach a concentration of 20-40 IU/24 h 
at the end of puberty. 

Urinary 17-ketosteroid levels rise slowly 
before puberty and very steeply during puberty 
(Fig. 22). At first, there is not sex difference 
and levels reach adult values towards the end 
of puberty, mean values being slightly higher 
in men than in women (p. 384). The rise during 
puberty is mainly due to the rapid increase in 
adrenal androgens (adrenarche) and their meta
bolites. This is seen in both sexes from the 
increase of dehydroepiandrosterone sulfate, de
hydroepiandrosterone and androsterone in the 
plasma (MIGEON, 1957; ROSENFIELD, 1969) and 
of dehydroepiandrosterone, androsterone and 
etiocholanolone sulfates and glucuronides in 
the urine. 

Testosterone and androstenedione are demon
strable in the plasma of children. According 
to FRASIER and HORTON (1966) the mean con-
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centration of testosterone is 42 ng/100 ml in boys 
and 19 ng/100 ml in girls whereas the mean con
centration of androstenedione is 86 ng/100 ml in 
boys and 30 ng/100 ml in girls. FOREST and 
MIGEON (1970) found a mean testosterone con
centration of 25 ng/100 ml in boys and 9 ng/ 
100 ml in girls, and a mean androstenedione 
concentration of 25 ng/l00 ml in boys and 65 ng/ 
100 ml in girls. They also found that the protein
bound fraction was higher than in adults. The 
same teams found 800 and 625 ng/100 ml testo
sterone and 60 and 109 ng/l00 ml androstene
dione in men and 42 and 49 ng/1 00 ml testosterone 
and 140 and 181 ng/l00 ml androstenedione 
in women. It is worth mentioning that in 
contrast to the relative concentrations in men, 
androstenedione values are much higher than 
testosterone values in women and children 
and that the androstenedione concentration is 
lower in men than in women. From the results 
cited, it is even possible that the androstenedione 
concentration is lower in boys than in girls. 
This would indicate that the activity of 17-
reductase (17-hydroxysteroid dehydrogenase) 
which is responsible for the conversion of 
androstenedione to testosterone, is physio
logically limited in women and children. 5a-Di
hydrotestosterone is found in the plasma of 
adults but not of children (ITO, 1970). 

Testosterone is also demonstrated in urine 
even during childhood. Values lie below 4 Ilg/ 
24 h (KNORR, 1967) and rise to normal adult 
levels during puberty (p. 449). In boys, testo
sterone production can be stimulated by means 
of chorionic gonadotropin even before puberty 
(SAEZ, 1968; RIVAROLA, 1970), the basal value 
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Fig. 22. Normal range of 24-hour urinary excretion of 17-hydroxycorticoids and 17-ketosteroids in boys and girls. (After 
KNORR. 1965). 
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and rise being dependent on the developmental 
age (ZACHMANN, 1972). It has been found that 
adult values can be attained after stimulation 
over several days. 

There have been few investigations so far 
on estrogens in the plasma of children, due to 
technical difficulties. In urine, values between 
1-3 ~g/24 h have been found for estrone, be
tween 0-2 ~g/24 h for estradiol and 3-6 ~g/24 h 
for estriol (PENNINGTON, 1969). KNORR and his 
team (1970) found as little as 50 ng/24 h for 
estrone and less than 20 ng/24 h for estradiol 
when they used a modern gas chromatographic 
method. Values rise to normal adult levels 
during puberty (p. 527). The same group has 
recently reported plasma estrogen values in 
children, determined by a sensitive radioimmu
noassay. In males, estrone ranges from 10.6 pg/ 
ml (pubic hair stage 1) to 31.5 pg/ml (stage 5), 
estradiol from 7.5 pg/ml (stage 1) to 20.7 pg/ml 
(stage 5). In girls, estrone values of 13.5 pg/ml 
(stage 1) to 74.6 pg/ml (adult women) and 
estradiol values from 8.2 pg/ml (stage 1) to 
121 pg/ml (adult women) were found. Preg
nanediol excretion is minimal before puberty. 
The high levels typical for the second half of 
the cycle are only reached 1 - 2 years after 
menarche, with the transition from anovulatory 
to ovulatory cycles. 

In contrast to the steep rise in the production 
of adrenal androgens during puberty, the pro
duction of cortisol and aldosterone show quite 
a gradual increase parallel to the increase in 
body surface. This can be seen from the plasma 
concentration of cortisol, which remains con
stant, and from the slow rise of 17-hydroxy
corticoids (Fig. 22) and aldosterone in the urine. 

Basal values for growth hormone concen
trations in the blood in puberty are similar to 
those in childhood, but after provocation with 
insulin and arginine, values increase above 
those found prior to puberty (SPERLING, 1970; 
FRASIER, 1970). 

4. Hormonal Dependence of Secondary Sexual 
Characteristics 

There is no doubt that the entire development 
of puberty is induced through the increase 
in androgenic and estrogenic steroids. These 
steroids are therefore also called sexual hor
mones. Whether an increased response of the 
target or end organs also plays a part in the 
appearance of pubertal characteristics has not 
yet been adequately investigated. 

Estrogens control breast development, growth 
and maturation of the uterus, vagina, and labia 
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minora, and finally menstruation. In addition, 
progesterone is also responsible for the true 
ovulatory cycle. Androgens promote growth 
of the penis, prostate and scrotum in boys 
and of the clitoris and labia majora in girls. 
They are also responsible for the breaking of 
the voice in boys and the sexual hair in both 
sexes. 

The cause of the spurt of growth during 
puberty has still not been adequately explained. 
Both testosterone and growth hormone have 
anabolic growth-promoting effects. The growth 
hormone concentration in the blood can be 
raised experimentally with testosterone and 
estrogens after the induction of hypoglycemia 
with insulin. In fact, higher values are found 
for growth hormone in both sexes during 
puberty after provocation than before puberty. 
It therefore appears probable that androgens 
and estrogens work together with growth hor
mone to induce the pubertal spurt of growth. 
The more marked spurt of growth in boys can 
presumably be explained by the higher testo
sterone production. 

Fusion of the epiphyses and thereby termina
tion of growth is probably due to the action 
of testosterone and estrogens. Isolated growth 
hormone deficiency does not prevent epiphyseal 
fusion whereas epiphyseal fusion never occurs 
in the presence of a deficiency of sexual hor
mones. 

The development of acne is connected with 
the increased production of androgens in both 
sexes. No clear reason has yet been found to 
explain why the acne is only temporary in spite 
of the continuous production of androgens. 
Just as little is known about the cause of the 
swelling of the mammary glands in boys (see 
also pubertal gynecomastia on p. 1041). 

5. Hypothalamus, Gonadarche, Adrenarche and 
Puberty 

It is known from experiments with animals 
that testosterone secreted by the fetal or neonatal 
testes exerts an irreversible imprinting effect 
on the brain (p. 707). This imprinting determines 
the subsequent continuous production of gonado
tropins typical of the male animal. If this effect 
is absent due to the absence of testes and the 
presence of ovaries, the cyclic production of 
gonadotropins typical for the female later 
develops. It is not known whether this im
printing also occurs in the human. It appears 
rather doubtful, however, since female patients 
with the congenital adrenogenital syndrome 
(p. 374), who are subjected to abnormally 
strong androgenic influences during the prenatal 
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and neonatal periods, usually develop normal 
cycles later with adequate cortisone treatment. 
The question has not been definitely settled, 
however, since it is possible that the androgenic 
imprinting occurs at an earlier point and 
necessitates larger amounts of androgens. 

The tuber cinereum is considered the hypo
thalamic sexual center in the human (p. 28). 
This center secretes gonadotropin-releasing hor
mones (p. 32) which stimulate gonadotropin 
production and hypophyseal secretion. It con
trols the negative feedback mechanism of the 
sexual hormones, either directly or indirectly 
via the epithalamic pineal region, i.e. it is 
inhibited by sexual hormones. It is probably 
also influenced by other central nervous factors 
and possibly by humoral factors as well. 

The hypothalamo-pituitary-gonadal axis is 
already active during childhood in spite of the 
low concentrations of gonadotropins and sexual 
steroids in the blood, as has been shown in 
numerous animal experiments. Clinical ex
perience is also in keeping with this, since radio
immunological methods often reveal elevated 
gonadotropin levels in association with Turner's 
syndrome even in childhood, and diminished 
gonadotropin values with pituitary dwarfism. 
In the healthy child, only very low concentrations 
of gonadotropins and sexual steroids acting 
on the negative feedback mechanism are present. 
This means that the hypothalamus can react 
even to very small amounts of sexual steroids, 
i.e., it is extremely sensitive (DONOVAN, 1965). 
This sensitivity disappears during puberty. Be
cause of this, more gonadotropins are secreted 
and this in tum causes an increased production 
of sexual steroids in the gonads. The activity 
of the hypothalamo-pituitary-gonadal axis is 
thus intensified to give a higher concentration 
of gonadotropins and sexual steroids. 

Clomiphene (p. 599) administered to adults 
in a dosage of 25-200 mg causes gonadotropin 
secretion to be increased (positive feedback 
mechanism) whereas in a dosage of 500 mg 
it inhibits gonadotropin secretion (negative 
feedback mechanism). A dose of 1-100 mg/m2 

before puberty has an inhibitory effect on plasma 
gonadotropins whereas a smaller dose has no 
effect (KULIN, 1969, 1970). The known com
petitive action of estrogens and clomiphene on 
the hypothalamus causes the positive feed
back mechanism in adults, whereas the mild 
estrogen-like action of clomiphene explains 
the negative feedback mechanism. The negative 
feedback mechanism, which can be induced 
by much smaller doses before puberty, is indirect 
proof of the increased sensitivity of the hypo
thalamus to sexual steroids during this phase 
of development. This does not adequately 
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explain the absence of a posItive feedback 
mechanism before puberty, however. 

The factors inducing puberty, i.e. the factors 
causing the decrease in sensitivity of the hypo
thalamus to sexual steroids, are not known. 
It is possible that inhibitory central nervous 
influences from the pineal region or other 
centers disappear or that gonadotropic-inhibit
ing humoral factors (SOFFER, 1965) charac
teristic of childhood also vanish. But, even 
with these assumptions another cause must be 
searched for, since they do not explain why 
the development of puberty is associated less 
with a certain age or a certain body height and 
much more with a certain body maturation, 
which is best assessed from bone age. More 
recently, body weight has also been looked upon 
as a possible standard factor for the onset of 
puberty (FRISCH, 1970). 

Gonadal maturation induced by the in
creased gonadotropin concentration and the 
associated increase in the production of sexual 
hormones is also known as gonadarche. The 
adrenals show a similar maturation process 
during puberty, which is called the adrenarche, 
although only androgenic production is affected 
and production of cortisol and aldosterone is 
not. This is illustrated clinically by the fact 
that adrenal failure leads to loss of pubic hair 
in women whereas gondal failure has no such 
effect. Adrenal androgens appear to be re
sponsible for the development of pubic and 
axillary hair. Adrenarche is also manifest in the 
hormonal findings in the blood, the concentra
tion of dehydroepiandrosterone sulfate in the 
blood rises rapidly during puberty (ROSENFIELD, 
1969). 

It has been shown that gonadarche is con
trolled by the gonadotropins whereas the regula
tion of adrenarche remains unsolved. ACTH 
need hardly be considered since it would also 
cause a steep rise in cortisol production during 
puberty, which does not in fact occur. The 
possibility of a stimulant action of LH on the 
androgen production of the adrenals is disputed 
and largely rejected. It is possible that adrenarche 
is induced and controlled by some pituitary 
hormone which is still unknown. Certain ob
servations suggest that adrenarche is stimulated 
directly or via this hypothetical pituitary hor
mone by the sexual hormones produced by 
the gonads. Thus, the very poorly developed 
pubic hair in an untreated Turner's syndrome 
usually improves with estrogen treatment where
as the same treatment in cases of anterior 
pituitary deficiency does not promote growth 
of pubic hair. Furthermore clomiphene, which 
has a slight estrogenic action (p. 599), has been 
found to induce higher plasma levels of andro-
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stenedione and dehydroepiandrosterone sulfate 
when given before puberty (CATHRO, 1969). 

The physical development during puberty 
can be said in summary to be due to the com
bined action of gonadarche and adrenarche. 
In contrast to this, cases of isolated premature 
pubarche are probably due to premature adren
arche in the absence of gonadarche while cases 
of precocious puberty are probably caused by 
isolated premature gonadarche without adren
arche. 

F. Special Variations of Normal 
Pubertal Development 

1. Survey 

As mentioned above, the time of onset of puberty 
and the order in which the pubertal charac
teristics develop and the degree of development 
of the individual features are very variable. 
Wide deviations from the mean should not 
be considered pathologic providing the ob
ject of pubertal development is reached -
i.e. maturation to healthy adulthood and the 
capacity for procreation. Conspicuous devia
tions usually have to be recorded as constitu
tional or idiopathic variations of normal pubertal 
development as the ultimate reasons for them 
are unknown. The conditions listed below 
belong to this group. 

1. Puberty arising unusually early or late 
but otherwise normal: idiopathic precocious 
puberty (p. 1045) and idiopathic delayed puberty 
(p. 1054). 

2. Isolated premature appearance of indi
vidual secondary sexual characteristics: pre
mature pubarche (p. 1040) and premature thel
arche (p. 1041), which are both quite common, 
and premature menarche which is very rare. 

3. Severe and persistent pubertal gyneco
mastia (p.1041). 

4. Generalized somatic, psychic and psycho
sexual variations of "masculinity" and "feminity" 
(p. 1042) which are completely unrelated to true 
intersexuality. 

5. Obesity and emaciation arising before 
or during puberty: prepubertal and pubertal 
obesity (p. 1043) and pubertal emaciation 
(p. 1045). 

Idiopathic forms of precocious puberty and 
delayed puberty are discussed with pathological 
forms in a different section (p. 1045) and the 
other observations and syndromes are dealt 
with below. 
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2. Isolated Premature Pubarche 

Isolated premature pubarche, i.e. premature 
appearance of sexual hair without other sec
ondary sexual characteristics, is seen more often 
in girls than in boys, and particularly frequently 
in children with cerebral damage (cerebral 
palsy, idiocy, epilepsy). Hair develops during 
babyhood or infancy, is limited at first to the 
labia majora (Fig. 23) or root of the penis and 
then extends very slowly into the pubic region. 
Axillary hair appears after a longer interval than 
in normal puberty. This condition differs from 
precocious puberty in that all the other secondary 
sexual characteristics are absent, and from the 
adrenogenital syndrome in the absence of any 
signs of virilization. Careful examination reveals 
only a slight advance in growth and bone 
maturation. The course is completely benign 
and true puberty develops at the normal time 
with the appearance of the remaining secondary 
sexual characteristics. 

Fig. 23. Premature pubarche in a girl of 4 years (KspZ) 

The excretion of 17-ketosteroids is slightly 
elevated. This is due mainly to a significant 
rise in the levels of dehydroepiandrosterone, 
androsterone and etiocholanolone, which are 
derived predominantly from adrenal androgens 
(VISSER, 1966). In contrast to the adrenogenital 
syndrome, testosterone is normal or only slightly 
elevated. The same steroids have been found 
to be raised and to sink to normal levels with 
dexamethasone in isolated cases (CONLY, 1967). 
Serum levels of LH and FSH are normal 
(PENNY, 1970) or even slightly diminished 
(KENNY, 1969). This may be attributable to the 
inhibition of gonadotropins by the adrenal 
androgens, working via the hypothalamus, which 
is very sensitive before puberty (p. 1039). 
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This condition is obviously due to a pre
mature rise in the androgen production (prema
ture adrenarche). In contrast to normal puberty 
and to true precocious puberty, there is no 
simultaneous gonadal activation. Associated 
brain damage is frequently found, which in
dicates a hypothalamic cause, but it is still 
not clear what mechanisms are responsible 
for the premature induction of adrenarche. 

Fig. 24. Premature thelarche in a 2-year-old girl (KspZ) 

3. Isolated Premature Thelarche 

It is not particularly uncommon to find swelling 
of the mammary glands in otherwise normal 
girls during babyhood and infancy. The size 
of the swelling usually varies between that 
of a hazel nut and that of a plum, but there 
is no enlargement or pigmentation of the nipples 
or areolae and there are no other signs of sexual 
precocity, i.e., no pubic hair and no enlarge-
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ment of the labia minora and uterus (Fig. 24). 
Vaginal smears and the cellular sediment of the 
urine often demonstrate a mild estrogenic action . 
Growth, bone age and excretion of 17-keto
steroids are appropriate to chronological age. 
The swelling may last for a few months or even 
years, after which it regresses spontaneously 
or gradually gives way to normal puberal 
development. The cause is probably a trivial 
premature production of estrogens by the 
ovaries (premature gonadarche). Serum levels 
of LH and FSH are normal (PENNY, 1970) 
or slightly raised (KENNY, 1969). 

4. Puberal Gynecomastia 

In a few boys the physiological mammary swell
ing or macromastia during puberty reaches 
such proportions that it can hardly be distin
guished from normal female mammary develop
ment. This form of gynecomastia is usually 
bilateral and more rarely unilateral, more often 
on the left side. Occasionally it appears to be 
hereditary. In a few isolated cases, the breasts 
may become as large as those of a young 
woman. Whereas physiological swelling of the 
breasts during puberty disappears after a few 
months or years, this form usually persists 
unchanged into adulthood. Milk secretion does 
not occur. 

The mammary tissue does not differ histo
logically from that in other forms of gyneco
mastia (p. 487). 

Apart from the gynecomastia, there are no 
pathologic findings in the somatic develop
ment. The testes are of normal size, secondary 
sexual characteristics are normally developed 
and psychosexual development is normal. Shame 
and fear of being made fun of by their associates, 
and the endogenous uneasiness about the de-

Fig. 25. Puberal gynecomastia of varying degrees in 3 hoys with otherwise absolutely normal puheral development. testes 
of normal size a nd normal gonadotropin and 17-ketosterold excretion (PRADER . 1955) 
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velopment of the breasts, cause these boys to 
hide their "trouble" and make a secret of it, 
avoiding gymnastics and swimming and with
drawing more and more from their surround
mgs. 

The cause of this syndrome is unknown. 
Excretion of 17-ketosteroids, estrogens and 
gonadotropins does not appear to deviate 
significantly from normal, although a mild 
estrogenic action is found in the cellular urinary 
sediment. Increased estrogenic production by 
the testes and an age-specific metabolism of 
testosterone (liver) may be involved. 

The diagnosis is usually easy but other 
causes of gynecomastia (p. 488) must always 
be considered as well. Apart from this, gyneco
mastia can also be simulated by severe panni
culus (pseudogynecomastia). Differentiation 
from the gynecomastia in Klinefelter's syndrome 
is extremely important. Secondary sexual 
characteristics are more or less normally de
veloped in both syndromes. Testicular size is 
the only clinical difference. In Klinefelter's 
syndrome the testes are small whereas they are 
of normal size in puberal gynecomastia. In 
doubtful cases, assessment of the sex chromatin, 
measurement of the gonadotropins in the plasma 
and urine, investigation of the sperms, and 
testicular biopsies will allow differentiation. 
These investigations all yield normal results 
in puberal gynecomastia, in contrast to Kline
felter's syndrome. Differentiation between the 
two syndromes is important since puberal 
gynecomastia is only a constitutional variation 
with normal reproductive function whereas 
Klinefelter's syndrome is a true endocrinopathy 
associated with sterility. Idiopathic gyneco
mastia in boys of prepuberal age is very rare 

Fig. 26. Very marked unilateral puberal gynecomastia in a 
15-year-old boy (KspZ) 
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but must also be differentiated from puberal 
gynecomastia. 

There is no hormonal treatment for puberal 
gynecomastia. Administration of chorionic go
nadotropin or testosterone is useless and illogical 
since these drugs themselves occasionally induce 
gynecomastia. In addition, such treatment can 
only inhibit endogenous pituitary and testicular 
function. The doctor must explain the harm
lessness of the disorder to the patient and his 
relatives and warn them against hormonal 
treatment. If the breasts show no tendency to 
regress spontaneously surgical removal is the 
only possibility left. This decision is reached 
earlier when the gynecomastia produces severe 
psychological reactions. The incision is made 
along the edge of the areola and extended out
ward to the side. The cosmetic results of this 
incision are excellent. 

5. Generalized Somatic, Psychic and 
Psychosexual Variations of "Masculinity" and 
"Femininity" 

Only a very small proportion of the numerous 
physical and psychological differences between 
healthy individuals can be explained by hor
monal variations. Most of these differences 
are due to constitutional and exogenous factors 
independent of the hormonal interaction. This 
must be borne in mind particularly during 
puberty. "Feminine" features become obvious 
in individual boys shortly before and at the 
onset of puberty. The body is rounded, the pelvis 
broad, the shoulders narrow, the voice soft 
and clear, and body movements girlish and 
affected. Conversely girls with "sporty masculine" 
features are also seen, with broad shoulders, 
narrow hips, dense body hair (hirsutism, p. 359), 
well-developed musculature, harsh voice, and 
energetic movements. Psychological features 
reminiscent of the other sex are often found 
in the same individuals. The boys are sensitive, 
shy, blush easily, like to stay at home, read a 
lot and avoid sports and company. Conversely, 
some girls are loud and noisy, energetic and 
robust. They are not interested in clothes and 
books but in sports and outdoor games. 

This combination of masculine and feminine 
features in stature and psyche often causes 
relatives to suspect a "glandular disturbance" 
and to fear sexual abnormality or sterility, 
especially in cases where boys are obese and 
puberty is delayed. Thorough physical examina
tion, however, hardly ever reveals any actual 
proof of an endocrine disorder. One of the 
doctor's main duties is to speak to the parents 
of these children and to talk them out of their 
ideas of "glandular disorders" and "abnormal 
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sexual tendencies". It is never admissible to 
deduce somatic intersexuality or homosexuality 
from the symptoms mentioned. Some or most 
of these features disappear during puberty 
and these children often develop into perfectly 
ordinary adults. 

Relatives occasionally find another source 
of worry in the undirected sexuality evolving 
during puberty, which is particularly strongly 
developed in boys and leads to renewed suspi
cions of "glandular disorders" or "abnormal 
sexual inclinations". Reasons precipitating these 
fears are close friendship with members of 
the same sex, masturbation, and isolated homo
sexual acts. All these features belong to the 
physiological, psychological and sexual unrest 
and urgency of adolescence and spontaneously 
give way to unobtrusive mature heterosexual 
sexuality. The best counter to it all is a truthful 
explanation of the facts of life at an early stage 
and a healthy, honest relationship between 
parents and child, with the opportunity of 
discussing sexual problems openly. Again, the 
doctor must correct parental fears; he should 
remind the parents of their own youth and 
plead for understanding in these puberal crises. 
A talk with the youth. making him able to 
feel that the doctor is well disposed towards 
him and understands his difficulties, is the 
best form of psychotherapy and usually permits 
the doctor to recognize the isolated cases 
needing psychiatric treatment. 

6. Prepuberal and Puberal Obesity 

Although obesity at any age presents a difficult 
medical problem, an underlying endocrine dis
order is never so frequently suspected as with 
prepuberal and puberal obesity. In many cases 
these children were abnormally fat during 
infancy, but the obesity often starts after the 
8th to 10th year and reaches its peak shortly 
before puberty or at the onset of puberty. In 
addition, the panniculus undergoes most of 
its physiological increase during these years, 
and children of this age tend to put on weight 
particularly easily. 

The panniculus is usually uniformly distrib
uted. The skin is usually normal but may often 
be strikingly red. In severe cases there may be 
pale or red striae distensae on the hips, thighs, 
and buttocks, and laterally on the breasts. In 
the majority of cases, growth is slightly in 
advance of the average for the age and the 
skeleton is broad and powerfully built. Hands 
and feet are often strikingly small in com
parison (aeromicria) but acromegaloid features 
of puberty are also often dominant. Knock 
knees and foot deformities are frequently present 
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and can be explained as static damage due to 
the obesity. Blood pressure is normal or slightly 
elevated. These patients are usually languid, 
good natured, and passive. A good case history 
usually reveals that nutrition is very ample or 
excessive. 

Puberty usually arises prematurely in girls 
(Fig. 27), in keeping with the accelerated bone 
maturation. Growth also ceases earlier and 
occasionally even before normal adult height 
is reached. The obesity, very wide hips and the 
often massively developed breasts, consisting 
of glandular tissue and panniculus, often give 
these girls a matronly appearance when they 
are still quite young. In boys (Fig. 28), the 
onset of puberty tends to be later than average 
but still within the normal age range. The mild 
gigantism, the slight delay in puberty, the 
resultant mildly eunuchoid proportions (p. 1022) 
and the fact that the genitalia are almost 
completely obscured by panniculUS suggest 
hypogonadism to the inexperienced. This im
pression is often supported by the isolated 
feminine features such as soft rounded body 
curves, simulated breast enlargement, soft, shy 
voice and girlish movements. Parents are struck 
by all these symptoms, suspect a glandular 
disorder, and consult the doctor, whose main 
problem is then to decide whether the boy 
has Frohlich's syndrome (dystrophia adiposo
genitalis). 

The case described by Frohlich was that of 
a boy in whom a hypothalamic tumor led to 
mild obesity, permanent hypogonadism and 
inhibition of growth. Although the syndrome 
described, later also termed dystrophia adiposo
genitalis, was exactly defined and included the 
hypothalamic disorder, some authors subse
quently applied this term to all boys with 
obesity and infantile genitalia, i.e., all fat boys 
not yet in puberty. 

When prepuberal and puberal obesity are 
termed dystrophia adiposogenitalis, these boys 
are branded with the suspicion of hypogonadism 
and subjected to incorrect and unnecessary hor
mone treatment when no hypogonadism or 
endocrinopathy is in fact present. Thorough 
examination always shows that the genitalia 
only appear to be infantile because of the 
padding of pubic fat and that the scrotum, 
penis, and testes are in fact normally developed 
for the age. 

Metabolic investigations often show that 
there is a marked rise in insulin levels during 
the glucose tolerance test and that glucose 
tolerance is occasionally reduced at the same 
time. It is also found that the sensitivity to 
insulin is reduced and there is no rise in the 
growth hormone concentration in the blood 
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after stimulation with insulin or arginine. The 
basal metabolic rate, related to body surface 
or size of the patient, is usually within normal 
limits. Steroid excretion is normal; corticoid 
excretion may be slightly raised but not high 
enough for the diagnosis of Cushing's syn
drome. 

Fig. 27. Two 13-year-old girls with puberal obesity. Note 
the marked breast development and matronly stature which 
make these girls look older (KspZ) 

There is no doubt that the main cause is 
the high nutritional intake, supported to some 
extent by the eating habits of the family. Too 
little physical exercise and often an unfavorable 
mother-child relationship also playa part; the 
mother often fusses over the child and protects 
him in an exaggerated manner (overprotective 
mother), gives him too much care and too much 
food, pampers and watches over him during 
school age as if he were still an infant, prevents 
normal relationships with other children and 
thus makes healthy psychological development 
impossible. This domineering attitude of the 
mother is interpreted as compensation for the 
neglect she herself experienced as a child or as 
a subconscious rejection of the child. As a 
result, these children become emotionally em
bittered, are dissatisfied, sullen and bored and 
find satisfaction only in eating. In addition the 
family seems to be predisposed to obesity, but it 
is difficult to distinguish between true heredity 
and acquired eating habits. The involvement 
of hormonal factors in the pathogenesis is still 
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a controversial subject. In any case there is 
no definite proof of this. 

No definite prognosis can be made. A few 
patients lose weight towards the end of puberty 
(Fig. 28) but this is probably due to the reduc
tion of food intake resulting from a changed 
psychological situation. In the majority of 
patients, however, the obesity persists unchanged 
into adulthood. 

In the differential diagnosis, the more un
common forms of obesity associated with 
hypothalamic disorders, Cushing's syndrome 
(p.340), and hypothyroidism (p. 165) must be 
considered. In addition to the postencephalitic 
and posttraumatic forms of the true Frohlich's 
syndrome, pituitary dwarfism and the Prader
Labhart-Willi syndrome (p. 810) belong to the 
group of organic hypothalamic disorders. The 
Laurence-Moon-Bardet-Biedl syndrome is trans
mitted on an autosomal recessive gene and is 
characterized by debility, retinitis pigmentosa, 
polydactyly and moderate obesity. Dwarfism 
and hypogonadism are occasionally also present. 

All these organic forms of obesity occur 
much less frequently and can be differentiated 
from most cases of prepuberal 'and puberal 

Fig. 28. Endocrinologically healthy boy with psychogenic 
prepuberal obesity at the age of 13 years (left), and after 
slimming at the age of 15 (right) with absolutely normal 
puberal development 
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obesity as dwarfism is almost always present 
in organic forms. The following general rule 
can be applied to children up to the age of 
puberty: there is usually no endocrinopathy 
and no organic cause whatsoever for obesity 
combined with above-average height, whereas 
careful seting for the endocrinopathies listed 
above and hypothalamic disorders is indicated 
in cases of obesity with dwarfism. 

As in other benign deviations from normal 
puberal development, therapeutic measures con
sist in convincing the parents and patients 
that there is no "glandular disorder" by pointing 
out any puberal factors already apparent or 
by indicating the favorable prognosis of the 
onset of puberty, which can be precisely pre
dicted chronologically from bone age. The 
obesity must be treated by diet and increased 
physical exercise. Amphetamines should not 
be used to inhibit the appetite in this age group 
or only with extreme caution. Special psycho
therapeutic attention is advisable in isolated 
cases. Treatment with pituitary or thyroid 
extracts or with sexual hromones has no 
scientific basis and must be rejected as a pointless 
intervention in the endogenous hormonal equili
brium. 

7. Puberal Emaciation 

Puberty is the commonest time for the onset 
of psychogenic anorexia mentalis or anorexia 
nervosa in the female sex. The extreme emacia
tion was previously looked upon as a result of 
a pituitary insufficiency, but since the picture 
of pituitary insufficiency in women has become 
familiar (p. 93), puberal emaciation is hardly 
ever still mistaken for endocrine disorders. As 
in other severe generalized illnesses, there is 
often a secondary reversible failure of gonado
tropins and sexual steroids, and growth often 
ceases while basal growth hormone values are 
normal or increased but in many cases cannot 
be stimulated by insulin or arginine. The other 
endocrine functions are completely or almost 
intact (p.1028). 

G. Precocious Puberty 

There is no clear biologically based definition 
of premature puberty or precocious puberty. 
In general precocious puberty is the term used 
when puberal characteristics arise before the 
age of 6 in girls and before the age of 8 in boys. 
"Premature puberty" is used when signs of 
puberty arise between the 6th and 8th years 
in girls and between the 8th and 10th years in 
boys. 
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1. Survey 

aj Etiological Classification of True Precocious 
Puberty and Precocious Pseudopuberty 

True hypothalamic precocious puberty with the 
premature development of puberty is due to 
a premature secretion of hypothalamic gonado
tropin-releasing factors. These stimulate the 
production of gonadotropins by the pituitary, 
which is followed in tum by gonadal maturation. 
Gonadal function is no different from that 
reached during normal puberty. The 3.bility 
to reproduce is also reached during premature 
puberty just as during normal puberty. 

Premature puberty frequently occurs with 
tumors and other disorders affecting the hypo
thalamus, but there is no known pituitary tumor 
associated with precocious puberty. In contrast 
to hypothalamic precocious puberty, there is 
no primary pituitary precocious puberty. 

If the symptoms of premature puberty are 
not induced by premature hypothalamic activity, 
the term pseudosexual precocity is used. The 
hormones responsible for the signs of puberty 
are derived from tumors or diseased glands or 
obtained from an exogenous source. Neither 
hormone production nor gonadal function is 
as in normal puberty. Patients are therefore 
also infertile. This classification into pseudo
and true precocity does pose some problems, 
since fertility is theoretically possible in cases 
with gonadotropin-producing tumors and inter
pretation as either pseudo- or true sexual 
precocity would be possible in such cases. 

The different forms of precocious puberty 
in boys and girls are summarized in Tables 11 
and 12. True idiopathic precocious puberty in 
girls is by far the most common form, followed 
by pseudo sexual precocity affecting both sexes 
equally and associated with the adrenogenital 
syndrome. 

b j Features Common to all Forms of Precocious 
Puberty 

The secondary sexual characteristics are the 
most striking features in all forms, can arise 
at any age, and may even be present at birth. 
The order in which the individual secondary 
sexual characteristics arise and the time interval 
between them vary very much more widely 
than in normal puberty. The rapid appearance 
of all the secondary sexual characteristics sug
gests a brain or gonadal tumor or a gonado
tropin-producing tumor. In addition, growth 
and bone development are found to be acceler
ated, i.e. general somatic development is advanced. 
The extent of this advance is usually propor
tional to the length of history of the sexual 



1046 Growth and Development 

Table 11. Precocious puberty in boys 

Hormonal findings Size of testes Testicular histology 
T = tubules + 

Increased Increased spermiogenesis 
gonadotropins ketosteroids L = Leydig cells 

1. Hypothalamic precocious puberty 

a) Idiopathic, constitutional + + Small to definitely T immature to mature 
b) Organic brain disorders enlarged L+ 
c) Hormonal overlapping 

2. Gonadotropin-producing tumors 

a) Chorionepithelioma, teratoma +++ +/+ + Small to slightly T mainly immature 
b) Hepatoma +++ +/+ + enlarged L+ 

3. Sexual hormone-producing tumors 
or hyperplasias 
a) Adrenal cortex 0 +++ Small or enlarged T immature, L 0 

(adrenogenital syndrome) 
b) Testes (Leydig cell tumor) 0 +++ Unilateral tumor- T immature, L 0 

like enlargement 

4. Intake of exogenous hormone 
a) Chorionic gonadotropin + ++ Slightly enlarged T immature, L + 
b) Androgens and anabolic steroids 0 +/+ + Small T immature, L 0 
c) Estrogens 0 + Small T immature, L 0 

Table 12. Precocious puberty in girls 

Hormonal findings Mammae, Pubic hair 
genital development, 

Increased Increased Increased menses 
gonadotropins 17-ketosteroids estrogens 

1. Hypothalamic precocious puberty 
a) Idiopathic, constitutional + + + + + 
b) Organic brain disorders + + + + + 
c) Fibrous bone dysplasia + + + + + 
d) Hormonal overlapping + + + + + 

2. Gonadotropin-producing tumors 
Chorionepithelioma, teratoma +++ +/+ + +/+ + + + 

3. Sexual hormone-producing tumors 
or hyperplasias 
a) Adrenal cortex 0 +++ + 0 + 

(adrenogenital syndrome) 
b) Ovaries 0 +/++ ++ + + 

(granulosa cell tumors etc.) 

4. Intake of exogenous hormones 
a) Estrogens 0 +/+ + ++ + 0/+ 
b) Anabolic steroids 0 +/+ + 0/+ 0 + 

precocity, and occasionally it is absent when 
the history is very short. In contrast to normal 
puberty, bone age at the beginning of precocious 
puberty has not reached the stage usual at 
puberty in spite of acceleration of bone develop
ment. Cases with harmonic development of 
puberty and bone age must be considered as 
early normal puberal development and not as 
a pathologic form of puberty. Accelerated bone 
development results in premature epiphyseal 
fusion and cessation of growth before normal 
adult height is reached. In other words, the 

patient is taller than normal as a child and 
shorter than normal as an adult. Nevertheless, 
many of these patients reach an adult height 
within the lower normal limits. This entire 
process is illustrated by two examples in Fig. 29. 

In contrast to the general advance in somatic 
development, psychological, psychosexual and 
intellectual development usually correspond to 
chronological age. Exceptions with advanced 
psychological and intellectual development and 
cases of debility (brain disorders) are, however, 
not very uncommon. The discrepancy between 
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somatic and psychological development is usually 
so marked that difficulties arise at home and 
at school. The advanced somatic development 
arouses the penetrating curiosity of other chil
dren and also, unfortunately, of adults and 
causes too high psychological and intellectual 
demands to be made. Patients suffer less from 
the premature puberty than from the psycho
reactive disturbances caused by the striking 
external changes and from the unskilled psycho
logical attitude of other people. The children 
are therefore often confused, shy, and with
drawn, but often become coarse and aggressive 
as soon as they become aware of their superior 
strength. Early sexual interest and aggression 
are much less common than would be expected 
from the anecdotes in ancient literature. The 
disprepancy between the childish psyche and 
the somatic sexual maturity becomes particu
larly grossly apparent when girls with pre
cocious puberty become pregnant and give 
birth to children. According to most observers, 
these young mothers have no understanding 
of the significance of pregnancy and birth 
It is the doctor's duty to help the parents to 
understand these children and to assist with 
the difficult problem of education. 

Idiopathic Congenital 
pubertas praecox_ adrenogenital syndrome 

Chronological age 
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in a girl (same patient as in Fig. 30). Right course of pseudo
sexual precocity due to a congenital adrenogenital syndrome 
in a girl. Note the acceleration of growth and bone develop
ment, premature standstill of growth, and normal dental 
development. This course is typical for all forms of premature 
puberal development (KspZ) 

2. Idiopathic Precocious Puberty 

Idiopathic, constitutional or genuine precocious 
puberty is by far the most common form of 
premature puberty (Fig. 30). Girls are affected 
4 to 7 times more frequently than boys. Most 
cases in girls are sporadic. Familial cases have 
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at the age of 2.5 years (slight breast development, pubic 
hair not marked, menarche). Right, at the age of 13 years 
2 months, growth already terminated (epiphyseal fusion). 
The growth curve and remaining developmental data of 
this girl are presented in Fig. 29 (left) (KspZ) 

been described, especially in boys, whereby the 
condition can be inherited via healthy mothers 
as well as via affected (occasionally also healthy) 
fathers . The mode of inheritance is presumably 
autosomal sex-lined dominant. Families with 
autosomal recessive inheritance in which sexual 
precocity arises not only in boys but also in 
girls are much less common. 

Most affected children have a normal, and 
often shortened, puberty, but puberty is some
times very prolonged, and spontaneous regres
sions occasionally occur (transitory precocious 
puberty). The children are extremely healthy; 
emotional and intellectual development corre
spond to age, and life expectancy is normal. 
Reproductive function is normal. Pregnancy 
in little girls with idiopathic precocious puberty 
has frequently been reported. The youngest 
reported case, who gave birth to a child by 
Cesarean section, was 5.5 years old (ESCOMED, 
1939). 
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The expected gonadotropin excretion was 
often not detected in investigations in the past. 
With more modem methods and repeated 
investigations, however, it has been found 
that values of LH and FSH in serum and urine 
are usually just as high as in puberty arising at 
the normal time. The 17-ketosteroid excretion 
is only slightly higher than normal values, and 
is lower than during normal puberty. In contrast 
to this, the excretion of estrogens in girls and 
of testosterone in boys is significantly elevated 
and often as high as normal adult values. The 
combination of low levels of 17-ketosteroids 
and high levels of sexual steroids in the urine 
indicates that in contrast to the situation during 
puberty arising at the normal time, only gonadal 
steroid production (gonadarche), and not adrenal 
androgen production (adrenarche), has started 
to function prematurely. In other cases, how
ever, 17-ketosteroid levels are found to be as high 
as those in normal puberty. The diagnosis of 
idiopathic precocious puberty should only be 
made after all other forms of sexual precocity 
have been excluded as far as possible. Periodic 
neurologic examination is essential because of 
the possibility of a clinically silent brain tumor. 
Treatment is discussed on p.1053. 

3. Precocious Puberty with Organic Brain 
Disorders 

Precocious puberty due to organic brain dis
orders (cerebral or neurogenic precocious puberty) 
is quite uncommon. It is seen with hyperplastic 
malformations of the tuber cinereum (ham
artoma) and also with various cerebral disorders 
such as malformations of the brain, hydro
cephalus (Fig. 31), postencephalitic states, brain 
tumors, von Recklinghausen's neurofibro
matosis, tuberous brain sclerosis and occa
sionally also with mongolism. 

The hamartoma of the tuber cinereum is a 
hyperplastic malformation of the sexual center. 
It presumably produces gonadotropin releasing 
factors autonomously, thus leading to the 
premature development of puberty. Since it 
is a very small structure, there are often no 
general symptoms of a brain tumor. 

The other cerebral lesions giving rise to 
precocious puberty are usually accompanied 
by hydrocephalus of the third ventricle and by 
nonspecific changes of the tuber cinereum, so 
that these forms of precocious puberty are 
probably also induced via the sexual center in 
the tuber cinereum. Definite neurologic disturb
ances are usually found during the general 
examination. 

Tumors of the pineal body are a special 
form of localized tumors which arise almost 
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exclusively in boys and often give rise to 
precocious puberty (pineal precocious puberty). 
Calcification of these tumors is frequently 
visible radiologically. The pathogenesis of pre
cocious puberty with tumors of the pineal 
body is just as controversial as the endocrine 
function of the pineal body. If the pineal body 
normally inhibits puberal development (p. 1039), 
the precocious puberty is due to a loss of his 
inhibition. If the pineal body normally has no 
endocrine function, it is more likely that these 
tumors induce premature puberty via a direct 
or indirect pressure effect on the sexual center 
in the tuber cinereum. Unfortunately, patho
logical investigations have failed to solve this 
problem. 

Fig. 31. True precocious puberty due to hydrocephalus 
(brain tumor?) in a boy aged 1 years 10 months (KspZ) 

Apart from the fact that pregnancies have 
never been observed in neurogenic precocious 
puberty, the hormonal situation in neurogenic 
precocious puberty is no different from that 
in idiopathic precocious puberty. 

The decisive diagnostic findings are neuro
logic in nature. Often, gross neurologic disturb
ances are present, such as epilepsy, manifest 
hydrocephalus, cerebral palsy, or severe idiocy, 
and these indicate a cerebral cause of the preco
cious puberty at once. Special attention must 
be paid to signs of increased intracranial pressure 
(headaches, vomiting, papilledema), calcifica
tions in the region of the pineal body (tumors 
of the pineal body), general diencephalic meta
bolic symptoms (polyuria, polyphagia, nycturia, 
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obesity), and ocular disturbances (visual disturb
ances, limitation of visual fields, paralysis of 
ocular muscles). Conjugate paralysis on looking 
upwards is a very important symptom in 
certain tumors of the mid-brain (Parinaud 
syndrome). 

4. Precocious Puberty with Fibrous Dysplasia 
of the Bones 

This form of precocious puberty, which is also 
known as Albright's syndrome or the McCune
Albright syndrome (MCCUNE, 1937; ALBRIGHT, 
1937), occurs almost exclusively in the female 
sex and is characterized by the following triad 
of symptoms: 1. true precocious puberty, 2. poly
ostotic fibrous dysplasia (osteodystrophia fibrosa 
dissemlllata) and 3. map-like, milk-coffee colored 
skin pigmentations. A goiter is often present 
and hyperthyroidism has occasionally also been 
observed. 

Bone changes are clinically silent or become 
apparent mainly because of asymmetric bone 
deformities (shepherd's staff shape of the femora 
in particular), spontaneous fractures or disten
sion of the facial bones. X-rays show cystic 
translucent areas in the long bones, arranged 
unevenly and often involving only one half of 
the body, osteosclerosis and hyperosteosis in 
the region of the base of the skull, orbits, and 
facial bones. The bone changes are painless. 
Calcium and phosphorus metabolism appears 
to be undisturbed. Serum levels of alkaline 
phosphatase are only slightly elevated at the 
most. The histological picture consists of tough, 
connective tissue containing few cells, which 
replaces normal bone tissue. The same disorder 
occurs in both sexes, often in the absence of 
endocrine symptoms and with or without skin 
pigmentation (osteodystrophia fibrosa dissem
inata, JAFFE-LICHTENSTEIN). 

The patches of pigmentation vary very 
widely in size and localization. They are not 
raised, are the color of milk coffee, and have 
indistinct borders. They show a predilection 
for the skin segments corresponding to the bone 
lesions and are often localized to the same half 
of the body as the bone lesions. 

The etiology of this strange syndrome is 
not known, but the condition is probably due 
to a combination of disorders. Most authors 
seem to think that this form of precocious 
puberty, like idiopathic precocious puberty, 
is due to a hypothalamic disorder or to a 
pressure effect of the thickened base of the skull 
on the hypothalamus. Elevated LH levels corre
sponding to those found during puberal develop
ment have been demonstrated in isolated cases. 
It is not known why this syndrome occurs 

1049 

almost entirely in girls and extremely rarely 
in boys . 

The prognosis is good. Bone changes do 
not progress very much during childhood and 
come to a standstill during early adulthood. 
Spontaneous fractures usually heal well except 
for fractures of the upper region of the femur. 
As in all forms of true precocious puberty, 
reproductive function is normal and body height 
is above average during childhood and below 
average in adulthood. 

Fig. 32. Girl aged 5.5 years with the McCune-Alhright 
syndrome; precocious puberty. osteodystrophia fibrosa 
disseminata and typical skin pigmentation (KspZ) 

The differential diagnosis includes hyper
parathyroidism (osteodystrophia fibrosa gen
eralisata v. Recklinghausen (p. 911), xantho
matosis (Hand-Schuller-Christian), and von 
Recklinghausen's neurofibromatosis. A rath
er similar triad of symptoms also arises some
times in neurofibromatosis, where the precocious 
puberty is caused by an intracranial neurinoma. 
Bone lesions are usually less severe, pigmenta
tion patches are well demarcated and the appear
ance of cutaneous fibromas and neurofibromas 
confirms the differentiation. 
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5. Precocious Puberty due to "Hormonal 
Overlapping" 

During the past few years, about 20 children 
with primary hypothyroidism (predominantly 
girls), some with Down's syndrome (mongoloid 
idiocy), and one boy with primary adrenal 
insufficiency and sexual precocity in addition 
have been reported. Puberal signs regressed 
in all cases with hormonal substitution therapy 
of the primary disorder. It is assumed that the 
TSH production always present secondary to 
primary hypothyroidism (similar to ACTH 
overproduction in primary adrenal insufficiency) 
does not remain absolutely isolated but also 
involves gonadotropin overproduction with cor
responding sexual precocity. This phenomenon 
is termed "hormonal overlapping" of the hypo
thalamopituitary feedback mechanism (VAN 

WYK, 1960). It is, however, strange and puzzling 
that overlapping of this kind is so unusual 
and does not always occur with hypothyroidism 
and adrenal insufficiency. 

The clinical picture is a combination of the 
classic symptoms of hypothyroidism and pre
cocious puberty. Growth and bone maturation 
are delayed and thus contrast with the accelera
tion of body development usually seen with 
sexual precocity. The sella turcica is frequently 
enlarged, as in primary hypothyroidism. Estro
genic features, breast development, and men
struation are very pronounced. Androgenic 
features, and pubic and axillary hair are often 
absent. Galactorrhea has been observed in 
several cases (increased prolactin production). 
Urinary gonadotropins were only demonstrated 
in isolated cases. Excretion of 17-ketosteroids 
was hardly increased. 

6. Precocious Puberty with Gonadotropin
Producing Tumors 

Gonadotropin-producing tumors are uncommon 
and practically always highly malignant. Cho
rionepitheliomas, teratomas and malignant hepa
tomas secrete gonadotropins. Gonadotropin 
excretion, particularly LH excretion, is usually 
elevated and varies between normal adult values 
and values found in pregnancy (pregnancy test 
positive). The excretion of 17-ketosteroids is 
low or only slightly elevated. 

Teratomas and chorionepitheliomas occur 
in both sexes and are found in the ovary or 
extragenitally, e.g. in the mediastinum or even 
in the brain. 

Malignant hepatomas with sexual precocity 
have so far been observed only in boys. The 
enlarged and firm, smooth, or nodular liver 
leads to the diagnosis. The testes are not enlarged 
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or only slightly, and contain Leydig cells. 
Tubular maturation may be absent or in
complete. Removal of the tumor containing 
gonadotropin results in the regression of gonado
tropin excretion and of secondary sexual charac
teristics, but death usually follows within a 
few months due to lung metastases. 

7. Pseudosexual Precocity with Disorders of 
the Adrenal Cortex 

This condition is usually due to the adrenogenital 
syndrome which leads to isosexual pseudo
sexual precocity, in girls and to heterosexual 
pseudoprecocity in boys. It has been discussed 
fully elsewhere (p. 358). Pseudo sexual precocity 
due to adrenogenital tumors is extremely rare 
in boys and girls (p. 375). 

8. Pseudosexual Precocity with Ovarian Tumors 
and Cysts 

Granulosa cell tumors (p. 634) are the most 
common ovarian tumors inducing pseudo sexual 
precocity. They are usually unilateral and not 
very malignant at this age, and vary between 
the size of a pea and that of a child's head. 
The histology shows all transitional forms of 
luteinized (pure?) granulosa and theca cell 
tumors. When luteinization is very marked, 
the term luteoma is used. 

These girls appear to be clinically healthy. 
All the secondary sexual characteristics arise 
in quick succession. Although these tumors 
theoretically produce predominantly estrogen 
(and some progesterone), pubic hair also appears 
prematurely. This feature may be due to the 
small amounts of androgens secreted by the 
tumor itself or to adrenarche (p. 1038) induced 
by the estrogens. Menstruation is often irregular 
but is sometimes so regular that a true menstrual 
cycle can be simulated. Apart from rare cases 
where the tumor can be palpated in the abdomen, 
the clinical diagnosis is based on rectal examina
tion, but this is not very reliable if tumors are 
very small. The diagnosis may occasionally be 
suspected from the development of ascites 
before the tumor can be palpated rectally. 

Estrogen excretion in the urine is sometimes 
extremely high (as in pregnancy) but is some
times in the normal puberal range. 17-keto
steroids are usually slightly elevated. Demon
stration of pregnanediol indicates a luteinized 
tumor. 

Laparotomy is indicated where there is the 
slightest suspicion of this type of tumor. 
Bleeding occurs a few days after removal of 
the tumor as a reaction to the sudden with
drawal of estrogens. Menstruation subsequently 
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Fig. 33. Pseudosexual precocity due to a granulosa cell tumor. (The lower part of the Fig. shows the vaginal smear.) Left. 
at the age of 9. immediately before the operation. All the signs of puberty are recognizable. Center. one year after. partial 
regression of mammillae and pubic hair. and findings in vaginal smear. Another year later later (right) at the age of 11. 
development of normal puberty (KspZ) 

ceases. Secondary sexual characteristics regress 
slowly, but usually not entirely. The prognosis 
is good in most cases. 

Other ovarian tumors are occasionally also 
found to cause an isosexual precocious puberty. 
Teratomas, chorionepitheliomas (p. 688) and 
dysgerminomas are in this group. Androgen
secreting tumors of the ovary associated with 
heterosexual precocity (p. 638) have also been 
described several times. 

Some authors also consider follicular cysts 
a cause of precocious puberty, but this associa
tion has not as yet been confirmed. Removal of 
the affected ovary results in regression of second
ary sexual characteristics only in some cases. The 
other cases seem to be more similar to true idio
pathic sexual precocity. Exactly the same type of 
follicular cyst is also found in normal ovaries. 

9. Pseudosexual Precocity with Testicular 
Tumors 

Pseudosexual precocity due to a Leydig cell 
adenoma is not very uncommon. The unilateral 
irregular testicular enlargement is characteristic. 
Excretion of 17-ketosteroids is sometimes only 
slightly elevated and sometimes excessively 
high (3-520 mg/24 h). This suggests that the 
metabolism of these tumors is not uniform. 
In the presence of high values, the adrenogenital 
syndrome due to adrenal hyperplasia with 
hyperplastic ectopic adrenocortical nodules in 
the testicular region must be suspected (p. 366). 
Excretion of 17-ketosteroids can be elevated 
in both conditions, unilateral irregular testicular 
enlargement can be present in both, and histo
logical differentiation of Leydig cells from 
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adrenocortical cells is difficult. If cortisone 
therapy produces a reduction in the size of the 
testis containing the tumor and a regression 
of urinary 17-ketosteroids and if pregnanetriol 
excretion is high, the condition is more likely 
to be an adrenogenital syndrome. 

Surprisingly, removal of the tumor does 
not result in regression of the clinical symptoms 
and reduction of 17-ketosteroids to prepuberal 
values in all cases. There are two possible 
explanations for non-correction of the symp
toms. Either bone age is so far advanced that 
true puberty with normal testicular maturation 
and corresponding testicular enlargement has 
occurred or an adrenogenital syndrome has been 
missed. 

10. Pseudosexual Precocity of Exogenous 
Etiology 

It is obvious from our knowledge of the actions 
of gonadotropic hormones and sexual hormones 
that secondary sexual characteristics can arise 
prematurely during treatment with these hor
mones during childhood. Male-type puberal 
characteristics arise particularly when too high 
doses of anabolic steroids (for dwarfism) and 
chorionic gonadotropin (for cryptorchidism) 
are used. Female features are seen often with the 
use of skin creams containing estrogens or hair 
spirits with estrogens, and also when a mother 
uses a cream containing estrogens for her 
breasts and it is unintentionally acquired by 
the baby during breast-feeding. In rare cases 
secondary sexual characteristics also result from 
handling stilbene compounds used for castrat
ing birds and from the intake of vitamins and 
drugs which have been accidentally contaminated 
with estrogens during manufacture. Not only 
the appearance of female secondary sexual 
characteristics is observed with the accidental 
intake of estrogens, but pigmentation of the 
mammillae and linea alba is accentuated and 
pubic hair arises. Any explanation of the last 
feature must assume that adrenarche is in
duced by estrogens. 

11. Differential Diagnosis 

Precocious puberty can usually be recognized 
without any difficulty. In premature pubarche 
(p. 1040) and premature thelarche (p. 1041), in 
contrast to precocious puberty, only one sec
ondary sexual characteristic is found and 
hormonal findings in the urine are normal. 
Vaginal bleeding in infancy in the absence of 
other symptoms is only rarely endocrine in 
nature. Much more commonly the bleeding 
is due to a foreign body in the vagina, local 
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damage, small benign tumors, or a hemorrhagic 
diathesis, or there has been a mistake and the 
bleeding is actually from the urethra or rectum. 
Thorough inspection of the vagina under a 
general anesthetic and a vaginal smear to see 
whether any estrogenic effects are present are 
often sufficient for a diagnosis. 

Greater difficulties are encountered in the 
differential diagnosis of the etiology of precocious 
puberty. 

The case history alone occasionally gives 
some indication of the etiology. Where there 
is a familial incidence, true idiopathic precocious 
puberty and the congenital adrenogenital syn
drome must be considered. Heterosexual de
velopment of the sisters of a male patient can 
only occur in the adrenogenital syndrome. A 
family history of neurofibromatosis suggests 
that an intracranial neurinoma is the cause of 
the precocious puberty. Leading questions about 
cerebral symptoms (headache, vomiting, visual 
disorders) must be asked when the personal 
history is taken because of the possibility of a 
brain tumor. The doctor should also make a 
point of asking about any therapeutic or 
accidental contact with exogenous hormones. 
Slowly developing puberty is suggestive of 
idiopathic precocious puberty, whereas a very 
rapid development always suggests a tumor 
as the cause. 

The general examination immediately singles 
out heterosexual precocity, which is always 
associated with an adrenocortical disorder (Fig. 
34). Most cases of precocious puberty due to 
cerebral disorders are recognized from the 
neurologic examination (p. 1048). Observation 
of the skin pigmentation is also of importance. 
Smooth, well-defined pigmentation areas with 
subcutaneous nodules suggest sexual precocity 
due to neurofibromatosis, whereas patches of 
pigmentation with irregular borders associated 
with facial asymmetries or bone deformities 
suggest precocious puberty with fibrous bone 
dysplasias (Albright's syndrome). 

No real conclusions about the etiology of 
precocious puberty can be made from the 
age at which the first symptoms appear and 
the degree of the advance in somatic develop
ment. In investigating the etiology it is essential 
to assess gonadalfunction as precisely as possible. 
This also applies to cases in which the cause 
of the precocious puberty seems apparent from 
the case history and the general examination 
alone. Gonadal function is assessed by the 
17-ketosteroid excretion, the levels of gonado
tropins, and whenever possible, also testo
sterone or estrogen levels in serum and urine. 
A positive Ascheim-Zondek test suggests a 
tumor-producing chorionic gonadotropin, and 
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in girls with true sexual precocity, the possibility 
of a pregnancy must be considered. 

In boys, testicular size (Table 10) is easy to 
assess (Chap. XVIII). A unilateral, irregular 
enlargement is of particular significance since 
it suggests the presence of a tumor. Excretion 
of 17-ketosteroids is only slightly elevated in 
true sexual precocity, whereas it is very high 
in adrenocortical and gonadal pseudosexual 
precocity. If differential diagnosis is not possible 
with the methods so far described the action 
of cortisone on the excretion of 17-ketosteroids 
(Chap. XVIII) and the testicular biopsy (Table 
10) may be helpful. The possibility of incipient 
brain tumor causing few symptoms must never 
be forgotten. 

In girls (Table 9) careful rectal examination 
under a general anesthetic is necessary and when 
possible should be combined with laparoscopy 
for assessment of the size of the uterus and 
exclusion of the possibility of an ovarian 
tumor. The vaginal smear for assessment of 
the estrogenic action and estimation of the 
17-ketosteroids must never be omitted. These 
investigations very often give no definite in
dication of the classification of the sexual 
precocity, in which case true idiopathic pre
cocious puberty must be considered present 
by a process of elimination . It must always be 
borne in mind, however, that cases of clinically 
silent brain tumors and of non palpable ovarian 
tumors can be concealed under this diagnosis. 
A decision can often only be reached after 
regular follow-up examinations. 

12. Treatment 

From a superficial point of view, any treatment 
appears superfluous in hypothalamic precocious 
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puberty of the idiopathic type or associated 
with fibrous bone dysplasia, since the advanced 
development produces no unfavorable effects 
except premature arrest of growth. The psycho
logical problems are usually so pressing, how
ever, that an effective form of therapy would be 
much appreciated. The ideal preparation would 
be capable of arresting premature activation 
of the hypothalamic-pituitary-gonadal axis, thus 
preventing all features of precocious puberty, 
without exerting any peripheral androgenic 
or estrogenic actions at the same time. 

Trials with gestagenic drugs inhibiting gona
dotropins have so far been only partly successful 
and it is debatable whether long-term use of 
these compounds in the high doses necessary 
is harmless and justifiable. The drugs most 
commonly in use are medroxyprogesterone 
acetate (p. 553) (Depot Provera, 100 to 200 mg/ 
week, i. m.) and chlormadinone acetate (Gesta
fortin, 5 to 15 mg/day p.o.). These doses 
suppress secondary estrogenic sexual charac
teristics (menstruation, mamma development) 
quite efficiently in idiopathic precocious pu
berty and even in cases of hamartomas. Andro
genic features are only partially suppressed 
(sexual hair, acne, masturbation). In most cases, 
however, these drugs do not unequivocally 
arrest acceleration of growth and bone matura
tion. There have been several reports that 
medroxyprogesterone acetate reduces previously 
elevated values of LH, FSH and testosterone 
in the plasma. Unfortunately it also has a mild 
cortisone action and thus suppresses ACTH. 

Trials with the new anti-androgenic drug, 
cyproterone acetate (50- 100 mg/day p.o.) have 
yielded similar results (p.472), but it is still 
too early to draw any conclusions about this 
therapy. Cyproterone acetate reduces the con-

Fig. 34. Genitalia in girls during infancy_ Left. normal. Center. labia minora enlarged due to true isosexual precocious puberty_ 
Right. clitoris enlarged due to heterosexual pseudosexual precocity with an adrenogenital syndrome (KspZ) 
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centrations of gonadotropin and testosterone 
in the plasma and urine, whereas cyproterone 
has only peripheral anti-androgenic actions 
and is thus less suitable for treating precocious 
puberty. 

In cerebral precocious puberty, neurosurgical 
intervention (excision of the tumor) is occa
sionally successful. Usually, however, the cere
bral lesions are inoperable tumors or mal
formations, and only a palliative neurosurgical 
operation followed by radiation is possible. 

For gonadotropin-producing tumors, the only 
possible treatment is immediate surgical removal 
of the tumor followed by radiation. The prog
nosis remains poor, however, due to the malig
nancy of the tumors. 

Treatment of adrenocortical pseudosexual 
puberty is very rewarding, whether it involves 
removal of an adrenal tumor or treatment of 
adrenal hyperplasia with cortisone (p. 373). 

Removal of the tumor (hemicastration) is 
the treatment of choice for gonadal precocious 
pseudopuberty. The prognosis is usually quite 
good since these tumors are often benign. 

Precocious puberty due to hormone over
lapping usually disappears spontaneously if 
the underlying endocrine disorder is correctly 
treated. 

H. Delayed Puberty 

The term "delayed puberty" is applied when 
the first secondary sexual characteristics appear 
after the age of 14 in girls and after the age of 
16 in boys. 

If no signs of puberty are present at this 
point, the cause of the delay must be thoroughly 
investigated. No endocrinopathy can be de
monstrated in most cases, however, so that a 
chronologically displaced but otherwise normal 
puberty can be expected. Detailed investigation 
of the state of development, particularly of the 
height and bone age and of the often eunuchoid 
proportions (Fig. 35) is of the utmost diagnostic 
and prognostic importance. Bone age is signi
ficant since puberty normally arises at a bone 
age between 10.5-11.5 years in girls and be
tween 12.5-13.5 in boys (p. 1023). If this stage 
of bone development has not yet been reached, 
puberty cannot yet be expected, but in delayed 
puberty where no endocrinopathy has been 
found, the point at which puberty can be 
expected can be predicted quite accurately 
from the bone age. 

In pituitary dwarfism with gonadotropin 
deficiency, puberal characteristics never occur 
and bone age just reaches the puberal phase. 
In pituitary dwarfism without gonadotropin 
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Fig. 35. Delayed puberty without generalized develop
mental retardation in a boy with hyperthyroidism. Left, 
at the age of 16.5 years, normal height but puberty absent 
and proportions definitely eunuchoid. The bone age of 12.5 
years indicates that puberty is imminent. Right, at the age 
of 17 years 10 months. Spontaneous development of puberty 
after treatment with methimazole (Tapazole) (PRADER, 1955) 

deficiency, puberty is delayed in keeping with 
the retarded bone maturation but is otherwise 
normal. In other endocrinopathies (Turner'S 
syndrome, gonadal dysgenesis (p. 721), idio
pathic eunuchoidism (p. 469), and anorchia 
(p. 461)) characterized by the absence of puberty, 
sparse pubic hair arises but the other secondary 
sexual characteristics fail to develop. The pubic 
hair is caused by adrenocortical androgens 
(see adrenarche, p. 1038). Bone development is 
retarded but gradually reaches the normal or 
almost normal adult state. The difference is 
explained by the fact that in panhypopituitarism, 
not only gonadotropins are absent but also 
growth hormone, TSH and ACTH, all of which 
contribute directly or indirectly to skeletal 
maturation (p.l017). 

The various forms of delayed puberty have 
been discussed in the sections of dwarfism 
(p. 1027), Turner's syndrome (p. 713), and pure 
gonadal dysgenesis, as well as in the chapters 
dealing with the pituitary, testis and ovary. 
This section gives only a survey indicating the 
differential diagnosis (Table 13). It must be 
remembered, however, that true endocrino-
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pathies in which puberty fails to develop (sexual 
infantilism, 2a, f, 3 b, c and d in Table 10) are 
much more uncommon than benign variations 
of development where puberty is merely delayed 
but otherwise normal (1 a, 2a, b, c, 3a, e in 
Table 13). 

Table 13. The most important aspects of the differential 
diagnosis of late-onset puberty 

1. Obesity 

a) Prepuberal obesity in boys in whom growth is normal or 
accelerated (p.l 043) 

2. Dwarfism 

a) Hypocaloric dwarfism (p.l028) 
b) Constitutional delay of development (p.l028) 
c) Delay of development due to chronic disease 
d) Hypothalamo-pituitary dwarfism without gonadotropin 

deficiency (p. 98) 
e) Hypothalamo-pituitary dwarfism with gonadotropin de

ficiency (p. 101) 

f) Turner's syndrome in patients with purely female ex
ternal appearance (p. 713) 

3. Normal growth or gigantism 

a) Delayed puberty (idiopathic, p. 1054) 
b) Idiopathic eunuchoidism and other forms of isolated 

gonadotropin deficiency (p. 456) 
c) Anorchia and other forms of Leydig-cell insufficiency 

(p.461) 
d) Pure gonadal dysgenesis (p. 721) 
e) Prepuberal obesity in boys (see 1 a) 

In dwarfism with delayed puberty it is difficult 
to differentiate between generalized develop
mental delay with a poor prognosis and asso
ciated with organic hypothalamo-pituitary dam
age (2e) or Turner's syndrome (2f) or growth 
hormone deficiency without gonadotropin defi
ciency (2d) (where the prognosis for puberty 
is good) and generalized developmental retarda
tion with no primary pituitary or gonadal 
disorders (2a, b, c). In the presence of normal 
growth, idiopathic delayed puberty with a good 
prognosis must be differentiated from idio
pathic eunuchoidism (3 b), which has a poor 
prognosIs. 

The reader is referred to the section on 
dwarfism (p. 1027) for the differential diagnosis 
of generalized developmental retardation. When 
growth, bone development and puberty are 
all retarded to the same extent, a benign con
stitutional delay of growth and development is 
the most probable cause. Pituitary dwarfism 
and generalized developmental retardation due 
to malnutrition or chronic illness are much 
rarer. 

In cases where puberty does not arise at 
the normal time in spite of otherwise normal 
growth idiopathic delayed puberty is usually 
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present. This condition is basically similar to 
benign constitutional delay of growth and 
development except that hereditary gigantism 
is also present. The normal body height associated 
with retarded bone age indicates the future 
gigantism. More rarely, delayed puberty is due 
to true idiopathic eunuchoidism (p. 456) where 
puberty is not really delayed but permanent 
hypo gonadotropic hypogonadism is present due 
to isolated failure of the gonadotropin secretion. 
The two forms cannot be definitely differentiated 
from each other by means of conventional diag
nostic methods while bone age is below 13.5 
years, but it may become possible in the 
future by means of radioimmunological estima
tions of LH and FSH in serum and urine. 
To be on the safe side, however, any form of 
hormonal therapy should be postponed. If 
this is impossible for psychological reasons, 
temporary substitution treatment with chorionic 
gonadotropin (p.476) or testosterone (p.475) 
must be instituted and continued until a bone 
age of about 14 years is reached. If puberty 
continues spontaneously after discontination 
of treatment, it was merely delayed, but if signs 
of puberty regress after discontinuation of the 
drugs, a permanent gonadotropin deficiency is 
present. At this stage, the clinical diagnosis can 
also be confirmed by-measuring urinary gonado
tropins by conventional methods. 
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xx. Fundamentals of the Hormone Treatment of Nonendocrine Disorders 

A. LABHART and G. MARTZ 

A. Endocrine Therapy of Carcinomas 
of the Breast, Prostate, and Corpus 
Uteri and of Prostatic Hypertrophy 

1. Introduction 

Whereas the proportion of patients with malig
nant growths within the total hospital popula
tion has increased considerably over the past 
25 years, effective, albeit still only palliative. 
methods of treatment have now become avail
able. Malignant tumors of endocrine-regulated 
organs (breast and prostate) are very common. 
When the surgical and radiotherapeutic pos
sibilities have been exhausted, treatment with 
hormones is available for these cases, which 
are of interest to the endocrinologist as well 
as to the oncologist. 

In keeping with the interest of the endo
crinologist in this, perhaps the widest, use 
of hormones, the principles of endocrine therapy 
of these three neoplasias will be discussed in 
this chapter. The chapter is based on the mono
graph by one of us (MARTZ), from which the 
synoptic tables are also derived. 

BEA TSON started the era of the endocrine 
treatment of tumors in 1896 by performing a 
successful surgical castration for metastasizing 
breast carcinoma. His theoretical reasons have 
since been disproved. It was HUGGINS, in 1941, 
who made castration known to physicians as 
the most important palliative treatment for 
inoperable carcinoma of the prostate. He based 
his reasoning on critical experimental trials 
in animals. He recognized that two different 
properties of the malignant growths - the hor
mone dependence and the hormone sensitivity 
of organs under endocrine control, such as the 
prostate - could be exploited therapeutically. 
This shattered the dogma of the autonomous 
growth of all malignant tumors. The extremely 
variable results and the initially deficient theoret
ical bases, some of which did not at first admit 
of experimental documentation, have led to 
general uncertainty over the last 25 years. This 

has resulted partly in uncontrollable endocrine 
polypragmasia and partly in therapeutic nihil
ism. A reliable, although empirical, foundation 
for this therapy has only emerged since the 
advent of controlled studies on a cooperative 
basis. Such terms as "tumor regression," "thera
peutic success," and "period of survival" have 
been internationally defined according to strict 
criteria. The basic information given here is 
derived from 12 years' experience of such 
cooperative studies, in many of which the 
Division of Oncology at the Kantonsspital 
Zurich participated. 

2. General Features 

Every malignant tumor of the breast, prostate 
or the body of the uterus must first be placed 
in the hands of the surgeons and radiologists, 
providing it is still localized. The disseminated 
tumor belongs in the domain of medical therapy 
which almost without exception still has only 
a palliative effect. Whereas cytostatic drugs 
attack the tumor directly, the endocrine meas
ures act on the host, and thus only indirectly 
on the tumor. The mode of action at the cellular' 
level is still unknown, as is the mode of most 
hormonal actions. 

One quarter of all deaths due to malignant 
tumors are due to the potentially hormone
dependent carcinomas of the breast, prostate and 
body of the uterus. However, only a number of 
these malignant tumors respond to hormonal 
therapy and then only for a limited time. (See 
MARTZ, 1968, for other rare tumor types which 
can be influenced by hormones.) 

3. Endocrine Therapy of Carcinoma of the Breast 

With a morbidity of 3 %, carcinoma of the breast 
is the most common form of cancer leading 
to death. Curative treatment is impossible in 
about one third of patients at the time of 
diagnosis, and there are recurrences within 
10 years in about two-thirds of those subjected 
to surgery. The very variable spontaneous 
course of carcinoma of the breast must always 
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be kept in mind. In addition to the types of 
carcinoma which can lead to death within 
months, there are "benign" forms with a course 
lasting over 20 years, so that the term "five
year survival" is obsolete. This means careful 
follow-up and the prospective studies mentioned 
above are essential for rational therapy. 

Growth and function of the breast are 
subject to manifold hormonal influences (p. 694). 
Some carcinomas of the breast are hormone
dependent and others are not. The ones that 
are, however, always become independent 
after some time. There is no histological dif
ference between the two types. Basically, ab
lative therapy is possible by the withdrawal 
of hormones, and additive therapy by the 
administration of hormones. Ablative therapy 
is generally more effective. The sequence of 
treatment is summarized in Table 1. 

Table 1. Sequence of treatment (MARTZ. 1968) 

Patient before or shortly after onset of menopause 

Initial treatment 

Second measure 
a) After remission following 

ovariectomy 
(If surgery is not possible or 
is refused by the patient: 

b) If ovariectomy has had no effect: 

Third measure 

Ovariectomy 

Hypophysectomy 
or adrenalectomy 

Androgens) 
Chemotherapy 

Chemotherapy. 
corticosteroids 

Patient more than 5 years after onset of menopause 

Initial treatment 

Second measure 
a) After remission by estrogens: 

b) If estrogens have no effect: 

Third measure 
a) If previous hormone therapy was 

effective: 
b) In all patients 

Estrogens 

Androgens 
or estrogens 
+ progesterone 
Chemotherapy 

Hypophysectomy 
or adrenalectomy 
Corticosteroids, 
chemotherapy 

a) Treatment by Withdrawal of Hormones 

The purpose of this treatment is the most 
extensive elimination possible of all hormones 
which promote the growth and spread of 
carcinoma of the breast. 

ex) Elimination of Ovarian Function 

One quarter to one third of patients in the 
premenopause respond to ovariectomy with 

an objective remission lasting about 10 months 
on average. The effects are greatest on meta
stases of the soft tissues (skin, lymph nodes, 
breast) and of the skeleton, and perhaps also 
on the primary tumor itself. Metastases of the 
liver and central nervous system are least 
affected. The results are often dramatic. Meta
stases disappear completely, the general condi
tion, appetite and body weight improve and, 
above all, bone pain disappears rapidly, often 
within hours after the operation. The analgesic 
effect is not always associated with objective 
remission of the metastases. There is no certain 
criterion allowing accurate prediction of the 
result of the operation. Patients shortly before 
or after menopause react best, whereas the 
chances of success are slighter in women under 
30. After the menopause, the vaginal cytology 
and the estimation of the urinary gonadotropins 
can indicate how active the ovaries still are. 
A further criterion is the free interval between 
the development of the primary tumor and the 
appearance of metastases; the longer this free 
interval is, the more likely the ovariectomy is 
to be successful. 

Indications and statistical chances of success 
of castration can be summarized as follows: ova
rian elimination is indicated as the first endo
crine measure in all patients with metastasizing 
carcinoma of the breast in the premenopause 
and up to 5 years after the menopause. 

Surgical ovariectomy is preferable whenever 
it is possible. It has the advantage of a rapid 
onset of action and its success can often be 
assessed immediately after the operation. The 
elimination of ovarian function by radiation 
has the advantage of slighter stress to the 
patient, but there is a risk of mucosal lesions 
of the intestine. Above all, the onset of action 
is delayed, and the result cannot usually be 
assessed until 3-6 months afterwards. As a 
rule, a patient should only be radiated when 
her condition does not permit surgery. Prophy
lactic menolysis radiation is an exception (p. 
1063). Additional endocrine treatments should 
definitely be avoided after ovariectomy until 
the succes or failure of the operation has been 
determined. Hot flushes due to castration 
should be treated with sedatives and not with 
hormones. 

In spite of contradictory statistics, prophy
lactic ovariectomy in carcinoma of the breast, 
i.e. ovariectomy in the absence of demonstrable 
metastases, is not justified. Several rigorous 
prospective trials have proved the ineffectiveness 
of this procedure. The main argument against 
prophylactic castration is the fact that 30 to 
50 % of the patients are definitely cured by the 
primary surgical treatment so that this operation, 
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which is associated with severe psychic stress, 
would be needless. If axillary metastases are 
present prophylactic ovariectomy must be se
riously considered, The decision should be 
made in the light of the patient's attitude and 
of whether she has or wishes to have children. 
Strictly speaking, ovariectomy is no longer a 
prophylactic measure in a case with metastases. 
However, radiation of the ovaries seems to 
have a beneficial effect in postmenopausal 
patients. 

~) Elimination of the Pituitary and the Adrenal 
Cortex 

After gonadal ablation the production of sexual 
hormones in the adrenals sometimes increases 
(p. 459). Ablation of the pituitary or adrenals 
should be considered as the second or third step 
in the endocrine therapy of metastasizing car
cinoma of the breast. It leads to the complete 
elimination of the sexual hormones and related 
steroids. The best results are obtained in cases 
where previous castration has been effective. The 
analgesic effect is often immediate. Objective 
improvement is to be expected in 30 to 40% of 
cases and subjective effects in 60 to 80%. 

The indications for elimination of the pitui
tary or adrenals are based on the following 
conditions: 

previous response to other endocrine treat-
ments; 

painful skeletal metastases; 
absence or small size of visceral metastases. 
The surgical technique for adrenalectomy 

and the substitution therapy are discussed on 
p. 330, 356, and the possible methods of elim
inating the pituitary by surgical, radiological, 
or stereotactic measures and of pituitary sub
stitution on p. 105, 115. 

After a-particle radiation, which is a com
plicated and expensive procedure, stereotactic 
isotope implantation or bipolar electrocoagula
tion presents the least stress for the patient. 
According to experience so far, the results 
of adrenalectomy and hypophysectomy are 
comparable. Prospective comparative series are 
in progress but cannot yet be evaluated. However, 
a trend in favor of hypophysectomy is beginning 
to appear. In contrast to stereotactic elimination 
of the pituitary, bilateral total adrenalectomy is 
a major operation. 

b) Treatment by Hormone Administration 

a) Androgens 

About 20 % of patients with metastaslZlng 
carcinoma of the breast respond to treatment 

with high doses of the male sexual hormones. 
Very high doses are necessary (100 mg testo
sterone propionate i.m. 3 times weekly, or 
20-30 mg fluoxymesterone daily; see Table 2). 
They lead without exception to severe and 
often irreversible manifestations of virilization, 
which is an extremely severe psychological 
trauma for the patient (Table 3; p. 1064). 
Women of all ages respond to this therapy. 

Table 2. Dosage scheme 

Preparations 

1. Estrogens 

Diethylstilbestrol. p.o. 

Ethinylestradiol, p.o. 

Dosage 

5 mg 
3 times daily 

1 mg 
3 times daily 

Estradioldipropionate(-benzoate), i.m. 5 mg 
2--3 times weekly 

2. Androgens 

Testosterone propionate, i.m. 100 mg 
3 times weekly 

Testosterone ester depot i.m. 250 mg 
once weekly 

Fluoxy mesterone. p.o. 10 mg 
3 times daily 

3. Progesterone (in combination with estrogens) 

Hydroxyprogesterone capron ate, i.m. 1000 mg weekly 

4. Adrenal steroids 

Prednisone, p.o. 

Triamcinolone, dexamethasone 
or similar preparations 

10-20 mg 
3 times daily 

According to the 
effective equiva
lent for prednI
sone (see p. 309) 

The antineoplastic action is apparently cou
pled with the androgenic properties, and anabolic 
steroids only have a comparable effect when 
given in doses which have a virilizing effect. 
On the other hand, a careful study carried out 
on a cooperative basis with ~-l-testololactone, 
an artificial steroid which has no hormonal 
activity, has given results as good as are obtained 
with testosterone. The preparation must be 
given in the same high doses - 100 mg i.m. 
3 times weekly. 

Water retention is another side effect 
of testosterone therapy and can be better 
controlled. It can be prevented by limiting the 
intake of salt or by giving diuretics. Other, 
rarer side effects are mild hypertension and 
erythrocythemia and exacerbation of skeletal 
pain in 10--20 %, perhaps associated with a rise 
of the serum calcium. This initial stimulation 
of the tumor usually declines after a few days 
or at the most weeks of uninterrupted administra-
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Table 3. Side effects of hormonal therapy (MARTZ, 1968) 

Mode of action 

Castration 

Side effects 

Menopausal symptoms 
(hot flushes, etc.) 

Therapy of side effects 

Sedatives 
no hormones 

Adrenalectomy 

Hypophysectomy 

Symptoms of endocrine insufficiency 

Symptoms of endocrine insufficiency 
Liquorrhea 

Substitution 

Substitution 
Repeated spinal taps; surgery 

Estrogens 

Androgens 

Corticosteroids 

Lesion of the optic nerve 

Lack of appetite, nausea 
Withdrawal bleeding 

Pigmentation of the nipples 
Water retention 
Hypercalcemia 

Virilization (deep voice, growth of 
beard, baldness) 

Increase in libido 
Rise in blood pressure 
Water retention 

Cushingoid habitus 
Ulcer of stomach and intestine 
Diabetes 
Infections 
Osteoporosis 

tion of the androgens. It is not an absolute in
dication for discontinuation of the therapy if the 
patients are in hospital under careful observation. 
These cases must be distinguished from those 
with progressively spreading metastases in hor
mone-insensitive carcinomas. Objective remis
sion is noticeable after about 2 months at the 
earliest. Skeletal pains disappear, and skeletal 
and soft tissue metastases regress. The effect 
lasts an average of 7-10 months. 

13) Estrogens 

Postmenopausal women respond to estrogens 
more frequently and for longer periods than 
to androgens, i.e. in 35 % of cases as against 
20 %. There is very little chance of success 
in younger women. Low doses are advocated 
at the beginning of treatment because of possible 
gastrointestinal intolerance. The optimal daily 
maintenance dose of 15 mg stilbestrol or 3 mg 
ethinyl estradiol should be attained within a 
week. All metastases can be influenced, especial
ly those in the soft tissues. Objective remissions 
are determined about 2 months after the begin
ning of the treatment. The effects usually last 
longer than those obtained with androgens 
on average 13 months. In rare cases estrogens 
lead to an exacerbation of the tumor growth, 
which can be recognized in the presence of bone 
metastases from the appearance of pain. 

Change of preparation 
Ceases spontaneously during continued 

medication with estrogens. If not: 
injection of 1 ()() mg progesterone 

Diuretics, cardiac therapy 
Discontinuation of therapy, low-calcium diet, 

intensive supply of liquids, therapy with 
phosphates, 1 ()() mg prednisone/24 h 

Blood pressure-lowering preparations, 
diuretics, cardiac therapy 

Antacids 
Diabetes therapy 
Antibiotics 
Calcium and/or fluor preparations 

Uterine withdrawal bleeding is the main 
side effect. It usually ceases spontaneously with 
the continuation of the treatment, or it can be 
arrested with high doses of progesterone. Water 
retention can be prevented by limitation of salt 
intake and administration of diuretics. Urinary 
incontinence and vaginal discharge occur in 
some cases. Hypercalcemia arises in about 10 % of 
cases; it is a serious complication which necessi
tates immediate energetic measures (p. 933, 968). 

y) Cortisol and its Derivatives (p. 303) 

8) Gestagens 

The relatively slight experience so far available 
seems to indicate that the results with high 
doses of gestagens in metastasizing carcinoma 
of the breast are not as good as those obtained 
with androgens or estrogens. Some advantage 
may be gained by combining gestagens with 
estrogens. The first observations in patients 
receiving ovulation inhibitors indicate thera
peutic and prophylactic effects for this combi
nation. The combination of androgens and 
estrogens, however, does not produce any 
better results than are obtained with either of 
these hormones alone. 

The combination of hormone therapy with 
cystostatics may prove more effective than either 
method alone. It cannot be assessed at present. 
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c) Indications and Strategy 

With the possible exception of prophylactic 
castration in women in the menopause, endo
crine therapy is only justified when metastases 
of the tumor can be demonstrated. Histological 
proof of the primary tumor is essential, and 
proof of easily accessible metastases is desirable. 
Localized metastases should be treated locally 
whenever possible, i.e. by surgery and/or radia
tion. 

A trial with hormones should be avoided 
in patients with no symptoms and no local or 
generalized signs of tumor progression. Endo
crine treatment should be instituted when 
symptoms arise or when spread of the meta
stases has been demonstrated. Careful super
vision of each patient is an important require
ment. 

The most objective assessment of the meta
stases possible, i.e. frequent measurements of 
their size, is essential for successful endocrine 
therapy. A so-called metastatic series of 7 
X-rays should always be taken (lateral skull, 
thorax and pelvis a.p., thoracic and lumbar 
vertebrae a.p. and lateral). Experience has 
shown that these reveal more than 90 /~ of all 
skeletal metastases occurring in this condition. 

In summary, the following rules should be 
adhered to: Therapeutic trial only after there 
is evidence of progression of the metastases 
or of symptoms due to the tumor. Measure
ment and recording of all direct and indirect 
manifestations of the tumor present before 
and during the treatment. Never more than 
one hormonal measure at the same time. 
Continuation of the measure introduced until 
renewed growth of the tumor can be objectively 
confirmed. Hormone therapy with estrogens 
or androgens, once started, should be continued 
in the same doses until a recurrence can be 
demonstrated under continuing treatment. At 
this point, the hormone must be completely 
withdrawn and no further treatment started. 
An observation period must then follow. In 
some cases, the abrupt withdrawal of high 
doses of estrogens or androgens can bring 
about an inhibitory effect on the tumor once 
more, so that a remission arises as a result 
of the withdrawal alone. This withdrawal effect, 
which is not, however, common, should be 
watched for before subsequent introduction of 
a different treatment (Table 1). 

Prognosis. With the exception of the length 
of the free interval (p. 1062), there is at present 
no means of predicting the chances of success 
of an endocrine therapy. The histology of the 
tumor or the metastases gives no indication. 

The laboratory tests have so far failed entirely, 
even the calciuria test after estrogens and the 
sex chromatin in the tumor tissue. Refer to 
MARTZ (1968) for further tests (P32 uptake by 
HALE, discriminants of BULBROOK [relative 
amounts of the excreted steroids)). See Tables 
1, 2 and 3 for the plan of treatment, dosages, 
side effects and countermeasures. 

4. Endocrine Therapy of Metastasizing 
Carcinoma of the Breast in the Male 

The incidence of carcinoma of the breast in 
men is 1 /~ of that in women. There is no con
nection with gynecomastia. Orchidectomy, as 
the most effective therapeutic measure, is the 
treatment of choice; it probably achieves a 
higher percentage of remissions (which are also 
of longer duration) than is obtained in women 
receiving endocrine therapy. Adrenalectomy 
and hypophysectomy have to be considered 
when there are recurrences. Estrogens are 
only effective in isolated cases. Treatment 
with cortisol can be tried as a last resort in this 
condition. 

5. Endocrine Therapy of Carcinoma of the 
Prostate 

Carcinoma of the prostate is the most common 
type of malignant neoplasia in men over 50 
in the Western Hemisphere except for skin 
carcinoma. Only an average of 10 % can be 
treated by radical surgery at the time the diag
nosis is made. Palliative treatment is therefore 
of great importance. Aims of the treatment 
are correction of symptoms associated with 
micturition, removal of pain, improvement of 
the general condition and prolongation of life. 
An objective assessment of the status before 
and during treatment is esssential for the 
administration of an optimal therapy in this 
condition also. Estimation of the acid phos
phatase in the serum often gives an indication 
of the extent of the metastases. 

It must be observed at this point, however, 
that for some unknown reason 50 % of cases 
of metastasizing carcinoma of the prostate are 
not associated with a rise of the acid phosphatase. 

a) Therapy by Withdrawal of Hormones 

Orchidectomy, i.e. the withdrawal of androgen 
production, leads to atrophy of the healthy as 
well as of the neoplastically transformed prostate. 
It subjects the patient to little stress, even in 
the advanced age group. But castration can cause 
severe psychological trauma. Impotence and 
loss of libido can (but need not) arise. 
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When the effects of orchidectomy wear off, 
the tumor increases in size and the symptoms 
worsen. In general nothing more can be expected 
of treatment with estrogens after this. The 
possible alternatives are adrenalectomy and 
hypophysectomy to eliminate the increased 
androgen production by the adrenals which 
follows castration. In elderly patients stereo
tactic elimination of the pituitary, which involves 
only slight stress to the patient, is the procedure 
usually considered. It promises at least an 
analgesic action. 

b) Estrogen Therapy 

The optimal dose of estrogens for this condi
tion is not known. It is probably less than that 
for carcinoma of the breast, and the lowest 
effective dose should be used. Two methods 
can be recommended. An intramuscular in
jection of a depot estrogen preparation such as 
polyestradiol phosphate in a dose of 40-80 mg 
every 2 to 4 weeks, or oral administration 
of 1-3 mg ethinyl estradiol or 5-15 mg diethyl
stilbestrol daily. The actions of diethylstil
bestrol diphosphate correspond to those of the 
other estrogen preparations. Estrogen therapy 
brings about the disappearance of bone pain and 
an improvement in general condition in 70-80 % 
of patients. There is an increase in body weight 
and hemoglobin, and the primary tumor de
creases in size, so that the patient can often be 
relieved of the indwelling catheter. The pro
longation of survival is not known. Regression 
of the skeletal metastases is only occasionally 
seen on X-rays. 

Metastases in the soft tissues can disappear. 
Undesirable side effects are loss of libido, 
impotence, feminization, and hot flushes, and 
also the syndrome of the male climacteric. The 
painful gynecomastia which accompanies estro
gen treatment can be prevented by previous ra
diation of the breasts. Retention ofNaCI and wa
ter, which can be dangerous in the presence of 
circulatory failure, can be prevented by limiting 
the salt intake and giving diuretics or digitalis. 

Estrogen therapy should only be employed 
in inoperable carcinoma of the prostate which 
causes symptoms. The primary tumor can 
regress and become operable under treatment 
with estrogens. Estrogen therapy is indicated 
when metastases are demonstrated, whenever 
possible histologically or by elevated acid phos
phatase, and when metastases cause symptoms. 

c) Treatment with Cyproteron 

The synthetic anti-androgenic steroid cyproteron 
or cyproteron acetate (p.472) can block the 

peripheral action of androgens completely when 
given in adequate doses (p.472). Therapeutic 
trials in prostatic carcinoma have been favorable 
so far. A broad prospective study is in progress. 
Cyproteron has one advantage over the estrogens 
in that it has no feminizing action, but there is 
usually a loss of libido and potency. 

d) Cortisol and Derivatives 

The glucocorticoids are thought to be as effective 
as hypophysectomy and adrenalectomy in car
cinomas of the prostate which no longer react 
to estrogens or orchidectomy. This procedure 
is therefore preferable when the advanced age 
of the patient must be taken into account 
(p.1069). 

e) Gestagens 

Gestagens are also thought to act on prostatic 
carcinoma, but this therapy is still in the trial 
stages. 

f) Therapeutic Strategy 

Histological proof of carcinoma is an essential 
condition for any specific therapy. The extent 
of the disease should then be estimated by 
means of palpation, radiology and chemical 
analysis of the blood. Age, general condition, 
the most optimistic life expectancy, and the 
psychological factors must be carefully weighed 
against the symptoms caused by the prostate 
carcinomal and against the side effects expected 
to result from endocrine treatment. Younger pa
tients are advised to undergo orchidectomy 
providing it can be tolerated psychologically. 
Estrogens, cortisol and its derivatives and 
possibly cyproteron should be considered for 
older patients. It is sometimes best to delay 
endocrine treatment in elderly patients with no 
symptoms, even ifthere are extensive metastases. 

Local urological measures and the radiation 
of painful metastases must not be neglected. 

Once an endocrine therapy has been chosen, 
it must be continued until definite signs of 
renewed tumor growth are recognized. 

When the estrogen therapy which was 
successful at first fails, another remission can 
often be obtained with orchidectomy. As has 
been mentioned above, estrogen therapy has 
no chance of success after primary castration. 
A further response can also be achieved by 
increasing the dose of the estrogen preparation 
by 10 times or more or by changing the type 
of estrogen preparation. Cortisone derivatives 
and progesterone can also be considered, and 
a favorable effect is paradoxically produced 
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with androgens in isolated cases. Finally, there 
are cytostatics such as cytoxan or fluorouracil 
and P32 . 

6. Endocrine Therapy of Carcinoma of the 
Body of the Uterus 

The frequency of carcinoma of the body of the 
uterus appears to be increasing, although the 
tumor is less common than carcinomas of the 
breast and the prostate. Surgery and radio
therapy are successful in 60-70 % of cases. 
The inoperable or metastasizing cases, how
ever, usually have a rapid progressive course. 
Endocrine disorders appear to be common in 
patients with carcinoma of the body of the 
uterus, and there is an obvious tendency for 
cystic and adenomatous hyperplasia of the mu
cosa of the body to become malignant in 10% of 
cases due to untimely or increased estrogen 
stimulation. 

NATHANSON in 1960 was the first to achieve 
objective tumor regression, in some cases lasting 
several years, in one third of 22 patients with 
high doses of progesterone. It has since been 
confirmed that about 30 % of all cases respond 
to high doses of progesterone. The mode of 
action is unknown. 

As in carcinoma of the breast, a long free 
interval between surgical removal of the pri
mary tumor and the development of metastases 
is the only indication of a probable favorable 
response to endocrine therapy. This treatment 
seems to act most favorably on metastases of 
the lungs and bones. Local tumor recurrences 
respond less well. Hormone therapy cannot be 
used for undifferentiated carcinomas or for 
sarcomas. 

The optimal dose is still not known. It is 
assumed that a dose of 500 mg 17-alpha-hy
droxyprogesterone capron ate given by i.m. in
jection twice weekly is adequate for lung 
metastases. Doses of 2-5 g per week are neces
sary for skeletal, abdominal, and pelvic meta
stases. Medroxyprogesterone acetate is a depot 
preparation and should be given in a dose of 
1-3 g i.m. every week or of 200-300 mg p.o. 
daily. The initial doses must be high and should 
then be gradually reduced. The therapeutic effect 
can only be assessed after about 2 months. 
The treatment must be continued without 
interruption until it fails. An increase in the 
dose or a change of the drug may then bring 
about a further remission. In some patients 
progesterone therapy can cause an inoperable 
tumor to become operable. 

In contrast to other endocrine therapies, 
progesterone causes practically no side effects. 
Mild loss of appetite and nausea occur rarely 
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and are of short duration. Progesterone prepara
tions should therefore be considered for the 
prophylaxis of metastases, but no controlled 
studies relating to this application have yet 
been published. 

7. Endocrine Treatment of Prostatic Hypertrophy 

Prostatic hypertrophy or the benign adenoma 
of the prostatic gland can also be influenced 
and treated palliatively by hormones, but hor
monal treatment is no substitute for prostatec
tomy and should only be considered if surgery 
is contraindicated. 

The subjective improvements which can 
be induced by androgen treatment are probably 
nonspecific and are based on increased tonus 
of the muscles of the bladder. If carcinoma 
of the prostatic gland can be excluded, it is 
permissible to give men under 55 25 mg of 
testosterone propionate twice weekly for 6 
weeks. This medication can be repeated not 
more than twice a year. Estrogens inhibit 
secretion and the swelling of the epithelial parts 
of the adenoma. Micturition can be improved 
by 5 mg diethylstilbestrol p.o. daily, but the 
side effects of this treatment are loss of potency 
and gynecomastia. 

The anti-androgen cyproteron acetate blocks 
the effect of testosterone (p. 472) without femini
zation. The usefulness of this preparation is 
still in the trial stage. 

There have recently been reports of improve
ments brought about by gestagens (GELLER, 
1965; VERNET, 1970). 

B. Pharmacological Use of Hormones 

1. Cortisol and its Derivatives 

Since HENCH'S observation of a definite effect 
of cortisone on rheumatoid arthritis in 1949, 
cortisol derivatives have also been used exten
sively outside the field of endocrinology because 
of the following effects: 

1. Anti-inflammatory effect; 
2. Immunosuppression (anti-allergic effect); 
3. Palliative antineoplastic effect: 
4. Antihypercalcemic effect; 
5. Various other, mostly unexplained effects. 

a) Anti-Inflammatory Action 

Cortisol and its derivatives in doses four to 
twelve times greater than required for sub
stitution therapy usually have a definite in
hibitory action on inflammation. An effect 
can also be achieved in certain cases with small 
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doses which, when divided equally over 24 hours, 
may even be below the substitution dosage. A 
constant cortisol level is thus obtained in place 
of the normal nyctohemeral rhythm (p. 300). 
Although more than two dozen actions of 
cortisol have been experimentally investigated 
on the whole organism, on organs, on cells, 
and on cell constituents (WEISSMANN, 1971), 
only the morphology of the anti-inflammatory 
process can be described; the mechanism of 
the anti-inflammatory action of glucocorticoids 
remains largely unexplained. Yet some insight 
into this mechanism is dawning, on the basis 
of molecular biology: there is evidence that 
cortisol has a stabilizing effect on the cellular 
membrane and on the cell organelles. It also 
protects the lysosomes in particular from being 
destroyed (WEISSMANN, 1964). Cortisone pre
vents the fusion oflysosomes, which is important 
for this system in intact cells and inhibits the 
release of lysosomal material into the damaged 
tissue (WEISSMANN, 1971). It can be morpho
logically demonstrated that exudative and pro
liferative inflammatory processes regress due 
to a decrease in the capillary permeability 
and a limitation of the fibroblastic proliferation 
(p. 305). The inflammatory hyperemia decreases. 
The action is probably achieved partly via 
inhibition of the release of kinins (p. 977). 
There is, however, no action on old granulation 
tissue. These actions are pharmacological ones, 
although in some situations the body can 
produce glucocorticoids in amounts with anti
phlogistic effects. It is improbable that physio
logically the mineralocorticoids favor the process 
of inflammation (p. 311). 

The anti-inflammatory action of the steroids 
is connected with and parallels their gluconeo
genetic activity and their inhibitory effect on the 
hypothalamus and the pituitary. 

The effects obtained with cortisol can also 
be achieved with ACTH infusions or intra
muscular injections of depot-ACTH. Apart 
from the inconvenience of administration, ACTH 
also has the disadvantage of causing the release 
of increased amounts of androgens by the 
adrenals, and in contrast to most of the cortisone 
derivatives it leads to sodium and water reten
tion. In our opinion, ACTH has no therapeutic 
indications and its use is limited to diagnostic 
tests. 

Inflammation can be useful to the organism, 
by inhibiting the spread of noxious agents and 
invalidating them. Often, however, the damage 
caused by the inflammation itself is considerably 
more detrimental to the organism than the 
original harm due to the noxious agents. Anti
inflammatory therapy is justified in such cases. 
The dramatic effect of cortisol and its deriv-

atives is usually limited to the duration of 
administration. The glucocorticoids suppress 
the inflammatory processes but do not eliminate 
them. The inflammatory manifestations usually 
return unchanged when the drug is withdrawn. 
This is an important point in the indications 
for cortisone treatment. The main indication 
for cortisol and its derivatives is self-limiting 
inflammatory disease or inflammatory disease 
with an episodic character where severe per
manent damage can be caused during the 
inflammatory phase. Acute rheumatic carditis 
is an example. Anti-inflammatory therapy with 
hormones is only of limited use in chronic 
inflammatory diseases, since the side effects 
can sometimes exceed the symptoms of the 
original disease. Even the most serious side 
effects must be accepted where there is a vital 
indication in potentially fatal diseases (pan
arteritis nodosa, pemphigus, exfoliative derma
titis, erythroderma, dermatomyositis). High 
doses should be given at the beginning of treat
ment and gradually reduced to the lowest dose 
which is still effective. In chronic diseases which 
result in invalidity but are not potentially 
fatal, it is advisable to give doses in an attempt 
to produce a palliative action sufficient to 
permit the patients to work again. The lowest 
possible dose is given at first and this is gradually 
increased until the symptoms are tolerable. 
Inflammatory diseases in which the action 
of the noxious agent regresses and the reaction 
of the host organism is the dominant feature 
are especially well suited for anti-inflammatory 
cortisone therapy (allergy, rheumatic diseases, 
collagen diseases). Not only does cortisol have 
a decisive effect in exudative inflammations, 
but certain granulomatous processes such as 
sarcoidosis or histiocytosis may also be con
siderably improved by its use. 

Infections were previously considered an 
absolute contraindication for treatment with 
cortisone since the spread of the pathogens 
could be favored by the suppression of the 
inflammatory reaction. Cortisone therapy in 
combination with chemotherapy and antibiotics 
can now be useful or even the deciding factor 
in some infections with hyperergic inflammatory 
reactions, e.g. certain forms of tuberculosis 
(meningitis). Experience and the utmost care 
are essential when cortisone is used in the 
treatment of these infectious diseases. 

b) Immunosuppression 

Contrary to original views, the formation of 
antibodies is not suppressed by cortisol and 
its derivatives. Nevertheless, cortisol in high 
doses inhibits the immunological processes by 
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blocking the binding of the antibody with the 
antigen and in particular with intracellular 
antigens, i.e. invasion of the antigen-containing 
tissue by sensitized cells is prevented. Cortisol 
also influences the lymphocytes and plasma 
cells. It causes a delay in their formation and 
maturation, inhibits their release into the blood, 
and promotes lymphocytolysis. The inhibition 
of the activation of kinins during the antigen
antibody reaction can also influence immuno
logical processes. It is often difficult to separate 
immunosuppression and inflammatory inhibi
tion from each other, especially when both 
properties of cortisol come into effect in the 
autoimmune diseases. Thus, immunohemato
logical disorders, especially the immunohema
to lytic syndromes and less commonly auto
immune leukopenia and autoimmune thrombo
cytopenia, are indications for treatment with 
cortisol. Autoimmune diseases such as visceral 
lupus erythematosus and panarteritis nodosa 
are important indications for cortisol and its 
derivatives, and combination with azathioprine 
might be indicated. It is not known to what 
extent the beneficial effect on nephrosis is due 
to immunosuppression. Immunosuppression 
with cortisol derivatives combined with azothio
prime is now a routine procedure for organ 
transplantations. 

Anti-inflammatory action and immunosup
pression explain the anti-allergic properties of 
cortisol. Acute potentially fatal allergic reactions, 
such as anaphylactic shock and similar reac
tions, are an absolute indication for treatment 
with cortisol. The greatest caution is indicated 
in chronic allergic diseases because of the 
side effects. Local application of cortisol deriv
atives is justifiable in these conditions. The 
anti-inflammatory action of cortisol alone is 
probably responsible for the improvement in 
chronic inflammatory autoimmune and allergic 
disorders such as rheumatoid arthritis and 
chronic asthmoid bronchitis. The indications 
are relative in these disorders, because of the 
side effects with long-term treatment. 

c) Oncological Indications 

Oncological indications are advanced stages of 
metastasizing carcinomas of the breast and 
prostate. An improvement of the general state 
can be expected in particular. The action is 
not due to inhibition of the adrenals or "pharma
cological adrenalectomy" as was previously 
supposed. It is probably due to the anti-in
flammatory properties of cortisol and its deriv
atives. It is possible that cortisone interferes 
with the metabolism of ribonucleic acid (KUM
MER, 1968). The glucocorticoids are indicated 

1069 

especially in the following complications: 1. 
Metastases in the central nervous system and 
in the liver. Doses of 50-100 mg prednisone 
daily are necessary. 2. Pleural and pericardial 
effusions due to the tumor. These are often 
resistent to other hormonal therapy, but re
gression can be achieved in more than 50 % 
with an initial treatment with 50-100 mg daily. 
Prednisone should later be given sporadically 
with therapy-free intervals. 

Treatment with cortisol is also indicated 
in acute leukosis when it should be used in 
combination with cytostatics. In this condition 
high doses of prednisone, up to 400 mg daily, 
must be given. The success obtained with this 
treatment is very impressive but lasts for a 
limited time. The younger the patient, the 
more lasting and better the result. In chronic 
lymphadenosis cortisol is indicated only in the 
presence of disturbing infiltrations, complicat
ing anemia, or thrombocytopenia. Cortisol has 
also proved to be effective in combination with 
cytostatics and radiation for malignant lym
phomas. 

d) Hypocalcemic Effect 

In hypercalcemia of various etiologies, partic
ularly when it is associated with malignant 
tumors but not with hyperparathyroidism, the 
serum calcium falls or returns to normal under 
the influence of cortisol. This action can save 
a patient's life. The mode of action is not 
explained although cortisol inhibits calcium 
absorption from the intestine as well as reab
sorption in the renal tubules. Cortisol also 
has a hypocalcemic effect in patients fed paren
terally, however. 

e) Other Indications 

Paget's disease with arteriovenous shunts dis
turbing hemodynamics and alopecia areata 
are indications for treatment with cortisol, 
although there is still no explanation for the 
mode of action. 

f) Untoward Side Effects of Pharmacological 
Treatment with Cortisone 

The so-called side effects are inseparably bound 
up with the anti-inflammatory action of corti
sone and its derivatives, with the one exception 
of sodium retention. The untoward side effects 
of treatment with cortisol are best recognized 
in the symptoms of Cushing's syndrome; as 
a rule treatment with over 50 mg cortisol or 
the corresponding equivalent doses of the 
derivatives for over 2 weeks results in an iatro-
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genic Cushing's syndrome. The degree of the 
changes and the speed at which they develop 
are subject to wide individual variations. 

Osteoporosis is the most severe side effect 
in long-term treatment. There is a correlation 
between the dose of cortisol and the duration 
of the treatment, but again there is such wide 
individual variation that some patients treated 
with average doses for over 10 years do not 
have clinically detectable osteoporosis, while 
other patients develop pathologic fractures 
after 2.5 years even with lower doses. The 
pathogenesis is only partly explained. It is 
related to the switch over of the metabolism 
from protein synthesis to carbohydrate pro
duction. It is also related to the actions of 
cortisol on calcium metabolism. Qualitatively 
and quantitatively inadequate matrix probably 
has some effect in this type of osteoporosis. 
Prophylaxis of cortisol-induced osteoporosis is 
as uncertain as its pathogenesis. Movement, 
pressure, and traction exerted by the muscular 
tone on the bones are the greatest stimuli for 
building bone and the best means of preventing 
osteoporosis. Very high doses of androgens and 
anabolic steroids, usually in the virilizing range, 
can convert a negative nitrogen balance into 
a positive one. The metabolic changes due to 
cortisone are not, however, abolished. It can 
be shown histologically that the effects of 
cortisone can be reduced but not abolished 
by testosterone. It is difficult to assess to what 
extent cortisone osteoporosis can be clinically 
diminished or delayed by anabolic drugs. It is 
generally accepted that anabolic medication is 
not certain to prevent cortisone osteoporosis. 
An optimal nutritional state is reached with 
additional calcium medication, but the organism 
absorbs less calcium when the endogenous 
supply of calcium rises, and it is questionable 
just how much can be achieved with increased 
intake. Apart from the cortisone osteoporosis, 
aseptic necroses have frequently been observed 
in the parts of the skeleton most exposed to 
pressure, such as the head offemur and humerus. 
Charcot's joints, with the disappearance of 
cartilage, have also been observed after local 
cortisol treatment. The anti-anabolic action of 
cortisol leads to a standstill in growth and 
maturation in children. This is reversible, how
ever, after withdrawal of the cortisol. 

The increase in gluconeogenesis caused by 
cortisone in the usual anti-inflammatory dosage 
results in an increase of 10-20 mg% in the 
blood sugar in healthy subjects. The increased 
amounts of glucose produced are deposited as 
glycogen and fat under the influence of increased 
insulin secretion. Cortisol causes potential dia
betes to become subclinical or manifest only 

when the insulin reserve of the pancreas is 
inadequate (so-called "steroid diabetes"). One 
should not refrain from giving cortisol to the 
diabetic if there is a definite indication, but the 
increased need for insulin must be met. The 
effects on the psyche again vary widely indi
vidually and are dependent on the premorbid 
personality. They vary from mild euphoria or 
depression to all degrees of schizophrenia like 
symptoms and the "acute exogenous reaction 
type". Finally, the disfiguring changes in the face, 
in the body stature, and in the skin, with rubeosis, 
acne, and hirsutism can be a severe psychological 
burden, particularly to female patients. Peptic 
ulcer is a side effect of cortisol which curiously 
does not occur in Cushing's syndrome. Cortisol 
does not promote the secretion of hydro
chloric acid or of pesin but the incidence of both 
gastric and duodenal peptic ulcers is increased 
during cortisone therapy. This is probably 
attributable to influence on the production of 
the protective mucin by the gastric mucosa. 

Other untoward side effects are the increased 
risk of infection, acute pancreatitis and pan
creatic necrosis, influence on the nervous system, 
intracranial pressure leading to the so-called 
"pseudotumor cerebri", changes in dentine and 
dental enamel, changes in the eye, cataract 
of the subcapsular region of the lens, increased 
intraocular pressure leading to glaucoma, and 
after local application trophic corneal disorders 
(for literature see KAISER, 1973). 

Secondary adrenocortical insufficiency is 
an unavoidable result of effective long-term 
cortisol therapy. An adrenal insufficiency lasting 
for several days is always seen after treatment 
with over 60-75 mg of cortisol for more than 
one week, or after 15 mg prednisone daily in 
3-4 doses. First the adrenals secrete only the 
basal amounts of cortisol and later they become 
less responsive to ACTH, i.e. there is first an 
inhibition of the hypothalamus, followed by 
changes in the adrenal cortex itself. The response 
usually returns in 1-2 days. The adrenocortical 
secretion does not exceed the basal values, how
ever, since the pituitary has no ACTH reserve. 
A maximal adrenal atrophy is reached in 
15-20 weeks with a dose of 60 mg or more 
of cortisol. This state often lasts up to 6 months. 
Stress is dangerous for the patients during 
this period. There is secondary adrenal in
sufficiency, and there have been fatalities. The 
degree and duration of the secondary adrenal 
insufficiency is dependent to some extent on 
the duration and dosage of the steroid medica
tion and possibly also on the particular com
pound when amounts high enough to exert 
an anti-inflammatory effect are given, but in
dividual factors play a very large part. The 
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localization of the disturbance does not seem 
to be the same in all patients. In many patients, 
there is a temporary phase of hypo reactivity 
of the adrenal cortex (GRABER, 1965), and the 
rise in the ACTH concentration in the plasma 
sometimes precedes that of the plasma corticoids 
by a few months. In other cases, a disturbance 
in ACTH secretion is dominant (CARREON, 
1960). Cases are also known in which no 
change in adrenal function can be detected 
after years of treatment with high doses of 
steroids (JASANI, 1967). An intravenous injec
tion of cortisol hemisuccinate should always 
be kept ready during any operation on a patient 
who has received corticosteroids up to 6 months 
previously. A "preventive steroid protection" 
is not advisable in general, since only 5-10% 
of patients treated with cortisone react inade
quately to surgical stress. The secondary adrenal 
insufficiency can present as tiredness, anorexia, 
malaise and tendency to collapse. Adrenal 
atrophy does not occur after ACTH therapy, 
but the ACTH reserve in the pituitary is 
diminished. Incidents, however, seem to occur 
rather less frequently. To prevent secondary 
adrenal insufficiency it is advisable to reduce 
the cortisol or its derivatives step by step, by 
withdrawing first the nightly dose and then 
the evening dose, finally giving a dose in the 
morning only. This procedure re-establishes 
the daily rhythm of cortisol secretion. Depot
ACTH given intramuscularly for 3-5 days 
after the withdrawal of cortisone restores the 
capacity of the adrenals to respond, but little 
is actually gained since ACTH secretion by the 
pituitary is inhibited. 

It has recently been recommended that high 
pharmacological doses of cortisone be given 
only once daily in the morning, or a synthetic 
glucocorticoid with a long half-life intermit
tently every other day in a single dose in the 
morning (DUBOIS, 1963; HARTER, 1963; GRANT, 
1965; MACGREGOR, 1969; MARTIN, 1969), or 
that steroids be administered on three con
secutive days of one week. The ACTH secretion 
should start again after 12 or 36 hours and 
adrenal atrophy is thought to be prevented by 
these methods of administration. The pharma
cological action is thought to be adequate 
during this time when high doses are used. The 
experience obtained so far with this intermittent 
steroid therapy varies, however, and no definite 
conclusion can yet be drawn as to whether the 
risk of a secondary adrenal insufficiency can in 
fact be considerably reduced without diminish
ing the therapeutic action of the steroid com
pound at the same time. Monitoring by means 
of the insulin plasma cortisol test and the 
methyrapone test has also revealed disorders 
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in the hypothalamo-pituitary-adrenal system 
after intermittent steroid treatment (MARTIN, 
1968; MALONE, 1970). 

Secondary adrenal insufficiency after long
term cortisone therapy is best avoided or 
reduced by gradual reduction of the dose of 
cortisone by 25-10 mg weekly or of the cortisone 
derivatives by the corresponding amounts. 

A second withdrawal syndrome worth men
tioning is the flare-up of the inflammatory 
manifestations. This occurs particularly fre
quently in rheumatoid arthritis. Mild exacerba
tions disappear after a few days. In more severe 
instances, the cortisone dosage must be in
creased again, and an attempt made to reduce 
it even more slowly, possibly assisted by other 
antirheumatic agents. 

A large number of cortisol derivatives have 
been examined for advantages over the genuine 
hormone cortisol in pharmacological use. The 
first major breakthrough was achieved with 
the artificial steroids prednisone and predni
solone, which have a greatly reduced sodium
retaining effect as compared to cortisol, due 
to a double bond 1-2 at the A ring. Further 
modifications such as methylation and fluorida
tion at atoms 9, 6 and 16 have produced more 
potent preparations per unit of weight but not 
improved the ratio of desired to undesired 
effects. Thus, prednisone is currently the most 
economical derivative of cortisol and therefore 
the standard drug for anti-inflammatory treat
ment. The anti-inflammatory action has never 
successfully been separated from the gluconeo
genetic and catabolic actions although the 
hypothalamic side effects and the peripheral 
metabolic effects have been successfully dis
sociated. The preparation 6-dehydro-16 methyl 
cortisol appears to have an inhibitory effect 
on the hypothalamus without having any 
essential peripheral metabolic actions. It is 
of therapeutic interest as a therapeutic agent 
or at least as a palliative drug in Cushing's 
syndrome. 

The preparations triamcinolone, prednis
olone, dexamethasone, betamethasone and para
methasone have basically the same qualitative 
actions as prednisone except for the mineralo
corticoid effect. Their half-lives are longer and 
may very well be related to the varying binding 
to the carrier proteins in the plasma. 

An exception within the group of cortisol 
derivatives, is the preparation 9-alpha-fluoro
cortisol, which has a very pronounced mineralo
corticoid action in addition to its marked 
glucocorticoid effect. It is well absorbed orally 
and replaces aldosterone for substitution in 
primary adrenal insufficiency. In a dosage of 
0.1-0.3 mg daily it can be useful in the treatment 
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of various hypotensive states and especially of 
orthostatic hypotension (HICKLER, 1959; LEGE
LER, 1971). 

g) Forms of Administration 

Oral administration of cortisol derivatives in 
tablet form is the route of choice. A continuous 
intravenous infusion of cortisol or of predniso
lone hemisuccinate or phthalate is given during 
operations. In emergency these preparations 
can also be administered intramuscularly, but 
the onset of action is slower. Local external 
application on the skin and mucosa is also 
possible and advantageous (equivalent dosage 
schedule is given on p. 1073). 

h) Indications for Treatment with Cortisone 

Cortisone is a potent pharmacological agent, 
but the drawbacks must never be overlooked. 
Prophylaxis of the damage caused by cortisone 
is hardly possible and the risk of untoward 
side effects can never be eliminated completely. 
Thus the doctor must be aware of his respon
sibility and weigh the danger of the condition 
to be treated carefully against that of the 
therapy. In vital indications or in disabling 
diseases, e.g., pemphigus, lupus erythematosus 
and panarteritis nodosa, the risk of osteo
porosis has to be accepted. Even if osteoporosis 
becomes manifest, it is sometimes correct to 
continue cortisone therapy. On the other hand, 
the decision to start cortisone treatment for 
a skin condition which is troublesome but 
not potentially fatal entails severe consequences 
as the treatment may be long-term. The follow
ing can be taken as a guiding rule: treatment 
in short bouts of a few days or at the most 
weeks is permissible in diseases where only 
the subjective symptoms are severe, but long
term treatment or sporadic treatment which 
might extend into a long-term therapy is 
only warranted if there is a vital indication. 
Doctor and patient must both be aware of the 
risks and be prepared to accept them. The 
decision as to where to draw the line must be 
made individually for each case. 

2. Anabolic Therapy 

a) Mode of Action 

In addition to its effects on the secondary 
sexual characteristics of the male and a viriliz
ing action on the women, the male sex hormone, 
testosterone, promotes protein synthesis in the 
liver and periphery in both males and females. 
It promotes growth, but as it stimulates skeletal 

maturation at the same time, growth comes to 
a premature standstill after a temporary accelera
tion (Chap. XIX, p. 1032). 

Steroid compounds, mainly derivatives of 
testosterone, which promote protein synthesis 
without the virilizing properties of testosterone, 
or with less of these properties, have been under 
investigation for the past 20 years. A whole 
series of derivatives of testosterone or proge
sterone with an improved ratio of protein 
synthesis-promoting action, the so-called ana
bolic effect, to androgenic action have been 
successfully produced. Many anabolic agents 
are now commercially available (KRUSKEMPER, 

Table 4. The most important indications for cortisone and 
its derivatives (in parenthesis: "only in special conditions") 

Allergic diseases 
Anaphylactic shock 
Serum sickness 
Status asthmaticus (asthma bronchiale) 
Dangerous insect bites 
Urticaria 
Angioneurotic edema 

Rheumatic and other inflammatory tissue diseases 
Acute rheumatic fever with carditis 
(Rheumatoid arthritis) 
Lupus erythematosus disseminatus 
Periarteriitis nodosa 

Skin diseases 
Pemphigus 
Exfoliative erythroderma 
Dermatomyositis 
(Certain allergic dermatitides) 

Blood diseases 
Acquired hemolytic anemia 
Idiopathic thrombopenia 
(Leukemia) 
(Lymphogranuloma) 

Gastrointestinal diseases 
Colitis ulcerosa 
Enteritis regionalis 
Sprue 
(Hepatitis) 

Kidney diseases 
(Nephrosis) 

Infectious diseases in combination with antibiotics 
Meningitis tuberculosa 

Lung diseases 
Sarcoidosis and other granulomatoses 
(Tuberculosis) 

Eye diseases 
Certain allergic and inflammatory eye diseases 

Organ transplantations 
For immunosuppressive therapy in combination with 

azothiaprine 

Malignancy 
For symptomatic palliative treatment, especially hyper

calcemic syndrome 
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Table 5. Generic names and equivalent dosages of the most
used anti-inflammatory steroids 

Cortisone 

Cortisol (Hydrocortisone) 

Prednisone 

Prednisolone 

16-M ethylen-prednisolone 

60(- Methyl-prednisolone 

Triamcinolone 

Paramethasone 

Dexamethasone 

Betamcthasone 

Water-soluble preparations: 
Cortisol hemisuccinate 
Paramethasone-disodium phosphate 
Dexamethasone phosphate 
Prednisolone hemisuccinate 
Prednisolone-Na tetrahydrophthalate 
Methyl-prednisolone hemisuccinate 

25 mg 

20 mg 

5 mg 

5 mg 

lOmg 

4mg 

4mg 

2mg 

0.75 mg 

0.75 mg 

1965). Complete elimination of the androgenic 
action has never been achieved. Great caution 
is necessary in extrapolating conclusions drawn 
from their actions in animals to man since 
it is not possible to predict how a compound 
which has acted favorably in animals will 
affect the human. In addition, the sensitivity 
to the virilizing properties in the anabolics 
varies widely from one woman to another, so 
that it is only possible to give tentative estimates 
of borderline doses with which there is generally 
no risk of virilization. Children, premature 
babies, and the fetus are especially sensitive to 
anabolic drugs, which are therefore contrain
dicated in pregnancy. 

Anabolic agents are recommended in chronic 
tiredness, to improve the general condition and 
to increase the appetite and weight, particularly 
in chronic illness and in advanced age. They 
have been credited with shortening convalescence 
after operations and after fractures and also 
with shortening the duration of acute and 
chronic infections. It has also been claimed 
that they improve the condition in cachectic 
disease, improve osteoporosis, reduce the cata
bolic action during long-term cortisone therapy, 
and improve delayed growth and retarded weight 
gain in children. 

The indications, however, are generally 
much too liberal. Anabolic agents cannot in
crease the protein synthesis beyond given limits 
when protein intake is inadequate or proteins 
are lost, i.e. in amino-acid deficiency. It has 
been demonstrated that a negative nitrogen 
balance can become positive under the influence 
of anabolic drugs only when there is a constant 
low protein intake. Unlimited protein intake 
can achieve the same results. Protein synthesis 
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is regulated by physical activity, nutrition, and 
different hormones (growth hormone, insulin). 
Adequate nutrition is, however, a primary 
requirement. Anabolics should therefore only 
be employed when simpler and less dangerous 
measures have failed. 

Until recently the only indication based 
on confirmed facts was thought to be post
menopausal and senile osteoporosis. However, 
there is currently some controversy about the 
pathogenesis of osteoporosis again, and the 
value of anabolic agents is being questioned 
for reasons based on histometric measurements 
in vitally stained series of bone biopsies. The 
hypothesis of increased skeletal breakdown 
rather than inadequate osteoblastic activity 
is currently prevalent. Nevertheless, subjective 
improvement is achieved with anabolic agents 
in osteoporosis, possibly by an effect on the 
muscles, and anabolics are still indicated along 
with other measures in crippling osteoporosis, 
despite the uncertain theoretical bases. 

The use of anabolic agents to promote 
growth in dwarfism or in delayed growth, and 
the great caution necessary with this treatment, 
which should only be undertaken by the very 
experienced doctor, are discussed in Chap. XIX. 

A nitrogen deficit and calcium loss after 
multiple or severe fractures with prolonged 
immobilization is usually best treated with an 
adequate intake of proteins, calories, and cal
cium, and exercises even for patients confined 
to bed. Mobilization as quickly as possible 
with auxiliary measures is the most effective 
method. Nevertheless, the use of anabolic 
agents in addition is occasionally justified. 
There is no evidence that anabolics, including 
testosterone, can shorten the surgical or medical 
convalescent period, but there are no controlled 
prospective studies. It is stated that most anabolic 
drugs effectively improve anorexia, tiredness, 
and other subjective symptoms. Only a few 
controlled comparative studies are available 
(WATSON, 1959). The appetite does appear to 
be improved in some patients, and there has 
been a short trial of anabolic agents as appetite 
stimulants in adults in whom other drugs have 
failed. 

It must be borne in mind when anabolic 
drugs are given to geriatric patients that andro
gens raise cholesterol and beta-globulins, which 
promote coronary sclerosis. 

Convalescence is not a general indication 
for anabolics. True convalescence has a rapid 
course and cannot be accelerated. Delayed 
convalescence is usually due to a second unknown 
disease, and loss of appetite due to psychological 
factors, such as anorexia nervosa, is not affected 
by anabolics. 
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Preparations mixed with vitamins are espe
cially questionable since they are offered as 
roborants and the character of the anabolic 
substance is hidden. "General exhaustion", 
"school tiredness", and "spring tiredness" should 
be examined for underlying causes and are 
not indications for hormone therapy. There 
are less harmful drugs which will have an equally 
good placebo effect. 

The use of anabolic drugs in renal failure 
to reduce the urea by protein synthesis has no 
clinical (SCHWARTZ, 1968) or experimental (GER
BER' 1961) basis. On the contrary, they should 
be used with the utmost caution in renal diseases 
because of the sodium retention and the for
mation of edema. 

Whether there is a causal relationship be
tween long-term anabolic steroid therapy and 
development of hepatocellular carcinoma has 
still to be proved true or false (JOHNSON, 1972). 

b) Indications and Contraindications 

All anabolic androgens methylated at the atom 
17 have a more or less cholestatic action on the 
liver. With the less harmful of these compounds 
only a temporary increase in the retention of 
bromsulphthalein is demonstrable. These effects 
on the liver are generally reversible. However, 
fatalities due to hepatic failure during the use of 
some anabolic steroids have been described. 

Virilization is the most frequent side effect; 
it is not dangerous but is a burden to women. 
It is usually irreversible even after the anabolic 
treatment has been discontinued. The maximum 
nonvirilizing doses for long-term treatment are: 
for metandrostenolone (Dianabol) 5 mg daily, 
fornandrolone decanoate (Decadurabolin) 50 mg 
i.m. every three weeks, for methenolone nantate 
(Primobolan depot) 50-100 mg i.m. every 2-3 
weeks depending on the body weight. For oral 
methenolone acetate (Primobolan) the maximum 
dose is 10-20 mg daily. Damage can be avoided 
with these doses even in hypersensitive women, 
but mild side effects are nevertheless still 
possible. Changes in the voice arise particularly 
frequently even with correct doses in sensitive 
women. The voice can change within days. 
Laryngeal growth is not necessary for this. 
Tissue changes in the vocal cords develop under 
the influence of androgens, resulting in an 
altered vibration. The voice becomes hoarse, 
breaks, and finally becomes a chest voice. The 
changes in the voice are irreversible. 

The increase in the libido due to the action 
of androgens varies considerably. In some cases 
it is only stimulation while in others it can 
be very distressing. Hirsutism, acne, amenorrhea, 
and growth of the clitoris are also possible with 

doses within these limits in sensitive women, 
even though they do not generally arise with the 
recommended dosages. 

The damage caused by extensively used 
anabolic agents is probably greater than the 
benefit gained. Aplastic anemias, myelofibrosis, 
and myelid metaplasia are further indications for 
testosterone or anabolic agents, as they promote 
erythropoiesis. The side effects, in particular 
the virilization, must be accepted in these serious 
diseases, and testosterone in high or in very 
high doses is indicated for both men and 
women. 

3. Progesterone in Respiratory Dysfunction 

Progesterone increases alveolar ventilation in 
pregnancy and in the luteal phase of the cycle, 
and also in men when given in pharmacological 
doses. It has been used in high doses in ob
structive pulmonary emphysema (TYLER, 1960) 
and also in hypo ventilation of severe obesity 
(Pickwick syndrome). Ventilation can be im
proved with 100 mg progesterone daily i.m.; 
the hypercapnia is normalized and the respiratory 
acidosis disappears (LYONS, 1968). 

It is still undecided whether treatment with 
progesterone has a favorable effect on sclero
derma (KORTING, 1967). 

4. Glucagon 

a) In Heart Failure and Arrhythmias 

In high pharmacological doses glucagon has 
an effect on the circulatory system. There is a 
slight positive chronotropic effect on the sinus 
rhythm and a positive inotropic effect on the 
myocardium, and the cardiac output is increased. 
It accelerates auriculoventricular conduction in 
the heart and slightly decreases the peripheral 
resistance. 

These effects on the heart are not dependent 
on catecholamines and are not influenced by 
beta-blocking agents. The positive inotropic 
effect is independent of and additive to that 
of digitalis. It activates adenylcyclase, so 
supplying A TP, and has a glycogenolytic effect 
on the liver via cyclic AMP. 

The dosage is 5 mg i.v. followed by an i.v. 
infusion of 2 mgjh in 5 % glucose solution over 
some hours or days for the following complica
tions: heart failure in acute arrhythmias or 
metabolic disorders where catecholamines or 
digitalis are contraindicated. Intoxication by 
digitalis or beta-blocking agents is said to be 
an absolute indication. Side effects are nausea 
and vomiting, while glycemia and electrolytes 
are not significantly changed. So far, little or 
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no influence of glucagon on chronic heart 
failure has been proved. 

This kind of cardiac treatment is still in the 
experimental phase; it involves high costs and 
the results so far are encouraging but not 
conclusive. There are some misgivings associated 
with the fact that in vitro the positive inotropic 
effect can only be demonstrated in the healthy 
and not in the damaged papillary muscle 
(EpSTEIN, 1970). 

Table 6. Indications for glucagon in circulatory disorders. 
(After ROBERT and HUMAIR, 1970) 
Generally. it has to be regarded as an adjunct to standard 
therapeutic measures or for use when these are contra
indicated 

Acute heart failure. cardiogenic shock or congestive heart 
failure complicated by 

1. Dysrhrthmias 
Bradycardia, e.g. auricular fibrillation 
Atrioventricular block 
Ventricular extrasystoles. increased ventricular 

automatism 

2. Metaholic disorders 
Hypokalemia 
Hypoxia 
Renal failure 

3. Druq intoxications 

Beta-blocking agents 
Antiarrhythmic agents 
Digitalis 

b) In Paget's Disease 

Glucagon given in i.v. infusions (0.2-0.8 mg/h) 
seems to have a beneficial effect on bone pains 
as well as on the metabolic parameters of the 
disease. There is a fall in plasma alkaline phos
phatase and in urinary calcium and hydroxy
proline excretion. The mechanism of this action 
is not yet known. Release of calcitonin or 
pyrophosphatases might be involved (CORDON, 
1971 ). 
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(1-Deamino-8-D-arginine-vasopres

sin) 61 
Deafmutism in endemic cretinism 

215 
Decapacitation 482 
Dehydration in coma diabeticum 

753f. 
-, effects on metabolism of brain 

754f. 
-, hypertonic 756 
Dehydroepiandrosterone 382 f., 

448f. 
- and placenta 671 
- in plasma, determination 381 
- (DHA), structure 289 
- sulfate 449 
3f:i-Dehydrogenase defect 726 
Del Castillo syndrome 464 
Dental damage in hypoparathyr-

oidism 895 
- development 1021, 1025 
Deoxycorticosterone (Cortexone), 

effect 302 
-, excess 340 
- (cortexone), structure 289,290 
18-0H Deoxycorticosterone 291 
Depot-Pitressin test 58 
Dermatoglyphics 712 
Desurin 61 
Development 1015ff. 
Dexamethasone 308 f. 
-, suppression test 386 
-, tests 389 f. 
DHAS-test 691, 701 
Diabetes, food equivalents 779 ff. 
- insipidus 50ff. 

-, diagnosis 57 
- -, diagnostic tests 57 ff. 
- -, differential diagnosis 56 
- - as hypothalamic symptom 

33 
- -, hereditary central 53 
- -, idiopathic 51 f. 
- -, nephrogenic, lithium-in-

duced 54 
- -, nephrogenic, vasopressin-

resistant, hereditary 53 
- -, occult 54 
- -, occultus hypersalemicus 55 
- -, partial 52, 55 
- -, special forms 52 
- -, therapy 60ff. 
- -, transitory 54 
Diabetes mellitus 770ff. 
- -, acute metabolic disorder 

752ff. 
- - and albuminuria 784 
- - as autoimmune disease 762 
- - and carcinomas 776 
- - and changes in the eyes 792 
.- -, chemical 771 
- -, classification 773 

-, clinical features 770 
- -, clinical, subclinical 771, 801 
_. -, complications 791 
- -, congenital 805 

- - in Cushing's syndrome 349, 
775 

- _., diagnosis and differential di
agnosis 773 ff., 810ff. 

- -, dietary treatment 778ff. 
- - and diseases of the blood 

799 
- - and diseases of the bones 

and joints 799 
- and diseases of the digestive 
system 798 
- and dieseases of the sexual 
organs 798 

- - and diseases of the skin 798 
- and disorders of the vascular 
system 795 f. 
- and disturbances of the sense 
organs 793 

- -, etiology 759ff. 
- -, extra-insular 774 
- - and hemochromatosis 808 
- -, infantile and juvenile, insulin 

treatment 805 
- - and infections 770, 776, 797 

- -, inheritance 759 
- -, multifactorial 759 
-, late syndrome, morphology 
767 
-, latent 771, 778, 801 
-, manifestation factors 762 

- -, metabolic regulation 742 
- -, morphological changes 
- -, - due to treatment 770 

-, morphology 764 
- in mucoviscidosis 809 
-, myatonic (Prader-Labhart-
Willi) 462, 810 
- and mycosis 797 
- of newborns 805 

- - and nephropathy 802 
- -, obesity 762 
- - after pancreatectomy and 

pancreatitis 808 
--- - and pancreatic necrosis 771 
- -, pathogenesis 759ff. 
- -, pathophysiology 742 
- -, potential 771, 778 
- - and pregnancy and birth 

801 
- -, prevention 771 
- -, primary essential 774 
- -, prognosis 776f. 
- - and pulmonary tuberculosis 

797 
- -, secondary 774 
- - still births 80 I f. 
- - and surgical procedures 807 
- -, symptoms 773 
- -, therapy 777ff. 
- - and trauma 771 
- - treatment with hypoglycemic 

tablets 807 
- -, treatment with insulin 

778 f., 786ff. 
- - and tumors 771, 800 
- -, diabetes insipidus and optic 

atrophy, syndrome of 1011 
Diabetic angiopathy 763, 777, 

800 
- dermopathy 798 
- embryopathy 804 
- enteropathy 794 
- fetopathy 804 
- glomerulosclerosis 791 

Subject Index 

- intercapillary glomeruloscler
osis 796f. 
ketosis 753 
microangiopathy 763, 767, 
791 f., 795 
necrobiosis lipoidica 798 
nephropathy 768, 791, 796 
neuropathy 763, 769, 791, 793, 
795, 800 

- osteopathy 799f. 
- retinopathy 769, 79lf., 797, 

800 
Diaphragma sellae 39f. 
Diazoxide 748, 818, 821 
Diencephalon 27 
DiGeorge syndrome 1004 
Dihydrotachysterol 902 
Dihydrotestosterone 449 
51X-Dihydrotestosterone 453 
- - in plasma, absent in 

children 1038 
1,25-Dihydroxycholecalciferol 

882f. 
Diiodotyrosine in peripheral blood 

142 
Dipsomania 54 
Dopa, biochemistry 420f. 
L-Dopa, effect on pituitary 106 
Dopamin, biochemistry 420f. 
-, normal values 435 
-, urinary 432 
Doyle's test 539 
Dwarfism, brachymetacarpal 427, 

433 
-, clinical investigation 1030 
-, definition 1027 
-, diabetic 806f. 
-, dyscerebral and microcephalic 

1028 
-, dysmorphic syndrome with 

1030 
-, endocrine, in childhood, differ

ential diagnosis 1031 
- and gonadal dysgenesis 715 
-, hypocaloric and psychosocial 

1028 
-, pituitary 98ff., 1017 
- -, diagnosis 101 
- -, therapy 102f. 
-, primordial 1029 
Dwarfs, flour-bag- 462 
Dysautonomia, familial 427 
Dysmenorrhea 616 ff. 
Dysmorphic syndrome with dwarf

ism 1030 
Dystrophia adiposo-genitalis 

(Babinski-Froehlich syndrome) 
98, 470, 1043 

Ecdyson 15 
Edema, idiopathic 338 
Ellsworth-Howard test 945 
Emeiocytosis 4, 748 
Eminentia mediana 30, 73 
"Emotional deprivation" and 

growth hormone deficiency 
99 

"Empty sella" syndrome 92, 93, 
103 f. 

Endocrine counterregulation 815 
- genetics 2 
- sclerosis, multiple 1009 
Endodermal sinus tumor 492 
Endometrial biopsy 566, 625 
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Endometriosis, treatment 633 f. 
Enteroglucagon 975 
Enuresis nocturna 61 
Eosinophil count 386 
Eosinophils and cortisol 306 
EPH-gestosis 685 
Epiandrosterone 448 f. 
Epididymis 445 
-, cystadenomas of 481 
Epilepsy, autonomic, as hypotha-

lamic symptom 34 
Epinephrine 420fL 872 

see also catecholamines 
- biochemistry 420 ff. 
Epinephrine, normal values 435 
Epithalamus 28 
FPS (exophthalmus-producing sub

stance) 201 
Epulis in primary hyperparathyr

oidism 912 
- in secondary hyperparathyr-

oidism 937 
Erdheim tumor J 19 
Ergotamine 424 
Erythropoietin 982 
"Escape phenomenon" 50. 302 
Estradiol 521. 526 f. 
-, biosynthesis 291 

effect on protein synthesis 16 
- and placenta 671. 673 

- and pregnancy 678 
Estrane 288 
Estriol 52 J. 526 f. 
- and placenta 671, 673 

and pregnancy 678 
Estrogen antagonists 523 
- receptor 8 
- test 597 
Estrogenic substances. potency and 

duration of action 55 J 
Estrogens 522 ff., 551 ff. 
-. basal 528 
-, biosynthesis 525 f. 

and bone metabolism 868 
-. conjugated 551 
--. daily secretion 528 
-. enterohepatic circulation 530 
- . excretion in urine during cycle 

531 
-, "hard" 550 
- . methods of estimation and stan-

dard 547f 
- in plasma of children 1038 
-, plasma concentration 528 
- and pregnancy 700 
-, "soft" 550 
- from testis 451 

- therapy 55 J f. 
-. - in carcinoma of the breast 

1063 f. 
-. - in carcinoma of the pros-

tate 1066 
-, -, side effects 551 
Estrone 521, 527 
Estrone, biosynthesis 291 
- and placenta 671,673 
- and pregnancy 678 
Ethamoxytriphetol 9 
Etiocholanolone 383, 448f. 
- -fever 310, 449 
Eunuchism 456 
-. hypogonadotropic 469f. 
-, idiopathic 485 
Eunuchoidism 456 

-, idiopathic 469 
Eunuchs 453 
Exogenous reaction type, acute 34 
- - -, acute, in hypercalcemia 

921 f. 
Exophthalmus in Cushing's syn

drome 348 
-. endocrine 183, 202 
Extra-pancreatic tumors and hypo

glycemia 818 
- -uterine pregnancy 684 

"Facilitated diffusion" 745 
Fanconi's syndrome 336, 926 
Fasting blood sugar 812f. 
- test in B-islet cell adenoma 819 
Fatty acids, free 745 f. 

-, free. beta-oxidation 753 
- - synthesis 743 

Feedback 557 
-. negative 21. 299 
--, positive 22 
Feminization, adrenal 377f. 
- in intersexuality 707 
-, testicular 451, 724, 726 ff.. 602 
Fern test 538 
Fertility in adrenogenital syn

drome 363, 374 
- and diabetes mellitus 80 J 

- of man 481 ff. 
Fibrinogenase 456 
Fibrinolysin 456 
Fibrosarcomas and hypoglycemia 

818 
Fluoride and bone metabolism 867 
Fluorocortisol 309, 329 
Follicle, persistent 607 
Follicular atresia 520 
Foramen hypophyseale 78 
Forbes-Albright syndrome 592f. 
Foster-Kennedy syndrome 34 
Free water clearance 59 
"Freemartin" 708 
FRH (follicle-stimulating hormone

releasing hormone) 31 
Fritsch-Asherman syndrome 593 
Frohlich's syndrome (dystrophia 

adiposo-genitalis) 98, 1043 
Fructose-I,6-diphosphatase defi

ciency 817 
- intolerance 775 
-. hereditary and hypoglyce-
mia 817 
in seminal fluid 453 
therapy in diabetic coma 758 

Fructosuria 775 
FSH 30.82 

see also Gonadotropins, pitui
tary 
(follicle-stimulating hormone) 
and testis 451 f. 
in puberty, values in serum 
1037 

Galactopoiesis 695 
Galactorrhea 32 f. 
- and amenorrhea with low gona

dotropin excretion, syndrome 
106 

-- and precocious puberty 1050 
Galactosemia 775 
- and hypoglycemia 817 
Galactosuria 775 
Galat test 812 

Ganglioneuroma 428, 433 
Ganglionic ridge 433 
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Gastrin and insulin secretion 748 
Gastrins 970 ff. 
Gastrointestinal hormones 969 ff. 
- - and insulin secretion 748 
Gene duplication 2 
- repressors I 7 
Genital differentiation, male 708f. 
Germ cells, primordial 443 
Germinal aplasia 464 
Gestagen test 597 
Gestagens 522, 527 
Gestagens, biological effects 534 
-, methods of estimation and 

standards 548 
- and pregnancy 684 
--, synthetic 522 
-, therapy in carcinoma of the 

prostate 1066 
-, therapy and transplacental virili

zation 73 J 
-, thermogenic action of 546 
-, treatment in carcinoma of the 

breast J 064 
Giant cell tumors of bones. differ

ential diagnosis 926 
GIF (growth-hormone inhibiting 

factor) 30, 31 
Gigantism 35 
-,cerebral J07,I14,I033 
-, definition 1027 
--, hypophyseal 1023 
- with partial hypopituitarism 98 
-, pituitary 107L 1017 
- and tall stature 1032 
- -, treatment 1033 
Gilbert-Dreyfus syndrome 729 
Gingival fibromatosis and hyper-

trichosis, idiopathic 114 
GIP (Gastric inhibitory polypep

tide) 975 
Glandular cystic hyperplasia 607 
Glaucoma and cortisone therapy 

1070 
Glomerulosclerosis, nodular inter

capillary (Kimmelstiel-Wilson) 
763, 768, 770 

Glucagon 821 ff. 
-, chemistry 822 
-, deficiency 823 

in heart failure and arrhyth
mias 1074 
and insulin secretion 748 

-, intestinal 822, 975 
-, mechanisms of action 822 f. 
-, metabolism 822 
-, overproduction 823 
-, physiology 822 
- receptor 9 
- test in B-islet cell adenoma 819 
--, treatment of hypoglycemia 788 
Glucocorticoids 301 ff. 
- as insulin antagonists 761 
- in diabetes mellitus 801 
-. effects 309 
--, suppressive action on hypotha-

lamus 300 
Gluconeogenesis 745 ff., 752, 759, 

761 
Glucose assimilation coefficient 

813 
-, estimation in blood 812 
-, - in urine 81 J 
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Glucose, estimation in urine, Bene
dict's test 811 

-, - in urine, clinitest 811 
-, - in urine, oxidase methods 

(Clinistix, Tes-Tape) 811 
-, - in urine, polarimetric 811 
- intolerance 742, 810 
- oxidase methods 811 
- - - for estimation of blood 

sugar 812 
- tolerance and contraceptive 

drugs 811 
- - and diuretics 811 
- - and endocrine hyperactivity 

810 
- - and fasting 810 
- - and glucocorticoids 811 
- - and hypokalemia 810 
- - and liver cirrhosis 810 
- - and physical inactivity 810 
- - and pregnancy 810 
- - in primary aldosteronism 

335 
- - test in B-islet-cell adenoma 

819 
- - - and diabetes mellitus 

773 
- - -, estimation of growth 

hormone activity 107 
- - -, intravenous 813 
- - - in juvenile diabetes mel-

litus 805 
- - -,oral 775,812 
- transport, accelerated with insu-

lin 750 
- - through cell membrane 

744f. 
- - through cell membrane, 

regulation 745 
Glucose turnover 745 
p-Glucuronidase 454 
Glumitocin, structural formula 42 
Glybenclamide 784 
IX-Glycerophosphat 743 
Glycogen 775 
- storage 743 
- - disease 328 
- synthetase 750 
Glycogenolysis 745ff., 761 
- and glucagon 818, 822 
- and hypoglycemia, type I, III 

and VI 818 
Glycolysis 743f. 
- anaerobic 743 
Glycosuria and A-islet-cell tumors 

823 
-, alimentary 775 
-, cyclic or alimentary 774 
- in De Toni-Fanconi-Debre syn-

drome 774 
-, familial renal 774 
- and glycogen-storage disease 

775 
-, hepatic 775 
- and hypoglycemia 773 
- of the newborn 774, 805 
-, oxi-hyperglycemic 775 
- of pregnancy 774 
-, renal 774 
Glycuria 775 
Glycyrrhicic acid, structure 303 
Goiter (Basedow's disease, Graves' 

disease) 178 ff. 
see also Graves' disease 

-, endemic euthyroid 210 
-, - -, etiology 21Of. 
-, -, prevention of 214 
-, -, treatment 215 
-, Hashimoto's 760, 762 

see also Thyroiditis Hashimoto 
-, nontoxic 222 
-, sporadic euthyroid ("simple") 

221 
Goitrogenic substances 211 
Gonadal agenesis 514 
- development, abnormal 707 
- differentiation 707 
- dysgenesis 514, 587, 713ff. 
- -, asymmetric mixed 721 
- -, face and neck in 715 
- -, hormone findings 719 
- -, pure 719, 721 
- -, therapy, substitution- 719 
Gonadarche 1039 
Gonadoblastoma 641 f. 
Gonadotropic function, inhibition 

550 
Gonadotropin deficiency, isolated 

719 
- -producing tumors and preco-

cious puberty 1050 
- test 598 
-, treatment of sterility 630 
Gonadotropins, pituitary 559ff. 
-, -, biological action 561 
-, -, estimation 562 
-, -, metabolism and excretion 

560f. 
-, -, production and plasma con-

tent 559f. 
-,-, therapy 564 
Gonane 287 
Gout in diabetes insipidus 53 
Graafian follicles 519 
Graefe's sign 202 
Granulosa cell tumors and pseudo-

sexual precocity 1050 
- -theca cell tumors 634f. 
Graves' disease 178ff. 
- - and chronic lymphocytic 

thyroiditis 180 f. 
- -, etiology and pathogenesis 

178 
- -, high-cardiac-output in 184 
- -, hypercalcemia 186 
- -, immunologic abnormalities 

180 
- - in neonates and children 

200 
- in pregnancy 199 f. 
- -, radioiodine treatment I 94ff. 
- -, treatment 189 
GRH (GHRH) (growth hormone 

releasing hormone) 30,90 
- in pituitary dwarfism 103 
Growth and bone development 

influence of hormones on 
1017 

- and bone development in over
and underproduction of hor
mones 1017 

- curves, height and weight of 
boys 1019 

- -, height and weight of girls 
1021 

- and development 1015ff. 
- and development, constitutional 

delay 1028 

Subject Index 

- and development, graphic repre-
sentation of 1027 

-, during puberty 1020 
- factor 750 
- hormone 82 ff. 
- -, blood concentrations in 

puberty 1038 
- -, chemistry 83 
- -, deficiency 34, 91 
- - -Diabetes 86 
- - in diabetes mellitus 801 
- -, metabolic effects 85 
- - in pituitary dwarfism 102 
- - in pituitary gigantism 107 
- potential 1015 
- prognosis 1024 
- spurt, puberal 1016, 1021, 

1038 
GTP (guanosine triphosphate) 9 
Guanethidine 197, 422, 486 
Gynandroblastoma 640 
Gynatresia 585 
Gynecomastia 487ff. 
- in hepatogenic hyperestro

genism 530 
-, pubertal 488, 1035 

"Hairless women with testes" 727 
HCG (human chorionic gonadotro-

pin) 451, 485, 670f. 
- and endangered pregnancy 690 
- and imminent abortion 683 
- and pregnancy 675 f. 
- and pregnancy reactions 697 
-, radioimmunoassay of 699f. 
HCS (human chorionic somato

mamatropin) 670 
HCT (human chorionic thyrotro-

pin) 670 
Hemianopsia in acromegaly 112 
-, bitemporal 40, 120 
Hemochromatosis and diabetes 

mellitus 764, 808 
Henle's loop 47 
Hepatomas, malignant with sexual 

precocity 1050 
Hermaphroditism, true 722f. 
Hernias, inguinal, in testicular 

feminization 727 
Herring bodies 41 
Heterozygotes 360 
Hexokinase 744 
-, method of estimating blood 

sugar 812 
Hexoses and Benedict's test 811 
HGH (human growth hormone 

83 
HHMD-Syndrome 462 
Hickey-Hare test 57 
Hippel-Lindau syndrome 427, 

433 
Hippocampus 29 
Hirsutism 390f. 
- and androgens 453 
- in acromegaly III 
-, definition 359 
-, idiopathic 377, 614 
Histamine 421 
HMG (human menopansal gonado-

tropin) 484f. 
Homovanillic acid 422 
Hooker-Forbes test 548 
Hormonal compartments 4 
Hormone antagonists 9 
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- formation, ectopic 999ff. 
see also para neoplastic syn
dromes 

- receptors 7 ff. 
Hormones, biosynthesis 2 f. 

see also specific hormones 
-, effects on cellular differentia-

tion 19 
-, effects on membranes 10 
-, effects on protein synthesis 15 
-, free and bound 4 
-, pharmacological use 1067ff. 
-, primary action of 10 
-, storage and release 3 f. 
-, transport 4 f. 
Howard's test 339 
HPL (human placental lactogen) 

670. 677 
-- and endangered pregnancy 691 
-, estimating methods 700 
Huhner's test 484 
Hutchinson-Gilford syndrome (Pro-

geria) 1029 f. 
Hydatidiform mole 687 
- - and hyperthyroidism 209 
Hydrammion 687, 802 
Hydrocephalus and pinealoma 74 
11/3-Hydroxyandrostendione 309 
Hydroxyapatite 856f. 
25-Hydroxycholecalciferol 883 
17-Hydroxycorticosteroids, diurnal 

variation 300 
-, - - in Cushing's syndrome 

301 
-, normal values 382 
- in plasma, determination 380 
-, urinary, determination 381 
-, urinary, normal values 381 
Hydroxycorticosterone 289 ff. 
II-Hydroxylase deficiency 371 
11-/3-hydroxylase-deficiency 363 
17-Hydroxylase deficiency 337 
21-Hydroxylase-deficiency 361, 

364f. 
- -, salt-losing form 363 
5-H ydroxyindole-O-methyl-transfer-

ase (HIOMT) 73 
Hydroxyproline 88 
- and bone matrix 856, 862, 875 
-, estimation 941 
-, excretion 124, 864, 886 
3/3-Hydroxysteroid-dehydrogenase 

deficiency 363, 371 
Hypaldosteronism 981 
Hyperaldosteronism, secondary 

363 
Hypercalcemia 848f., 940 
- in M. Addison 318f. 
-, differential diagnosis 926 
-- in hyperthyroidism 927 
-, idiopathic 883 
-. idiopathic, in childhood, differ-

ential diagnosis to primary 
hyperparathyroidism 928 

-, therapy with cortisone 1069 
- and vasopressin 48 
Hypercalcemic syndrome in pri

mary hyperparathyroidism 
921 ff. 
-, psychic and neurologic 
changes 921 

Hypercalciuria 852, 929, 941 
-, differential diagnosis 929 
-, idiopathic 929 

-, idiopathic, and bone metab-
olism 869 

Hyperelectrolytemia 55 
Hyperemesis gravidarum 685 
Hyperglycemia 759 
- and A-islet-cell tumors 823 
-, pharmacologically-induced 766 
Hyperglycemic coma 755 
Hyperhidrosis in acromegaly III 
Hyperinsulinism 819 ff. 
- in diabetes mellitus 760 
-, organic 816 
Hyperkalemia in M. Addison 318 
Hypermenorrhea 606 
Hyperosmolarity 753 
- in coma diabeticum 753f., 758 
Hyperostosis 886 
- in acromegaly 109 
Hyperparathyroidism 871 
-, acute (parathyroid crisis) 923 
-, -, treatment 933 
-, paraneoplastic 873 
-. primary 904ff. 
-, -, and band keratitis 920 
-, -, clinical features and symp-

toms 911 ff. 
-. -, diagnosis 924f., 940 
-, -, differential diagnosis 925 
-, -, etiology 904f. 
-, -, and gastric ulcer 919 
-, -, histology of skeletal 

changes 916f. 
-, -, and hypercalcemic syn

drome 921 f. 
-, -, and hyperuricemia and 

gout 920 
-, -, immunoreactive parathyroid 

hormone concentration in 910 
-, -, and nephrocalcinosis 919 
-, -, and nephrolithiasis 918f. 
-, -, and pancreatitis 920 
-, -, pathologic anatomy and his-

tology 905 ff. 
-, -, pathophysiology 910f. 
-, -, and pseudogout (chondrocal-

cinosis) 921 
-, -, skeletal changes 911 
-, -, therapy 930ff. 
-, -, X-ray examination 913 
-, renal stones in 852 
-, secondary 934ff. 
-, -, anatomy and histology 934 
-, - in chronic renal insuffi-

ciency 936 
- - clinical features and X-ray 

findings 936 
-, - differential diagnosis 937 
-, -, etiology 935 
-, -, microadenomatous hyperpla-

sia 934 
-, -, normocalcemic 872, 938f. 
-, -, pathophysiology 935 
-, -, therapy 937 
-, tertiary 904, 939 
Hyperphosphatasia 856 
Hypertension in acromegaly 112 
- in Cushing's syndrome 349 
- and diabetes mellitus 796 
- in II-Hydroxylase deficiency 

371 
- in 11/3-Hydroylase deficiency 

375 
-, malignant, and secondary aldo

steronism 338 
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-, paroxysmal 430 
-, in Pheochromocytoma, persis-

tent 433 
Hyperthecosis ovarii 611 
Hyperthyroidism 293 
-, apathetic 199 
- and diabetes mellitus 775 
-, muscular signs of 185 
Hypertrichosis 360 
"Hypoadrenia, benign" 327 
Hypoaldosteronism, selective 325 
Hypocalcemia, artificial, with 

EDTA 945 
-, differential diagnosis 897 
-, psychosyndrome in 893 
- and secondary hyperparathyr-

oidism 938 
Hypocalciuria 852 
Hypoglycemia 757, 760, 807f., 

814ff. 
--, definition 814 f. 
-, fasting 817 f. 
- and glucagon treatment 788 
-, glucose induced reactive 816 
- with hyperinsulinism 816 
- without hyperinsulinism 816 
-, idiopathic in children 426, 818 
- and insulin treatment 788 f. 
-, irreversible cerebral damage 

815 
-, leucine-induced 748 
-, pathophysiology 816 
-, reactive 816 f. 
-, -, in diahetes mellitus 773 
-, symptoms 815 
Hypoglycemic agents, oral 805 
- factor 85 
- shock, protracted 815 
Hypoglycine and hypoglycemia 

817 
- and pharmacology of insulin 

secretion 748 
Hypogonadism 1029 
- in cryptorchism 464 
- in Cushing's syndrome 349 
-, cystic fibrosis of pancreas 462 
- in gonadal dysgenesis 716 
-, hypogonadotropic 34, 95, 453, 

469ff., 485 
-, hypogonadotropic, in pituitary 

gigantism 107 
- in hypothyroidism 470 
-, male 456ff. 
-, -, classification 460 
-, -, clinical investigation 460 
-, -, differential diagnosis 473 
-, -, therapy 474 
- in malnutrition 470 
Hypokalemia 758 
- and insulin secretion 748 
Hypomagnesemia 334 
Hypomenorrhea 606 
Hypometabolism without hypothyr-

oidism 161 
Hyponatremia and M. Addison 

318 
-, in adrenal insufficiency 816 
- in pituitary insufficiency 95, 96 
.- in Schwartz-Bartter syndrome 

62f. 
Hypoparathyroidism 890ff. 
-, bone and joint changes 895 
-, changes in the eye, cataract 

894 



1086 

Hypoparathyroidism, diagnosis and 
difTerentialdiagnosis 897, 945 

-, etiology and pathogenesis 890 
-, idiopathic 891, 899fT. 
-, -, with Addison's disease 899 
-, -, with pernicious anemia 899 
-, mental changes 893 
-, neurologic changes 893 
-, onset and course of the dis-' 

order 896 
-, postoperative 890 
-, symptoms 891 fT. 
-, treatment 902 
Hypophosphatasia 856 
Hypophosphatemia 940 
Hypophysectomy in carcinoma of 

the breast 1063 
- in carcinoma of the prostate 

1066 
- in Cushing's syndrome 357 
- in diabetes mellitus 770 
- in diabetic retinopathy 793 
Hypophysis, acidophil hyperplasia 

109 
- and diabetes mellitus 770 
Hypophysitis 93 
Hypopituitarism 33, 34 
-, "functional" 104 
Hypospadia, familial 468 
-, hereditary vulviform perineal 

725, 729f. 
Hypospermatogenesis 481 
Hypotension, orthostatic 426, 432 
- in pheochromocytoma 432 
Hypothalamic fever 34 
- involvement, endocrinopathies 

due to 32f. 
Hypothalamo-neurohypophyseal 

hormones 41 fT. 
- - system, biochemistry 

41fT. 
- -pituitary-gonadal axis during 

childhood 1039 
Hypothalamus 27fT. 
-, embryology and anatomy 27 
Hypothyroidism in the adult 

152 fT. 
- -, primary 153fT. 
- -, primary, and anterior pitui-

tary 155 
- -, primary, clinical picture 155 
- -, primary, drug-induced 154 
- -, primary, idiopathic 153 
- -, primary, treated with lith-

ium 154 
- -, primary, after X-ray ther

apy 153 
- -, secondary 160fT. 
- -, secondary, with congenital 

isolated deficiency of TSH 160 
- in childhood 165 ff. 
- -, acquired 167 
- -, clinical features 170 fT. 
- -, retardation of growth 172 
- -, skeletal changes 173 
- -, treatment 176f. 
-, course and prognosis 164 
- and diabetes mellitus 799 
-, infantile 1018 
-, postoperative 194 
-, postradioiodine 195 
-, primary, and sexual precocity 

1050 
-. secondary 95 

-, treatment 164 
Hysterosalpingography 627f. 

Ichthyotocin (Isotocin), structural 
formula 42 

ICSH (interstitial cell-stimulating 
hormone) 45 If. 

ILA (insulin-like activity, nonsup-
pressible) 749 

Imipramine 422 
- and galactorrhea 106 
"Immune adrenalitis" 313f. 
Immunosuppression 1068 
Impotence 486f. 
- in Cushing's syndrome 350 
- in diabetes mellitus 794, 799 
-, psychogenic 487 
Inborn errors of metabolism 

742fT. 
Infertility 619 
Infertin 1004 
Information storing, endocrine 
- -, neural I 
Infundibular recess 40 
Infundibulum of neurohypophysis 

32, 39 
- lesions 32 f. 
- stalk 32 
"Inhibin" 452 
Inhibitor hormones (IH) of the 

hypothalamus 555 f. 
Insufficiency, autonomic 426 
Insulin, absorption rate 757 
-, action on glucose transport 

750 
-, action on liver 752 
-, antagonists and inhibitors 

759fT., 821 
- antibodies 749, 757, 790, 783, 

814 
-, anti-lipolytic efTect 750 
-, biologic half-life 749 
-, biosynthesis and secretion 2, 

747f. 
- in blood 749 
-, chemistry and synthesis 747 
-, deficiency 742, 752ff. 
-, efTects on protein synthesis 751 
-, estimation in plasma 814 
- -glutathione-transhydrogenase 

749 
- and growth 1019, 1032 
- hypoglycemia as stimulation 

of growth hormone secretion 
100 

-, immunoreactive 748, 760f., 
814 

-, inactivation in the organism 
748f. 

- -like substances in serum, bio-
logical 749 

-, lipodystrophy 790 
-, presbyopia 790 
-, reaction 788 
-, -, difTerential diagnosis to dia-

betic coma 788 f. 
-, receptor 8, 9 
-, secretion, pharmacology 748 
-, -, regulation 748 
-, resistance 757, 783fT. 
- secretagogue 748 
-, stimulation test 389 
-, treatment of diabetes mellitus 

778 f., 786fT. 

Subject Index 

-, treatment of diabetes mellitus. 
shock 788 

-, treatment of diabetes mellitus. 
side efTects 788 f. 

-, values in the blood of obese 
762 

Insulitis 762 
Intersexuality, genital findings 

71Of. 
Interstitial cell tumors 491 
- - - of testis 361 
Iodide as antithyroid drug 192f. 
- clearance, renal 139 
- pool, second 140 
- transport 139 
- -, active, deficient 168 
Iodine, deficiency 210 
- intake 139 
- leak, nonhormonal 142 
- radical (I') 141 
Iodized salt 214 
lodotyrosine coupling, failure of 

168 
- deiodination, failure of 169 
Islet insufficiency, changes in dia

betes mellitus 773 
Islet system of pancreas 742 fT. 
- - of pancreas, changes in dia

betes mellitus 765 f. 
- - of pancreas. hypertrophy 

760 
Isotope dilution methods 379f. 
- implantations 116 

JafTe-Lichtenstein disease, polyos
totic fibrous dysplasia. differen
tial diagnosis to primary hyper
parathyroidism 926 

"Job's" syndrome 1007 
"Jod-Basedow" 181,209,214 
"Juvenile bleeding" 607 
Juxtaglomerular epitheloid cells 

979 

Kallmann syndrome 470 
Ketoacidosis 754, 773, 776, 790, 

80 If. 
- in juvenile diabetes mellitus 

776 
17-Ketogenic steroids 385 
- -, determination 381 
- -, normal values 382 
Ketone bodies 746, 753 
- - in urine, estimation 811 f. 
Ketonuria 773, 778 
Ketosis 753 
17-Ketosteroids 288fT., 382ff. 
-, urinary, determination 383 
-, urinary, in puberty 1037 
Kinins 976f., 1068 
Klinefelter syndrome 464fT .. 712. 

1042 
- - and diabetes mellitus 799 
- -, "false" chromatin-negative 

468 
Kocher-Debre-Semalaigne syn

drome 175 
Kussmaul-type breathing 754 

Lactation 694 
-. suppression of 696 
Lactogenesis 695 
Lactogenic hormone 82 
Lactic acid 743 



Subject Index 

- acidosis 758 
- - and hypoglycemia 817 
Lactose and Benedict's test 811 
Lactosuria 774ff. 
- in diabetes mellitus 801 f. 
LA TS (Long-acting thyroid stimu

lator) 179 
- pretibial myxedema and 180 
Laurence-Moon-Biedl syndrome 

35, 462, 470f., 590, 1044 
Lead poisoning, differential diagno

sis to Pheochromocytoma 436 
Leprosy, differential diagnosis to 

acromegaly 114 
Leucine hypersensibility, familial 

816 
- and hypoglycemia 816 
Levulosuria 775 
Leydig cell adenoma and pseudo-

sexual precocity 1051 
- - tumors 384, 1020 
- - -, true 491f. 
Leydig cells 444ff. 
LH (luteinizing hormone) 30, 82 
-, immunological estimation 567 
- in puberty, values in serum 

1037 
- and testis 451 f. 
Life expectancy of diabetics 776 
- - in juvenile diabetes mellitus 

806 
Lightwood-Albright syndrome 327 
Limbic system 34 
- - and pineal body 73 
Lingual duct 136 
Lipase 751 
Lipoatrophy, diabetogenic 809 
Lipodystrophy, progressive 809 
Lipoid-cell tumors, virilizing 641 
Lipoid hyperplasia of adrenals 726 
Lipolysis 745ff. 
- and glucagon 818 
Lipolytic hormones 753 
Lipomastia 488 
Lipoprotein lipase 751 
Lipotropin 83, 84 
Lithium as antithyroid agent 192 
Littre's gland and testosterone 453 
Liver cell carcinomas and hypoglyc-

emia 818 
- cirrhosis 384 
- - and diabetes mellitus 808 f. 
- - and secondary aldoster-

onism 338 
- steatosis in diabetes mellitus 

809 
Looser's zones 913, 925, 937 
LRH (Luteinizing-hormone releas-

ing hormone) 30ff. 
L TH (luteotrophic hormone) 82 
Lugol's strong iodine solution 193-
Luteotropic action 542 
Lymphedema in gonadal dys-

genesis 715 
Lymphoma of thyroid, malignant 

226 
Lysin-vasopressin 41 
Lysosomes 1068 
Lysosomic enzymes 874 

Maculadensa 979 f. 
Magnesium, excretion 302 
- and parathyroid hormone 878 
Maltose and Benedict's test 811 

Mammogenesis 694 
Mammotrophic hormone 82 
Mannoheptulose and insulin secre-

tion 748, 752 
Mannoheptulosuria 776 
Mayer-Rokitansky-Kiister syn-

drome 585, 588 
McCune-Albright syndrome 1049 
McGinty test 548 
McPhail test 548 
McSweeney's test 539 
Median eminence 29ff., 300 
Medroxyprogesterone acetate 117 
- -, therapy in carcinoma of the 

uterus 1067 
Melanotropin (MSH), structure 

294f.. see also MSH 
Melatonin 29 
Mellituria, neonatal 774 
Membrana granulosa 519 
Menarche 576f.. 1035 
Menopause 579ff. 
-, pre-pubertal 588 
Menorrhagia 606f. 
Menstrual cycle, duration 543 
Menstruation 542 ff. 
- in adrenogenital syndrome 

374 
-, duration 544 
-, silent 589 
Mesencephalon 29 
Mesotocin, structural formula 42 
Messenger RNA 15 
Messengers, chemical I 
Metanephrine 422, 435 
Metaraminol 423 
Methimazole 190 
Methopyrapone 355 
- -test 387f. 
:x-Methyl-dopa 423, 437 
16-Methylen-prednisolon 1073 
:x-Methyl metatyrosine 423 
IX-Methyl-para-tyrosine 437 
61X-Methyl-prednisolone 308. 1073 
Methyl-prednisolone hemisuccinate 

309 
Metopirone test 387 f. 
Metrorrhagia 608 
Mid-cycle bleeding 568, 608 
MIF (Melanocyte-stimulating hor

mone release-inhibiting factor) 
30ff. 

Milk-alkali syndrome (Burnett), dif
ferential diagnosis to primary 
hyperparathyroidism 928 

- ejection 695 
Mineralocorticoid antagonists 303 
-, effects 309 
Minipill 572. 575 
"Mittelschmerz" 520, 568 
Molar pregnancy 209 
Moniliasis in hypoparathyroidism 

895 
Monoamine oxydase (MAO) 421 
Monoiodotyrosine in peripheral 

blood 142 
Motilin 975 
MRF (melanocyte-stimulating hor

mone-releasing factor) 31 
MSH (melanocyte-stimulating hor-

mone) 2, 82, 84 
-, determination in plasma 378 
-, structure 295 
Mucoid cells 363 
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Mucoviscidosis and diabetes mel
litus 809 

-, sterility 481 
Muscle paralysis, thyrotoxic peri

odic in hyperthyroidism 186 
Muscular activity 745 
- - and "facilitated diffusion" 

745 
- atrophy in Cushing's syndrome 

349 
- exercise and energy exchange 

743 
Myasthenia gravis 328 
- - and thyrotoxicosis 186 
Myeloma, multiple, differential di-

agnosis to primary hyperpara
thyroidism 926 

Myopathy, hyperthyroid 185 
-,osteomalacic 937 
Myotonia, atrophic, Steinert's, and 

Hypogonadism 462 
Myotonic dystrophia 104 
Myxedema 156 
-, Coma 161 
-, pretibial 187 

N-acetyl-serotonin 73 
Na-L-thyroxine 164 
Natriuretic heparinoids 303 
Necrospermia 483 
Nelson-tumor 356 
Nephrocalcinosis 850 
-. differential diagnosis 926 
Nephropathy, potassium-losing, 

familial 336 
Neuroblastoma 428 
Neurofibromatosis and pheochro-

mocytoma 427 
-, Recklinghausen's 433 
Neurohormones 31 
Neurohypophysis 39, 43 
Neuropathy, hypertrophic 113 
Neurophysin I, II 42, 43 
Neurosecretory substance 44 
Nicotine and catecholamines 423 
- test 59 
- and vasopressin release 44 
Nitrogen, retention in growth 

1015 
Noonan's syndrome 719f. 
Noradrenaline 29, see also Nore

pinephrine and Catecholamines 
- action, permissive effect of cor-

tison on 307 
- and insulin secretion 748 
- and pineal body 73 
Norepinephrine, biochemistry 

420ff.. see also catecholamines 
-, normal values 435 
Normetanephrine 422, 435 
19-N orsteroids 568 
Norymberski's procedure 382 
NSILA-S (nonsuppressible insulin-

like activity) 85, 88, 89 
Nucleus hypothalamicus vent rome-

dialis 28 
- paraventricularis 28, 43 f. 
- supraopticus 25, 43f. 
- tuberis infundibularis 28, 300 

- lateralis 28 
- tubero-mamillaris 28 

Octopamine 422 f. 
IIp-OH-Androstenedione 291 
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IltJ-OH-Androstenedione, struc-
ture 289 

200(-OH-progesterone 526 
Oligomenorrhea 605 
Oligospermia 464 
Olivo-ponto-cerebellar atrophy 

426 
Oocytes 516 
Oogonia 516 
Oophorarche 576 
o,p'-DDD 355 
Ophthalmopathy, endocrine 201 
-, treatment 203 
Orchidectomy in carcinoma of the 

prostate 1065 
Orchidometer 1036 
Orchioblastoma 492 
Orchitis 463 
OrnithinB-vasopressin 43 
Osmoreceptors 45 
Osmoregulation 45 
- center 29 
Osteitis cystica in primary hyper

parathyroidism 915 
- deformans (Paget's disease), dif

ferential diagnosis to primary 
hyperparathyroidism 926 

- fibrosa cystica generalisata von 
Recklinghausen, in primary 
Hyperparathyroidism 911 

- - in primary hyperparathyr
oidism 916f. 

Osteoarthropathy, hypertrophic 
114 

Osteoblasts 860 
Osteoclastomas in primary hyper-

parathyroidism 915f. 
Osteoclasts 858 
Osteocytes 856, 858 
Osteogenesis imperfecta 869 
Osteomalacia 865f., 883 
-, differential diagnosis to primary 

hyperparathyroidism 925 
-, following gastrectomy 866 
- in primary hyperparathyr-

oidism 916ff. 
- and secondary hyperparathyr-

oidism 935f. 
Osteons 856 
Osteopetrosis 861, 869 
Osteoporosis 861, 886 
-, alimentary 867 
- and cortisone therapy 1070 
- in Cushing's syndrome 349 
-, differential diagnosis to primary 

hyperparathyroidism 925 
-, idiopathic 865 
-, immobilization 868 
-, senile 867 
Osteosclerosis in acromegaly 109 
- in primary hyperparathyr-

oidism 916 
- in secondary hyperparathyr-

oidism 937 
Ovarian cycle 518 
- dysfunction 585 ff. 
- estrogens and growth 1020 
- function, physiology 521 
- -, regulation 554ff. 
- hormones 521 ff. 
- -, biological action 532ff. 
- -, extragenital actions 544 
- -, metabolism and excretion 

530 

- -, methods of estimation and 
standards 547 

- -, modes of administration and 
dosage 549ff. 

- -, production and plasma con-
tent 526 

- hypoplasia 514, 587 
- insufficiency, primary 593 
- -, uncomplicated postpartal 

592 
- tumors, endocrine-active 593, 

634ff. 
- -, endocrine-active "feminiz

ing" 634ff. 
- - and pseudosexual precocity 

1050 
Ovariectomy in carcinoma of the 

breast 1062 
- - prophylactic 1062 
Ovary 511 ff. 
- accessory 513 
-, adenomatous hyperplasia, atypi-

cal 607 
- -in adrenogenital syndrome 

363 
-, cortical stroma hyperplasia 528 
-, embryology and histology 

516ff. 
-, polycystic 593, 609ff. 
-, -, treatment 614 
- in pregnancy 669, 681 
-, sclerocystic 363 
- supernumerary 513 
Oviduct persistence 724 f. 
Ovulation 519f., 564ff. 
- and adrenal cortex 565 
- bleeding 608 
-, inhibition 568ff., see also con-

traception 
- and thyroid gland 565 
Ovulatory inhibitors 106 
- and galactorrhea 106 
Ovulostatic preparations 571 
Oxtrenolol 424 
Oxytocin 41 ff., 675ff. 
-, action 45 
-, biochemistry 41 ff. 
-, and birth 692 
- and milk ejection 692 
-, physiology 43f. 
Oxytocinase 675 

Pachydermoperiostosis, differential 
diagnosis to acromegaly 114 

Paget's disease and calcitonin 881 
- -, differential diagnosis to 

acromegaly 114 
- - and hypercalcemia 928 
Pancreas carcinoma in diabetes 

mellitus 800 
-, changes in diabetes mellitus 

764 
-, cystic fibrosis, and Hypo

gonadism 462 
Pancreatectomy (Whipple) in B

islet-cell adenoma 821 
-, experimental 752 
Pancreatic tumors, with hyperglyce

mia and glycosuria 823 
Pancreatitis and cortisone therapy 

1070 
- and diabetes mellitus 771, 798 
Pancreatogenic cholera 974 
Pancreatotropic hormones 83 

Subject Index 

Pancreozymin 748 
- and insulin secretion 748 
Panhypopituitarism 91 ff. 

see also Pituitary insufficiency 
- and hypoglycemia 815f. 
Papillary necrosis, acute, in dia-

betes mellitus 769 
Parafollicular cells 137, 879 
Paraganglioma, nonchromaffin 428 
Para-infundibular lesions 33 
Paramethasone 309, 1071, 1073 
Paraneoplastic syndromes 999 ff. 
Parathormone 869ff. 

see also parathyroid hormone 
- and hydroxyproline excretion 

875 
- and mitochondria 877 
- and vasopressin 49 
-, carcinoma 909 
Parathyroid crisis 923 
- extract (PTE) 869 
- hormone (PTH) 869 ff. 
- - and bones 873 ff. 
- - and calcium absorption 851 
- - and calcium in plasma 848 
- -, concentration, measure-

ments 871 
- - and fibroosteroclasts 874 
- - and gut 876 
- -, immunoheterogeneity of 

873 
- - and kidneys 876 
- -, metabolism 872f. 
- -, radioimmunological mea-

surements in serum 871 
- - and renal insufficiency 872 
- -, secretion 87 If. 
- - in serum, immunoreactive 

(iPTH) 897 
- inhibition by induced hypercal

cemia 943 
- insufficiency, chronic postopera-

tive treatment 903 
Parathyroid insufficiency 903 
- idiopathic 899 
- - treatment 903 
- stimulation tests 945 
Parathyroids 845 ff. 
-, adenoma 847 
-, - in endocrine adenomatosis 

908f. 
-, -, localization 846f., 924 
-, anatomy and histology 845ff. 
Parkinsons's syndrome and dopa-

mine deficiency 422 
Parotin 982 
Pasteur effect 745 
PBI (protein-bound iodine) 238, 

245 
Pendred syndrome 168 
Penis, size 1036 
Pentitoles 748 
- and insulin secretion 748 
Pentose-phosphate shunt 743 
Pentoses and Benedict's test 811 
- and insulin secretion 748 
Pentosuria 775 
Pepsitensin 43 
Perchlorate 140, 192 
- discharge test 243 
Pernicious anemia in hyperthyr-

oidism 188 
Pertubation 627f. 
Perversion 486 f. 
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Peutz-Jeger syndrome 328 
Phenothiazides 29, 486 
Phenoxybenzamine 424, 436 
Phentolamine 424 
2-Phenylalanine 8-lysine-vasopres-

sin 43 
Phenylephrine 422 
Phenyl-ethanol-amine-N-methyl-

transferase 420 f. 
Pheochromoblastoma 428 
Pheochromocytoma 427ff. 
-, bilateral l008f. 
-, blocking test 434f. 
- and calcitonin 882 
- and diabetes mellitus 774 f., 

761 
-, diagnosis 433ff. 
-, familial 433 
-, pharmacological tests 433 
-, provocation tests 434 
-, radiological investigations 

435f. 
-, treatment 436f. 
-, tumor localization 435 
-, vena cava catheterization 436 
Phosphatase, acid 1065 
-, alkaline 863, 940f. 
-, -, in plasma 856 
Phosphate, changes in reabsorption 

after parathyroid hormone 944 
-, clearance 910, 942 
-, deficiency 866 
- diabetes 883 
-, excretion 876, 942f. 
-, excretion tests, renal 942 
-, metabolism 853ff. 
- in plasma 853 
- in serum and bone, interrela-

tionship 886ff. 
-, tubular reabsorption 855, 

942f. 
Phosphodiesterase 12 
Phosphofructokinase 744 
Phosphonates 889 
Phosphorus excretion, index (lPE) 

942 
Phosphorylase 744f., 750f. 
Phosphorylation, oxidative 743 
PIF (prolactin-inhibiting factor) 

30f, 106, 675 
Pigmentation, pathologic, in M. 

Addison 316f. 
- of the skin, differential diagno-

sis 328 
Pineal body 27, 73 ff. 
- tumors 1048 
Pinealoma 34, 74 
- ectopic 33, 55 
Pitocin 41 
Pitressin 41 
Pituitary adenoma, chromophobe, 

in acromegaly 109 
- -, -, in Cushing's syndrome 

341 
- in adrenogenital syndrome 363 
- dwarfism 98ff., 1017, 1023 
- -, diagnosis 100 
- -, treatment 101 ff. 
- gigantism 107 f. 
- insufficiency 91 ff., 384, 388 
- lobe, dystopia of posterior 35, 

104 
- stalk 32f. 
-, teratoma 119 

-, tuberculoid giant cell granu-
loma 93 

- tumors, TSH-secreting 209 
Pituitrin 41 
Placenta, development and struc

ture 667ff. 
Placenta, insufficiency in diabetics 

803 
Placental lactogen 84, 85 
Plasma corticosteroids see cortico

steroids in plasma 
Plummer's disease 204ff. 

see also toxic nodular goiter 
Pluriglandular syndromes l007ff. 
Poikilodermia 462 
Polyadenomatosis, endocrine 

1007f. 
Polycystic ovarian disease 593, 

609ff. 
see also Stein-Leventhal syn
drome 

Polycythemia and cortisol 306 
Polydipsia 34 
- in acromegaly 110 
- and diabetes mellitus 811 
- and diabetic coma 755 
-, primary 54f. 
Polyestriol 551 
Polyfolliculine stage 581 
Polymenorrhea 605 
Polyol pathway 763 
Polyostotic fibrous dysplasia (Jaffe

Lichtenstein disease), differential 
diagnosis to primary hyperpara
thyroidism 926 

Polyuria in acromegaly 110 
- and diabetes mellitus 811 
- and diabetic coma 755 
-, nephrogenic 56 
Porphyria 143 
Porter-Silber chromogens 381 

see also 17-hydroxycorticoster
oids 

Post-coital test 625 f. 
Postmenopause, clinical features 

582 
Potassium balance 301 
- deficit in diabetic coma 758 
- - in diabetic ketosis 754 
- depletion 297 
- exchangeable, determination 

392 
Potassium excretion 30 I 
- loading 297 
Potomania 54 
Practolol 424 
Prader-Labhart-Willi syndrome 

462, 1044 
Prednisolone 308 f., 107lff. 
- -Na-tetra-hydrophthalate 309 
Prednisone 308 f., 1073 
Pregnancies, multiple 686 
Pregnancy 667ff. 
-, prolongation 686 
- tests 697 ff. 
Pregnane 287f. 
- derivatives in adrenogenital syn-

drome 364 
Pregnanediol 531 f. 
- and endangered pregnancy 691 
-, estimation 700 
-, excretion in urine 566 
- and pregnancy 679 
Pregnanetriol 525, 532 
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- in adrenogenital syndrome 364, 
369 

Pregnanetriolone 369 
A5-Pregnenetriol 371 
Pregnenolone 452 
-, 171X-OH-Pregnenolone 291 
Premenopause 579 
-, clinical features 582 
Premenstrual syndrome 616 f. 
PRF (prolactin-releasing factor) 31 
Primary follicle 518 
Primordial follicle 517 
Progeria 1029 f. 
Progestagens 547 
Progestative actions 534 
Progesterone 302 f., 521, 526 
-, biosynthesis 525 
-, daily secretion rate 531, 532 
- and endometrial cycle 529, 532 
-,171X-OH-Progesterone 291,382 
-, plasma concentration 529 
- and pregnancy 672, 674, 679 
-, therapy in carcinoma of the 

breast 1063 
-, therapy in carcinoma of the 

uterus 1067 
-, therapy in respiratory dysfunc-

tion 1074 
Progestins 522 
-, therapy 553f. 
"Pro-Hormones" 2 
Proinsulin 2, 747, 820 
- -like material 820 
Prolactin 30, 106, 674 
-, chemistry 82 
-, estimation 701 
- inhibiting factor see PIF 
- and lactation 695 
- releasing factor see PRF 
Promin 1004 
Propranolol 197,424, 437 
Proptosis 202 
Propyl-thiouracil 190 
Prostaglandins 456, 990ff. 
Prostatic hypertrophy, endocrine 

therapy 1067 
Protein-bound iodine (PBI) see also 

PBI 238,245 
- kinases 823 
- synthesis 751, 752 
- -, effects of hormones on 15 
- - and growth hormone 16 
- - and insulin 16 
Pseudocyesis 591 
"Pseudodiabetes insipidus" 50 
- 775 
Pseudo gynecomastia 488 
Pseudohermaphroditism, female 

365, 707, 730f. 
-, male 707, 724ff. 
Pseudohyperparathyroidism 878 
Pseudohypoparathyroidism 

(PSHP) 899 f. 
Pseudo hyponatremia 63 
"Pseudo-oligospermia praecedens" 

481 
Pseudopolymenorrhea 608 
Pseudopuberty, precocious in 

adrenogenital syndrome 368 
Pseudosexual precocity 1045 
- - of exogenous etiology 1052 
- - with ovarian tumors 1050 
- - with testicular tumors 1051 
"Pseudotumor cerebri" 1070 
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Pseudo-Turner's syndrome 719 
Psychosyndrome, endocrine, and 

cortisol therapy 307 
-, -, amnestic, in adrenocortical 

insufficiency (M. Addison) 315 
-, -, in Cushing's syndrome 344 
-, -, in hypercalcemia 921 
-, -, in hypoglycemia 819 
-, -, in pituitary insufficiency 93 
- in hypocalcemia 893 
Pubarche 577, 1035 
- isolated premature 1040f. 
Pubertal growth symptoms, chrono-

logical tables, in boys and girls 
1034 

- gynecomastia 1035 
- spurt in growth 1016 
pubertas praecox 33 f. 
Puberty 1033 f. 
-, delayed 588, 1054 
-, obesity, prepuberal and 

puberal 1043 
-, precocious, cerebral or neuro

genic 1048 
-, -, differential diagnosis 1052 
-, -, with fibrous dysplasia of 

bones 1049 
-, -, with gonadotropin-producing 

tumors 1050 
-, - in hamartome of tuber ciner

eum 1048 
-, -, due to hormonal overlap-

ping 1050 
-, -, hypothalamic 1045 
-, -, idiopathic 1047 
-, -, treatment 1053 
-, -, true 362 
- in women 576ff. 
Pubic hair, stages of 1034 
- - and testosterone 453 
Puromycin 751 
Pyknosis index 536 
Pyriform cortex 29 
Pyrogen, stimulation test 389 
Pyrophosphatases 887, 889 
Pyruvate kinase 17 

Radioimmunoassay of insulin 814 
Radioiodine treatment of Graves' 

disease 194 ff. 
Rathke's cysts of adenohypophysis 

78 
(X-receptor blocking agents 436 
fJ-receptor blocking agents 14, 197 
Receptor-hormone complex 6 
Receptors and hormone, mixed di-

sulfide between 7 
-, spare 8 
- for triiodothyronine 148 
17 -Reductase 726 
17-Reductase (17-hydroxysteroid 

dehydrogenase) 1038 
Reifenstein's syndrome 729 
Relaxin 678 
Releasing hormones (RH) of the 

hypothalamus 555f. 
- - in pituitary dwarfism 103 
Renal agenesis 730 
- papilla, necrosis in diabetes mel

litus 797 
Renin-Angiotensin II 977ff. 
Renin-Angiotensin, determination 

in plasma 378f. 
- - substrate 978 

- - system 297 
-, antibodies 978 
-, origin 979 
- in plasma, circadian rhythm 

980 
- and pregnancy 980 
- -producing tumors 981 
-, production and secretion, regu-

lation 979 
- in renal or malignant hyperten

sion 980 
- substrate and oral contracep-

tives 978 
Reserpine 29, 421 f. 
- and galactorrhea 106 
Resin T 3 uptake 237 
Respiration, "coupling" of 145 
- in mitochondria 145 
Rete testis 444 
Reticular formation 34 
Retin 1004 
Retinitis pigmentosa 462 
Rhesus incompatibility 686 
Ribonucleoproteinates, microsomal 

454 
Rickets 865, 883 
-, differential diagnosis to primary 

hyperparathyroidism 925 
-, nutritional, of infancy 939 
Riedel's struma 227 

see also Thyroiditis chronic in
vasive fibrous 

Riley-Day syndrome 427 
Rossie's syndrome 514 
Rothmund's syndrome 462 
Rubeosis in diabetes mellitus 773, 

798 
Rubin test 627 

Saccharosuria 776 
Salicylic acid and hypogylycemia 

817 
- - and pharmacology of insulin 

secretion 748 
Salt-losing nephritis 327 
- - syndrome, cerebral 62 
- - -, treatment 375 
- loss syndrome in 21-Hydroxy-

lase deficiency 364, 369 
Sarcoidosis 866, 872, 883 
- and hypercalcemia 927 
Satyrism 486 f. 
Schilder's disease 325 
Schmidt's syndrome 97 
"Schreck-Basedow" 181 
Schwartz-Bartter syndrome 62ff. 
-, differential diagnosis 63 
-, pathogenesis and symptomatol-

ogy 62f. 
-, therapy 64 
Scrotum, pigmentation and testos

terone 453 
Sebaceous glands and testosterone 

453 
Seborrhea in acromegaly III 
Second messenger 2, II 
Secondary follicle 518 
Secretin 974 
- and insulin secretion 748 
Sella turica, dysplasia 104 
Semen 455f. 
-, hormonal regulation 455 
Seminiferous tubulus 444, 451 
Seminomas 490 

Subject Index 

Sepsis meningococcal, in acute 
adrenal insufficiency 322 

Serotonin 29, 983ff. 
- and pineal body 73 
Sertoli-cell tumors 491 
Sertoli-cells 444, 451 
- - -only syndrome 464 
Serum peptides, iodinated 169 
- thyroxine measurement 236 
- triiodothyronine measurement 

236 
Sex chromatin, investigation in buc-

cal smear or hair 711 
- chromosomes 707ff. 
Sheehan's syndrome 91 ff., 697 
Simmond's disease 91 
Sims-Huhner test 484, 625f. 
Sipple syndrome 427, l008f. 
Skeletal carcinomatosis, metastatic, 

differential diagnosis 926 
Sodium 297 ff. 
- exchangeable, determination 

392f. 
- excretion in sweat 392 
- deficiency 298 
Somatomedin 85, 86, 88, 750 
Somatotropin (STH) 83, 85, 87 

see also growth hormone 
Sorbitol 758 
Sorbitol accumulation, intracellu-

lar 763 
Sparganum growth factor 83 
Spermatogenesis 447 
Spermatogenic arrest 481 
- - in adrenogenital syndrome 

363 
Spermatogonia 445, 455 
Spermin 456 
Spermiohistogenesis 447 
Sperms, agglutination of 482 
Spironolactone 302 f. 
Splanchnomegalia in acromegaly 

109, 112 
Sprue 97, 327 
Spurt of growth during puberty 

1016, 1021, 1038 
Starvation 104 
- in functional hypopituitarism 

104 
- and hypoglycemia 817 
Status thymolymphaticus 310 
Steatorrhea 938 
Stein-Leventhal syndrome 363, 

384, 391, 593, 609ff. 
Steiner's multiple neoplasia, Type I 

1007 
- - -, Type II 1008 
Steinert's atrophic myotonia 104, 

462 
Sterane 287 
Sterility 619 ff. 
-, allergic 621 
-, causes 619ff. 
-, female, treatment 629ff. 
-, functional 582 
-, idiopathic 621 
-, induced reversible 486 
-, male 48lff. 
-, -, etiology and pathogenesis 

481 
-, -, with normospermia, "bio

logical" 482 
-, -, therapy 484 
-, methods of investigation 623 



Subject Index 

-, primary 619 
-, secondary 619 
- in testicular feminization 727 
Steroid conjugates 288 
- diabetes 303, 766, 1070 
- - and glucose turnover 761 
Steroid hormones 287 ff. 
- -, biosynthesis in ovary 524 
- -, determinations 379ff. 
- -, nomenclature 288 
- -, stereoisomerism 288 
Steroids, anti-inflammatory action 

1068 
- with equivalent antiphlogistic 

activity 309 
-, sexual 521 
STH (somatotrope hormone) 30 

see also growth hormone 
- deficiency, isolated 1017 
- and prenatal growth 1017 
Stilbenes 523 
Streptozotocin 752, 821 
- and experimental diabetes mel-

litus 752 
Stress glycosuria 771 
Striae distensae in puberty 1036 
-- purple, in Cushings syndrome 

348 
Struma maligna Langhans 231 
- ovarii 210, 643 
Sturge-Weber syndrome 427 
Subcommissural organ 75 
Subperiosteal resorption in primary 

hyperparathyroidism 913 f. 
Substance P 981 f. 
Substitution of ovarian hormones 

550 
Subthalamus 28 
Sulfation factor 85, 88, 750 
Sulfonylurea derivatives, therapy of 

diabetes mellitus 782ff., 791, 
806 

- - overdosage 783 
- -, side effects 783 
Sulfonylureas 748, 813 
- and hypoglycemia 817 
Supraoptico-hypophyseal tract 28, 

43 
Swyer's syndrome 514 
Sympathicoblastoma (Sympatho-

blastoma) 428 
Sympathicogonioma 428 
Sympathol 421 
Synalbumin antagonist 759f. 
Syncytiotrophoblast 667 
Synthalin 748 
- and pharmacology of insulin 

secretion 748 
Syntaline A 823 
Synthetic-p-angiotensinamide II 

TBG see thyroxine-binding globu-
line 142f. 

Teeth, development 1021, 1025 
Telencephalon 27 
Tertiary follicle 518 
Testicular feminization 451, 602, 

724, 726ff. 
- insufficiency, secondary 469 
- tumors with pseudosexual pre-

cocity 1051 
Testis, adenocarcinoma 492 
-, adrenocortical-like interstitial 

cell tumors 492 

- in adrenogenital syndrome 
361 f. 

-, biochemistry 448 ff. 
- biopsy 495 
-, histology 727 
-, neoplasms 489ff. 
-, physiology 451 ff. 
-, teratoma 490 
-, tubular apparatus 451 
-, undescended 477 
-, volume 1035 
Testosterone 303, 368, 521, 611 
- -binding protein 450 
-, biochemistry 448 ff. 
-, conversion into androstendione 

450 
-, diurnal variation 449 
-. effects 452 ff. 
-, glucuronide 450f. 
-, -, urinary 384 
- and growth 1020, 1032 
-, imprinting effect on brain 1039 
-, 19-0H-Testosterone 291 

in plasma of the child 1037 
- in plasma 449, 529 
- -, determination 381 
-, production rates 385, 450 
- propionate, therapy in prostatic 

hypertrophy 1067 
-, resistance 728 
- and seminal fluid 453 
- and seminal vesicles 453 
-, structure 289 
- sulfate 450 
- synthesis, disturbances 725 
- therapy in carcinoma of the 

breast 1063 
- in urine during childhood 1038 
Tetanic attack 891 
- equivalent 891 
Tetany 333, 891, 893 
-, acute, treatment 902 
-, latent 892 
-, postoperative 932 
-, "recalcification" - 932 
Tetracosapeptide 294 
T etrahydroaldosterone-3-glucur-

onide 294, 383 
Tetrahydrocortisol 293 
Tetrahydrocortisone 293 
Tetrahydro-DOC 364 
Tetrahydro-S 364 
Thalamus 28f. 
Theca-cell hyperplasia, cortical 528 
- gland 520 
Thelarche 577, 1035 
- isolated premature 1041 
Thiazide diuretics 61 
- - and hypercalcemia 928 
Thionamide drugs 190 
Third factor 62, 302 
Thirst center 29, 46 
- disturbance 33 
Thirst inhibiton by subcommissural 

organ extracts 75 
Thorn-test 385ff., see ACTH-test 
Thymidine factor 88 
"Thymin" 1004 
Thymocrescin 1004 
Thymosine 1003 
Thymotoxin 1004 
Thymus 1003f. 
Thyrocalcitonin 137, 232, see also 

calcitonin 

Thyroglobulin 2, 140f. 
- antibodies 180, 226 
- iodination, defective 168 
Thyroglossal duct 136 
Thyroid aplasia 166 
- autoregulation 140, 150 
- biopsy 244 

lO91 

- carcinoma and hyperthyroidism 
209 

- - medullary '879, 1008f. 
- -, medullary, and calcitonin 

881 
- -, treatment 234f. 
Thyroid disease, endemic 21Off.. 

see also goiter 
failure 33 
function tests 236 ff. 
- --, ankle reflex time 241 
- -, antibodies to Thyroid tis-
sue 243 
- -, basal metabolic rate 
(BMR) 240 
- -. butanol-extractable iodine 
(BEl) 238 
- -, deiodinase deficiency 
243 
- -, free thyroxine 327 
- -, perchlorate discharge 
test 243 
- -, protein-bound iodine 
(PBI) 238 
- -, Resin T3 uptake 237 
- -, serum thyroxine measure-
ment 236 

- - -, serum triiodothyronine 
measurement 236 
- -, thyroid uptake of per
tech nate (99Tcm ) 240 
- -, thyroidal radioiodine 
uptake 239 
- -, thyroidal normal values 
239 
- -, TRH stimulation test 
242 

- - -, Triiodothyronine suppres
sion test 242 

- - -, TSH radioimmunoassay 
241 

- - -, TSH reserve test with 
carbimazole 242 

- - -, TSH stimulation test 
242 

- gland 136ff. 
- -, accessory 136 
- -, ectopic 166 
- - in pregnancy 681 
- hormone action -end-organ re-

sistance to 170 
- -, adenyl cyclase by 147 
- - biosynthesis, defects, geneti-

cally determined 167 
- -, effect on the central nervous 

system 147 
-, effects on the heart 146 
- and growth 1018f. 
-, metabolism 144 
-, mode of action 144ff. 
-, turnover and liver cirrhosis 
152 
nodules, solitary 228 
preparations, desiccated 164 
reserve, diminished 161 
stimulating hormone (TSH) 149, 
see also thyrotropin 
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Thyroid storm 197ff. 
- tumors, benign 228 

-, -, follicular adenoma 228 
- -, malignant 229 ff. 
- -, -, cancer 229 
- -, -, follicular carcinoma 231 
- -, - hemangioendothelioma 

233 
- -, -, medullary carcinoma, 

associated with pheochromocy
toma 232 

- -, -, papillary carcinoma 230 
- -, -, sarcoma 233 
- -, -, struma malign a Lang-

hans 231 
- uptake of pertechnate (99Tc rn) 

240 
Thyroidal radioiodina uptake 

245 
- - -, normal values 239 
Thyroidectomy cells 80 
-, subtotal in Graves' disease 193 
-, -, postoperative hypothyr-

oidism 194 
Thyroiditis 222 ff. 
-, acute and subacute nonsuppura-

tive 222f. 
-, chronic, atrophic variant 153 
-, -, Graves' disease and 224 
-, - invasive fibrous (Riedel's 

struma) 227 
-, - Iymphocitic 224 
-, De Quervain's 222 
-, Hashimoto 222, 760, 762 
-, struma lymphoma to sa 222 
-, suppurative 227 
Thyrotoxic crisis 197 ff. 
T r Thyrotoxicosis 200 
Thyrotoxicosis 177 ff. 
-, apathetic 199 
-, factitious 210 
- and glucosuria 188 
-, iodide-induced 209 
- and liver function 187 
Thyrotropin 149 
- -releasing hormone (TRH) 

30f., 148 
Thyroxine 142ff. 

see also thyroid hormones 
Thyroxine binding globulin (TBG) 

5, 142f. 
- - - and androgens 151 
- - - and estrogenes 151 
- - - and hepatitis 152 
- - - in hyperthyroidism 178 
- - - and oral contraceptives 

143 
- - - and porphyria 152 
- pre-albumin (TBPA) 5 
-, effect on protein synthesis 146 
-, free 237f. 
- and nephrotic syndrome 152 
- and placenta 151 
-, secretory rate 142 
- in serum 142 
- and serum calcium 848 
L-Thyroxine (T 4), structural for

mulas 138 
Tissue hormones 2, 969ff. 
- resistance to insulin 761, 762, 

821 
Tolbutamide 783f. 
- test 813 
- - in B-islet-cell adenoma 819 

"Total 17-hydroxycorticosteroids" 
381 

Toxemias and pregnancy 685 
Toxic adenoma 204ff. 

see also toxic nodular goiter 
- -, "compensated" 205 
- -, "decompensated" 206 
- nodular goiter, treatment 208 
Tractus hypothalamo-neuro-hypo-

physeus 41 
- supraoptico-hypophyseus 28 
- tubero-hypophyseus 28, 81 
Transcortin 5, 292 
- and pregnancy 681 
Transcription 15,751 
Translation 15, 752 
Transport RNA 15 
TRH stimulation test 242 
Triamcinolone 308f., 1071, 1073 
Tricarboxylic-acid cycle 743 
Triiodothyronine 164 

see also thyroid hormones 
- in endemic goiter 212 
-, production rates 142 
-, receptors for 148 
- suppression test 242 
3,5,3' -L-Triiodothyronine (T 3)' 

structural formulas 138 
Triphosphopyridine nucleotide 

(NADPH) 743 
Trisomia, XXY - 464, see also 

Klinefelter symdrome 
-, XYY- 468 
Troell-lunet syndrome 112 
Trousseau's sign 892 
L-tryptophane and hypoglycemia 

819 
TSH (thyroid stimulating hor

mone) 30ff., 82ff., 101, 149, 
161, 241 f., see also thyrotropin 

- deficiency in pituitary dwarfism 
101 

Tuber cinereum 39, 1039 
- -, hamartoma of 1048 
Tubes, plastic operations 633 
Tubuli contorti serminiferi 445 
Turner's syndrome 514,713ff., 

732, 1031 
- -, bone development in 1020, 

1023 
- - and diabetes mellitus 799 
- -, male 719f. 
Tyramine 422 
Tyrosine, biochemistry 420f. 
- hydroxylase 420 

Ulcers, cortisol-induced 307 
- in diabetes mellitus 800 
Upper segment 1022 
Uremia and diabetic coma 756 
Urinary glucose, estimation 811 
Uterine bleeding, dysfunctional 

603f. 
- hypoplasia 602 
Uterus in pregnancy 681 

Vagina in pregnancy 682 
Vaginal cytology 534, 566, 581 
- smear 535 
- -, crowding effect 537 
Vanilmandelic acid (VMA) 422, 

435 
Vasodilating intestinal polypeptide 

(VIP) 975 

Subject Index 

Vasopressin II, 41 ff., 46, 60, 300 
-, biochemistry 41 ff. 
-, oversecretion (Schwartz-Bartter 

syndrome) 62ff. 
-, physiology 43 ff. 
- -test 58, 388 
Vasotocin 41 
-, structural formula 41 
VDM (vasodepressor substance) 

982 
VEM (vasoexcitor substance) 982 
Verner-Morrison syndrome 974 
VIP, vasodilating intestinal poly-

peptide 975 
Virilization 390f. 
-, definition 359 
- in intersexuality 707 
- and testosterone 453 
-, transplacental 730, 731 
Vitamin D 869, 882ff. 
- and bones 884f. 
- and calcium absorption 851 
-, deficiency 865 
-, intoxikation 883 
-, -, differential diagnosis to 

primary hyperparathyroidism 
927f. 
and kidneys 885 
-resistant rickets 866 

- and serum calcium 848 f. 
-, treatment of hypoparathyr-

oidism 902 
- and vasopressin 49 
Vitiligo 187,317 
Volume receptors 45 
- regulation 45 

"Water-babies" 53 
- deprivation test 57 
- intake 75 
- -, inhibition by subcommis-

sural organ extracts 75 
- intoxication in adrenal insuffi

ciency 816 
- tolerance test 391 
Waterhouse-Friderichsen syndrome 

322f. 
WDHA syndrome 974 
Wermer's syndrome 1007 

see also adenomatosis, multiple 
endocrine 

Werner's syndrome 462 
Withdrawal bleding 542 
Wolffian duct 709 

Xanthomatosis in diabetes mellitus 
798f. 

"X-hormone" 452 
XX-Men 722 
Xylitol 758 
Y chromosome 711 
- -, fluorescent staining of 

711 
Yolk sac tumor 492 

Zimmermann reaction 382, 384 
Zollinger-Ellison syndrome 971 ff. 
Zona fasciculata of adrenal cortex 

287 
- glomerulosa of adrenal cortex 

286, 363 
- reticularis of adrenal cortex 

287 
Zymohexase 454 
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