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PREFATORY REMARKS ON THE STYLEOFTHIS BOOK 

In four previous monographs, The Mast OellB (Butterworth, Washington, 1965), 
Thrombohemorrhagic Phenomena (Thomas, Springfield, 1966), Anaphylactoid Edema 
(Green, St. Louis, 1968) and Experimental Oardiovascular DiBease8 (Springer-Verlag, 
Berlin-Heidelberg-New York, 1970), I have tested the practicality ofwhat might be 
called the "analytico-synthetic style." In essence, it attempts to facilitate fact
finding by strictly separating: 1. the analyBiB of previous publications in search of 
facts, which must be objective, and 2. the author's evaluation and ByntheBiB which, 
being guided by his personal experience, is largely subjective. 

The lessons learned in compiling these earlier monographs are incorporated in the 
present volume and, since no major changes have been made, the rationale of the 
analytico-synthetic style may be described herein essentially the same terms. 

Conventionally, the preparation of a monograph progresses in two stages: 
1. The author surveys the Iiterature and makes brief abstracts of each publication 

pertinent to his subject. 
2. In writing the successive chapters of his book, the author transforms these 

abstracts into a current narrative. 
In theory, this seems tobe a perfectly logical procedure, and undoubtedly it can 

be successfully applied in some cases. However, the second phase ofthe work usually 
meets with virtually insurmountable difficulties. Whenever numerous data are 
accumulated by many investigators who used different techniques, the interpretations 
may be consonant, Contradietory or unrelated, so that a unified, concise report of all 
relevant facts and views is hardly possible without confusing distortions or over
simplifications. 

Take a sentence such as ".Allegedly, it is possible to produce thrombohemorrhagic 
phenomena by a single intravenous injection of substance X in the rabbit (Smith and 
Johnson, 1943; Jones, 1944; Jackson, 1952) but not in the mouse (Simpson, 1961; 
Walker, 1964), however, these claims have been challenged by several investigators 
(McKay, 1963; Dow, 1963; Fisher, 1964), who have obtained positive results in both 
these species." Did all these investigators use exactly the same technique 1 Did all of 
them use the same criteria for a "positive result 1" W ere the animals used of the same 
age and weight 1 Were the animals invariably killed after the same length of time 
following the injection, so as to give them an equal chance to develop the lesions 1 
Only in the rarest instances would the answers to all these questions be affirmative. 
In other words, the sentence designed to combine the three reports has made them 
quite meaningless. 

But why stoop to the customary practice of verbal acrobatics to give the un
unifiable the appearance of unity 1 To make sense, the incongruous monster sentences 
painfully synthesized by the author must later be mentally broken down into their 
constituent parts by the reader. What the author has coded, the reader must decode. 
Statements must be very diplomatically worded to fit several papers because different 
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authors bracketed after one remark have rarely, if ever, said exactly the same thing. 
Hence, such texts are difficult to read and, in the final analysis, they accomplish little 
more than to act as indices to the literature, which still has tobe procured and read in 
the original before it can serve as a reliable guide to further work. The essential 
weakness of this conventional style is that the author must formulate his remarks 
very vaguely whenever he wants to cite several related, but of course never identical, 
papers in support of a statement. This procedure is necessary for unification, but the 
result is uninformative or misleading, usually both. 

I have learned these facts by bitter experience while writing sixteen earlier medical 
texts in the conventional style. Could the usual drawbacks ofmonographs be avoided 
by a totally different approach 1 In compiling a scientific treatise, it was undoubtedly 
necessary first to peruse all pertinent publications and to prepare concise abstracts 
of them. (Incidentally, I never minded this part of the work, which was instructive 
and pleasant; it gave me a broad panoramic view of the Observations and reflections 
of others, the very basis for any correlative scientific study.) But then came the deadly 
and uninstructive task of modifying and paraphrasing portians of my summaries so 
that they could be squeezed into more or less cohesive, current prose. Why bother 1 
All that was accomplished in this second stagewas to conform with the style sanctified 
by common usage, but in the process the practical value of my abstract collection 
was largely lost. I must admit that even after the book appeared in print, I usually 
still preferred to Iook up my original resumes. Mter all, the book contained only 
portians of these, and even they were not expressed as clearly as in the abstracts 
mainly for three reasons: 

1. Whenever several references are cited to document a statement, certain details 
have tobe eliminated or put vaguely to make the textfit all the publications quoted 
in support of it. 

2. Transitional sentences are needed to connect one idea with another and these 
are only confusing ballast which does no real work. 

3. Many circumlocutions are necessary to distinguish tactfully between data 
which are fully, partly, or not at all, acceptable. 

In other words, the first part ofthe work, the reading and abstracting, is pleasant, 
instructive and comparatively easy, while the second part, the paraphrasing into 
current narrative, is tedious and largely spoils the earlier accomplishments. 

Of course, a collection of abstracts is not a monograph; it does not possess any 
overall structure or continuity and, even with the aid of an extensive index, it cannot 
act as a handy guide to a new field. Such a compendium is also necessarily uncritical 
and devoid of originality. It gives none of the interpretations and personal findings 
of the reviewer. 

How could we devise a style which would combine concise, objective reporting 
with original interpretations without creating any confusion between the two 1 How 
could we simplify the writing of scientific monographs sufficiently so that even a large 
field may be covered by a single author who could give it unity instead of resorting 
to the current practice ofwriting "monographs" which, in reality, are only a series of 
independent reviews by many authors who deal with more or less related topics ? This 
is what I have tried to accomplish here and it may be worthwhile to describe the 
technique in detail for those interested in the compilation of extensive monographs. 
We proceeded as follows: 
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1. Collection ol Literature. A Iist comprising 
most of the Iiterature on hormones and 
resistance was compiled from abstract journals, 
the Index Medicus and the bibliographies given 
by previous authors who wrote on this subject. 
The corresponding original articles were then 
obtained in the form of reprints or as photo
reproductions. These came mostly from the 
journals in our two local university libraries 
(Universite de Montreal and McGill Uni
versity) and from the National Medical 
Library in Washington, D. C. More than 
15,000 articles thus became available for study 
in original form and, of these about 5,000 were 
finally selected as being sufficiently relevant 
to warrant inclusion in the bibliography of 
this volume. There (pp. 865-1051) they are 
listed in alphabetic order, with the accession 
number they carry in our library. Thesesame 
numbers, followed by a stroke and the year of 
publication, are also used in the text for iden
tification (e.g., Remmer G66,542/62). 

2. Abstracting. Every abstractwas dictated 
on magnetic tape with the original source 
material before me. I had to quote at second 
hand only a few quite unavailable Doctors' 
Theses, remarks made at congresses which 
published no proceedings, and "personal 
communications" cited by others. To avoid 
constant spelling out and to facilitate the 
task of transcription, key words, names, 
numbers, and complex technical terms were 
underlined in the original texts for the guidance 
of our typists. 

In preparing the abstracts, we tried to 
incorporate all the essentials, including the 
species on which an observation was made, the 
route of administration of drugs, the techniques 
of determination, etc., wherever these facts 
may have significantly influenced the findings. 
However, equal care was taken to eliminate 
all irrelevant data in order to make the 
abstracts concise and readable. 

Whenever an author summarized a salient 
point concisely or expressed a particularly 
unexpected view, his own wording was quoted. 
Each abstract was preceded by a brief title 
[ using the Symbolic Shorthand System (SSS) 
for Physiology and Medicine ( Selye & Ember 
E24,113f64)] identifying its subject matter. 
Articles which contained data pertaining to 
several chapters of this monograph were 
separately abstracted for each section. How
ever, the same summary could often be used 
for this purpose, changing only the title. For 
example, let us take an article concerned with 
the prevention by spironolactone of the adrenal 

necrosis produced by dimethylbenzanthracene 
and the inhibition of this protection by 
ethionine. Here I first dictated my abstract 
with the title: 

''DMBA +- SNL" 

meaning (in SSS) toxic manifestations produced 
by dimethylbenzanthracene (DMBA) as in
fiuenced by (+-) spironolactone (SNL). Then 
I merely added: repeat the same abstract also 
with the title: 

"Pharmacology fBiockersjEthionine" 

Thus, the same abstract was made avail
able for the corresponding sections on: 1. the 
detoxication of carcinogens bysteroids (spirono
lactone) and 2. the general pharmacology of 
blockers (ethionine) that interfere with steroid
induced hepatic microsomal enzyme activity. 

When typed out, this abstract with its two 
titles looked like this: 

2 Titles {DMBA +- SNL 
Pharm/BiockersjEthionine I Kovacs & Somogyi G60,060f69: 
In rats, the adrenal necrosis pro-

Abstract duced by DMBA is prevented by 
pretreatment with spironolactone 
and this protection is in turn 
blocked by ethionine. 

Once carefully proof-read, a Xerox copy 
was prepared, in addition to the original, in 
order to avoid possible errors that may slip in 
by retyping the abstract. When - as in this 
case - the same abstract was supposed to be 
used in several connections, a corresponding 
number of Xerox copies was prepared and on 
each of these, a different title was marked with 
a hook to indicate the section of the manu
script where it should go. In this manner, with 
a minimum of effort, the article can be called 
to the attention of those interested in any of the 
topics on which it contains information. 

Finally, the pages containing these ab
stracts were cut up into slips and taped into 
proper position- according to the "rail paper 
technique" (Selye E24,140f64 p. 350) - on 
a master copy provided with index tabs. 

Throughout this phase of the work, my 
main concern was to refiect the authors' 
statements objectively whether I agreed with 
them or not. Only in a few instances (e.g., when 
the statements were contradictory or the 
technique faulty) was it necessary to point out 
possible sources of confusion, but this was 
done after the reference in separate, initialed 
comments. 



VIII Prefatory Remarks on the Style of this Book 

The resulting classified abstract collection 
corresponds to the double column, small print 
in this volume. 

3. Critique and Personal Observations. We 
now had a classified collection of concise 
abstracts which served as a convenient guide 
to the Iiterature on hormones and resistance. 
However, precisely because of its strict 
objectivity and the absence of any connecting 
sentences between the abstracts, this text 
completely lacked both originality and con
tinuity. It was useful for the experienced 
specialist who only wants to Iook up the 
Iiterature on a certain point, but it gave no 
guidance to the beginner and contributed no 
unpublished new thoughts or observations. 

The published data of our group were 
handled in the usual manner, by preparing 
objective abstracts of them for the small print 
sections. However, my own interpretation of 
the Iiterature and our hitherto unpublished 
observations were reported in an entirely 
different, current narrative form; this text is 
clearly separated from the rest by being 
printed in a single column of !arge type. Here, 
there are no references, it being tacitly under
stood that the conclusions are my own, based 
on a critical interpretation of the Iiterature 
and my personal experience. In addition, 
numerous photographs and tables were pre
pared to make the report informative. 

Thus, we end up having a book within a 
book: the small-print sections represent 
concise and impersonal abstracts of published 
and unpublished data, formulated in telegraphic 
style, to be looked up but not to be read 
through from cover to cover; the large-print 
text, on the other hand, is a critical evaluation 
of the Iiterature and an illustrated description 
of unpublished Observations. The reader who 
only wishes to get an overall view of the 
present status of knowledge on hormones and 
resistance can do so without getting lost in 
detail and confusing contradictory statements 
by reading only the Iarge-type sections. The 
investigator who wants to verify a special point 
quickly will find it without having to wade 
through much text by merely consulting the 
classified abstracts in the corresponding 
section. 

This "analytico-synthetic style" would not 
lend itself to the writing of textbooks for 
students, nor would it be suitable for mono
graphs on entirely new subjects on which there 
is virtually no earlier literature; however, I 
think it could be profitably employed in the 
compilation of any review, monograph or 

handbook which is to combine an extensive 
Iiterature survey with personal observations 
and critical interpretations. 

4. Tables and Previonsly Unpnblished Data. 
In view of the very !arge number of facts that 
have come to light of late concerning the 
possibility of influencing the toxicity of the 
most diverse agents by catatoxic compounds, 
it was not possible to publish all of our pertinent 
observations in the form of original articles. 
Hence, the results of these studies will be 
presented in this monograph in the form of 
standardized tables or briefsummarieB inserted 
in the text under each of the toxicants 
examined. 

Otherwise unpublished observations are 
referred to by their protocol numbers (e.g.: 
"Selye PROT. 27645"). Thus, if interested 
readers wish to obtain further information, 
they can get it by writing us. In the case of 
previously published data, reference is made 
to the original papers, although often additional 
data are included in our tables. 

The term "Standard Conditioners" always 
refers to PCN, CS-1, ethylestrenol, spirono
Iactone, norbolethone, oxandrolone, predni
solone- Ac, progesterone, triamcinolone, DOC 
Ac, hydroxydione, estradiol, thyroxine and 
phenobarbital administered under the standard 
conditions as described here. Unless otherwise 
stated in the tables themselves, all steroids to 
be assayed for possible protective effects have 
been given in 1 ml water by stomach tube 
(p. o.) twice daily, as pretreatment and treat
ment, usually from the first day (4th day 
before toxicant) until the termination of the 
experiment. Steroids poorly soluble in water 
were given in the form of microcrystal Suspen
sions, prepared with the addition of a trace of 
Tween 80. Thyroxine was administered at the 
dose of 200 {Lg in 0.2 ml water (traces of 
Tween 80 and NaOH added to facilitate 
solubilization) once daily s. c. Only when 
steroids were not given p. o., or not at the 
10 mg dose Ievel, is this indicated in the tables. 
Phenobarbital sodium (a typical nonsteroidal 
catatoxic drug) was administered at the 6 mg 
dose Ievel in 1 ml water p. o. twice daily on the 
same days as the steroids. 

In addition to these tables concerning 
individual toxicants, Tables 135-137 present 
the "Protective Spectra" of some steroidal and 
nonsteroidal agents respectively, in a synoptic 
manner and according to a procedure which is 
outlined on pp. 770 ff. 

Unless otherwise specified, all experiments 
were performed on female 90-110 g Holtzman 
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or ARS/Sprague-Dawley strain rats kept on 
Purina Fox Chow and tap water ad lib. 

With each toxicant we registered the 
characteristic functional (motor disturbances) 
or structural (intestinal ulcers, cardiac necrosis, 
calcinosis) changes in terms of an arbitrary 
scale in which 0 = no change, 1 = just 
detectable, 2 =moderate, 3 =maximal change, 
as previously described (Selye G70,421/70, 
G60,083/70). 

However, for statistical evaluation we 
recognized only two grades: minor and some
times dubious degrees of lesions (between "0" 
and "1" in our scale) were rated as negative, 
all others as positive. In the exceptional 
groups comprising less than 10 rats, these data 
as weil as the mortality rates were then 
arranged in a 2 X 2 contingency table, and their 
statistical significance was determined by the 
"Exact Probability Test" of Fisher and Yates 
(Finney D31,291/48 and Siegel G67,296/56). 
In all the other groups, comprising 10 rats or 
more, we used the same procedure of grading, 
but the statistical evaluationwas performed by 
the Chi-square test using the 2 X 2 table. The 
severity of all functional disturbances was 
listed at the time, when the d.ifference between 
the pretreated and not pretreated animals was 
most evident. 

Only in the case of anesthesia or paralysis 
did we assess the results by the time (in 
minutes) necessary to regain the righting reflex. 
Here, the significance of the apparent differences 
between the sleeping or paralysis time of the 
controls and the experimental animals was 
computed by Student's t-test. When one ofthe 
two results was "0", we calculated the statis
tical significance on the basis of confidence 
Iimits. 

In all tables: *** = P < 0.005, ** = 
P < 0.01, * = P < 0.05, NS = Not Signifi
cant. Only in the evaluation of the Synoptic 
Tables 135-137 did we follow another proce
dure as outlined on pp. 770. Plain asterisks (*) 
indicate inhibition, underlined asterisks (.!.) 
aggravation of toxicity. 

The results of completely negative experi
ments are not tabulated but merely mentioned 
under the corresponding toxicants, indicating 
the technique of administering the latter and 
adding the sentence "the 'Standard Condi
tioners' (p. VIII) showed no noteworthy change 
in activity." 

Enzymologie References. The principal 
purpose of this book was to discuss the effect 
of hormones upon resistance, irrespective of 
the underlying mechanisms involved. However, 

since hormones usually regulate resistance to 
toxicants through the induction of drug
metabolizing enzymes, we also wished to 
provide at least a key to the most pertinent 
references concerning purely enzymologic 
studies in this field. Dr. Jürgen Werringloer 
of our Biochemistry Department and Mr. 
Antonio Rodriguez, our Chief-Documentalist, 
are preparing an extensive reference Iist of 
defensive enzyme induction which will be 
published at a later date. However, they have 
kindly supplied me with those sections of their 
index that are particularly pertinent to the 
subject of this monograph. Thus the readers 
will have easy access to references on enzymic 
studies, concerning the action of an inducer 
upon the biotransformation of a toxicant, 
immediately after our discussion of the 
associated morphologic or functional changes. 

These references to Observations on the 
induction of potentially defensive enzymes are 
listed without comments, indicating only the 
substrate, the agent used to influence its 
metabolism and the reference. For details, the 
reader will invariably have to consult the 
original publications listed in the bibliography. 

Among the agents influencing drug metabo
lism, hormones have received the greatest 
attention, but stress, sex, age and various 
interventions considered to be of potential 
endocrinologic interest have also been included. 
On the other hand, excluded from the enzymo
logic references are: 1. Substrates (e.g., amino 
acids, fatty acids) that are primarily involved 
in general metabolism and participate only very 
indirectly, if at all, in detoxication processes 
and resistance. 2. Purely endocrinologic or 
physiologic interactions between hormones 
andfor drugs, as weil as pharmacologic test 
methods. 3. Spontaneaus diseases of man, be 
they targets or agents. 4. The metabolism of 
endogenaus hormones or metabolites, with the 
exception of bilirubin, which is of special 
interest in the treatment of hyperbilirubin
emias by enzyme inducers. 

In the mechanics of indexing, we observed 
the following rules: 

1. Since most pertinent experiments were 
performed on the rat, this species is not 
specifically mentioned. Otherwise, the name 
of the experimental animal is given but, for the 
sake of brevity, in the case of the commonly 
employed rabbit (Rb), guinea pig (Gp), and 
monkey (Mky), in abridged form. 

"In vitro" experiments are defined as those 
in which the entire metabolic study was 
carried out with tissue slices, homogenates or 
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fractions, independently of whether the 
induction took place in the living animal or in 
the test tube. The accession numbers of these 
experiments are italicized (e.g. G74,673f59). 
All other types of observations (e.g., dis
appearance rates of substrates from body 
fluids and tissues, rates of drug elimination in 
urine or bile) are considered "in vivo" and 
especially marked by an asterisk following the 
accession number which is printed in ordinary 
roman numerals (e.g. G74,673/59*). When 
both types of observations were combined, the 
accession number is italicized and followed by 
an asterisk (e.g. G74,673f59*). 

If a Target "T" (drug or substrate) is 
influenced by an Agent "A" (drug), this is 
indicated, thus: T ~ A. 

The enzymologic references dealing with a 
given substrate are listed in a distinctive small 

* 

type (immediately after the abstracts concern
ing the same substrate}, thus: 

Hexabarbital ~ Luteoids: Juchau et al. 
G40,275f66; Blackham et al. G69,913f69*; 
Rümke et al. H14,039f69* 

Ethylmorphine ~ Ovariectomy: Davies 
et al. H22,054f68 

3-Methylcholanthrene ~ Estradiol, 
Mouse: Kirschbaum et al. H27,666/53* 

Carisoprodol ~ Ovariectomy + 4-Chlor
testosterone, Testosterone: Kato et al. G66, 
023/61* 

If the same substrate is simultaneously 
affected by two or more inducers andfor 
antagonists, these are listed in arbitrary order, 
but the first position is assigned preferably to 
agents of endocrine importance. 

In our era, in which interest and material support for research has reached un
precedented proportions, one of the greatest handicaps to the further development 
of science is the growing difficulty of keeping track of the ever expanding mass of 
literature. Hence, a generally acceptable, simplified style of reporting could be of 
immeasurable value. Of course, many laboratory men will say that they lack the 
time, money, library facilities, or the knowledge of foreign languages necessary for a 
thorough personal search of the original Iiterature in an extensive field. Yet, any 
competent scientist must master his own subject. The breadth of his investigations 
may be very limited by lack of documentation, but in his restricted field he will 
eventually gather valuable, expert knowledge which should be made available to 
others as well. It is hoped that the extreme simplicity of reporting in the style recom
mended here will encourage the writing of surveys by authors who would not have 
ventured to do so in the more time-consuming conventional form. Should this be the 
case, correlative investigations would certainly receive a welcome stimulus at a time 
when mass production threatens to discourage the integration of knowledge. H. S. 
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GLOSSARY 

This glossary furnishes succinct descriptions of some of the technical terms and 
abbreviations most commonly used. For additional data of this kind (especially 
synonyms, code numbers and pharmacologic actions of chemical compounds) consult 
the corresponding sections of the text, through the subject index at the end of the 
volume. 

AAF. See N-2-fluorenylacetamide. 
AAN. Acetoaminonitrile, a Iathyrogenic 

compound. 
ACTH. Adrenocorticotrophic hormone of 

the pituitary. 
Actinomycin. Unless otherwise specified, 

this term is used for actinomycin D, recently 
given the official designation dactinomycin. An 
antineoplastic agent, especially for Wilms' 
tumor, which blocks the effect of several 
microsomal enzyme inducers presumably at the 
Ievel of the DNA-dependent RNA polymerase 
reaction (transcription). 

Adaptive hormones. Hormones which in
crease resistance and facilitate adaptive pro
cesses. 

ADH ( antidiuretic hormone ). Vasopressin; 
a hormone of the posterior pituitary, which 
influences reabsorption of water by the renal 
tubule. 

ADH (enzyme). Alcohol dehydrogenase 
(Ec 1.1.1.1). Substrates: ethanol and other 
alcohols, also: aldehyde dehydrogenase (EC 
1.2.1.3). Substrates: aldehydes. 

ADP (adenosine diphosphate). A nucleotide 
which participates in high-energy phosphate 
transfer. 

AF. See aminofluorene. 
Aminoßuorene. AF, a carcinogenic hydro

carbon. 
AMP (adenosine monophosphate). A nuc

Ieotide which participates in high-energy 
phosphate transfer. 

Antagonists (of enzymes). Substarrces 
which inhibit enzyme actions through hitherto 
unspecified mechanisms. 

Antifolliculoid. Blocking the effect of 
folliculoids (e.g., MER-25). Term first intro-

duced for certain androstanes by Selye 
(A60,638/44). 

Antimineralocorticoid. Blocking the effect 
of mineralocorticoids, e.g., spironolactone. 

Antitestoid. Blocking the effect of testoids 
(e.g., cyproterone). 

ANTU. 1-(1-Naphthyl)-2-thiourea. 
APN. Aminopropionitrile, a lathyrogenic 

compound. 
ATP ( adenosine triphosphate ). A nucleotide 

which is an important source of high-energy 
phosphate. 

ATPase (adenosine triphosphatase). An 
enzyme which catalyzes the dephosphorylation 
of ATP. 

Blockers {of enzymes). Substarrces which 
impede the synthesis of enzymes by interfering 
with the production of RNA or proteins (e.g., 
actinomycin, puromycin, ethionine). 

BMR. Basal metabolic rate. 
BSP (Bromsulphalein®, sulfobromophthale

in). A dye used in tests of Ii ver function. 
Catatoxic actions. Increased metabolic 

degradation andjor excretion of potentially 
toxic substances. Usually, catatoxic substances 
result in detoxication, but if the metabolites 
formed are more poisonous than the parent 
compounds, the reverse may be true. 

CNS. Central nervous system. 
Co A.SH {free [uncombined] coenzyme A). 

A pantothenic acid-containing nucleotide which 
functions in the metabolism of fatty acids, 
ketone bodies, acetate, and amino acids. 

0 
II 

Co A.S.C.CHa ( acetyl-Co A, "active acetate"). 
The form in which acetate is "activated" by 
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combination with coenzyme A for participation 
in various reactions. 

Co I (coenzyme 1). Now called NAD (q. v.). 
Co ll (coenzyme ll). Now called NADP 

(q. v.). 
Co ID ( coenzyme ID). A nicotinamide

containing nucleotide which functions in the 
oxidation of cysteine. 

Competitors. Substances which act by 
competitively inhibiting the actions of enzymes 
upon their substrates. 

Conditioning Actions. Actions which prepare 
the organiBm for a special type of response. In 
this volume, the term is mainly used for the 
induction of changes in resistance through 
catatoxic or syntoxic compounds, irrespective 
of the underlying mechanisms and of whether 
the change in reactivity is advantageous or 
disadvantageous. 

CS-1. 9a-Fluoro-11 {J,17 -dihydroxy-3-oxo-4-
androstene-17 a-propionic acid potassium salt, 
the first catatoxic steroid to be identified as 
such. Manufacturer's codenurober is SC-11927. 

CTP ( cytidine triphosphate ). A source of 
high-energy phosphate in phospholipid syn
thesis. 

Cytochrome "P-41i0''. A heme protein 
capable of binding CO to yield a pigment with 
a characteristic absorption peak at 450 IDfL. 
The "active oxygen" produced in the reaction 
of reduced P-450 cytochrome with molecular 
oxygen is thought to be a hydroxylating inter
mediate, possibly a peroxide. 

DAB. See p-diethylaminoazobenzene. 
Dactinomycin. New official name for 

actinomycin D. 
p,p' -DDD. 1,1-Dichloro-2,2-bis(p-chloro

phenyl)ethane, insecticide related to DDT. 
DDT.1,1-Trichloro-2,2-bis(p-chlorophenyl)

ethane, pesticide. 
DHT. Dihydrotachysterol, a vitamin-D 

derivative which at high doses causes tissue 
calcification. 

Dicoumarol. Bishydroxycoumarin. 
p-Diethylaminoazobenzene. DAB, Butter 

Yellow, a carcinogenic hydrocarbon. 
Dioxathion. The new generic name for the 

pesticide previously known as navadel or 
Delnav. 

DMBA. 7,12-Dimethylbenz(a)anthracene, a 
carcinogenic hydrocarbon. 

DMP. Dirnethyl phthalate. 
DMSO. Dirnethyl sulfoxide. 
DNA (deoxyribonucleic acid). The charac

teristic nucleic acid of the nucleus. 
DOC. Desoxycorticosterone. 

DOPA. Dioxyphenylalanine or dihydroxy-
phenylalanine. 

DPN. See NAD. 
ECG. Electrocardiogram. 
EEG. Electroencephalogram. 
EFA (essentiallatty acids). Polyunsatura

ted fatty acids, essential for nutrition. 
EPB. N-Ethyl-3-piperidyl benzilate, an 

antagonist of drug-metabolizing enzyme induc
tion. 

EPDA. N-Ethyl-3-piperidyl diphenylace
tate, an antagonist of drug-metabolizing 
enzyme induction. 

EPN. Phenylphosphonothioic acid 0-ethyl 
0-p-nitrophenyl ester, pesticide. 

ESCN. Electrolyte-Steroid-Cardiopathy 
with Necrosis. 

ESR. Electron spin resonance. 
EST. Electroshock threshold. 
FAD (ßavin adenine dinucleotide). A 

riboflavin-containing nucleotide which parti
cipates as a coenzyme in oxidation-reduction 
reactions. 

F-COL. 9a-Fluorocortisol, a gluco-mine
ralocorticoid. 

:11. This sign indicates continuation of 
treatment, e.g., "First day, ff." means treat
mentwas started on the first day and continued 
until termination of the experiment. 

FFA. Unesterified free fatty acid (also 
called NEFA, UFA). 

Fisher-Yates test. Statistical procedure as 
described by Finney D31,291/48 and Siegel 
G67,296/56. 

N-2-Fluorenylacetamide. 2-Acetylamino
fluorene or AAF, a carcinogenic hydrocarbon. 

FMN (ßavin mononucleotide ). A riboflavin
containing cofactor in cellular oxidation
reduction systems. 

Folliculoid. Follicle-hormone-like, estro
genic, gynecogenic or estromimetic, e.g., 
estradiol. 

FSH (lollicle-stimulating hormone ). A 
gonadotrophic hormone of the anterior pitui
tary. 

Glucocorticoid. Possessing the effects of the 
carbohydrate active hormones of the adrenal 
cortex, e.g., cortisol, triamcinolone. 

G-6-P-ase. Glucose-6-phosphatase (EC 
3.1.3.9). Substrate: D-glucose-6-phosphate. 

GOT. Glutamic-oxalacetic transaminase; 
aspartate aminotransferase (EC 2.6.1.1). Sub
strate: L-aspartate. 

cxGPDH. a-Glycerolphosphate dehydro
genase; glycerol-3-phosphate dehydrogenase 
(EC 1.1.1.8). Substrate: L-glycerol-3-phos
phate). 
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GPT. Glutamic-pyruvic transaminase; ala
nine aminotransferase (EC 2.6.1.2). Substrate: 
L-alanine. 

Hepatectomy (partial). The term, if applied 
to the rat and not otherwise qualified, refers 
to the usual procedure which removes about 
65-70% of the liver tissue (Waelsch and 
Selye 3972/31). 

HMP shunt (hexose monophosphate shunt). 
An alternate pathway of carbohydrate me
tabolism. 

IDP (inosine diphosphate). A hypoxan
thine-containing nucleotide which participates 
in high-energy phosphate transfer. 

IDPN. ß,ß'-lminodipropionitrile, a com
pound producing neurolathyrism. 

lnduction. Selective stimulation of enzyme 
synthesis. 

Inhibitors (ol enzymes). Substarrces which 
antagonize the enzymes themselves (e.g., SKF 
525-A), in contradistinction to blockers of 
enzyme synthesis and to substances which act 
by competition for substrates. 

ITP (inosine triphosphate). A deamination 
product of ATP, functioning similarly to ATP, 
as a source of high-energy phosphate. 

lU. International unit(s). 
Lathyrogens. Compound producing either 

osteo- or neurolathyrism, e.g., aminopropio
nitrile, or "APN", iminodipropionitrile, or 
"IDPN". 

LDH (Iactic acid dehydrogenase). (EC 
1.1.1.27). An enzyme whose activity may be 
measured in serum for diagnosis of certain 
acute diseases, e.g., acute myocardial infarc
tion. 

LH (Iuteinizing hormone ). A gonadotrophic 
hormone of the anterior pituitary. 

LTH (Iuteotrophic hormone ). A hormone 
of the anterior pituitary possibly identical 
with the lactogenic hormone. 

Luteoid. Corpus luteum hormone-like, 
progestational, gestagenic, progestagenic, e.g., 
progesterone. 

MAD. Methylandrostenediol, 17 oc-methyl-
5-androstene-3ß,17 -diol, an anabolic testoid. 

MAO. Monoamine oxidase. 
MAT. Methionine adenosyltransferase (EC 

2.5.1.6). Substrate: L-methionine. 
3-MC. See 3-methylcholanthrene. 
3-Methylcholanthrene. 3-MC, same as 

20-methylcholanthrene. A carcinogenic hydro-
carbon. 

Mineralocorticoid. Possessing the effects of 
the salt metabolism regulating hormones of the 
adrenal cortex, e.g., aldosterone, DOC. 

MPDC. N-Methyl-3-piperidyl diphenyl
carbamate, an antagonist of drug-metabolizing 
enzyme induction. 

MSH (melanocyte-stimulating hormone). 
A hormone of the pituitary which increases 
deposition of melanin by the melanocytes. 

NAD (nicotinamide adenine dinucleotide). 
Formerly termed DPN (diphosphopyridine 
nucleotide). A nicotinamide-containing nuc
leotide which functions in electron and hydro
gen transfer in oxidation-reduction reactions. 
Coenzyme I. 

NADH. Reduced form of NAD. 
NADP (nicotinamide adenine dinucleotide 

phosphate ). Formerly termed TPN (triphospho
phyridine nucleotide). A nucleotide with func
tions and structure similar to those of NAD. 
Coenzyme II. 

NADPH. Reduced form of NADP. 
Navadel. A pesticide now known as 

dioxathion. 
NEFA (nonesterified latty acids). The 

major form of circulating lipid used for energy 
(= UFA). 

NPN. Nonprotein nitrogen. 
0 KT. Ornithine-ketoacid aminotransferase 

(EC 2.6.1.13). Substrate: L-ornithine. 
OMP A. Octamethyl pyrophosphoramide. 

An anticholinergic insecticide. 
P ABA (para-aminobenzoic acid). A factor 

among the B vitamins. 
PCN. 3 ß-Hydroxy-20-oxo-5-pregnene-16oc

carbonitrile, SC-4674. A synthetic steroid 
carbonitrile with strong catatoxic activity. 

Repression. Selective inhibition of enzyme 
synthesis. 

RER. Rough endoplasmic reticulum. 
RES. Reticulo-endothelial system. 
Reversal. The phenomenon of the inverse 

response to a catatoxic agent which causes the 
latter to aggravate the same lesion which it 
normally prevents (e.g., aggravation of digi
toxin convulsions by spironolactone, when the 
latter is administered a few hours after digi
toxin). 

RNA (ribonucleic acid). The characteristic 
nucleic acid of cytoplasm involved in protein 
synthesis. 

mRNA. Messenger RNA. 
SER. Smooth endoplasmic reticulum. 
sRNA. Soluble RNA (same as tRNA 

[transfer RNA]). 
SC-11927. The manufacturer's code number 

for CS-1. 
SDH. L-Serine dehydratase (EC 4.2.1.13). 

Substrate: L-serine. 
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SGOT (serum glutamic oxaloacetic trans
aminase). An enzyme often measured in serum 
for diagnosis of acute myocardial infarction or 
Iiver diseases. 

SGPT (serum glutamic pyruvic trans
aminase). An enzyme which may be measured 
in serum for diagnosis of certain types of Iiver 
disease. 

Spermatogenic. Having the ability to 
stimulate the spermatogenic epithelium and 
mainly to protect it agairrst atrophy caused by 
deficiency in gonadotrophic hypophyseal hor
mones, e.g., pregnenolone, androstenediol. 

STH. Somatotrophic hormone of the 
pituitary (growth hormone). 

Syntoxic actions. Stimulation of biologic 
responses which permit coexistence with 
potential pathogens by altering the irritability 
of the host's tissues without attacking the 
pathogen. 

T3. Triiodothyronine. 
T4. Tetraiodothyronine, thyroxine. 
TDH. Threonine dehydratase (EC 4.2.1.16). 

Substrate: L-threonine. 
TEA. Tetraethylammonium, a ganglionic 

blocking agent usually given as the bromide or 
chloride. 

Testoid. Male-hormone-like, androgenic, 
andromimetic, e.g., testosterone. 

TKT. Tyrosine-a-ketoglutarate transamin
ase; tyrosine aminotransferase (EC 2.6.1.5). 
Substrate: L-tyrosine. 

TMACN. 17 ß-Hydroxy-4,4,17 -trimethyl-3-
oxoandrost-5-ene-2 a-carbonitrile, trimethyl
androstenolone carbonitrile, also designated as 
2a-cyano-4,4,17 a-trimethylandrost-5-ene,17 ß
ol,3-one. A highly potent catatoxic steroid 
carbonitrile which causes a syndrome of 
adrenocortical hyperplasia with sexual ano
malies in the newborn, when given to pregnant 
rats. The effect is presumably due topresistent 
inhibition of fetal 3 ß-hydroxysteroid dehydro
genase and LJ5-4.isomerase. The compound is 
often referred to as "cyanoketosteroid." 

TPN. See NADP. 

TPO. Tryptophanoxygenase (EC 1.13.1.12). 
Substrate: L-tryptophan. 

TPP (thiamine pyrophosphate ). The thi
amine-containing coenzyme which is cofactor 
in decarboxylation. 

Transcription. Readout of genetic infor
mation to form an RNA template. 

Translation. Readout of the RNA-coded 
information in the process of enzyme synthesis. 

TSH (thyroid-stimulating hormone). A hor
mone of the anterior pituitary which influen
ces the activity of the thyroid. 

TTH (thyrotrophic hormone). Same as 
TSH. 

UDPG (uridine diphosphoglucose). An 
intermediary in glycogen synthesis. 

UDPGal. Uridine diphosphogalactose. 
UDPGluc. Uridine diphosphoglucuronic 

acid. 
UF A. Unesterified free fatty acids 

(=NEFA). 
UTP. Uridine triphosphate. 
Xenobiochemistry. Term recommended for 

the "biochemistry of foreign organic com
pounds" in the preface of the monograph 
"Detoxication Mechanisms" (Williams E906/ 
59). 

Xenobiotics. The authors recommend the 
term "xenobiotics" (from the Greek "xenos" 
and "bios" for "stranger to Iife") for com
pounds which "are foreign to the metabolic 
network of the organism." It is clearly re
cognized that the mixed function oxidases 
responsible for the degradation of many 
xenobiotic compounds are also participating 
in the metabolism of steroids, Iipids and other 
normal components of the body and food 
(Mason et al. F51,528/65). Substrates for 
NADPH oxygen and cytochrome P-450 
dependent microsomal enzymes (Leibman 
G 66,210/69). Also defined as substrates which 
"are metabolized by mixed function oxidases 
localized in the endoplasmic reticulum of the 
liver" (Gillette et al. E8,216/69). 
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REVIEWS 

This book attempts to abstract and discuss the Iiterature directly concerned with 
the effect of hormones and hormone derivatives upon resistance. The theoretic in
terpretation of the underlying mechanisms, in partiewar the mobilization of enzymic 
mechanisms for defense, are still quite incompletely understood and will conse
quently receive much less meticulous attention. However, the true understanding 
of hormone-dependent resistance phenomena can only come through further explo
ration and clarification of the basic chemical mechanisms which in many cases are 
similar to, if not identical with, those underlying hepatic microsomal drug-metaboli
zing enzyme inductions by nonhormonal agents. 

In the following pages special emphasis is layed therefore upon review articles 
covering those fields which are less completely discussed in the body of this 
monograph. Foremost among these are generalities about enzyme induction 
especially by hormones and hormone-like substances, particularly by catatoxic 
steroids, as weil as the concept of adaptive enzymes in general. Additionalreview 
articles specifically dealing with certain aspects of the role of hormones in 
resistance will be found in the corresponding sections of the text. 

En111yme lnduction in General 

Dorfmann B76,571j52: Review (40 pp., 
about 70 refs.) on "Steroids and Tissue Oxi
dation," with special reference to the activa
tion of enzyme systems but not particularly 
those involved in detoxication. 

Krwx et al. E83,471f56: Review (90 pp., 
752 refs.) on "Enzymatic and Metabolie 
Adaptations in Animals" with special reference 
to hormonal, sex-dependent and diet-induced 
adaptive enzymic changes, but without 
special reference to hepatic microsomes. 

Brodie et al. E92,717f58: Review (27 pp., 
148 refs.) on the enzymic metaboliBm of drugs 
with special reference to the kind of enzyme 
systems that can be induced. 

Knox G67,799f58: Review (17 pp., 35 refs.) 
on "Adaptive Enzymes in the Regulation of 
Animal Metabolism" mainly concerned with 
factors inducing hepatic TPO activity. 

Williams E906f59: Monograph (796 pp., 
numerous refs.) on "Detoxication Mecha
nisms-The MetaboliBm and Detoxication of 
Drugs, Toxic Substances and Other Organic 
Compounds." 

1 Selye, Hormones and Resistance 

Axelrod G66,350f62: Review on the deme
thylation and methylation of drugs and 
physiologically active compounds by hepatic 
microsomes. 

Brodie G55,013f62: Review (22 pp., 26 refs.) 
on drug metabolism with special reference to 
subcellular mechanisms in hepatic micro
somes. 

Bousquet H 11,613!62: Review (12 pp., 
135 refs.) on the pharmacology and bioche
mistry of drug metabolism with special refe
rence to microsomal enzymes. 

Oonney &:: Bums G67,166f62: Review on 
factors influencing drug metaboliBm with 
special emphasis upon microsomal enzyme 
induction. 

GilletteE52,874f62: Review (16 pp., 51 refs.) 
on "Oxidation and Reduction by MicrosomaJ 
Enzymes." 

Remmer G67,788f62: Review (21 pp., 
22 refs.) on drugs which induce drug-meta
bolizing enzymes in the liver. "Administration 
of these drugs results in (1) accelerated 
metabolism of steroids such as testosterone 
and Ll'-androstene-3,17 -dione by liver micro
somes, (2) accelerated metabolism of TPNH by 
liver microsomes, and (3) accelerated in vivo 
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metabolism of D-glucose and D-galactose to 
D-glucuronic acid, L-gulonic acid and L-ascor
bic acid." 

Remmer G66,542f62: Review (21 pp., 
34 refs.) on drug tolerance with special refe
rence to barbiturates. 

Gillette G51,908f63: Review (62 pp., nume
rous refs.) on "Metabolism of Drugs and Other 
Foreign Compounds by Enzymatic Mecha
nisms." 

Gillette G66,248f63: Review (8 pp., 14 refs.) 
on the induction of hepatic microsomal en
zymes by various drugs and hormones. 

Rosen & Niehol E3,837f63: Review (38 pp., 
about 170 refs.) on the effect of corticoids 
and adrenalectomy upon enzyme activity 
mainly in the liver, but also in other 
tissues, in vivo and in vitro. 

Burns G41,546f64: Editorial on the impli
cations of enzyme induction for drug therapy. 

Burns & Conney G71,448f64: Review 
(25 pp., 57 refs.) on the therapeutic implications 
of drug metabolism in man. 

Shuster F38,575f64: Review (25 pp., 
173 refs.) on the "Metabolism of Drugs and 
Toxic Substances." 

Burns & Conney F56,503f65: Briefreview 
on the role of enzyme induction in the 
metaboliBm of drugs. 

Conney G41,879f65: Review (20 pp., 
104 refs.) on the role of enzyme induction in 
drug toxicity. 

Gillette G66,246f65: Review on factors 
influencing the toxicity of drugs, with a brief 
section on hepatic microsomal enzymes. 

Gillette E7,538f66: Review (42 pp., about 
200 refs.) on the biochemistry of drug oxida
tion and reduction by enzymes in hepatic 
endoplasmic reticulum. 

Jayle & Pasqualini G67,284f66: Review 
(36 pp., 267 refs.) on glucuronic acid conjuga
tion of steroids and thyroxine. Literature is 
cited to show that glucuroconjugation of 
thyroid hormones occurs also in eviscerated 
rats and hepatectomized dogs, whereas steroid 
glucuronides are not formed in hepatectomiz
ed and eviscerated mice. This suggests that 
glucuroconjugation of thyroid hormones, un
like that of steroids, can occur in extrahepatic 
tissue. 

Chiancone F85,259f67: Review of the 
mechanisms regulating hepatic TPO activity. 

Conney F88,649f67: Review (49 pp., 
379 refs.) on the "Pharmacological Implica
tions of Microsomal Enzyme Induction." 

Gillette G67,333f67: Review (25 pp., about 
150 refs.) on drug detoxication by hepatic 
microsomal enzymes. 

Ki'TI.{J & Burgard G46,498f67: Review (6 pp., 
40 refs.) on the induction of drug-metabolizing 
enzymes. 

Goldstein et al. E165f68 (p. 274): Review 
on the age factor in the induction of 
microsomal drug-metabolizing enzymes. 

Manneri'TI.{J G71,818f68: Review (68 pp., 
325 refs.) on the "Significance of Stimulation 
and Inhibition of Drug Metabolism in 
Pharmacological Testing." Most of the indu
cing agents and substrates tested are tabulated 
with references to the corresponding literature. 
Special emphasis is laid upon the existence 
of several mechanisms of induction (pheno
barbital type, polycyclic hydrocarbon type), 
the chemistry of microsomal drug metabolism, 
tests for enzyme induction, and clinical 
applications. 

Manneri'TI.{J G75,980f68: Review (26 pp., 
89 refs.) on stimulation and inhibition of drug 
metabolism. 

Brodie G72,492f69: Review (4 pp., no refs.) 
on "Some Prospects in Toxicology" with 
special reference to drug-metabolizing en
zymes. 

Conney H 8,988/69: Review (7 pp., 28 refs.) 
on drug metaboliBm with special reference to 
its application in therapeutics. 

Filner et al. H 15,309/69: Review of the 
Iiterature on enzyme induction in plants. An 
extensive Table lists the plants examined 
with the enzymes, cofactors, or inhibitors 
involved. 

Gillette et al. E8,216f69: Proceedings of a 
symposium (547 pp., numerous refs.) on 
"Microsomes and Drug Oxidations" held 
with the participation of 52 internationally 
known specialists, in Bethesda, Maryland, 
February 1968. 

Hayaishi H13,776f69: Review (23 pp., 
201 refs.) on enzymic hydroxylation with a 
special section on microsomal monooxyge
nases. 

Kuntzman G64,989f69: Review (35 pp., 
109 refs.) on "Drugs and Enzyme Induction." 

Staudi'TI.{Jer et al. H 20,267!69: Review (7 pp., 
40 refs.) on oxidative drug metaboliBm with 
special reference to the underlying mechanism. 

VariousauthorsG68,203f69: Review (27 pp., 
42 refs.) on "Application of Metabolie Data 
to the Evaluation of Drugs. A Report 
Prepared by the Committee on Problems 
of Drug Safety of the Drug Research Board, 
National Academy of Sciences-National 
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Research Council." A large section of this 
report is devoted to the inactivation of drugs 
by microsomal enzymes. It is emphasized that 
"it is difficult to predict from in vitro data 
alone whether inhibitors of the cytochrome 
P-450 enzymes will significantly block the 
metabolism of drugs in laboratory animals and 
in patients." Furthermore, "phenobarbital 
administration Ieads to an increase in virtually 
all known enzymatic pathways by causing an 
increase in both NADPH cytochrome C 
reductase and cytochrome P-450. Although 
phenobarbital is known to act by increasing 
the synthesis of enzyme protein, it may also 
act by slowing the turnover of the various 
components of the endoplasmic reticulum." 

Aldrete & Weber G75,396f70: Review 
(17 pp., 96 refs.) on the role of the liver in the 
detoxication of anesthetics and muscle re
laxants. 

Conney G70,316f70: Review on environ
mental factors influencing drug metabolism 
with special reference to hepatic microsomal 
enzyme induction. 

Conney & Kuntzman G70,540f70: Review 
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I. INTRODUCTION, TERMINOLOGY 
AND CLASSIFICATION, METHODS 

A. INTRODUCTION 

The purpose of this book is to exam.ine how hormones can influence the 
resistance of the body to changes in its environment. 

We became interested in this matter when we began to realize the decisive role 
played by hormones in the "General Adaptation Syndrome" (G.A.S.), the stereotyped 
response to stress as such, which develops whenever exposure to any kind of 
stimulus requires acute or chronic adaptive readjustment. 

In the earlier stages of the G.A.S., the instantly acting epinephrine and 
norepinephrine, later the corticoids, appear to be more important for defense. Among 
the latter, the glucocorticoids play a particularly crucial part in the regulation of 
nonspecific resistance. They are secreted under the influence of ACTH, whose 
discharge from the pituitary is in turn regulated by a hypothalamic releasing factor. 
These observations showed that a whole chain of endocrine messengers is 
concerned with the maintenance of resistance to environmental changes. 

It is not yet clear to what extent hormones, other than those of the 
hypothalamus-pituitary-adrenal axis, influence adaptability to stress in general, 
but numerous accidental observations have suggested that resistance to many 
pathogens can also be greatly enhanced or diminished by an excess or deficiency of 
thyroid, gonadal and pancreatic hormones. These may be secreted in response to a 
need, or they may modify reactivity merely through their continuous presence in the 
body, irrespective of requirements. 

Originally, the principal functions of hormones were seen in the regulation of sex, 
growth, differentiation and metabolism in general. Analysis of the mechanism of the 
G.A.S. called attention to the fact that at least the pituitary and adrenal hormones 
participate in a natural adaptive mechanism. Occasional observations on changes 
in resistance to certain agents, caused by other hormones, were usually brushed off 
as mere curiosities or incidental "pharmacologic actions" having no fundamental 
biologic importance. 

The time has come to question this view. Resistance to many drugs is influenced 
by the removal of endocrine glands or the administration of physiologic amounts of 
their hormones which could hardly be said to act as "drugs." In order to facilitate 
work on the role of endocrine factors in resistance, this book was designed to 
accomplish a dual task: 1. To describe numerous (partly unpublished) personal 
observations on the effect of various hormones upon adaptation to exogenous stimuli; 
2. to review and correlate the relevant observations scattered throughout the lite
rature, many of which are hard to find, since they are often recorded incidentally in 
publications on other topics. 
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At this stage, it is still not easy to detect much lawfulness in the hormonal 
control of nonspecific resistance, apart from the G.A.S.; yet it is now, when pertinent 
systematic studies are just beginning, that an inventory of the established facts is 
most urgently needed. 

Meanwhile, it is even difficult to see how this kind of research should be planned. 
In the past, relevant facts were obtained mainly by chance, but we are not likely to 
succeedin unravelling the complex hormonal regulatory system of resistance by mere 
empiricism. 

Of course, the great question is: Through what mechanisms do hormones affect 
resistance 1 We have learned that some of them, the predominantly "syntoxic 
hormones," merely adjust the body's response, so that it tolerates pathogens without 
attacking them; others, the predominantly "catatoxic hormones," actually destroy 
the aggressor, mostly through the induction of drug-metabolizing enzymes. That 
much has been found more or less by chance. 

Because of their antistress effect, the glucocorticoids proved to be highly efficient 
in normalizing the otherwise low resistance of adrenalectomized animals to virtually 
all types of damage. However, our hopes of raising stress resistance above normal did 
not materialize. Neither treatment with corticoids, nor with any other hormones 
succeeded in increasing nonspecific resistance much above the Ievel assured by a 
normally functioning endocrine system. Yet, the experiments which established this 
disappointing fact, quite unexpectedly showed that certain hormones or hormone 
derivatives possess also an extraordinary protective effect, at least against certain 
types of intoxications. Thus, we saw that thyroxine protects against such diverse 
lesions as the nephrocalcinosis produced by dietary excess of NaH2P04, the skeletal 
changes elicited by lathyrogenic amines and intoxication with elementary yellow 
phosphorus. Later, we found that ethylestrenol prevents digitoxin poisoning and 
shortens the anesthetic effect of various barbiturates and steroid hormone derivatives. 
It also became evident that the antimineralocorticoid compound CS-1 protects 
against acute intoxication by dihydrotachysterol and the infarctoid cardiac necroses 
produced by various combinations of corticoids, electrolytes, Iipids and stress. 
Conversely, thyroxine proved to increase sensitivity to various insecticides, 
anticoagulants and indomethacin. These, and many other observations cited in this 
volume, clearly showed that resistance to many agents is decisively influenced by the 
endocrine system, but we still had no way of predicting which hormones would 
raise or decrease the effect of a given drug. 

It was at this point that we decided to initiate systematic investigations on 
the possible resistance-modifying effect of a carefully selected series of hormones 
and hormone derivatives, with vastly different endocrine properties. These 
compounds were tested against numerous drugs chosen more or less at random; yet, 
the toxicity of most of them was decisively influenced by one or the other compound 
in our series. Raudom fact gathering is not a very elegant way of scientific investi
gation; yet, in the beginning, all we could do was to test many hormones for their 
possible protective effect against many agents. At this stage, our work was not 
guided by any logically conceived theory concerning the underlying mechanisms; it 
rested merely on the hope that the adaptive hormones could be properly classified 
on the basis of their defensive actions as manifested by simple observations in vivo. 
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If so, the individual members of each class thus identified could then be subjected 
to a more profound pharmacokinetic analysis. 

In other words, we had to determine first which hormone protects against which 
drug, before we could explore how it did this. We had to know first that a hormone 
has adaptive value before we could ask whether this is due to a syntoxic or a catatoxic 
mechanism. Such observations, as the fact that an indomethacin-induced intestinal 
ulcer can be prevented by ethylestrenol, orthat cortisol aggravates certain infections, 
reveal nothing about how these hormones work; but only findings of this type can 
tell us where further research would be rewarding. 

Of course, scientists can rarely identify by direct observation the tbings that they 
are looking for; most of the time they have to be guided by indirect indices. The 
ebernist often first detects a compound, or even a particular functional group in its 
molecule, by inference from a color reaction, a revealing X-ray diffraction pattern or 
the formation of a characteristic precipitate. The physician must first suspect the 
presence of a microbe through certain clinical signs and symptoms before he can 
verify his diagnosis by looking for a particular organism. It is perhaps not too daring 
to hope that in our first efforts to clarify the role of hormones in resistance, simple, 
directly visible indicators might also serve us best. 

These thoughts have guided the experimental investigations and the selection of 
the Iiterature discnssed in this book. Therefore, major emphasis will be placed on 
such immediately detectable manifestations of activity as morphologic and functional 
changes or mortality rates, these being most suitable for the large-scale experimenta
tion on many compounds, which is required to obtain material for meaningful 
generalizations. Unfortunately, it will not be possible to present an equally complete 
picture of the much more fundamental biochemical changes that are responsible for 
the observed phenomena. Besides, in most cases, these have not yet been elucidated; 
but where such information is available, key references will be given, especially to the 
most important data on enzyme induction. 

It would have been redundant to burden the Abstract Section and the 
bibliography of this volume by the repetition of Iiterature surveys on related pheno
mena already published in other monographs. These earlier data helped us 
considerably in the evaluation of the topics presented here and will be incorporated 
in the discussions, but without specific reference to individual papers. In particular, 
it would have served no useful purpose to dilute our account with the voluminous 
Iiterature on the antistress, antiphlogistic, immunosuppressive, ulcerogenic and 
other well-known actions of corticoids, or the specific interactions between various 
sex hormones. The same is true of the bibliographies on the restoration of resistance 
by corticoids in adrenal insufficiency and the hormonal control of various 
"pluricausallesions." For details on all of these subjects, the reader is referred to the 
corresponding sections of the monographs listed below: 

Selye, H.: Textbook of Endocrinology. 
Second Edition. Montreal: Acta Inc., Med. 
Publ., 1949. 

Selye, H.: Stress. Montreal: Acta Inc., 
Med. Publ., 1950. 

Selye et al.: Annual Reports on Stress. 
Montreal:Actalnc.,Med.Publ., 1951-1955/56. 

Selye, H.: The Chemical Prevention of 
Cardiac Necroses. New York: The Ronald 
Press Co., 1958. 

Selye, H.: The Pluricausal Cardiopathies. 
Springfield: Charles C ThomasPubl., 1961. 

Selye, H.: Calciphylaxis. Chicago: The 
University of Chicago Press, 1962. 
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Selye, H.: The Mast Cells. Washington: 
Butterworths, 1965. 

Selye, H.: Thrombohemorrhagic Pheno
mena. Springfield: Charles C Thomas Pub!., 
1966. 

Selye, H.: Anaphylactoid Edema. St. Louis: 
Warren H. Green, Inc., 1968. 

Selye, H.: Experimental Cardiovascular 
Diseases. Berlin - Heidelberg - N ew Y ork: 
Springer-Verlag, 1970. 

B. TERMINOLOGY AND CLASSIFICATION 

PRINGIPLES GUIDING THE GLASSIFIGATION OF 
HORMONE AGTIONS IN GENERAL 

Before attempting to present a system for the classification of the adaptive 
hormones let us say a few words about the justification for the distinction of such 
pharmacologic categories in general. We shall use the steroids as our example, not 
only because many of them have adaptive value, but also because in this field of 
endocrinology, systematization has been most necessary and most feasible. Organic 
chemistry has furnished the pharmacologist with several thousands of steroids for 
bioassay, and the complexity of the interrelations between chemical structure and 
pharmacologic potency, as well as between the various pharmacologic actions of the 
same compound, appeared to defy all attempts to define circumscribable groups of 
biologic actions. Yet, without the recognition of classes which can be distinguished 
from each other on the basis of such criteria, science could not progress. 

In biology, classifications invariably lack precision, because allvital processes are 
more or less interdependent, and the transitions between the different manifestations 
of life are gradual. A dog is obviously an animal, an apple tree a plant, but no matter 
how we define these two classes, there will always remain some primitive organisms 
which fit both equally weil. A horse is a living being, a rock an inanimate object, but 
although in certain viruses the distinction is virtually impossible, biology could not 
get along without the concept of "life." 

The same difficulties exist in every type of pharmacologic classification. The 
study of drug actions would be impossible without such concepts as anesthetics, 
diuretics, hepatotoxic substances, or antiphlogistics; yet, no drug exhibits a single 
action selectively. We would be hard put to define a "poison," but the science of 
toxicology could not exist without this concept. 

No one would quarrel with these truisms but, in practice, we tend to forget them 
and make desperate efforts to find non-overlapping classifications. This is impossible. 
The typical members of any group are easy to place, but there always remain inter
mediates which fit two or more classes. Yet, science could not exist without systema
tization, that is the creation of classes, imperfect as they may be. The point is not 
to avoid such imperfections, which would be a futile effort, but to define them as 
clearly as possible. The singular biologic polyvalence of the steroid molecule makes 
the classification of its manifold actions particularly difficult, but some degree of 
precision is attainable. 

The basic principle according to which the pharmacologic activities of steroids 
are classified, is that certain actions are independent of each other, while others are 
merely subordinate manifestations of such independent actions, and hence, 
dependent upon them. It must be clearly understood that independent steroid· 
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hormone aetions are characterized by the fact that each of them can be exhibited 
independently of any of the others; that is to say, there is no direct parallelism be
tween the degree to which a cornpound exhibits its various independent actions. In 
this sense, we recognize the independent nature of the following pharmacologic 
properlies: 

1. Follieuloid (follicle-hormone-like, estrogenic, gynecogenic or estromimetic); 
e.g., estradiol. 

2. Testoid (rnale-horrnone-like, virilizing, androgenic, andrornimetic); e.g., 
testosterone. 

3. Luteoid (corpus luteum-hormone-like, progestational, gestogenic, gestagenic, 
progestagenic); e.g., progesterone. 

4. Glueoeorticoid (possessing the effects of the carbohydrate-active hormones of 
the adrenal cortex); e.g., corlisol, triarncinolone. 

5. Mineraloeortieoid (possessing the effects of the salt metabolisrn-regulating 
hormones of the adrenal cortex); e.g., aldosterone, DOC. 

6. Sperrnatogenie (having the ability to stimulate the sperrnatogenic epitheliurn 
and rnainly to protect it against atrophy caused by deficiency in gonadotrophic 
hypophyseal hormones); e.g., pregnenolone, androstenediol. 

7. Anabolie (stimulating protein anabolisrn). This effect is usually cornbined with 
testoid activity, but does not necessarily run parallel with it. The renotrophie action 
(enlargement of kidney size due to tubular hypertrophy) of certain steroids parallels 
their anabolic actions more closely and may be dependent upon the latter; e.g., 
ethylestrenol, norbolethone. 

8. Antimineraloeortieoid (blocking the effect of mineralocorticoids); e.g., spirono
lactone. 

9. Anesthetie (production of general anesthesia); e.g., pregnanedione, hydroxy
dione. 

10. Catato:xie (ability to enhance the metabolic inactivation andjor excretion of 
toxic substances); e.g., spironolactone, ethylestrenol. (As far as can be judged from 
presently available evidence, synto:xie activity is inseparably linked with corticoid 
actions and hence cannot be regarded as an independent horrnone effect.) 

Probably this list could be considerably prolonged if we had enough evidence to 
prove the independent nature of several additional steroid-hormone effects which, 
on the basis of available data, rnay well be independent; e.g., the antifolliculoid, 
antitestoid, antigonadotrophic and nephrocalcinotic actions. The distinction is often 
difficult; for example, sorne steroids produce excitation and convulsions instead of 
anesthesia, but it would be hazardous to regard the two effects as truly independent, 
since even the sleep induced by typical steroid anesthetics is often preceded by a 
state of excitation. 

While some steroid-hormone actions are completely independent (e.g., the anesthe
tic effect), many are preferentially associated with certain other effects (e.g., the 
thymolytic action). The latter is characteristic of glucocorticoids, folliculoids and 
testoids, but not of mineralocorticoids, anesthetics or luteoids. Sirnilarly, the cata
toxic effect may be associated with antirnineralocorticoid, anabolic, or even gluco
corticoid properties but, as far as we know, never with folliculoid or mineralocorti
coid actions. 
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A de.,endent steroid-hormone action is merely an individual manifestation of one 
of the independent action groups just enumerated (e.g., the vaginal, uterine and 
behavioral estrus changes characteristic of folliculoids, or the stimulation of the 
different male accessory sex organs by testoids). Even here, the interdependence of 
the various manifestations subordinate to the same independent effect is not absolute; 
cerlain sex hormones may stimulate different sex organs preferentially, though never 
quite selectively. 

It is of fundamental imporlance to know that cerlain steroid actions can, whereas 
others cannot, be obtained selectively; however, the distinction between totally 
independent effects and those preferentially associated with cerlain other actions 
is not sharp. Some steroid-hormone actions appear to be quite incompatible (e.g., 
corlicoid and folliculoid), whereas others show a more or less pronounced tendency 
to be combined (e.g., anabolic and catatoxic). 

We still know virtually nothingabout the molecular properlies responsible for the 
various steroid-hormone actions. However, if we are to analyze these, we must 
first attempt to formulate concepts which- no matter how speculative they may 
be- could give us some idea of the physico-chemical properlies that might account 
for the observed, virtually innumerable, combinations of the biologic effects that can 
be elicited by the steroid molecule. We know that concurrent treatment with two 
steroids may Iead simultaneously to synergisms between some, and antagonisms 
between others of their pharmacologic actions; hence, we must first consider the 
possibility of intramolecular pharmacologic interactions between different properlies 
of the same molecule. 

Cerlain effects, thought to be subordinate to an independent action with which 
they are usually associated, may be inhibited either by additional repressor properlies 
of the evocative steroid itself or by concurrent treatment with a second agent. How
ever, if they can be selectively blocked by any means, they are not obligatory 
consequences of the main independent effect, and must act through a distinct 
mechanism. These are the actions which we regard as independent, but preferentially 
associated with certain other pharmacologic activities. Their interrelations may be 
schematically illustrated as follows: 

~ Steroid I ~ 
A 8 

c 

~ Steroid n 

~ A 

c 

Steroid ill ~ 
8 

c 

"Steroid I" possesses two groupings "*" and "+ ,'' responsible respectively for 
actions "A" and "B." Without further evidence, the possible independence of these 
actions cannot be ascerlained. However, if a "Steroid II" exhibits only action "A" 
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and "Steroid III" only action "B," the separability of the two properties is 
established. 

"Steroid IV" also exhibits two properties, "C" and "D," but these are due to the 
same molecular characteristic (white circle), and hence are interdependent. For 
example, they may merely represent different effects of an intermediate "i." However, 
this basic interdependence may be overcome by a selective blockade of action "D." 
In "Steroid V," the molecule itself possesses an appropriate D-repressive grouping 
(black circle), but a selective C-type of effect can also be obtained with Steroid IV if a 
separate D-inhibitor substance is concurrently applied. 

Intramolecular antagonisms make it difficult to distinguish with certainty, 
dependent from independent hormone actions. But this distinction would be only 
theoretic in any case, because the end result is the same, whether a compound has 
only one effect or two potentially interdependent actions, one of which is supp.ressed. 
It is immaterial whether an effect is selective because it is caused by a single molecular 
property, or because other potentialities are masked by additional features of the 
same molecule. 

The study of pharmaco-chemical interrelations within a steroid molecule is not 
concerned with the feasibility of blocking one of two interdependent actions by other 
compounds. However, it is very important to explore this possibility, when only one 
of two interdependent actions is desirable. In addition, such studies on intermole
cular antagonisms show us which actions are incompatible and may therefore be 
expected to be also suppressed by intramolecular antagonisms. 

For example, the observation that steroids with strong folliculoid activity are 
usually devoid of catatoxic actions has Iead to experiments showing that the effects 
of typical catatoxic steroids can be blocked by concurrent treatment with folliculoids. 
This finding strongly suggests that chemical characteristics, adequate for the induc
tion of catatoxic effects, might likewise be blocked through intramolecular antago
nisms in compounds possessing also strong folliculoid actions. 

It is not our purpose to discuss every theoretically possible intramolecular 
antagonism, but one additional common source of confusion should be mentioned. 
As previously stated, it is generally agreed that the thymolytic activity is a subordi
nate effect of glucocorticoids, invariably associated with their other actions; yet, it is 
also an obligatory subordinate effect of folliculoids. It may be tempting to assume 
therefore that this effect is dependent upon either glucocorticoid or folliculoid acti
vity. Still, in folliculoids it occurs independently of glucocorticoid, and in 
glucocorticoids independently of folliculoid activity; hence, it is not necessarily 
dependent upon either one of these. 

Thymolysis 

Glueoeort ieoi d 

Corbohydrote 
metobolism 

Life mointenance 
oller adrenalectomy 

Follieuloid 

Voginol 
estrus 

Thymolysis 

As shown here, in addition to their thymolytic effect, glucocorticoids act (among 
other things) on carbohydrate metabolism and they maintain life after adrenalec
tomy, whereas folliculoids cause vaginal estrus and block the life-maintaining action 
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of glucocorticoids. The thymolytic effect is not wholly independent, it is associated 
with either glucocorticoid or folliculoid activity, but it is not necessarily dependent 
upon either one of these. If this type of antagonistic interaction could also occur 
within a single molecule, it would explain why among the numerous steroids proven 
to possess life maintenance activity in adrenalectomized animals, none exhibits 
appreciable folliculoid actions; if it did, its life-maintaining corticoid effect would be 
blocked. For the same reason, no active folliculoid has ever been found to prolong 
the life of adrenalectomized animals. On the other hand, the thymolytic effect of 
folliculoids would not be blocked (and might even be expected tobe increased) by 
the concurrent possession of a latent glucocorticoid potency. 

The many gradations that exist between totally independent and completely 
interdependent actions may create the impression that an attempt to distinguish the 
two is fruitless; yet, we could hardly explore this field ü we did not have such concepts 
as "corticoid," "testoid," "folliculoid," or "catatoxic" activity. Such distinctions are 
indispensable. They imply that: l. in practice, the activities of each of these classes 
are largely independent of each other; 2. the many effects characteristic of each 
member of any one class are largely interdependent. 

In fact, without the formulation of this fundamental distinction between indepen
dent and subordinate actions, a planned systematic study of steroid pharmacology 
would hardly have been possible. The usual attempt of simply ascribing certain 
pharmacologic actions to the presence of one or the other functional group has been 
singularly unsuccessful. Specüic chemical characteristics of a molecule can be 
effective only ü other features do not block them through opposing pharmacologic 
effects or by altering absorption, membrane permeability, metabolic degradation, etc. 

These considerations will also have to guide our attempts to correlate the 
adaptive manüestations of hormones. 

THE ADAPTIVE HORMONES 

It is useful to distinguish adaptive hormone actions from those responsible for 
growth, reproduction and general metabolism. The adaptive hormones help to 
adjust the organiBm to life und er unusual conditions, although they do have nonadap
tive functions as weil. Here we shall use the adaptive steroids (both natural and 
synthetic) as a basis for the discussion of terminology and classification, because these 
have been most extensively studied; yet the nonsteroidal hormones (e.g., 
catecholamines, thyroxine) likewise play an important role in adaptation. The 
adaptive steroids (like other hormones and even drugs that regulate resistance) 
appear to fall naturally into two main groups which control essentially düferent 
adaptive processes: 

l. The syntoxic steroids (e.g., cortisol, triamcinolone, aldosterone, desoxycorti
costerone) initiate changes which permit adjustment to topical or systemic injury 
without directly attacking the aggressor. They create conditions for coexistence 
with toxic agents, either through passive indolence to them (e.g., antiphlogistics), 
or by actively stimulating the formation of a granulomatous barricade, which tends 
to isolate the irritant from the surrounding tissue (e.g., prophlogistics). Through simi
lar mechanisms, the syntoxic steroids also promote repair (e.g., cicatrization). 
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The systemic action of the syntoxic steroids is mainly of the "life-maintaining 
corticoid" type; it is highly efficient in restoring the nonspecific resistance of adrenal
deficient organisms to normal, but then, it reaches a plateau above which tolerance 
is not easily raised. Only in a few instances (e.g., darnage due to endotoxins, inflam
matory irritants, immune reactions, lathyrogenic compounds) can syntoxic steroids 
increase tolerance far above normal because here, the "disease" is primarily due to 
active morbid reactions of the tissues, not to passive, direct tissue darnage by the 
exogenous aggressor. Thus, endotoxin shock is thought tobe caused mainly by the 
liberation of enzymes normally sequestered in lysosomes, whereas inflammation, 
various pathogenic immune reactions (allergies, anaphylaxis, homograft rejection) 
and osteolathyrism represent excessive responses of the body to different types of 
irritation. In all these cases, homeostasis is achieved by adjusting the body's reaction 
to the damaging agent, not by destroying the latter. 

2. The catatoxic steroids (e.g., ethylestrenol, spironolactone, certain cyanoste
roids) act primarily by stimulating aggressive reactions which destroy toxic substan
ces (e.g., by accelerating their metabolic degradation). They do not merely restore a 
deficient resistance to normal (as the glucocorticoids do after adrenalectomy), but 
are capable of raising it far above the norm. Sometimes this reaction defeats its 
purpose, because the products of metabolic degradation are more toxic than the 
original drug which was to be inactivated. Yet, the response is still catatoxic since 
it attacks the aggressor. For similar reasons we speak of allergy and anaphylaxis 
as "immune reactions," although they actually produce damage. 

There are many overlaps between syntoxic and catatoxic steroid actions, for exam
ple, the stimulation of inflammation may lead to topical degradation of the irritant 
by enzyme activation in the inflammatory focus; or under certain circumstances, the 
primarily syntoxic glucocorticoids may enhance the hepatic detoxication of barbi
turates. Yet, the distinction between the two categories is justified because, usually, 
individual hormones act predominantly by eliciting one or the other reaction form. 
Furthermore, available evidence suggests that the two types of defense are mediated 
through essentially distinct mechanisms. For example, as stated above, homeostatic 
reactions to endotoxins or inflammatory irritants appear to depend upon the 
stabilization of membranes which isolate toxic enzymes preformed within the cell. 
Thereby they protect against darnage resulting from a kind of autointoxication by 
natural substances liberated under the influence of an aggressor. Conversely, many 
catatoxic hormones have been shown to induce NADPH-dependent hepatic micro
somal enzymes which destroy endogenous or exogenous toxic substances. Y et, 
without further evidence, it would be hazardous to equate this mechanism with the 
catatoxic action. It is already evident that not all catatoxic steroids inactivate the 
same set of substrates and it will be necessary in each case to determine whether the 
detoxication occurs: l. in the liver, 2. in the microsomal fraction, 3. as a consequence 
of NADPH-dependent enzymes, and 4. by enzymes that have been induced "de 
novo" and not merely activated. Hence, it is more prudent, meanwhile, to recognize 
the possibility of other catatoxic mechanisms, and to ascribe detoxication reactions 
to the induction of NADPH-dependent hepatic microsomal enzymes only whenever 
this has been definitely proven. 

The following diagram will help to illustrate the classification used in this review: 
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In addition to the typical syntoxic and catatoxic effects, a few hormonal defense 
mechanisms should also be mentioned which appear to represent special types, 
although they might as well be regarded as particular variants of the above mentioned 
actions (cf. also pp. 768ff.). 

One of these is the increased elimination of poisonous substances (e.g., through the 
kidney, bile, intestine or skin) which for lack of pertinent information can not be 
discussed here at length. Although some hormones undoubtedly do influence drug 
excretion, the endocrine regulation of this detoxicating mechanism has not yet been 
shown to play a particularly important role in defense. 

Similarly, weshall mention only in passingthat the distribution of toxic substances 
at a distance from the site of application (e.g., in the RES, adipose tissue, bones), 
as well as the regulation of their passage through the hemato-encephalic barrier, 
may also affect their toxicity. Obviously, the formation of a temporary depot in 
tissues will prevent toxicants from flooding the blood; thereby time is gained for 
their metabolic degradation. Variations in the permeability of the hematoencephalic 
barrier will especially affect the toxicity of compounds influencing the central ner
vous system. 

Finally, changes in the absorption rate (e.g., from the intestine, skin, or 
connective tissue) may likewise play a decisive role in determining the amount of a 
toxicant which can reach its receptor site within a critical period. 

Hormones can thus influence toxicity by their actions upon the excretion, distri
bution and absorption of potential pathogens, but in all these cases, the end result 
is a change in the tolerance for toxic compounds, not in their destruction. Hence, all 
these hormone actions may be regarded as essentially syntoxic. In some instances, 
the products of an altered drug metabolism are more readily excreted, but here the 
primary process is catatoxic, a chemical alteration of the toxicant, not merely a 
change in the excretion rate of the unaltered poison. 
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Finally, we should mention specific drug antagonisms, such as interactions between 
hormones and pathogens which happen to have opposite specific effects (e.g., the 
influence of mineralocorticoids upon potassium tolerance, or the effect of epinephrine 
upon hypotensive agents). These so-called "physiologic antagonisms" need not 
receive special attention here. 

Any one adaptive hormone can be conveniently classified according to its predo
minant activity, although it may act through several of the above mentioned mecha
nisms. Yet, because of this overlap, it is more correct to speak of syntoxic or cata
toxic "actions" rather than of "hormones." However, in common parlance, it would 
be awkward always to make such a distinction; we refer to syntoxic or catatoxic 
hormones as we speak of vasopressors, anabolic or folliculoid compounds, although 
individual members of each group may exhibit several additional effects. Defensive 
responses that are mainly due to catabolic (e.g., glucocorticoids, thyroxine, 
folliculoids) or anabolic (e.g., STH, anabolic steroids) stimuli may be considered to 
be syntoxic when they act mainly by permitting life despite the continued presence 
of a pathogen. However, when antimineralocorticoids are used merely to protect 
against the effects of mineralocorticoids, the resistance is evidently due to specific 
antagonisms. 

The fact that many hormones have multiple adaptive effects has encouraged 
attempts to classify them according to their "activity spectrums." 

Thus, among the hepatic microsomal enzyme inducers, the "phenobarbital type" 
stimulates many pathways of metabolism by liver microsomes, including oxidation, 
reduction, glucuronide formation and de-esterification. In contrast, the polycyclic 
"aromatic hydrocarbon type" exemplified by 3-methylcholanthreue, stimulates a 
much more limited group of reactions. The hormonal enzyme inducers are more 
difficult to fit into groups because of the great variety of their actions. Yet, as we 
shall see in later sections of this book, some such categories are beginning to emerge 
as regards the type of drug against which protection can be provided. For 
example, the antimineralocorticoid (CS-1) and the anabolic steroids (e.g., ethylestre
nol, norbolethone) generally protect against indomethacin, digitoxin and barbi
turates; the glucocorticoids (e.g., cortisol, triamcinolone) protect against lathyrogens 
and the hexamethonium type of ganglioplegic drugs; the thioacetyl-containing 
steroids (e.g., spironolactone, emdabol, spiroxasone) protect against mercuric 
chloride. Of course, here again there is a considerable overlap between the classes 
and we shall have to learn much more about the underlying chemical mechanisms 
before arriving at a truly satisfactory classification. 

Independently of these attempts to classify the inducers or "conditioning agents," 
it is customary to differentiate two types of Substrates on the basis of the types of 
düference spectra they give by binding to hepatic microsomal P-450. We shall 
hiscuss this matterat greater length in the section on "Toxicants," suffice it to say 
dere that hexobarbital is a characteristic "Type I" compound, whereas aniline is 
"Type II" in this sense. However, the distinctive spectrographic characteristics of 
drugs combining with microsomal cytochrome P-450 do not change from one type 
to the other under the influence of enzyme-inducers and there is no clear-cut connec
tion between the various classes of inducers mentioned above and their ability to 
metabolize Type I or Type II substrates preferentially. 
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Classification of Steroid Hormone Actions 
in General 

Selye A 37,822{42: Review (53 pp., 227 refs.) 
on "The Pharmacology of Steroid Hormones 
and Their Derivatives." First distinction bet
ween dependent and independent steroid 
hormone actions, with a detailed discussion of 
the principles which permit the classification 
of these properties. 

Selye A57,606f43: A treatise (4 volumes) 
which represents a "Classified Index of the 
Steroid Hormones and Related Compounds" 
as far as these were known in 1943. A special 
section on the "Pharmacological Nomencla
ture and System of Classification" distin
guishes between independent subordinate, and 
potentially Subordinate steroid hormone ac
tions. 

Selye 94,572{47: A "Textbook of Endo
crinology" (914 pp.) with a special extensive 
section (39 pp.) on the chemistry and pharma
cologic classification of steroid hormones and 
their derivatives. 

Syntoxic vs. Catatoxic Actions 

Selye B76,060f53: In rats, cortisol inhibits 
inflammation in granuloma pouches produced 
by croton oil. However, the croton oil removed 
after 14 days of sojourn in the pouch still 
retains the ability to produce inflammatory 
changes when injected into other rats. Appa
rently, the glucocorticoid acts by depressing 
the inflammatory potential of the tissues, not 
by destroying the irritant. 

Kass D35,079f60: "In only two situations 
have adrenocortical hormones been shown to 
be protective to the host: the replacement of 
hormone in hypoadrenalism, and the protec
tive action against the Iethai toxicity of bac
terial lipopolysaccharides . . . The antien
dotoxic activity of corticosteroids seems to be 
sufficiently different from the anti-inflamma
tory activity to offer the possibility that these 
two activities may be structurally separable. 
The anti-inflammatory action of corticosteroids 
is apparently related largely to an effect on 
vascular permeability, whereas the antien
dotoxic activity in some way involves the 
reticuloendothelial system." 

Selye G60,070{70: For the classification of 
a catatoxic steroid effect as due to "induction 
of NADPH-dependent hepatic microsomal 
enzymes," it is essential to ascertain that the 
action depends upon: 1. the liver; 2. enzymes 

in the liver; 3. microsomal enzymes; 4. NADP
dependent microsomal hepatic enzymes. In 
each case, it has to be shown that the activity 
is not significantly dependent upon non
enzymic mechanisms or extra-hepatic enzymic 
mechanisms. 

Activity Spectrums of Enzyme lnducers 

Gillette G66,248J63: A review of the Iite
rature on the induction of hepatic microsomal 
drug-metabolizing enzymes is summarized 
as follows: "These studies provide evidence 
that the administration of foreign com
pounds enhances the activity of the drug 
metabolizing enzymes through at least three 
different mechanisms: one evoked by anabolic 
steroids, another by polycyclic hydrocarbons, 
and a third by phenobarbital. It seems likely 
that further studies will reveal still other 
mechanisms through which foreign compounds 
alter the activity of liver microsomal enzymes 
that metabolize foreign compounds." It is 
emphasized furthermore that according to 
available evidence "the barbiturates and the 
steroids act through different mechanisms. 
For example, the Ievator ani muscle in castra
ted rats is enlarged by the administration of 
19-nortestosterone and other anabolic steroids 
but not by the injection of phenobarbital or 
3,4-benzpyrene; ascorbic acid synthesis is 
enhanced by pretreating rats with barbital 
and 3-methylcholanthrene but not with the 
anabolic steroids; finally, phenobarbital pro
duces its stimulatory effects within 1-4 days 
after administration whereas methyltestoste
rone elicits its effects only after prolonged 
administration. '' 

Conney F 88,649J67: A review of the Iite
rature on enzyme induction Ieads to the 
conclusion that "inducers are of at least two 
types, exemplified by phenobarbital and 3-
methylcholanthrene. Many compounds are 
like phenobarbital in stimulating varied 
pathways of metabolism by liver microsomes, 
including oxidation and reduction reactions, 
glucuronide formation, and de-esterification. 
In contrast, polycyclic aromatic hydrocarbons, 
typified by 3-methylcholanthrene and 3,4-
benzpyrene, stimulate a more limited group of 
reactions." 

Mannering G71,818f68 (p. 82): The 
inducible hepatic microsomal enzymes may 
be classified into two distinct categories, the 
"phenobarbital type" and the "polycyclic 
hydrocarbon type." 
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Gillette H 34,126!71: The inducers of drug 
metabolism are classified into: 1. "Pheno
barbital-like" agents which increase NADPH
cytochrome c reductase and cytochrome P-450 
thus augmenting the amount of cytochrome 
P-450-substrate complex and its rate of re
duction; 2. polycyclic hydrocarbons (e.g. me
thylcholanthrene) which form a variant of 
cytochrome P-450 that differs from the usual 
form in its affinity to various drugs. This kind 
of inducer does not increase either NADPH
cytochrome c reductase or the rate of cyto
chrome P-450 reduction; 3. spironolactone and 
other catatoxic steroids which increase 
NADPH-cytochrome c reductase activity and 
the rate of cytochrome P-450 substrate re
duction, but have little if any effect upon the 
amount of cytochrome P-450. The relationship 
between the electron flux and hepatic micro
somal drug metabolism largely depends upon 
the substrate. 

Solyrrwss et al. G79,023f71: In rats, pre
treatment with PCN or spironolactone in
creases liver weight, glutathione S-aryltrans
ferase activity and bile flow. At the same time, 
the plasma clearance and biliary excretion of 
BSP and its conjugated metabolites are en
hanced. Ethylestrenol likewise increases liver 
weight but does not alter the other parameters 
mentioned above. Spiroxasone, SC-9376 and 
CS-1 (antimineralocorticoids), unlike norbole
thone and oxandrolone (anabolics), also en
hance plasma clearance of BSP, probably 
through the same mechanism. In contrast to 
these effects of pretreatment, administration 
of spironolactone, ethylestrenol or estradiol 
immediately before BSP delays plasma clear
ance of the dye, probably through competitive 
inhibition of biliary excretion. SKF 525-A does 
not suppress the enhanced BSP clearance 
induced either by spironolactone or by pheno
barbital. [Although the authors did not eva
luate their data from this point of view, these 
observations clearly show that the catatoxic 
activity of steroids is not merely the result of 
hepatic microsomal drug metabolizing enzyme 
induction. It may also be mediated through 

extramicrosomal enzyme mechanisms or even 
through enhanced biliary excretion (H. S.).] 

Specific Antagonisms 

Weil &: Allen D7,883f61: A review on the 
protection offered by various glucocorticoids 
agairrst endotoxin shock in the mouse, rat and 
dog. The rate of removal and organ 
distribution of radioactive E. coli endotoxin is 
unaltered by cortisone; the steroids are as
sumed to protect the tissues" by their physical 
presence." This view is allegedly supported 
by the suppression of increased serum trans
aminase by cortisol. In any event, the corticoids 
do not protect in a "nonspecific manner" 
agairrst insults, since prednisolone phosphate 
i.p. protects agairrst the lethal effects of endo
toxin but not agairrst that of mecamylamine, 
chlorpromazine, metaraminol or dibenzyline 
(as judged by experiments on intact mice). 
The protective effect of glucocorticoids admi
nistered i.p. at 15 min and agairr at 4 hrs after 
E. coli endotoxin i.p. decreases in the following 
order: cortisol sodium succinate, prednisolone 
phosphate, methyl prednisolone sodium succi
nate, and dexamethasone phosphate. 

Competitive Inhibition 

Kagawa et al. D88,974f59: In the rat, 
spironolactone blocks the hypertensive action 
of aldosterone by competitive inhibition. 

Kagawa E4,593f64: A review of the Iitera
ture revealed several observations suggesting 
that spironolactone possesses certain extra
renal effects, for example, on Na- and K-trans
port across the membrane of human erythro
cytes, or the toad bladder in vitro, as weil as 
the Na- and water-influx across the ciliary 
epithelium of the rabbit's eye. 

Kagawa et al. D88,974f59; Liddle 
D14,432f61; Mudge E4,490f65: According to 
current opinion, the pharmacologic actions of 
spironolactone are due to competitive inhibi
tion of the action of mineralocorticoids upon 
urinary electrolyte excretion. 

C. METHODS 

Research on hormones and resistance actually has no specific methodology of its 
own. Hence, it will suffice here to give a few key references to the literature on the 
chemical and surgical techniques most commonly employed in this type of study. 
The special methods for the screening and characterization of new hormonal agents 
that increase resistance, and of the toxicants whose actions are particularly amenable 

2 Selye, Hormones and Resistance 
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to this type of conditioning, is only now beginning to take concrete shape. Indeed 
it was only while compiling material for this treatise that we began to develop 
methods specifically designed for the bioassay of the many, ever more active, steroids 
exhibiting protective actions of possible clinical significance. For this type of study 
we need simple, rapid and highly sensitive bioassay techniques enabling us to test 
many compounds, even if available only in minute amounts. 

In addition, it has become essential to perfect procedures for the statistical 
evaluation and presentation of large numbers of data in the form of "Diagram 
Tables" which permit the rapid overview and correlation of the numerous facts that 
have come to light recently in this general field. 

Most of the relevant procedures were elaborated while trying to obtain material for 
the documentation of this monograph and will be presented in Chapter XI. There, 
we shall deal with the very practical problern of the most economic "Three-Step 
Procedure" for the identification of new protective hormones. 

Chernical Methodology 

It would be beyond the scope of this treatise to discuss the chemical methods 
employed for the study of changes in resistance induced by hormones. Most of the 
pertinent investigations were concerned with the neosynthesis or activation of enzyme 
systems which helped in the detoxication of various substrates and the pertinent 
Iiterature has been quoted in the reviews listed on p. 1-3. 

Surgical Methodology 

Since the liver is the principal organ of detoxication, most of the surgical techni
ques employed in the study of catatoxic steroids were concerned with the 
elimination of certain, or all, hepatic functions. 

The most commonly used techniques are briefly listed below and more extensively 
discussed in the following Abstract Section. 

Partial hepatectomy was employed since the 19th century for the study of hepatic 
regeneration, but not untill93l was this operation perfected as a means of estimating 
hepatic participation in drug detoxication. In mice and rats the median and left 
Iaterallobes have a narrow pedicle; hence they can be removed without difficulty by 
a single ligature, thus depriving the animal of about 70% of its hepatic tissue. This 
operation greatly reduces resistance to drugs which are predominantly inactivated in 
the liver but the intervention causes little or no shock and does not significantly 
interfere with resistance to agents which are not subject to hepatic inactivation. 

Subtotal hepatectomy can be employed to remove 85% or more of the hepatic 
tissue, but since this operation causes considerable nonspecific darnage it is less 
suitable for hepatic detoxication studies in general. Through repeated partial hepa
tectomies, performed at sufficient intervals to permit considerable regeneration, it 
can be shown that the regenerative power of the liver is truly enormous. 

Complete hepatectomy is of course the only procedure that totally deprives an 
animal of hepatic tissue, but it causes severe shock and can be employed only for 
very acute detoxication studies. 
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There are various techniques for the production of bile fistulas and bile duet 
ligatures which permit the collection of bile for the determination of materials excreted 
in it or the interruption of the enterohepatic circulation of compounds. Choledochus 
ligature has also been found useful in examining the role played by the bile in the 
absorption of ingested materials from the gut. 

Ligature of hepatie vessels, which may be complete or limited to a mere 
constriction of the lumen, has been employed to study the effect of selective inter
ference with the arterial or venous circulation of the liver. 

Among other hepatic interventions recommended for detoxication studies let us 
merely mention here the techniques for perfusion of the liver (in situ or after its 
isolation in vitro), the Eck fistula, and bepatie denervation. 

Of the renal interventions employed in detoxication studies the most common 
are complete or partial nephrectomy, ureter ligature or ligature of the penis to prevent 
the urinary elimination of toxicants. The effect of partial nephrectomy upon resist
ance may be due to interference with the urinary elimination of toxicants, their 
chemical inactivation by renal tissues or interactions between the toxicants and the 
renin-angiotensin system. Wehavefirst used this intervention in the study of renal 
participation in corticoid-hypertension, having observed that uninephrectomy greatly 
enhances the susceptibility of the rat to the production of hypertensive cardiovas
cular disease by DOC. If, in addition to one kidney, two-thirds of the other are 
likewise removed, the remaining fragment, which represents approximately 20% of 
the kidney tissue, suffices for life-maintenance in the rat, but greatly enhances 
sensitivity for a variety of drugs whose detoxication depends upon renal tissue. This 
"80%" nephrectomy is now currently used for detoxication studies in our Institute. 

Chemical Methodology 

Goldstein et al. E165f68 (p. 210): Review 
on the methodology of studies concerning the 
elucidation of the manner in which various 
inducers alter the metabolism of drugs. 

Surgical Methodology in General 

Priestley et al. 9,158/31: The following six 
methods have been tested for the study of 
hepatic detoxication using strychnine as a 
substrate. 

1. Comparison of dogs with Eck fistula and 
normal dogs. 

2. Comparison of the effectiveness of strych
nine injected into the peripheral vascular 
system, and injection into the portal vein. 

3. The ability of incubated pulp of liver to 
destroy strychnine. 

4. Estimation of strychnine introduced 
into the circulation of a heart-lung-liver 
perfusion, compared with that introduced 
into a heart-lung-limb preparation. 

5. Susceptibility of normal and dehepatized 
dogs to strychnine. 

2• 

6. Rate of disappearance of strychnine 
from the blood stream of normal and dehe
patized dogs. 

Among these six methods "the study of the 
dehepatized dog and the perfused liver 
appears to have yielded the most conclusive 
and accurate data. The exclusive use of any 
single method is not recommended. However, 
by the combined use of the analytic and the 
synthetic methods (organism without a liver 
and surviving liver without the organism), 
respectively, definite evidence concerning the 
liver as a detoxicating organ can be 
obtained." The canine liver possesses a highly 
specialized ability to immediately arrest and 
subsequently destroy strychnine. 

Partial Hepatectomy. Ponfick A 24,568/1889: 
Extensive description (41 pp.) of the technique 
and consequences of partial hepatectomy in 
the rabbit. As much as 2/3 of the hepatic 
parenchyme can be removed without causing 
serious functional disturbances. Complete 
hepatectomy is incompatible with life. If 
performed in several stages, enormous amounts 
of liver tissue can be removed. Earlier, mostly 
unsuccessful attempts at complete removal 
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of the liver in frogs and birds are reviewed. 
[No effort was made as yet to examine hepatic 
regeneration following partial hepatectomy 
(H.S.).] 

von Meister A25,263f1894: Monograph 
(116 pp., 54 refs.) on the history of research 
on the regenerative power of the liver after 
various forms of mutilations. Personal obser· 
vations on rabbits revealed the histologic 
details of regeneration in the hepatic paren
chyme and bile duct as they develop at 
various intervals of time after extensive 
partial hepatectomy. Following two months, 
regeneration is virtually complete. Similar 
regenerative phenomena occurred in partially 
hepatectomized rats and dogs, although the lat
ter do not tolerate extensive removal of hepatic 
tissue as weil as rodents do. In rats, the 
operation consisted in removing 1 to 3 "he
patic Iobes" (not otherwise identified). 

Waelsch &: Selye 3,972!31: First description 
of a technique for the removal of about 70% 
of the liver in mice, which lends itseH for the 
detection of drugs that are detoxified in the 
liver. Thus, in such partial hepatectomized 
mice, tribromoethanol (Avertin) causes much 
more prolonged anesthesia than in intact 
controls, whereas magnesium anesthesia is not 
significantly affected by this hepatic insuffi
ciency; presumably because tribromoethanol 
is, while MgCl2 is not, detoxified by the liver. 

Riggins &: Anderson 597!31: Description 
of a technique for the removal of the median 
and left lateral Iobes of the rat's liver which 
correspond to 70% of the hepatic tissue. 
Regeneration begins almost immediately and 
is virtually complete after 2 weeks. The 
mortality rate was 25%. [No attempt was 
made to determine the functional consequences 
of this intervention (H.S.).] 

Marchal &: BenichDux D37,572f62: Historie 
review of partial hepatectomy as a means for 
the study of hepatic regeneration in animals. 
The first operations of this type were perform
ed by von Podwyssozki (1886), Ponfick 
(1887-1895), Hess (1890) and Meister (1894). 

Leduc G79,104f64: Review (26 pp., about 
130 refs.) on "Regeneration of the Liver" 
after various types of surgical or chemical 
injuries. Special attention is given to regene
ration after superficial wounds, lobectomies 
and bile duct obstruction. 

Horak et al. G71,097f68: In rats, partial 
hepatectomy diminishes the blood volume only 
to an extent corresponding approximately to 
the amount of blood removed with the resect
ed liver segment. 

Bruckner et al. H 34,704!69: "Abrasive 
ablation" is a new experimental method de
signated to induce localized hepatic regene
ration in guinea pigs, rabbits, dogs and Rhesus 
monkeys. 

Figueroa &: Yanez H 18,495/69: A two 
stage intervention for partial hepatectomy in 
the dog and rat is recommended in which, 
first portal branches are Iigated to induce 
atrophy of the Iobes that are subsequently 
to be removed. [No controls demonstrating 
the usefulness of preliminary portal vein 
occlusion. The authors appear to be unaware 
of earlier relevant Iiterature (H.S.).] 

Porto &: Donato H 34,703/69: Description 
of the technique of partial hepatectomy and 
of the resulting hepatic regeneration in guinea 
pigs. 

Tavassoli &: Crosby G73,038f70: In rats, 
liver fragments implanted into ectopic sites 
do not survive even if a regenerative stimulus 
is activated by partial hepatectomy. 

Subtotal Hepatectomy. Selye &: Dosne 
A30,702f40: Description of a technique for the 
removal of 85% of the rat liver by ablation 
of the median, left lateral, and right lateral 
Iobes. The operation produces severe hypo
glycemia and hypochloremia. Complete hepa
tectomy (with evisceration) induces an even 
more rapid fall in blood sugar unaccompa
nied by hypochloremia, during the short 
period of survival after this operation. 

lngle &: Baker 040,980/57: "The capacity 
of liver to regenerate was maintained in rats 
which were subjected to partial hepatectomy 
12 times within a period of oneyear. Atthe end 
of the experiment, only minor cytological 
changes were observed in the regenerated liver 
and there was no neoplasia." 

Dagradi &: Galanti D62,332f62: In rats, a 
technique for the successive removal of several 
hepatic Iobes has been employed to study the 
regenerative phenomena in the remnant. 

Honjo &: Kozaka E51,472f65: Description 
of a technique for extensive hepatectomy in 
the rabbit. Following ligation of the portal 
branches to the Iobes which are to be resected, 
these undergo atrophy, whereas the remaining 
parenchyma hypertrophies. Under these con
ditions, resection of the atrophic Iobes is weil 
tolerated in a second operation. 

Complete Hepatectomy. Biedl &: Winterberg 
47,485/01: Extensive studies on the role of the 
liver in the synthesis of uric acid from ammonia 
in the dog, using various methods for the 
elimination of the liver (e.g., destruction of the 
parenchyma by injection of acids into the 
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choledochus, Eck fistula). A 19th-century 
Iiterature on complete extirpation of the liver 
in the goose, and in vitro perfusion of the 
liver with ammonia determinations in the 
afferent and efferent blood, etc. is reviewed. 

Selye A 8,052/38: Description of a technique 
for the total evisceration of the rat. Since this 
operation causes thymus atrophy and adreno
cortical hyperplasia, the liver and other 
visceral organs cannot be indispensable for the 
production of an alarm reaction. · 

Ingle et al. B2,737j47: In completely 
hepatectomized and eviscerated rats (with 
kidneys and adrenals intact) receiving conti
nuous i.v. infusions of glucose + insulin, the 
adrenocortical extract caused a rise in blood 
sugar. 

lngle & Nezamis B28,601j48: In rats, 
survival time after complete evisceration is 
more effectively prolonged by insulin + glu
cose than by glucose alone. 

lngle B39,012j49: Description of a tech
nique of total hepatectomy with evisceration 
in the rat. 

Ingle & Nezamis B37,742j49: In rats given 
insulin + glucose, survival is particularly 
prolonged after evisceration if aseptic opera
tive conditions are observed. 

Gheng G71,450j51: Description of a two
stage technique for total hepatectomy in the 
rat. 

lngle & Nezamis B65,286j51: In rats, 
survival after evisceration is most effectively 
prolonged by combined treatment with 
glucose, insulin and various antibiotics. 

Bile Fistulas, Bile Duct Ligatures. Ferguson 
et al. G71,528j49: In rats, hepatic regeneration 
foilowing partial hepatectomy is not signifi
cantly impaired by bile duct ligature. 

Hyde & Williams 040,540/57: The entero
hepatic circulation of radio-cortisol can be 
readily studied in rats with hepatic duct 
fistulae. 

Weber et al. G71,819j60: In rats, the 
histologic features of hepatic regeneration 
following partial hepatectomy performed si
multaneously with, or several days after, bile 
duct ligature are described in detail. 

Leduc G79,104j64: Review (26 pp., about 
130 refs.) on "Regeneration of the Liver" 
after various types of surgical or chemical 
injuries. Special attention is given to regene
ration after superficial wounds, lobectomies 
and bile duct obstruction. 

Plaa & Becker G76,082J65: Description of 
a technique for bile duct cannulation in the 
mouse. The results regarding bile flow corre-

late weil with those obtained by the indirect 
technique which is based on fluorescein ex
cretion into the bile duct, as revealed by direct 
inspection under ultraviolet light. 

Gibsan & Becker E65,709j67: In mice, the 
role played by drug excretion in determining 
the toxicity of digitalis alkaloids was tested 
foilowing the production of cholestasis by bile 
duct ligature or cholestatic aryl isothiocya
nates such as phenylisothiocyanate (PIT) and 
a-naphthylisothiocyanate (ANIT). The part 
played by anuria was examined after ligature 
of the penis. Subsequent to ouabain i.p., 
mortality was enhanced by diminution or 
stoppage of bile flow. Digoxin and digitoxin 
enhanced lethality in anuric mice. "Lanato
side-C was not more toxic to hypoexcretory 
mice. The use of hypoexcretory mice in toxi
cologic evaluations of pharmacologic agents 
is suggested." 

Ghenderovitch G80,059j68: Technique for 
stop-flow analysis of bile secretion in anesthe
tized rabbits after catheterization of the com
mon bile duct, the accessory lateral ducts, 
and the cystic duct being ligated. 

Plaa G73,820j70: Review on biliary and 
other routes of excretion of drugs with special 
attention to cannulation techniques, hepatic 
slice techniques, isolated liver perfusion pro
cedures and available information on biliary, 
salivary, mammary, and sweat gland, as weil 
as on other routes of drug excretion. 

Ligature of Hepatic Vessels. Rous & Lari
more D88,911j20: In rabbits, ligature of portal 
vein branches of the liver produced atrophy in 
the corresponding Iobes. "The conditional 
character of the atrophy is proven by its 
failure to occur to any similar degree in the 
absence of a compensating parenchyma, as 
when the portal stream is diverted from the 
whole liver by way of an Eck fistula." 

Gameron A48,168j35: In rats, choledochus 
ligature inhibits the growth of liver ceils in 
autotransplanted smail hepatic segments, 
but leaves the bile ducts unaffected. 

Raffucci & Wangensteen G33,029f51: Dogs 
tolerate continuous occlusion of the hepatic 
artery and portal vein for no Ionger than 
20 min, without showing evidence of hepatic 
necrosis. Necrosis is less likely to occur 
following treatment with aureomycin, and 
after intermittent anoxia. 

Raffucci B 83,148/53: Dogs tolerate repeat
ed temporary occlusion of the hepatic artery 
and portal vein much better than continuous 
occlusion. ACTH in combination with anti
biotics greatly enhances tolerance for discon-
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tinued occlusion of the afferent hepatic vessels. 
Hine11 &: Roncoroni G72,976f56: In dogs, 

total temporary interruption of the afferent 
hepatic blood flow for one hour is almost 
invariably fatal; even an interruption for 
15 min killed 2 out of 6 dogs. 

AndrewB D94,471f57: Review on the 
changes in hepatic morphology and blood 
flow, induced by obstruction of the hepatic 
artery, and the hepatic vein or portal vein, 
in various animal species. 

Hine11 &: Roncoroni 040,870!57: In dogs, 
the hepatic damage produced by ligature of 
all the afferent vessels of the liver during one 
hour is diminished by ACTH, and survival 
is improved. 

Steiner &: Martinez D40,903f61: In rats, 
ligature of the portal vein branches to two
thirds of the liver is followed by great 
atrophy of the affected Iobes, and compen
satory hypertrophy of the others. Concurrent 
ligation of the hepatic artery and lobar portal 
veins causes massive infarction of the Iobes 
totally deprived of blood circulation. Lobar 
necrosis also occurs if lobar portal vein liga
tion is combined with lobar bile duct ligation. 
Occlusion of the main hepatic artery or its 
lobar branches is relatively harmless, although 
associated with histologic degenerative chan
ges and duct hyperplasia. 

Garroll G71,190f63; G71,191f63: Technique 
for the temporary ligature of the "hilar 
pedicle" (portal branch, hepatic artery branch, 
bile duct) to certain Iobes of the liver in 
rabbits. Ischemia Iasting up to 3 hrs produces 
degenerative and necrotic changes detectable 
in animals killed three days later. Permanent 
morphologic changes or functional distur
bances have not been examined. 

Eckhardt &: Arm8trong F79,670f67: In 
rats, a liver bypass can be established by 
ligature of the hepatic artery combined with a 
deviation of the portal vein into the femoral 
vein through a cannula. Under these condi
tions, bromsulphalein (BSP) disappears much 
more slowly from the plasma than after partial 
hepatectomy or intoxication with CCI,. 

Bengmark et aZ. G71,689f69: In rats, 
various chemical changes occurring in the 
liver after partial hepatectomy are modified 
by concurrent ligature of the hepatic artery. 

Yanagirrwto G71,560f69: Chemical and 
histochemical studies on the glycogen content 
of the liver following ligature of the blood 
vessels supplying individual Iobes. 

Yanagimoto et aZ. G71,328f69: In rats, 
ligature of the blood vessels supplying indivi-

dual Iobes of the liver is used as a technique 
for the study of morphologic and biochemical 
changes induced by interference with hepatic 
circulation. 

Mizumoto et aZ. H28,787f70: Studies on the 
effect of hepatic artery inflow upon regenera
tion, hypertrophy and portal pressure of the 
liver after 50% hepatectomy in the dog. 

Hepatic Denervation. Makino H 19,101/68: 
In dogs, hepatic periarterial neurectomy 
increases hepatic arterial flow without decreas
ing blood flow through the portal vein. 
Regeneration of the liver following partial 
hepatectomy is not significantly affected by 
hepatic periarterial neurectomy. 

Perfusion of the Liver. lBTaeZ et aZ. 
A16,424f37: Estrone "is not inactivated by 
dog blood in vitro or by the circulation in a 
heart-lung perfusion system. It is rapidly 
inactivated by circulation in a heart-lung
liver perfusion system." 

EvanB et aZ. G65,279f63: Description of a 
technique for the study of detoxication in 
isolated rat liver preparations, by determin
ing the concentration of a drug (here ethanol, 
pentobarbital, morphine or Iead) in the per
fusate ( donor rat blood), bile, and hepatic 
tissue at different intervals. The technique is 
used to examine detoxication in the livers of 
rats which were treated in vivo with hepato
toxic substances (here CCI, or allyl alcohol). 

POBer &: JahnB F90,235f67: Description 
of a technique for functional hepatectomy in 
rats in which the portal vein blood is transferred 
to the jugular vein by a polyethylene tube 
and the liver thereby excluded from the cir
culation. After this operation the rats are unable 
to maintain a normal blood-sugar Ievel and 
fail to eliminate pentobarbital or detoxicate 
ammonia. 

Liver Slices. Heller A32,137f40: In vitro 
studies on tissue slices and tissue mince of 
rats and rabbits indicate that "estradiol is 
inactivated by liver and kidney and not by 
the other tissues studied. This inactivation 
of estradiol is, in all probability, not due to 
conjugation or conversion to a less active 
form, but due to enzymatic destruction of an 
oxidative nature. This is indicated by the 
relative inactivity of the treated estradiol, the 
inability of hydrolysis procedures to increase 
activity and the effect of tissue poisons upon 
inhibiting the estradiol-destroying enzyme 
system. Estrone is increased 20 times in potency 
by incubation with minced uterine tissue. 
Spleen, lung, heart and kidney tissues also 
caused estrone to be converted to a more 
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active substance. The suggestion is made that 
this conversion is accomplished by enzymatic 
reduction of estrone to estradiol." 

Crevier et al. B54,151f50: Pentobarbital 
anesthesia is shorter in male than in female 
rats as judged by the linguo-maxillary reflex. 
Castration abolishes the high resistance of the 
male, but testosterone restores it to the 
normal Ievel. In ovariectomized rats, estradiol 
has virtually no effect but testosterone raises 
resistance to the male Ievel. These in vivo 
effects runparallel to the in vitro pentobarbital 
detoxifying power of the liver. 

Renal Interventions. Gibson & Becker 
E65,709f67: In mice, the role played by drug 
excretion in determining the toxicity of digi
talis alkaloids was tested following the pro
duction of cholestasis by bile duct ligature 
or cholestatic aryl isothiocyanates such as 

phenylisothiocyanate (PIT) and a-naphthyl
isothiocyanate (ANIT). The part played by 
anuria was examined after ligature of the 
penis. Subsequent to ouabain i.p., mortality 
was enhanced by diminution or stoppage of 
bile flow. Digoxin and digitoxin enhanced 
lethality in anuric mice. "Lanatoside-C was not 
more toxic to hypoexcretory mice. The use of 
hypoexcretory mice in toxicologic evaluations 
of pharmacologic agents is suggested." 

Selye G60,083f70: Description of a techni
que for the "SO%" partial nephrectomy in 
rats. Following ablation of the right kidney, 
the upper and lower poles of the left kidney 
are tied off and removed by constricting 
ligatures. This leaves a wedge-shaped central 
segment, corresponding to 20% of the organ 
and oriented with the tip of the wedge next 
to the renal pelvis. 



II. HISTORY 

The idea that the body possesses inherent mechanisms for the restoration of 
health after exposure to pathogens is very old; it was clearly recognized by 
Hippocrates (460-377 B.C.) as the remarkable "vis medicatrix naturae." However, 
this concept gained much in precision when Claude Bernard (E 719/1879) pointed 
out that the internal medium of living organisms is not merely a vehicle for carrying 
nourishment to cells far removed from contact with the outside world, but that "it 
is the fixity of the 'milieu interieur' which is the condition of free and independent 
life." The English physiologist J. S. Haldane (E715J22) said of this phrase that "no 
more pregnant sentence was ever framed by a physiologist." Certainly, few if any 
statements about life have been more frequently quoted, but one wonders whether 
its great impact was not largely due to what has been intuitively read into it. 
Naturally, the fixity of any system is what makes it independent of changes in its 
surroundings- indeed the independence, the resistance of any system is what we 
call its fixity- but many inanimate objects are more independent of their atmosphere 
than living beings. The salient feature of life, the secret of its resistance, is adaptability 
to change, not rigid fixity. 

A much greater merit by Bernard was to call attention to the importance of the 
mechanisms safeguarding the immutability of the "milieu interieur." Thereby he 
stimulated innumerable investigators throughout the world to follow him in his 
classic investigations on the adaptive changes responsible for the "steady state." 

In Germany, Pflüger (A4,877 /1877) pointed to the relationship between active 
adaptation (the "vis medicatrix naturae") and the "steady state" by his famous 
dieturn: "The cause of every need of a living being is also the cause of the satisfaction 
ofthat need." 

A similar thought was expressed by the Belgian physiologist Leon Fredericq 
(A5,288J1885) when he said: "The living being is an agency of such sort that each 
disturbing influence induces by itself the calling forth of compensatory activity to 
neutralize or repair the disturbance." 

In France, Charles Richet (E1,101JOO) wrote as a commentary about the 
steady state that: "By an apparent contradiction it (living matter) maintains its 
stability only if it is exitable and capable of modifying itself according to external 
stimuli and adjusting its response to the stimulation. In a sense it is stable because it 
is modifiable- the slight instability is the necessary condition for the true stability 
of the organism. 

The great American physiologist, Walter B. Cannon (B14,905J39) has spent 
some 20 years of his life studying various mechanisms that help the organism to 
maintain its steady state which he first called "homeostasis." Cannon's most 
important contribution was to show that there exist numerous highly specific 
homeostatic mechanisms for protection against hunger, thirst, hemorrhage, or 
against agents which tend to disturb the normal body temperature, the blood pH 
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or the plasma Ievel of sugar, protein, fat, or calcium. He placed special emphasis 
upon the stimulation of the sympathetic nervous system, and the resulting cate
cholamine discharge, which occur during acute emergencies such as pain or rage. 

He taught us that this autonomic response induces metaholic and cardiovascular 
changesthat prepare the hody for fight or flight. Cannon's classic studies revealed many 
valuahle factsahout the mechanism through which the steady state of the "milieu 
interieur" can he maintained in the face of agents that tend to alter one or the other 
of its constituents selectively. It soon hecame evident also that, in addition to the 
nervous system, hormones play an important part in such specific adaptive responses, 
e.g. : adrenal medullary catecholamines and pancreatic hormones in the maintenance 
of carhohydrate metaholism, parathyroid hormone in calcium homeostasis, thyroid 
hormones in temperature regulation. 

Stimulated hy all these earlier findings, we hecame interested in the possihle 
nonspecific adaptive function of hormones against what we called "biologie stress," 
that is, the nonspecific response of the organism to any demand made upon it. In 
1936, we ohserved "a syndrome produced hy diverse nocuous agents" (Selye 
36,031/36), which was essentially the same irrespective of the evocative agent, and 
later hecame known as the "stress syndrome." It was characterized, among other 
things, hy manifestations of adrenocortical hypertrophy and increased production of 
those steroids for which I recommended the terms "glucocorticoids" or "antiphlogistic 
corticoids" hecause of their characteristic effects on sugar metaholism and on in
flammation. AB outlined in the section on Terminology and Classification, the 
principal antistress and antiphlogistic actions of these adrenocortical hormones de
pend upon their syntoxic effects; they help to talerate pathogens, not to destroy 
them. 

AB time went hy, it hecame evident that many of the manifestations of 
"nonspeeitie resistanee" (or "cross-resistance") induced hy stress, especially those 
which offer protection against inflammatory lesions, are due to the activation of the 
hypothalamus-pituitary-adrenocortical axis. However, hy 1961, we had seen that 
"certain types of cross-resistance are dernonstrahle even in adrenalectomized animals, 
and in some cases, increased thyroid-hormone activity appears to he the cause of the 
induced tolerance. The hulk of evidence now availahle suggests that all forms of 
cross-resistance cannot he attrihuted to any single hiochemical mechanism. This is 
true even of those very nonspecific typesthat are induced hy stress itself. We must 
remernher that, although the response to stress is essentially stereotyped and largely 
independent of the evocative agent, it represents a mosaic of numerous local and 
systemic, humoral and nervous reactions, some of which may protect against one 
pathogen, others against another" (Selye 095,972/61). 

Thus, it hecame clear that there exist adaptive mechanisms that are nonspecific 
hoth as regards their causation and their effects: they can he activated hy, and 
protect against, many agents. Some of these nonspecific adaptive phenomena are 
undouhtedly regulated through the hypothalamus-pituitary-adrenocortical axis; 
these largely depend upon the resulting suppression of inflammatory lesions hy an 
excessive production of glucocorticoids. However, we had to conclude that there must 
exist additional mechanisms which raise nonspecific resistance through other means, 
since they are manifest even following removal of the adrenals. Little was known at 
that time ahout the nature of these additional resistance phenomena, except 
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that: 1. Unlike glucocorticoid-dependent reactions, they are not directed particularly 
against stress or inflammatory changes, 2. their protective effect, although not 
specifically aimed against any one agent, is not as general as that of glucocorticoids, 
3. they often raise resistance far above normal and do not merely restore the low 
stress resistance of hypocorticoid individuals towards the norm. 

The effects of stress and of the hormones produced during stress have been exten
sively discussed in several earlier monographs (Selye B7l,000/42; B58,650/51; 
B87,000f52; B90,l00/53; 01,001/54; 09,000/55-56). Here we shall place major 
emphasis upon those adaptive hormones which act either by accelerating the meta
bolic degradation of pathogens, or through unknown mechanisms, as long as they 
increase resistance, nonspecifically, to many agents and do not merely rectify one 
particular homeostatic derangement. 

For many among these adaptive hormones, it has not yet been clearly shown that 
they can be secreted in response to a need; but they undoubtedly represent decisive 
factors in disease susceptibility, since their concentration in the "milieu interieur" can 
determine whether a stimuluswill or will not be pathogenic. 

Apparently, animals are endowed with a complex hormonal defense system 
comparable in its scope to those based upon nervous or immunologic reaction. When 
faced with situations that require adaptation, the organism can respond essentially 
in three distinct ways: 

1. The nervous system: through conscious planning of defense, the development of 
appropriate conditioned reflexes (Pavlov) and autonomic "emergency reactions" 
(Oannon). 

2. Immunologie reactions: immunity (Pasteur), including even such derailed, 
actually pathogenic, defensive responses as anaphylaxis (Richet) or allergy 
(v. Pirquet). 

3. The adaptive hormonal system: through the syntoxic hormones which permit 
tolerance of the pathogen and through the catatoxic substances that eliminate the 
aggressor. 

These were the main facts and speculations which guided our research on the 
hormonal regulation of resistance. However, in addition to this concise introductory 
sketch which was essential to emphasize the outlines of our approach, a historic 
survey of our field should mention some independently-made findings which, un
doubtedly, have also influenced our thinking and are likely to stimulate further 
research in this domain. 

The thyroid gland was probably the first endocrine organ whose role in detoxication 
could be shown by objective animal experiments. At the beginning of this century, 
Hunt (60,064/05) demonstrated that mice given thyroid powder in their food become 
unusually resistant to acetonitrile; this increased drug tolerance has even been used 
as a basis for the bioassay of thyroid preparations. 

The role of the adrenals as organs of detoxication has been suspected for a long 
time, but at first only on the basis of very indirect evidence. There was much 
discussion about whether poisonous substances brought to the glands by the blood 
are destroyed locally, or whether the adrenals increase resistance by remote action 
through their hormones. Either interpretation appeared to be equally compatible 
with the striking diminution of drug resistance seen in adrenalectomized animals 
and in patients with Addison's disease (Lewis 12,272/21; 61,803/23). This question 
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was subsequently settled when numerous investigators showed that after 
adrenalectomy, resistance to various drugs can be restored by adrenal extracts. In 
this respect, adrenocortical preparations proved to be much more efficient than 
medullary catecholamines. Stilllater, the extraction, followed by the synthesis, of 
pure corticoids made it possible to establish certain relationships between the 
resistance-increasing effect of these compounds and their chemical structure. 

By 1940 it became evident that whereas cortical extracts are highly efficient in 
elevating the low stress resistance of adrenalectomized animals, they rarely raise 
it above the normallevel in the presence or in the absence of the adrenals. Indeed, 
even as late as 1960, it had been claimed that "in only two situations have 
adrenocortical hormones been shown to be protective to the host: the replacement 
of hormone in hypoadrenalism, and the protective action against the lethal toxicity 
of bacteriallipopolysaccharides" (Kass D35,079f60). Yet, as early as 1940, it had been 
noted that the great sensitivity to surgical shock and other stressors, that is induced 
by partial hepatectomy even in not adrenalectomized rats, could be combated by 
cortical extracts ; hence, at least in this condition, endogenous corticoids were not 
optimally efficacious (Selye et al. A32,768f40). These findings called attention to the 
existence of close relationships between the liver and the resistance-increasing 
effect of corticoids. The subsequent observation that desoxycorticosterone could 
not, whereas corticosterone could, replace the adrenocortical extracts, first demon
strated the importance of an 11-oxygen for antistress activity. 

The claim that specific defensive enzymes ("Abwehrferm.ente") are produced 
against various compounds and tissues, including endocrine organs following their 
parenteral administration, could not be substantiated by the techniques available 
to Abderhalden (67,622/33) who first enunciated this concept. On the other hand, 
there can be no doubt that protein extracts of heterologous endocrine glands can 
gradually induce resistance through the development of antihormones (Collip et al., 
A32,156f40; Thomson et al., A35,782f41). 

However, it seemed unlikely that the body could become insensitive to its own 
hormones, since this type of resistance would be expected to interfere with the 
physiologic activity of endocrine glands. Still, the observation that partial hepatec
tomy sensitizes to the anesthetic effect of natural steroid hormones suggested that 
the liver does possess a mechanism for the inactivation of these compounds. The 
question arose whether this defensive activity could be stimulated by very large 
amounts of those substrates which the inactivating mechanism is designed to 
metabolize. 

Experiments performed in rats to check this possibility revealed that, following 
repeated massive overdosage with progesterone, desoxycorticosterone or testosterone, 
the anesthetic effect of these hormones gradually diminishes. In fact, this type of 
resistance is not substrate specific, since pretreatment with any one of these natural 
steroids also induced resistance to the others (Selye A35,410/41). 

Apparently, at near-physiologic dose levels, the natural steroids do not markedly 
activate this defense mechanism (a phenomenon which would interfere with their 
normal function); yet, they may aceeierate their own degradation more intensely 
when given in abnormally high and potentially pathogenic amounts. It is difficult to 
explain this dose dependence of the inactivating mechanism, and available data do 
not justify far-reaching speculations. However, it may be pertinent that at near-
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physiologic concentrations, the steroid hormones circulate mainly as protein com
plexes, which are perhaps unable to reach the inactivating receptors; conversely, after 
sudden flooding of the body with very large amounts of them, a certain portion of the 
injected steroid may enter the inactivating sites (e.g., the SER) before being thus 
protected from it by coupling to large carrier molecules (Selye G60,070f70). 

Still, even at physiologic concentrations, gonadal steroid hormones do appear to 
affect drug sensitivity to some extent, as shown by sex differences in the susceptibi
lity to various intoxications. It remained to be seen, however, whether this physiologic 
difference in sensitivity, and the induction of resistance by excessive amounts of 
exogenous steroids depend upon the same mechanism. 

Several earlier observers noted sex differences in drug sensitivity, which are 
apparently due to steroid hormones produced by the gonads, and not to genetically 
determined resistance factors inherent in the somatic cells. Thus, it was found that 
adult male rats are less sensitive to barbiturates than females. This difference 
disappears after gonadectomy, but the resistance characteristic of intact males can be 
induced by treatment with testosterone and related compounds, in females and in 
gonadectomized rats of either sex (Holck et al. AS,Oll/37; Holck & Mathieson 
B644f44; Buchel G67,326f54; Robillard et al. G67,325f54). Furthermore, female 
rats proved to be more sensitive than males to progesterone anesthesia, but this sex 
difference became obvious only after maturity. We concluded that the "normal 
endocrine activity of the testis is largely, ü not entirely, responsible for this compara
tive resistance of the male, since castration increases sensitivity in males but is 
without effect in female rats. Conversely, the resistance of castrate males and females 
may be raised by methyltestosterone administration" (Winter & Selye A35,658/41; 
Winter A36,333f41). 

A similar sex düference in susceptibility has also been noted with regard to 
cardiovascular calcüication elicited in rats by overdosage with DHT. This form of 
calcinosis was aggravated by orchidectomy; hence, we concluded that "some testi
cular factor exerts a protective effect against this type of intoxication" 
(Selye 027,682/57). 

These findings were the first to suggest that, like the steroids of the adrenal 
cortex, those of the gonads can increase resistance, although not necessarily against 
the same agents and through the same mechanism. 

The liver, as the "centrallaboratory of the body," has long been suspected of 
playing an important part in the inactivation of exogenous and endogenous toxic 
substances. However, large-scale systematic studies, designed to identüy the com
pounds subject to hepatic detoxication, were virtually impossible because of the Iack 
of appropriate techniques. Comparisons between the drug resistance of intact and 
hepatectomized animals were difficult to interpret, since complete removal of the 
liver causes severe shock rapidly terminating in death, especially when toxic 
substances are given, irrespective of whether or not these are amenable to hepatic 
detoxication. Animals in which partial hepatic insufficiency was created (e.g., by 
ligature of the bile duct, hepatotoxic drugs, or the establishment of an Eck fistula) 
likewise yielded variable results, often complicated by darnage to extrahepatic 
tissues. Finally, the search for presumed drug metabolites in hepatic vein blood, 
in vivo, did not lend itself to the screening of many drugs, whereas similar studies 
on liver perfusates, in vitro, often failed to reflect in vivo conditions. 
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In order to test hepatic participation in the detoxication of numerous 
compounds, a screening test became necessary. It was to answer this need that we 
devised a simple surgical technique for the ablation of the left lateral and median 
lobes of the liver in mice (Waelsch & Selye 3,972/31). This operation removes 
about 70 percent of the hepatic tissue and markedly reduces resistance only with 
respect to drugs detoxified by the liver. For such tests it is best to use the animals 
about 24 hrs after the intervention, when they have recovered from the surgical 
insult, but hepatic regeneration is still negligible. With this technique we showed, 
for example, that the partially hepatectomized mouse is extremely sensitive to the 
anesthetic effect of tribromoethanol (Avertin), which is detoxified by the liver, but 
not to that of an equally anesthetic dose of Mg012, which is not subject to hepatic 
detoxication. Almost at the same time, Riggins and Anderson (597 /31) recommended 
an essentially similar operation for the stimulation of hepatic regeneration in the rat; 
yet, like many earlier investigators, they did not attempt to use partial hepatectomy 
for detoxication studies. 

About ten years later, the site of steroid hormone detoxication became a major 
subject of controversy, difficult to solve with the chemical methods then available. 
However, in the meantime, we had observed that sudden overdosage with steroid 
hormones and their derivatives produces profound anesthesia in the rat 
(Selye A35,003/41). This indication of activity was clear-cut, common to virtually 
all steroid hormones, not particularly damaging, and immediately evident; thus, it 
was applicable to acute experiments on partially hepatectomized rats before regene
ration could become important. Hence, we injected threshold doses of DOC, progeste
rone, testosterone, and estradiol into intact and partially hepatectomized rats. The 
latter proved tobe unusually sensitive to all these steroids, whereas their resistance 
to several other anesthetics remained uninfluenced. Even overdosage with the non
steroidal folliculoid, stilbestrol (which normally causes only a very mild hypnotic 
effect), produced prolonged narcosis after partial hepatectomy. These observations 
lead us to conclude that "it appears mostprobable that the liver is the site at which 
all the above-mentioned compounds are normally detoxified" (Selye A35,150/41). 

Subsequent investigations have amply confirmed the importance of the liver as 
the organ principally responsible for the detoxication of steroid hormones, and the 
value of partial hepatectomy as a simple screening test for compounds whose actions 
largely depend upon the speed of their hepatic detoxication. Furthermore, we have 
recently seen (in agreement with our expectations) that following partial resection of 
the liver, drugs, against which catatoxic steroids can offer protection through hepatic 
microsomal enzyme induction, become particularly toxic. However, the steroidal 
enzyme inducers themselves arealso subject to hepatic detoxication, and consequently 
their catatoxic activity likewise increases when their metabolic degradation is imped
ed by partial hepatectomy. Thus, in the rat, this operation facilitates both the 
production of perforating intestinal ulcers by indomethacin (a substrate for hepatic 
detoxication) and the prevention of these lesions by small doses of a catatoxic 
steroid such as spironolactone (Selye G60,058/69). 

In evaluating the results of partial hepatectomy upon drug toxicity it must be 
kept in mind, however, that the liver may also participate in the defense against 
toxic substances, through mechanisms unrelated to the induction of microsomal 
enzymes (e.g., synthesis of energy yielding metabolites or hormone- and drug-binding 
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proteins, elimination of pathogens through the bile or their storage in the RES). 
Hence, in any one case, aggravation of drug toxicity by partial hepatectomy merely 
suggests, but does not prove, that resistance may be increased by catatoxic steroids. 

Some of the earliest work on the hepatic detoxication of steroids was performed in 
vitro by incubation with liver slices or fractions. Soon after it had been observed that 
partial hepatectomy increases sensitivity to the anesthetic action of steroid hormones, 
Zondek et al. (A74,477 /43) showed that both estrone and stilbestrol can be inactiva
ted by rat liver pulp in vitro, and that "in rats treated with large amounts of stil
bestrol, the capacity of the liver to inactivate stilbestrol is increased." 

Subsequently, a group of investigators at our school undertook an extensive study 
of the relationship between sex differences in barbiturate resistance and the inacti
vation of barbiturates by liver tissue. They noted that pentobarbital anesthesia lasts 
much Ionger in female than in male rats, and that the high resistance of the male is 
abolished by castration but restored to normal by testosterone. In ovariectomized 
rats, estradiol was virtually ineffective, but testosterone raised resistance to the 
male Ievel. Allthese in vivo effects were found to runparallel with the pentobarbital 
detoxifying power of hepatic tissues in vitro (Crevier et al. B54,151/50). Liver 
homogenates of intact adult male rats destroyed pentobarbital in vitro more 
rapidly than those of castrate males. Furthermore, pretreatment of the castrates 
with testosterone enhanced the detoxication process, whereas estradiol pretreat
ment had an opposite effect (Robillard et al. G67,325/54). 

The most recent development in the field of hormonal regulation of resistance 
is the recognition that hepatic microsomal enzyme induction may play a decisive 
role here. The fact that many drugs and certain hormones can induce hepatic enzymes 
has been weil established by the fundamental biochemical observations of J. Axel
rod, W. F. Bousquet, B. B. Brodie, A. H. Oonney, K. P. DuBois, R. W. Estabrook, 
J. R. Fouts, H. V. Gelboin, R. J. Gillette, R. Kato, F. T. Kenney, W. E. Knox, 
R. Kuntzman, G. J. Mannering, E. 0. and J. A. Miller, H. Remmer and many others. 
For example, it was found that the liver of the mouse and rat possesses an enzyme 
system which N-demethylates 3-methyl-4-monomethylaminoazobenzene. The activity 
of this system depends upon the diet, being highest on aged or otherwise treated 
animal products, such as an old cholesterol preparation, Iiver extracts, and peptones. 
A variety of pure sterols were inactive but could be activated by peroxidation 
(Brown et al. G57,030j54). 

There followed a large nurober of publications suggesting that the induction 
of this type of resistance depends upon corticoid (Lin & Knox 073,824/58; 
Remmer D86,728j58; Rosen et al. 047,568/58; Sulman et al. 079,823/59; 
Maiekel & Brodie 083,071/60; Tomkins et al. G49,588j66), folliculoid (Grinnel & 
Smith 031,428/57), testoid or anabolic (Axelrod D28,544/56; Brodie 012,157/56; 
Booth & Gillette D34,656j62; Kato et al. G64,325j62; Novick et al. F63,768j66; 
Oonney F88,649j67; Kalyanpur et al. G66,147 /69) activity. 

It was not until quite recently that the independence of this enzyme-inducing 
capacity from all known steroid hormone actions could be demonstrated 
(Selye G60,039/69). It was found that in the rat, pretreatment with a variety of 
catatoxic steroids, such as spironolactone, norbolethone, and ethylestrenol, 
increases the oxidation of pentobarbital by hepatic microsomes and enhances its 
disappearance from the blood proportionally to their ability to shorten the depth of 
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anesthesia in vivo (Solymoss et al. G60,053f70). Norbolethone and ethylestrenol 
possess strong anabolic properties but little or no antimineralocorticoid effect, 
whereas spironolactone is a strong antimineralocorticoid devoid of anabolic actions. 
Since none of these steroids exhibits glucocorticoid, mineralocorticoid, or folliculoid 
effects, the catatoxic enzyme-inducing property appears to be independent of the 
former. 

Another early approach to the problern of hepatic hormone metabolism was based 
on the demonstration that the portal route of administration is unfavorable for the 
obtention of various physiologic effects by steroids. For example, the implantation 
of functional ovaries or of pellets of folliculoid and testoid compounds into the spieen 
or mesenteries of gonadectomized rats produces much less stimulation of the 
accessory sex organs than if the same hormone sources are introduced subcutaneously 
or elsewhere into the systemic circulation. These findings, and the fact that many 
steroids are more active when given parenterally than enterally, strongly suggested 
that sex steroids are presumably inactivated by hepatocytes when brought directly 
to the liver through the portal vein. Of course, such observations do not distinguish 
between hepatic degradation, storage or biliary excretion of hormones, and in any 
event, are not concerned with the hormonal stimulation of resistance but merely 
with the site of hormone inactivation. 

Essentially the same is true of what is perhaps the first olear-eut demonstration 
of hepatic inactivation of a steroid, in which a Iiver perfusion technique was used 
(Israel et al. Al6,424f37). 

Many investigators believe that the induction of hepatic microsomal enzymes 
by various drugs and steroids is associated with a marked proliferation of the smooth 
endoplasmic reticulum (SER) in hepatocytes (Conney F88,649f67; Claude E8,217/69; 
Remmer & Merker E36,389f63, D61,064f63; Burger & Herdson G66,499/66; 
Fouts & Rogers F29,497 /65). This effect is also independent of the known steroid 
hormone actions and can be demonstrated in rats after treatment with such 
typical catatoxic steroids as spironolactone (Kovacs et al. G60,045/70) or 
norbolethone (Gardell et al. G60,062f70). However, more recent investigations show 
that the relationship between catatoxic activity and the proliferation of the SER 
is much less constant than had been originally thought (Horvath et al. G70,408f70). 

Our attempts to distinguish between syntoxic and catatoxic actions go back to the 
earliest studies on the role of corticoids in inflammatory responses, such as the acute 
anaphylactoid reaction (Selye 38,798/37) and the myocarditis, nephritis, periarteritis 
and arthritis that are elicited under certain conditions by mineralocorticoids (Selye 
et al. A72,284J44). The fact that the antiphlogistics, or glucocorticoids, are truly 
syntoxic was first demonstrated in rats, using the granuloma pouch technique. 
Cortisol inhibits inflammation produced by croton oil in this test. However, if this 
irritant is removed after 14 days of sojourn in the pouch of a cortisol treated animal, 
and injected into the paw of an untreated control, it still produces an intense in
flammatory response in the latter. It was concluded that glucocorticoids act by 
depressing the inflammatory potential of tissues, not by destroying the irritant. By 
contrast, typical catatoxic steroids such as PCN, ethylestrenol, norbolethone or 
spironolactone, do not significantly modify the direct response of tissues to potential 
pathogens, but attack the latter, usually through enzymic degradation. Numerous 
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observations have subsequently shown that the catatoxic effect of steroids is inde
pendent of all their previously known effects. 

Clinical implications of treatment with glucocorticoids have been reviewed in the 
first monograph on stress (Selye A40,000/50) and it would be far beyond the scope 
of this volume to discuss the extensive Iiterature on their manifold uses in inflamma
tory diseases, allergies as immunosuppressants, adjuncts in cancer therapy, etc. The 
initial enthusiasm for systemic glucocorticoid therapy, especially in chronic rheumatic 
diseases, has been greatly dampened by their undesirable side-effects, but never
theless these hormones have come to represent a very important group of therapeutic 
agents. 

As this book goes to press, we are just beginning to explore the possible clinical 
applications of catatoxic steroids. There is no doubt that hepatic microsomal enzyme 
induction can be useful in the treatment of certain spontaneaus diseases of man. 
This had first been shown in 1966. In an infant with congenital unconjugated hyper
bilirubinemia, a considerable lowering of serum bilirubin was produced by 
phenobarbital (Yaffe et al. G67,125/66), presumably as a result of the 
induction of a glucuronide-conjugating enzyme system. Subsequently, the value of 
barbiturate treatment in similar cases has been weil established by many investi
gators. Since we now know that man possesses the same mechanisms for enzyme 
induction by catatoxic drugs as do experimental animals, we infer that he would 
presumably also respond to catatoxic steroids in a similar manner. If so, we may 
hope to obtain favorable results by pretreatment with catatoxic steroids in patients 
suffering from the most varied forms of endogenous or exogenous intoxications with 
steroids, digitalis compounds, pesticides and carcinogens. 

It is more debatable whether this type of steroid would also be effective in treating 
an already established acute morbid condition, since the induction of defensive 
enzymesoften takes several days. In mice and rats however, under certain circum
stances, enzyme induction has been demonstrated within hours, and the speed of its 
development appears to depend upon genetic predisposition, the type of inducer 
used, the route of its administration, etc. To what extent such factors would Iimit the 
practical applicability of catatoxic steroids as therapeutic agents remains to be seen. 
In any event, beneficial results may be expected in patients suffering from chronic 
diseases in which even the gradual activation of defensive mechanisms over several 
days would be useful. 

It has long been known that glucocorticoids, folliculoids and thyroxine can 
protect the rabbit against cholesterol atheromatosis (Lit. in Selye G60,083/70). 
Recently, it has been shown that pretreatment with phenobarbital diminishes 
hypercholesterolemia and atheromatosis in cholesterol-fed rabbits (Salvador et al. 
G68,ll3f67), although this barbiturate also augments the synthesis of cholesterol 
from 14C-acetate in rats and hamsters (Orrenius E8,23lf69). Furthermore, several 
catatoxic steroids are highly potent in protecting the rat against various types of 
cardiovascular disease (Selye G60,083f70). Yet, only clinical trials will be able to 
show whether any of these agents exerts comparable effects in the spontaneaus 
cardiovascular diseases of man. 
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Evolution of the Concept: Hormones and 
Resistance 

Pflüger A4,877f1877: Essay entitled "The 
Teleological Mechanics of Living Nature." 

Bernard E719f1879: Monograph entitled 
"Le9ons sur les PMnomenes de la Vie 
Communs aux Animaux et aux Vegetaux." 
(vol. 1, 404 pp.; vol. 2, 564 pp., published 
respectively in 1878 and 1879) based largely 
on lectures given at the Museum of Paris 
during 1859 and 1860. It is in these lectures 
that Bernard first developed his concept of the 
fixity of the "milieu interieur." 

Fredericq A5,288f1885: Essay on the 
influence of the external medium upon the 
composition of blood in aquatic animals. 

Richet E1,101f00: A dictionary of physio
logy with general considerations upon mecha
nisms of adaptation. 

Haldane E715f22: Monograph (427 pp.) 
on respiration with many interesting specula
tive passages on the nature of homeostasis. 

Selye 36,031!36: A letter to the editor of 
NATURE, entitled "A Syndrome Produced by 
Diverse Nocuous Agents," in which the 
nonspecific response of the body to biologic 
stress was first described. 

Selye 38,798!37: "A reaction is described 
under the name of 'alarm reaction' which 
represents a non-specific response of the 
organiBm to darnage as such. Its main symp
toms are: adrenal enlargement, involution of 
the lymphatic organs, degeneration and death 
of cells in various tissues, ulcer formation in 
the digestive tract, and edema formation. 
These symptoms are the same whatever the 
specific nature of the damaging agent may be. 
Drugs, surgical injuries, spinal shock, excessive 
muscular exercise, all elicit this same reaction." 
It is in this paperalso that the anaphylactoid 
reaction was first described on the basis of 
experiments on rats given egg-white i.p. "The 
significance of this peculiar reaction to egg
white is not clear, but it seems evident that 
in this case an alarm reaction, elicited by 
another drug, exerted a protective influence." 
On the other hand, adrenalectomy aggravated 
the course of the anaphylactoid inflammation. 
These facts suggested that this inflammatory 
response is adrenal dependent and amenable 
to prevention by corticoids in amounts that 
can be secreted during stress. 

Oannon B14,905f39: A monograph entitled 
"The Wisdom of the Body" (333 pp.) in which 
the author summarizes his work on "homeosta
sis" and on the many mechanisms involved 

3 Selye, Hormones and Resistance 

in the maintenance of a steady state despite 
exposure to hunger, thirst, hemorrhage or to 
factors which specifically tend to alter certain 
blood constituents. 

Störtebecker 76,398/39: Review of the 
early Iiterature (from 1896 to the discovery of 
the alarm reaction in 1936) on the effect of 
adrenalectomy and crude adrenal extracts 
upon resistance to drugs. 

Selye B40,000f50: Monograph (822 pp., 
about 6,000 refs.) summarizing the Iiterature 
on the General Adaptation Syndrome (G.A.S.), 
the Local Adaptation Syndrome (L.A.S.) as 
weil as the pathogenic and protective actions 
of stress. 

Selye B58,650f51: "First Annual Report 
on Stress" (644 pp., about 4,000 refs.). 

Selye B71,000f52: Monograph (225 pp.) on 
"The Story of the Adaptation Syndrome." 

Selye & Horava B87,000f52: "Second 
Annual Report on Stress" (526 pp., about 
5,300 refs.). 

Selye & Horava B90,100f53: "ThirdAnnual 
Report on Stress" (637 pp., about 5,700 refs.). 

Selye & Heuser 01,001/54: "Fourth Annual 
Report on Stress" (749 pp., about 4,300 refs.). 

Selye & Heuser 09,000/56: "Fifth Annual 
Report on Stress" (815 pp., about 6,200 refs.). 

Selye 095,972!61: Review (32 pp., 85 refs.) 
on "Nonspecific Resistance," with special 
reference to the local and general adaptation 
syndrome, as weil as to resistance phenomena 
that are not mediated through the hypothala
mus-pituitary-adrenocortical axis. 

Thyroid 

Hunt 60,064/05: In mice, thyroid feeding 
greatly increases resistance to acetonitrile, 
but not to various other cyanides, such as 
hydrocyanic acid or sodium ferricyanide. 

Blum 38,401/00; 38,405/06: Studies on the 
effect of thyroidectomy upon the resistance 
of dogs, rabbits and sheep to various diets 
led to the conclusion that the thyroid is not an 
organ of internal secretion, but acts by 
accumulating and destroying toxic substances, 
especially those derived from meat diets. 

Scarborough 34,971!36: In rats, feeding of 
thyroid extract diminishes the anesthetic 
effect of pentobarbital. 

Adrenals 

Lewis 12,272!21; 61,803/23: Adrenalecto
mized rats are unusuaily sensitive to intoxi
cation with cobra venom, curare, veratrine, 
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morphine, digitoxin and diphtheria toxin. 
On the other hand, adrenalectomy does not 
appreciably alter the susceptibility of the rat 
to strychnine or picrotoxin. The protective 
effect of the adrenals is thought to be due 
either to topical detoxication of the drugs 
within the gland, or to "general metabolic 
changes" induced by adrenal principles. The 
earlier Iiterature on the increased sensi
tivity of adrenalectomized animals to various 
toxic substances is reviewed. 

Scott 16,870/23: Review of the early Iitera
ture on the relationship between the adrenals 
and resistance to drugs. Personal Observations 
confirm thehighmorphine sensitivityof adrenal
ectomized rats. 

Scott 17,400j24: Adrenalectomized rats 
are unusually susceptible to killed strepto
cocci and staphylococci. 

RogoU & DeNecker 63,527!25: The increase 
in morphine sensitivity observed by Lewis 
(12,272/21) afterbilateral adrenalectomy in the 
rat is ascribed to the nonspecific darnage of 
the operation. Most deaths occur during the 
first ten days after adrenalectomy, but the 
animals that recover are not particularly 
sensitive to morphine, "there is indeed, no 
evidence that any significant change in toler
ance occurs." [In the light of our subsequent 
work, it is highly probable that many of the 
rats used by these investigators had accessory 
adrenals, or that the adrenalectomy was 
incomplete, so that upon compensatory hyper
trophy of the cortical remnants, resistance 
returned towards normal (H.S.).] 

Selye et al. A32,768j40: Review of the 
earlier Iiterature on the ability of epinephrine 
and "cortin" to raise resistance against 
various stressors. Attention is called to the 
fact that whereas cortin is very effective in 
this respect in adrenalectomized animals, it 
rarely raises resistance above normal in the 
presence of the adrenals. The slight effect that 
cortical extracts do possess during severe shock 
is presumably due to the fact that "a condition 
of 'relative adrenal insufficiency' exists in orga
nisms exposed to nonspecific damage." Follow
ing extensive partial hepatectomy in rats, 
"suitable cortin therapy prevents the hypo
chloremia, and the decrease in blood volume 
and in blood sugar which are usually 
elicited by this intervention." In rats damaged 
by repeated s.c. injections of formaldehyde, 
cortical extract prevented the hypoglycemia 
and hypochloremia of severe shock, whereas 
DOC was virtually ineffective; in fact, it aggra
vated the s.c. edema caused by formaldehyde. 

Chronic pretreatment with cortical hormones 
causes adrenal atrophy which counteracts 
their beneficial effect in protecting against 
stress. "These experiments should be inter
preted as a warning against prolonged pre
treatment with this substance in preparation 
for a surgical intervention." The best protec
tive effect was obtained in rats with surgical 
shock produced by crushing of the intestines, 
if given repeated injections of cortical extract 
s.c. during the subsequent 24 hrs. An 
"Addendum" reports on similar experiments 
performed with corticosterone prepared for 
this purpose by E. C. Kendall. This compound, 
which differs from DOC only in that it 
possesses an llß-hydroxyl group, proved to be 
especially effective in protecting the rat 
against traumatic shock caused by crushing 
of the intestines. [This was the first 
observation showing that 11-oxygenation of 
corticoids is required to endow them with 
antistress activity (H.S.).] 

Kass D35,079J60: "In only two situations 
have adrenocortical hormones been shown tobe 
protective to the host: the replacement of 
hormone in hypoadrenalism, and the protective 
action against the Iethai toxicity of bacterial 
lipopolysaccharides ... " 

Adaptation to Hormones 

Abderhalden 67,622/33: Defensive enzymes 
(Abwehrfermente) are produced by the paren
teral administration not only of complex 
proteins but also of polypeptides, cane sugar 
or galactose. The induced enzyme activity, as 
manifested in the blood or urine, is highly 
specific for the substrate used to induce it. 
Even specific products of internal (particularly 
endocrine) organs or cancer tissue may generate 
such defensive enzymes whose demonstration 
is often of diagnostic value. 

Collip et al. A32,156J40: Review (34 pp., 
about 200 refs.) on "The Antihormones." 

Selye A 35,410/41: In rats, pretreatment 
with anesthetic doses of certain steroid 
hormones induces resistance not only to the 
same but also to other anesthetic steroids. 

Thomson et al. A35,782j41: Review (13 pp., 
78 refs.) on "The Antihormones." 

Sex Differences 

Holck & Kanan 31,302/35: Fernalerats are 
more sensitive than males to various barbitu
rate anesthetics. No such sex difference could 
be detected in the dog, cat, rabbit, guinea pig, 
mouse, turtle or frog. 
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Falk A337f36: In mice, the anesthetic 
effect of certain barbiturates is inhibited by 
crude testicular extracts. [It is unlikely that 
these preparations antagonized barbiturates 
by virtue of their negligible testoid content 
(H.S.).] 

Holck et al. A8,011f37: Fernale rats are 
more sensitive than males to various barbitu
rates and nicotine. Orchidectomy abolishes 
this increased resistance to barbiturates. 
Pretreatment with a testoid urinary extract 
shortens the anesthesia produced by hexo
barbital in intact or spayed females. Andro
sterone is ineffective. 

Winter & Selye A35,658f41; Winter 
A 36,333/41: Fernale rats are more sensitive 
than males to the anesthetic action of pro
gesterone but this sex difference is obvious 
only after maturity. "The normal endocrine 
activity of the testis is largely, if not entirely, 
responsible for this comparative resistance of 
the males since castration increases sensitivity 
in males but is without effect in female rats. 
Conversely, the resistance of castrate males 
and females may be raised by methyl
testosterone administration." 

Holck & Mathieson B644j44: In rats, the 
development of tolerance to pentobarbital 
was determined by injecting increasing doses 
every 90 min, day and night, for periods up to 
5 days. Practically all 1-2 month-old rats de
veloped tolerance, as did adult males in 
contrast to females. Castration lowered the 
ability of adult males to develop tolerance, 
but did not do so in 2 month.old males. 
Ovariectomy of 2 month-old females increased 
their ability to detoxify pentobarbital, once 
tolerance had developed. 

Buchel G67,326f54: Testosterone decreases 
hexobarbital sleeping time in adult intact or 
ovariectomized female rats. Estradiol has an 
inverse effect in normal or castrate males. 
Indirect evidence suggests that the changes 
in hexobarbital sleeping time are associated 
with its reduced or prolonged presence in the 
body. 

Selye 027,682!57: In rats, the production 
of cardiovascular calcification by DHT is 
facilitated, and the loss of weight increased, 
by orchidectomy. Presumably, "some testi
cular factor exerts a protective effect against 
this type of intoxication." 

HepatectoTny, Hepatoto~ins 

Gluck A5,289f1883: Rahbits tolerate extir
pation of 1/3, but not of 2/3 of the liver. 

3• 

Ponfick A 24,568 f 1889: Extensive descrip
tion (41 pp.) of the technique and consequences 
of partial hepatectomy in the rabbit. As much 
as 2/3 of the hepatic parenchyme can be 
removed without causing serious functional 
disturbances. Complete hepatectomy is in
compatible with life. If performed in several 
stages, enormous amounts of liver tissue can 
be removed. Earlier, mostly unsuccessful, 
attempts at complete removal of the liver in 
frogs and birds are reviewed. No effort was 
made as yet to examine hepatic regeneration 
following partial hepatectomy (H.S.).] 

Podwyssozki E77,767f1885; Hess E74,646f 
1890: Description of the early literature on the 
regenerative phenomena in the liver, follow
ing trauma in experimental animals, and 
man. 

von Meister A25,263f1894: Monograph 
(116 pp., 54 refs.) on the history of 
research on the regenerative power of the 
liver after various forms of mutilations. 
Personal observations on rabbits revealed the 
histologic details of hepatic regeneration in the 
parenchyme and bile duct at various intervals 
oJ time, after extensive partial hepatectomy. 
Two months later regeneration is virtually 
complete. Similar regenerative phenomena 
occurred in partially hepatectomized rats 
and dogs, although the latter do not tolerate 
extensive removal of hepatic tissue as well as 
rodents do. In rats, the operation consisted in 
removing 1 to 3 "hepatic Iobes" (not otherwise 
identified). 

Biedl & Winterberg 47,485/01: Extensive 
studies on the role of the liver in the 
synthesis of uric acid from ammonia in the dog, 
using various methods for the elimination of 
the liver (e.g., destruction of the parenchyme 
by injection of acids into the choledochus, 
Eck fistula). A 19th-century literature on 
complete extirpation of the liver in the goose, 
andin vitro perfusion of the liver with ammonia 
determinations in the afferent and efferent 
blood, etc. is reviewed. 

Higgins & Anderson 597!31: Description 
of a technique for the removal of the median 
and left lateral Iobes of the rat's liver which 
correspond to 70% of the hepatic tissue. 
Regeneration begins almost immediately and 
is virtually complete after 2 weeks. The 
mortality rate was 25%. [No attempt was 
made to determine the functional consequences 
of this intervention (H.S.).] 

Waelsch & Selye 3,972!31: First description 
of a technique for the removal of about 70% 
of the liver in mice, which lends itself for the 
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detection of drugs that are detoxified in the 
liver. Thus, in such partial hepatectomized 
mice, tribromoethanol (Avertin) causes much 
more prolonged anesthesia than in intact 
controls, whereas magnesium anesthesia is 
not significantly affected by this hepatic 
insufficiency; presumably because tribromo
ethanol is, whereas MgCI2 is not detoxified by 
the liver. 

Pincus & Martin A34,939f40: Following 
liver darnage induced by 0014, threshold 
doses of estrone become more efficacious in 
producing vaginal estrus in ovariectomized 
rats. Although the results were inconstant 
and not very pronounced, they suggest "that 
liver darnage by 0014 results in a decreased 
inactivation of administered estrone." 

Selye A 35,150/41; A 35,003/41; A 36,447/42: 
In rats, partial hepatectomy increases sensi
tivity to the anesthetic effect of various 
steroids, presumably because most if not all 
steroid hormones and their derivatives are 
largely detoxified in the liver. Consequently, 
the prolongation of anesthesia in the rat 
by partial hepatectomy is a suitable test 
object for the assays of potential steroid 
anesthetics of which only small amounts are 
available. 

Selye G60,058f69: In the rat, partial 
hepatectomy facilitates the production of 
perforating intestinal ulcers by indomethacin. 
Comparatively small doses of spironolactone 
readily inhibit this form of indomethacin 
intoxication even in the presence of surgically 
induced hepatic insufficiency. "These results 
are compatible with the assumption that both 
indomethacin and spironolactone are subject 
to hepatic detoxication, and hence, their respec
tive pathogenic and prophylactic actions are 
enhanced after extensive resection of liver 
tissue." 

Liver Slices or Fractions 

Heller A32,137f40: In vitro studies on 
tissue slices and tissue mince of rats and 
rabbits indicate that "estradiol is inactivated 
by liver and kidney, and not by the other 
tissues studied. This inactivation of estradiol 
is, in all probability, not due to conjugation 
or conversion to a less active form, but due to 
enzymatic destruction of an oxidative nature. 
This is indicated by the relative inactivity of 
the treated estradiol, the inability of hydrolysis 
procedures to increase activity and the effect 
of tissue poisons upon inhibiting the estradiol
destroying enzyme system. Estrone is increased 

20 times in potency by incubation with minced 
uterine tissue. Spleen, lung, heart and kidney 
tissues also caused estrone to be converted 
to a more active substance. The suggestion is 
made that this conversion is accomplished by 
enzymatic reduction of estrone to estradiol." 

Zorulek et al. A 7 4,477 f43: Stilbestrol is 
inactivated by rat liver pulp in vitro, though 
less rapidly than estrone. "In rats treated with 
!arge amounts of stilbestrol, the capacity of 
the liver to inactivate stilbestrol is increased." 

Orevier & d' Iorio B54,151f50: Pentobarbi
tal anesthesia lasts Ionger in female than in 
male rats as judged by the linguo-maxillary 
reflex. Castration abolishes the high resistance 
of the male, but testosterone restores it to the 
normallevel. In ovariectomized rats, estradiol 
has virtually no effect, but testosterone raises 
resistance to the male level. These in vivo 
effects runparallel to the in vitro pentobarbital 
detoxifying power of liver slices. 

Robillard et al. B51,110f50: Male rats are 
more resistant than females to the narcotic 
effect of pentobarbital. Gonadectomized rats 
of both sexes exhibit high pentobarbital re
sistance after treatment with testosterone, 
presumably as a consequence of accelerated 
hepatic detoxication of the barbiturates, 
since incubation of pentobarbital with liver 
slices of normal males or testosterone-treated 
castrates exhibit accelerated pentobarbital 
detoxication in vitro. 

Robillard et al. G67,325f54: Live homoge
nates of adult male rats destroy pentobarbital 
in vitro (spectrophotocolorimetric determina
tion) more rapidly than those of castrate 
males. In vivo, pretreatment of the castrates, 
with testosterone, increases the detoxication 
process, whereas estradiol pretreatment has an 
opposite effect. 

Hepatic Microsornal Enzyme lnduction 

Brown et al. G57,030f54: "The activity of 
an enzyme system in mouse and rat liver 
which N-demethylates 3-methyl-4-monome
thylaminoazobenzene has been found to depend 
on the nature of the diet. The lowest activity 
occurred when a grain or purified diet was fed. 
The activity of mouse liver approximately 
doubled when any of several commercial 
chows was fed; the activity of rat liver increas
ed about 30 per cent. The factor was also 
contained in a number of aged or otherwise 
treated animal products, such as an old chole
sterol preparation, liver extracts, and peptones. 
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A variety of pure sterols were inactive, but 
could be made active by peroxidation." 

Axelrod E40,270f55: "An enzyme system 
in rabbit liver microsomes catalyzes the 
deamination of amphetamine to yield phenyl
acetone and ammonia. The enzyme system 
requires reduced triphosphopyridine nucleo
tide and oxygen. The TPN-dependent dehy
drogenases in the soluble supernatant fraction 
of the liver serve to maintain a reservoir of 
reduced triphosphopyridine nucleotide." 

Brodie et al. G66,772f55: Both the micro
somes and soluble fractions of rabbit liver are 
required for drug metabolism. The activity 
of the microsomal enzyme systems that 
demethylate monomethyl-4-aminoantipyrine 
necessitate both NADPH and oxygen which 
are provided here by the soluble fraction. 
lt is unusual for enzyme systems to require 
both reduced NADPH and oxygen but the 
common step in the various microsomal 
reactions could involve the production of 
hydrogen peroxide bythe oxidationofNADPH. 
The generated peroxide might then be utilized 
to catalyze the transformation of various 
foreign compounds. "It is likely that the 
number of these enzymes is relatively small 
and that they are unusually nonspecific ... 
one can speculate that these systems are not 
essential to the normal eoonomy of the body, 
but operate primarily against the toxic 
influences of foreign compounds that gain 
access to the body from the alimentary tract." 

A.xelrod D28,544f56: First description of 
enzyme systems which N-demethylate mor
phine and its congeners to the oorresponding 
norderivatives and formaldehyde. "The enzyme 
systems are located in the liver microsomes of 
a number of mammalian species and they 
require reduced triphosphopyridine nucleotide, 
oxygen, and other cofactors. . . . There are 
marked sex differences in the enzymatic 
demethylation of narootic drugs in the rat. 
Administration of estradiol to male rats 
results in a decrease in enzyme activity, 
while treatment of female rats with testo
sterone enhances enzyme activity." 

Brodie 012,157/56: The hexobarbital sleep
ing time of female rats is about four times that 
of males; oorrespondingly, the plasma Ievels 
of hexobarbital drop much more rapidly in 
males, whose hepatic microsomes also inacti
vate the drug more markedly in vitro than 
those of females. Male rats, pretreated with 
estradiol, sleep as long as females and their 
hepatic microsomes lose much of their ability 
to metabolize hexobarbital. Females, pretreat-

ed with testosterone, assume the character
istics of males in all these respects. No sex 
differences were seen in mice, guinea pigs, 
rabbits and dogs, and their ability to handle 
hexobarbital is not influenced by estradiol or 
testosterone. 

Oonney et al. D87,867f56: In rats, 3-methyl
cholanthrene i.p. oonsiderably increased the 
ability of fortified liver homogenates to 
N-demethylate 3-methyl-4-monomethylamino
azobenzene (demethylase activity) and to 
reduce the azo Iinkaga of 4-demethylamino
azobenzene (reductase activity) within 
24 hrs. Significant demethylase activity was 
obtained even after 6 hrs. A number of other 
polycyclic hydrocarbons caused similar increa
ses in demethylase activity but there was no 
relationship between carcinogenicity and en
zyme induction. None of these compounds was 
active in vitro and their effect oould be 
inhibited in vivo by ethionine. This inhibition 
was in turn prevented by methionine. 

Lin&Knox073,824f58: Inrats, thehepatic 
TK.T activity increased following treatment 
with cortisone, cortisol or corticosterone and 
L-tyrosine. This effect was observed also after 
adrenalectomy. On the other hand, a compa
rable effect of other aminoacids was probably 
due to stress. "That a nonspecific stress
producing agent could actually increase the 
Ievel of tyrosine-a-ketoglutarate transaminase 
was further supported by the results obtained 
with a compound which is unrelated to tyro
sine metabolism. Injections of propylene 
glycol in doses of 0.5 ml per 100 gm of body 
weight caused the level of this enzyme to 
increase to an average of 1390 units in three 
intact rats." Adrenalectomized rats did not 
support this dose of propylene glycol. 

Remmer D86,728j58: In rats, 3 days 
pretreatment with cortisone or prednisolone 
diminishes the anesthetic effect of hexobarbital 
and increases the degradation of the anesthetic 
by liver slices. Adrenalectomy inhibits the 
degradation of hexobarbital by liver slices of 
male rats, an effect which can be oounteracted 
by pretreatment with oortisone. Mention of 
unpublished experiments indicating that corti
sone and prednisolone aceeierate the detoxi
cation of meperidine in the rat, exclusively 
through demethylation and not through 
hydrolysis. 

Rosen et al. 047,568/58: Cortisol, cortisone 
and prednisone increase the GPT activity of 
the rat liver. GOT activity is not similarly 
influenced. "These facts, added to the Obser
vation that a substantial rise in hepatic GPT 
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occurs in rats treated with hydrocortisone, in 
cantrast to treatment with deoxycorticoste
rone, strongly suggests that the control of 
hepatic levels of GPT by glucocorticosteroids 
is importantly related to the mechanism 
whereby these compounds exert their gluco
neogenic activity." 

Sulman et al. 079,823/59: In rats injected 
for 4 months with prednisone or prednisolone, 
an increase in the hepatic content ofthe enzymes 
which decompose these steroids could be de
monstrated in vitro. Various histologic stains 
failed to reveal any associated light-micro
scopic change in the hepatocytes. Addition of 
SKF 525-A to the homogenate of activated 
livers blocked their enzymic activity. 

Maiekel &1 Brodie C83,07lf60: TPO in 
rat liver is increased by ACTH, cortisone, or 
cortisol, as well as by various stressors and 
barbiturates. Hypophysectomy prevents the 
effect of stressors and barbiturates, suggesting 
that the latter act through the pituitary
adrenal system. 

Kato et al. G64,325j62: Adult male rats 
are more resistant than females to pentobar
bital anesthesia, carisoprodol paralysis and 
strychnine convulsions. Conversely, the lethal 
effect of OMP A is greater in the male. The 
sex difference is ascribed to the increased 
production of anabolic testoids that enhance the 
decomposition of these substrates, the first 
three of which being inactivated whereas the 
last activated in the process. The differences 
were also demonstrated in vitro, using liver 
slices or microsomal fractions. The high 
microsomal activity of the male could be 
abolished by castration, and restored by 
several anabolic testoids. 

Bootk &1 Gillette D34,656f62: Testosterone 
propionate, 19-nortestosterone, 4-androstene-3, 
17-dione and 4-chloro-19-nortestosterone ace
tate (SKF 6611) were tested for their ability 
to induce hepatic microsomal enzymes in 
female rats. "All of the steroids produced 2-
to 3-fold increases in the activity of the 
enzyme systems that metabolize hexobarbital, 
demethylate monomethyl-4-aminoantipyrine 
and hydroxylate naphthalene, but only 19-
nortestosterone, testosterone propionate and 
methyltestosterone increased the activity of 
microsomal TPNH oxidase. . . . The increase 
in microsomal enzyme activity is more 
closely related to the anabolic activity than 
to the androgenic activity of the steroid." 

Novick Jr. et al. F63,768f66: "Subcuta
neous administration of several 19-nortesto
sterone derivatives produced an increased 

hepatic microsomal metaboliBm of hexobar
bital and decreased zoxazolamine prostration 
time in mice. Testosterone and methyltesto
sterone produced an increased hexobarbital 
sleep time and testosterone decreased the rate 
of hepatic microsomal metaboliBm of hexo
barbital. Although the ability of norethan
drolone and SK&F 6612 (4-chloro-17a-methyl-
19-nortestosterone) to shorten hexobarbital 
sleep time occurs within 6 to 12 hr. after a 
single dose in mice, this effect of testosterone 
derivatives in rats occurs only after prolonged 
treatment." 

Tomkins et al. G49,588j66: Glucocorti
coids stimulate TKT induction in rat hepatoma 
cells, in vitro. Inhibitor and immunochemical 
experiments indicate that the corticoids do 
not activate a precursor but increase the 
nurober of enzyme protein molecules. Appa
rently, the hormones exert some control at the 
level of translation of the transaminase 
messengar by antagonizing a repressor of 
messengar function. "lt cannot yet be deter
mined whether the presumed increase in mes
sengar concentration occurs as a secondary 
response to the stimulation of translation, or 
whether there is a direct effect of the hormone 
on gene transcription." 

Conney F88,649j67: A review of the lite
rsture on more than 200 drugs leads to the 
conclusion that "there is no apparent rela
tionship between either their actions or 
structure and their ability to induce enzymes. 
lt is of interest that most of the inducers are 
soluble in lipid at a physiological pH." 

Mannering G71,818j68 (p. 53): Review of 
the early history of studies on hepatic micro
somal drug metabolism. 

Kalyanpur et al. G66,147f69: In mice, 
various anabolic steroids (methandienone, 
4-chlorotestosterone acetate, nandrolone, phen
propionate) given i.p. 90 min before pentylene
tetrazol, inhibit convulsions. The protective 
effect is compared to that produced by various 
anesthetic steroids. [A relationship to enzyme 
induction is not suggested, nor is it probable 
in view of the shortness of the necessary 
pretreatment (H.S.).] 

Solymosa et al. G60,054f69: "In the rat, 
pretreatment with spironolactone, norbole
thone or ethylestrenol increased the oxidation 
of pentobarbital by liver microsomes, enhanced 
its disappearance from blood and proportion
ally decreased the depth of anesthesia." 
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Portal Route of Administration 

Golden & Sevringhaus A37,808f38: In 
ovariectomized rats, ovarian homotransplants 
placed into the mesenteries failed to maintain 
the sexual cycle, whereas retransplantation of 
the gonads into the axillary region reinitiated 
estrus. Apparently, folliculoids are detoxified 
during their passage through the liver. 

Biskind & Mark A31,656f39: "Pellets of 
testosterone propionate and estrone do not 
exert their specific effect on the appropriate 
castrate rats when implanted in the spieen. 
The specific effect returns when the spleens 
containing the pellets are transplanted and the 
spienie artery and vein are ligated." Possibly, 
both testosterone and estrone are inactivated 
during their passage through the liver. 

Biskind A 31,848{40: Both testosterone and 
methyltestosterone, when implanted in pellet
form into the spieen of the castrate rat, failed 
to stimulate the accessory sex organs. When 
the pellet-containing spieen is transplanted 
subcutaneously, with the spienie vessels ligat
ed, the testoid effect returns. "The differences 
in the specific effects of these two substances 
when administered orally may be due to 
different routes of absorption from the 
intestinal tract (e.g., via the lymphatics), 
rather than different sites of inactivation." 

Burrill & Greene A32,956f40: In immature 
orchidectomized rats, autotransplante of testi
cular tissue stimulated the growth of the 
accessory sex organs when placed subcuta
neously but not when inserted into the portal 
circulation. Presumably, testoids are detoxi
cated during their passage through the liver. 

Eversole et al. 78,679{40: In adrenalecto
mized rats "autoplastic cortical grafts placed 
on the kidney, ovary or mesentery are of ap
proximately equal functional capacity." Hence 
it is concluded that "unlike ovarian trans
plante, the function of cortical tissue is not 
impaired by having a site (intestinal mesen
tery) with hepatic portal drainage." 

Biskind A35,907f41: Fernale rats become 
anestrus upon s.c. implantation of a testo
sterone pellet. The estrus cycle remains normal 
if the pellet is implanted into the spieen but if 
subsequently this spieen is transplanted 
subcutaneously and its vessels ligated, the 
estrus cycle is resumed. Presumably intra
splenically-located testosterone is detoxified 
during its passage through the liver. 

Biskind A 36,315{41: Pellets of estradiol 
benzoate implanted into the spleens of adult 
ovariectomized rats produce only a short 

period of estrus. However, if these spleens are 
transposed (pedicle transplant) s.c., their 
estrogenic action reappears. Apparently, estra
diol is inactivated in the liver, as had previ
ously been shown for estrone. 

Biskind A36,481f41: Estrone pellets im
planted into the spieen do not cause such 
marked testicular atrophy in adult rats, as 
do similar pellets placed s.c. If the pellet
bearing spleens are transplanted s.c., and their 
hilum Iigated (to prevent drainage of spienie 
blood into the portal circulation), then severe 
testicular atrophy develops, suggesting that 
estrone is inactivated during its passage 
through the liver. 

Biskind & Biskind A38,221{42: The 
anestrus condition of ovariectomized rats with 
spienie implants of estrone pellets gives way 
to constant estrus under the influence of 
vitamin-B complex deficiency. Administration 
of brewers yeast restores anestrus. Presumably 
the hepatic detoxication of folliculoids depends 
upon vitamin-B factors. 

Burrill & Greene A 38,214{42: In rats, 
pellets of testosterone or methyltestosterone 
implanted s.c. stimulated the growth of the 
accessory sex organs after orchidectomy. 
Upon implantation into the spieen, methyl
testosterone was, but testosterone was not 
active. Presumably, the latter is more subject 
to hepatic detoxication. 

Eversole & Gaunt A56,551f43: In rats, 
DOC pellets placed into the portal circulation 
are less effective in maintaining life after 
adrenalectomy than those implanted else
where. Apparently, DOC is partly inactivated 
during its passage through the liver. 

Green B28,239f48: In rats kept on a high 
NaCl intake the disturbances in fluid exchange, 
cardiac and renal hypertrophy, hypertension 
and mortality induced by DOC implantation 
s.c. are all diminished or absent if the sametype 
of DOC pellet is implanted into the spieen. lt 
is concluded that DOC is detoxified in the liver. 

Shipley et al. B50,163f50: In ovariecto
mized rats maintained on a hypolipotropic 
diet supplemented with methionine, estrone 
pellets protected against the deveiopment of 
hepatic steatosis if impianted s.c. but not if 
placed in the spieen. 

MolZer-Christensen B56,243f51: In rabbits 
and cats, a greater increase in biood pressure is 
obtained by vasopressin injected into a peri
pherai vein than if the same amount is injected 
into the spieen. 1t is conciuded that Vaso
pressin is detoxified by the liver. 
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Liver Perfusion 

Israel et al. A16,424f37: Estrone "is not 
inactivated by dog blood in vitro or by the 
circulation in a heart-lung perfusion system. 
It is rapidly inactivated by circulation in a 
heart-lung-liver perfusion system." 

Smooth Endoplasmic Reticulum (SER) 

Fouls G79,654{61: When SER and RER 
partieleB of rabbit liver are separated by 
ultracentrifugation in various sucrose gradients, 
the NADPH oxidase and drug-metabolizing 
enzyme activity can be shown to be higher in 
the SER than in the RER. 

Remmer & Merker D61,064f63: In the rat, 
hepatic microsomal enzyme induction by 
phenobarbital is associated with a proliferation 
of the hepatic SER. 

Fout8 & Rogers F29,497{65: In the rat, 
"phenobarbital and chlordane stimulate a 
variety of microsomal drug metabolisms and 
also appear to cause a marked proliferation of 
smooth-surfaced endoplasmic reticulum (SER) 
in the hepatic cell. Benzpyrene and methyl
cholanthrene stimulate only a few microsomal 
drug metabolizing enzymes and do not 
appear to cause any pronounced increase in 
hepatic cell SER." 

Burger & Herdsan G66,499f66: In the rat, 
phenobarbital causes liver enlargement and 
ultrastructural changes characterized by "pro
liferation of smooth endoplasmic reticulum 
with concomitant shortening and dispersion 
of rough endoplasmic cisternae, mitochondrial 
abnormalities, and the development of myelin 
figures. The morphologic abnormalities at 
first affect only central cells, but progressively 
involve cells further out in the lobule so that 
after medication for 10 days most of the lobule 
is involved. Nevertheless, a peripheral zone of 
normal-looking cells is always present." 
Concurrent treatment with SKF 525-A further 
aggravates these changes, but SKF 525-A 
itself causes no detectable abnormalities in the 
Ii ver. 

Claude E8,217f69: Review on "Microsomes, 
Endoplasmic Reticulum and lnteractions of 
Cytoplasmic Membranes." 

Gardell et al. G60,062{70: In the rat, 
norbolethone-an active catatoxic steroid
produces pronounced proliferation of the SER 
in hepatocytes, presumably a morphologic 
refiection of increased microsomal enzyme 
production. 

Horvath et al. G70,408f70: In rats "treat
ment with the most active catatoxic steroids 

(spironolactone, norbolethone, SC-11927, 
ethylestrenol) invariably induced marked 
proliferation of the SER. Progesterone and 
testosterone had a less pronounced effect. 
However, alterations of the endoplasmic 
reticulum can also be produced by some 
non-catatoxic steroids (estradiol) or non
steroidal compounds (stilbestrol). Thus it can 
be concluded that there is no close correlation 
between the catatoxic potency and the 
proliferation of the SER although all the 
catatoxic compounds tested Iead to a marked 
transformation of the endoplasmic reticulum 
in the hepatocytes." 

Kuvacs et al. G60,045f70: In the rat, 
spironolactone given in amounts suitable to 
produce a catatoxic effect causes marked 
proliferation of the SER in hepatocytes. This 
change presumably refiects an induction of 
drug-metabolizing microsomal enzymes, and 
may explain why spironolactone protects 
against the injurious effects of different 
compounds. 

S;ynto:cic vs. Catato:cic Actions 

Selye et al. A 72,284{44: Demonstration of 
a relationship between the adrenal cortex and 
infiammatory lesions. In rats, DOC can 
produce carditis, periarteritis and sometimes 
arthritis under appropriate experimental con
ditions. 

Selye B76,060f53: In rats, cortisol inhibits 
infiammation in granuloma pouches produced 
by croton oil. However, the croton oil removed 
after 14 days of sojourn in the pouch still 
retains the ability to produce infiammatory 
changes when injected into other rats. Appa
rently, the glucocorticoid acts by depressing 
the infiammatory potential of the tissues, 
not by destroying the irritant. 

Selye G60,039f69: First description of the 
concept of "catatoxic steroids." The term 
refers to steroid hormones and their derivatives 
which increase resistance to various toxic 
agents above normal. Corticoids, which merely 
restore normal resistance in adrenal insuffi· 
ciency, are not included in this concept, nor 
is the antiphlogistic effect that is not directed 
against toxic agents but suppresses a parti
cular somatic response to them, namely 
infiammation which may be harmful or bene
ficial depending upon circumstances. Many, 
if not all, catatoxic steroid hormone actions 
depend upon increased detoxication of noxious 
compounds, through the induction of adaptive 
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microsomal enzymes in the liver, not upon 
suppressionof specific morbid reactions to them. 

Selye G60,070f70: First detailed review 
(21 pp., 65 refs.) on "Adaptive Steroids" 
with special emphasis upon their classification 
and the history of research on their role as 
regulators of nonspecific resistance. 

Selye G60,087f70: Brief review on the 
history of adaptive hormones with special 
reference to catatoxic steroids. 

Solymoss et al. G79,023j71: In rats, pre
treatment with PCN or spironolactone in
creases liver weight, glutathione S-aryltrans
ferase activity and bile flow. At the same time, 
the plasma clearance and biliary excretion of 
BSP and its conjugated metabolites are en
hanced. Ethylestrenol likewise increases liver 
weight but does not alter the other parameterB 
mentioned above. Spiroxasone, SC-9376 and 
CS-1 (antimineralocorticoids), unlike norbol
ethone and oxandrolone (anabolics), also en
hance plasma clearance of BSP, probably 
through the same mechanism. In contrast to 
these effects of pretreatment, administration 
of spironolactone, ethylestrenol or estradiol 
immediately before BSP delays plasma clear
ance of the dye, probably through competi
tive inhibition of biliary excretion. SKF 525-A 
does not suppress the enhanced BSP clearance 
induced either by spironolactone or by pheno
barbital. [Although the authors did not eva
luate their data from this point of view, these 
observations clearly show that the catatoxic 
activity of steroids is not merely the result of 
hepatic microsomal drug metabolizing enzyme 
induction. It may also be mediated through 
extra-microsomal enzyme mechanisms or even 
through enhanced biliary excretion (H.S.).] 

Solymoss P ROT. 42234: As judged by the 
Kagawa test, PCN is practically devoid of 
antimineralocorticoid activity. In male adrenal
ectomized adult rats, 6 (Lg of DOC s.c. produced 
a pronounced decrease in the urinary Na/K 
excretion, which could not be counteracted by 
1 mg of PCN. 

Clinical lmplicatio:ns 

Yaffe et al. G67,125f66: In a female infant 
with congenital unconjugated hyperbilirubin
emia, phenobarbital lowered the serum bili
rubin concentration. "This constitutes the first 
indication of the apparent induction of a 
glucuronide-conjugating enzyme system by 
phenobarbital in man and therefore may also 
represent the first therapeutic application of 
enzyme induction." 

Salvador et al. G68,113f67: Pretreatment 

with phenobarbital diminished hypercholester
olemia and atherosclerosis in cholesterol-fed 
rabbits. The cholesterol content of the aorta 
was likewise diminished. 

Origler &: (}oUJ H7,119f69: In a male infant 
with congenital, nonhemolytic, unconjugated 
hyperbilirubinemia and severe kernicterus, 
phenobarbital decreased serum bilirubin, 
whereas L-triiodothyronine, STH, and testo
sterone had little or no effect. During pheno
barbital treatment, liver specimens obtained 
by biopsy showed proliferation of the SER 
and increased in vitro capacity to conjugate 
p-nitrophenol. 

Mowat &: Arias G74,246f69: "Oral contra
ceptive agents cause a predictable and rever
sible fall in hepatic excretory function in all 
subjects appropriately tested." At the same 
time, there is induction of hepatic drug-meta
bolizing enzymes which may alter the respon
siveness of women to various drugs, and 
conversely, others have shown that the 
uterotrophic effect of oral contraceptives is 
reduced by phenobarbital at least in rats. 
"We can only speculate as to what this may 
mean for the insomniac on phenobarbitone 
who relies on the pill for contraception." 

Orrenius et al. E8,231f69: Review of the 
Iiterature and personal Observations on the 
increase in the synthesis of cholesterol from 
14(J.acetate obtained by phenobarbital pre· 
treatment in rats and hamsters. 

Powell et al. H 17,195/69: It had previ
ously been noted that pre-eclamptic toxemia 
(P.E.T.) is associated with a reduction in the 
incidence and severity of nonhemolytic jaun
dice in the neonate. Reexamination of these 
data now showed "that for nontoxaemic 
mothers receiving any barbiturate at any 
time there was a slight but statistically 
insignificant reduction (11.3%) in incidence 
of jaundice in their infants. Toxaemic mothers 
not receiving barbiturate had a similar 
insignificant reduction (10.4%). When both 
P.E.T. and barbiturate were present together, 
however, the reduction was 30.7% and this 
was statistically significant (P < 0.01)." 

Temple Jr. etal. H17,091f69: In patients 
with Cushing's disease, o,p'DDD diminished 
cortisol secretion. Since adrenal responsiveness 
to ACTH infusion was reduced and the adrenals 
showed electron-microscopic changes in the 
mitochondria of the fasciculata, the effect was 
ascribed to the adrenolytic action of the drug. 

Selye G60,083f70: Experimental Cardio
vascular Diseases. Berlin-Heidelberg-New 
York: Springer Verlag, 1970. 



III. CHEMISTRY 

It is not within the scope of this monograph to discuss the chemical basis of drug 
metabolism in detail. This subject has been adequately covered by others in several 
excellent reviews (listed at the end of this chapter). Here we shall merely present a 
very succinct outline, followed by abstracts of key papers on enzymic reactions 
likely to participate in the metabolism of substrates that are influenced by 
adaptive hormones. 

Most drugs undergo some metabolic transformation in the body. The same is 
true of hormones and of other physiologic constituents of the organism. The 
majority of these chemical changes takes place in the liver as a result of enzymic 
activity, but many metabolic transformations occur in extrahepatic tissues, and not 
all are the direct consequences of enzymic degradation or synthesis. Since we are 
concerned primarily with all aspects of the humoral regulation of tolerance to toxic 
agents, we must remernher that hormones can increase resistance through entirely 
different mechanisms, e.g., by enhancing the excretion of toxicants through the 
urine, bile, etc., or by stimulating their uptake into the RES. Indeed, the entire 
group of syntoxic hormones acts by influencing the body's response to aggressors, 
without necessarily having any direct effect upon the latter. Furthermore, we 
shall see that some steroids act merely as particularly efficient carriers of active 
groups (e.g., of the thioacetyl radical) which bind and inactivate toxic materials 
(e.g., mercury). 

Here we shall speak mainly about the most common biochemical mechanisms for 
the inactivation of toxic substrates which, in general, are characterized by the 
production of metabolites more polar than the parent compounds. This transformation 
is a useful preparation for renal and biliary excretion because substances with a high 
lipidfwater partition coefficient pass readily across membranes; hence they are 
easily reabsorbed from the tubular urine, a process which interferes with their 
elimination. In addition, the specific secretory mechanisms for anions and cations 
in the proximal renal tubules andin the hepatic parenchyme act upon highly polar 
substances. For example, the oxidation of a methyl group to carboxyl can prepare 
a compound for renal or biliary excretion, thereby reducing its biologic half-life 
from many hours to a few minutes. The same effect is achieved by conjugation of a 
relatively nonpolar drug with sulfate. However, decreased lipid solubility is useful 
in this connection only if combined with increased water solubility. 

The reactions undergone by drugs in the body are: oxidation, reduction, 
hydrolysis and synthesis (conjugation). The most important oxidative reactions 
include aliphatic oxidation, aromatic hydroxylation, N-dealkylation, 0-dealkylation, 
S-demethylation, deamination, sulfoxide formation, desulfuration, N-oxidation and 
N -hydroxylation. 
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OXIDATIONS MEDIATED BY HEPATIC MICROSOMAL ENZYMES 

The microsomal organization of redox components by which reducing equivalents 
are brought into reaction is of interest, since mixed-function oxidations require 
reducing equivalents. Such redox components occur in the endoplasmic reticulum 
of various tissues. The components identified in hepatic microsomes are 
summarized as follows (Mason et al. F 51 ,528/65) : 

Inhibition by 
-SH binding reagents 

I . {Cytochrome c 
Flavoprotein !FAD) --1- Cytochrome b5- Xenobiotic substances I \! Metabolites 

~ Unknown functions 

NADH I {Ferricyanide 
\ 1 Indigotetrasulfonate 1 etc. 

Flavoprotein IFMN J-+- Cytochrome c 

1{TPNH -acceptor } 1 
I P_450 0 2 l M~tabolic r~ducti~ns l Microsomal Fex _.,.M1xed funct1on ox1dases 

NADPH-Flavoprotein !FAD) \1 
1 {Ferricyanide 

Cytochrome c 
l etc. 

lnh1bition by metal-binding 
reagents ,detergents, cholate 1 

lipases,-SH reagents 

Here, NADH reduces cytochrome b5 through the FAD-containing flavoprotein, 
NADH-cytochrome b5 reductase; the reduced cytochrome b5 transfers reducing 
equivalents to acceptors with E0' above about 0 volts at pH 7; the reductase itself 
transfers reducing equivalents to dyestuffs but not to cytochrome c. NADH may 
likewise reduce cytochrome c through an FMN-containing microsomal flavoprotein, 
NADH cytochrome c reductase, but no cytochrome c occurs in carefully prepared 
microsomes. NADH also reduces a 00-binding cytochrome pigment P-450 (so called 
from the position of absorption of the CO complex). This P-450 appears tobe the 
functional site of several microsomal mixed-function oxidases. NADH reduces also a 
hemoprotein-like component of hepatic microsomes, which is detectable by electron
spin resonance spectroscopy. Its reduced form, known as "microsomal Fex.'' is 
extremely autoxidizable. A much more active enzyme toward P-450 and microsomal 
Fex reduction is NADPH-cytochrome c reductase, an FAD-containing flavoprotein 
which reduces a NADPH-acceptor with a b-type cytochrome spectrum probably 
related to P-450 and microsomal Fex. NADPH-cytochrome c reductase also 
catalyzes the reduction of dyestuffs and other nonspecific acceptors. In addition 
to these redox-active components, the hepatic microsomes contain non-heme iron, 
copper, manganese, and coenzyme X, whose functions are unknown. 
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A graphic representation of the interactions between these microsomal compo
nents is given in the graph below in which the F AD-containing liver protein is indi
cated as "Fp" and its reduced form as "Fp*" (Mannering G75,980J68): 

RNH2 + HCHO 
t 

NADPHXFpJ:r~:~nX p450 ([R-NH-CH20H] 

R-NH-CH3 
Ptso·O 

NADP+ Fp* Fe+++ P4~ocH20 
Protein 

~ 

The relative nonspecificity of microsomal drug-metabolizing systems has been 
ascribed to the function of a single oxidase system involving cytochrome P-450, or 
at least a limited number of oxidase systems involving one or more cytochromes. 
Even if drugs are structurally unrelated, they would compete with each other for 
metabolism, assuming that the latter depends upon a single enzyme system or a 
single rate-limiting component common to the systems involved in the metabolic 
degradation of the defense substrates. In fact, it could be shown that many sub
strates acted as competitive inhibitors mutually inhibiting one another. 

The important initial hydroxylation reactions are written as follows [Goldstein 
et al. 165/68 (p. 231)]: 

R- CH3 [P•soOI R- C:I~aOH 

Aliphatic Oxidation 

Aromatic Hydroxylation 

R-NH-CH3 -+[R-NH-CH20H] -R-NH2+HCHO 

N-Dealkylation 

R-O-CH3 - [R-O-CH20H) - R-OH+HCHO 

0-Dealkylation 

R-S-CH3 -- [R-S-CH20H)- R-SH+HCHO 

S-Demethylation 



Reductive Detoxifying Reactions 

Oxidative Deamination 

I H+ OH 0 
R-S-R- I 11 ~ J+ 

E-S-R1 - R-S-R' +H+ 

Sulfoxide Formation 

(CH3 hN ~ [(CH3 hN-OH]+- (CH3 )3N=O+H+ 

·N-Oxidation 

OH 
I I I R-NH-R -+ R-N-R 

N-Hydroxylation 
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In the oxidative desulfuration reactions, the oxygen atom replaces sulfur 
which later appears as sulfate. 

Table 1 (p. 46) represents a compilation from the literature of enzyme activities 
that could be traced to the hepatic microsomal fractions of mammals, mainly of the rat. 

OXIDATIONS NOT MEDIATED BY HEPATIO MIOROSOMES 

These include aromatization of cyclohexane derivatives (mitochondrial enzymes) 
Alcohol and aldehyde oxidation ( cytosol enzymes) 
Purine oxidation 
Monoamine oxidase (MAO) and diamine oxidase (DAO). MAO is a particularly 

important mitochondrial enzyme (found in liver, kidney, intestine and nervous 
tissue) because its substrates include physiologic substances such as: phenylethyl
amine, tyramine, dopamine, norepinephrine, epinephrine, tryptamine and 5-HT. 
DAO also converts amines to aldehydes in the presence of oxygen; its substrate 
specificity overlaps with that of MAO. 

Dehalogenation (e.g., of halogenated insecticides). 

REDUOTIVE DETOXIFYING REAOTIONS 

Azo and nitro reduction, first thought to occur in the cytosol, but later shown to 
depend upon a class of light microsomes that sediment very slowly. In 
contrast to the oxidizing microsomal enzymes, these reductases are found also in 
extra-hepatic tissues. 

Alcohol dehydrogenase can function as a reductase, e.g. when it catalyzes the 
conversion of chioral hydrate to trichloroethanol. 



Table 1. Enzymic activities of liver microsomal fractions. (Simplified after an extensive com
pilation by Reid (G71,333f67) where references to the original articles may be found) 

%in 
Enzyme or enzyme system microsomal Enzyme or enzyme system 

%in 
microsomal 
fraction& fractiona. 

Oxidoreductases 

L-Amino-acid oxidase (1.4.3.2) 
Aryl-4-hydroxylase (1.14.1.1) ,..."100% 
Ascorbate-forming system (1.1.1.19) 
Azo-dye reductase (1.6.6.7) 
Catalase (1.11.1.6) 14% 
Cystine reductase (1.6.4.1) 
Desmosterot reductase (1.3.1. ) 35% 
Diaphorases-NAD2, NADH2 

(1.6.99) 
Glucuronolactone reductase 

(1.1.1.20) 
ß-Hydroxy-ß-methylglutaryl-CoA 

reductase (1.1.1.34) 
Lipid-peroxidationsystem (ADP

activated; couplad to NADPH2 

oxidase) 
Malate dehydrogenase (1.1.1.37) low 
NADH2-cytochrome b5 reductase 

(1.6.2.2) 
NADH2-cytochrome c reductase 62% 

(1.6.99.3) 
NADPHz-cytochrome c reductase 64% 
NADPHz peroxidase (NADPH2 

oxidase) (1.11.1.2) 
Stearate-dehydrogenating system 

(-+ oleate) 
Steroid reductase (-+ 5a isomer) 
Sulphite oxidase (1·8·3·1) 75% 

Transferases 

3-Acylglycerophosphorylcholine 
acyltransferase (from acyl-CoA) 
(2.3.1. ) 

deCDPcholine: 1,2-diglyceride 50% 
cholinephosphotransferase (2. 7 .8) 

CDPcholine: 1,2-diglyceride 97% 
cholinephosphotransferase 
(2.7.8.2) 

Diglyceride acyltransferase 84% 
(2.3.1.20) 

Glycerolphosphate acyltransferase 
(2.3.1.15) 

Phenylphosphate: cytidine 
phosphotransferase 

Phosphatidylinositol kinase (2. 7 .I. ) 
Pyrophosphate: glucose 

phosphotransferase 
Ribonuclease ("alkaline") (2.7.7. ) low 
Transmethylases, to phosphatides 

or other acceptors (2.1.1. ) 
UDPglucose: glycogen glucosyl

transferase (2.4.1.11) 
UDP glucuronyltransferase high 

(2.4.1.17) 

Hydrolases 

Alkaline phosphatase (3.1.3.1) 
Amylase (3.2.1.1) 
Arginase (3.5.3.1) 
Arylsulphatase C (3.1.6.1) 
ATPase (ATP pyrophosphohy-

drolase; Mg2+ ions in assay) 
(3.6.1.4) 

N-Deacylase ("esterase") (3.5.1. ) 

42% 
52% 
41% 
62% 

low 

Acetylcholinesterase {46% 
("true cholinesterase") 62% 
(3.1.1.7) 

{
58% 

Arylesterase (3.1.1.2) 67% 
85% 

Esterases Benzoylcholinesterase 46% 
(3.1.1.9) 

Carboxylesterase 
(3.1.1.1) 

Cholesterol esterase 
(3.1.1.13) 

Vitamin A esterase 

112% 

74% 
(3.1.1.12) 

Glucose-6-phosphatase (3.1.3.9)C 
ß-Glucuronidase (3.2.1.31) {40% 

37% 
Inorganic pyrophosphatase (3.6.1.1) 80% 
Lipoprotein Iipase (3.1.1. ) 40% 
Lysophospholipase (lysolecithi- 61% 

nase) (3.1.1.5) 
NAD nucleosidase (3.2.2.5) 
NAD pyrophosphatase (3.6.1.9) 
NADP pyrophosphatase (3.6.1. ) 

93% 
63% 
52% 

:~:,~~7~ {>50% 
UDPase 71 %-IDP 
(3.6.1.6) 

5'-Nucleotidase (nucleoside-5'- {35-40% 
monophosphatase) (3.1.3.5) 47% 

Nucleoside triphosphatase (3.6.1.4) 23%-ITP 
Phosphodiesterase I (3.1.4.1) 29% 
Thiamine pyrophosphatase ,.."50% 

(3.6.1. ) 
Uronolactonase (3.1.1.19) 
Other enzymes or enzyme systems 
Acyl-CoA synthetase (6.2.1.3) 
Cholyl-CoA synthetase (6.2.1.7) 
Demethylase (azo-dye) 
Epoxysteroid Iyase 
Ether( aromatic )-cleaving system 
Fumarase (fumarate hydratase) 

(4.2.1.2) 
Glutamine synthetase (6.3.1.2) 
Prothrombin-forming system 

94% 

28% 

47% 
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DRUG METABOLIBM BY HYDROLYSIS 

This is essentially restricted to esterases and amidases found in plasma, liver 
and other tissues, usually in the cytosol fraction. A pertinent example is the 
hydrolysis of procaine by plasma choline esterase to p-aminobenzoic acid and 
diethylaminoethanol. 

CONJUGATION REACTIONS 

Synthesis of glucuronides, e.g., of steroid alcohols, thyroxine, bilirubin and 
various substances foreign to the body, can be achieved by hepatic enzymes. 
Those catalyzing the synthesis of uridine diphosphate-glucuronic acid (UDPGA) 
serve as a glucuronic acid donor to the various receptors in the cytosol. Transfer
ases in hepatic microsomes and other tissues mediate this latter process. 

Synthesis of ribosides and riboside phosphates shows that carbohydrates other 
than glucuronic acid can participate in synthetic drug metabolism. Ribonucleosides 
and ribonucleotides are formed with purine and pyrimidine analogues by a soluble 
enzyme system of the hepatic cytosol. This type of reaction participates in the 
metabolism of histamine and of various carcinolytic agents, e.g., in the conversion 
of 6-mercaptopurine to a ribonucleotide. 

Acylation reactions are mediated by enzymes of the hepatic cytosol fraction. 
Here, coenzyme-A through its free-SH group reacts with an activated form of carbox
ylic acid to form acyl-CoA. The acyl group is then transferred to an appropriate 
acceptor, e.g., an aromatic amine. 

Mercapturic acid formation occurs in preparation for the urinary excretion of 
aromatic hydrocarbons, halogenated aromatic hydrocarbons and halogenated nitro
benzenes. A "glutathiokinase," found in the hepatic cytosol, is thought to activate 
glutathione; the conjugation then proceeds in the microsomal fraction in the presence 
of NADPH and oxygen. The glutathione conjugate is subsequently hydrolyzed to an 
arylcysteine intermediate, the cysteine amino group of which is acetylated to 
mercapturic acid. 

SuHuric acid esters or "ethereal suHates" are formed by the reaction of 
aromatic or aliphatic -OH groups and certain -NH2 groups with an activated form 
of sulfate. Hepatic cytosol enzymes mediate the sulfate activation and the 
transfer of sulfate to the acceptor. 

N-, 0-, and S-methylation can be achieved with S-adenosylmethionine as a methyl 
donor. Catechol 0-methyltransferase (found in hepatic cytosol but also in many other 
tissues) catalyzes the transfer of -CHa to a phenolic -OH, e.g., in epinephrine, 

Footnote to Table 1 

a %-values are given only where there were reasonably quantitative results, and the 
recovery ot homogenate activity in the fractions was satisfactory. Where low %-values 
have been included, the homogenate may have contained at least two enzymes one of 
which was truly associated with the microsomal fraction. On the other hand, some fairly 
high values in the Iiterature have been excluded because, for exa.mple, the enzyme is 

really Iysosomal. 
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norepinephrine, dihydroxyphenylethylamine and dihydroxybenzoic acid. This 
enzyme may be responsible for the physiologic inactivation of norepinephrine. 

N-methylation is involved in the methylation of histamine, phenylethanolamine 
and the conversion of norepinephrine to epinephrine. The reaction occurs in the 
cytosol of the adrenal medulla and other tissues. This is not strictly speaking a 
detoxication reaction but nicotine, nicotinamide, quinoline, etc. can also be 
methylated through a similar pathway. 

S-methylation appears to be limited to lipid-soluble substrates which have access 
to microsomal enzymes. Various exogenous -SH compounds are methylated in this 
manner, but physiologic substrates (homocysteine, cysteine, glutathione) are not. 

Transsulfuration and cyanide metabolism are also important for detoxication. 
In cyanide poisoning, ON becomes bound to the Fe in cytochromes destroying their 
electron transport capacity. The immediate removal of ON is achieved by 
promoting its binding to methemoglobin. This process is followed by the conversion 
of cyanide to the nontoxic thiocyanate by furnishing thiosulfate or mercaptopyruvate 
as substrates. Normally cyanide is metabolized in the body by sulfur transferase 
("rhodanese"), a mitochondrial enzyme found in liver, kidney and other tissues. 

Enzymes and Resistance in General 

Rubin et al. G58,057j64: Discussion of 
factors which may explain the relative 
nonspecificity of microsomal enzymes by affect
ing pathways common to many detoxicating 
reactions. 

Reid G71,333j67: A chapter on "Membrane 
Systems" (86 pp., numerous refs.) with a 
tabular compilation of the Iiterature on mi
crosomal enzyme systems. 

Goldstein et al. E165j68 (p. 218): Review 
on the effect of various inducers upon the 
pathways of drug metabolism. 

Gillette H 34,126!71: The principal oxidative reactions catalyzed by hepatic microsomal mixed 
function oxygenases are tabulated as follows: 

Reaction Substrate Product 

Deamination amphetamine phenylacetone 

0-dealkylation phenacetin p-hydroxyacetanilide 

Aliphatic hydroxylation pentobarbital 3-hydroxypentobarbital 

Aromatic hydroxylation aniline p-hydroxyaniline 

Epoxidation aldrin aldrin epoxide 

N-dealkylation aminopyrine 4-aminoantipyrine 

Alkylol formation schradan hydroxymethyl schradan 

N-oxide formation dimethylaniline dimethylaniline N-oxide 

N-oxidation aniline phenylhydroxylamine 

S-demethylation 6-methylmercaptopurine mercaptopurine 

S-oxidation chlorpromazine chlorpromazine sulfoxide 

Phosphothionate oxidation parathion paraoxon 

DesuHuration thiobarbital barbital 

Dehalogenation halothane trifluoroacetic acid 

Dealkylations of metallo alkanes tetraethyl tin triethyl tin 
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The mechanism of drug oxidations is graphically illustrated as follows: 

Steroidases in General 

Tmnkins 032,526/57: Characterization of 
the hepatic enzymes responsible for the in 
vitro reduction of Ll 4-3-ketosteroids. 

McGuire & Tmnkins E91,579f59: In the 
rat, thyroxine causes a pronounced increase 
in the microsomal 5a-reductase activity of 
the liver, but the rate of reduction of some 
steroid substrates is increased more than that of 
others. Furthermore, when microsomes are 
"aged" at 0-5°C for several weeks, the 
decline in activity varies with different steroid 
substrates. "Further evidence for the substrate 
specificity of the 5a-hydrogenases was the 
observation that 4-androstene-3, 17 -dione 
strongly inhibited the reduction of cortisone, 
while the converse was not true." These and 
other observations suggest that each series 
of Ll'-3-ketosteroid hydrogenases, 5a and 5ß, 
contains multiple enzymes capable of discem
ing small variations in the steroid molecule. 

Kuntzman et al. E55,528f65: "The Km 
values for the hydroxylation of progesterone, 
testosterone, and estradiol are about 10 times 
lower than the Km values for several drug 
oxidations, thereby suggesting that the steroid 
hormones are better than drugs as substrates 
for the TPNH-dependent oxidative enzymes." 
These Km values are in the same range as those 
reported for the reduction of the A ring of 
Ll'-3-ketosteroids by enzymes of liver micro
somes. These findings "suggest that these 
enzymes can also play a physiological role in 
the metabolism of steroids in the body." 

Oonney et al. F79,331f67: Hepatic micro
somes of adult rats metabolize testosterone, 
estradiol, progesterone and DOC to polar 
hydroxylated metabolites in the presence of 
an NADPH-generating system. CO inhibits 
the hepatic metabolism of all four steroids. 

Koerner G65,718f69: llß-Hydroxysteroid 
dehydrogenase activity of rat liver micro-

4 Selye, Hormones and Resistance 

Hydroxylated 
substrate 

somes has been assayed by a quantative 
spectrophotometric method. "Several 11ß-hy
droxysteroids are substrates of the enzyme but 
thereis no activity towards 11ß-hydroxysterone 
or 11ß-hydroxysteroids with a C-21 sulfate, 
phosphate, acetate or hemisuccinate group." 

Corticoidases 

Forchielli & Dorfman G66,498f56: "With 
11-deoxycortisol as a substrate, it has been 
demonstrated that rat liver contains both the 
L14-5a-hydrogenase and Ll4-5ß-hydrogenase 
systems, which yield, after incubation, the 
5a ( androstane and allopregnane) and 5ß 
(etiocholane and pregnane) stereoisomers." 
The 5a system is associated wi~h the 
particulate fraction, whereas the 5ß system is 
in the supematant fluid produced by centrifu
gation at 78,000 X g. 

McGuire Jr. & Tmnkins D5,722f60: In 
the microsomal fraction of rat liver, there 
appear to be at least 5 Ll4-3-ketosteroid 
reductases (5a). When rats are treated with 
thyroxine, the reductase activity for corti
sone, cortisol, DOC, 4-androstene-3,17-dione 
and 11-desoxycortisol (Cpd. S) increases, but 
the increment is different for each of these 
substrates. were 

Starne11 G68,434f69: Rat liver slices 
incubated in vitro in the presence of 
3H-dexamethasone. The steroid was meta
bolized to glucuronides and sulfates. 

Testoidases 

Oonney et al. G67,773f68: The metabolism 
of testosterone to 6ß-, 7a-, and 16a-hydroxy
testosterone by rat liver microsomes, is diffe
rently inhibited by CO in vitro. Apparently, 
"one or more CO-binding cytochromes func
tion in the hydroxylation of testosterone by 
rat liver microsomes." 
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Folliculoidases 

Graubard &: Pirw'U8 80,931/41: In the 
Barcroft-Warburg respirometer, estriol, estra
diol and estrone are oxidized by mushroom 
laccase and form precipitates whose nature 
has not been established. No oxidation of any 
of these substrates was observed with potato 
tyrosinase. 

MueUer &: Rumney 030,708/57: Formation 
of 6,8-hydroxy and 6·keto derivatives of estra
diol-16-14C by the hepatic microsomes of the 
mouse. 

Lekmann &: Schütz H 14,215/69: The micro
somal fraction of the liver of the mature 
human fetus metabolizes 4-14C-estrone twice 
as fast as that of the 12-week.old fetus. 
The highest rate of metaboliBm was found in 
the microsomal fraction of the liver of an 
adult man. "By paperchromatography, micro
chemical reactions and crystallization to 
constant specific activity, the following 
metabolites were identified: 6a·, 6,8-, 7a-, 15a
and 16a-hydroxyoestrone, 6a-, 6,8- and 7a· 
hydroxyoestradiol·l7,8 and oestriol." 

Cholesterolase 

Bmher &: McGarrahan G67,470f56: For the 
biosynthesis of cholesterol from acetate in 
vitro, both microsomes and soluble cell 
constituents of the rat liver are required. In 
vivo, over 90% of newly formed cholesterol, 
obtained shortly after the injection of labelad 
acetate, is in the microsomal fraction. . 

Olson et al. G61,438f57: The metabohsm 
of labelad lanosterol in rat liver homogenates 
yields cholesterol and co2 as the principal 
products. The demethylation of lanosterol 
requires both the particulate and the soluble 
fraction of liver homogenates, but the latter 
can be partially replaced by N.ADH. 

Tchen &: Bloch G66,130f57: Hog-liver 
homogenate can convert squalene only to 
lanosterol and not to cholesterol. Rat-liver 
homogenate converts squalene to either 
lanosterol or cholesterol according to the 
method of preparation of the homogenates. 
Separated mitochondria and microsomes were 
both active if supplemented with supernatant 
fluid. 

Thyroxinase 

Stanbury et al. 090,693/60: Description of 
the microsomal enzyme system which de
iodinates thyroxine in the presence of Fe++ 
and oxygen. 

Wynn et al. G67,767f62: The microsomes 
are the most active thyroxine-degrading 
subcellular fraction of rat liver. The optimal 
reaction conditions for this degradation are 
described. 

Cytochrome P-450, NADPH Cytochrome c 
Reductase, Cytochrome b5 

Omura et al. F51,529f65: Studies on the 
participation of cytochrome P-450 in "mixed 
function oxidase" reactions. 

Lu &: Ooon G71,879f68: Studies on the role 
of hemoprotein P-450 in fatty acid w-hydr~xy
lation in the soluble enzyme system from hver 
microsomes. 

Hildebrandt et al. G69,992f69: From experi
ments on the interaction of metyrapone with 
hepatic microsomal cytochrome P-450 in rats 
treated with phenobarbital, "it is concluded 
that metyrapone changes the equilibrium 
between two functionally different forms of 
cytochrome P-450 which exists in microsomes. 
The decrease of one form of cytochrome P -450 
appears as an 'inhibition' of aminop~e or 
hexobarbital metabolism; the conconntant 
increase of the other form of cytochrome P-450 
results in a 'stimulation' of other types of 
hydroxylation reactions, for example, the ring 
hydroxylation of acetanilide." 

Lu et al. G67,623f69: Resolution of the 
cytochrome P-450-containing w-hydroxylation 
system of liver microsomes into three 
components. 

Netter et al. G71,785f69: In mouse liver 
microsomes the inllibition by metyrapone of 
p-nitroanis~le and N-monomethyl-p-nitroani
line were shown to be competitive. The 
degree of inhibition was correlated to the 
amount of metyrapone bound to cytochrome 
P-450. On the other hand, metyrapone does 
not seem to displace naphthaJene from its 
binding to P-450. Possibly, simultaneous 
binding of substrate and inhibitor may occur 
at different binding sites of the same enzyme. 

Wada et al. H19,993f69: Studies on rat 
liver microsomes using radioactive cholesterol 
Ied to the assumption "that the microsomal 
electron transport system, involving cyto
chrome P-450, functions in 7a-hydroxylation of 
cholesterol. The existence of a specific cyto
chrome P-450 for 7a-hydroxylation, i.e., 
multiplicity of cytochrome P -450, is suggested." 

Bidleman &: Mannering G80,042f70: In 
rats, treatment with 3-MC causes the formation 
of P1-450, a variant of cytochrome P-450. It 
has been claimed that P 1-450 is formed when 
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3-MC, or one of its metabolites combines 
irreversibly with the type I binding site of 
pre-existing P-450. However, the authors 
present evidence that P 1-450 is synthesized 
independently of P-450 and probably does not 
contain 3-MC or any of its metabolites. 

Kato &: Onada G75,544j70: In rats, pre
treated in vivo with various testoids, the 
affinity of P-450 for binding with numerous 
substrates is increased. Folliculoids counteract 
this effect. 

Kato et al. H27,934f70: "The administra
tion of morphine significantly decreased the 
content of cytochrome P-450 in male rats, but 
not in female rats. Progesterene and testo
sterone hydroxylation is markedly decreased 
in morphine-treated male rats, but not in the 
females .••• The magnitude of spectral change 
induced by progesteraue or testosterone per 
unit of P-450 content was decreased in mor
phine-treated male rats, but not in the 
females. Since the binding capacity of P-450 
with progesterone or testosterone is dependent 
on the action of androgen, an impairment of 
the action of androgen by morphine is assumed 
tobe a responsible factor." 

Mangum et al. G81,296f70: A soluble cyto
chrome has been partially purified from pig 
kidney. Its absorption spectra in both the 
oxidized and reduced state resemble micro
somal cytochrome b5• 

Mannering G78,897f70: Review on the 
properties of P-450 as affected by environ
mental factors, particularly the administration 
of polycyclic hydrocarbons. 

Mannering G78,898f70: Review on the role 
of substrate binding to P-450 hemoproteins 
in drug metabolism. 

Perry G74,358f70: Cytochrome P-450 was 
demonstrated in microsomal preparations from 
several strains of houseflies. The highest yield 
was obtained from the abdomen. Housefly eggs 
contain no measurable amounts of cytochrome 
P-450, which appears in traces in the larvae, 
but declines to almost nil in the pupal stage. 
A few hours after the adult emerges, cyto
chrome P-450 rises rapidly. 

Stripp et al. H22,743j70: In rats, spirono
lactone pretreatment shortened hexobarbital 
sleeping time. "Moreover, treatment of female 
rats with spironolactone doubled the rate of 
the in vitro metaboliBm of hexobarbital and 
benzpyrene by liver microsomes and quadru
pled that of ethylmorphine. The inducing 
effects of spironolactone were very different 
from those of phenobarbital and 3-methyl
cholanthrene. The amount of cytochrome 

4• 

P-450 was either unaltered or decreased, but 
the NADPH cytochrome c reductase activity 
was increased 2-fold. Although the endo
genaus rate of cytochrome P-450 reduction by 
NADPH was not altered, the stimulatory 
effects of ethylmorphine or hexobarbital on 
the rate of cytochrome P-450 reduction were 
significantly greater with microsomes from 
spironolactone treated animals. By contrast, 
treatment of male rats with spironolactone 
caused no change in hexobarbital sleeping 
time and no change or a slight decrease in 
hexobarbital and benzpyrene metaboliBm by 
liver microsomes." 

Yu &: Gunaal'UIJ G81,295f70: Cytochrome 
P -450cam was discovered and purified in homo
geneous crystalline form from camphor grown 
Pseudomonas putida strain PpG786. 

Chaplin &: Mannering G75,976j71: Review 
of the Iiterature and personal observations 
suggesting that the physical and biochemical 
properties of cytochrome P-450 depend 
largely upon its association with microsomal 
phospholipids. "Drugs have been classified into 
two groups depending upon whether they form 
a type I or a type II difference spectrum when 
they combine with cytochrome P-450." The 
studies suggest that the type I and type II 
binding Bites differ and that the type I site is 
associated with membrane phospholipids (cf. 
also p. 103.) 

Estabrook et al. G81,261j71: Description of 
a new spectral intermediate associated with 
cytochrome P-450. 

Estabrook et al. H 34,125 j71: Studies on the 
influence of hepatic microsomal mixed func
tion oxidation reactions on cellular metabolic 
control. The requirements of this system for 
NADPH and NADH could markedly affect 
the cytosol concentration and subsequent oxi
dized: reduced ratio of these pyridine nucleo
tides. The involvement of cytochrome b5 in the 
oxidative reaction, the necessity of enzymes 
for the transfer of reducing equivalents from 
the reduced pyridine nucleotides to both cyto
chromes b5 and P-450 and mercurial inhibition 
studies which demonstrate the autonomy of 
the units that catalyze the microsomal 
NADPH supported mixed-function oxidations 
help our understanding of the organization of 
this enzyme system. The authors speculate on 
possible models that might represent the spa
tial organization of these enzyme systems 
within the endoplasmic reticulum. 

Gillette H 34,126!71: The inducers of drug 
metaboliBm are classified into: 1. "Pheno
barbital-like" agents which increase NADPH-
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cytochrome c reductase and cytochrome P-450 
thus augmenting the amount of cytochrome 
P-450-substrate complex and its rate of re
duction; 2. polycyclic hydrocarbons (e.g. me
thylcholanthrene) which form a variant of 
cytochrome P-450 that differs from the usual 
form in its affinity to various drugs. This kind 
of inducer does not increase either NADPH
cytochrome c reductase or the rate of cyto
chrome P-450 reduction; 3. spironolactone and 
other catatoxic steroids which increase 
NADPH-cytochrome c reductase activity and 
the rate of cytochrome P-450 substrate re
duction, but have little if any effect upon the 
amount of cytochrome P-450. The relationship 
between the electron flux and hepatic micro
somal drug metabolism largely depends upon 
the substrate. 

lshimura et al. G81,262f71: Description of 
a new spectral species of P-450 interpreted to 
be an oxygenated form. 

Leber et al. H35,676f71: In male rats, pre
treatment with spironolactone stimulated the 
specific activity of isolated hepatic microsomes 
for aminopyrine demethylation and 4-methyl
umbelliferone glucuronidation. Microsomal cy
tochrome P-450 content increased about 66%. 
Under comparable conditions, ethacrynic acid 
increased the specific activity of the micro
somes for the demethylation of aminopyrine 
and the P-450 content, but glucuronidation 
of 4-methylumbelliferone was not significantly 
altered. Another nonsteroidal diuretic, furos
emid, did not influence any of these para
meters. 

Mannering H 34,127!71: Additional evid
ence supporting the concept that polycyclic 
hydrocarbons cause the appearance of an 
abnormal "cytochrome P1-450" in the hepatic 
microsomes of the rat. This may be an aberrant 
hemoprotein which does not result from the 
combination of polycyclic hydrocarbons with 
cytochrome P-450 but represents a specific 
molecular entity. 

Solymoss et al. G79,015f71: In rats, PCN 
(unlike the naturally-occurring pregnenolone) 
enhances the plasma clearance of pentobarbital 
and the production of 14(J. pentobarbital metabo
lites. It also increases liver weight, micro
somal protein concentration, NADPH-cyto
chrome c, reductase activity and cytochrome 
P-450 content. It is concluded "that micro
somal enzyme-induction accounts for the re
markable resistance-increasing effect of this 
steroid against many toxicants." 

Strippet al. G79,538f71: In rats, the induc
tion of hepatic microsomal enzymes by spiro-

nolactone "differed from the phenobarbital or 
methylcholanthrene induction in that it did not 
increase cytochrome P-450 content or micro
somal protein. Furthermore the induction 
seemed tobe sex dependent." 

Zsigmond & Solymoss G79,025f71: In rats, 
PCN increases hepatic microsomal protein and 
cytochrome P-450 content. In vitro incubation 
of labellad progesterone with these microsomes 
shows enhanced progesterone biotransforma
tion. The production of several hydroxylated 
progesterone metabolites (including 6ß- and 
16a-hydroxyprogesterone is accelerated by 
PCN. 

Other Enzymes 

Stoffel G66,819f61: Description of the 
biosynthesis of polyenoic fatty acids by 
dehydrogenating enzyme systems of hepatic 
microsomes. 

Axelrod D64,159f63: An enzyme that 
forms epinephrine from p- and m-sympathol, 
and dopamine from p- and m-tyramine, is 
demonstrated in the microsomes of rabbit 
liver. It requires NADPH2 and is nonspecific 
in that it can form catechols from the 
following, normally occurring, or foreign 
phenols: p- and m-octopamine, p-hydroxy
ephedrine, phenol, stilbestrol, N-acetyl-p
aminophenoJ, estradiol and N -acetyl serotonin. 

Berlin & Schimke G37,616f65: In adrenal
ectomized rats, 4 days of pretreatment with 
cortisone increased the activity of hepatic 
TPO, TKT, glutamic-alanine transaminase 
and arginase. Differences in the turnover rate 
or enzymes thus induced may simulate 
differential selective-inducing effects upon 
one or the other enzyme. 

Yamamoto et al. G67,939f67: Description of 
some properlies of 2,3-oxidosqualene sterol 
cyclase in hepatic microsomes of the pig. 

Roach et al. G68,807f69: Review of the 
Iiterature and personal observations on the 
oxidation of ethanol by rat liver in vitro. 
"It is concluded that ethanol oxidation by the 
microsomal fraction is mediated through H 20 2 

dependent systems one of which is catalase." 
Valeriote et al. G67,621f69: Purification and 

properlies of rat liver TKT induced by 
triamcinolone. 

Ward & Pollak G69,320f69: The structural 
proteins of rat liver microsomal membranes 
are made up of a heterogenaus group of 
proteins which can be characterized by their 
phospholipid-binding capacity. "It is suggested 
that reticulosomes consist largely of enzymic 
proteins of the endoplasmic reticulum." 



IV. GENERAL PHARMACOLOGY 

SYNTOXIO OOMPOUNDS 

The term syntoxic compounds comprises all drugs and hormones which 
increase resistance merely by influencing the reactions of the body, not by 
destroying or eliminating the pathogens. Thus, for example, the inhibition of 
inflammation or of immune reactions by antiphlogistic or immunosuppressive 
hormones and drugs, as well as the maintenance of the blood pressure by vasoactive 
substances, would be considered as syntoxic reactions as long as these effects are not 
dependent upon the chemical inactivation of the pathogens. 

This entire field has been covered in our earlier publications (Selye B40,000/50, 
B58,650/51, 019,000/56, G19,425/65, E5,986f66; Selye et al. B87,000/52, 
B90,100/53, 01,001/54, 09,000/56) and it has also been summarized in the 
Introduction and History sections of the present volume, hence, we shall not 
consider it again here. 

OATATOXIO OOMPOUNDS (AGONISTS) 

What little we know about the so-called "structure-function" or pharmaco
chemical correlations among catatoxic compounds will be summarized in the 
"Synopsis" (p. 768ff.). Suffice it here to reemphasize that systematic studies on 
the structural prerequisites of catatoxic actions have been performed only in 
connection with steroids. In this respect the main generalizations arrived at were 
that nitrile and spirolactone groups as well as the 19-nor-steroid configuration are 
in general advantageaus for catatoxic activity, although their effect is largely 
dependent upon other structural characteristics of the molecule. 

With regard to pharmaco-pharmacologic interrelations we have seen that the 
catatoxic potency is independent of any other known hormonal property, but 
among steroids those exhibiting anabolic or antimineralocorticoid properlies are 
always endowed with some catatoxic potency, whereas folliculoids appear to be 
singularly ineffective in this respect. 

Literature on some of the salient characteristics of various syntoxic and catatoxic 
compounds is presented in the following Abstract Section (with special reference to 
glucocorticoids, testoids, anabolics, antimineralocorticoids, antifolliculoids, antites
toids, myoneural blocking agents and interactions between inducers). 

Syntoxic Compounds 

Corticoids. Janoski et al. E7,896j68: Review 
(112 pp., about 700 refs.) "On the pharma
cologic actions of 21-carbon hormonal steroids 

('glucocorticoids') of the adrenal cortex in 
mammals." A }arge section is devoted to the 
effect of glucocorticoids upon reactions medi
ated through lysosomal enzymes. 

Williams E 8,139j68, (p. 371): For compara-



54 General Pharmacology 

tive purposes, it is important to determine the 
relative anti-inflammatory and Na-retaining 
activity of the most commonly used gluco
corticoids and gluco-mineralocorticoids. Such 
comparisons have only Iimited value because 
they depend upon the test conditions; still, 
the following approximate tabulation is of 
value: 

Table 2. Relative anti-inflammatory and Na
retaining activities of some antiphlogistic 

corticoids 

Compound 

Cortisol 
Cortisone acetate 
Prednisolone 
Prednisone 
Triamcinolone 
6-Methylprednisolone 
Haldranolone 
Betamethasone 
Dexamethasone 
9a-Fiuorohydrocorti-

sonea 

Relative Relative 
potency Na
compared retaining 
to activity 
cortisol 

1 ++ 
0.8 ++ 
4 + 
3.5 + 
5 0 
5 0 

10 0 
25 0 
30 0 
15 +++++ 

a Used chiefly topically or as a Na-retainer. 

Catatoxic Compounds (Agonists) 

Testoids, Anabolics. Overbeek E8,318f66: 
A review (78 pp., about 220 refs.) on 
anabolic steroids. 

Krüskemper E933f68: Monograph (236 pp., 
1367 refs.) on the pharmacology of anabolic 
steroids. Special attention is given to the 
relationship between virilizing and anabolic 
effects, the various tests for anabolic and 
anticatabolic actions, as weil as clinical 
applications, but the catabolic and enzyme
inducing effects are only briefly mentioned. 

Antiglucocorticoids. Linet G79,963f70: De
tailed review of the Iiterature and personal 
observations on the effect of anabolic testoids 
upon glucocorticoid overdosage in animals and 
man. Special attention is given to the effect 
of anabolic testoids upon glucocorticoid-induc
ed loss of body weight and other metabolic 
changes, adrenal atrophy, osteoporosis, wound 
healing, inflammation and gastric ulcer forma
tion. Antiglucocorticoids devoid of anabolic 
properlies are also surveyed. In clinical medi-

eine, various forms of hyperglucocorticoidism 
are not, or only moderately, improved by 
treatment with anabolic testoids. [Excellent 
source of pertinent references (H.S.).] 

Antimineralocorticoids. Kagawa E 4,593/64: 
Review (63 pp., about 400 refs.) on "Anti
Aldosterones." 

Kagawa E4,772f64: Review (11 pp., 
about 50 refs.) on the "Action of Anti
Aldosterone Compounds in the Laboratory." 

Antifolliculoids. Selye A60,638f44: In ro
dents, the production of anterior pituitary 
hormones by estradiol is inhibited by a 
variety of steroids, most of which are 
androstene derivatives and are designated as 
''antifolliculoids.'' 

Emmens et al. D25,360f62: Description of 
the antifolliculoid effects of dimethylstil
bestrol (DMS). 

Duncan et al. D58,473f63: In rats, U-
10520A and U-11100A, derivatives of 1,2-
diphenyl-3,4-dihydronaphthalene, possess anti
folliculoid activity as judged by the inhibition 
of estradiol effects after ovariectomy. Both 
compounds also interrupt pregnancy when 
administered during the first four days of 
gestation. 

Pincus E689f65: Monograph (360 pp., 1459 
refs.) with sections on the Iiterature concerning 
antifolliculoids and antiluteoids. 

Gaunt et al. G63,202f68: A review on the 
metabolic effects of nonsteroidal antifolli
culoids related to diethylstilbestrol and 
chlorotrianisene, drawn to emphasize struc
tural similarities, cf. drawing p. 55. 

Antiluteoids. Pincus E689f65: Monograph 
(360 pp., 1459 refs.) with sections on the 
Iiterature concerning antifolliculoids and anti
luteoids. 

Antitestoids. Gaunt et al. G63,202f68: 
A review on the metabolic effects of anti
testoids. Antagonists related to testosterone 
and progesterone, cf. drawing p. 56. 

König G66,684f69: Brief review of the 
Iiterature on "antiandrogens" with special 
reference to cyproterone. [No mention is made 
of its possible effect upon enzyme induction 
(H.S.).] 

Bottiglioni et al. G76,203f69: Cyproterone 
does not interfere with testosterone formation 
from radioactive pregnenolone in vitro. Its 
antitestoid effect is exclusively peripheral. 

Prasad et al. G78,450f70: In rats, contin
uous release of microquantities of cypro
terone from Silastic capsules causes infertility 
with loss of sperm motility at dose Ievels 
which have no evident antitestoid effect. 
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Chlorotrianisene 

Clomiphene 

MER-25 

CN-CH2CHzO 

Oo 

ICI-46,472 

CN-CH2CHp oo 

C2Hs 

C=C •HCl 

Q-J 
CHp 

U-ll,lOOA 

ORF-3858 

\ 
N-CH2CHp 

C=C • Monocitrate 
C2H: Q 0 o 'No2 
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C=C •HCl 

QJ 
CHp 

CN-55,945-27 U-11,555A 

Antifolliculoids 

Myoneural Blockers. Baird H27,487j70: 
Clinical "experience with pancuronium sug
gests that it is a useful non-depolarizing 
myoneural blocker with few side-effects. The 
absence of cardiovascular side-effects makes 
the drug particularly valuable in poor-risk 
patients andin intensive care units." 

Ohaouki et al. G77,223J70: In 50 patients, 

pancuronium bromide was found to be an 
active non -depolarizingneuromuscular blocking 
agent about 5 times as active as curare and 
25 times more potent than gallamine triethio
dide. Its advantages are rapid onset of action, 
no release of histamine and little disturbance 
in blood pressure, because of a weak ganglio
plegic action. 
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Antitestoids 

lnte ractions between lnducers 

The enzyme induction pattern of various inducers such as phenobarbital and the 
carcinogens is different. Summation of effects may be obtained by giving these two 
types of inducers conjointly. 

Interactions between the protective effects of various steroids have not yet been 
systematically explored but these are now under intensive study at our Institute. 
It will be interesting to note the effects of combined treatment with syntoxic and 
catatoxic steroids or with two catatoxic steroids having different protective spectra. 
Unfortunately, systematic studies of this type are extremely costly and time 
consuming because ofthelarge nurober of combinations to be explored. Yet, even 
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combinations between protective hormones and catatoxic drugs should be examined 
since the interactions between them are not only of considerable theoretic but 
also possibly of practical interest. 

Conney F88,649f67: Review of data in the 
Iiterature showing that the enzyme induction 
patterns of phenobarbital and carcinogens 
are different. "When rats were given doses of 
the inducers that were maximal for their 
characteristic enzyme inductions, the liver 
microsomes were more active in metabolizing 
drugs when both 3,4-benzpyrene and pheno
barbital had been given than when either had 
been given separately." Similar studies suggest 
that anabolic steroids and phenobarbital 
induce drug-metabolizing activity through 
different mechanisms. 

Badarau et al. G69,247f68: In rats, various 
adrenal and ovarian steroids can produce 
necrosis of the trophoblast during the early 

stages of gestation. In certain steroid com
binations, a mutual antagonism has been 
noted. [The cursory descriptions in this brief 
abstract do not permit evaluation of the data 
(H.S.).] 

Fouts G76,868f70: Experiment on concur
rent treatment with several inducers showed 
that enzyme induction by maximally effective 
doses of chlordane+phenobarbital was no 
greater than the effect of chlordane or 
phenobarbital given alone. However, combi
nations of chlordane with benzpyrene or 3-me
thylcholanthrene resulted in additive effects. 
Methyltestosterone+chlordane gave the same 
effect as chlordane alone. The interpretation 
of these results has not been attempted. 

ANTIOATATOXIO OOMPOUNDS (ANTAGONISTS) 

Anticatatoxic effects can be elicited in various ways. The underlying mechanisms 
have not yet been clarified for each anticatatoxic substance but there appears no 
doubt that we should distinguish between: 

A. Inhibitors which antagonize the enzymes themselves (e.g., SKF 525-A). 
B. Blockers which impede the synthesis of enzymes by interfering with the 

production of RNA or of the hormones whose synthesis it directs (e.g., actinomycin, 
puromycin, ethionine). 

C. Competitors which act by competitively inhibiting the action of enzymes 
upon their substrates. Such competitive inhibition may occur between two 
substrates or even between a substrate and an inducer since many inducers are 
actually also substrates themselves. 

Several anticatatoxic substances may act through a combination of the above 
mentioned effects. 

Inhibitors of Enzymes 

Classification. On theoretical grounds, Netter (E52,768/62) enumerated the 
following possible mechanisms for enzyme inhibition: 

1. The inhibitor combines directly with the enzyme at the active center 
(competitive inhibition) or at some other point (noncompetitive inhibition). Many 
antimetabolites act by competitive inhibition of enzymes participating in the 
metabolism of physiologic substrates. An example of competitive inhibition in drug 
metabolism is the effect of esters or amides on procaine hydrolysis. 
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2. The inhibitor decreases a coenzyme concentration by interfering with its 
biosynthesis or accelerating its catabolism. The latter mechanism is exemplilied by 
the inhibition of methylation (e.g., choline biosynthesis), by nicotinamide, which 
forms methylnicotinamide, thereby depleting active methyl groups from the 
coenzyme. 

3. The inhibitoralters membrane permeability. This mechanism has not yet been 
proven to play an important role. 

Oonney &: Bums G67,166f62: Review on 
the inhibition of microsomal enzyme actions 
by SKF 525-A, CFT 1201, Lilly 18947, 
iproniazid, Sch 5712, MPDC, JB-516, and 
EPDA. 

Netter E52,768f62: Review (15 pp., 55 refs.) 
on "Drugs as Inhibitors of Drug Metabolism" 
with special reference to SKF 525-A and 
related compounds. 

King &: Burgard G46,498f67: Review on 
various types of antagonists of drug-meta
bolizing enzymes. 

Mannering G71,818f68: Review on micro
somal enzyme induction with a special chapter 
on inhibitors of the drug-metabolizing system. 

Mannering G75,980f68: Review (26 pp., 
89 refs.) on stimulation and inhibition of drug 
metabolism. 

Mannering G74,572f71: Review on the 
inhibition of drug metaboliBm "as it is more 
narrowly defined to mean the interference 
of the metaboliBm of one agent by another 
agent at the enzymic site." 

SKF 525-A (ß -diethylaminoethyl diphenylpropylacetate). 

() 
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SKF 525-A is considered to be a selective inhibitor of microsomal drug-oxidizing 
systems. It has no sedative action of its own, but when administered prior to agents 
subject to detoxication by microsomal enzymes it strikingly prolongs their pharma
cologic action. For example, rats given hexobarbital plus SKF 525-A slept 35 times 
Ionger than rats given the barbiturate alone. Both treatment with SKF 525-A in vivo 
and addition of the drug to liver slices also reduce subsequent enzymic detoxication 
in vitro. This shows that the compound acts directly upon microsomal enzyme 
systems, not merely upon their synthesis in vivo. 

Kinetic analysis revealed a noncompetitive type of inhibition, for example, of 
0-demethylation of p-nitroanisole in vivo and in vitro; conversely the inhibition of 
plasma procaine esterase is allegedly competitive. SKF 525-A inhibits many oxidative 
reactions in vivo and in vitro (e.g., side chain oxidation and 0-dealkylation, 
N-dealkylation, deamination, aromatic hydroxylation and sulfoxide formation) 
presumably by interfering with some step common to all of these reactions. 
However, NADPH oxidase activity of hepatic microsomes is unaffected by 
SKF 525-A, although drug metabolism is inhibited in the same preparation. The 
broad spectrum of reactions inhibited by SKF 525-A includes azo-and nitro-reduction 
(dependent upon NADPH, but not oxygen) glucuronide formation (a microsomal 
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transfer reaction independent of NADPH); however, not all microsomal reactions 
are equally sensitive to inhibition by this compound. 

Unlike iproniazid and many other microsomal enzyme inhibitors, SKF 525-A is 
strongly bound to hepatic microsomes and cannot be removed by dialysis or 
washing. 

The fact that SKF 525-A does not act by increasing the drug sensitivity of 
tissues but merely by delaying their metabolic degradation, is particularly weil 
demonstrated by observations on its influence upon barbiturate anesthesia. In 
otherwise untreated and SKF 525-A-pretreated rats given hexobarbital, the plasma 
level of the barbiturate is the same at the moment of awakening although 
SKF 525-A greatly prolongs the sleeping time. Furthermore, if rats are given 
SKF 525-A immediately after awakening from hexobarbital anesthesia they do not 
fall asleep again as they would if SKF 525-A had increased the barbiturate sensitivity 
of their central nervous system. 

Among the hydrolytic products of SKF 525-A, diphenylpropylacetic acid is a 
potent inhibitor of drug-metabolizing enzymes, whereas diethylaminoethanol is not. 
It has been claimed so often that microsomal enzymes influence only 
"xenobiotics," that is, foreign substances, yet SKF 525-A also inhibits the 
metabolism of various naturally-occurring substrates (e.g., the tricarboxylic acid 
cycle intermediates: succinate, fumarate and maleate) in rat liver mitochondrial 
preparations. On the other hand, it has been said that since SKF 525-A is 
relatively nontoxic the enzyme systems it inactivates "are not essential to the 
normal economy of the body but operate primarily against toxic influences of 
foreign compounds." However, in rat liver homogenates the conversion of 
mevalonate-2-140 to cholesterol and other nonsaponifiable lipids is inhibited by 
SKF 525-A and plasma cholesterollevels are lowered. Furthermore, SKF 525-A also 
inhibits the steroid hydroxylases in the hepatic microsomes of the rat, thus 
blocking the hydroxylation of testosterone and estradiol as well as the degradation 
of cortisol. 

Mestranol (a folliculoid) prolonged while lynestrenol (a luteoid) reduced, pento
barbital sleeping time in mice. The effect of lynestrenol was abolished; that of 
mestranol potentiated by SKF 525-A. Lynestrenol increases, whereas both 
mestranol and SKF 525-A reduce, barbiturate clearance from the plasma. Presum
ably folliculoids share certain enzyme inhibitory reactions of SKF 525-A. 
Lynestrenol reduces, whereas mestranol or SKF 525-A increases, the anticonvulsive 
effect of various drugs. This may also be due to altered microsomal drug 
metabolism but since mestranol and lynestrenol have opposite effects upon brain 
5-HT concentration the latter mechanism may likewise be involved. 

Using a variety of in vivo or in vitro test procedures, it has been shown that 
SKF 525-A inhibits the biotransformation andfor the catatoxic action of 
innumerable agents, e.g.: 

Alanine-1-140 
Aminopyrine 
p-Aminosalicylic acid 
Amobarbital 
Amphetamine 
Azo dyes 

Barbital 
Barbiturates (Various) 
Bishydroxycoumarin 
Butethal 
Carisoprodol 
Catatoxic steroids (Various) 
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CCI4 

Chloral hydrate 
Chlordiazepoxide 
Chloretone 
Chlorpromazine 
Cholesterol 
Codeine 
Cortisol 
CS2 

Cyclophosphamide 
Dethioacetylated 4-6-dienone 
Diazepam 
Digitoxin 
Diphenylhydantoin 
DMBA 
Ephedrine 
Estradiol 
Estrone 
p-Ethoxyacetanilide 
Ethylestrenol 
Glutethimide 
Hexethai 
Hexabarbital 
d-Hexobarbital 
Hydroxydione 
Indocyamine green 
Indomethacin 
Lynestrenol 
Meperidine 
Mephenesin 
Meprobamate 
Mestranol 
Methadone 
Methorphinan 

LaDu et al. G74,654f53: The inhibitory 
action of SKF 525-A is noncompetitive on the 
microsomal enzyme system that catalyzes 
N-demethylation of monomethyl-4-aminoan
tipyrine . 

.Axelrod et al. D79,919f54: In rats, SKF 
525-A prolongs the action and inhibits the 
rate of biotransformation of hexobarbital and 
pentobarbital. The inhibitor also retards the 
demethylation of meperidine, aminopyrine 
and ephedrine. 

Cook et al. D23,923f54: First demonstra
tion of the fact, that the inhibitory effect of 
SKF 525-A on drug-metabolizing enzymes 
accounts for the long duration of drug action 
as exemplified by hexobarbital sleeping time. 
SKF 525-A markedly prolongs the hypnotic 
action of hexobarbital in mice and rats 
without significantly altering its toxicity. The 
length of hexobarbital sleeping time thus 
achieved cannot be duplicated with any dose 

N-Methylanaline 
3-Methyl-4-monomethylaminoazobenzene 
Methylparafynol 
Monobutyl-4-aminoantipyrine 
Monoethyl-4-aminoantipyrine 
Monomethyl-4-aminoantipyrine 
Morphine 
N arcotics (V arious) 
Naturally-occurring substrates (Various) 
Nikethamide 
o-Nitroanisole 
Norbolethone 
7-0HM-12-MBA 
Pentabarbital 
Pethidine 
Phenaglycodol 
Phenobarbital 
Prednisolone 
Prednisone 
Primiclone 
Procaine 
Progesterone 
Secobarbital 
Spironolactone 
Strychnine 
Succinylcholine 
Sulfacetamide 
TEA 
Testosterone 
Thioethamyl 
Thiopental 
Thiophosphates 
Triflupromazine 
Urethane 

of the hypnotic agent alone. In this respect, 
SKF 525-A is equally effective i.p. and p.o., 
the latter route being less toxic. SKF 525-A is 
almost immediately effective and the duration 
of its action is approximately 15 hrs. 

Cook et al. D94,204f54: The analgesic 
action of methadone, meperidine, morphine, 
codeine and methorphinan was enhanced by 
SKF 525-A in the rat, but the LD5o's of 
morphine and meperidine were not signifi
cantly altered. 

Cook et al. E34,395f54: Experiments on 
rats and mice indicate that SKF 525-A 
potentiates the hypnotic effects of hexobar
bital, secobarbital, pentobarbital, amobarbital, 
butethal, hexethal, phenobarbital and chioral 
hydrate, but does not significantly influence 
that of barbital, thioethamyl, thiopental or 
methylparafynol. 

Cooper et al. H25,117f54: SKF 525-A also 
inhibits the metabolism of various naturally· 
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oceunlng substrates (e.g., the tricarboxylic 
acid cycle intermediates: succinate, fumarate, 
and maleate) in ratlivermitochondrialprepara
tions. Among the hydrolytic products of SKF 
525-A, diphenylpropylacetic acid is a potent 
inhibitor of drug-metabolizing enzymes, 
whereas diethylaminoethanol is not. 

Brodie et al. G66,772f55: Although SKF 
525-A inhibits various hepatic microsomal 
enzyme activities in the rabbit's liver it is 
relatively nontoxic and, hence, "one can 
speculate that these systems are not essential 
to the normal economy of the body, but operate 
primarily against the toxic influences of 
loreign compounds that gain access to the 
body from the alimentary tract." 

FO'Ids & Brodie D83,597f55: SKF 525-A and 
the closely-related compound Lilly 18947 
prolong the hypnotic action of hexobarbital 
in mice by inhibiting its metabolism by hepatic 
microsomes. 

Axelrod G74,652f56: SKF 525-A inhibits 
the 0-dealkylation of codeine but not that of 
p-etho:xyacetanlllde. Presumably, more than 
one 0-dealkylating enzyme exists in the liver. 

Brodie 012,157/56: Review on the early 
work on SKF 525-A showing that it prolongs 
the efiect of hexobarbital, pethidine, codeine, 
morphine, mephenesin, amphetamine and 
other compounds. The metabolic pathways 
through which these drugs are normally 
inactivated, and their blockade by SKF 525-A 
are described in detail. 

Rickards & Taylor H 19,235/56: Review 
on the pharmacology of barblturates with a 
special section on the sleep-enhancing efiect 
of SKF 525-A and related compounds. 

Murphy & DuBois D28,546f58: The 
activity of the microsomal enzyme system 
which oxidizes thlophosphates to potent 
anticholinesterase agents is considerably higher 
in male than in female rats (incubation of 
liver homogenates with Guthion or ethyl 
p-nitrophenyl thionobenzenephosphonate or 
"EPN"). Yet, in vivo, adult males are more 
resistant to EPN than females, perhaps 
because the accelerated formation of toxic 
oxidation products is overcompensated by a 
more efficient detoxication of the latter. The 
low enzyme activity of female livers is enhan
ced by pretreatment with testosterone in vivo, 
whereas the high activity of male livers is 
diminished by previous castration, partial 
hepatectomy or treatment with progesterone 
or diethylstilbestrol. SKF 525-A inhibits, 
whereas pretreatment with carcinogens or a 

protein-deficient diet enhances, the activity 
of the thiophosphate-oxidizing enzyme. 

Takemari & Mannering H24,294f58: SKF 
525-A inhibits the N-demethylation of several 
narcotics but does not inhibit the demethyla
tion of the azo dye, 3-methyl-4-monomethyl
aminoazobenzene. Such observations suggest 
that inhibitors of drug-metabolizing enzymes 
can be used as tools to determine if more 
than one enzyme system can catalyze the 
same reaction. 

Gaudette & Brodie E90,437f59: SKF 525-A 
inhibits the N-dealkylation of aminopyrine and 
monomethyl-4-aminoantipyrine but not that 
of monoethyl-4-aminoantipyrine, monobutyl-4-
amlnoantipyrine, or N-methylanallne. Presum
ably, more than one enzyme system can N
dealkylate drugs. 

Netter G74,665f59: The inhibitory action 
of SKF 525-A on plasma procaine esterase is 
competitive. 

Sulman et al. 079,823/59: In rats injected 
for 4 months with prednisone or prednisolone, 
an increase in the hepatic content of the 
enzymes which decompose these steroids could 
be demonstrated in vitro. Various histologic 
stains failed to reveal any associated light
microscopic change in the hepatocytes. Addition 
of SKF 525-A to the homogenate of activated 
livers blocked their enzymic activity. 

Dick et al. G74,672f60: In dogs, chronic 
administration of SKF 525-A lowers plasma 
cholesterol. 

Holmes & Bentz G74,656f60: In rat liver 
homogenates, the conversion of mevalonate-
2-14C to cholesterol and other nonsaponifiable 
Iipids is inhibited by SKF 525-A. It remains 
to be shown whether this efiect could explain 
the lowering of plasma cholesterol Ievels 
obtained in dogs by SKF 525-A. 

Kato & Ohiesara G68,581f60: Male rats 
are more resistant than females to the toxic 
action of strychnlne. This diHerence is abol
ished by SKF 525-A. 

Netter G74,666f60: The inhibitory action 
of SKF 525-A on 0-demethylation of o-nitro
anisole is noncompetitive. 

Nevbert & Timmler G74,668f60: SKF 
525-A and CFT 1201 inhibit incorporation of 
alanine-l-14C into hepatic microsomal protein. 

Kato et al. G66,023f61: Adult (unlike 
immature) male rats are less sensitive to 
carisoprodol-induced muscular paralysis than 
females. Castration or treatment with SKF 
525-A abolishes the increased resistance of 
the adult male rat. Incubation of liver slices 
with carisoprodol shows that the resistance of 
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the male is due to accelerated substrate 
inactivation. No sex difference is noted in 
adult mice or guinea pigs. 

Bella et al. G77,568f62: In various species, 
SKF 525-A enhances the neuromuscular
bloclring action of sueeinyleholine, and similar 
compounds. The inhibition appears to occur 
at the neuromuscular junction. 

Brock & Hohorst G71,533f62: Cyelophos
phamide has no cytotoxic effect upon Yoshida 
sarcoma cells in vitro but it is rapidly 
transformed into an active compound in mice, 
rats and dogs in vivo. The active form is 
dernonstrahle in the blood and urine by bio
assay if added to tumor cells in vitro. In 
completely hepatectomized rats, only a little 
fraction of cyclophosphamide is thus activated. 
However, activation can be demonstrated in 
vitro by incubation with liver slices. Pretreat
ment of rats with SKF 525-A inhibits in vivo 
activation which presumably takes place in 
hepatic microsomes. 

Kato et al. D38,983f62: Male rats are more 
resistant than females to stryehnine intoxi
cation especially if the drug is given s.c. 
whereby its activity is delayed. The greater 
strychnine metabolizing potency of micro
somes from male rats than from females has 
also been demonstrated in vitro. SKF 525-A 
increases strychnine toxicity and renders 
both sexes equally sensitive. 

Kato & Vassanelli D40,237f62: "Rats 
pretreated with phenobarbital, phenaglyeodol, 
glutethimide, nikethamide, ehlorpromazine, 
triflupromazine, meprobamate, earisoprodol, 
pentobarbital, thiopental, primidone, ehlore
tone, diphenylhydantoin and urethane showed 
an accelerated metabolism of meprobamate 
and, at the same time, a diminished duration 
of sleeping time and paralysis due to 
meprobamate." SKF 525-A counteracted 
these actions of the enzyme inducers. 

Rümke G69,768f63: In mice, SKF 525-A, 
phenobarbital, chlorpromazine, hexobarbital 
and iproniazid given one hour before hydroxy
dione i.v. increases sleeping time. When the 
interval is two days, single doses of SKF 
525-A, phenobarbital or chlorpromazine de
crease hydroxydione anesthesia. Phenytoin, 
acetylcarbromal, morphine, chloramphenicol, 
5-HT, phenobarbital and hydroxydione given 
one hour before hexobarbital increase the du
ration of anesthesia whereas dioxone and 
chlorothiazide decrease it. It is concluded that 
central effects as weil as changes in micro
somal enzyme activity may be involved. 

Kuntzman et al. F27,893f64: SKF 525-A 
inhibits the steroid hydroxylase present in the 
microsomal fraction of rat liver. 

Paeile et al. F52,633f64: Adult male rats 
are more resistant to proeaine than adult 
females. Chronic CC14 poisoning, pretreatment 
with SKF 525-A and orchidectomy diminish 
the resistance of the males approximately to 
the female Ievel. The plasma procainesterase 
activity is approximately the same in both 
sexes and not affected by orchidectomy or 
CC14 intoxication. 

Rogers & Fouts F 27,894/64: In vitro 
experiments in rats have shown that SKF 
525-A is strongly bound to hepatie mierosomes 
and cannot be removed by dialysis or washing, 
whereas the reverse is true of iproniazid and 
other microsomal enzyme inhibitors. 

Conney et al. G65,135f65: In the rat, 
SKF 525-A markedly inhibits hexobarbital 
metabolism and the hydroxylation of testoste
rone and estradiol. 

Kupfer & Peets F 85,854/67: Cortisol s.c. 
increases hepatic TKT activity in adrenalec
tomized male rats and this effect is further 
augmented by SKF 525-A which in itself has 
no effect. In intact rats SKF 525-A raises 
hepatic TKT activity in itself but this effect 
is not further augmented by cortisol. Possibly 
the potentiation of cortisol induction of TKT 
by SKF 525-A is due to an inhibition of the 
degradation of cortisol. 

Mannering G71,818f68 (p. 105): Review 
listing the large number of substrates whose 
in vivo or in vitro transformation by hepatic 
microsomalenzymesisinhibited by SKF 525-A. 
However, this drug does not inhibit the bio
transformation of all substrates known to be 
metabolized by microsomal systems. "These 
differences in the action of SKF 525-A on the 
biotransformation of different drugs strengthen 
the view that more than one drug-metabolizing 
enzyme system exists in hepatic microsomes 
orthat the rate-limiting component may not 
be the same in all species or under all 
conditions." 

Blackham & Spencer G69,913f69: Mestra
nol (a folliculoid) prolonged while lynestrenol 
(a luteoid) reduced the duration of pentobar
bital and hexobarbital sleeping time in mice. 
Barbital was not affected. The effects of 
lynestrenol were abolished by SKF 525-A 
while those of mestranol were markedly 
potentiated. Lynestrenol increased, whereas 
mestranol and SKF 525-A reduced, the rate 
of clearance of barbiturate from the plasma. 
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Bond et al. H 18,559/69: In rats, pretreat
ment with phenobarbital does not change 
the LDso of CS2 p.o. but results in the 
production of centrallobular hepatic necrosis. 
After pretreatment with SKF 525-A these 
hepatic lesions no Ionger occur in rats pretreat
ed with phenobarbital and then given cs2. 
SKF 525-A may inhibit the production of 
toxic cs2 metabolites by hepatic microsomal 
enzymes. 

Furner et al. H 17,931/69: In rats, d-hexo
barbital is about twice as susceptible to inhi
bition by SKF 525-A as dl- or 1-hexo
barbital. 

Hart & AdanuJon G69,481f69: In mice 
"SKF 525-A and Lilly 18947 reduced the 
lethality of eyelophosphamide over a 28 day 
observation period while pretreatment with 
phenobarbital did not change the 28 day 
lethality. Neither SKF 525-A nor pheno
barbital had an effect on the antitumor 
efficacy of cyclophosphamide. Mice housed on 
cedar chip bedding were less susceptible to the 
Iethai effects of cyclophosphamide, but tumor 
bearing mice on this bedding showed greater 
antitumor response to the drug than those on 
hardwood bedding." 

Bird et al. H 30,425!70: In rats less than 
30 days of age, DMBA or 7-0HM-12-MBA 
produces no adrenal necrosis unleBB animals are 
pretreated with ACTH. However, a single i.v. 
injection of 7 -OHM-12-MBA on the 17th day of 
gestation causes adrenal necrosis in the 
embryos as well as in the mothers. Pretreat
ment with SKF 525-A protected the adrenals 
both of the embryos and of the mothers. 

Blackham & Spencer G73,813f70: In mice, 
Iynestrenol reduced, whereas mestranol or 
SKF 525-A increased the anticonvulsive 
effect (tested with electroshock) of diphenyl
hydantoin, phenobarbital, ehlordiazepoxide and 
diazepam administered i.p. after five days of 
pretreatment. This may be due to altered 
microsomal drug metabolism but since mestra
nol and lynestrenol have opposite effects upon 
the brain 5-HT concentrations, the latter 
mechanism must also be considered. 

Levine G75,350f70: In rats, SKF 525-A has 
previously been found to depreBB the biliary 
excretion of indoeyamine green (ICG), a dye 
which is not metabolized prior to excretion. 
With this exception, SKF 525-A depresses 
only the biliary excretion of compounds that 
are metabolized. However, it is now shown 
that the biliary excretion of ICG and the bile 
flow itself are not influenced by SKF 525-A 

provided normal body temperature is main
tained. 

MeLean and Marehand G78,253f70: In 
rats, SKF 525-A decreases the plasma concen
tration of orally-administered barbital, p-ami
nosalieylie aeid, sulfaeetamide and cc~. 
presumably because of a nonspecific effect on 
the gastrointestinal absorption of polar and 
nonpolar compounds. Various other mechanisms 
of SKF 525-A action are discussed, which must 
be kept in mind in interpreting the possible 
effect of SKF 525-A through the inhibition of 
hepatic microsomal drug metabolism. 

Levin et al. H26,593f70: In rats, CCI, given 
to immature females 24 hrs before sacrifice 
inhibited the activity of hepatic microsomal 
enzymes that hydroxylate estradiol-17ß and 
estrone. This inhibition was reflected in vivo 
by an altered metaboliBm of estradiol-17ß 
and estrone, by a potentiation of the uterotro
phic action of folliculoids and by an increased 
concentration of these steroids in the uterus. 
By contrast, tetrachloroethylene did not 
influence the action of estrone. SKF 525-A 
and desipramine, which are also inhibitors of 
drug metabolism, likewise potentiate the 
uterotrophic action of estrone in immature rats. 

Solymoss et al. G60,099f70: In rats, pento
barbital anesthesia is inhibited by spironolac
tone, ethylestrenol, norbolethone and, to a 
Iesser extent, even by progesterone. These 
catatoxic steroids also aceeierate the disappear
ance rate of barbiturate from the blood; their 
effects are counteracted by SKF 525-A. 
Irrespective of the steroid pretreatment, the 
rats awake roughly at the same blood pento
barbitallevel. 

Solymoss et al. G70,423f70: In rats, 
pretreatment with spironolactone, norbole
thone or ethylestrenol enhances the disap
pearance ofbishydroxycoumarinfrom blood and 
restores the prothrombin time. Triamcinolone 
and progesterone fall to do so. SKF 525-A 
increases the blood concentration and the 
anticoagulant effect of bishydroxycoumarin 
and counteracts the beneficial effect of 
ethylestrenol. 

Solymoss et al. G70,445f70: In rats, the 
acute hematologic changes observed six days 
after a singleoral dose of DMBA are suppreBBed 
by spironolactone but the alterations normally 
observed 12 days after DMBA still occur. The 
hematologic darnage produced by a smaller 
dose of DMBA i.v. is prevented both by 
spironolactone and by SKF 525-A. Apparently 
"the hemopoietic alterations, elicited by 
DMBA, are dosa-dependent and influenced also 
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by the biotransformation of this polycyclic 
hydrocarbon, since both acceleration (by 
spironolactone) and blockade (by SKF 525-A) 
of this latter process can suppress the devel
opment of hematologic alterations." 

SolymoBB et al. G70,46lf70: In rats, spi
ronolactone, norbolethone and ethylestrenol 
pretreatment aceeierate the disappearance-rate 
of digitoxin from serum in proportion to the 
inhibition of the convulsions. Partial hepa
tectomy reduces digitoxin elimination. The 
action of spironolactone is blocked by 
SKF 525-A. 

SolymosB et al. G70,463j70: In rats, 
pretreatment with spironolactone, norbole
thone or ethylestrenol accelerated the plasma 
clearance of digitoxin, in proportion to the 
in vivo protective effect of these catatoxic 
steroids. Partial hepatectomy reduces digi
toxin clearance. The effect of spironolactone 
is suppressed by SKF 525-A and cyclohexi
mide. 

SolymOBB et al. G70,464j70: In rats, 
spironolactone shortens the haH-life of its 
main metabolite, the dethioacetylated 4,6· 
dienone (metabolite A), which is interconver
tible with the 17-hydroxy carboxylic acid 
derivative (metabolite B). This alteration is 
only slightly accentuated if the steroid is 
given chronically and it wears off within 
eight days after spironolactone treatment is 
interrupted. After a test dose of spironolactone 
or of its metabolites A and B, partial 
hepatectomy delays the blood clearance of 
metabolite A. Cycloheximide and SKF 525-A 
also suppress the blood clearance of meta
bolite A under these conditions. Presumably 
"spironolactone influences its own biotrans
formation and the steroid is also a substrate 
of the hepatic drug-metabolizing enzymes 
which are induced by spironolactone itseH." 

SolymOBB G70,484j70: In rats, the plasma 
clearance of digitoxin is accelerated by spiro
nolactone, norbolethone and ethylestrenol in 
doses that protect against the toxicity of the 

alkaloid in vivo. On the other hand, partial 
hepatectomy reduces digitoxin plasma clear
ance, and increases the severity of the 
oonvulsions. The protective action of the 
catatoxic steroids is suppressed by SKF 525-A 
and cycloheximide. 

Soyka et al. H 33,315!70: Partial hepa
tectomy sensitized only slightly to the anesthe
tic effect of liß·pregnane·3a·ol-20·one, whereas 
it greatly prolonged sleeping time following 
treatment with progesterone and many other 
steroids. Neither inhibition of hepatic mixed 
function oxidase activity by SKF 525-A nor 
its Stimulation by 3-MC affected the duration 
of pregnanolone narcosis and even pheno
barbital reduced its length only slightly. These 
findings, and distribution studies, "suggest 
that termination of hypnosis is due mainly to 
redistribution with hepatic metabolism play
ing a relatively minor role." [Species not men
tioned; probably rat (H.S.).] 

SolymOBB et al. G60,093j71: In rats, 
spironolactone, norbolethone and progeste
rone, unlike hydroxydione, aceeierate the 
clearance from the blood of s.c.-injected 
indomethacin. SKF 525-A significantly sup
presses the activity of these catatoxic steroids 
which probably act through increased metabolic 
degradation of indomethacin. 

SolymOBB &, Varga G70,500f71: In rats, 
spironolactone, norbolethone and ethylestre
nol diminish the antiooagulant action and 
aceeierate the plasma clearance of bishy
droxycoumarin. Progesterone and triamcino
lone are devoid of this effect. SKF 525-A 
oounteracts the influence of ethylestrenol 
upon bishydroxycoumarin metabolism. The 
hepatic microsomes of rats treated with 
spironolactone or ethylestrenol in vivo accel
erate bishydroxycoumarin degradation by 
NADPH-dependent enzymes in vitro. 

Strychnine +- SKF 525-A + Sex: 
Kato et al. G74,030f62* 

Codeine +- SKF 525-A + Adrenal 
demedullation: Rogers et al. D64,023f63 

CFT 1201 (phenyldiallylacetic acid ester of diethylaminoethanol), CFT 1215, CFT 1042. 

Much less work has been done with the phenylacetic acid derivatives which, like 
SKF 525-A, act as hepatic microsomal enzyme inhibitors. The most active member 
of this group is OFT 1201. It prolongs the action of hexobarbital, propallylonal, 
eunarcon and butallylonal, without affecting the hypnotic action of barbital, a 
compound notoriously not metabolized within the body. OFT 1201 uncouples 
oxidative phosphorylation when a-ketoglutarate or ß-oxybutyrate are used as 
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substrates, but it also inhibits the incorporation of alanine-1-140 into hepatic micro
somal protein. 
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Neubert & Berken G74,660flili: Several 
phenylacetic acidderivatives prolong the action 
of hexobarbital. The most active of these 
compounds is the phenyldiallylacetic acid 
ester of diethylaminoethanol (CFT 1201}, 
which also prolongs the action of propallyl
onal, eunarcon, and butallylonal. However, 
CFT 1201 does not affect the hypnotic action 
of barbital, which notoriously is not metabo
lized in the rat. 

CFT 1042 

Maibauer et ril. G74,663Jii8: In rats, 
CFT 1201 causes hepatic steatosis. 

Neuberl & Hoffmeister G74,667j60: CFT 
1201 uncouples oxidative phosphorylation 
when a-ketoglutarate or ß-oxybutyrate are 
used as substrates. 

Neubert & Timmler G74,668j60: SKF 
525-A and CFT 1201 inhibit incorporation of 
alanine-1-140 into hepatic microsomal protein. 

Lilly 18947 (2,4-dichloro-6-phenylphenoxyethyl diethylamine). 

This compound is chemically closely related to SKF 525-A and resembles the latter 
also in its pharmacologic actions. In acute experiments on mice it prolongs 
hexobarbital sleeping time by inhibiting barbiturate metabolism in hepatic 
microsomes. When given over a 28 day observation period Lilly 18947 reduces the 
lethality of cyclophosphamide perhaps because its inhibitory effect upon drug 
metabolism is reversed following chronic administration. 

Fouts & Brodie D83,1i97Jiili: SKF 525-A 
and the closely-related compound Lilly 18947 
prolong the hypnotic action of hexobarbital 
in mice by inhibiting its metaboliBm by 
hepatic microsomes. 

Fuuts & Brodie D91i,674jli6: 2,4-Dichloro-
6-phenylphenoxyethyl diethylamine (Lilly 
18947) and iproniazid (2-isopropyl-1-
isonicotinyl hydrazine, Marsilid) prolong hexo
barbital sleeping time by inhibiting its 
metabolism in hepatic microsomes. 

Bart & Adamson G69,48lf69: In mice 

5 Selye, Hormones and Resistance 

"SKF 525-A and Lilly 18947 reduced the 
lethality of cyclophosphamide over a 28 day 
observation period while pretreatment with 
phenobarbital did not change the 28 day 
lethality. Neither SKF 525-A nor phenobar
bital had an effect on the antitumor efficacy 
of cyclophosphamide. Mice housed on cedar 
chip bedding were less susceptible to the 
Iethai effects of cyclophosphamide, but tumor 
bearing mice on this bedding showed greater 
antitumor response to the drug than those 
on hardwood bedding." 
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MPDC (N-methyl-3-piperidyl diphenylcarbamate), EPDA (N-ethyl-3-piperidyl 
diphenylacetate), EPB (N-ethyl-3-piperidyl benzylate) and JB 516 (ß-phenylisopro
pylhydrazine). 

or-\. 
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All these piperidyl compounds prolong barbiturate sleeping time by inhibiting 
microsomal drug metabolism. MPDC given 1-12 hrs before hexobarbital 
prolongs sleeping time and inhibits the metabolism of the barbiturate, although the 
reverse is true if MPDC is given 24-48 hrs before hexobarbital. In all these 
respects the compound resembles the numerous other inhibitors which exhibit 
similar biphasic responses. 

Fujimoto et al. D78,955f60; Serrone &: 
Fujimoto D83,863f60: ß·Phenylisopropylhy
drazine (JB 516), N-ethyl-3-piperidyl benzylate 
(EPB), N-ethyl-3-piperidyl diphenylacetate 
(EPDA), and N-methyl-3-piperidyl diphenyl
carbamate (MPDC) prolong barbiturate sleep
ing time by inhibiting microsomal drug 
metabolism. 

Serrone &: Fujimoto D48,610j61: MPDC 
given 1-12 hrs before hexobarbital prolongs 
sleeping time and the metabolism of the 
barbiturate. However, if MPDC is given 

24-48 hrs before hexobarbital, the metabo
lism of the drug is stimulated and sleeping 
time is shortened. Data are presented to show 
that the accelerated metaboliBm of hexo
barbital results from induced synthesis of 
microsomal enzyme systems that metabolize 
barbiturates. A similar biphasic response on 
hexobarbital sleeping time was observed with 
SKF 525-A, JB 516, iproniazid, orphenadrine, 
chlorpromazine, and hydroxyzine by several 
investigators (Holtz et al. D98,342j57; Arri
goni-Martelli & Kramer G74,659/59; Rümke 
& Bout G74,669f60). 

Sch 5712, Sch 5705 (malonic and succinic acid derivatives). 

l R=-CH2-CH2-CH2·CH3 

Sch 5712 

R= -o 
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Hexobarbital metabolism is inhibited and sleeping time prolonged by certain 
malonic and succinic acidderivatives such as Sch 5712 or Sch 5705. Sch 5712 prolongs 
hexobarbital sleeping time about 12-fold in female and only 3-fold in male rats, yet 
it inhibits hexobarbital metabolism in vitro about equally in unfortified liver 
homogenates of both sexes. 
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Kramer & Arrigoni-Martelli G74,673f59: 
The hexobarbital metabolism by hepatic 
microsomal enzyme systems is inhibited, 
whereas hexobarbital sleeping time is prolong
ed, by certain malonic and succinic acid 
derivatives, such as Sch 5712. The latter 
compound prolongs hexobarbital sleeping 
time about 12-fold in female and only 
3-fold in male rats, yet it inhibits hexobarbital 
metabolism in vitro about equally when 
tested with the unfortified Iiver homogenate 

Chloramphenicol. 

0 
HOCH 

from rats of either sex. Furthermore, Sch 5712 
is singularly ineffective in proionging hexobar
bital sleeping time in rats pretreated with 
phenobarbital. 

Arrigoni-Martelli et al. G74,653f60: Several 
malonic and succinic acid derivatives poten
tiate the action of hexobarbital, chlorphenira
mine (Chlortrimeton), and amphetamine. 

Hexabarbital +-- Sch 5705, Sch 5712 
+ Sex: Kramer et al. G74,673f59* 
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This antibiotic does not induce sedation by itself and fails to potentiate 
subhypnotic doses of hexobarbital but inhibits the metabolism of the latter if given 
to mice and rats a short time before the barbiturate. In vitro, a number of other 
enzymic reactions are also inhibited by chloramphenicol which acts essentially like 
SKF 525-A and other related compounds. 

Dixon & Fouts E53,752f62: In mice and 
rats, chloramphenicol inhibits hexobarbital 
metabolism. When chloramphenicol is given 
45 min before hexobarbital, the sleeping time 
in mice is greatly prolonged and the total 
body Ievels of the barbiturates are increased. 
This antibiotic does not induce sedation by 
itself and fails to potentiate a subhypnotic 
dose of hexobarbital. In vitro, a number of 
enzymic reactions are inhibited by chlor
amphenicol and the pathways blocked are 
essentially the same as those inhibited by 
SKF 525-A and related compounds. 

Firkin & Linnane H 31,607/70: In rats, 
partial hepatectomy greatly increases sensitiv
ity to the lethal effect of heavy chloramphe
nicol overdosage. Lower doses of "chlor
amphenicol appeared to specifically inhibit 
the synthesis of the mitochondrial cyto
chromes a, a3, b and c1 in the actively 
growing Iiver tissue. In some of the liver 
cells there was extensive cytoplasmic vacuo
lation resulting from dilation of the endo
plasmic reticulum, and the mitochondria were 
swollen and appeared to contain fewer cristae. 

5* 

It is suggested that chloramphenicol has at 
least three effects in the cells of higher 
organisms-a specific inhibitory effect on the 
synthesis of some mitochondrial cytochromes 
which is presumably a reflection of its action 
on the mitochondrial protein synthesizing 
system, an effect on cellular ultrastructure, 
and a direct inhibitory effect on cellular 
respiration only at relatively high concen
trations of the drug." 

Solymoss et al. G70,412f70: "In rats, 
24 hours after a single dose of spironolactone 
or ethylestrenol, the disappearance of pento
barbital from blood is enhanced to a rate in 
proportion to the decreasing depth of anes
thesia. This action is completely suppressed by 
ribonucleic acid- or protein-synthesis inhi
bitors such as actinomycin D, puromycin 
aminonucleoside and cycloheximide, and only 
partially by 6-mercaptopurine or chlor
amphenicol ... Induction of drug-metabolizing 
enzymes is involved in the resistance-increas
ing effect of spironolactone or ethylestrenol 
against various compounds." 
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Disulfiram ( tetraethylthiuram disulfide, Antabuse). 

This drug was introduced for the treatment of chronic alcoholism. It has virtually 
no pharmacologic effects of its own but if, after its administration, ethanol is ingested, 
patients suffer violent flushing, dyspnea, nausea, vomiting, and hypotension and 
hence, they are forced to abstain. 

Disulfiram inhibits ADH, presumably by competing with NAD. ADH normally 
oxidizes acetaldehyde to acetic acid. The blockade of the enzym.e by disulfiram 
does not alter the blood ethanol Ievels following ingestion of the alcohol, but 
acetaldehyde and pyruvate accumulate and cause the just-mentioned disturbances 
which may reach dangerous proportions. Hence, the practical use of this prophylaxis 
is limited. The pathogenic role of acetaldehyde was confirmed by the 
observation that, in itself, it produces changes similar to those observed after 
ingestion of ethanol following pretreatment with disulfiram. Recent observations 
suggest, however, that the accumulation of pyruvate may also play an important 
role in the pathogenesis of the resulting clinical syndrome. 

Lecoq et al. B66,406f51: In rats, the toxic 
effects of ethanol and its metabolites, pyru
vate and acetaldehyde (which accumulate in 
the body under the influence of disulfiram) 
are inhibited by ACTH, cortisone, and hepatic 
extracts. Conversely, thyroxine, DOC, and 
testosterone appear to aggravate ethanol 
intoxication. [Statistically evaluated data are 
not presented (H.S.).] 

Lecoq B79,754f51: In rabbits, the injection 
of disulfiram+ethanol or of Na-pyruvate 

produces essentially the same syndrome of 
intoxication, since pyruvic acid is the 
principal metabolite of ethanol after pretreat
ment with disulfiram. In either case, ACTH 
and cortisone offer little, if any, protective 
effect. 

Scholler G75,794f70: In rats, disulfiram 
inhibits whereas phenobarbital aggravates the 
toxic effects of chloroform anesthesia, as 
manifested by hepatic necroses and plasma 
enzyme GOT and GPT determinations. 

MAO-Inhibitors (iproniazid, phenelzine, isocarboxazid, tranylcypromine, pargyline, 
nialamide). 

lproniazid was synthesized as an antibacterial agent for the treatment of tuber
culosis. It, and several of its derivatives, turned out to be potent MAO-inhibitors 
which may cause euphoria presumably through the inhibition of the metabolism of 
epinephrine, norepinephrine and 5-HT, which are normally present in the brain. 
Various other hydrazides (phenelzine, isocarboxazid) and nonhydrazide inhibitors 
(tranylcypromine, pargyline) have been synthesized for the treatment of severe 
depression. 

Allthese MAO-inhibitors are active both in vivo and in vitro. The mechanism 
of their action is not yet completely understood but they undoubtedly elevate 
norepinephrine and 5-HT concentrations in the central nervous system and produce 
toxic effects, such as hypertension, liver damage, jaundice, nausea, vomiting, 
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constipation, dry mouth, delusions and hallucinations. They have little, if any, 
potentiating action upon the cardiovascular effects of natural catecholamines, 
presumably because 0-methylation and tissue uptake, rather than oxidative 
deamination, are responsible for terminating their peripheral actions. 

However, the MAO-inhibitors greatly potentiate the cardiovascular effects of 
simple phenylethylamines like tyramine. Thus, patients receiving tranylcypromine 
conjointly with phenylethylamine derivatives may experience exaggerated hyperten
sive effects conducive to apoplexy. Even foods may become dangeraus following 
MAO-inhibitor treatment. Some cheeses (Camembert, Brie, Stilton, New York 
Cheddar) are rich in tyramine, which is ordinarily harmless because it is rapidly 
oxidized by MAO, however, after treatment with tranylcypromine, the tyraminein 
these cheeses may elicit the dangeraus hypertensive crises just mentioned. 

Curiously, iproniazid also potentiates the lathyrogenic action of APN in turkey 
poults, but this may be a nonspecific stress effect. 

Both desipramine and imipramine exert an "SKF 525-A-like" inhibitory effect 
upon hepatic microsomes in vitro and they prolong hexobarbital sleeping time; 
however there appears to be no close correlation between the MAO-inhibitor 
activity of these compounds on their ability to interfere with hexobarbital metabolism. 

Fouts & Brodie D83,597f55: 2,4-Dichloro-
6-phenylphenoxyethyl diethylamine HBr (Lilly 
18947) and iproniazid (2-isopropyl-1-isoni
cotinyl hydrazine, Marsilid) prolong hexo
barbital sleeping time by inhibiting its 
metabolism in hepatic microsomes. 

Fouts & Brodie D95,674j56: Iproniazid, 
though practically devoid of sedative action, 
prolongs the hypnotic activity of hexobarbital 
in mice by interfering with its metabolism 
through hepatic microsomal enzymes. In this 
respect, iproniazid acts like SKF 525-A and 
Lilly 18947. 

Arrigoni-Martelli & Kramer G74,659j59: 
In mice, hexobarbital and thiopental meta-

bolism is impeded by the MAO-inhibitors, 
iproniazid and ß-phenylisopropyl hydrazine 
(JB 516). 

Fujimoto et al. D78,955j60; Serrone & 
Fujimoto D83,863f60: ß-Phenylisopropylhy
drazine (JB 516), N-ethyl-3-piperidyl benzilate 
(EPB), N-ethyl-3-piperidyl diphenylacetate 
(EPDA), and N-methyl-3-piperidyl diphenyl
carbamate (MPDC) prolong barbiturate sleep
ing time by inhibiting microsomal drug 
metabolism. 

Laroche & Brodie H21,467f60: There 
appears to be no correlation between the 
MAO-inhibitor activity of chemical compounds 
and their ability to interfere with hexobarbital 
metabolism. 
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Strang G73,964f62: Iproniazid can poten
tiate the lathyrogenic action of APN in turkey 
poults. 

Rogers & Fouts F27,894f64: In vitro 
experiments in rats have shown that SKF 
525-A is strongly bound to hepatic microsomes 
and cannot be removed by dialysis or 
washing, whereas the reverse is true of 
iproniazid and other microsomal enzyme 
inhibitors. 

Blackwell E65,708f63: MAO-inhibitors such 
as tranylcypromine can produce severe pa-

roxysmal hypertension and intracranial bleed
ing in patients following ingestion of certain 
cheeses. 

Jori & Pugliatti G70,112f67: Desipramine 
and imipramine exert an SKF 525-A-like in
hibitory effect upon the hepatic microsomes. 

Bowman et al. E714f68 (p. 520): Iproniazid 
is an inhibitor of MAO and of other 
extramicrosomal enzymes. Like SKF 525-A 
which also inhibits a number of other 
enzymes, it has been termed a "multi-potent" 
enzyme inhibitor. 

p-Aminosalicylic Acid (PAS). PAS feeding induces glycogen infiltration of the 
rat Ii ver; it also prolongs hexobarbital sleeping time, presumably by decreasing 
barbiturate excretion. There may exist some relationship between hepatic glycogen 
deposition and the changes in the SER. This could account for the inhibitory effect 
of PAS which is distinctly different from the enzyme inhibition caused by 
chloramphenicol or SKF 525-A. The latter compounds inhibit both aminopyrine and 
codeine metabolism, whereas PAS inhibits only the former. 

Rogers et al. E31,897f63: In rats, PAS 
feeding induces glycogen infiltration of the 
liver and prolongation of hexobarbital sleeping 
time, apparently due to diminished ability to 
excrete the barbiturate. The in vitro metabo
lism of hexobarbital and aminopyrine, by the 
microsomes of rats pretreated with PAS, is 
diminished. Acute administration of PAS had 
no effect on hexobarbital sleeping time, nor 
did addition of PAS in vitro inhibit drug
metabolizing enzymes. There may exist some 
relationship between hepatic glycogen depo
sition and changes in the SER. This might 
account for the inhibitory effect of PAS, 

which is definitely different from that of 
chloramphenicol and SKF 525-A. 

Rogers & Fouts F27,894f64: In the 
utilization of PAS, there is an increase in 
hepatic glycogen content associated with a 
decreased hexobarbital-metabolizing activity 
of the hepatic microsomes. PAS inhibits 
aminopyrine metabolism but not codeine 
metabolism. Conversely, both aminopyrine 
and codeine metabolism are inhibited by 
chloramphenicol and SKF 525-A. Presumably 
PAS, after prolonged administration, induces 
a more selective inhibition than other anta
gonists. 

Cornpetition between Substrates 

Various substrates of hepatic enzymes potentiate the toxicity of other simultane
ously-applied substrates of the same enzymes. This phenomenon can be illustrated 
by many examples: 

Triorthotolyl phosphate potentiates the toxicity of malathione by inhibiting the 
metabolism of the latter. EPN has the same effect by inhibiting the esterases re
sponsible for malathione detoxication. In man, oxyphenbutazone prolongs the 
elevation of plasma Ievels of bishydroxycoumarin with a potentiation of its anti
coagulant action. In rats, ethylmorphine and codeine retard the metabolism of hexo
barbital in vivo as measured by its plasma clearance. In isolated hepatic microsomal 
preparations of the rat the N-demethylation of ethylmorphine is competitively 
inhibited by hexobarbital, chlorpromazine, zoxazolamine, phenylbutazone and 
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acetanilide; in fact ethylmorphine and chlorpromazine are mutually inhibitory, 
each retarding the metabolism of the other. All these drugs are known to be 
oxidized by microsomal enzymes. On the other hand, barbital and acetazolamide, 
drugs which are not metabolized, fail to act as inhibitors in this system. 

Jaundice develops more often in newborn infants fed on breast than on cow's 
milk. This has been ascribed to the presence in human milk of 3a, 20ß-pregnanediol 
which competitively might inhibit glucuronyl transferase and thereby interfere 
with bilirubin clearance. However, more recent observations suggest that neither 
3a, 20ß-pregnanediol nor 3a, 20a.-pregnanediol inhibit conjugation by human hepatic 
microsomes, whereas estradiol does have such an action. 

Many additional examples could be cited to illustrate the mutual competitive 
inhibition between substrates for microsomal drug-metabolizing enzymes; yet, not 
all drugs known to be metabolized by microsomes inhibit drug metabolism in vivo 
even if they do so in vitro. Of course drugs metabolized by separate pathways cannot 
interfere with each other's metabolism unless they share rate-limiting cofactors or 
other endogenous intermediates in their metabolic pathways. Finally, a very potent 
drug is not likely to interfere with a much less potent drug in vivo simply because 
their concentrations at the metabolic site are likely to be very different, although 
this factor could be offset if the Km of the more potent drug is far below that of the 
less potent competitor. Since most of this information is seldom available the 
simplest and most reliable way to determine if one drug prolongs the metabolism of 
another is the in vivo experiment. 

Cook et al. G74,655j57; Murpky & DuBoi8 
G74,670j57: EPN (ethyl p-nitrophenyl thio
nobenzenephosphonate) aggravates the toxi
city of malathion [S-(1,2-dicarbethoxyethyl)-
0,0-dimethyl phosphorodithioate] by inhibit
ing the esterases responsible for its detoxi
cation. 

Murpky et al. G74,671j59: Triorthotolyl 
phosphate potentiates the toxicity of mala
thion by inhibiting its metabolism. 

Newman & Gr08s G75,237j63: Observa
tions on infants showed that prolonged 
increases in indirect reacting bilirubin may be 
due to interference with the normal conjugat
ing mechanism by the presence in human milk 
of a factor (possibly pregnanediol) which is 
not present in cow's milk. Changing the 
infants from breast feeding to cow's milk 
formulas enhanced the disappearance of the 
hyperbilirubinemia. 

RUbin et al. G58,057j64: Numerous drugs 
competitively inhibit the metabolism of other 
drugs when employed as substrates for the 
microsomal enzyme system. Thus, using 
hepatic microsomes of the rat, it could be 
shown that "the N-demethylation of ethyl
morphine was competitively inhibited by 
hexobarbital, chlorpromazine, zoxazolamine, 

phenylbutazone, and acetanilide; and ethyl
morphine, and chlorpromazine were mutually 
inhibitory, each retarding the metabolism 
of the other. Allthese drugs are known tobe 
oxidized by microsomal enzymes. Barbital 
and acetazoleamide, drugs which are not 
metabolized, failed to act as inhibitors." 

RUbin etal. G58,747f64: Various chemically· 
unrelated drugs may compete for microsomal 
enzymes of the liver in vitro and in vivo. 
Observations on rats show that "ethylmor
phine and codeine were shown to retard the 
metabolism of hexobarbital in vivo, as measu
red by the rate of hexobarbital disappearance 
from the blood of rats, whereas morphine, 
norcodeine, dextromethorphan, levomethor
phan, meprobamate, and acetanilide were 
without effect." 

Fox F8,079f64,· Weiner et al. F35,871f65: 
In man, oxyphenbutazone (Tandearil) consi
derably prolongs the elevation of plasma 
levels of bishydroxycoumarin with a potentia
tion of its anticoagulant action. 

Mannering G71,818f68 (p. 103): Review 
of the Iiterature showing that concurrent 
pretreatment with two substrates of micro
somal drug-metabolizing systems sometimes 
mutually and competitively antagonize each 
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other. However, interestingly, not all drugs 
which are known to be metabolized by micro
somes, inhibit drug metabolism in vivo. "The 
biotransformation studied in vitro may not 
represent the major metabolic route in vivo, 
and drugs metabolized by separate routes 
cannot interfere with each others' metabolism 
as alternative substrates, unless rate-limiting 
cofactors or other endogenous intermediates 
are shared by both metabolic pathways. 
Potency of the drugs in question is also of 
great importance in this regard. Very potent 
drugs are not likely to interfere with much 
less potent drugs simply because their concen
trations at the metabolic site are likely to be 
very different, although this factor could be 
offset if the Km of the more potent drug is 
much less than that of the drug of lesser 
potency. Most of this information is seldom 
available, and the quiekest and most reliable 
way to determine if one drug will prolong the 
metabolism of another is to do the in vivo 
experiment." 

Adlard & Lathe G74,759f70: In newborn 

infants, jaundice develops more frequently 
on breast feeding than on cow's milk and 
earlier investigators assumed that 3a, 20ß
pregnanediol present in human milk may 
competitively inhibit glucuronyl transferase 
and thereby interfere with bilirubin clear
ance. The present observations suggest that 
"Neither 3a, 20ß-pregnanediol nor 3a, 20a
pregnanediol inhibited conjugation by human 
liver slices or by solubilized human liver 
microsomes. 3a, 20ß-pregnanediol is unlikely 
to be the inhibitor causing breast milk 
jaundice." However, estriol inhibited conju
gation by human liver slices. 

Solymoss & Varga, G70,500f71: In rats, 
pretreatment with various catatoxic steroids 
accelerates the degradation of bishydroxycou
marin by NADPH-dependent hepatic enzymes. 
However, if the bishydroxycoumarin is admin
istered immediately after treatment with 
catatoxic steroids (norbolethone, ethylestre
nol, progesterone or triamcinolone), an in
verse effect is observed, presumably because 
of competitive inhibition. 

Blockers of Enzyme lnduction 

Classification. The blockers of microsomal enzyme induction may be roughly 
classified according to the sites of their actions as follows: 

1. Blockade of DNA-directed synthesis of nuclear messenger RNA (required for 
protein synthesis) by binding to DNA. (E.g., actinomycin Dis thus bound to DNA.) 

2. Blockade of transfer of soluble RNA-bound amino acids into microsomal 
protein. (E.g., puromycin, an antibiotic, blocks the transfer of RNA-bound amino 
acids to the new protein chain.) 

3. Blockade of protein synthesis by decreasing the ATP content of the liver. (E.g., 
ethionine, an antimetaballte of methionine, combines with ATP to form S-adenosyl
methionine. This reaction blocks transmethylation which requires S-adenosyl-methio
nine for the production of amino acids needed in protein synthesis.) 

The first type of blockade interferes with transcription of information, the 
second and third with translation. 

The ethionine-induced inhibition of hepatic protein synthesis can be prevented 
in vivo by either methionine or ATP. All these facts suggest that S-adenyl-methio
nine may be important for the synthesis of microsomal enzymes in the liver. When 
puromycin, ethionine or actinomycin D is administered several hours after 3-MC 
these blocking agents prevent further increase in the level of aminoazo dye 
N-demethylase, so that enzyme activity is maintained at a partially-elevated level. 
The results of actinomycin D suggest that the carcinogen may increase the formation 
of short-lived messenger RNA required for the further synthesis of aminoazo dye 
N-demethylase. (For Iiterature see Conney F88,649f67.) 



Actinomycin 73 

Conney F88,649f67 (p. 329): Review of 
interference with enzyme induction by inhi
bitors of protein synthesis. 

Mannering G74,572f71: Review on the 

inhibition of drug metabolism "as it is more 
narrowly defined to mean the interference of 
the metaboliBm of one agent by another 
agent at the enzymic site." . 

Actinomycin. Actinomycin presumably blocks hepatic microsomal-enzyme 
induction at the level of the DNA-dependent RNA polymerase reaction 
(transcription); it thus differs essentially from the effect of puromycin which blocks 
the induction at the ribosomallevel (translation). 

It is thought that the regulatory effect of cortisone on carbohydrate metaboliBm 
may be brought about by its action on certain enzyme proteins. In starved rats, 
hepatic glycogen deposition by cortisone is inhibited both by actinomycin and by 
puromycin. The former may act by interfering with the cortisone-induced hepatic 
TKT, whereas the latter inhibits enzyme induction in general. Glucocorticoids are 
known to protect against endotoxins, whereas actinomycin and other inhibitors of 
enzyme protein synthesis (such as 2-thiouracil and 8-azaguanine and ethionine) 
increase endotoxin lethality. 

In intact, hypophysectomized or adrenalectomized rats, STH inhibits the synthe
sis of hepatic TKT. This inhibition is blocked when RNA synthesis is impeded by 
actinomycin. 

The increase in hepatic serine dehydrogenase, induced in rats by protein-deficient 
diets and starvation, can be prevented by actinomycin as weil as by puromycin. 

The induction of drug-metabolizing enzymes by phenobarbital is blocked in the 
rat both by actinomycin and by X-irradiation but through different mechanisms. 
X-irradiation of pregnant rats resulted in male offspring deficient in hepatic micro
somal enzymes which metabolize hexobarbital. However irradiation did not suppress 
the induction of this enzyme by phenobarbital. Actinomycin inhibited both the 
ontogenetic and the phenobarbital-induced increases in enzyme activity. 

In the perfused rat liver preparation, cortisol, insulin and glucagon induce TKT 
activity. Cortisol acts as long as it is present in the perfusion fluid, whereas enzyme 
synthesis by pancreatic hormones ceases after 2 or 3 hrs regardless of their continued 
presence. It is assumed that cortisol is a "primary inducer," whereas the pancreatic 
hormones presumably act indirectly as a consequence of their initial hepatic effect 
and are therefore "secondary inducers." Both types of induction are blocked by 
actinomycin D. 

Actinomycin prevents the degradation of various substrates and inhibits enzyme 
induction by numerous agents, such as: 

Cortisol 
Cortisone 
Endotoxin 
Ethylestrenol 
Glucagon 
Insulin 
Phenobarbital 

Greenyard et al. E20,258f63: In starved 
rats, hepatic glycogen deposition following 
cortisone treatment is inhibited by puromycin 
and actinomycin. The former interferes with 

Protein-deficient diets 
Spironolactone 
Starvation 
Stress 
Tyrosine 
X-irradiation 

enzyme induction in general, the latter with 
cortisone-induced rise in hepatic enzyme, 
including tyrosine transaminase. "The regu
latory effect of cortisone on carbohydrate 
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metabolism may be brought about by its 
action on the cellular concentration of certain 
enzyme proteins." 

Berry G68,858{64: Both actinomycin D 
and ethionine increase the lethal effect of 
endotoxin in the mouse and abolish the 
protection offered by cortisone. Presumably, 
both endogenous and exogenous glucocorti
coids protect through the induction of hepatic 
enzymes whose synthesis can be inhibited by 
actinomycin D and ethionine. Cortisone 
increases TPO in rats and rabbits, but not in 
guinea pigs. Correspondingly, guinea pigs 
cannot be protected against endotoxin by 
cortisone. 

Berry &: Smythe D19,640{64: In mice, 
Salmonella typhimurium endotoxin lowers 
hepatic tryptophan pyrrolase, whereas corti
sone raises it; when the two are administered 
simultaneously, a normal enzyme Ievel is 
maintained and mortality greatly diminished. 
If cortisone injection is delayed for a few 
hours it fails to induce tryptophan pyrrolase 
or protect against the Iethai effect of endotoxin. 
Inhibitors of enzyme protein synthesis (acti
nomycin D, ethionine, 2-thiouracil and 8-
azaguanine) potentiate the Iethai effect of 
endotoxin and abolieh cortisone protection. 

Kenney &: Albritton G64,557{65: Review 
of the Iiterature suggesting that transaminase 
induction in response to stressors can be due 
to corticoid secretion during the stress reac
tion. Cortisol increases enzyme synthesis 
following an increased rate of synthesis of 
ribosomal, transfer and "DNA-like" RNA's. 
The present experiments confirm the view 
that repressor(s) can inhibit enzyme synthesis 
at the translational Ievel because inhibition 
of RNA synthesis can prolong the corticoid
induced increase in enzyme synthesis under 
suitable conditions. "Administration of stres
sing agents (tyrosine, Celite) to adrenalecto
mized rats initiates a highly selective repres
sion of the synthesis of hepatic TKT. The 
enzyme Ievel falls with a t Y2 of about 2.5 hrs. 
Immunochemical measurement of the rate of 
enzyme synthesis indicates that it is reduced 
essentially to zero in stressed, adrenalecto
mized rats, whereas labeling of total liver 
soluble proteins is unaffected. Actinomycin 
does not itself influence the enzyme Ievel, but 
it blocks the stress-initiated repression of 
enzyme synthesis, indicating that repression 
acts at the translational Ievel, whereas initia
tion of repression involves transcriptional 
processes." In hypophysectomized rats, stres
sors are ineffective and preliminary data 

suggest that STH is responsible for trans
aminase repression. 

Singer &: Maaon G66,500{65: Na-benzoate 
increased hepatic TKT activity both in intact 
and in NaCI-maintained adrenalectomized 
rats. Among 31 cyclic compounds tested for 
this inducing ability after adrenalectomy, 
only cortisol, its hemisuccinate and diethyl
stilbestrol disulfate were more effective than 
benzoate. Curiously, enzyme induction by 
cortisol was actually enhanced after adrenal
ectomy. "Strong inhibition of the increase by 
injected puromycin and actinomycin D, com
pounds which inhibit protein and RNA 
synthesis respectively, suggests that the 
benzoate-mediated effect occurred by a me
chanism involving increases in protein and 
RNA synthesis. In this respect, the effect of 
benzoate resembles that of the glucocorti
coids." 

Berry et al. G67,237{66: S. typhimurium 
endotoxin lowers liver TPO in mice and 
prevents the induction of the enzyme by 
concurrent injection of cortisone. It lowers, 
but does not prevent, substrate induction. 
Actinomycin D has a similar effect on TPO. 
In the intact mouse, the endotoxin induces 
TKT almost as weil as cortisone, but not in 
the adrenalectomized animal. Actinomycin 
D, on the other hand, has an effect on this 
transaminase similar tothat on TPO. 

Kenney G50,810{67: In intact, hypophy
sectomized or adrenalectomized rats, STH 
inhibits the synthesis of hepatic TKT. The 
rate of enzyme synthesis is reduced nearly to 0 
(immunochemical-isotopic analyses}, whereas 
labeling of the bulk of the liver proteins is 
increased by STH. Repression is blocked when 
RNA synthesis is inhibited by actinomycin. 
STH also appears to play a role in the repression 
of TKT induction by stressors. A hypophysec
tomized and an intact rat were united by 
parabiosis. When the pituitary-bearing mem
ber was stressed by tyrosine i.p., repression 
occurred in the livers of both treated and 
untreated (hypophysectomized) animals. TKT 
Ievels were unchanged in a single experiment 
where the stressing agent was administered 
to the hypophysectomized partner. 

Schmidinger &: Kröger F92,031{67: The 
increase in hepatic serine dehydratase induced 
by protein-deficient diets and starvation in 
intact rats is prevented by actinomycin, 
puromycin or glucose, but aggravated after 
adrenalectomy. Cortisone administered during 
the starvation period increases serine dehy
dratase activity, perhaps owing to utilization 
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of inhibitors of this enzyme during gluco
neogenesis. 

Hager & Kenney G58,950j68: Cortisol, 
insulin, and glueagon, induced TKT in the 
isolated, perfused rat liver. The hormonal 
induction of all these enzymes was sensitive 
to actinomycin D, but STH (which represses 
TKT induction in vivo) apparently acts 
indirectly since it loses this effect in vitro. 
Cortisol acts as long as it is present in the 
perfusion fluid, whereas enzyme synthesis by 
the pancreatic hormones ceases after two or 
three hours, regardless of the continued pre
sence of the protein hormones. It is assumed 
that cortisol is a "primary inducer," whereas 
the pancreatic hormones probably act indi
rectly as a consequence of their initial hepatic 
effect and are therefore "secondary inducers." 
Both the primary and the secondary induction 
mechanisms are blocked by actinomycin D. 

Nair et al. G67,304j68: Comparative studies 
suggest that the induction of drug-metabo
lizing enzymes by phenobarbital in the rat 
can be inhibited by both X-irradiation and 
actinomycin, but through different mecha
nisms. 

Nair et al. G67,245j68: X-irradiation of 
pregnant rats results in male offspring defi
cient in the hepatic microsomal enzymes 
which metabolize hexobarbital. However, 
irradiation did not suppress the increase of 
enzyme activity brought about by chemical 
inducers (phenobarbital). Actinomycin inhi
bited both the ontogenic and phenobarbital
induced increases in enzyme activity. "The 
ontogenic increase in enzyme activity is hor
mone-dependent, while that following pheno
barbital administration is independent of 
hormonal regulation as evidenced by the 
response in hypophysectomized or sexually 
immature animals. It is concluded from these 
results that the inhibitory effect of X-irradia
tion on the hepatic enzyme system is mediated 
through an action on the hormonal regulation 
of enzyme activity." 

Benes & Zicha G67,159f69: Exposure to 
1400 R does not inhibit the TKT activity of 

rat liver. In fact, substrate induction of TKT 
is stimulated by X-irradiation applied 24 hrs 
earlier. Induction by cortisol is initially 
stimulated and then, inhibited by X-irradia
tion. X-irradiation before partial hepatectomy 
inhibits the increase in TKT normally observed 
12 hrs after the operation. Similar results are 
obtained by actinomycin D applied one hour 
after partial hepatectomy. "The diminished 
synthesis of tryptophan oxygenase in irra
diated regenerating rat liver tissue, as weil as 
the decrease of hormonal induction after the 
irradiation can be explained by the inhibition 
of the specific messenger RNA's synthesis." 

Becker & Brenowitz G75,528j70: Studies on 
the concentration of aetinomyein D in rat 
hepatocyte nuclei as related to inhibition of 
RNA synthesis. The normal hepatocyte 
possesses mechanisms for rapidly eliminating 
administered actinomycin D. 

Dowling & Feldman H 31,139!70: In mice, 
the lethality of typhoid endotoxin is increased 
550-20,000-fold by actinomycin D. 

Pieroni et al. H 31,137!70: In mice, actino
mycin D enhances endotoxin lethality up to 
100,000-fold. The lethality of tetanus and 
diphtheria exotoxins is not similarly augment
ed. 

Sananes & Psychoyos G78,230j70: In rats, 
deciduoma formation is inhibited by actino
mycin D presumably by interfering with 
RNA formation. 

Solymoss et al. G70,412f70: "In rats, 
24 hours after a single dose of spironolaetone 
or ethylestrenol, the disappearance of pento
barbital from blood is enhanced to a rate in 
proportion to the decreasing depth of anes
thesia. This action is completely suppressed 
by ribonucleic acid- or protein-synthesis 
inhibitors such as actinomycin D, puromycin 
aminonucleoside and cycloheximide, and only 
partially by 6-mercaptopurine or chloram
phenicol. .. Induction of drug-metabolizing en
zymes is involved in the resistance-increasing 
effect of spironolactone or ethylestrenol agairrst 
various compounds." 

Puromycin. As previously stated, puromycin blocks protein synthesis at the 
ribosome (translation) level; in this manner it interferes with the induction of 
various hepatic enzymes, for example, the induction by cortisol of TKT and TPO in 
the perfused rat liver. 

The induction by dexamethasone of TKT in tissue cultures of cells is blocked by 
puromycin (but also by cycloheximide, chloramphenicol, progesterone, actinomycin D 
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and mitomycin C). Paradoxically, after induction by the glucocorticoid has taken 
place, actinomycin D produces a further increase of this enzyme activity. The 
cortisol-induced hepatic TKT activity in adrenalectomized rats is inhibited by puro
mycin given during the initial phase of induction. However, if given during the 
inactivation phase, the antibiotic unexpectedly causes a rapid reappearance of enzyme 
activity. Perhaps a repressor is formed after a few hours of hormone action, and inhi
bition of repressor synthesis allows continued production of enzyme. The 
inactivator appears to depend upon pituitary function since adrenalectomized and 
hypophysectomized rats show little or no inactivation following cortisol treatment. 

Ornithine-ketoaminotransferase (OKT) is very low in the fetal rat liver, and 
reaches the high adult level only during the third postnatal week. Triamcinolone given 
at this time elevates OKT although it has no effect in fetal or adult rats. Puromycin 
prevents the rise in OKT caused by triamcinolone. 

Goldstein et al. D70,93lf62: Cortisol pro
duced an increase in both TKT and TPO 
activities in the isolated, perfu.sed rat liver. 
This effect was prevented by puromycin. 
Cortisol "may exert some of its physiological 
effects directly on liver cells by altering the 
Ievel of enzyme activities." 

Alexander & Hunt E20,128f63: Partial 
hepatectomy did not significantly affect 
proteinuria or liver regeneration following 
puromycin aminonucleoside intoxication in 
the rat. 

Tlwmpson et al. F81,633f66: "Tyrosine 
a-ketoglutarate transaminase can be induced 
by steroid hormones in a newly established 
line of tissue culture cells, derived from 
primary culture of the ascites form of an 
experimental rat hepatoma." Dexametha
sone, triamcinolone and cortisol were highly 
active, DOC and aldosterone much less po
tent, whereas stilbestrol, estradiol, testosterone 
and progesterone were virtually inactive. 
The induction by dexamethasone was blocked 
by puromycin, cycloheximide, chloramphe
nicol, progesterone, actinomycin D and 
mitomycin C. Paradoxically, after induction 
by the steroid had taken place, actinomycin D 
produced a further increase in enzyme activity. 

Grassman & Mavrides G46,206f67: Studies 
on the kinetics of cortisol-induced hepatic 
TKT activity in adrenalectomized rats. 
"Puromycin inhibited enzyme synthesis when 
it was given during the initial phase of in
duction. However, it unexpectedly caused a 
rapid reappearance of enzyme activity follow
ing its administration during the inactivation 
phase. This potentiated response is consistent 
with other Observations which Iead to the idea 

that a repressor is formed about 4 hours after 
hormone administration and that inhibition 
of repressor synthesis allows, at least tempo· 
rarily, continued synthesis of enzyme." The 
inactivator appears to depend upon pituitary 
function, since adrenalectomized and hypo· 
physectomized rats showed little or no inac
tivation phase following cortisol treatment. 

Räihä & Kekomäki G68,114f68: In the rat, 
the OKT activity of the liver is very low in the 
fetus, exhibits a small transient elevation 
around term, then drops, and eventually 
reaches the high adult activity Ievel during 
the third postnatal week. Triamcinolone given 
postnatally causes a pronounced elevation 
of OKT, but has no such effect in fetal or 
adult rats. Puromycin prevents the rise in 
OKT after triamcinolone administration. In 
adult rats fed a protein- or arginine-free diet, 
OKT activity decreases and fails to rise under 
the influence of triamcinolone. Partial hepa
tectomy or STHdepresses OKT-activityin the 
livers of adult rats. 

Solymoss et al. G70,412f70: "In rats, 
24 hours after a single dose of spironolactone or 
ethylestrenol, the disappearance of pento
barbital from blood is enhanced to a rate in 
proportion to the decreasing depth of anesthe
sia. This action is completely suppressed by 
ribonucleic acid- or protein-synthesis inhibi
tors such as actinomycin D, puromycin 
aminonucleoside and cycloheximide, and only 
partially by 6-mercaptopurine or chloram
phenicol. .. Induction of drug-metabolizing en
zymes is involved in the resistance-increasing 
effect of spironolactone or ethylestrenol 
against various compounds." 
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Cycloheximide. Cycloheximide allegedly inhibits protein synthesis in mammalian 
systems without inhibiting RNA synthesis. In the rat it does not prevent the 
uterine response to estradiol although it blocks the increase in various enzyme 
activities of the uterus that are associated with this response. Cycloheximide also 
inhibits the induction of hepatic TPO assayed 4 hrs after administration of the 
substrate or cortisol; however, it does not abolish the induction of TKT by cortisol, 
in fact, it increases TKT activity even in the absence of cortisol treatment. 

The anesthetic effect of progesterone in the rat is augmented by cycloheximide 
pretreatment. 

Fiala & Fiala F65,983f66: In the rat, 
cycloheximide i.p. inhibits the induction of 
hepatic TPO assayed 4 hrs after adminis
tration of the substrate, or of cortisol. By 
contrast, it did not abolish the induction of 
TKT by cortisol and, in fact, it increased the 
Ievel of TKT even in the absence of cortisol 
treatment. A similar, though smaller, effect 
occurred in hypophysectomized or adrenalec
tomized rats, suggesting a direct induction 
of TKT by cycloheximide. Puromycin inhi
bited the induction of TKT. Apparently, an 
inhibitor of protein synthesis such as actidione 
may also act as an inducer for the synthesis of 
TKT, thus simulating the action of cortisol. 
"This 'pseudohormonal' action of actidione 
may explain the toxicity of actidione in certain 
mammalian species and also the fact that 
hydrocortisone may act as an antidote in 
actidione poisoning. It does not explain why a 
similar effect of 'pseudohormonal' induction is 
not observed in the case of TPO, but only the 
inhibition of enzyme induction." 

Hilf et al. F88,514f67: Cycloheximide has 
been reported to inhibit protein synthesis in 
mammalian systems without inhibiting RNA 
synthesis. In the rat, it did not prevent the 
uterotrophic response to estradiol but blocked 
the increase in various enzyme activities of 
the uterus normally associated with this 
response. 

Solymoss et al. G70,412f70: "In rats, 
24 hours after a single dose of spironolactone or 
ethylestrenol, the disappearance of pento
barbital from blood is enhanced to a rate in 
proportion to the decreasing depth of anesthe
sia. This action is completely suppressed by 
ribonucleic acid- or protein-synthesis inhibi
tors such as actinomycin D, puromycin 
aminonucleoside and cycloheximide, and only 
partially by 6-mercaptopurine or chloram
phenicol. .. Induction of drug-metabolizing en
zymes is involved in the resistance-increasing 

effect of spironolactone or ethylestrenol 
against various compounds." 

Solymoss et al. G70,463f70: In rats, pre
treatment with spironolactone, norbolethone, 
or ethylestrenol accelerated the plasma clear
ance of digitoxin, in proportion to the in vivo 
protective effect of these catatoxic steroids. 
Partial hepatectomy reduces digitoxin clear
ance. The effect of spironolactone is suppressed 
by SKF 525-A and cycloheximide. 

Solymoss et al. G70,464f70: In rats, 
spironolactone shortens the half-life of its 
main metabolite, the dethioacetylated 4,6-
dienone (metabolite A), which is interconvert
ible with the 17 -hydroxy carboxylic acid 
derivative (metabolite B). This alteration is 
only slightly accentuated if the steroid is 
given chronically, and it wears off within 
eight days after spironolactone treatment is 
interrupted. After a test dose of spironolactone 
or of its metabolites A and B, partial 
hepatectomy delays the blood clearance of 
metabolite A. Cycloheximide and SKF 525-A 
also suppress the blood clearance of metabo
lite A under these conditions. Presumably 
"spironolactone influences its own biotrans
formation and the steroid is also a substrate 
of the hepatic drug-metabolizing enzymes 
which are induced by spironolactone itself." 

Solymoss G70,484f70: In rats, the plasma 
clearance of digitoxin is accelerated by 
spironolactone, norbolethone and ethylestrenol 
in doses that protect against the toxicity of the 
alkaloid in vivo. On the other hand, partial 
hepatectomy reduces digitoxin plasma clear
ance and increases the severity of the con
vulsions. The protective action of the steroids 
is suppressed by SKF 525-A and cyclo
heximide. 

Khandekar et al. 079,014/71: In rats, cyclo
heximide elicited nucleolar alterations in hepa
tocytes with disruption, dilatation, degranula
tion and ballooning of the RER. Accumulation 
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of SER also occurred when spironolactone or 
PCN was administered one hour before cyclo
heximide. It is concluded "that the steroids 
enhance the metabolic degradation of cyclo
heximide and thus SER prolüeration is not 
inhibited; that this morphologic change does 
not always denote enzyme induction and the 
two can therefore be dissociat.ed; orthat SER 
accumulation is a nonspecüic response to 
cellular injury." 

Khandekar et al. G79,026f71: In rats, the 
hepatic SER proliferation induced by spiro-

nolactone or PCN is not prevented by con
current administration of cycloheximide. Ei
ther the catatoxic steroids enhance the meta
hoHe degradation of cycloheximide (thereby 
blocking its effect upon the SER) or this 
morphologic change does not necessarily indi
cate active enzyme induction. 

Selye PROT. 27251: In rats, cyclohexi
mide (25 or 50 [Lg-4th day ff.) aggravates and 
prolongs progesterone (5 mg in oil i.p.) 
anesthesia. 

Hepatotoxie Substanees. Ethionine (like CC14, chloroform and phosphorus) causes 
fatty liver formation which cannot be prevented by choline. The hepatic darnage 
is associated with inhibition of protein synthesis in the liver. Presumably the action 
of ethionine is due to a decline in mRNA and protein synthesis caused by reduction 
in the available ATP. This occurs when ethionine replaces methioninein S-adenosyl 
methionine and traps available adenine, thus preventing the synthesis of ATP. In 
agreement with this concept, the effect of ethionine can be reversed by administra
tion of either ATP or adenine. 

In rats, the hepatic lesions produced by CC14 enhance the effect of various anti
convulsants. 

Also in rats, CC14 prolongs hexobarbital sleeping time; but after acute habituation, 
the plasma hexobarbital at walring time is comparatively high, and hence, peripheral 
resistance within the nervous tissue itself may also play a role here. 

A variety of hepatotoxic agents (incl. ethiopine, CC14, yellow phosphorus, 32P) 
markedly inhibits hexobarbital oxidation and aminopyrine dealkylation by isolated 
hepatic microsomes. However, in vitro, ethionine falls to inhibit hexobarbital 
metabolism. 

Ethionine 

Conney et al. D87,867f56: In rats, 3-me
thylcholanthrene i.p. considerably increased 
the ability of fortüied liver homogenates to 
N -demethylate 3-methyl-4-monomethylamino
azobenzene (demethylase activity) and to 
reduce the azo-linkage of 4-demethylamino
azobenzene (reductase activity) within 24 hrs. 
However, significant demethylase activity was 
obtained even after 6 hrs. A number of other 
polycyclic hydrocarbons caused similar in
creases in demethylase activity but there was 
no relationship between carcinogenicity and 
enzyme induction. None of these compounds 
was active in vitro and their effect could 
be inhibited in vivo by ethionine. This 
inhibition was in turn prevented by methio
nine. 

Takabatake & Ariyoshi D48,245f62: 
"19-Nortestosterone derivatives" (not other-

wise characterized) shortened the duration 
of cyclobarbital anesthesia in rats. Ethionine 
had an inverse effect. 

Berry G68,858f64: Both actinomycin D 
and ethionine increase the Iethai effect of 
endotoxin in the mouse and abolish the 
protection offered by cortisone. Presumably, 
both endogenaus and exogenaus glucocorti
coids protect through the induction of hepatic 
enzymes whose synthesis can be inhibited by 
actinomycin D and ethionine. Cortisone 
increases TPO in rats and rabbits, but not in 
guinea pigs. Correspondingly, guinea pigs 
caunot be protected against endotoxin by 
cortisone. 

Wheatley F98,919f68: In rats, adreno
cortical necrosis produced by DMBA or 7-0H
MBA is prevented by metyrapone and related 
inhibitors of corticoid synthesis (Su 9055 and 
Su 10603) but not by Ay 9944 or aminoglut-
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ethimide (Elipten). No correlation was found 
between the influence of these drugs on corti
coidogenesis and their ability to protect 
against adrenal necrosis. Pretreatment with 
ethionine abolished the protective action of 
metyrapone, Su 90öö and Su 10603. It is 
concluded that these drugs protect by virtue 
of their hepatic drug-metabolizing enzyme 
inducing ability, not by direct effect upon 
corticoidogenesis. 

Kovacs &: Somogyi G60,060f69: In rats, 
the adrenal necrosis produced by DMBA is 
prevented by pretreatment with spironolaetone 
and this protection is in turn blocked by 
ethionine. 

DorruJchke et al. G74,897f70: In rats, 
ethionine fails to prevent the induction of 
TPO by the pesticide soman. "Since ethionine 
is known as an effective inhibitor of the 
protein synthesis in the liver the negative 
results are probably due to a stimulating 
effect of soman on the de-novo-synthesis of 
liver enzymes." 

Ariyoshi &: Takabatake G75,246f70: In rats, 
with ethionine-induced fatty livers, the 
inductive effect of ethanol and phenobarbital 
was almost completely blocked, whereas aniline 
hydroxylase activity was increased. 

Gardell et al. G60,076f70: In rats, protection 
against digitoxin intoxication by spironolae
tone is blocked by dl-ethionine and the block
ade is in turn antagonized by dl-methionine. 

Levine H 31,806f70: In rats, 3,4-benzpyrene 
is rapidly excreted through the bile in the form 
of its metabolic products. Pretreatment with 
microsomal drug-metabolizing enzyme inducers 
(e.g., phenobarbital, methylcholanthrene, 3,4-
benzpyrene) greatly enhances the rate of 
biliary excretion of this compound. Both the 
rate of metabolism and of biliary excretion 
are enhanced to a similar extent throughout 
the induction period. Male rats both metabo
lize 3,4-benzpyrene and excrete its metabo
lites in the bile at rates approximately 2.5 
times that of females. The induction by 
methyleholanthrene of both the metabolism 
and the biliary excretion of 3,4-benzpyrene 
can be partially blocked by ethionine. It has 
been concluded that conversion to its meta
bolites is the rate-limiting step in the 
biliary excretion of 3,4-benzpyrene. 

Carbon Tetrachloride 

Shideman et al. E60,046J47: In mice, 
CC14-induced liver darnage prolongs the effect 
of thiopental. The same is true after subtotal 

hepatectomy (85-90%) in rats. Diminished 
blood flow through the liver (Eck fistula) 
likewise increases the duration of thiopental 
anesthesia in rats. Thiopental is degraded in 
vitro by rat liver slices and mince. 

Swinyard et al. G74,657f52: In rats, hepatic 
lesions produced by CC14 enhance the anti
convulsant effect of diphenylhydantoin, mesan
toin, and thiantoin. 

Neubert G74,661f57; Herken et al. G74,662f 
58; Neubert &: Maibauer G74,664f59; Neubert 
et al. G74,668f60: In rats, various hepatotoxic 
agents (ethionine, CC14, yellow phosphorus, 
32P) markedly inhibit hexobarbital oxidation 
and aminopyrine dealkylation by isolated 
hepatic microsomes. However, the inhibition 
of hexobarbital metabolism by ethionine 
given in vivo is not seen in vitro. 

Paeile et al. F52,633f64: Adult male rats 
are more resistant to proeaine than adult 
females. Chronic CC14 poisoning, pretreatment 
with SKF 525-A and orchidectomy diminish 
the resistance of the males approximately to 
the female Ievel. The plasma procainesterase 
activity is approximately the same in both 
sexes and not affected by orchidectomy or 
CC14 intoxication. 

Ronzoni et al. H 18,986/68: In rats, the 
hydroxyproline content of the liver furnishes 
a better quantitative index of sclerosis than 
histologic studies. The technique is recommen
ded for the evaluation of sclerosis and its 
regression after various types of liver damage, 
e.g., partial hepatectomy or CC14 poisoning. 

Querci et al. G70,597f69: In rats pretreated 
with CC14, parallel blood determinations 
were performed of parathion, its toxic meta
bolite paraoxon, and the product of hydrolysis 
of the latter, paranitrophenol. They suggest 
that the increase in toxicity following hepatic 
darnage is primarily due to a defect in the 
synthesis of hepatic pseudocholinesterase. 

Varga &: Fischer G76,189f69: In rats, 
hepatic darnage produced by bromobenzene, 
CC14, allylalcohol and thioacetamide is asso
ciated with prolonged hexobarbital sleeping 
time owing to interference with the hepatic 
microsomal metabolism of the barbiturate. 
However, the degree of hepatic injury does 
not run strictly parallel with the prolongation 
of the hexobarbital sleeping time; hence, the 
latter cannot serve as an accurate hepatic 
function test. 

Klinger H25,517f70: In male rats, the 
LD50 of hexobarbital in mgfkg, rises from 
160 to 343 between the ages of 12-130 days; 
however, the blood concentration of hexobar-
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bital at waking time is not age-dependent. 
The sleeping time is directly correlated with 
the speed of biotransformation by hepatic 
microsomes in vitro. CC14 prolongs sleeping 
time. Following acute habituation in CC14 

treated rats, the hexobarbital concentration 
of the plasma at waking time is comparatively 
high. 

Lal et al. G77,285f70: In rats, hexobarbital 
anesthesia is prolonged by inhalation of 
CC14• The hepatic microsomal fraction of the 
livers of rats exposed to CC14 exhibited a 
diminished hexobarbital-metabolizing activity, 
and the livers of rats so treated were enlarged. 

Levin et aZ. H26,593f70: In rats, CCI, given 
to immature females 24 hrs before sacrifice 
inhibited the activity of hepatic microsomal 
enzymes that hydroxylate estradiol-l'i'ß and 
estrone. This inhibition was reflected in vivo 
by an altered metabolism of estradiol-17ß 
and estrone, by a potentiation of the utero
trophic action of folliculoids and by an in-

creased concentration of these steroids in the 
uterus. By contrast, tetrachloroethylene did 
not influence the action of estrone. SKF 525-A 
and desipramine, which are also inhibitors of 
drug metabolism, likewise potentiate the 
uterotrophic action of estrone in immature 
rats. 

PrieatZy & PZaa G80,048f70: In rats, 
"impaired BSP excretion, bile flow rate, rela
tive hepatic storage, and plasma BSP retention 
were observed as early as 3 hrs after CCI, 
administration. However, impaired BSP con
jugation was not unequivocally demonstrated 
until 12 hrs after CCI,. In experiments where 
BSP was administered by slow i.v. infusion 
(2.5 mgfminfkg), increases in the ratio of biliary 
unconjugated BSP to conjugated BSP were 
suggestive of impaired conjugation during the 
early stages of intoxication, although such 
changes were not marked when BSP was 
rapidly injected (60 mg/kg, i.v.)." Presumably, 
impaired biliary excretion is the main cause 
of BSP retention after CCI,. 

Steroids. In man, methandrostenolone increases plasma oxyphenbutazone 
levels, presumably by interfering with the metabolism of the drug. A variety of 
steroids inhibits NADH-oxidase and succinate oxidase activities in heart muscle 
sarcosomal fragments. 

In mice, lynestrenol reduces whereas mestranol, like SKF 525-A, increases the 
anticonvulsive effect of diphenylhydantoin, barbiturates and other drugs, possibly 
through altered microsomal drug metabolism. 

Experimentsnow under way at our Institute suggest that various steroids (e.g., 
estradiol) can also act as antagonists of catatoxic steroid actions (cf. Table 50). 
However, these studies arestill incomplete and will be published in detaillater. 

Weiner et aZ. F35,871f65: Earlier studies 
had shown that methandrostenolone inhibits 
glucuronyl transferase and oxyphenbutazone 
is excreted largely as the glucuronide. 
Accordingly, it was found in man that methan
drostenolone increases plasma oxyphenbuta
zone Ievels, presumably by interfering with 
its metabolism. 

Stoppani et aZ. H 19,278/68: "A series of 
Cm Cm and C18-steroids (including hormonal 
steroids and derivatives) have been tested as 
inhibitors of NADH-oxidase and succinate 
oxidase activities of heart-muscle sarcosomal 
fragments (Keilin-Hartree preparation). NADH 
oxidation is much more sensitive to steroids 
than succinate oxidation, in accordance with 
electron transfer inhibition in the vicinity 
of the NADH-flavoprotein site." The structural 

characteristics of the active compounds "are 
consistent with the interaction of steroids 
with the phospholipid components of the 
electron transfer chain at the NADH-flavo
protein site. Many of the structural require
ments for inhibition of electron transfer 
resemble those for androgenicity." 

Blackham & Spencer G73,813f70: In mice, 
lynestrenol reduced, whereas mestranol or 
SKF 525-A increased, the anticonvulsive 
effect (tested with electroshock) of diphenyl
hydantoin, phenobarbital, chlordiazepoxide 
and diazepam administered i.p. after five days 
of pretreatment. This may be due to altered 
microsomal drug metaboliBm but since mestra
nol and lynestrenol have opposite effects upon 
brain 5-HT concentrations, the latter mecha
nism must also be considered. 
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Various Other Antagonists. Among other antagonists of hepatic enzymes, suffice 
it merely to mention Thorotrast (perhaps owing to blockade of the RES) and 
metyrapone (perhaps because of its effect upon P-450) which will be discussed under 
Drugs on p. 582. The latter initially potentiates the action of pentobarbital but 

-subsequently enhances the rate of its detoxication and shortens its narcotic effect 
in rats. The adrenal cortical necrosis induced by DMBA or 7 -OH-MBA is 
prevented by metyrapone and related compounds. However, no close correlation 
exists between the influence of these drugs on corticoidogenesis and their ability to 
protect against adrenal necrosis; they apparently act by inducing hepatic drug
metabolizing enzymes, not by direct effect upon the adrenals. 

In mice, starvation depresses hepatic microsomal drug metabolism as measured 
both in vivo andin vitro, perhaps owing to an actualloss of enzyme protein from the 
microsomes. Oxidative pathways are much more affected than reductive pathways; 
in fact the latter may actually be activated with regard to certain substrates. 

Several observations suggest that RNA synthesis is inhibited by nickel carbonyl. 
Benactyzine or infection with P. bergbei prolong hexobarbital sleeping time. Numerous 
methylenedioxyphenyl compounds, 6-mercaptopurine and 3-amino-1,2,4-triazole 
exert similar effects although in many instances the mechanisms of their actions are 
still unknown. 

Holten &: Larsen G74,395f56: In mice, 
'lexobarbital anesthesia is considerably pro
longed by benactyzine (a compound used for 
bhe treatment of psychoneuroses). The effect 
resembles that of SKF 525-A and when given 
together, the two compounds synergize each 
other. Extensive review of the Iiterature and 
of numerous personal observations concerning 
the barbiturate potentiating effect of various 
antihistamines and spasmolytic compounds. 

Dixon et al. G65,886f60: In mice, even the 
nutritional status is an important factor in 
determining microsomal enzyme induction. 
"Starvation depresses hepatic microsomal drug 
metabolism both as measured in vitro and in 
vivo. This depression is believed to be 
caused by an actual loss of enzyme protein in 
the microsomes. Oxidative pathways are 
affected more than reductive pathways and 
indeed starvation may result in an activation 
of reduction of nitro and azo groups." This 
is shown in Table 3 modified by Goldstein et al. 
(E165/68) from the original, more complete 
version of Dixon et al. (065,886/60). 

Mice were starved for 36 hrs then given 
hexobarbital (80 mgfkg) intraperitoneally. 
Normal animals usually slept less than 10 min 
but sleeping time varied greatly in starved 
mice. Twelve hours later (48 hrs starvation) 
the mice were sacrificed and the liver micro
somes were tested for their drug-metabolizing 
ability. Figures represent drug metabolized 
in a fixed incubation time. 

6 Selye, Hormones and Resistance 

Table 3. Effects of starvation on drug metabolism 
by mause liver microsomes 

Drug metabolized 
([Lmolesfg liver) 

Substrate Sleeping time min 
5-15 20--40 >80 
Normal Starved 

Hexobarbital 4.46 2.79 0.77 
(aliphatic 
oxidation) 

Chlorpromazine 2.80 1.98 1.19 
(sulfur oxidation) 

Aminopyrine 1.48 1.11 0.46 
(N-dealkylation) 

Acetanilid 2.03 2.22 0.93 
(aromatic 
hydroxylation) 

p-Nitrobenzoic 8.22 17.03 8.43 
acid (nitro 
reduction) 

Neoprontosil 15.55 17.65 12.59 
(azo reduction) 

Agarwal et al. G65,716f69: In the rat, both 
S. typhimurium endotoxin and Thorotrast 
lowered hepatic TPO activity, and prevented 
cortisol from inducing this enzyme in the 
isolated, perfused liver. Under these conditions, 
the TKT activity of the liver remained 
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unaffected. Partial purification of hepatic 
TPO induced by endotoxin or Thorotrast 
indicated the presence of some inhibitory 
substance. "Since histological studies revealed 
that thorotrast is localized in Kupffer cells, 
it is suggested that the reticuloendothelial 
system contributes to the control of enzyme 
induction in rat liver." 

BiezunBki G78,643f70: In rats pretreated 
with warfarin, protein synthesis in hepatic 
microsomes is inhibited in vitro. Vitamin K 
injected after warfarin almost completely re
stores the low Ievel of the prothrombin com
plex in plasma and microsomes, but the general 
inhibition of protein synthesis by liver micro
somes is much less markedly relieved. 

Einheber et al. G75,665f70: In mice infected 
with P. berghei, hexobarbital sleeping time is 
prolonged. "This may be due to a disturbance 
in function of hepatocellular smooth endoplas
mic reticulum and its associated drug
metabolizing enzymes because phenobarbital 
treatment, which ordinarily stimulates an 
increase of the latter, corrects the 'defect' in 
hexobarbital sleeping time." 

Fujii et al. G77,242f70: In mice, 61 meth
ylenedioxyphenyl compounds (including 
synthetic insecticide synergists, natural pro
ducts, and related open-ring analogues) 
showed approximately parallel potency as 
regards hepatic microsomal enzyme inhibition 
manifested by prolongation of hexobarbital 
narcosis and zoxazolamine paralysis. 

Raisfeld et al. G75,045f70: In rats, the 
herbicide 3-amino-1,2,4-triazole inhibits the 
induction by phenobarbital of cytochrome 
P-450 and drug hydroxylase activity, but does 
not prevent the proliferation of the SER in 

hepatocytes. Presumably "induced increases 
of cytochrome P-450 and of the membranes of 
endoplasmic reticulum may be controlled by 
separate mechanisms." 

Sunderman Jr. G73,628f70: In rats, uc_ 
leueine incorporation into hepatic microsomal 
proteins is inhibited by nickel carbonyl. 
Previous studies on the inhibition of hepatic 
RNA synthesis by nicke! carbonyl are re
viewed. 

Sunderman & Leibman H28,301f70: "Expo
sure of rats to nickel carbonyl, Ni(C0)4, in 
LD50 dosage inhibited the basal (noninduced) 
Ievels of hepatic aminopyrine demethylase 
activity. The maximum inhibition of hepatic 
aminopyrine demethylase occurred on the 2nd 
day after an injection of Ni(C0)4, and 
aminopyrine demethylase activity retumed 
to normallevels by the 4th day after Ni(CO),. 
Administration of Ni(C0)4 also inhibited 
hepatic aminopyrine demethylase activity in 
rats that had received daily injections of 
phenobarbital beginning 5 days before the 
Ni(C0)4." 

Solymoss et al. G70,412f70: "In rats, 
24 hours after a single dose of spironolactone 
or ethylestrenol, the disappearance of pento
barbital from blood is enhanced to a rate in 
proportion to the decreasing depth of anesthe
sia. This action is completely suppressed by 
ribonucleic acid- or protein-synthesis inhibitors 
such as actinomycin D, puromycin amino
nucleoside and cycloheximide, and only 
partially by 8-mercaptopurine or chloram
phenicol. .. Induction of drug-metabolizing en
zymes is involved in the resistance-increasing 
effect of spironolactone or ethylestrenol against 
various compounds." 

TIMING 

Length of Pretreatment Necessary for Conditioning 

The length of pretreatment necessary for the obtention of resistance by either 
syntoxic or catatoxic hormones is subject to great variations depending upon dosage, 
route of administration, the kind of toxicant used, species differences, etc. Some of 
the protective effects of glucocorticoids are almost immediate if water soluble 
hormone preparations are given i.v. (e.g., against endotoxin shock or certain 
ganglioplegics); others are much more time-consuming (e.g., the suppression of 
chronic inflammation). In the case of catatoxic effects, which depend upon defensive 
enzyme induction, the protection offered always requires some time for enzyme 
synthesis. With most of the currently employed catatoxic steroids, about 24-48 hrs 
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of pretreatment are needed to achieve good protection under ordinary conditions 
of testing against commonly employed toxicants, but often less than 24 hrs suffice 
and yet it may take several days to reach peak resistance (cf. Table 6, p. 88). 

Extensiveexperiments in rats have shown however that the length of pretreat
ment necessary to obtain a just detectable protective effect depends also largely 
upon the speed with which the toxicant elicits detectable pharmacologic effects. 
Thus, even single doses of various catatoxic steroids offer definite protection against 
many agents whose effects become manifest only after a prolonged latency period. For 
example, virtually simultaneous treatment with catatoxic steroids and digitoxin s.c. 
can prevent the convulsions and death which the cardiac glycoside would normally 
produce one or more days later. Here, presumably, the latency period of the drug 
action allows sufficient time for the induction of defensive enzymes. On the other 
hand, many hours, or days, of pretreatment with catatoxic steroids are necessary to 
offer protection against instantly acting anesthetics or convulsive agents. 

In the rat and dog, the blood clearance of barbiturates is maximally accelerated 
within 48-72 hrs and cannot be further enhanced by more prolonged treatment 
with these drugs. In man, induction is much less rapid and its estimation 
somewhat complicated by the development of cumulative effects and of local adap
tive reactions within the central nervous system. According to some investigators, 
in mice, effective enzyme induction can occur in less than one hour. 

There is some evidence that certain inducers may elicit a three-phasic change in 
resistance, reminiscent of that characteristic of the general adaptation syndrome. 
Thus, in rats given daily injections of the pesticide dieldrin, the increase in hepatic 
weight, microsomal protein, P-450 hemoprotein and SER development persist, yet 
it is possible to distinguish : 1. The stage of induction when dieldrin tolerance is still 
low, 2. the steady state with tolerance to otherwise fatal doses of dieldrin and 3. the 
state of decompensation when drug-handling ability is sharply decreased. Butter 
yellow produces an essentially similar three stage response. 

Duration of Effect after Withdrawal of Conditioner 

In rats, continued treatment with oxandrolone or spironolactone offers protection 
against daily administration of normally fatal amounts of indomethacin or digitoxin 
for indefinite periods. However, upon interruption of the catatoxic steroid administra
tion death ensues within a few days. Furthermore, the plasma concentration of the 
substrates which remains low during catatoxic steroid treatment rises after with
drawal of the medication. 

In mice, pentobarbital resistance is evident 24 hrs after pretreatment with 
phenobarbital, reaches a maximum within 48 hrs and disappears after about 
4-5 days. 

Reversal of A.ctions Due to Timing 

Reversal of Inducer Actions. In speaking about the duration of inducer effects 
we already mentioned the three-phasic response in which a period of incomplete 
induction is followed by a resistant steady state and eventually by exhaustion. 
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Certain observations suggest however that during the initial period inducers may 
even have an inverse effect. 

For example, 2-4 hrs after administration of hexobarbital the enzyme oxidizing 
this substrate is reduced in rat liver and activation commences only after 12 hrs, 
reaching a maximum after 48 hrs. 

Pentobarbital anesthesia is shortened and the blood clearance of the barbiturate 
accelerated within 24 hrs after a single dose of spironolactone or ethylestrenol. 

In mice, testosterone exerts a biphasic effect upon hexobarbital hypnosis: prolon
gation of sleeping time during the initial period of hormone administration is 
followed by protection. However, here, the initial potentiation is apparently due 
to a direct effect upon the CNS and unrelated to enzyme induction since it is seen 
also with barbital which is not metabolized. Yet, many excellent inducing agents 
have been shown to inhibit drug metaboliBm during the initial 6 hrs. 

Reversal of Antagonist Actions. It has been shown of actinomycin, as of many 
other antagonists, that following an initial period during which they inhibit induction 
their effect may be reversed. This has been seen with regard to TPO and TKT 
induction by glucocorticoids. It was tentatively ascribed to a delayed response to 
inhibitors of RNA synthesis in which a "cytoplasmic repressor" can inhibit the 
translation of the mRNA's corresponding to TPO and TKT. Cytoplasmic depression 
might depend upon continued RNA and protein synthesis, the repressor having a 
rapid turnover rate. 

MPDC given 1-12 hrs before hexobarbital prolongs sleeping time and inhibits 
barbiturate metabolism, whereas MPDC administered 24-48 hrs before the barbi
turate has an inverse effect. 

Metyrapone initially potentiates and later inhibits the hypnotic action of 
pentobarbital in rats, presumably because it gradually enhances hepatic 
detoxication. 

It has been shown for several other antagonists (SKF 525-A, CFT 1201) that, 
after an initial period of inhibition, microsomal enzyme activity recovers and then 
increases above normal. Thus, actually many inducers and antagonists exert 
essentially similar effects in which an initial phase of suppression is followed by 
stimulation of microsomal drug-metabolizing enzyme activity, but with the inducers 
the induction, and with the inhibitors the suppression, is by far more pronounced. 

Reversal of Substrate Actions. For the sake of completeness we should mention 
the reversal of substrate actions although in practice this is a phenomenon identical 
with the very common self-induction of catatoxic activity by many substrates, such 
as barbiturates, pesticides, steroids, etc. This type of protection may be more or less 
limited to the inducer itself or be effective also against other substrates, as we 
shall see later in discussing the specificity of induction. 

In classifying and coordinating the data on the induction of defensive enzymes, 
it was useful- perhaps even indispensable- to distinguish between inducers, sub
strates and blockers. Yet, a detached appraisal of the facts does not support the 
concept that these three classes of compounds are essentially different. Depending 
upon timing and other experimental conditions, all three types of drugs can either 
protect or sensitize. It seems that these three groups of compounds have in common 
a singular effect upon the defensive enzyme-producing mechanism but the direction 
of the response depends upon modifying factors. It is hardly a coincidence that: 
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1. Many excellent inducers are also readily detoxified by pretreatment with the same 
or other inducers. 2. Many substrates can induce or (by competition with other 
substrates) block enzyme activity. 3. Many blockers can readily be blocked in turn 
by pretreatment with inducers or, after chronic treatment, can even act as inducers 
themselves. 4. Most of the substances which are inactive in one of these three respects 
(e.g. are not inducers, substrates or blockers of the catatoxic mechanism), are also 
inert with respect to the other two types of effects. 

Length of Pretreatm.ent Necessary Jor 
Conditioning 

Remmer G66,542f62: In the rat and dog, 
the blood clearance of barbiturates is maxi
mally accelerated within 2-3 days of pre
treatment and cannot be further enhanced 
by prolonged administration of these drugs. 
In man, oxidation of barbiturates is much less 
rapid and drug accumulation may develop. 
Here, tolerance may result from adaptation of 
the CNS in addition to accelerated oxidative 
breakdown. 

Hutterer et al. G66,323f69: In rats, given 
daily injections of dieldrin (a chlorinated 
hydrocarbon pesticide), i.p. hepatic changes 
developed in three stages. "The first stage, 
that of induction, is characterized by an in
crease in liver weight, microsomal protein, 
smooth endoplasmic reticulum, the activity 
of aniline hydroxylase and p-nitroreductase, 
and the concentration of P-450 hemoprotein. 
During the second stage, a 'steady state,' the 
elevated Ievels are maintained and tolerance 
to otherwise fatal doses of dieldrin prevails. 
In the third stage, that of decompensation, 
elevation of liver weight, microsomal proteins, 
and P -450 hemoprotein persists, and the 
smooth endoplasmic reticulum appears as 
abundant as in the previous stages, but the 
activity of the drug-handling enzymes de
creases. The smooth endoplasmic reticulum, 
however, in this last stage consisted of packed 
tubules. This hypoactive, hypertrophic, smooth 
endoplasmic reticulum is accompanied by 
biochemical and morphologic alterations of 
mitochondria." 3' -Methyl-4-dimethylamino
azobenzene (butter yellow) produces an essen
tially similar but accelerated three-stage 
response. 

Kalyanpur et al. G66,147f69: In mice, 
various anabolic steroids (methandienone, 
4-chlorotestosterone acetate, nandrolone, phen
propionate) given i.p. 90 min before pentylene
tetrazol, inhibit convulsions. The protective 
effect is compared to that produced by various 
anesthetic steroids. [A relationship to enzyme 

induction is not suggested, nor is it probable 
in view of the shortness of the necessary 
pretreatment (H.S.).] 

SolymD88 et al. G70,412f70: In rats, 24 hrs 
after a single injection of spironolactone or 
ethylestrenol, the blood clearance of pento
barbital is already greatly enhanced and its 
anesthetic effect shortened. 

Selye P ROT. 17663: In rats, spironolac
tone, given simultaneously with digitoxin, 
has little protective effect; pretreatment for 
24 hrs·. is moderately effective, whereas spi
ronolactone, given over a period of 48-96 hrs 
prior to digitoxin, completely abolishes the 
Iethai action of the latter. 

Table 4. lnfluence of the duration of spirono
lactone pretreatment upon itB antidigitoxin 

effect 

Spironolactone 
(Beginning hrs 
before 
digitoxin)& 

Controls 
0 

24 
48 
72 
96 

Convulsions Mortality 
(Scala: (DeadfTotaJ)b 
0-3)b 

3.0 10/10 
1.4±0.44 ** 10/10 
0 *** 3/10 
0 *** 0/10 
0 *** 0/10 
0 *** 0/10 

a Digitoxin (1 mg in 1 ml water, p.o., 1st 
day, and 2 mg 2nd day) in all groups including 
controls. Spironolactone (10 mg in 1 ml water, 
p.o. x2fday) beginning at time indicated, on 
or before initiation of digitoxin treatment. 

b Convulsions on 3rd day and mortality 
7th day after digitoxin administration. Sta
tistics Student's t-test. For further details 
on technique of tabulation cf. p. VIII. 

Duration of Effect after Withdrawal of 
Conditioner 

Orrenius et al. E8,23lf69: In rats, 5 days 
of treatment with phenobarbital greatly in-
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creased aminopyrene demethylation by hepatic 
microsomes, but upon discontinuation of the 
treatment, this enzyme activity reverted to 
the starting Ievel within about 3 days. 

Sladek &: Mannering G66,219f69: In rats, 
3 days of treatment with phenobarbital, 3-MC, 
thioacetamide or 3-methyl-4-methylamino
azobenzene (3-MMAB) induced different rela
tive changes in the cytochrome P-450 and the 
N-demethylase activities of hepatic micro
somes. Furthermore, the effect of phenobar
bital treatment Iasted only about 5 days after 
discontinuation of this treatment, whereas 
most of the other agents exerted more persist
ent effects. 

Buckel &: Levy G74,850f70: In mice, 
pretreatment with phenobarbital decreases 
pentobarbital sleeping time; this phenomenon 
is detectable within 24 hrs and reaches a 
maximum 48 hrs after phenobarbital admi
nistration. The resistance is no Ionger detect
able in males after 96, in females after 
120 hrs. 

Solyma&B &: Selye G70,409f70; Solyma&B 
et al. G70,44lf70: Rats given daily treatment 
with normally fatal amounts of indomethacin 
or digitoxin can survive for an apparently 
indefinite period if they are concurrently 
treated with spironolactone or oxandrolone. 
Upon interruption of catatoxic steroid admi
nistration death ensues within a few days. 
"Spironolactone enhances not only the de
gradation of digitoxin and indomethacin but 
also its own metaboliBm as judged by their 
disappearance rate from the blood. However, 
the capacity of the steroids to inactivate 
themselves is limited and, hence, they continue 
to detoxify both drugs, even in chronic 
experiments." 

Selye PROT. 18125: In rats pretreated 
with spironolactone for 6 days, the anti
digitoxin effect remains obvious for about 5 
days after discontinuation of treatment, but 
its efficacy in inhibiting convulsions rapidly 
diminishes during this time, cf. Table 5. 

Table 5. Duration of antidigitoxin elfect after apironolactone witMrawal 

Pretreatmenta 

None 
Spironolactone 
None 
Spironolactone 
None 
Spironolactone 

Digitoxin 
(hrs after 
spironolactone)b 

3 
3 

48 
48 
96 
96 

Convulsions Mortality 
(Scale: 0-3)C (DeadfTotal)d 

2.5 10/10 
0 0/10 
2.1 5/10 
1.3 2/10 
2.4 4/10 
3.0 4/10 

a Spironolactone (10 mg in 1 ml water p.o. x2fday) during 6 days before digitoxin. 
b Digitoxin (2 mg in 1 ml water/100 g body weight, p.o., once on day indicated) after 

discontinuation of spironolactone treatment. 
c 48 hrs after digitoxin treatment. 
d Mortality on 5th day after digitoxin treatment. 

Selye PROT. 39927: Rats were given a 
aingle treatment with various toxicants, 
before or after a single dose of certain condi
tioners. In the event of suitable timing 
(adjustment of interval between application 
of the two agents) a single dose of PCN, 
CS-1 or phenobarbital suffices to inhibit 
intoxication with digitoxin, indomethacin, 
dioxathion, parathion, nicotine, progesterone, 
hexobarbital and zoxazolamine. Taking treat
ment with the toxicants as "0 hr," it appears 
that pretreatment with these conditioners at 

-24 hrs offers manifest protection in most 
cases. In some instances, the resistance thus 
induced lasts several days, e.g., PCN or pheno
barbital administered on the -4th day still 
protects against anesthesia produced by pro
gesterone at 0 hr. On the other hand, some of 
the conditioners, administered after acutely 
acting toxicants, may aggravate the effect of 
the latter. Thus, CS-1 given 30 min after 
progesterone actually prolongs the resulting 
anesthesia. The same is true of phenobarbital 
administered 30 min before or after progeste-
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rone or hexobarbital. The effect of conditioners 
given 6 hrs after these anesthetics could not be 
tested since by that time the rats were awake. 
It will be recalled that such inverse effects had 
previously been noted when spironolactone 
was given to rats pretreated with digitoxin. 
In the case of the more chronically acting 
toxicants, treatment with the conditioners at 
-30 or +30 min, can offer definite protec
tion. This was the case especially for digitoxin 
and indomethacin, but in some instances also 
for dioxathion. CS-1 diminished indomethacin 
mortality even when administered 6 hrs after 
the latter. In all these instances, it may be 
assumed that the time interval between admi
nistration of the toxicant and the manifesta
tion of its damaging actions is sufficiently long 
to permit drug metabolizing enzyme induc
tion. Apparently, it is not so much the time 
interval between the administration of the 
conditioners and the toxicants that counts, 
but the time interval between conditioning 
and the appearance of obvious toxic mani
festations, cf. Table 6, p. 88. 

Selye P ROT. 41919: Rats were given 
temporary pretreatment with various condi
tioners, followed by a resting period before 
challenge with a single dose of a toxicant. In 
general a 24 hrs interval between cessation of 
conditioning and challenge offered the best 
protection. With rapidly acting toxicants 
(such as progesterone, hexobarbital, zoxazol
amine, dioxathion and parathion) good pro
tection was usually obtained even after a rest 
period of 72 or 120 hrs (cf. Table 7, p. 90). 
Among the toxicants tested in this series, only 
nicotine and DHT proved to be virtually 
resistant to this type of conditioning. 

Reversal of Actions Due to Timing 

Reversal of Inducer Actions. Remmer 
G66,542f62: Brief mention of unpublished 
experiments showing that 2--4 hrs after 
administration of hexobarbital, the enzyme 
oxidizing this substrate is reduced. Activation 
commences after 12 hrs reaching a maximum 
after 48 hrs. "Obviously stimulation followed 
a short phase of inhibition." 

Gessner et al. F77,776f67: In mice, 
"testosterone pretreatment produces a bi
phasic effect on the duration of action of hexo
barbital, proionging the action initially and 
shortening the action in 4--8 days after the 
pretreatment. The early action of testosterone 
appears to be associated with an effect on the 

hypnotic property of a drug, since both 
hexobarbital and barbital sleep times are 
prolonged, while the duration of action of the 
muscle relaxant chlorzoxasone remains un
affected. The long-term pretreatment with 
testosterone Ieads to a shorter duration of 
action of drugs that are deactivated by detoxi
fication, notably hexobarbital and chlorzoxa
sone, but has no effect on the duration of 
hypnosis produced by barbital, a drug which 
is predominantly eliminated unchanged." 
Folliculoids ( ethinyl estradiol, diethylstilbe
strol) prolong the actions of both drugs. 

Mannering G71,818f68 (p. 74): Review of 
the Iiterature showing that "many good 
inducing agents actually inhibit drug meta
bolism during the first 6 hr after administra
tion." 

Wheatley F98,919f68: Brief reference is 
made to the observation "that pretreatment 
of rats with Su 4885 (Metyrapone), while 
initially potentiating the action of Nembutal, 
subsequently led to a considerably enhanced 
rate of detoxification and a shorter duration 
of narcosis." 

Oaster et al. G73,426f70: In rats, hexobar
bital and heptachlor detoxication by hepatic 
microsomes, in vitro, is optimal if the diet 
contains about 3% of the calories in the form 
vf corn oil (or equivalent amounts of 
linoleate). Both higher and lower Ievels of 
fatty acids are detrimental for the detoxica
tion of these substrates and this was confirmed 
by determinations of hexobarbital sleeping 
time in vivo. The results are interpreted as 
indicating that an optimum amount of essen
tial fatty acid is required for the most 
efficient functioning of the hepatic micro
somal drug-metabolizing system. 

Dewhurst & Kitchen G73,848f70: In mice, 
zoxazolamine paralysis is greatly shortened 
soon after a single dose of the carcinogen, 
whereas upon prolonged treatment, an 
inverse response is obtained. It is speculated 
that "an active metabolite formed in relatively 
small amounts may gradually accumulate or 
the stimalation of microsomal enzymes by the 
first dose might Iead to enhanced conversion 
of a subsequent dose into an active meta
bolite." 

Solymoss et al. G70,423f70: In rats, pre
treatment with catatoxic steroids (e.g., norbo
lethone, ethylestrenol) enhances the disappear
ance of bishydroxycoumarin from the blood 
and counteracts its effect on prothrombin 
time whereas administration of such steroids 
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Table 6. Duration of effect after a aingle doae of a conditioner 

~ Toxicantsb Digitoxin Indomethacin Dioxathion 
(3mgin1ml (5 mg in 0.2 ml (4mgin1ml 

"' 
waterp.o.) water s.c.) com oil p.o.) 

Condi- ~ 
Convul- Morta- Intest- Morta- Dyski- Morta-
sions lity inal lity nesia lity 

tionersa ~ +4thday +6thday Ulcers +6thday +6hrs +48hrs 

PCN - 4thday 9/10 4/10 10/10 5/10 10/10 10/10 
2/10 *** 1/10 NS 6/10. 3/10NS 7/10NS 3/10 *** 

-24hrs 10/10 10/10 10/10 0/10 8/10 5/10 
0/10 ••• 0/10 *** 0/10 *** 0/10NS 0/10 ••• 0/10. 

-6hrs 6/10 5/10 10/10 0/10 8/10 7/10 
0/10 ** 0/10. 0/10 *** Of10NS 1/10 ••• 0/10 *** 

-30min 10/10 10/10 9/9 4/10 10/10 5/10 
4/10 ** 4/10 ** 4/10 ** 0/10. 6/10 * 2/10NS 

+30min 7/10 5/10 10/10 5/10 10/10 9/10 
7/10NS 4f10NS 2/10 ••• 0/10 * 9f10NS 7/10NS 

+ 6hrs 7/10 4/10 10/10 2/10 5/5 2/5 
5f10NS 4f10NS 6/10 * Of10NS 7/8 NS 3/8 NS 

CS-1 - 4thday 9/10 7/10 10/10 3/10 10/10 10/10 
6/10NS 5/10NS 10f10NS 1/10 NS 9/10NS 8/10NS 

-24hrs 9/10 8/10 10/10 1/10 10/10 7/10 
0/10 *** 0/10 ••• 0/10 ••• Of10NS 0/10 ••• 0/10 *** 

- 6hrs 9/10 9/10 10/10 5/10 8/10 4/10 
1/10 ••• 0/10 *** 0/10 *** 0/10 * 4f10NS 0/10. 

-30min 8/10 6/10 10/10 8/10 10/10 10/10 
1/10 *** 0/10 ** 0/10 ••• 0/10 *** 6/10 * 1/10 *** 

+30min 8/10 7/10 10/10 6/10 10/10 2/10 
3/10 * 1/10 •• 3/10 ••• 0/10 ** 9/10NS 1/10 NS 

+ 6hrs 10/10 9/10 10/10 7/10 4/6 1/6 
8/10NS 5f10NS 7f10NS 0/10 *** 6/7 NS 3/7 NS 

Pheno- - 4thday 8/10 6/10 10/10 5/10 9/10 9/10 
barbital 3/10 * 3/10NS 10/10NS 2/10NS 5/10NS 4/10. 

-24hrs 7/10 7/10 2/9 9/10 10/10 9/10 
9/10NS 7/10NS 7/10 0/10 *** 5/10 * 1/10 *** 

- 6hrs 6/10 6/10 10/10 7/10 10/10 9/10 
7f10NS 6f10NS 8/10NS 1/10 ** 7f10NS 1/10 *** 

-30min 9/10 7/10 10/10 8/10 10/10 5/10 
10/10NS 6/10NS 9/10NS 0/10 *** 10/10NS 0/10 * 

+30min 10/10 8/10 10/10 7/10 10/10 5/10 
9/10NS 7f10NS 10/10NS 1/10 ** 9/10NS 4/10NS 

+ 6hrs 9/10 9/10 10/10 7/10 6/8 4/8 
7/10NS 5/10NS 10/10 NS 5f10NS 7/8 NS 1/8 NS 

a PCN (10 mg), CS-1 (10 mg) and phenobarbital (6 mg) were all administered once in 1 ml 
water, p.o., at the times indicated in this column, before or after the toxicants. 

b All toxicants were administered per 100 g body weight, at 0 hr once as indicated, only the 
doses of digitoxin and indomethacin are per rat. The signs of intoxication (convulsions, dyski-
nesia, mortality) are registered at the times given in the corresponding column headings. The 
sleeping and paralysis time is given in min after administration of progesterone, hexobarbital or 
zoxazolamine. For each reading, the statistical significance of the apparent differences between 
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Table 6 ( continued) 

Parathion Nicotine Progesterone Hexabarbital Zoxazolamine 
(1.5 mg in 0.5 ml ( 1 ml of 1.5% aquaous (10mg in 1 ml (7.5 mg in 1 (10mgin 1 ml 
DMSO i.p.) solution p.o.) oil i.p.) ml water i.p.) water i.p.) 
Dyski- Morta- Dyski- Morta-
nesia lity nesia lity Sleeping Sleeping Paralysis 
+4hrs +4thday +2hrs +6thday time time time 

7/10 2/10 6/10 0/10 104 ± 24 46 ± 6 270 ± 30 
4/10NS 3/10 NS 4/10NS 4/10 * 0 *** 32 ± 7 NS 190 ± 33NS 
4/10 2/10 7/10 4/10 178 ± 27 38± 4 234 ± 18 
0/10 * Of10NS 0/10 *** 0/10 * 0 *** 20-±: 2 *** 42 ± 9 *** 

10/10 8/10 10/10 10/10 181 ± 35 43± 3 246 ± 37 
7f10NS 4/10NS 8/10 NS 8/10NS 89 ± 29NS 44± .1 NS 240 ± 33NS 
8/10 7/10 5/10 3/10 241 ± 47 50± 7 282 ± 31 
7/10 NS 5f10NS 7f10NS 6/10NS 243 ± 37NS 50± 7 KS 294± 24NS 
4/6 2/6 6/9 2/9 291 ± 38 68 ± 8 306 ± 26 
2/7 NS 1/7 NS 9/10 NS 6f10NS 234 ± 40NS 52± 7 NS 282 ± 31 NS 
0/5 0/5 2/7 3/7 
0/6 NS Of6 NS 3/7 NS 2/7 NS 

7f10 5/10 7/10 1/10 257 ± 32 77 ± 16 276 ± 32 
0/10 *** 0/10 * 3f10NS 2f10NS 151 ± 43 NS 43 ± 5NS 300 ± 26NS 

10/10 6/10 7/10 5/10 242 ± 31 65± 7 291 ± 30 
5/10 * 1/10 * 6/10 NS 3/10 NS 27 ± 21 *** 36 ± 3 ** 138 ± 20 *** 
9/10 8/10 7/10 4/10 231 ± 45 56± 6 330 ± 24 
7f10NS 5f10NS 8/10NS 2/10NS 234 ± 48NS 52± 4NS 240 ± 20 ** 
5/10 5/10 4/10 3/10 171 ± 25 43 ± 2 348 ± 25 
8/10 NS 6/10NS 1/10 NS 2/10NS 209 ± 42NS 42±3NS 262 ± 42 NS 
3/7 1/7 6/10 1/10 197 ± 26 49 ± 3 308 ± 27 
5/9 NS 3/9 NS 5/10 NS 4/10NS 320 ± 25.!.! 43±2NS 281 ± 29NS 
0/4 0/4 3/7 3/7 
0/5 NS 0/5 NS 1/8 NS 2/8 NS 

9/10 8/10 5/10 1/10 163 ± 13 46± 4 323 ± 37 
0/10 *** 0/10 *** 2f10NS 1/10 NS 9 ± 9 *** 13 ± 2 *** 206±30* 
9/10 4/10 6/10 3/10 188 ± 30 50± 5 378 ± 15 
0/10 *** 0/10 * 1/10 * 1/10 NS 0 *** 13 ± 2 *** 143 ± 10 *** 
8/10 4/10 8/10 5/10 196 ± 30 74± 8 348 ± 25 
9f10NS 1/10 NS 8f10NS 4f10NS 278 ± 24! 68±9NS 314 ± 27 NS 
8/10 3/10 6/10 5/10 125 ± 34 57± 8 366 ± 18 
9/10NS 3f10NS 6/10NS 5f10NS 381 ± 18 *** 92 ± 2 *** 414 ± 16NS 
7/8 4/8 6/10 0/10 235 ± 19 54± 6 275 ± 40 
7/9 NS 1/9 NS 3/10 NS 3f10NS 403 ± 17 *** 78 ± 7 * 348 ± 20NS 
0/4 0/4 2/6 1/6 
1/6 NS 0/6 NS 4/7 NS 0/7 NS 

the animals pretreated with conditioners (asterisks or NS) and the corresponding unpretreated 
controls have been computed, as in all tables throughout this volume, according to the "Exact 
Probability Test" for nonparametric values and according to Student's t-test for sleeping and 
paralysis times. 

For the group in which the conditioners were administered after the toxicants (when the 
latter had already produced some mortality) the statistics are computed only on the basis of ani-
mals that survived until treatment with the conditioners. 

For further details on technique of tabulation cf. p. VIII. 
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2 hrs after bishydroxycoumarin has an inverse 
effect. 

Szehere:nyi & Fekete H 29,579!70: Brief 
abstract stating that after four day& of pre
treatment (species not mentioned), spirono
lactone decreased the action and accelerated 
the metabolism of hexobarbital, chlorzoxazone, 
meprobamate, estrone, testosterone, aceno
coumarol and BSP, whereas after short treat
ment it had an inverse effect. It is concluded 
that spironolactone is a microsomal enzyme 
inducer. 

Solymoaa & Varga, G70,500J71: In rats, 
pretreatment with various catatoxic steroids 
accelerates the degradation of bishydroxycou
marin by NADPH-dependent hepatic enzymes. 
However, if the bishydroxycoumarin is ad
ministered immediately after treatment with 
catatoxic steroids (norbolethone, ethylestre
nol, progesterone or triamcinolone), an in
verse effect is observed, presumably because 
of competitive inhibition. 

Solymo8B et al. G79,007J71: In rats, various 
catatoxic steroids (spironolactone, PCN) in
crease liver weight, glutathione S-aryltrans
ferase activity, bile flow, and BSP clearance 
from the blood with an accelerated urinary 
excretion of conjugated BSP metabolites. 
Ethylestrenol similarly afiects liver weight, 
but not the other parameters. The antimine
ralocorticoids, spiroxasone, SC-9376 and CS-1, 
unlike the anabolic steroids norbolethone and 
oxandrolone, also enhance plasma clearance 
of BSP. Contrary to the effects of pretreat
ment, the administration of spironolactone, 
ethylestrenol or estradiol immediately before 
BSP results in retention of the dye, probably 
through competitive inhibition of biliary 
excretion. 

Solymo8B et al. G79,023J71: In rats, pre
treatment with PCN or spironolactone incre
ases liver weight, glutathione S-aryltransferase 
activity and bile flow. At the same time, the 
plasma clearance and biliary excretion of 
BSP and its conjugated metabolites are en
hanced. Ethylestrenol likewise increases liver 
weight but does not alter the other parameters 
mentioned above. Spiroxasone, SC-9376 and 
CS-1 (antimineralocorticoids), unlike norbo
lethone and oxandrolone (anabolics), also 
enhance plasma clearance of BSP, probably 
through the same mechanism. In contrast to 
these effects of pretreatment, administration 
of spironolactone, ethylestrenol or estradiol 
immediately before BSP delays plasma clear
ance of the dye, probably through competi
tive inhibition of biliary excretion. SKF 525-A 

does not suppress the enhanced BSP clearance 
induced either by spironolactone or by pheno
barbital. [Although the authors did not eva
luate their data from this point of view, these 
observations clearly show that the catatoxic 
activity of steroids is not merely the result 
of hepatic microsomal drug metabolizing 
enzyme induction. It may also be mediated 
through extramicrosomal enzyme mechanisms 
or even through enhanced biliary excretion 
(H.S.).] 

Reversal ol Antagonistie Aetions. 

AcTINOMYCIN 

Serrone & Fujimoto D48,610J61: MPDC 
given 1-12 hrs before hexobarbital prolongs 
sleeping time and delays the metabolism of 
the barbiturate. However, if MPDC is given 
24-48 hrs before hexobarbital, the meta
boliBm of the drug is stimulated and sleeping 
time is shortened. Data are presented to show 
that the accelerated metaboliBm of hexobar
bital results from induced synthesis of micro
somal enzyme systems that metabolize barbi
turates. A similar biphasic response on hexo
barbital sleeping time was observed with 
SKF 525-A, JB 516, iproniazid, orphenadrine, 
chlorpromazine, and hydroxyzine by several 
investigators (Holtz et al. D98,342/57; Arri
goni-Martelli & Kramer G74,659/59; Rümke 
& Bout G74,669/60). 

Ga"en et al. G28,021J64: In adrenalecto
mized rats, a single i.p. injection of cortisol 
produces an increase in hepatic TPO and TKT 
activity. Actinomycin D did not inhibit 
synthesis of these enzymes, but blocked their 
induction when injected early after cortisol 
administration. Actinomycin D and fluoro
uracil stimulated TPO and TKT synthesis 
when injected 5 hrs or later after cortisol. 
"It is proposed that repression of the syn
thesis of these enzymes occurs at the Ievel of 
messenger RNA translation." 

Tomkins et al. G35,353J65: Following a 
single injection of cortisol into adrenalecto
mized rats, the hepatic TPO and TKT Ievels 
rise. "Although actinomycin D blocks the 
initial steroid-induced increase, later adminis
tration of the antibiotic (or of 5-fluorouracil) 
causes an increase in the Ievels of these 
enzymes. A mechanism is proposed to 
account for the late response to inhibitors of 
RNA synthesis in which a 'cytoplasmic 
repressor' can inhibit the translation of the 
messengar RNA's corresponding to tryptophan 
pyrrolase and tyrosine transaminase. Cyto-
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plasmic repression is postulated to depend on 
continued RNA and protein synthesis, and 
the 'repressor' is thought to have a rapid 
rate of turnover." 

Thompson et al. F81,633f66: "Tyrosine 
a-ketoglutarate transaminase can be induced 
by steroid hormones in a newly-established 
line of tissue culture cells, derived from 
primary culture of the ascites form of an 
experimental rat hepatoma." Dexamethasone, 
triamcinolone and cortisol were highly active, 
DOC and aldosterone much less potent, 
whereas stilbestrol, estradiol, testosterone 
and progesterone were virtually inactive. 
The induction by dexamethasone was blocked 
by puromycin, cycloheximide, chlorampheni
col, progesterone, actinomycin D and mito
mycin C. Paradoxically, after induction by the 
steroid had taken place, actinomycin D pro
duced a further increase in enzyme activity. 

Grassman & Mavrides G46,206f67: Studies 
on the kinetics of cortisol-induced hepatic 
TKT activity in adrenalectomized rats. 
"Puromycin inhibited enzyme synthesis when 
it was given during the initial phase of 
induction. However, it unexpectedly caused a 
rapid reappearance of enzyme activity follow
ing its administration during the inactivation 
phase. This potentiated response is consistent 
with other observations which lead to the idea 
that a repressor is formed about 4 hrs after 
hormone admiuistration and that inhibition 
of repressor synthesis allows, at least tempo
rarily, continued synthesis of enzyme." The 
inactivator appears to depend upon pituitary 
function, since adrenalectomized and hypo
physectomized rats showed little or no inacti
vation phase following cortisol treatment. 

SKF 525-A AND ÜTHER ANTAGONISTS 

Conney & Burns G67,166f62: Review of 
the Iiterature on the biphasic effect of 
SKF 525-A and various related compounds 
which inhibit microsomal enzymes when 
given just before the substrate, but actually 
induce drug-metabolizing enzymes following 
a more prolonged pretreatment. 

Rümke G69,768f63: In mice SKF 525-A, 
phenobarbital, chlorpromazine, hexobarbital 
and iproniazid given one hour before hydroxy
dione i.v. increase sleeping time. When the 
intervalis two days, a single dose of SKF 525-A, 
phenobarbital or chlorpromazine decreases 
hydroxydione anesthesia. Phenytoin, acetyl
carbromal, morphine, chloramphenicol, 5-HT, 
phenobarbital and hydroxydione given one 
hour before hexobarbital increase the duration 
of anesthesia, whereas dioxone and chloro
thiazide decrease it. It is concluded that 
central effects as weil as changes in microso
mal enzyme activity may be involved. 

Serrone & Fujimoto D80,098f62; Kato et al. 
E47,494f64: Considerable changes in the 
effect of SKF 525-A upon microsomal enzyme 
activity are seen, depending upon the length 
of administration. SKF 525-A causes intense 
enzyme inhibition resulting in prolonged 
hexobarbital sleeping time when given acutely. 
However, if administered for prolonged pe
riods, the metabolism of barbiturates is actu
ally enhanced and their effectiveness dimi
nished. This reversal of activity has been 
noted for several microsomal enzyme inhibitors. 

Emuman et al. E714f68 (p. 520): After 
repeated administration of some of the 
inhibitors, the activity of the microsomal 
enzymes recovers and then increases. This 
has been shown for iproniazid, tolbutamide, 
carbutamide, CFT 1201 and SKF 525-A. 

Buchel & Levy G74,85lf70: In rats, 
SKF 525-A may either prolong or shorten 
pentobarbital sleeping time depending upon 
dosage and timing. 

Reversal of Substrate Actions. Remmer 
E61,21lf59: In rabbits and dogs, single i.v. 
injections of various barbiturates caused 
adaptation with accelerated degradation (judg
ed by enhanced blood clearance). 

Schmid et al. G34,008f64: "In two cases of 
glutethimide abuse, it was demonstrated that 
tolerance to glutethimide is due to marked 
acceleration of its metabolic inactivation. 
After a 20-day withdrawal eure, the metabo
lism of glutethimide was found to have 
reverted to normal." 

DOSE AND ROUTE OF ADMINISTRATION 

Few comparative studies have been done on the relative potency of inducers as 
influenced by the dosage and route of administration of the inducers themselves and 
of the substrates. It is clear, however, that both inducers and substrates can be 
active when administered enterally or parenterally, as long as they are properly 
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absorbed. However, there are considerable species differences in the gastrointestinal 
absorption rate of common toxicants, which may give the erroneous impression of 
innate resistance. Thus, in the hamster, even enormous doses of digitoxin given p.o. 
cause no signs of poisoning, whereas intravenous injection of this toxicant readily 
elicits fatal convulsions which can be prevented by catatoxic steroids. 

In an extensive study on 304 steroids tested in the rat for catatoxic activity 
against indomethacin s.c. and digitoxin p.o., it was found that when administered at 
the dose of 10 mg p.o. twice daily, 42 compounds were active against indomethacin 
only, 32 merely against digitoxin and 24 against both substrates. At the dose of 0.5 mg, 
two were active against indomethacin alone, one against digitoxin only and one 
against both substrates. The most active steroid of this series, PCN was subsequently 
shown to be active against both substrates even at the 30 [Lg dose Ievel; it also 
proved to have the broadest spectrum of protective activity against other toxicants. 
Hence, PCN may be regarded as the most potent catatoxic compound among all 
hormonal and nonhormonal substances tested up-to-date. 

A comparative study on the relative potency of spironolactone and norbolethone 
against unusually high doses of toxicants showed that spironolactone protects against 
as much as 2 mg of digitoxin per day p.o., whereas the same dose of norbolethone 
protects even against 5 mg of digitoxin under identical conditions. Without 
pretreatment with catatoxic steroids, as little as 0.5 mg of digitoxin per day is fatal 
to rats in such tests. More recent unpublished observations show that 100 g female 
rats given 25 mg of PCN, twice daily p.o., can tolerate as much as 30 mg twice daily 
p.o.( !) for many days without detectable manifestations of damage. 

Table 8. Limits of digitoxin inactivation by 
spironolactone and norbolethone 

Pretreatmenta Digitoxin Convul-
(mg)b sions 

None 1 
Spironolactone 1 
Norbolethone 1 
None 
Spironolactone 
Norbolethone 
None 
Spironolactone 
Norbolethone 
None 
Spironolactone 
Norbolethone 

2 
2 
2 
5 
5 
5 
8 
8 
8 

(Scale: 
0-3)C 

3.0 
0 
0 

1.3 
0 

3.0 
0.8 

1.0 

Morta
lity 
(Dead/ 
TotaJ)d 

4/5 
Of5 
Of5 
5/5 
1/5 
0/5 
5f5 
4/5 
0/5 
5/5 
5/5 
2/5 

a Spironolactone and norbolethone (10 mg 
in 1 ml water x2fday, p.o., 1st day ff.). 

b Digitoxin dose indicated/100 g body 
weight (in 1 ml waterfday, p.o., 6th day ff.). 

c, d Convulsions and mortality on 12th day. 

Masson &: Hoffman B513f45: In immature 
rabbits pretreated with estradiol, progesterone 
s.c. is much more effective in causing pro
gestational changes in the uterus than if 
administered p.o. In the partially hepatecto
mized rabbit, even comparatively small doses 
of progesterone are active in this respect, "in
dicating that the liver plays an important role 
in the inactivation of progesterone in the 
rabbit." Earlier data on the role of the liver 
in the inactivation of progesterone are re
viewed. 

Selye G70,42lf70: A systematic study on 
the comparative antidigitoxin anti-indome
thacin activities of 304 steroids tested at 
different dose Ievels. 

Szabo et al. G79,013f71: In hamsters, 
spironolactone and ethylestrenol pretreatment 
prevents digitoxin convulsions and indome
thacin-induced intestinal ulcers. Curiously, 
hamsters are resistant to as much as 100 mg 
of digitoxin, given repeatedly p.o., whereas 
1 mg i.v. produces strong convulsions. Appa
rently, in this species, the absorption of digi
toxin from the gastrointestinal tract is defi
cient. Indomethacin intoxication is also differ
ent in rats and hamsters since in the latter, 
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unlike the former, the drug produces predomi
nantly pyloric ulcers which often perforate. 

Selye P ROT.20023: In rats, spironolactone 
(10 mg x2/day p.o.) protects against as much 
as 2 mg of digitoxinfday p.o., whereas the 
same dose of norbolethone protects even 
against 5 mg of digitoxin, cf. Table 8, p. 94. 

Selye PROT.28397: In mice, indomethacin 
intoxication can be prevented by ethylestre
nol, CS-1, spironolactone, norbolethone and, 
to a lasser extent perhaps, also by prednisolone 
and estradiol administered by various routes. 
Thyroxine appears to have an opposite effect. 
Progesterone, triamcinolone, DOC and hy
droxydione had little if any effect. 

Selye PROT. 42710: In female rats, with 
an initial body weight of about 100 g, pheno
barbital, PCN, ethylestrenol, CS-1, spirono
lactone, norbolethone and estradiol were 
administered p.o., i.p., and s.c. at very low dose 
Ievels under comparable conditions. Although 
in a few instances minor differences in the 
protective effect against progesterone and 
hexobarbital anesthesia or zoxazolamine para
lysis could be ascribed to the route of admi
nistration, the latter did not appear to be of 
paramount importance. In general, conditio-

ners given at the dose administered by one 
route were also effective when introduced 
through another portal. Interestingly, the very 
low dose (0.1 mg) of phenobarbital employed 
in this experiment appeared to have actually 
prolonged the effect of zoxazolamine. In order 
to permit meaningful comparisons, each 
toxicant had to be tested at the same dose, 
irrespective of the route of administration and 
of the toxicant against which it was employed. 
Since various conditioners are not equally 
active against progesterone, hexobarbital and 
zoxazolamine, doses effective against one of 
these compounds were not necessarily active 
against the other two, irrespective of the route 
of administration. Hence, the interpretation of 
these findings is limited, but they definitely 
show that no considerable enhancement of 
the conditioning effect can be expected from 
changing the portal of its administration. This 
is particularly interesting in connection with 
the fact that administration p.o. leads the 
compound primarily to the liver (the major 
site of its conditioning effect) and, yet, in 
general i.p. andfor s.c. administration proved 
to be about equally efficacious, as shown in 
Table 9, p. 96. 

SPEOIFIOITY OF OONDITIONING 

One of the most astanishing characteristics of the adaptive hormones is the 
extraordinary spectrum of the toxicants against which they can offer protection. 
Some of these steroids are highly selective, but others increase resistance to a very 
large nurober of chemical or physical agents. Indeed, the spectrum of activity may 
depend upon circumstances: the syntoxic glucocorticoids protect the adrenalecto
mized animal against virtually any agent that can produce stress, but there are only a 
few pathogens to which they can raise tolerance above the normallevel. Conversely, 
the catatoxic steroids, if they possess any protective power at all against a toxicant, 
can usually augment resistance to it far above the norm. 

We shall discuss the activity spectrum of individual adaptive hormones in 
Chapter XI, but a few characteristic examples should be cited here. Thus, among the 
catatoxic steroids adequately studied up-to-date, the 16a-carbonitriles exhibit the 
broadest activity spectrum, in that they offer some protection against almost every 
substrate subject to detoxication by steroid-induced enzymes. On the other hand, 
progesterone and prednisolone protect only against a few toxicants. Many catatoxic 
steroids protect against digitoxin but not against indomethacin or vice versa. 

In rats, spironolactone or oxandrolone administered for as long as 60 days continue 
to protect against daily administration of normally fatal doses of digitoxin or 
indomethacin. During this period, the plasma concentrations of digitoxin and 
indomethacin are diminished although they rise again following discontinuation of 
catatoxic steroid administration. As judged by the blood Ievel of its metabolite 
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Table 9. Efject of route of administration upon catatoxic actions of various conditioners 

~,~ Toxicant Progesterone Hexobarbital Zoxazolamine 
Oh Sleeping time Sleeping time Paralysis time 

Conditioners ~ (min) (min) (min) 
'-~ 

None 167 ± 40 41 ± 4 165 ± 34 
Phenobarbital 0.1 mg p.o. 71 ± 36NS 30± 4 NS 316 ± 37.! 
Phenobarbital i.p. 116 ± 27 NS 30± 4 NS 266 ± 4 :!: 

Phenobarbital s.c. 26 ± 16 * 34± 5 NS 277 ± 39NS 
None 348 ± 78 50± 2 246 ± 24 
PCN 0.03 mg p.o. 69±55* 47 ± 2 NS 213 ± 48 NS 
PCN i.p. 50± 31 ** 47 ± 2 NS 189 ± 38 NS 
PCN s.c. 92 ± 38 * 50± 2 NS 210 ± 19 NS 
None 207 ± 33 72 ± 11 270 ± 46 
Ethylestrenol 0.5 mg p.o. 48±35* 41 ± 13 NS 234 ± 56NS 
Ethylestrenol i.p. 72 ± 20 ** 36 ± 6 * 174 ± 31 NS 
Ethylestrenol s.c. 24 ± 15 ** 54± 9 NS 282 ± 58NS 
None 204 ± 27 49 ± 3 306 ± 15 
CS-1 0.1 mg p.o. 110 ± 41 NS 39 ± 4 NS 149 ± 34 ** 
CS-1 i.p. 64±40* 41 ± 4 NS 246 ± 31 NS 
CS-1 s.c. 102 ± 26 * 41 ± 4 NS 222 ± 22 * 
None 300 ± 30 81 ± 9 390 ± 0 
Spironolactone 0.5 mg p.o. 194 ± 49 NS 54± 9 NS 342 ± 29NS 
Spironolaotone i.p. 108 ± 40 ** 74 ± 10NS 342 ± 22NS 
Spironolaotone s.o. 93 ± 67 * 81 ± 9 NS 342 ± 48NS 
None 166 ± 29 62 ± 11 111 ± 42 
Norbolethone 0.5 mg p.o. 155 ± 48 NS 32 ± 5 * 71 ± 27 NS 
Norbolethone i.p. 120 ± 33 NS 32 ± 5 * 118 ± 45NS 
Norbolethone s.o. 108 ± 25 NS 54± 6 NS 150 ± 38NS 
None 216 ± 25 50± 2 294 ±56 
Estradiol 0.1 mg p.o. 125 ± 49 NS 53± 6 NS 294 ± 31 NS 
Estradiol i.p. 111 ± 38 * 56± 9 NS 294 ± 31 NS 
Estradiol s.o. 149 ± 54NS 48 ± 2 NS 318 ± 44NS 

The indioated dose of all conditioners was given (per rat) in 1 ml water twioe daily, from the 
first day to the end of the experiment. The toxioants were administered onoe on the 4th day (per 
100 g body weight), as follows: Progesterone (10 mg in 1 ml oorn oil, i.p.), hexobarbital 
(7.5 mg in 1 ml water, i.p.), and zoxazolamine (10 mg in 1 ml water, i.p.). 

Statistios: Student's t-test. 

SC-9376, spironolactone also enhances its own biotransformation, but not suffi
ciently to interfere with the continued manifestation of protective activity against 
the substrates tested. Here, we are faced with a peculiar type of specificity of 
induction, in that a compound (spironolactone or oxandrolone) can induce an 
extraordinary amount of enzymic activity against structurally-unrelated toxicants 
(digitoxin or indomethacin}, whereas it develops no noteworthy resistance against 
itself. In other words, these steroids are much more efficient in eliciting cross
resistance than straight resistance. This is unusual, since in most instances, adapta
tion to one agent is more easily obtained by pretreatment with the same than with an 
unrelated agent. The phenomenon is of practical importance since it would be 
impossible to offer continued protection against toxicants by treatment with cata
toxic steroids if they were very efficient in enhancing their own enzymic degradation. 
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As previously mentioned, substrates readily metabolized by catatoxic steroids, 
often exhibit inducer andfor blocker activities themselves. Yet, there are many 
exceptions: digitoxin, nicotine, DHT and indomethacin are all excellent substrates 
for catatoxic steroids, yet they induce no dernonstrahle resistance against them
selves or against other substrates; indeed, upon chronic treatment at the dose Ievels 
tested, their effects were cumulative. 

Solymoss et al. G70,44lf70: In rats, spiro
nolactone or oxandrolone given for as long as 
two months, continues to exhibit a protective 
effect against fatal doses of digitoxin or indo
methacin. Upon withdrawal of the catatoxic 
steroids, continued administration of digi
toxin or indomethacin is rapidly fatal. The 
plasma concentration of digitoxin and indo-

methacin is diminished during the catatoxic 
steroid administration. 

Solymoss et al. G70,464f70: As judged by 
the blood level of its metabolite, SC-9376, 
spironolactone also enhances its own biotrans
formation, yet its catatoxic effect remains 
evident during long periods of administration. 

BILIARY EXCRETION 

Many of the inducible hepatic microsomal enzymes act upon substrates in such a 
manneras to facilitate their excretion through the bile or urine. The effect of hormones 
upon the biliary excretion of toxicants has not received very much attention so far; 
there can be no doubt that it deserves to be considered more than it has in the past. 
Several of the toxicants amenable to the influence of certain steroids (e.g., HgC12, 

indomethacin, DHT) are weil tolerated after bile duct ligature, suggesting that 
their activity depends largely upon the prolongation of their effect by enterohepatic 
recirculation, poor absorption in the absence of bile, or other factors associated with 
bile secretion. 

Up to now, major emphasis has been placed upon the identification of biliary 
elimination of bile pigments, bile acids and steroids (as weil as their metabolites), 
using isotope marked substrates. 

Kellaway et al. Bl4,515f45: In rats, the 
activity of thyroxine s.c. was estimated by an 
increase in pulse rate after partial hepatec
tomy, thyroidectomy or bile duct ligation. 
"It was found (1) that thyroxine activity is 
greatly intensified in the absence of the liver; 
(2) that the liver does not play a significant 
role when the amount of circulating thyroxine 
is within physiologic limits; (3) that the liver 
deals with excess hormone by some process of 
inactivation and not by simple excretion." 

Grad & Lehlond B49,686f50: In rats, the 
increase in oxygen consumption and heart rate 
induced by thyroxine is increased by partial 
hepatectomy, or bile duct ligation, and 
especially by the conjoint effect of both 
interventions. "These results are taken to 
indicate that the liver excretes and inacti
vates excess amounts of thyroid hormone." 

7 Selye, Hormones and Resistance 

Hyde et al.D99,140f54: In rats, 17a-methyl
C14-Ll5-androstene-3ß, 17 ß-diol administered 
by gavage was mostly eliminated in the feces 
and, to a lesser extent, in the urine. "Rats 
with two types of bile fistula excreted the 
major fraction of administered isotopic carbon 
in the bile. Almost quantitative recovery of 
the administered 014 was obtained in the urine 
of rats after ligation of the bile ducts." 

Cherrik et al. E98,25lf60: Indocyanine 
green is rapidly and completely bound to 
plasma protein and excreted in the bile in 
unconjugated form. It is not cleared by extra
hepatic mechanisms in detectable amounts. 
Its plasma clearance is similar to that of BSP 
in controls and patients with liver lesions. 

Preisig et al. F70,515f66: In acromegalic 
patients, biliary BSP excretion is increased. 
[It is not known which, if any, of the hormones 
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secreted by the hyperactive pituitary are 
responsible for this effect (H.S.).] 

Heikel G81,287f67: In rabbits with an 
external biliary fistula, norethandrolone and 
17a-ethyl-4-estrone-3ß,17ß-diol-3-propionate 
cause a progressive decline of bile flow and 
total bilirubin. Methyltestosterone is less 
effective. 

Kreek et al. F83,145j67: In rats, ethinyl
estradiol considerably diminishes bile flow and 
delays biliary excretion of BSP and of tritium
labeled estradiol. 

Klaassen &: Plaa F99,395f68: In rats, pre
treatment with phenobarbital accelerated the 
plasma clearance of BSP. There was no change 
in hepatic storage but significant increases 
of in vitro metabolism, biliary transport 
maximum and bile flow were observed. With 
a dibrominated analogue of BSP and with 
indocyanine green, which are apparently not 
biotransformed before excretion, enhanced 
plasma clearance was also elicited by pheno
barbital. It is assumed "that the enhanced 
biliary excretion of these dyes is an important 
factor after phenobarbital treatment and that 
the role of increased biotransformation is not 
as important for the enhanced plasma disappea
rance of these dyes as might be expected from 
the effect of phenobarbital on the biologic 
half-life of other substances." 

Stowe &: Plaa G73,241f68: Review (19 pp., 
226 refs.) on the extrarenal excretion (bile, 
gastrointestinal tract, sweat, milk, tears, lung 
and reproductive tract) of drugs and hormones. 

Roberts &: Plaa G69,070f69: In mice and 
rats, the hyperbilirubinemia induced by 
a-naphthylisothiocyanate (ANIT) is enhanced 
by various drugs and steroids, presumably 
because of an increased rate of bilirubin pro
duction and not as a consequence of decreased 
biliary bilirubin excretion. "Studies of the rate 
of endogenaus bile bilirubin excretion and the 
incorporation of !5-aminolevulinic acid-14C 
(ALA-UC) into bilirubin in rats revealed that 
phenobarbital and chlorpromazine significantly 
increased the rate of bile bilirubin production 
(!J.g/100 gfhr.) and that phenobarbital, chlor
promazine, and norethandrolone significantly 
increased the percent incorporation of ALA-14C 
into bilirubin. Acetohexamide and Enovid both 
produced an increased, but irregular, response 
in bile bilirubin excretion and ALA-UC 
incorporation." 

Bickel &: Minder G77,613f70: In rats, 
imipramine is to a !arge extent excreted in the 
bile, as judged by observations with bile fistu
las or perfused livers. Besides !arge amounts 

of gluouronides, the bile also contains unchan
ged imipramine or desmethylimipraminefollow
ing their introduction into the blood 
stream. In addition, the influence of SKF 525-A 
and phenobarbital have been studied.A review 
of the Iiterature suggests that "foreign com
pounds, in order to be excreted in the bile, 
must have a molecular weight of more than 
about 300 and have a certain degree of pola
rity. Anions of conjugates are particularly 
suitable for concentrative transfer into bile. 
In contrast, unchanged lipophilic drugs are 
assumed not to be excreted by this route, or 
to occur in bile in concentrations not exceed
ing the plasma Ievels." 

Bickel &: Minder G77,614f70: Studies on 
rats with biliary fistulas show that "uptake of 
imipramine and desmethylimipramine, but 
not of hydrophilic metabolites, into the bile 
salt-phospholipid-micelles of bile could be 
demonstrated by equilibrium dialysis and 
ultracentrifuge sedimentation using rat bile 
or micellar model systems. Biliary proteins 
and small molecules which do not form 
micelies do not participate in uptake." 
These observations throw some light on 
earlier apparently conflicting claims by 
showing that both polar and nonpolar meta
bolites can be excreted through the bile al
though through different mechanisms. 

Heikel&: Lathe G73,162j70: In rats, various 
folliculoids and luteoids reduce bile flow. The 
bilirubin maximum secretion rate (Tm) is 
but slightly affected. Following i.v. infusion 
of bilirubin folliculoids (unlike luteoids) raise 
the serum conjugated bilirubin Ievel. 

Karim &: Taylor G74,179f70: In rabbits, 
the biliary and urinary excretion of meta
bolites of [ 4-UC] estradiol are described. 

Klaassen G75,506f70: In rats, the effects 
of phenobarbital, chlordane, phenylbutazone, 
nikethamide, and chlorcyclizine upon bile 
flow and microsomal enzyme induction have 
been compared. "There generally appears 
to be a good correlation in the ability of these 
agents to increase biliary flow in rats and 
their ability to increase the plasma disappear
ance and biliary excretion of BSP and 
DBSP." 

Kreek &: Bleisenger G77,590f70: In rats, 
folliculoids are to a !arge extent excreted 
through biliary fistulas and under normal 
conditions they undergo a very !arge entero
hepatic circulation in animals as weil as in man. 

Laatikainen G78,706f70: A review (22 pp., 
118 refs.) and personal observations on the 
excretion of steroid hormones in human bile. 
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Levine et al. G73,357f70: In rats, pheno
barbital stimulates biliary excretion of diphe
nyl, stilbestrol and phenolphthalein, all of 
which are metabolized prior to excretion. This 
treatment does not affect biliary elimination of 
stilbestrol glucuronide, phenolphthalein glucu
ronide, succinylsulphathiazole, and indocya
nine green, all of which are excreted un
changed. These and other Observations "sug
gest that although the endoplasmic reticulum 
is involved in the metabolism of foreign com
pounds it does not appear to play a role in 
their transfer from Ii ver to bile." 

Levine H 31,806/70: In rats, 3,4-benzpyrene 
is rapidly excreted through the bile in the form 
of its metabolic products. Pretreatment with 
microsomal drug-metabolizing enzyme inducers 
(e.g., phenobarbital, methylcholanthrene, 3,4-
benzpyrene) greatly enhances the rate of 
biliary excretion of this compound. Both the 
rate of metabolism and of biliary excretion are 
enhanced to a similar extent throughout the 
induction period. Male rats both metabolize 
3,4-benzpyrene and excrete its metabolites in 
the bile at rates approximately 2.5 times that 
of females. The induction by methylcholan
threne of both the metabolism and the 
biliary excretion of 3,4-benzpyrene can be 
partially blocked by ethionine. It has been 
concluded that conversion to its metabolites 
is the rate-limiting step in the biliary 
excretion of 3,4-benzpyrene. 

Song & Kappas G80,521f70: Review 
(21 pp., 215 refs.) on the "Influence of Hor
mones on Hepatic Function," with special 
sections on the effect of endocrine factors 
upon bile formation. Some of the principal 
relevant data are summarized in Table 10. 

Taylor G74,178f70: In rabbits, the biliary 
and urinary excretion of metabolites of 
[ 4-14C] cortisone are described. 

DespopouZos H 35,471/71: In isolated per
fused rat liver preparations, the volume of bile 
was reduced by progesterone, methyltestoste
rone, norethynodrel and ethisterone but not 
by estradiol, mestranol and norethandrolone. 
The effect of steroids upon biliary secretion 
is reviewed. 

Solymoss et al. G79,007f71: In rats, various 
catatoxic steroids (spironolactone, PCN) in
crease liver weight, glutathione S-aryltrans
ferase activity, bile flow, and BSP clearance 
from the blood with an accelerated urinary 
excretion of conjugated BSP metabolites. 
Ethylestrenol similarly affects liver weight, 
but not the other parameters. The anti-

7• 

Table 10. Effect of hormones on hepatic bile 
flow 

Hormones Species Effect 
Studied 

Cholecystokinin- Dog Increase 
pancreozymin 

Epinephrine Dog Increase, 
followed by 
decrease 

Ethinylestradiol Rat Decrease 
Gastrin Dog Increase 
Insulin Dog Increase 
N orepinephrine Dog Decrease 
N orethandrolone Rahbit Decrease 
Secretin Dog Increase 

mineralocorticoids, spiroxasone, SC-9376 and 
CS-1, unlike the anabolic steroids norbole
thone and oxandrolone, also enhance plasma 
clearance of BSP. Contrary to the effects of 
pretreatment, the administration of spirono
lactone, ethylestrenol or estradiol immedia
tely before BSP results in retention of the dye, 
probably through competitive inhibition of 
biliary excretion. 

Solymoss et al. G79,023f71: In rats, pre
treatment with PCN or spironolactone incre
ases liver weight, glutathione, S-aryltransferase 
activity and bile flow. At the same time, the 
plasma clearance and biliary excretion of 
BSP and its conjugated metabolites are en
hanced. Ethylestrenol likewise increases liver 
weight but does not alter the other parameters 
mentioned above. Spiroxasone, SC-9376 and 
CS-1 (antimineralocorticoids), unlike norbo
lethone and oxandrolone (anabolics) also 
enhance plasma clearance of BSP, probably 
through the same mechanism. By cantrast 
to these effects of pretreatment, administra
tion of spironolactone, ethylestrenol or estra
diol immediately before BSP delays plasma 
clearance of the dye, probably through com
petitive inhibition of biliary excretion. SKF 
525-A does not suppress the enhanced BSP 
clearance induced either by spironolactone or 
by phenobarbital. [Although the authors did 
not evaluate their data from this point of 
view, these observations clearly show that the 
catatoxic activity of steroids is not merely the 
result of hepatic microsomal drug metabo
lizing enzyme induction. It may be mediated 
also through extramicrosomal enzyme mecha
nisms or even through enhanced biliary 
excretion (H.S.).] 
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EXTRAHEPATIO OONDITIONING 

The liver is undoubtedly the principal site of drug metabolism, but virtually all 
cells are endowed with some adaptive ability to toxicants. 

Probably, the first observation on the extrahepatic detoxication of asteroidwas 
the finding that estradiol is inactivated by slices or mince of renal tissue of rats and 
rabbits. It was realized, as early as 1940, that this inactivation is, in all probability, 
not due to conjugation or conversion to a less active form, but to oxidative enzymic 
degradation. 

Pretreatment with cortisol increases the GPT activity not only in the liver, but 
also in the thymus, pancreas, and kidney of the rat. In the thymus, this increase 
may reach 16 times the normallevel. 

1,2-Benzanthracene increases benzpyrene hydroxylase activity throughout the 
entire gastrointestinal tract of various species. 

Glucuronic acid conjugation of thyroid hormones occurs even after hepatectomy 
in the dog or after evisceration in rats, whereas steroid glucuronides are not formed 
following hepatectomy or evisceration. 

Phenobarbital increases both hepatic and (to a lesser extent) renal weight. At the 
same time, the cytochrome b5 and P-450 concentrations and the drug metaboliBm 
are raised 2-3 fold by phenobarbital in the kidneys of rabbits. 

Phenobarbital also enhances incorporation of acetate into cholesterol by both the 
liver and the small intestine in vitro. 

Smoking during pregnancy causes an increase in the benzpyrene hydroxylase 
activity of the human placenta. A similar enzyme activation can be obtained in the 
placenta of the rat by pretreatment with various polycyclic hydrocarbons. 

In man, pretreatment with heptabarbital diminishes the plasma bishydroxycou
marin Ievel more markedly if the anticoagulant is given p.o. than i.v. Presumably, 
part of the protective effect of heptabarbital is caused by increased hepatic destruc
tion of bishydroxycoumarin, but diminished gastrointestinal absorption also plays a 
role. 

Isotope-marked progesterone placed in the small intestine of dogs, was found in 
the effluent venous plasma, at first mainly as unchanged progesterone, but later in 
the form of various metabolites which must have been formed locally. 

In connection with extrahepatic drug detoxication, it should be remernbered that 
a sizable percentage of various drugs and hormones is excreted through the kidney, 
bile, gastrointestinal tract, sweat, milk, tears, lung and reproductive tract. 
Stimulation of these excretory mechanisms also plays an important part in resistance 
to toxicants. These phenomena are considered here although often toxicants are 
excreted only after biotransformation in the liver. 

For further details on extrahepatic drug inactivation, cf. the reviews cited in the 
following Abstract Section. 

Kidney 

Ma8aon & Beland A 72,286/44,· B344j45: 
Review of the Iiterature on the effect of partial 
hepatectomy and other forms of liver darnage 
upon barbiturate anesthesia. Personal obser-

vatians on a series of 29 barbiturates tested 
on partially hepatectomized or completely 
nephrectomized rats led to the conclusion 
that the compounds can be classified into four 
groups: "Group I, those detoxified mainly in 
the kidney; Group II, those detoxified mainly 
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in the liver; Group III, those detoxified 
approximately equally in both liver and 
kidney; Group IV, those possibly detoxified 
in other tissues of the body, but not to any 
great extent in the Ii ver and the kidney." 

Friedman et al. A49,249j49: In rats, 
urinary excretion of digitoxin is negligible. 

Smith D27,805f62: Studies on the effect 
of hyaluronidase and cortisol on the inactiva
tion of vasopressin by rat kidney slices. 

Weiner G74,032j67: Review (18 pp., 
146 refs.) on the mechanism of renal excretion 
of drugs. 

Uehleke & Greim G70,906j68: In rats and 
rabbits, phenobarbital increases the weight 
of the liver and, to a much smaller extent, 
that of the kidney. "Pretreatment with 
Phenobarbital, 3,4-Benzpyrene or Chlorophe
nothane neither significantly increased the 
cytochromes of rat kidney microsomes, nor 
the oxidative drug metabolism. However, in 
the kidneys of rabbits the cytochrome b5 and 
P450 concentrations and drug metabolism were 
2-3 fold higher after Phenobarbital. The 
correlation between P 450 content and drug 
oxidase activity in the kidney microsomes of 
untreated and Phenobarbital treated rabbits 
was low. Suspension of rabbit kidney micro
somes revealed the same spectral changes 
after addition of Hexabarbital or Aniline as 
those reported for Iiver microsomes." 

Karim & Taylor G74,179j70: In rabbits, 
the biliary and urinary excretions of meta
bolites of [ 4-14C] estradiol are described. 

Maruyama et al. G74,893j70: Review of the 
Iiterature indicating that the main site of 
parathyroid hormone inactivation in the rat 
is the kidney. The present authors succeeded 
in isolating a microsomal endopeptidase from 
the rat kidney which preferentially hydrolyzes 
parathyroid hormone. 

Taylor G74,178f70: The biliary and uri
nary excretions of metabolites of [4-14C] 
cortisone in rabbits are described. 

Gastrointestinal Tract 

Berliner & Wiest C22,807j56: Progeste
rone, given i.v., is extensively metabolized in 
1 hour by totally eviscerated rats, even if the 
kidneys and adrenals are also removed. 
After 1 hour, 7 compounds could be isolated 
from the tissues of these animals, although there 
were no polar metabolites similar to the 
conjugates with gineuronie or sulfuric acid, 
and the 7 isolated compounds retained their 
L1 4-3-ketone configuration. 

Bojesen & Egense G75,996j60: In adrenal
ectomized cats, the elimination of endogenous 
corticoids ( cortisol and corticosterone) is 
greatly delayed by hepatectomy and totally 
abolished by evisceration. "A few experiments 
suggested that the intestine is responsible 
for the main part of the extrahepatic elimi
nation. In experiments with the perfused 
isolated hindquarter preparation it was 
impossible to demonstrate any elimination of 
corticosteroids in spite of electrical stimulation 
or the administration of !arge amounts of 
insulin." 

Wattenberg et al. D40,287f62: Benzpyrene 
hydroxylase activity can be demonstrated in 
the small intestine of various species. Following 
1,2-benzanthracene p.o., this enzyme activity 
is increased throughout the entire gastroin
testinal tract but varies in magnitude from 
one region to another. 

Aggler & 0' Reilly G68,730f69: In man, 
pretreatment with heptabarbital diminished 
the reduction in the prothrombin Ievel, the 
amount of bishydroxycoumarin in plasma, 
and the half-life of bishydroxycoumarin more 
markedly after p.o. than after i.v. administra
tion of the anticoagulant. Unchanged bis
hydroxycoumarin was found in the stool only 
after p.o. administration. Presumably, part 
of the response to heptabarbital was caused by 
increased hepatic enzymic destruction of 
bishydroxycoumarin although, in the event 
of p.o. administration, decreased absorption 
from the gastrointestinal tract also played 
a role. 

Middleton & Isselbacher H 17,133j69: In 
rats, phenobarbital increases incorporation of 
acetate into cholesterol not only by the liver 
but also by the small intestine in vitro. 

Nienstedt & Hartiala G69,886j69: "Pro
gesterone-4-14C placed in the small intestine 
of anaesthetized, heparinized dogs was found 
in the effluent venous plasma, first mainly as 
unchanged progesterone, then increasingly in 
the form of different metabolites. These 
include 5a-pregnanedione, 20ß-hydroxypregn-
4-en-3-one, 3ß-hydroxy-5a-pregnan-20-one, 3a
hydroxy-5a-pregnan-20-one, at least one preg
nanediol epimer and a !arge group of polar 
metabolites." 

Lien et al. H25,091j70: In dogs and Rhesus 
monkeys, serum corticoid concentrations were 
measured by the corticosteroid binding
globulin (CBG) technique which measures 
cortisol, corticosterone and 11-desoxycortisol 
in plasma as judged by differences in the 
corticoid concentration in portal and aortic 
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blood. A noteworthy portion of corticoids is 
removed through clearance by the gut, 
especially during conditions of stress. 

RES 

Reichard et al. 032,593{56: Review of the 
literature, and personal observations on the 
role of the RES in the hormonal regulation of 
resistance to bacterial infection and nonspecific 
stress. 

Agarwal et al. 065,716{69: fu the rat, both 
S. typhimurium endotoxin and Thorotrast 
lowered hepatic TPO activity, and prevented 
cortisol from inducing this enzyme in the 
isolated, perfused liver. Under these conditions, 
the TKT activity of the liver remained 
unaffected. Partial purification of hepatic TPO 
induced by endotoxin or Thorotrast indicated 
the presence of some inhibitory substance. 
"Since histological studies revealed that 
thorotrast is localized in Kupffer cells, it is 
suggested that the reticuloendothelial system 
contributes to the control of enzyme induction 
in rat liver." 

Munson et al. H22,843{70: "Drugs which 
alter the phagocytic activity of the RES have 
been shown to prolong barbiturate anesthesia. 
In this study, these observations were extended 
to include agents which decrease RES 
activity. Methyl palmitate, thorium dioxide 
and pyran copolymer (PCP) markedly de
creased the intravascular clearance of colloidal 
carbon and prolonged hexobarbital anesthesia. 
Zymosan, endotoxin, diethylstilbesterol and 
PCP enhance RES activity and also prolong 
hexobarbital narcosis. Conversely, chlorcycli
zine, SKF 525-A and phenobarbital, which 
markedly alter drug metabolism, did not 
alter RES activity. PCP and zymosan pro
longed the haU life of hexobarbital in brain, 
liver and serum. Hexobarbital metaboliBm 
was markedly depressed in 9000x g liver 
supernatant fractions from PCP and zymosan
treated mice. Further studies demonstrated 
that the inhibition of barbiturate metabolism 
was non-competitive. PCP and SKF 525-A 
were additive in microsomal inhibitory ability 
whereas chlorcyclizine, given in a protocol 
which stimulates microsomal enzyme activity, 
reverses the inhibitory effect of zymosan. The 
toxicity of cyclophosphamide, which requires 
hepatic microsomal enzyme activity for 
cytotoxicity, was markedly enhanced by PCP 
suggesting the enzymes necessary for the 
activation of cyclophosphamide are stimulated 
by PCP." 

Placenta 

Welch et al. G65,788J69: No detectable 
benzpyrene hydroxylase or aminoazo dye 
N-demethylase activity was observed in the 
placentas of women who did not smoke but 
these enzymes were found in the placentas 
of smokers. fu rats, treatment with 3,4-benz
pyrene, 1,2-benzanthracene, 1,2,5,6-dibenz
anthracene, chrysene, 3,4-benzofluorene, an
thracene, pyrene, fluoranthene, perylene, or 
phenanthrene during pregnancy increased 
benzpyrene hydroxylase activity in the 
placenta. 

Brain 

Angel & Burkett 039,712{66: Review of the 
Iiterature (6 pp., 21 refs.) on the role of 
stress and corticoids in influencing resistance 
to various drugs through alterations in the 
blood-brain barrier. 

Fuller 075,131{70: In rats, exposure to 
cold, as weil as treatment with cortisol or 
glucagon after adrenalectomy induced TKT 
activity in the liver but not in the brain. 
Apparently, the TKT "of brain differed 
from the enzyme in liver since it did not 
exhibit diurnal variations of activity and was 
not affected by hormones, drugs, or stress." 

Varia 

Heller A32,137j40: In vitro studies on 
tissue slices and tissue mince of rats and 
rabbits indicate that "estradiol is inactivated 
by liver and kidney and not by the other 
tissues studied. This inactivation of estradiol 
is, in all probability, not due to conjugation or 
conversion to a less active form, but due to 
enzymic destruction of an oxidative nature. 
This is indicated by the relative inactivity of 
the treated estradiol, the inability of hydro
lysis procedures to increase activity and the 
effect of tissue poisons upon inhibiting the estra
diol-destroying enzyme system. Estrone is 
increased 20 times in potency by incubation 
with minced uterine tissue. Spleen, lung, 
heart and kidney tissues also caused estrone 
to be converted to a more active substance. 
The suggestion is made that this conversion 
is accomplished by enzymatic reduction of 
estrone to estradiol." 

Ohedid et al. B99,547J54: In mice rendered 
particularly sensitive by adrenalectomy, E. 
coli endotoxin injected i.v. or into the spieen is 
equally toxic. Similar results have been ob-
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tained in intact rats. "Thus the liver does not 
appear to play an immediate roJe in the 
detoxification of this antigen." In partially 
hepatectomized rats "which become more 
sensitive to any toxic substance" cortisone 
continues to exert its protective effect against 
endotoxin. The same is true of the spleneetomy 
or thymectomy. 

Rosen et al. 071,414/59: Pretreatment with 
cortisol increased the GPT activity not only 
in the liver but also in the thymus, pancreas 
and kidney of the rat. In the thymus the 
increase was 16-fold on the basis of protein 
content. 

SulcovO, & Stdrka E37,298f63: Demon
stration of extrahepatic 7a-hydroxylation of 
dehydroepiandrosterone by in vitro studies 
using different rat organs (lung, kidney, 
spieen, musele, blood). 

Govier F57,820f65: In rabbits, acetylation 
of sulfanilamide and p-aminobenzoic acid 
(one of the major routes of metabolism of 
acrylamines) has been examined utilizing 
isolated intact hepatic and RES cells of 
various other tissues. "The acetylation of 
these compounds, usually attributed to the 
liver, was found to occur in cells of the 
reticuloendothelial system. No acetylation 
could be demonstrated in the hepatic paren
chymal cells. Lung and spieen, organs known to 
contain a high percentage of reticuloendo
thelial cells, were also found to acetylate 
these compounds." 

Jayle & Pasqu.alini G67,284j66: Review 
(36 pp., 267 refs.) on glucuronic acid conju
gation of steroids and thyroxine. Literature is 
cited to show that glucuroconjugation of 
thyroid hormones occurs also in eviseerated 
rats and hepatectomized dogs, whereas steroid 
glucuronides are not formed in hepatecto
mized and eviscerated mice. This suggests 
that glucuroconjugation of thyroid hormones, 
unlike that of steroids, can occur in extra
hepatic tissues. 

Oonney F88,649f67 (p. 340): Review of 
the Iiterature on enzyme induction in 
nonhepatic tissues. 

Golrl&ein et al. E165f68 (p. 232): Review 
on extrahepatic drug metaboliBm as influenced 
by various inducers. 

Mannering G71,818f68 (p. 77 ): Review on 
the induction of drug-metabolizing enzymes in 
the Jung, gastrointestinal tract and kidney. 

Stowe & Plaa G73,241f68: Review (19 pp., 
226 refs.) on the extrarenal excretion (blle, 
gastrointestinal tract, sweat, mllk, tears, Jung 
and reproduetive traet) of drugs and hormones. 

Wattenberg et al. G71,805f68: In rats, the 
increase in benzpyrene hydroxylase activity 
induced by various 2-phenylbenzothiazoles 
usually shows a similar trend in liver and 
Jung. 

UehlekeG70,915f69: Reviewon extrahepatic 
microsomal drug metabolism. 

Oonney G70,316j70: Review on environ
mental factors influencing drug metaboliBm 
with a special section on extrahepatic micro
somal-enzyme induction. 

Schoor H28,965f70: A farmer from an 
area of heavy pesticide usage was given 
phenobarbital and diphenylhydantoin for the 
treatment of epilepsy. His blood Ievels of 
DDT, DDE, dieldrin and heptachlor were far 
below those of other farmers living in the same 
area. It is assumed that either the drugs 
activated microsomal enzymes which destroy 
the pesticides or "that the pesticides are 
bound by serumproteins, and are consequently 
relatively inert. The action of the drugs on the 
pesticides depends on the competition of 
both for the same binding sites on the proteins." 

McArthur et al. G81,040f71: Studies on the 
binding of indomethacin, salicylate and pheno
barbital to human whole blood, plasma, and 
erythroeytes (equilibrium dialysis), showed that 
"the red cells bound appreciable proportians 
of salicylate and phenobarbitone but not 
indomethacin. It is concluded that prediction 
of the extent of the drug binding to the circu
lating blood should be made from the results 
obtained with whole blood, red cells and 
plasma." 

TOXIOANTS (OHARAOTERISTIOS OF TYPIOAL SUBSTRATES) 

At present, the most popular basis for the classification of substrates amenable to 
biotransformation by hepatic microsomal enzyme systems is their preferential binding 
to hepatic hemoprotein P-450 as determined by difference spectra. It is generally 
agreed that, on this basis, the response of the substrates remains of the same 
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type whether they are exposed to naturally-occurring microsomal enzyme consti
tuents or to those artificially induced by different compounds. Furthermore (with 
one or two possible exceptions), the Type I or Type II behavior of a substrate 
(cf. p. 15) is unchanged upon incubation with hepatic microsomes of different 
species. It is suggested that the Type I and Type II binding sites differ and that the 
Type I site is associated with membrane phospholipids (Chaplin & Mannering 
G75,976/71). 

The following is a partial Iist of substrates that have been categorized in this 
manner (largely based on Mannering G74,558/71): 

TYPE I TYPE II 
Aminopyrine 

(Dimethylaminoantipyrine) 
Amobarbital 
3,4-Benzpyrene 
Chlorpromazine 
Coumarin 
Cyclohexane 
DDT 
Dihydrosafrole 
N,N-Dimethylaniline 
ß-Estradiol 
Ethylbenzene 
Ethylmorphine 
Hexabarbital 
Imipramine 
Lilly 327-169-22B 
Lilly 390-378-23B* 
Methylphenidate 
Morphine 
Naphthalene 
Phenacetin 
Phenobarbital * 
Pregnenolne 
Progesterone 
SKF 525-A 
SKF 8742-A* 
Testosterone 

* Can be Type I or II depending upon 
circumstances (e.g., species). 

Acetanilide 
Acetone 
Alcohols (methyl-, ethyl-, 2-propyl-, 

isobutyl-, isoamyl-) 
1-Butanol 
Amines (n-propyl-, n-butyl-, n-pentyl-, 

n-heptyl-, n-acetyl-, n-decyl-, benzyl-, 
cyclohexyl-) 

p-Aminophenol 
Amphetamine 
Aniline 
Corticosterone 
Cortisol 
Cyanide 
Desdimethylimipramine 
Dioxane 
DPEA 
Ethyl isocyanide 
Imidazole 
Lilly 390-378-23B* 
N-Methylaniline 
3-Methyl-4-Methylaminoazobenzene 
Metyrapone 
Monomethylaminopyrine 
Nicotinamide 
Nicotine 
Phenobarbital* 
Phenylhydrazine 
Pyridine 
Rotenone 
SKF 8742-A* 
SKF 26754-A 

It will be noted that among the steroids in this Iist, some (estradiol, pregnenolone' 
progesterone, testosterone) are classified as Type I substrates, whereas others 
(corticosterone, cortisol) belong to Type II. Much more work will be necessary to 
classify, according to these criteria, all steroids that have been found to be either 
inducers of, or substrates for, microsomal enzymes. Meanwhile, it is even 
debatable whether there is any close relationship between the differential spectro
graphic behavior of substrates and their effects in vivo. 

Within the frame of this monograph it would be impossible to describe in detail 
the characteristics of all the substrates whose metabolism and toxicity are 
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influenced by catatoxic compounds. Most of the pertinent data will be found in the 
sections on individual inducers affecting these toxicants since it is according to the 
inducers that our material is arranged. Here, we should like to give only brief outlines 
and key references on the characteristics of the substrates themselves. 

Steroid hormones are especially important both as substrates and as inducers of 
catatoxic activity; hence, they deserve special attention in connection with our 
subject. The major pathways of biosynthesis of adrenal steroids and some of thc 
enzymes and coenzymes involved may be summarized as shownon p. 106. 

Here the major secretory products are underlined. In the zona fasciculata and 
zona reticularis, no aldosterone is formed. In the zona glomerulosa, aldosterone is 
produced but no 17-hydroxylated compounds or sex hormones are formed. The 
enzymes and cofactors for the reactions progressing down each column are shown 
on the left and from the first to the second column at the top of the chart. When a 
particular enzyme is deficient, hormone production is blocked at the points indi
cated by the shaded bars. 

Among the most interesting steroid substrates is cholesterol, because of its 
important role in atherosclerosis. Experimental findings suggest that by accelerating 
its metabolic degradation through catatoxic compounds, cholesterol atherosclerosis 
can be prevented in animals and perhaps even in man. 

The digitalis compounds (closely related to steroid hormones and cholesterol) are 
among the most commonly-used substrates in work on catatoxic steroids. The 
following Abstract Section lists several excellent reviews on the pharmacology of 
digitalis compounds and data concerning the mechanism of digitoxin hydroxylation 
in the rat. Chronic administration of digitoxin significantly inhibits both the 
synthesis and the stress-induced release of ACTH, thereby causing some degree of 
adrenal atrophy. Digitoxin has even been claimed to inhibit stress-induced adrenal 
hypertrophy suggesting close relationships between this cardiac glycoside and 
corticoids. 

The barbiturates represent another large group of drugs commonly employed 
in experimental work on the action of catatoxic compounds, because -like digitoxin, 
pesticides or indomethacin- they are readily attacked by induced hepatic micro
somal enzymes. For these reasons the various factors influencing the distribution, 
metabolism and action of barbiturates have been carefully explored but all these 
data cannot be reviewed here. 

An interesting fact from the point of view of barbiturate detoxication is that both 
in animals and in man just awakening from barbiturate hypnosis, it is possible to 
reinduce sleep by cortisone or i.v. injection of glucose. The mechanism of this singular 
phenomenon is not understood, but it obviously cannot be due to interference with 
induction or enhanced degradation of drug-metabolizing enzymes, since the plasma
barbiturate concentration has already fallen below the anesthetic Ievel when sleep is 
reinduced. It is conceivable, however, that glucocorticoids and glucose discharge 
barbiturates from tissue stores into the blood, increase the barbiturate sensitivity of 
the brain, or augment the permeability of the blood-brain barrier. 

Despite great individual variations in the duration of pentobarbital narcosis or 
zoxazolamine paralysis among rats, the brain concentration of these drugs closely 
parallels their pharmacologic activity. Apparently, individual variations in barbitu-
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rate (and zoxazolamine) sensitivity among ratsarenot due to great differences in the 
drug-sensitivity of the nervous system but to differences in drug absorption and meta
bolism. 

The salient characteristics of the barbiturates most commonly employed in North 
America are illustrated as follows (Sharpless E 8,852/70): 

Table 11. Barbituratesmost commonly used in North America 

R3 bo 
'N-e"" R1 x=cS 'c/ 
'N-C/ '-R2 

H/ ~0 

Barbiturate Trade name Rl R2 Ra X 

.Allobarbital Dia I allyl allyl H 0 

.Amobarbital .Amytal ethyl isopentyl H 0 
Aprobarbital Alurate allyl isopropyl H 0 
Barbital Verona! ethyl ethyl H 0 
Butabarbital Butisol ethyl sec-butyl H 0 
Butalbital Sandoptal allyl isobutyl H 0 
Butallylonal Pernoston sec-butyl 2-bromoallyl H 0 
Butethal Neonal ethyl butyl H 0 
Cyclobarbital Phanodorn ethyl cyclohexen-1-yl H 0 
Cyclopentyl Cyclopal allyl 2-cyclopenten-1-yl H 0 

allylbarbituric 
acid 

Heptabarbital Medomin ethyl 1-cyclohepten-1-yl H 0 
Hexethai Ortal ethyl n-hexyl H 0 
Hexabarbital Evipal methyl 1-cyclohexen-1-yl CH3 0 
Mephobarbital Mebaral ethyl phenyl CH3 0 
Metharbital Gemanil ethyl ethyl CH3 0 
Methiturat Neraval 2-methylthioethyl 1-methylbutyl H s 
Methohexital Brevital allyl 1-methyl-2-pentynyl CH3 0 
Pentabarbital Nembutal ethyl 1-methylbutyl H 0 
Phenobarbital Lumina! ethyl phenyl H 0 
Probarbital lpral ethyl isopropyl H 0 
Secobarbital Secanal allyl 1-methylbutyl H 0 
Talbutal Lotusate allyl sec-butyl H 0 
Thiamylal Surital allyl 1-methylbutyl H s 
Thiopental Pentathai ethyl 1-methylbutyl H s 
Vinbarbital Delvinal ethyl 1-methyl-1-butenyl H 0 

The pharmaco-chemical correlations in the barbiturate series have been the 
subject of very numerous and careful studies. In general, structural changes resulting 
in increased lipid solubility shorten the duration of action (presumably owing to 
more rapid metabolic degradation) and often aceeierate and increase hypnotic 
potency. Such changes result for example from an increase in the length of one or 
both alkyl side-chains at C6 (R1, R 2, up to 6 or 7 carbon atoms). On the other hand, 
hypnotic activity is abolished by the introduction into the alkyl side-chains of func-
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tional or polar groups, such as keto, ether, hydroxylamino or carboxyl groups. 
Methylation of one of the nitrogens increases lipid solubility and also decreases the 
duration of action. A very reactive alkyl group or phenyl group at 0 5 endows the 
barbiturate with selective anticonvulsant effects. On the other hand, slight changes 
in structure may convert barbituric acidderivatives into convulsants (e.g., prolonga
tion of the side-chain at 0 5). Alkyl Substitution of both nitrogensalso tends to yield 
convulsant compounds. Replacement of the carbonyl oxygen at 0 2 (X) yields thio
barbiturates which are also fat soluble, rapid in onset of activity and short in duration 
of action. 

Because of their great economic importance, the organic phosphate-anticholin
esterase pesticides have been the subject of extensive comparative toxicologic 
studies in many species. Many of these compounds are also readily detoxified by 
catatoxic drugs and hormones, and most of them are more toxic to female than to 
male rats, but in a few cases the reverse is true. For example, OMPA is in itself 
virtually devoid of toxicity but both mammalian liver and plant tissue can transform 
it into an active anticholinesterase. Accordingly the toxicity of OMP A- unlike that 
of most toxicants subject to biotransformation by hepatic enzymes- is actually 
diminished by partial hepatectomy. Yet, as we shall see later, contrary to 
expectations, highly potent catatoxic steroids do not increase OMPA toxicity, 
perhaps because they not only transform the compound into a toxic anticholin
esterase but also enhance the further degradation of the latter into nontoxic end 
products. For a few key references on the metabolic inactivation and toxicology of 
mercury, CC14, nicotine, indomethacin, etc., the reader is referred to the Abstract 
Section. 

Steraids 

Danielaaon &: Tchen G72,327f68: Review 
(51 pp., 242 refs.) on the biosynthesis and 
metaboliBm of cholesterol, phytosterol, insect 
sterols, bile salts and bile pigments, including 
the factors (diet, hormones) influencing 
these. Steroid hormone metaboliBm is not 
discussed. 

Samuela &: Eik-Nea G73,404f68: Review 
(52 pp., 223 refs.) on the biosynthesis, trans
port, distribution and metabolism of steroid 
hormones. Several instructive tables summa
rize the steroid hormones naturally produced 
by the various endocrine glands or demonstra· 
ted to occur in the blood stream. 

Digitalis 

Cox &: Wright G66,614f59: In rats, paper 
chromatographic and colorimetric studies 
revealed that "in bile lanatosides A and C were 
excreted unchanged. Digitoxin, digoxin and 
digoxigenin were present partly unaltered 
and partly as metabolites which still retained 
the unsaturated Iactone ring. Digitoxigenin 
was excreted entirely as metabolites." 

Repke D27,189f59: Studies on the mecha
nism of digitoxin hydroxylation in the rat. 

Vernikos-Danellia &: Marks D21,210f62: 
Review of the Iiterature on the interrelations 
between digitoxin and the hormones of the 
pituitary-adrenal axis. "The experiments de
scribed here demonstrate that chronic admi
nistration of digitoxin significantly inhibits 
both synthesis and stress-induced release of 
pituitary ACTH." In rats, small doses of 
digitoxin produce adrenal atrophy although 
large doses (which act as stressors) have an 
opposite effect. Earlier publications had shown 
that digitalis glycosides increase the perfor
mance of animals subjected to stress, prevent 
the adrenal hypertrophy caused by stress, and 
prolong the life of adrenalectomized rats, 
mice and cats. 

Dutta &: Marks G73,208f66: In rats and 
guinea pigs the distribution studies of iso
tope marked ouabain and digoxin show that 
particularly high concentrations are found 
in the liver, kidney, adrenal and pituitary. 

Gibaon &: Becker E65,709f67: In mice, the 
role played by drug excretion in determining 
the toxicity of digitalis alkaloids was tested 
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following the production of cholestasis by bile 
duct ligature or cholestatic aryl isothiocya
nates such as phenylisothiocyanate (PIT) and 
a-naphthylisothiocyanate (ANIT). The part 
played by anuria was examined after ligature 
of the penis. After ouabain i.p., mortality was 
enhanced by diminution or stoppage of bile 
fiow. Digoxin and digitoxin enhanced letha
lity in anuric mice. Lanatoside-C was not more 
toxic to hypoexcretory mice. "The use of 
hypoexcretory mice in toxicologic evaluations 
of pharmacologic agents is suggested." 

Burckkardt &: LaDue H 15,071!68: Review 
of the Iiterature on the production of gyne
comastia in man and of vaginal cornification 
in postclimacteric women treated with digi
talis. Personal observations show a diminution 
of urinary FSH in postclimacteric women 
treated with digitalis. This is ascribed to 
depression of FSH formation through a folli
culoid effect of digitalis. 

Wilson G71,238f69: Review (8 pp., 55 refs.) 
on the metaboliBm of digitalis compounds. 

Morgan &: Binnion G76,782f70: In dogs, 
the distribution of 3H-digoxin has been deter
mined under normal and hypokalemic condi
tions. Reasons for the reduced myocardial 
uptake of the glycoside during hypokalemia 
are discussed. 

Barbiturates 

Riikards &: Taylor H 19,235/56: Review 
(44 pp., 233 refs.) on various factors infiuenc
ing the distribution, metabolism and action 
of barbiturates. 

Dhuner &: Nordqvi8tD98,693f57: In 11 of 13 
patients who recovered from barbiturate 
poisoning, sleep was reinduced by cortisone 
treatment or i.v. injection of glucose. 

Kato et al. H 15,635/69: Although there are 
great individual variations in the duration of 
pentobarbital narcosis and zoxazolamine pa
ralysis among rats, the brain concentration 
of the dmgs parallals their pharmacologic 
activity quite closely. Apparently, variations 
in dmg activity from rat to rat are not due 
to individual variations in the sensitivity of 
the nervous system, but to differences in dmg 
absorption and metabolism. 

Skarpless E8,852f70: A textbook article 
(21 pp., about 85 refs.) on the pharmacology 
of barbiturates with special reference to phar
maco-chemical correlations and mechanisms 
of action. 

Pesticides 

DuBois et al. D92,992f50: Extensive 
investigations on the toxicology of OMP A in 
various species, with an analysis of its mecha
nism of action. Both mammalian liver and 
plant tissue can transform OMP A into an 
active anticholinesterase. 

Aldrigde &: Barnes G41,307f52: Systematic 
studies on the toxicology of several organo
phosphorus insecticides in mammals. 

Frawley et al. 069,644/52: Comparative 
toxicologic studies on orgauic phosphate
anticholinesterase compounds in guinea pigs, 
mice and rats, with a rapid procedure for the 
measurement of brain, plasma and erythrocyte 
cholinesterase. "The oral LD50's for these 
compounds for male and female rats are DFP, 
13.5 and 7.7 mgm.fkgm.; Parathion 30 and 
3 mgm.fkgm.; TEPP 2 and 1.2 mgm.fkgm.; 
EPN 91 and 14.5 mgm.fkgm.; OMP A 13.5 
and 35.5 mgm.fkgm.; and E-838 42 and 19 
mgm.fkgm. The administration of oral LD75 

doses of these compounds caused brain 
cholinesterase inhibition varying with each 
compound: DFP> Parathion> E-838> EPN 
> TEPP> OMPA." 

Davison A 49,341/55: In rats, neither OMP A 
nor parathion possesses any significant toxic 
effect until they are transformed by hepatio 
microsomal enzymes into more active cholin
esterase inhibitors. These pesticides furnish 
clear-cut examples of the fact that the trans
formation or dmgs by microsomal enzymes 
does not necessarily diminish but may actu
ally increase the toxicity of substrates. 

Gaines G67,102f69: LD50 values have been 
determined for 98 pesticides, and 2 metabo
lites of DDT in the rat. Most compounds were 
more toxic to females than to males, but 9 of 85 
compounds were more toxic in males. In 
chickens several of the pesticides produced 
paralysis. 

Datta G75,362f70: In rats, the detoxication 
pathways of p,p'DDT to p,p'DDE were 
examined after DDE pretreatment. Appa
rently, "two different pathways exist and may 
be operated simultaneously in intact animals. 
The predominance of one or the other may 
depend on physiologic response or the amount 
of toxicant used." 

DomBchke et al. G74,897f70: In rats, ethio
nine falls to prevent the induction of TPO by 
the pesticide soman. "Since ethionine is known 
as an effective inhibitor of the protein synthe
sis in the liver the negative results are prob-
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ably due to a stimulating effect of soman on 
the de-novo-synthesis of liver enzymes." 

Fouts G76,868f70: Review on the effects 
of various insecticides, both as inducers and as 
substrates for hepatic microsomal enzymes. 

Hayes et al. G80,268f71: "The average 
dosage of p,p' -DDT administered in this study 
was 555 times the average intake of all 
DDT-related compounds by 19-year-old men 
in the general population and 1,250 times 
their intake of p,p'-DDT. Since no definite 
clinical or laboratory evidence of injury by 
DDT was found in this study, these factors 
indicate a high degree of safety of DDT for the 
general population." 

Mercury 

Spode G72,979f60: In mice injected with 
203Hg acetate, by far the highest Hg concen
tration was detected in the kidneys about 24 
hrs after s.c. and about 3 hrs after i.p. in
jection. Correspondingly the blood concen
tration of Hg reaches its maximum about 
1 hour after i.p. and only 3 hrs after s.c. 
administration. The liver btores about 1/10 
as much as the kidney but still much more 
than other organs. Various "decorporation
stimulating substances" were tested but 
none of them diminished Hg storage in the 
liver or spieen. In the kidneys, Ca-EDTA and, 
to a lasser extent, citrate and Graham salt 
reduced storage but only Na-citrate and Ca
EDTA enhanced mercury elimination. Other 
reputed "decorporating substances" such as 
hexamethylene, diaminotetraacetic acid, gallic 
acid, gallic acid propylester, tannic acid, 
tripolyphosphate and amobarbital proved to 
be essentially ineffective in these respects. 

Swensson & Ulfarson F89,45lf67: Review 
of the Iiterature and extensive personal 
investigations on the effect of various anti
dotes upon mercury poisoning in the rat. 

Carbon Tetrachloride 

Recknagel F85,043f67: Review (63 pp., 
351 refs.) on the hepatotoxic effects of CCI4• 

Fowler G70,865f69: In rabbits, CCI4 p.o. 
is distributed in the fat, liver, kidney, and 

muscles. Some of its metabolites have been 
identified. 

Nayak et al. G80,728f70: In rats, a protein
free diet or starvation caused deterioration of 
the ER and diminution of drug-metabolizing 
enzymes, but failed to make the hepatocytes 
less susceptible to the effects of CCI4• 

Nicotine 

Harke et al. G73,847f70: Comparative 
studies on the oxidative degradation of nico
tinein the rat and hamster. 

Griseofulvin 

Osment G72,369f69: Review on the phar
macology of griseofulvin. It can act both as a 
hepatic microsomal-enzyme inducer and as a 
substrate for such enzymes. 

Indomethacin 

Hucker et al. G67,79lf66: First systematic 
studies on the metabolism of indomethacin 
in various species. Most of a single dose is 
eliminated from the body in 24 hrs. The drug 
is largely excreted through the bile but then 
reabsorbed and eliminated through the urine 
in most species, except the dog in which reab
sorption of biliary material is not followed by 
urinary excretion. The dog excretes indo
methacin through the bile as a glucuronide. 
The drug is highly bound to plasma protein 
but does not accumulate in the intestinal 
wall of either guinea pigs or rats. 

Yesair et al. G75,388f70: In rats, salicylic 
acid i.v. decreases the plasma concentration 
of indomethacin. Simultaneously, the urinary 
excretion of 14C-indomethacin is decreased, 
whereas biliary and fecal excretions are in
creased. Phenylbutazone, chlorogenic acid and 
acetic acid had no effect on plasma radioacti
vity. Probaneeid increased plasma concentra
tion of indomethacin. "The specificity of 
salicylic acid in decreasing concentrations of 
indomethacin in plasma of rats and of probe
necid in increasing indomethacin concentra
tions in plasma of both rat and man may 
arise from the similarity in structure of the 
benzoyl group of the three compounds." 



V. EFFECT OF STEROIDS UPON RESISTANCE 

STEROIDS+ 

In a book on "Hormones and Resistance" it would hardly be appropriate to 
discuss all the antagonistic interactions between steroids. As explained in the 
Introduction, the reader is referred to our earlier monographs for such topics as the 
mutual inhibition of gluco- and mineralocorticoids as regards the regulation of 
inflammation or the interplay between folliculoids and luteoids in the regulation 
of the menstrual cycle. Here we shall deal primarily with the effects of one steroid 
upon systemic intoxications with other steroidal compounds. In retrospect it is 
interesting to speculate however about the possibility that some of the apparently 
specific antifolliculoid, antitestoid or antimineralocorticoid actions of steroids may be 
nonspecific consequences of defensive enzyme activation. 

~ Glucocorticoids 

It has long been known that, at least in rats, glucocorticoids antagonize certain 
actions of mineralocorticoids, particularly the hypernatremia, the hyalinosis (after 
uninephrectomy + NaCl), the elevation of the EST and insulin hypersensitivity. In 
addition, cortisol and cortisone prolong the anesthetic effect of hydroxydione. Data 
concerning the effect of glucocorticoids on DOC anesthesia are somewhat contra
dictory. 

The antipyretic effect of glucocorticoids against fever produced by etiocholanolone 
has been ascribed to a stabilization of lysosomal membrane. 

The well-known antagonism between gluco- and mineralocorticoids, as regards 
various forms of inflammation and the balance between catabolism and anabolism, 
are clearly dernonstrahle only after adrenalectomy; presumably in the presence of 
the suprarenals, endogenous corticoids tend to mask any disproportion between an 
exogenous excess of either type. 

In this connection, brief mention should be made of the "law of intersecting 
dose-effect curves" which plays a role in many apparently paradox interactions 
between steroid hormones, but is applicable also to countless other interrelationships 
between drugs. In brief, it says that if two mutually antagonistic agents are administe
red concurrently in fixed proportions, the action of one or the other constituent may 
predominate at different dose Ievels. An agent whose effect increases rapidly with 
rising doses but soon reaches a plateau will preponderate at low dose Ievels, 
whereas an agent whose activity rises slowly but persistently to reach much higher 
final values will predominate at high dose Ievels. This type of interaction can 
explain, for example, why the actions of glucocorticoids are largely counteracted by 
endogenous mineralocorticoids at near physiologic low Ievels but not in the event 
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of heavy overdosage. The same law also explains why a given mixture of two 
antagonistic hormones may exert opposite effects at low and at high dose levels as 
indicated below: 

Dose 

Illustration of the ''law ol intersecting dose effect curves." It will be seen that certain 
glucocorticoid effects can be antagonized by mineralocorticoids only at near physiologic 
low dose Ievels. The antiphlogistic, thymolytic, splenolytic and catabolic actions of gluco
corticoids are largely compensated by endogenaus mineralocorticoids in the intact animal 
or by near physiologic amounts of mineralocorticoids after adrenalectomy. However, by 
raising the glucocorticoid Ievel far above normal, a corresponding rise in mineralocorti
coid dosage no Ionger suffices because the action curves cross each other slightly above the 

Ievel of normal corticoid production 

+- Glucocorticoids cf. also Selye B40,000f 
50, pp. 515, 536, 584, 585; B58,650f51, p. 324; 
G60,083J70, pp. 347, 348. 

Friedman & Friedman B48,306f50: In 
intact male rats on anormal NaCI intake, the 
hypertension and cardiac hypertrophy produ
ced by s. c. implantation of DOC pellets was 
inhibited by an adrenocortical extract but not 
by progesterone, testosterone, pregnenolone, 
estradiol or acetoxypregnenolone. 

Woodbury etal. B47,201f50: In rats, ACTH 
and adrenocortical extract antagonize the fol
lowing actions of DOC: 1. hypernatremia; 
2. electroshock threshold elevation; 3. insulin 
hypersensitivity; 4. hyalinosis (after sensiti
zation by uninephrectomy plus NaCI). 

Heuser 054,451/58: In rats, cortisol Suc
cinate, given s. c. shortly before progesterone, 
hydroxydione, pentobarbital or ether, pro
longs anesthesia produced by any of these 
compounds. When given i. v., cortisol does not 
exhibit this effect. In itself, cortisol is not an 
anesthetic. "Lil.Cortisol has a similar action to 
cortisol. Still, in marked cantrast to its effect on 
other anesthetics, it does not infiuence DOC
anesthesia." Desoxycortisone elicits Iang
lasting convulsions which can be counteracted 
by various anesthetic steroids. 

Rummelet al. 080,035/59: In rats, chronic 
or acute pretreatment with cortisone increases 
the sensitivity to subnarcotic doses of DOC. 

Sulman et al. 079,823/59: In rats injected 
for 4 months with prednisone or prednisolone, 
an increase in the hepatic content of the en
zymes which decompose these steroids could 
be demonstrated in vitro. Various histologic 
stains failed to reveal any associated light
microscopic change in the hepatocytes. Addi
tion of SKF 525-A to the homogenate of acti
vated livers blocked their enzymic activity. 

Janoski et al. E7,896f68 (p. 287 ): Review 
of data suggesting that the antipyretic effect 
of glucocorticoids against fever produced by 
etiocholanolone and related steroids is due to 
the stabilization of lysosomal membranes. 

Morrison & Kilpatrick G69,282f69: Obser
vation of a personal case and report of several 
others from the literature, showing that in 
women taking glucocorticoids during pregnan
cy, estriol excretion is diminished. "The 
effect could be the result of direct depression 
of the placental enzymic systems." 

Kostowski & Nowacka H26,526f70: In 
mice, cortisol and methylprednisolone de
crease hexobarbital sleeping time, whereas 
DOC prolongs it. Hydroxydione anesthesia is 
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not changed by cortisol but prolonged by 
methylprednisolone as weil as by high doses 
ofDOC. 

Selye G60,064j70: In the rat, the ESCN 
produced by F-COL + NazHP04 + corn oil 
cannot be prevented by prednisolone or triam
cinolone. 

Fluorocortisol Acetate +- Corticoids cf. 
also Tables12-14 

DOC +- Corticoids cf. also Table 15 
Estradiol +- Corticoids cf. also Table 16 
Progesterone +- Corticoids cf. also Table17 
Triamcinolone +- Corticoids cf. also 

Table 18 
Pancuronium +- Corticoids cf. also Ta

blel9 

Cortisol +- Cortisol, Dog: Kuipers 
et al. 048,349/58* 

Cortisol +- Tetrahydrocortisol 
Kumagai et al. C73,732j59 

Prednisolone +- Prednisolone: 
Sulman et al. C79,823j59 

Cortisone +- Cortisone +Sex: Ha
gen et al. G77,512j60 

Estradiol-17ß +- Cortisol+Age: 
Nicolette et al. F 12, 788/64* 

Estradiol-17ß +- Prednisolone: 
Inscoe et al. F70,325j66 

+- Mineralocorticoids and Gluco-Mineralocorticoids 

In rats heavily overdosed with glucocorticoids, normally saprophytic organisms 
tend to proliferate and often cause multiple abscesses resulting in death. This 
"saprophytosis" is more effectively combated by STH in intact than in adrenalec
tomized animals perhaps because the adrenals produce some antiglucocorticoid 
compound. However, DOC alone or in combination with other steroids, fails to 
duplicate the anti-infectious action of STH in cortisone-treated rats. 

Aldosterone inhibits the anti-inflammatory effect of cortisol in various tests on 
adrenalectomized rats. This type of antagonism is also negligible in the presence of 
the adrenals, perhaps because the resting mineralocorticoid secretion is already near 
optimal in antagonizing the antiphlogistic actions of glucocorticoids. 

DOC and progesterone increase each other's anesthetic effect but this appears to 
represent a simple summation of their narcotic potency. 

The 2-cyano-steroid, TMACN, administered to pregnant rats, causes nipple 
formation in male and inhibition of nipple development in female fetuses, 
presumably owing to its characteristic effect upon steroid synthesis in the matemal 
adrenal. Corticosterone prevents the effect of TMACN upon female fetuses, 
probably because it inhibits ACTH secretion and thereby diminishes overproduction 
of 3ß-hydroxy-androstanes. Pure mineralocorticoids have not been tested in this 
connection, but in view of their lesser inhibitory action on ACTH production they 
might be expected to be also less effective in counteracting TMACN. 

+- Mineralocorticoids and Glucomine
ralocorticoids cf. alsoSelye C92,918j61, p.280. 

Ducommun & Ducommun B70,251j53: In 
rats, saprophytosis produced by heavy over
dosage with cortisone is inhibited by concur
rent administration of STH. This "anti
infectious effect of STH" is much less evident 
after adrenalectomy. DOC, testosterone, estra
diol alone or in combination failed to duplicate 
the anti-infectious action of STH cortisone
treated rats. 

8 Selye, Hormonesand Resistance 

Negrete 023,001/55: In male rats, pretreat
ment with nonanesthetic doses of progesterone 
increases sensitivity to DOC-anesthesia. 

Selye B98,268j55: In adrenalectomized 
rats the diminution of body weight, inflamma
tion in the granuloma pouch, as well as the 
atrophy of the thymus and spieen, produced by 
cortisol, are all inhibited by aldosterone. 

Selye & Bois C 14,534/56: In adrenalecto
mized rats bearing granuloma pouches, 2-
methyl-9a-fluoroeortisol (Me-F -COL) antago-
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nizes the antiphlogistic, catabolic, thymolytic 
and splenolytic actions of cortisol. This effect 
is ascribed to the strong mineralocorticoid 
effects of Me-F-OOL, which counteract gluco
corticoid actions. However, since Me-F-OOL 
itself possesses some glucocorticoid potency, 
its cortisol antagonizing action is evident only 
at very low dose levels (about 75 (J-g/kg) at 
which mineralocorticoid effects predominate 
in agreement with the "law of intersecting dose
effect curves." 

Neumann & Goldman H25,234f70: In 
pregnant rats, treatment with TMAON (2u
cyano-4,4,17a -trimethylandrost-5-en-17ß -ol 3-
one) causes nipple formation in male fetuses 
and inhibits the normal development of 
nipples in female fetuses, presumably owing 
to characteristic derangements in the enzymic 
mechanisms responsible for steroid production 
in the adrenals. Testosterone prevents these 
effects of TMAON in male fetuses, suggesting 

that its feminizing property upon the nipples 
(like that of fetal orchidectomy) is merely due 
to deficient testosterone production. Corti
costerone prevents the actions of TMAON upon 
female fetuses, probably because it inhibits 
fetal AOTH-mediated adrenal enlargement and 
the consequent overproduction of 3ß-hydroxy
androstanes. 

Kostowski & Nowacka H26,526f70: In 
mice, cortisol and methylprednisolone de
crease hexobarbital sleeping time, whereas DOO 
prolongs it. Hydroxydione anesthesia is not 
changed by cortisol but prolonged by 
methylprednisolone as weil as by high doses 
of DOO. 

Oortisol ~ Oorticosterone: Firschein 
et al. 030,553/57* 

Cortisol ~ DOO: Kumagai et al. 
073,732/59 

TMACN ~ Oorticosterone: Neumann 
et al. H25,234f70* 

+-- Testoids and Anabolie Steroids 

Glucocorticoids +-. It has long been known that anabolic testoids antagonize many, 
but not all, of the actions of glucocorticoids. For example, according to most 
investigators, the inhibition of growth, the reduction in the widths of the epiphyseal 
cartilage, the impairment of wound healing, the production of gastric ulcers (espe
cially during fasting), are all blocked by concurrent treatment with certain anabolics, 
at least under optimal experimental conditions; conversely, the thymus atrophy 
and saprophytosis in rats, as well as the characteristic cortisone myopathy of 
the rabbit, are not significantly prevented by anabolics. 

A variety of anabolic testoids proved to be highly potent in preventing 
progesterone and pentobarbital anesthesia in rats; however, since spironolactone 
exhibits the same anti-anesthetic effect, the latter cannot be attributed to anabolic 
potency. 

Mineralocorticoids and Gluco-Mineralocorticoids +-· The nephrosclerosis, protein
uria and hypercholesterolemia produced by DOC in the rat can be prevented by 
methyltestosterone even after sensitization by uninephrectomy. However, this 
inhibition appears to depend upon circumstances yet to be identified, since it is by 
no means constant. 

Pretreatment with ethylestrenol inhibits DOC anesthesia in the rat and this 
protective effect can be blocked, in turn, by thyroxine. 

The ESCN produced by F-COL + Na2HP04 + corn oil in the rat is prevented by 
ethylestrenol, norbolethone and some other catatoxic steroids but not by 
oxandrolone. 

Luteoids +-. Fernale and castrate male rats are more sensitive to the 
anesthetic effect of progesterone than are intact males but methyltestosterone 
pretreatment raises the resistance of females and castrates to the male level. 
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Folliculoids +. In mice, estradiol produces pubic hone resorption and hyper
calcification of other bones. This effect is inhibited by testosterone. 

The actions of folliculoids upon various target organs are not equally affected by 
testoids. Among a series of virilizing steroids examined, androstenediol was most 
potent in preventing the body-weight loss caused by estradiol in adult male rats, 
whereas the estradiol-induced pituitary and adrenal enlargement was most markedly 
inhibited by testosterone and methyltestosterone. The thymus involution caused by 
folliculoids is further enhanced by testoids since both these types of steroids possess 
a thymolytic effect. The ability of steroids to protect the testis against estradiol
induced atrophy is independent of their virilizing effect; thus ethynyltestosterone 
is a strong testoid but not gonad protecting, whereas the reverse is true of 
pregnenolone. Curiously, estradiol increases the renotrophic effect of testosterone in 
the rat although it decreases body weight in general. These organ specific interactions 
show that not all catatoxic effects can be ascribed to complete destruction of a 
steroid substrate by hepatic microsomal enzymes. However, partial destruction may 
lead to selective abolition of those effects which are obtained by comparatively small 
residual amounts of the hormone. 

The production of adrenal and pituitary tumors by stilbestrol can also be 
prevented by certain androstane derivatives. 

Other Steroids +. The anesthetic effect of progesterone, DOC, testosterone or 
even stilbestrol can be diminished by pretreatment with testosteronein rats. 

Methyltestosterone failed to influence hydroxydione anesthesia in mice, 
whereas norbolethone protects the rat against anesthesia produced by progesterone, 
DOC, pregnanedione, testosterone and several other steroids. 

The 2a-cyano-steroid, TMACN, given to the mother during pregnancy, causes 
nipple formation in male, and Suppression of nipple development in female rat 
fetuses. These alterations are ascribed to deficient adrenal steroid biosynthesis. They 
can be prevented by testosterone in male fetuses, suggesting that the feminizing 
effect of TMACN upon the nipples is merely due to deficient testoid production. 

Glucocorticoids -<--- cf. also Selye 
G60,083j70, pp. 374, 377. 

Gaunt et al. B71,987j52: DOO and testos
terone propionate counteracted the growth 
inhibition produced in immature adrenalec
tomized rats by cortisone acetate. MAD had 
no consistent effect on growth. Both MAD and 
testosterone propionate caused thymus atrophy 
and this effect was further increased by 
conjoint administration of cortisone. In intact 
rats, MAD prevented the cortisone-induced 
adrenal atrophy. [lt is not clear from this 
brief abstract whether the other interactions 
were also tested in intact animals (H.S.).] 

Ducommun & Ducommun B70,251j53: In 
rats, saprophytosis produced by heavy over
dosage with cortisone is inhibited by concur
rent administration of STH. This "anti
infectious effect of STH" is much less evident 

8* 

after adrenalectomy. DOC, testosterone, estra
diol alone or in combination failed to dupli
cate the anti-infectious action of STH in 
cortisone-treated rats. 

Studer B 89,161j53: In the rat, cortisone 
reduces the width of the epiphyseal cartilage, 
and concurrent treatment with testosterone 
partially antagonizes this effect. 

Winteret al. B79,38lj53: In rats, testoste
rone and MAD prevent the adrenal atrophy 
produced by cortisone without counteracting 
the antiphlogistic effect of the latter. 

Englhardt-Gölkel C42,792j55: In man, the 
protein catabolic effect of cortisone is anta
gonized by MAD. 

R6na et al. C39,946j56: In rabbits, the 
vascular lesions characteristic of "steroid 
diabetes" induced by cortisone + alloxan are 
inhibited by MAD although the latter induces 
considerable hyperlipemia. 
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Baldratti et al. 045,101/57: In rats, 4-chlo
ro-19-nortestoste::-one acetate (like testoste
rone propionate and MAD) prevents the corti
sone-induced adrenal atrophy. However, none 
of the steroids tested prevents the body weight 
loss and catabolism induced by cortisone. 

Dontenwill & Mancini 035,119!57: In 
rabbits, the catabolic effect of cortisone upon 
bones is antagonized by testosterone. 

Kar et al. G79,565f57: In rats, 19-nortest
osterone prevents the adrenal changes normally 
produced by cortisone overdosage. 

Kawalewski 048,527!58: In 6 day old 
cockerels, the inhibition by cortisone of body 
weight gain and radiosulfur incorporation into 
long bones are counteracted by norethandro
lone. 

Kawalewski 061,936/58: In young cock
erels, norethynodrel, and to a lesser extent 
methyltestosterone and testosterone, counter
act the inhibition of bodyweight gain indu
ced by cortisone. The inhibition by cortisone 
of 36S uptake in bones is also counteracted by 
norethynodrel but not by the other testoids 
examined. 

Lostroh 054,348/58: Fernale mice of the 
C3H strain regularly develop myocardial 
calcification following prolonged cortisol treat
ment, whereas males are comparatively re
sistant. Ovariectomy offers no protection but 
testosterone renders females more resistant. 
In hypophysectomized mice, neither cortisol 
nor ACTH produces myocardial calcification. 

Reifenstein Jr. 047,377!58: Review of the 
Iiterature suggests that "androgens and 
estrogens, are anabolic and thus stimulate the 
growth of protein and osseous tissues." The 
clinical value of anabolic steroids in counter
acting the catabolism caused by endogenous 
and exogenous glucocorticoids is discussed. 

Rinne & Näätänen 050,335/58: In rats, 
norandrostenolone phenylpropionate greatly 
diminishes the adrenal atrophy produced by 
cortisone, but has little if any effect upon its 
catabolic and somatic growth diminishing 
action. 

Selye & Mishra 038,201/58: In the rat, 
methyltestosterone prevents the loss of body 
weight produced by overdosage with DHT, 
vitamin-D2, partial fasting, AAN and estra
diol. The catabolism elicited by IDPN (imi
nodipropionitrile) or cortisol is not influenced. 

Ducommun et al. 062,099/59: In rats, 
testosterone failed to counteract the growth 
inhibiting effect of prednisolone. 

Kowalewaki & Gort 063,274!59: Cortisone 
impairs the healing of humerus fractures in 

the rat and concurrent treatment with nor
ethandrolone antagonizes this effect. 

Kawalewski 068,938/59: Pretreatment with 
norethandrolone protects the rat against 
the induction of gastric ulcers by subsequent 
fasting plus cortisone. Testosterone enanthate 
does not share this effect. 

Llaurado et al. G79,936f59: In rats, nor
ethandrolone prevents the adrenal lesions 
normally produced by cortisone. However, 
the thymolytic effect of the latter was 
increased. 

Jasmin et al. 089,132/60: Both in intact 
and in adrenalectomized rats, norethandro
lone diminishes the body weight loss caused 
by cortisol without inhibiting the antiphlo
gistic effect of the latter. 

Arlander D5,055f61: In mice, various 
testoids (17a-ethyl-19-nortestosterone, testos
terone and MAD) failed to prevent the cor
tisone-induced loss of body weight. 

Bernick et al. D5,063f61: In rats, testoste
rone inhibited the osteosclerosis, but failed 
to influence the narrowing of the epiphyseal 
plates and the body weight loss induced by 
cortisone. 

Laron & Boss D10,620f61: Nandrolone 
phenpropionate failed to inhibit the loss of 
body weight and the skeletal changes pro
duced by cortisone in the rat. 

Steinetz & Leathem D14,366f61: In rats, 
the adrenal changes produced by cortisone are 
counteracted by concurrent treatment with 
MAD. 

Suchowsky & Junkmann D2,674f61: 1-Me
thyl-LJl-androsten-17 ß-ol-3-one-17 ß-acetate is 
about as equally effective as testosterone 
propionate in preventing the cortisol-induced 
gastric ulcers in fasting rats. 

Weller D13,995f61; D22,262f62: In man, 
methenolone antagonizes the catabolic effect 
of prednisolone and desiccated thyroid. 

Arcuri et al. D65,779f62: Methyltestoste
rone protects the gastric mucosa of the rat 
against the darnage produced by prednisolone. 

Bavetta et al. D29,035f62: In the rat, 
"anabolic hormonessuch as methyltestosterone 
and growth hormone did not counteract the 
over-all catabolic effects of methyl predni
solone on nitrogen metaboliBm nor on body 
weight retardation." 

Bavetta et al. D29,064f62: In the rat, 
"growth hormone, methyl testosterone or 
stilbestrol, when given alone or in combination 
were not able to counteract the inhibitory 
effects of 6-methyl prednisolone on body 
weight gain and collagen synthesis at the site 
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of subcutaneously implanted polyvinyl spon
ges." 

Herrmann D34,026f62: In guinea pigs, 
following interruption of corticoid administra
tion, the adrenocortical hypofunction and 
atrophy as well as the irresponsiveness to the 
production of adrenocortical necrosis by diph
theria toxin reappear much more rapidly if 
the animals are simultaneously treated with 
testosterone. 

Herrmann & WinkZer D20,550f62: In 
guinea pigs, methandrostenolone accelerates 
the restitution of the adrenal cortex after 
interruption of cortisone therapy as judged by 
the more rapid reappearance of sensitivity to 
diphtheria toxin and histologic criteria. 

Ippolito et al. D/57,498/62: The gastrie 
uleers produced by prednisolone in guinea 
pigs can be prevented by concurrent treat
ment with oxymesterone. 

Jöchle & Langecker D22,258f62: In the rat 
and mouse, methenolone-enanthate counter
acts the weight loss produced by cortisone or a 
reduction of food intake. 

Kawalewski G41,978f62: "In the femora of 
cortisone-treated cockerels there was increased 
size of chondrocytic lacunae, thinning and 
irregularity of primary trabeculae, and focal 
absence of osteoblasts. These changes coincided 
with a decrease in acid mucopolysaccharides 
and a decrease in alkaline phosphatase. The 
alkaline phosphatase decrease was directly 
related to a decrease in the numbers of 
osteoblasts. Somewhat similar changes were 
seen in humeri of rats, except that changes in 
alkaline phosphatase activity were not so 
evident." Methandrostenolone protected the 
bones of birds and rats against these corti
sone-induced changes. 

Kühn et al. D64,992f62: In the rat, testoste
rone does not prevent the loss of body weight 
induced by heavy overdosage with cortisone or 
prednisolone. 

Walser D33,763f62: In patients, the 
catabolic effect of prednisone or triamcinolone 
is inhibited by ethylestrenol or nandrolone 
decanoate. 

Galletti & Bruni G 16,710/63: In the rat, 
the catabolic effect of prednisone can be 
counteracted by simultaneous treatment with 
quindienone, an anabolic and weakly testoid 
compound described as the 17 -cyclopentyl 
ether of LJl-dehydrotestosterone. 

Lund E38,261f63: In man, osteoporosis 
following prolonged treatment with cortisone 
was not prevented by conjoint administration 
of nandrolone phenpropionate. 

Rodin & Kawalewski D60,272f63: Methan
drostenolone protects the bones of cockerels 
and rats from the deleterious effects of 
cortisone overdosage. 

Borderg & Lücker F 24,271/64: In the rat, 
methenolone inhibits the osteoporosis and the 
loss of hone mineral produced by large doses 
of cortisone. 

Barding & Potts F55,31lf65: In rats, 
glucocorticoids characteristically increased he
patic TPO-activity and this effect is suppressed 
by various anabolics such as stanozolol, nor
ethandrolone and methandrostenclone in de
creasingorderof activity. In intact rats, methyl
testosterone produced no suppression (even 
when given in very high doses) presumably 
because it increased corticosterone secretion; 
suppression was obtained with all anabolics 
in adrenalectomized rats. "These data support 
the concept that anabolic agents are useful in 
offsetting the catabolic effects observed 
clinically following chronic administration of 
glucocorticoids." 

Murakami & Kawalewski G41,228f66: 
Stanozolol counteracts the inhibition of hone 
fracture healing induced by cortisone in guinea 
pigs. 

Valderrama & Munuera E6,008f66: In 
rabbits, overdosage with cortisone inhibits 
osteoblast action and causes massive hone 
absorption with fatty marrow formation. 
Endochondral ossification ceases. All these 
changes are greatly diminished by stano
zolol. 

Kaeser & Wüthrich F80,357f67: The 
myopathy produced in rabbits by overdosage 
with cortisone is not influenced by treatment 
with Ro 4-8932 the highly anabolic, chlor
inated retrosteroid. 

Linet & Mikula8kova F86,027f67: The 
gastric erosions produced by cortisol in the 
rat are not significantly influenced by such 
anabolic steroids as 19-nortestosterone phe
nylpropionate, methandrostenolone and di
methylandrostanolone. 

Preziosi et al. F78,520f67: The cachectic 
wasting syndrome produced by a single dose 
of betamethasone given to rats on the first 
day of life is not influenced by nandrolone 
decanoate or phenylpropionate, unless beta
methasone is administered in the form of 
its phosphate and, even then, the protection 
is not very marked. 

Zicha & Heck F78,128f67: In guinea pigs, 
asthma produced by 5-HT, histamine or 
acetylchcline is inhibited by various gluco
corticoids. This inhibition is in turn blocked 
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by certain, but not all, anabolic steroids 
tested. 

Ehrlich & Hunt G68,785f69: In rats, the 
delay in wound healing caused by cortisone 
is counteracted by testosterone, nandrolone 
phenpropionate or 19-nortestosterone-17 ß- ada
mantoate (Bolmantalate) although these ana
bolic steroids were unable to counteract the 
body weight loss caused by the glucocorticoid. 

Linei G79,963f70: Detailed review of the 
Iiterature and personal observations on the 
effect of anabolic testoids upon glucocorticoid 
overdosage in animals and man. Special atten
tion is given to the effect of anabolic testoids 
upon glucocorticoid-induced loss of body weight 
and other metabolic changes, adrenal atrophy, 
osteoporosis, wound healing, inflammation 
and gastric ulcer formation. Antiglucocorti
coids devoid of anabolic properties are also 
surveyed. In clinical medicine, various forms 
of hyperglucocorticoidism are not, or only 
moderately, improved by treatment with 
anabolic testoids. [Excellent source of pertinent 
references (H.S.}.] 

Triarncinolone +- Testoids cf. also 
Table 18 

Cortisol <- Testoids: Kumagai et al. 
073,732{59 

Cortisone <- Dehydrotestosterone: 
McGuire et al. D82,559f60 

Cortisone <- Testosterone + Sex: 
Hagen et al. G77,512f60 

Mineralocorticoids and Gluco-Mine· 
ralocorticoids +- cf. also Selye B40,000f50, 
pp. 531, 631; G60,083f70, p. 385. 

Selye & Rowley A 72,287{44; A 72,302/44: 
In rats the nephrosclerosis, proteinuria and 
hypercholesterolemia produced by DOC is 
prevented by concurrent administration of 
methyltestosterone both under normal con
ditions and after uninephrectomy. 

Friedman & Friedman B48,306f50: In 
intact male rats on anormal NaCl intake, the 
hypertension and cardiac hypertrophy pro
duced by s.c. implantation of DOC pellets 
could be inhibited by an adrenocortical 
extract but not by progesterone, testosterone, 
pregnenolone, estradiol or acetoxypregne
nolone. 

Selye et al. G60,020f69: In the rat, pre
treatment with norbolethone protects agairrst 
the anesthetic effect of progesterone, DOC, 
pregnanedione, dehydroepiandrosterone, tes
tosterone, diethylstilbestrol, pentobarbital and 
methyprylon. It does not significantly alter 
the corresponding actions of urethan, diazepam, 
chlorpromazine, reserpine, phenoxybenzamine, 

chioral hydrate, potassium bromide or magne
sium chloride. 

Selye G70,428f70: In rats, ethylestrenol 
powerfully inhibits the toxicity of digitoxin, 
nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
cyclopental, thiopental, DOC (anesthesia}, 
meprobamate, and picrotoxin. Thyroxine 
increases the toxicity of many among these 
drugs and inhibits the protective effect of 
ethylestrenol. 

Little G 7 8,533{70: In growing rabbits 
treated with cortisone, the following steroids 
exerted anticatabolic activities: stanozolol, 
Ba 36644 (17ß-hydroxy-7a-dimethyl-A-nor-ß
homoestrone-3,6,dione in equilibrium with its 
enol form), testosterone, lynestrenol, methan
dienone, norethynodrel, norethisterone. 

Selye G60,064f70: In the rat, the ESCN 
produced by F-COL + Na2HP04 + corn oil 
can be prevented by ethylestrenol and norbo
lethone but not by oxandrolone. 

Fluorocortisol Acetate+- Testoids cf. also 
Tables12-14 

DOC +- Testoids cf. also Table 15 

Luteoids +-

Winter & Selye A 35,658{41; Winter 
A 36,333{41: Fernale rats are more sensitive 
than males to the anesthetic action of pro
gesterone but this sex difference is ob
vious only after maturity. "The normal endo
crirre activity of the testis is largely, if not 
entirely, responsible for this comparative 
resistance of the males since castration 
increases sensitivity in males but is without 
effect in female rats. Conversely the resistance 
of castrate males and females may be raised 
by methyltestosterone administration." 

Selye et al. G60,020f69: In the rat, 
pretreatment with norbolethone protects 
agairrst the anesthetic effect of progesterone, 
desoxycorticosterone, pregnanedione, dehy
droepiandrosterone, testosterone, diethylstil
bestrol, pentobarbital and methyprylon. It 
does not significantly alter the corresponding 
actions of urethan, diazepam, chlorpromazine, 
reserpine, phenoxybenzamine, chioral hydrate, 
potassium bromide or magnesium chloride. 

Selye G60,044f70: Among various steroids 
tested for their ability to inhibit progesterone 
and pentobarbital anesthesia, all anabolic 
testoids were highly potent. However, since 
spironolactone exhibited the same anti
anesthetic effect, the latter could not be 
attributed to anabolic potency. "This inhibi-
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tion of anesthesia is assumed to represent a 
special instance of the catatoxic effect which 
appears to be a property of certain steroids, 
independent of their classic hormonal actions." 

Progesterone ~ Testoids cf. also Table 17 

Folliculoids +-

Gardner & Pfeiffer 72,281/38: In mice, the 
skeletal changes (pubic hone resorption and 
hypercalcification of other bones) produced 
by estradiol are inhibited by concurrent treat
ment with testosterone. 

Albert A 37,132!42: In immature rats 
given estradiol alone or in combination with 
testosterone until puberty was attained, the 
pituitary and adrenal enlargement as weil as 
the testis atrophy produced by estradiol were 
prevented by the testoid whereas the thymus 
atrophy was intensified. 

Albert & Selye A37,637f42: .Among many 
steroids examined androstenediol was most 
potent in preventing the bodyweight loss 
caused by estradiol in adult male rats. The 
pituitary and adrenal hypertrophy character
istic of estradiol overdosage was most 
markedly inhibited by testosterone and 
methyltestosterone. The thymus involution 
caused by estradiol was aggravated by most 
of the hormonally active steroids tested. "The 
ability of steroids to protect the testis 
against the atrophy caused by estradiol is 
entirely independent of their 'male hormone' 
or testoid activity. Ethinyl testosterone, 
though a potent testoid, is not gonad
protecting while the reverse is true of preg
nenolone." The decrease in kidney weight 
caused by estradiol was effectively prevented 
only by highly active testoids such as 
testosterone and methyltestosterone. [These 
organ specific interactions emphasize the dan
ger of attributing the protective effects of 
catatoxic steroids to increased destruction by 
the induction of hepatic microsomal enzymes. 
Both specific interactions at the target organ 
and the induction of qualitatively different 
steroid metabolites must also be considered 
(H.S.).] 

Selye A60,638f44: In rodents, the pro
duction of anterior pituitary hormones by 
estradiol is inhibited by a variety of 
steroids, most of which are androstene deri
vatives and are designated as "antifolli
culoid." 

Constantinides & Gordon B41,764f50: 
.Among three synthetic steroids tested for 
their ability to prevent the tumorigenic 

effect of stilbestrol on the pituitary and 
adrenal glands "17 (ß)-ethyl-androstane-3-
one-17(a)-ol proved a potent stilbestrol inhi
bitor of only moderate androgenic potency, 
while 17(ß)-ethyl-L15-androstene-3(ß), 17(a)
diol and 17(ß)-ethyl-androstane-3(ß), 17(a)
diol showed no such activities." 

Selye & Mishra 038,201/58: In the rat 
methyltestosterone prevents the loss of body 
weight produced by overdosage with DHT, 
vitamin-D2, partial fasting, .A.AN and estra
diol. The catabolism elicited by IDPN or 
cortisol is not influenced. 

Granitaas & Leathem D25,514f60: In the 
rat, estradiol in doses causing a decrease in 
body and kidney weight nevertheless increases 
the renotrophic effect of testosterone although 
it fails to block body nitrogen loss. 

Verne & Roth E48,050f63: Out of 13 mice 
treated with estradiol, 6 developed cancers, 
whereas among 102 mice treated with 
estradiol + norandrostenolone phenylpropio
nate, only 9 developed cancers. [Neither the 
sites nor the types of tumors are identified 
(H.S.).] 

Roth F29,450f64: In mice, the carcino
genic action of estradiol is inhibited by 
norandrostenolone phenylpropionate. 

Selye et al. G60,020f69: In the rat, pre
treatment with norbolethone protects against 
the anesthetic effect of progesterone, DOC, 
pregnanedione, dehydroepiandrosterone, testo
sterone, diethylstilbestrol, pentobarbital and 
methyprylon. It does not significantly alter 
the corresponding actions of urethan, diaze
pam, chlorpromazine, reserpine, phenoxybenz
amine, chioral hydrate, potassium bromide or 
magnesium chloride. 

Dmowski et al. G80,777f71: In various 
species, Danazol (2,3 isoxazol derivative of 
17a-ethinyl testosterone) was found to inhibit 
the effect of endogenous, but not of exogenaus 
gonadotrophins. In addition, it had a mild 
testoid and progestational effect, but was 
devoid of antitestoid, antifolliculoid or anti
luteoid properties. 

Estradiol +- Testoids cf. also Table 16 
Estradiol, Estrone, Stilbestrol <-

19-N ortestosterone, Testosterone: 
Jellineck et al. F37,592f65 

Estradiol <- N orethandrolone + 
Biliary o bstruction, Man: Zumoff et al. 
H25,277 /70* 

Other Steraids +-

Selye A35,410f41: Following repeated 
injections of progesterone, DOC, testosterone 
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or stilbestrol to rats, the anesthetic effect of 
these hormones gradually diminishes. Pre
treatment with one of these anesthetic com
pounds also induces resistance to others, 
whereas pretreatment with cholesterol (which 
is not anesthetic) induces no such resistance. 

Jelinek H1,518j68: There was no differ
ence in the duration of hydroxydione anesthe
sia in male and female intact or gonadectomized 
mice. Pretreatment with methyltestosterone 
p.o. prolonged hydroxydione anesthesia in 
males but not in females or castrate males. 
Neither thiopental nor pentobarbital anesthe
sia was influenced by methyltestosterone. 
Pretreatment with methandrostenolone or 
17a-methyl-androst-2-ene-17ß-ol failed to in
fluence hydroxydione anesthesia in mice. 

Selye et al. G60,020j69: In the rat, pre
treatment with norbolethone protects agairrst 
the anesthetic effect of progesterone, DOC, 
pregnanedione, dehydroepiandrosterone, testo
sterone, diethylstilbestrol, pentobarbital and 
methyprylon. It does not significantly alter 
the corresponding actions of urethan, diaze
pam, chlorpromazine, reserpine, phenoxy
benzamine, chioral hydrate, potassium bro
mide or magnesium chloride. 

Neumann & Goldman H25,234j70: In 
pregnant rats, treatment with TMACN (2a
cyano-4,4, 17 a- trimethylandrost-5-en -17 ß -ol-3-
one) causes nipple formation in male fetuses 
and inhibits the normal development of nip
ples in female fetuses, presumably owing to 
characteristic derangements in the enzymic 

mechanisms responsible for steroid production 
in the adrenals. Testosterone prevents these 
effects of TMAN in male fetuses, suggesting 
that its feminizing effect upon the nipples 
(like that of fetal orchidectomy) is merely 
due to deficient testosterone production. Cor
ticosterone prevents the effect of TMACN 
upon female fetuses, probably because it 
inhibits fetal ACTH-mediated adrenal enlar
gement and the consequent overproduction 
of 3ß-hydroxyandrostanes. 

Selye et al. G60,020j69: Pretreatment with 
norbolethone protects the rat agairrst anesthe
sia produced by progesterone, DOC, pregnane
dione, dehydroepiandrosterone, testosterone, 
diethylstilbestrol and methyprylon. It does 
not significantly alter the sedative effects 
of urethan, diazepam, chlorpromazine, reser
pine, phenoxybenzamine, chioral hydrate, 
KBr or MgCl2 • 

Pancuroniurn +-- Testaids cf. also Table 1.9 

Androstane-3,17 -dione <-- Testoste
rone: Rubin G76,315j57 

Steraids (LP-3-keto) <-- Testoste
rone + Orchidectomy: Yates et al. 
C61,.952j58 

Steraids ( Ll 4 -3-keto) <-- 5a-Andros
tane-3, 17 -dione: McGuire et al. D5,722j60 

Androsterone, Epiandrosterone <-
Androstane-3,17 -dione + Sex: Rubin et al. 
D9,290j61 

TMACN <-- Testosterone: Neumann 
et al. H25,234j70* 

+-- Luteoids 

In C3H strain mice, females are more resistant than males to the toxic action of 
folliculoids. This sex difference becomes even more evident in the case of 
combined treatment with folliculoids and progesterone since the latter increases the 
toxicity of estradiol and stilbestrol in this strain. The gonads of both sexes show 
considerable atrophy under the influence of folliculoids but this is inhibited by 
progesterone. 

The anesthetic effect of various steroids is diminished in rats by pretreatment 
with progesterone (as well as by other anesthetic steroids). Cholesterol induces no 
such resistance. 

The hypertensive disease produced in rats by DOC is not influenced by 
progesterone. 

Concurrent treatment with subthreshold doses of progesterone and DOC exhibit 
an additive effect upon the development of anesthesia in rats. 

In weanling rats, medroxyprogesterone (a luteoid) does not affect the growth
promoting action of testosterone upon the seminal vesicles but inhibits the 
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stimulation of the ventral prostate. It would be difficult to ascribe this effect to an 
altered metabolic degradation of the testoid, although in patients medroxyprogeste
rone allegedly accelerates the clearance of testosterone. 

In the rat, the ESCN produced by F-COL + Na2HP04 + corn oil is not 
prevented by progesterone. 

+- Luteoids cf. also Selye G60,083j70, 
pp. 370, 371. 

Selye & Stevensan 77,177!40: In Strong's 
C3H strain mice, females are more resistant 
than males to toxic doses of estradiol or 
stilbestrol. This sex difference is even more 
pronounced in the case of combined admi
nistration of folliculoids and progesterone, 
which increases the toxicity of folliculoids. 
The gonads of both sexes show considerable 
atrophy under the influence of folliculoids 
but this is inhibited by progesterone. 

Selye A35,410j41: Following repeated 
injections of progesterone, DOC, testosterone 
or stilbestrol to rats, the anesthetic effect of 
these hormones gradually diminishes. Pretreat
ment with one of these anesthetic compounds 
also induces resistance to others, whereas 
pretreatment with cholesterol (which is not 
anesthetic) induces no such resistance. 

Friedman & Friedman B48,306j50: In 
intact male rats on anormal NaCl intake, the 
hypertension and cardiac hypertrophy pro
duced by s.c. implantation of DOC pellets 
was inhibited by an adrenocortical extract 
but not by progesterone, testosterone, preg
nenolone, estradiol or acetoxy-pregnenolone. 

Negrete C23,001j55: In male rats, pretreat
ment with doses of progesterone, which in 

themselves are nonanesthetic, increases sen
sitivity to DOC-anesthesia. 

Gordon et al. H24,106f70: In rats, medroxy
progesterone had no effect upon zoxazolamine 
"sleeping time." In weanling rats, medroxy
progesterone did not affect the growth pro
moting action of testosterone upon the 
seminal vesicles but it inhibited the stimula
tion of the ventral prostate. In several patients 
the steroid accelerated the metabolic clearance 
of testosterone. 

Selye G60,064j70: In the rat, the ESCN 
produced by F-COL + Na2HP04 + corn oil 
cannot be prevented by progesterone. 

Fluorocortisol Acetate +- Luteoids cf. 
also Tables 12-14 

DOC +- Luteoids cf. also Table 15 
Estradiol +- Luteoids cf. also Table 16 
Progesterone +- Luteoids cf. also Table 17 
Triamcinolone +- Luteoids cf. also 

Table 18 

Pancuronium +- Luteoids cf. also 
Table 19 

Cortisol ~ Luteoids: Kumagai et al. 
073,732!59 

Cortisone ~ Progesteraue + Sex: 
Hagen et al. G77,512j60 

+-- Antimineralocorticoids 

+- Spironolactone. The ESCN produced by F-COL + Na2HP04, with or without oil 
supplements, can be prevented by spironolactone in the rat. The mineralocorticoid 
hypertension produced by DOC + NaCl in uninephrectomizedratsis not prevented by 
spironolactone, but the associated hyalinosis is inhibited. Clinical experience shows, 
furthermore, that spironolactone is beneficial not only in primary aldosteronism but 
also in many other common types of hypertension. 

In immature castrate rats, the stimulation of the ventral prostate and seminal 
vesicles by testosterone is inhibited by spironolactone. The gynecomastia and the 
libido-inhibiting effect of spironolactone in man, may be due to its antitestoid 
activity. 

The anesthetic effect of various steroids (as that of barbiturates) is strongly 
inhibited by pretreatment with spironolactone, even following adrenalectomy. 
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+- Spiroxasone. Spiroxasone (like spironolactone) inhibits the stimulation of the 
ventral prostates and seminal vesicles by testosterone in immature castrate rats. 
It also protects the rat against progesterone anesthesia. 

+- Aldadiene (SC-9376). Aladadiene and aldadiene-kalium (SC-14266) protect the 
rat against progesterone anesthesia. 

+- CS-1. CS-1 protects the rat against progesterone anesthesia and against the 
ESCN produced by F-COL + Na2HP04 in combination with restraint, or with an 
excess of corn oil. 

+- Phanurane. In rats, the hypertensive syndrome produced by DOC + unine
phrectomy + NaCl can be inhibited by phanurane allegedly because of the 
antimineralocorticoid activity of this steroid. 

+-- Antirnineralocorticoids cf. also 
Selye C92,918f61, pp. 18, 74; G60,083f70, 
pp. 492, 493. 
~ Spironolactone cf. also Selye C92,918f61, 

p. 74; G60,083f70, pp. 385, 491, 492, 494. 
Ducommun et al. C91,529f60: In rats sensitized 
by uninephrectomy + N aCl, spironolactone 
inhibits the hyalinosis but not the hyperten
sion caused by DOC. 

Selye C 82,516f60: In the rat, spironolactone 
"offers considerable protection against in
duction of acute, infarct-like, often fatal 
myocardial necroses normally produced by 
fluorocortisol plus some Na-salts and stress, 
alone or in combination." 

HolZander & Wilkins C37,370f62; Johnston 
& Grieble F94,590f67; Bracharz et al. 
D37,973f62: Spironolactone is beneficial not 
only in primary aldosteronism but also in 
many of the common types of clinical 
hypertension. 

Selye G60,003f69: Spironolactone protects 
the rat against the anesthetic effect of progeste
rone, DOC and hydroxydione. It also prevents 
acute digitoxin poisoning even after bilateral 
nephrectomy. 

Selye et al. G60,016f69: In rats, spirono
lactone protects against anesthesia produced 
by progesterone, DOC, hydroxydione, preg
nanedione, dehydroepiandrosterone, testoste
rone, diethylstilbestrol, methyprylon, pento
barbital and ethanol. It does not signifi
cantly alter the corresponding actions of mor
phine, codeine, urethan, diazepam, chlor
promazine, reserpine, phenoxybenzamine, 
chioral hydrate, KBr or MgCl2• 

Steelman et al. G69,340f69: In immature 
castrate rats, the stimulation of the ventral 
prostates and seminal vesicles by testosterone 
enathate s.c. is inhibited both by spiroxasone 
and by spironolactone given p.o. or s.c. In dogs, 

spironolactone decreased the output of acid 
phosphatase in the prostatic fluid. Possibly the 
gynecomastia and thelibido-inhibiting effect of 
spironolactone in man may be due to its 
antitestoid activity. 

Gardell et al. G60,065f70: In rats, spiro
nolactone pretreatment inhibits the ultra
structural changes characteristic of the myo
cardial necroses induced by digitoxin + 
Na2HP04 + oil. 

Nocke et al. H29,580f70: Brief abstract 
indicating that in pregnant women, spirono
lactone decreases the urinary elimination of 
folliculoids, 17 -hydroxycorticoids and 17 -oxo
steroids. It is concluded that spironolactone 
"may have an influence on the biogenesis 
andfor metabolism of steroid hormones." 

Selye G60,044f70: Among various steroids 
tested for their ability to inhibit progesterone 
and pentobarbital anesthesia, all anabolic 
androgens were highly potent. However, since 
spironolactone exhibited the same anti
anesthetic effect, the latter could not be 
attributed to anabolic potency. "This inhibi
tion of anesthesia is assumed to represent a 
special instance of the catatoxic effect which 
appears to be a property of certain steroids, 
independent of their classic hormonal actions." 

Selye et al. G60,050f70: Spironolactone 
protects the rat against digitoxin intoxication 
as weil as against the anesthetic effect of 
progesterone and pentobarbital. 

Selye G60,064f70: In the rat, the ESCN 
produced by F-COL + Na2HP04 + corn oil 
can be prevented by CS-1 and spironolactone. 

Solymoss et al. G70,464f70: In rats, spiro
nolactone shortens the half-life of its main 
metabolite, the dethioacetylated 4-6-dienone 
(metabolite A), which is interconvertible with 
the 17 -hydroxy carboxylic acid derivative 
(metabolite B). This alteration is only 
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Fig. 1. Protection by spironolactone against infarctoid cardiac necroses and nephrocalci· 
nosis. Both rats were treated with fluorocortisol + Na2HP04, which resulted in extensive 
cardiac infarction and cortico-medullary nephrocalcinosis (white areas) in the otherwise 
untreated (A, C), but not in the spironolactone-treated (B, D), animal. [Selye C82,516f60. 

Courtesy of Proc. Soc. exp. Bio I. Med.] 

slightly accentuated if the steroid is given 
chronically and it wears off within eight days 
after spironolactone treatment is interrupted. 
After a test dose of spironolactone or of its 
metabolites A and B, partial hepatectomy 
delays the blood clearance of metabolite A. 
Cycloheximide and SKF 525-A also suppress the 
blood clearance of metabolite A under these 
conditions. Presumably "spironolactone in
fluences its own biotransformation and the 
steroid is also a substrate of the hepatic 
drug-metabolizing enzymes which are induced 
by spironolactone itself." 

Selye PROT. 27691: In rats, (100 g<f) 
progesterone (6 mg in 1 ml oil i.p.) or pentobar
bital (3 mg in 0.5 ml oil i.p.) anesthesia is 
prolonged by adrenalectomy with mainte
nance on NaCl, but blocked, bothin intact and 
adrenalectomized animals, by spironolactone 
(10 mg in 1 ml water p.o. x2fday) pre
treatment for 4 days. 

~ Spiroxasone. Steelman et al. G69,340f69: 
In immature castrate rats, the stimulation of 
the ventral prostates and seminal vesicles by 
testosterone enanthate s.c. is inhibited both 
by spiroxasone and by spironolactone given 
p.o. or s.o. In dogs, spironolactone decreased 
the output of acid phophatase in the prostatic 
fluid. Possibly, the gynecomastia and the 
libido-inhibiting effect of spironolactone in 
man may be due to its antitestoid activity. 

Selye et al. G60,050f70: Spiroxazone pro
tects the rat against digitoxin intoxication 
and progesterone anesthesia, but not against 
the anesthetic effect of pentobarbital. 

~ Aldadiene (SC-9376). Selye et al. 
G60,050f70: Aldadiene (SC-9376) and alda
diene-kalium (SC-14266) protect the rat 
against digitoxin intoxication as weil as 
against the anesthetic effect of progesterone 
and pentobarbital. 
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~ CS-1. Selye G60,064j70: The ESCN 
produced by F-COL + Na2HP04 + restraint 
in the rat is much more difficult to inhibit with 
catatoxic steroids than that elicited by F -COL 
+ Na2HP04 + oil. However, even the former 
cardiopathy can be greatly diminished in 
intensity by CS-1 and spironolactone. 

Selye et al. G60,050j70: CS-1 protects the 
rat against digitoxin intoxication as weil as 

against the anesthetic effect of progesterone 
and pentobarbital. 

~ Phanurane. Sturtevant C54,613f58: In 
rats, the hypertensive syndrome produced by 
DOC after sensitization with uninephrectomy 
+ NaCI can be inhibited by phanurane, 
presumably because of the antimineralocorti
coid activity of the latter. 

-(- Folliculoids 

Pretreatment with stilbestrol increases the resistance of the rat against various 
steroid anesthetics. 

It has been claimed that mineralocorticoid hypertension produced in rats by DOC 
is inhibited by stilbestrol but not by estradiol. However, here, incidental experimental 
conditions (e.g., uninephrectomy + NaCl or the dosage and timing of the folliculoids) 
may have a decisive effect. 

The saprophytosis produced by cortisone overdosage in the rat is not prevented by 
estra.diol. 

In rats, orchidectomy decreases testosterone and progesterone hydroxylation as 
well as the associated hepatic microsomal changes. All these effects are restored by 
in vivo treatment of the castrate with testoids and the effect of the latter is in turn 
blocked by folliculoids. Curiously, the folliculoids fail to block the effect of testoids 
upon the seminal vesicles and levator ani muscles of orchidectomized rats. 

The proposed sites at which thyroid hormones and folliculoids are presumed to 
influence testoid and folliculoid metabolism are summarized on p. 125. 

+- Folliculoids cf. also Selye B40,000j50, 
p. 531; B58,650j51, pp. 326, 359; G60,083j70, 
p. 368. 

Selye A 35,410/41: Following repeated 
injections of progesterone, DOC, testosterone, 
or stilbestrol to rats, the anesthetic effect of 
these hormones gradually diminishes. Pretreat
ment with one of these anesthetic compounds 
also induces resistance to others, whereas 
pretreatment with cholesterol (which is not 
anesthetic) induces no such resistance. 

Zondek et al. A74,477j43: Stilbestrol is 
inactivated by rat liver pulp in vitro, though 
less rapidly than estrone. "In rats treated 
with !arge amounts of stilbestrol, the capacity 
of the liver to inactivate stilbestrol is in
creased." 

Friedman & Friedman B48,306f50: In 
intact male rats, on anormal NaCl intake, the 
hypertension and cardiac hypertrophy pro
duced through s.c. implantation of DOC 
pellets was inhibited by an adrenocortical 
extract but not by progesterone, testosterone, 

pregnenolone, estradiol, or acetoxypregneno
lone. 

Selye B53,941j51: In rats conditioned by 
uninephrectomy + NaCl, the production by 
DOC of nephrosclerosis, periarteritis nodosa 
and polyuria is prevented by conjoint admi
nistration of stilbestrol. 

Ducommun & Ducommun B70,251j53: In 
rats, saprophytosis produced by heavy over
dosage with cortisone is inhibited by concur
rent administration of STH. This "anti
infectious effect of STH" is much less evident 
after adrenalectomy. DOC, testosterone, estra
diol alone or in combination, failed to duplicate 
the anti-infectious action of STH in cortisone
treated rats. 

Reifenstein Jr. C47,377f58: Review of the 
literature suggests that "androgens and 
estrogens are anabolic and thus stimulate the 
growth of protein and osseous tissues." The 
clinical value of anabolic steroids in counter
acting the catabolism caused by endogenaus 
and exogenous glucocorticoids is discussed. 
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Bavetta et al. D29,064f62: In the rat, 
"growth hormone, methyl testosterone or 
stilbestrol, when given alone or in combination 
were not able to counteract the inhibitory 
effects of 6-methyl prednisolone on body 
weight gain and collagen synthesis at the 
site of subcutaneously implanted polyvinyl 
sponges." 

Herrmann & Winkler D27,922f62: In 
guinea pigs, the adrenocortical atrophy and 
hypofunction produced by chronic cortisone 
treatment is prevented by simultaneaus ad
ministration of estradiol. The responsiveness 
of the adrenal cortex to the induction of 
hemorrhagic necrosis by diphtheria toxin 
returns much more rapidly after interruption 
of cortisone treatment if estradiol is simul
taneously administered. 

Kreek et al. F83,145f67: In rats, ethinyl
estradiol considerably diminishes bile flow and 
delays biliary excretion of BSP and of tritium
labeled estradiol. 

Denef & de Moor H 15,811/69: The sexual 
differentiation of steroid-metabolizing enzymes 
appears in the rat liver from the 30th day of 
life onwards. From experiments on neona
tally gonadectomized or intact rats treated 
with folliculoid or testoid compounds, "it is 
concluded that, as far as the differentiation of 
cortisol metabolizing enzymes is concerned, 
estradiol is able to counteract the organizing 
action of testosterone at birth as well as the 
expression of these neonatal testosterone 
effects after the 30th day of life." 

Kato et al. H25,499f69: In rats, orchidec
tomy decreased testosterone and progesterone 
hydroxylation, as well as the spectral change 
caused by these steroids in liver microsomes 
reßecting a less pronounced decrease in micro
somal P-450 content and NADPH-neotetra
zolium reductase activity. All these changes 

were restored to normal by in vivo treatment 
of the castrates with testosterone or methyl
testosterone, whereas simultaneaus administra
tion of estradiol or diethylstilbestrol blocked 
these actions of the testoids. Curiously, the 
folliculoids failed to block the effects of the 
testoids upon seminal vesicles and levator ani 
muscle, as weil as on hepatic microsomal 
proteins in these same orchidectomized rats. 
Earlier Iiterature on the antagonism between 
folliculoid and testoid actions upon hepatic 
drug-metabolizing enzymes is reviewed. 

Schulz et al. H 19,404/69: Clomiphene (an 
ovulation promoting folliculoid analogue of 
stilbestroll decreases the hepatic microsomal 
NAD-specific 17 ß-ol-steroid dehydrogenase in 
immature female guinea pigs. 

Fluorocortisol Acetate+-- Folliculoids cf. 
also Tables12-14 

DOC +-- Folliculoids cf. also Table 15 
Estradiol +-- Folliculoids cf. also Table 16 
Progesterone +-- Folliculoids cf. also 

Table 17 
Triamcinolone +-- Folliculoids cf. also 

Table 18 
Pancuronium +-- Folliculoids cf. also 

Table 19 
Androstane-3, 17 -dione ~ Estra

diol + Orchidectomy: Rubin G76,315f57 
Corticoids, Testoids, Luteoids ~ 

Estradiol: Forchielli et al. D75,874f58 
Steroids (LJ4.3-keto) ~ Estradiol + 

Orchidectomy: Yates et al. 061,952!58 
Cortisol ~ Folliculoids: Kumagai 

et al. 073,732/59 
Cortisone ~ Estradiol + Sex: 

Hagen et al. G77,512f60 
Cortisone, Testosterone ~ Folli

culoids: Leybold et al. D11,904f61 
Estradiol, Estrone, Stilbestrol ~ 

Stilbestrol + Sex: Jellinck et al. 
F37,592f65 

~ Antitestaids 

Cyproterone is the prototype of the antitestoid compounds. It antagonizes the 
effect of testosterone upon the accessory organs of various species even after orchi
dectomy; hence its effect is assumed to be peripheral and not mediated through 
the gonads. The compound also interferes with the production of sexual anomalies 
by testosterone in embryonie animals of both sexes and it blocks even such not 
manifestly sex-linked effects of testosterone as the erythropoietic action in the 
mouse. 

Cyproterone is also one of the most potent catatoxic steroids having a broad 
spectrum of activity against almost all substrates that can be detoxified by any 
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hormone. It powerfully counteracts progesterone anesthesia, yet the shortening 
effect of testosterone upon hexobarbital anesthesia in ovariectomized rats is not 
counteracted by cyproterone. Perhaps this failure of effectiveness is again due to the 
fact that catatoxic steroids are proportionately much less active against near phy
siologic than against massive amounts of substrates; the small amounts of testos
terone needed to raise hexobarbital resistance are more difficult to block than a 
decisive proportion of the large doses of progesterone required to produce anesthesia. 
Besides cyproterone itself also shortens hexobarbital sleeping time. 

Neumann et al. F78,500f67: Review of the 
testosterone antagonizing effect of cyproterone 
in the mouse, rat and rabbit. Specialattention 
is given to the blockade of testoid.induced 
lesions in the accessory sex organs of embry· 
onic and adult males and females. 

Medlinsky et al. G67,839f69: In mice, the 
erythropoietic effect of testosterone is anta· 

gonized by cyproterone at the same dose level 
which also blocks other testoid actions. 

Wenzel et al. H 14,785{69: Change of the 
sex-specific hydrogen transfer from estradiol-
17ß to androstenedione in rat liver after 
feminization by the antitestoid substance, 
cyproterone. 

+- Adrenalectomy 

In discussing the effects of steroids upon resistance, it is indispensable to 
consider also the effect of creating a deficiency in the steroid producing glands, 
especially the adrenals and the gonads (cf. next section). As stated in the 
introduction to this volume, the extensive literature on the effect of adrenalectomy 
upon resistance has been discussed in our previous monographs to which the reader 
is referred. Here, we shall limit ourselves to a few observations on the influence of 
adrenalectomy upon certain effects of hormones and drugs in the regulation of 
steroid metabolism. 

In our earlier work we emphasized the "buffering action of the adrenals" as 
regards the actions of glucocorticoids and mineralocorticoids upon various targets. 
The production by glucocorticoids of thymolysis and catabolism as well as the 
inhibition of growth and inflammation are all readily counteracted by mineralocorti
coids (e.g., DOC, aldosterone) in adrenalectomized rats; in intact animals all these 
effects are produced only by !arger doses of glucocorticoids, but then, they are also 
less-readily counteracted by mineralocorticoids. It was assumed that these 
glucocorticoid effects are almost optimally blocked by physiological doses of 
mineralocorticoids (such as are normally produced by the adrenals}, but that no 
considerable further inactivation is obtained by adding exogenous mineralocorticoids. 
Thus, by increasing the dose of the glucocorticoids, their above-mentioned effects 
rapidly rise to reach a very high intensity, whereas by correspondingly raising the 
dosage of mineralocorticoids, the antagonistic (inhibitory) effect of the latter soon 
reaches a plateau above which further interference with glucocorticoid overdosage 
becomes insignificant. This is illustrated by the graph on p. 112. 

The growth inhibition produced by cortisonein immature adrenalectomized rats 
can be inhibited both by DOC and by testosterone; MAD exerts no consistent effect. 

Progesterone anesthesia is prolonged by adrenalectomy in rats maintained on 
NaCl alone, but blocked both in intact and in adrenalectomized animals by 
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spironolactone. Desoxycortisone (Cpd. S), like dehydroisoandrosterone, produces no 
anesthesia but intense convulsions in the rat. These are allegedly not influenced 
by adrenalectomy or even by partial hepatectomy. 

The uterine weight increase produced by estradiol is markedly inhibited by 
phenobarbital both in intact and in adrenalectomized rats. Simultaneously the 
estradiol-metabolizing activity of the hepatic microsomal enzymes is augmented. 
The adrenal does not seem to play a role in this estradiol-metabolizing effect of the 
barbiturate but the latter is dernonstrahle only at very low dose levels. This again 
illustrates the fact which we have emphasized in connection with so many catatoxic 
steroid actions upon natural compounds, namely that they are much more efficient 
in antagonizing the toxic effects of heavy overdosage than in counteracting the 
physiologic actions of small amounts. It is comparatively easy to prevent steroid 
anesthesia with catatoxic steroids or drugs, but much more difficult to block the 
normal actions of steroids upon their natural targets. Presumably, the catatoxic 
mechanism readily destroys a great excess of a substrate but is much less efficient 
in degrading the last remnants of it, which are still sufficient to produce physiologic 
actions. 

Gaunt et al. B71,987f52: DOC (1 mgfday) 
and testosterone propionate (0.25 mgfday) 
counteracted the growth inhibition produced 
in immature adrenalectomized rats by corti
sone acetate (1 mgfday). MAD (2 mgfday) had 
no consistent effect on growth. Both MAD and 
testosterone propionate caused thymus atrophy, 
and this effect was further increased by 
conjoint administration of cortisone. In intact 
rats, MAD prevented the cortisone-induced 
adrenal atrophy. [It is not clear from this brief 
abstract whether the other interactions were 
also tested in intact animals (H.S.).] 

Selye B98,268f55: In adrenalectomized 
rats, the diminution of body weight, inflam
mation in the granuloma pouch as weil ab the 
atrophy of the thymus and spieen produced 
by cortisol are all inhibited by aldosterone. 

Selye & Bois 014,534/56: In adrenalecto
mized rats bearing granuloma pouches, 2-me
thyl-9(a) fluorocortisol (Me-F-COL) antago
nizes the antiphlogistic, catabolic, thymolytic 
and splenolytic actions of cortisol. This effect 
is ascribed to the strong mineralocorticoid 
effects of Me-F-COL, which counteract gluco
corticoid actions. However, since Me-F-COL 
itself possesses some glucocorticoid potency, 
its cortisol antagonizing action is evident only 
at very low dose Ievels (about 75 [Lg/kg) at 
which mineralocorticoid effects predominate 
in agreement with the "law of intersecting 
dose-effect curves." 

Heuser 054,451/58: Desoxycortisone (Cpd. 
S)-like dehydroisoandrosterone-given in 
large amounts i. p. or p.o. produces no 

anesthesia but intense convulsions in the rat. 
Allegedly, "neither adrenalectomy nor partial 
hepatectomy sensitized the rat to the con
vulsive actions of Cpd. S." 

Jasmin et al. 089,132/60: Both in intact 
and in adrenalectomized rats, norethandrolone 
diminishes the body weight loss caused by 
cortisol without inhibiting the antiphlogistic 
effect of the latter. 

Levin & Oonney F64,557f66: In immature 
intact or adrenalectomized rats, the uterine 
weight increase produced by small doses of 
estradiol i.p. is markedly inhibited by pre
treatment with phenobarbital. At the same 
time, the estradiol-metabolizing activity of 
hepatic microsomal enzymes is augmented. In 
order to demonstrate the inhibition of uterine 
growth, very small doses (less than 0.5 [Lg) 
of estradiol must be used and phenobarbital 
must be administered for several days prior 
to the test. 

Levin et al. F75,365f67: Phenobarbital 
increases the 17ß-estradiol-metabolizing acti
vity of hepatic microsomal enzymes in imma
ture female rats. Thein vitro activity isparalleled 
by in vivo blockade of the estradiol-induced 
uterine weight increase. The phenobarbital
induced resistance to the uterine weight
increasing effect of estradiol is not prevented 
by adrenalectomy or hypophysectomy, indi
cating that the barbiturate does not act 
through the pituitary-adrenal axis. 

Orrenius et al. E8,231f69: In rats, adrenal
ectomy has no immediate effect upon the 
phenobarbital induction of steroid hydroxy-
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lases in the hepatic microsomes. However, 
simultaneously adrenalectomized and castrate 
rats, subsequently maintained in this state 
for a period of time, showed a strikingly 
decreased hydroxylating activity of the 
hepatic microsomes measured with either 
aminopyrine or testosterone as substrate. The 
cytochrome P-450 content of the microsomes 
decreased in a parallel fashion, whereas the 
cytochrome b5 remained unchanged. When 
these steroid-deficient animals were treated 
with prednisolone or testosterone, the cyto
chrome P-450 content and the aminopyrine
as weil as testosterone-hydroxylating activi
ties of the liver microsomes returned to 
normal. In the steroid-deficient rats, repeated 
injections of phenobarbital caused only a 
minimal increase in the cytochrome P-450 
content, the N.ADPH-cytochrome reductase, 
and aminopyrine-hydroxylation activities 
of hepatic microsomes. In intact controls, 
combined treatment with phenobarbital and 
prednisolone or testosterone resulted in an 
increase of these Ievels as compared to those 
obtained by phenobarbital alone. Apparently, 

"steroid hormones are involved both in the 
maintenance of normal hydroxylating activity 
in the rat liver endoplasmic reticulum and in 
the increase of this activity caused by drugs." 

SO'Uthren & Gordon G77,117f70: Review and 
personal observations on the application of 
radioisotopes to the in vivo study of the 
kinetics of testoid metaboliBm in man, with 
special reference to the efiect of sex 
differences, adrenalectomy, orchidectomy and 
various diseases upon the plasma clearance of 
testosterone. 

Selye P ROT. 27691: In rats, (100 g~) pro
gesterone (6 mg in 1 ml oil i.p.) or 
pentobarbital (3 mg in 0.5 ml oil i.p.) anesthe
sia is prolonged by adrenalectomy with main
tenance on NaCI, but blocked, bothin intact 
and adrenalectomized animals, by spiro
nolactone (10 mg in 1 ml water p.o. x2fday) 
pretreatment for 4 days. 

Cortisone +- Adrenalectomy + 
Genetics: Wragg et al. B74,080f52*; Hagen 
et al. G77,512f60 

Estradiol +- Adrenalectomy + 
Phenobarbital: Levin et al. F75,365/67* 

+- Gonadectomy 

Fernale rats are more sensitive than males to the anesthetic action of 
progesterone; since this sex difference is obvious only after maturity, it has been 
ascribed to gonadal hormones. Castration increases the sensitivity of males but not of 
females. Conversely, the resistance of female and castrate males can be raised to the 
normal male Ievel by methyltestosterone. 

On the other hand, mice of both sexes are approximately equally sensitive to the 
hydroxydione anesthesia. Yet, gonadectomy increases sensitivity to this form of 
narcosis, especially in females, but to some extent also in males. Methyltestosterone 
prolongs hydroxydione anesthesia in male mice but not in females or castrate 
males. Neither thiopental nor pentobarbital anesthesia is influenced by methyl
testosterone in mice. 

In C3H strain mice, myocardial calcification develops following prolonged cor
tisol treatment. Fernales are much more sensitive to this effect than males. Ovariec
tomy offers no protection but testosterone renders females more resistant. 

Gonjoint treatment with cortisone + NaCI produces myocardial necroses in 
orchidectomized but not in normal male rats nor in orchidectomized testosterone
treated males. 

In ovariectomized rats, phenobarbital inhibits the uterotrophic effect of estradiol, 
as weil as the induction of phosphofructokinase in the uterus, but the results are 
obvious only at threshold doses of estradiol treatment. In orchidectomized rats, 
phenobarbital diminishes the effect of testosterone upon the seminal vesicles and 
prostate, thereby furnishing further proofthat physiologic hormonal substrates can 
be inactivated by hepatic microsomal enzyme-inducing drugs. 

9 Selye, Hormones and Reslstance 



130 Effect of Steraids Upon Resistance 

In rats, orchidectomy decreases testosterone and progesterone hydroxylation as 
weil as the associated changes in the hepatic microsomes. Allthesederangements are 
counteracted by in vivo treatment of the castrates with various testoids; the action 
of the latter is in turn blocked by concurrent treatment with folliculoids. 

Winter & Selye A35,658f41; Winter 
A36,333f41: Fernale rats are more sensitive 
than males to the anesthetic action of pro
gesterone, but this sex difference is obvious 
only after maturity. "The normal endocrine 
activity of the testis is largely, if not 
entirely, responsible for this comparative 
resistance of the males, since castration in
creases sensitivity in males but is without 
effect in female rats. Conversely, the resistance 
of castrate males and females may be raised by 
methyl testosterone administration." 

Koller 019,288/56: Mice of both sexes are 
approximately equally sensitive to hydroxy
dione anesthesia. Gonadectomy increases sen
sitivity to this form of narcosis especially in 
females and to a lesser extent, in males also. 

Forchielli et al. D75,874f58: The rate of 
Ll4-reduction of 11-desoxycortisol was 3---4 fold 
greater in female than in male rat liver 
homogenates and in microsomal fractions 
containing the Ll4-5a-hydrogenase. Fernale 
rat Iiver contains only one Ll4-hydrogenase 
(5a-microsomal), whereas the male liver 
contains the soluble Ll4-5ß-hydrogenase as 
well. Ovariectomy caused no marked change 
in enzyme titer, but hypophysectomy decreased 
it sharply. Curiously, ACTH, STH and 
pregnant mare serum partially restored the 
enzyme level in the hypophysectomized rat. 
In young animals, increase in the titer of he
patic Ll4-5a-hydrogenase occurs prior to 
puberty. This fact-like the negative results 
after ovariectomy-suggests an enzyme re
gulation independent of ovarian hormones. 

Lostroh 054,348/58: Fernale mice of the 
C3H strain regularly develop myocardial 
calcification following prolonged cortisol treat
ment, whereas males are comparatively re
sistant. Ovariectomy offers no protection but 
testosterone renders females more resistant. 
In hypophysectomized mice, neither cortisol 
nor ACTH produces myocardial calcification. 

Yates et al. 061,952!58: "Homogenates of 
Iivers from adult female rats reduce Ring A 
of LJ4-3-keto-steroids at rates 3 to 10 times 
greater than those from males. This !arge sex 
difference has been observed for all substrates 
so far tested: aldosterone, desoxycorticosterone, 
hydrocortisone, cortisone, corticosterone, tes-

tosterone, and progesterone. . . . Castration 
increases and testosterone decreases Ll 4-steroid 
hydrogenase activity in males. In females, 
neither castration nor estrogen administration 
had appreciable effect." 

Golds D20,925f62: The livers of male rats 
contain more dehydroepiandrosterone 16a
hydroxylase than that of males. Castration 
reduces the enzyme activity but not quite to 
the low level of the female. 

Mäkinen et al. E20,847f63: Conjoint 
treatment with cortisone + NaCl produces 
myocardial necroses in orchidectomized, but 
not in normal male rats. Testosterone restores 
the resistance of the male castrates to normal, 
whereas concomitant exposure to the stress of 
a loud bell aggravates the cardiopathy. 

Singhal et al. G67,770f67: Phenobarbital 
pretreatment inhibits the uterotrophic effect 
of estradiol as well as the induction of phospho
fructokinase in the uterus of the ovariecto
mized rat. The most marked results were 
obtained with threshold doses of estradiol. 

Denef & de Moor H 3,569f68: In female 
rats, spayed and given testosterone immedia
tely after birth, there developed a characte
ristic male pattern of hepatic microsomal 
steroidases. In male rats, castrated at birth, 
a single injection of testosterone given at the 
same time prevented the differentiation of the 
feminine type of steroid metabolism found 
after neonatal castration. In adults, testoste
rone had a similar effect, but unlike in 
neonates, its actionwas only temporary. 

Fahim et al. G67,772f68: Phenobarbital 
reduces the uterotrophic action of both 
exogenaus estradiol and endogenaus folli
culoids. This effect is somewhat lessened by 
ovariectomy. The authors consider the possi
bility that the barbiturate may induce ste
roidases not only in the hepatic microsomes, 
but also in the ovary. Enzyme determinations 
in the liver were not performed, but pheno
barbital significantly increased hepatic weight 
and total nitrogen content. 

Jelinek H 1,518f68: There was no differ· 
ence in the duration of hydroxydione anesthe
sia in male and female intact or gonadectomi
zed mice. Pretreatment with methyltestoste
rone p.o. prolonged hydroxydione anesthesia 
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in males, but not in females or castrate 
males. Neither thiopental, nor pentobarbital 
anesthesia was influenced by methyltestos
terone. Pretreatment with Dianabol or 17a
methyl-androst-2-ene-17ß-ol failed to influence 
hydroxydione anesthesia in mice. 

King et al. H 16,446/68: In orchidectomized 
rats, phenobarbital pretreatment diminishes 
the effect of testosterone upon the seminal 
vesicles and prostate, presumably as a conse
quence of increased hepatic microsomal 
enzyme production. These findings may 
"offer a therapeutic modality for gynecologic 
syndromes that are associated with overpro
duction of androgens." 

Denef &: de Moor Hl5,81lf69: The sexual 
differentiation of steroid-metabolizing en
zymes appears in the rat liver from the 30th 
day of life onwards. From experiments on 
neonataily gonadectomized or intact rats 
treated with folliculoid or testoid compounds, 
"it is concluded that, as far as the differentia
tion of cortisol metabolizing enzymes is con
cerned, estradiol is able to counteract the 
organizing action of testosterone at birth as 
weil as the expression of these neonatal 
testosterone effects after the 30th day of life." 

Kato et al. H25,499f69: In rats, orchidec
tomy decreased testosterone and progesterone 
hydroxylation, as weil as the spectral change 
caused by these steroids in liver microsomes, 
reflecting a less pronounced decrease in micro
somal P-450 content and NADPH-neotetra
zolium reductase activity. All these changes 
were restored to normal by in vivo treatment 

of the Castrates with testosterone or methyl
testosterone, whereas simultaneaus administra
tion of estradiol or diethylstilbestrol blocked 
these actions of the testoids. Curiously, the 
folliculoids failed to block the effects of the 
testoids upon the seminal vesicle and Ievator 
ani muscle as weil as on hepatic microsomal 
proteins in these same orchidectomized rats. 
Earlier literature on the antagonism between 
folliculoid and testoid actions upon hepatic 
drug-metabolizing enzymes is reviewed. 

Southren &: Gordon G 77,117!70: Review and 
personal observations on the application of 
radioisotopes to the in vivo study of the 
kinetics of testoid metaboliBm in man, with 
special reference to sex differences, adrenal
ectomy, orchidectomy, and various diseases 
upon the plasma clearance of testosterone. 

Androsterone, Epiandrosterone +
Orchidectomy + Testosterone: Rubin 
G76,315f57 

Androstane-3, 17 -dione +- Ovariec
tomy + Estradiol: Rubin G76,315f57 

Corticoids, Testoids, Luteoids +
Ovariectomy: Forchielliet al. D75,874f58 

Steroids ( Ll 4 -3-keto) +- Ovariec
tomy + Estradiol: Yates et al. 061,952/58 

Cortisone +- Orchidectomy + Tes
tosterone: Hagen et al. G77,512f60 

Dehydroepiandrosterone +- Orchi
dectomy: Colas D20,925f62 

Estradiol +- Ovariectomy: Singhal 
et al. G78,387f69* 

Estradiol, Estrone, Stilbestrol +
Ovariectomy: Jellinck et al. F37,592f65 

+- Various Steroids 

+ TMACN. TMACN administered to rats between the 15th and 20th day of 
gestation produces a syndrome of congenital adrenocortical hyperplasia, hypospadias, 
clitoral hypertrophy due to inactivation of 3ß-hydroxysteroid-dehydrogenase and 
.,1 5 - 4-3-ketosteroid isomerase. Furthermore, TMACN suppresses nipple formation in 
females and induces it in males. 17ß-hydroxy-4,4,17a-trimethylandrost-5-ene-(2,3d)
isoxazole produces similar effects. 

In the male offspring which develop severe hypospadias, the anogenital distance 
is greatly reduced almost to that of females. Small amounts of testosterone prevent 
the production of hypospadias without affecting the adrenal hyperplasia or the 
inhibition of 3ß-hydroxysteroid-dehydrogenase and .,1 5 -4-3-ketosteroid isomerase. 
TMACN interferes with the biogenesis of various corticoids also as judged by analyses 
on adrenal vein blood as weH as in adrenal homogenates. The "cyano-ketone" 
appears to inhibit the conversion of pregnenolone to progesterone and thereby reduce 
corticosterone secretion which would result in an increased ACTH production and 
adrenal hypertrophy. Even a single injection ofTMACNon the 16th or 19th day of 
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gestation, produces a permanent effect in 3ß-hydroxysteroid-dehydrogenase activity 
in the matemal adrenal. 

TMACN is an analogue of androstenolone (the substrate of 3ß-hydroxysteroid
dehydrogenase) but has little or no testoid or folliculoid activity itself. The compound 
also produces luteal and Leydig cell hyperplasia. Its persistent effect is presumably 
due to the fact that unlike most enzyme inhibitors, it is very tightly and irreversibly 
bound to 3ß-hydroxysteroid-dehydrogenase at its active site. 

In guinea pigs, TMAON increases the mitochondrial and microsomal fractions of 
the adrenal cortex. 

+ Varia. DOO-induced mineralocorticoid hypertension is not significantly 
influenced in rats by pregnenolone or acetoxypregnenolone. 

S0-8109 and S0-5233 do not protect the rat against the anesthetic effect of 
progesterone. 

+- Various Steraids cf. also Selye 
092,918!61, p. 70; G60,083f70, p. 385. 

+- TMACN. Goldman et al. F64,070f66: 
In rats, TMACN administered between the 
15th and 2oth day of gestation produces a 
syndrome of congenital adrenocortical hyper
plasia, hypospadias and clitoral hypertrophy 
due to inactivation of 3ß-hydroxysteroid 
dehydrogenase. 

McOarthy et al. F74,065f66: In rats, 
TMACN interferes with the biogenesie of 
various corticoids in vivo (adrenal vein blood) 
and in vitro (adrenal homogenates). "The 
cyano-ketone appears to inhibit the conversion 
of pregnenolone to progesterone by the rat 
adrenal gland. This inhibition would account 
for the reduction in corticosterone secretion 
and adrenal hypertrophy that follows admi
nistration of the cyano-ketone to rats." 

Bongiovanni et al. E7,039f67: Review on 
the inhibition of 3ß-hydroxysteroid dehy
drogenase by TMACN in vivo and in vitro. 
This analogue of androstenolone (the substrate 
of the enzyme) has little or no testoid or folli
culoid activity, but produces adrenocortical 
hyperplasia by blocking the biosynthesis of 
glucocorticoids. It also produces luteal and 
Leydig cell hyperplasia; "unlike most enzyme 
inhibitors, this analogue is very tightly and 
irreversibly bound to 3ß-hydroxysteroid dehy
drogenase at, or very near, its active site." 
When TMACN is given to pregnant rats, 
their offspring "have severe adrenal cortical 
hyperplasia, deficient histochemical activity 
of the 3ß-hydroxysteroid dehydrogenase in the 
adrenals and testes, increased activity of 
G-6-PD in adrenals, testes, and liver, and no 
change in the activities of the 3a or 17ß
hydroxysteroid dehydrogenases in these 

tissues. The experimental gonadal males 
have severe hypospadias, and their anogenital 
distance is reduced from that of normal to 
almost that of the normal females in proportion 
to dose. The gonadal females have marked 
clitoral hypertrophy but no change in ano
genital distance from the normal." Small 
amounts of testosterone prevent the production 
of hypospadias without affecting the adrenal 
hyperplasia or the inhibition of 3ß-hydroxy
steroid dehydrogenase by TMACN. 

Goldman F85,342f67: In rats, a single 
injection of TMACN on the 16th or 19th day 
of gestation produces a permanent defect 
in 3ß-hydroxysteroid dehydrogenase in the 
matemal adrenal and corresponding perma
nent changes in the pituitary, adrenals, 
and sex organs of the offspring. 

Goldman H 15,818/69: In rats, the matemal 
and fetal changes induced by two inhibitors 
of 3ß-hydroxysteroid dehydrogenase and L1 6-4-

3-ketosteroid isomerase [TMACN and 17ß
hydroxy-4,4,17 a-trimethylandrost-5-ene-(2,3d) 
-isoxazole] are described and their mechanism 
of action discussed. 

Goldman &: Neumann H18,122f69: In rats 
given TMACN during pregnancy, functional 
and structural changes occur in the adrenals 
and sex organs as a consequence of 3ß-hy
droxysteroid dehydrogenase and L16-'-3-keto
steroid isomerase inhibition. 

Oaatells &: BranBome Jr. H21,283f70: In 
guinea pigs treated with TMACN in vivo, 
the protein content of the mitochondrial and 
microsomal fractions was increased. "Expo
sure to a high level of ACTH for 4 hr or 4 days 
seemed to exert less net efiect on mitochondrisl 
protein than on microsomal protein synthesis: 
an Observation consistent with an intrinsic 
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difference in the regulation of the synthesis of 
adrenocortical mitochondrial and microsomal 
proteins." 

Steroids ~ TMACN: McCarthy et al. 
F74,065j66; Goldman F78,224j67 
~ Varia.Friedman& FriedmanB48,306j50: 

In intact male rats, on a normal N aCl intake, 
the hypertension and cardiac hypertrophy 
produced by s.c. implantation of DOC pellets 
could be inhibited by an adrenocortical 
extract, but not by progesterone, testosterone, 
pregnenolone, estradiol, or acetoxypregneno
lone. 

Gaunt et al. B82,200j53: In rats, MAD was 
the most active in preventing cortisone-induced 
adrenal atrophy among a large series of 
steroids. To some extent, this was true even 
after hypophysectomy. 

Heuser 033,938/57: Doctor's thesis (193 pp., 
272 refs.) on steroid anesthesia with sections 
on: adaption to steroid anesthesia by pre
treatment with the same or other steroids, 
the effect of adrenalectomy and corticoids 
upon steroid anesthesia and the interaction 
between anesthetic and convulsive steroids. 

Witzel 068,395/59: Review (29pp., 113 refs.) 
on steroid anesthesia, including chapters on 
adaptation to steroids, the effect of partial 
hepatectomy, the influence of steroid anesthe
tics upon various types of convulsions. 

McGuire Jr. et al. D82,559j60: The 
hepatic microsomal steroid 5a-reductases have 
a high substrate specificity and an absolute 
requirement for TPNH. Addition of various 
other steroids can competitively inhibit the 
reduction of the substrate by the rat liver 
microsomal enzymes in vitro. 

Linet et al. F58,620j65: In rats, 1,2a-epoxy
androstan-3,17-dione, though devoid of ana
bolic, testoid or folliculoid properties, inhibits 
the increase in liver glycogen caused by corti
sol, but does not prevent the inhibition of 
inflammation and the atrophy of the adrenal 
cortex characteristic of glucocorticoid over
dosage. 

Selye et al. G60,050j70: SC-8109 and SC-9233 
fail to protect the rat against the anesthetic 
effect of progesterone or pentobarbital. 

Selye G60,064f70: In rats, PCN, CS-1 and 
spironolactone offer considerable protection 
against the infarctoid cardiopathy produced 
by F-COL + Na2HPO, + restraint. The 
possible protection offered by other conditio
ners requires further investigation, cf. Table 12. 

DespopouZos H35,47lf71: In a system 
containing isolated mitochondrial fractions 
from rat liver homogenates, the synthesis of 

Table 12. Oonditioning for myocardial necroses 
produced by F-OOL + Na2HPO, + restraint 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Cardiac 
necrosisb 
(Positive/ 
Total) 

13/17 
0/10 *** 
3/10 * 
5/10NS 
0/10 *** 
5/lONS 
4/10NS 
7/7 NS 
4/5 NS 
7/10 NS 
4/9 NS 
6/10NS 
2/10 ** 
6/10 NS 
2/9 * 

Mortalityb 
(Deadf 
Total) 

12/19 
2/10 * 
1/10 ** 
5/10NS 
2/10 * 
3/10 NS 
6/10 NS 

10/10.:!! 
10/10! 
6f10NS 
7/10 NS 
5/10NS 
7f10NS 
9/10NS 
1/9 * 

a The rats of all groups were given fluoro
cortisol acetate (750 (.Lg in 0.2 ml water, s.o., 
daily) and Na2HPO, (1 mM in 2 ml water, 
p.o.,/100 g body weight twice daily from the 
4th day ff.). Restraint during 17 hrs on the 
6th day. 

b Cardiac necrosis was estimated on day of 
death in animals that lived at least 7 days and 
mortality listed on the 8th day ("Exact 
Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

taurocholate from cholate was inhibited by 
testosterone, cortisone, estradiol, stilbestrol, 
norethandrolone and progesterone but not by 
mestranol. Synthesis of cholate from choles
terol was not inhibited by any of these ste
roids. "These experiments demonstrate an 
effect of steroids on a specüic step in the 
sequence of bile salt synthesis; namely, 
conjugation of cholate with taurine to form 
taurocholate." 

Selye G70,480f71: In rats, the infarctoid
cardiopathy produced by combined treat
ment with F-COL + NaC104 + corn oil is 
most effectively combated by CS-1 and 
spironolactone. Phenobarbital diminished the 
incidence of cardiac necroses but did not 
signüicantly decrease mortality. The two 
glucocorticoids of our series greatly accelerated 
and aggravated mortality; this made it im-
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possible to assess their effect upon the deve
lopment of cardiac necroses. Since F-COL 
possesses both gluco- and mineralocorticoid 
potencies it is not unexpected that additional 
treatment with glucocorticoids, would increase 
its toxicity. It is noteworthy however, that 
among the many catatoxic compounds tested, 
only few offer protection against this cardio
pathy in whose pathogenesis corticoids (ex
cellent substrates for catatoxic steroids) play 
an indispensable role. The most active pro
tective steroids (CS-1, spironolactone) are 
also distinguished by a marked potassium 
retaining effect which undoubtedly helps to 
prevent a cardiopathy primarily characterized 
by potassium losses, cf. Table 13. 

Table 13. Conditioning for F-COL + NaCl04 + 
corn oil 

Treatmenta Cardiac Mortalityb 
necrosisb (Deadf 
(Positive/ Total) 
Total) 

None 16/19 12/20 
PCN 3/10 ** 1/10 * 
CS-1 2/10 *** 1/10 * 
Ethylestrenol 8/9 NS 4/10NS 
Spironolactone 1/10 *** 1/10 * 
Norbolethone 9/19 * 9f20NS 
Oxandrolone 6/10 NS 6/10 NS 
Prednisolone-Ac 1/3 NS 10/10 .:!' 
Triamcinolone (2 mg) 10/10.! 
Progesterene 8/10NS 7/10 NS 
Estradiol 3/7 NS 9/10 NS 
DOC-Ac 9/10 NS 9f10NS 
Hydroxydione 5/9 NS 7/10 NS 
Thyroxine 8/10 NS 8/10 NS 
Phenobarbital 3/10 ** 3/10 NS 

a The rats of all groups were given fluoro
cortisol acetate (750 [Lg/100 g body weight in 
0.2 ml water, s.c., once daily), sodium per
chlorate (1 mM/100 g body weight in 2 ml 
water, p.o., twice daily) and corn oil (1 ml, 
p.o., twice daily from 4th day ff.). 

b Cardiac necrosis was estimated on day of 
death in animals that lived at least 8 days 
and mortality listed on 9th day ("Exact 
Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Selye G70,480f71: In rats, PCN, CS-1 and 
spironolactone offer considerable protection 
against the myocardial necrosis produced by 

F-COL + Na2HP04 + corn oil. The apparent 
minor protective effect of other agents is of 
borderline significance but phenobarbital is 
definitely devoid of prophylactic potency, cf. 
Table 14. 

Table 14. Conditioning for myocardial necroses 
produced by F-COL + Na2HP04 + corn oil 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Cardiac 
necrosesb 
(Positive/ 
Total) 

9/10 
0/9 *** 
1/10 *** 
8/9 NS 
0/9 *** 
4/9 * 

10/10 NS 
2/6 * 

7/9 NS 
3/9 * 
7/9 NS 
5/8 NS 
9/10 NS 
7/10 NS 

Mortalityb 
(Deadf 
Total) 

10/10 
7/10 NS 
4/10 ** 
8/10 NS 
1/10 *** 
5/10 * 

10/10 NS 
10/10 NS 
10/10 NS 
10/10 NS 
10/10 NS 
10/10 NS 
9/10 NS 

10/10 NS 
9/10 NS 

a The rats of all groups were given 
fluorocortisol acetate (750 [Lg in 0.2 ml water, 
s.c.), Na2HP04 (1 mM in 2 ml water, p.o., 
twice) and corn oil (1 ml, p.o., twice, /100 g 
body weight daily from the 4th day ff.). 

b Cardiac necroses were estimated on day 
of death in animals that survived until the 7th 
day and mortality was listed on 11th day 
("Exact Probability Test"). 

For additional pertinent data cf. also 
Table 135. 

For further details on technique of tabu
lation cf. p. VIII. 

Selye G70,480f71: In rats, thyroxine and 
perhaps to a lesser extent also phenobarbital 
offer protection against the nephrocalcinosis 
produced by combined treatment with DOC 
+ NaH2P04• Here, catatoxic steroids are 
devoid of prophylactic potency and glucocor
ticoids are definitely harmful, cf. Table 15. 

Selye G70,480f71: In rats, none of the 
standard conditioners (with the possible 
exception of thyroxine) offered any significant 
protection against the nephrocalcinosis pro
duced by estradiol + NaH2P04• The morta
Iity induced by this treatment was greatly 
increased by the glucocorticoids and perhaps 
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to some extent also by CS-1 and norbolethone, 
cf. Table 16. 

Selye G 70,480/71: Inrats, all thestandard ca
tatoxic steroids as weil as prednisolone, estra
diol and phenobarbital shortened the duration 
of progesterone anesthesia, cf. Table 17, p. 136. 

Table 15. Conditioning for nephrocalcinosis 
produced by DOC + NaH2P04 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Prednisolone-Ac (1 mg) 
Triamcinolone (2 mg) 
Triamcinolone 

(0.5mg) 
Progesterone 
Estradiol (1 mg) 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Nephrocal
cinosisb 
(Positive/ 
Total) 

10/10 
5/8 NS 
7/10 NS 
8/9 NS 
8/9 NS 
8/9 NS 
5/8 NS 

7/8 NS 
6/7 NS 
8/8 NS 
8/8 NS 
0/10 *** 
6/10 * 

MortaJityb 
(Deadf 
Total) 

2/10 
5/9 NS 
Of10NS 
1/9 NS 
1/10 NS 
2/10NS 
3/10NS 

10/10 *** 
10/10 *** 
10/10 *** 
10/10 *** 

2/9 NS 
3/10NS 
6/10NS 
5/10NS 
1/10 NS 
6/10NS 

a The rats of all groups were given DOC-Ac, 
desoxycorticosterone acetate (2 mg in 0.2 ml 
water, s.c.) and NaH2P04, sodium phosphate 
monobasic (2 mM in 2 ml water, p.o., twice, 
/100 g body weight daily from 4th day ff.). 

b Nephrocalcinosis was estimated on day 
of death in animals that lived at least 9 days 
and mortality listed on 19th day ("Exact 
Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Selye G70,480f71: In rats, the body weight 
loss produced by chronic triamcinolone over
dosage is significantly counteracted by PCN, 
CS-1, spironolactone and norbolethone. Cu
riously, ethylestrenol has no such action, 
although this anabolic testoid is highly effec
tive in increasing body weight under other 
conditions and in counteracting the catabo
lism produced by chronic DHT intoxication. 
As expected, concurrent treatment with 
triamcinolone and other glucocorticoids such 
as prednisolone aggravate the catabolic effect 

of the former as does estradiol which 
likewise possesses an inherent catabolic 
effect. Phenobarbital, although a potent 
microsomal drug-metabolism inducer, fails 
to counteract the catabolic action of triam
cinolone, cf. Table 18, p. 136. 

Table 16. Conditioning for nephrocalcinosis 
producedbyestradiol + NaH2P04 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Prednisolone-Ac(1mg) 
Triamcinolone (2 mg) 
Triamcinolone 

(0.5 mg) 
ProgesteroDe 
Estradiol (1 mg) 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Nephrocal
cinosisb 
(Positive/ 
Total) 

5/9 
5/7 NS 
4/7NS 

11/12 NS 
2/10NS 
7/9 NS 
8f10NS 
0/1 NS 
2/7 NS 
1/7 NS 
1/8 NS 

6/8 NS 
2f10NS 
6f10NS 
4/6 NS 
0/10 * 
1/6 NS 

Mortalityb 
(Deadf 
Total) 

1/10 
4f10NS 
6/10! 
6f15NS 
0/10NS 
6/10! 
Of10NS 
9/9 *** 
6/8 ** 
8/10 *** 
8/10 *** 
2/9 NS 
Of10NS 
1/10 NS 
4f10NS 
Of10NS 
5/10NS 

a The rats of all groups were given 
estradiol (500 (Lg in 0.2 ml water, s.c., daily + 
NaH2P04, 2 mM in 2 ml water, p.o., twice 
daily /100 g body weight from the 4th day ff.). 

b Nephrocalcinosis was estimated on day 
of death in animals that lived at least 9 days 
and mortality listed on 19th day ("Exact 
Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Szaho et al. G79,024f71: In rats, PCN 
increases resistance to indomethacin, hexo
barbital, progesterone, zoxazolamine and di
gitoxin, both in the presence and in the 
absence of the pituitary. Hypophysectomy also 
fails to prevent the induction of SER proli
feration in the hepatocytes. 

Zsigmond & Soly'TTW8s G79,025f71: In rats, 
PCN inhibits the anesthetic effect of proges
terone and decreases the Ievel of labelled 
progesterone and its metabolites in the brain 
and serum. 



136 Effect of Steroids Upon Resistance 

Table 17. Conditioning for progesterone 
anesthesia 

Treatmenta Sleeping timeb 
(min) 

None 126 ± 19 
PCN 0 *** 
CS-1 0 *** 
Ethylestrenol 0 *** 
Spironolactone 10± 7 *** 
Norbolethone 0 *** 
Oxandrolone 33 ± 22 ** 
Prednisolone-Ac 0 *** 
Triamcinolone (2 mg) 189 ± 32NS 
Progesterone 129 ± 25NS 
Estradiol (1 mg) 47 ± 23 * 
DOC-Ac 155 ± 21 NS 
Hydroxydione 99 ± 23NS 
Thyroxine 152 ± 29 NS 
Phenobarbital 0 *** 

a The rats of all groups were given pro
gesterone (10 mg/100 g body weight in 1 ml oil, 
i.p., on 4th day). 

b Student's t-test. 
For additional pertinent data cf. also 

Table 135. 
For further details on technique of tabu

lation cf. p. VIII. 

Table 18. Conditioning for triamcinolone 

Treatmenta Final body Mortalityc 
weightb (Dead/ 
(g) Total) 

None 108± 3 2/10 
PCN 158 ± 6 *** Of10NS 
CS-1 145 ± 4 *** Of10NS 
Ethylestrenol 100 ± 4NS 4f10NS 
Spironolactone 125 ± 4 ** 0/10NS 
Norbolethone 124 ± 3 ** 1/10 NS 
Oxandrolone 107 ± 3NS 4/10NS 
Prednisolone-Ac 70±3*** 10/10~ 
Triamcinolone 90 (Ir) 9/10 *** 

(2 mg) 
Progesterone 103 ± 3 NS 2/9 NS 
Estradiol (1 mg) 85 ± 2 *** 6f10NS 
DOC-Ac 97 ± 4! 3/10NS 
Hydroxydione 103 ± 4NS 2/10NS 
Thyroxine 109 ± 4NS 2/10 NS 
Phenobarbital 97 ± 3! Of10NS 

a The rats of all groups were given 
triamcinolone (1 mg/100 g body weight from 
4th to 14th day and 2 mg/100 g body weight 
from 15th day, in 1 ml water, p.o., twice 
daily). 

Selye P ROT. 36968: In rats, pancuronium 
intoxication was completely prevented by 
CS-1 and spironolactone, but PCN and pred
nisolone were almost equally effective, cf. 
Table 19. 

Table 19. Conditioning for pancuronium 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Dead/ 
Total) Total) 

None 15/15 10/15 
PCN 2/10 *** 3/10 NS 
CS-1 2/10 *** 0/10 *** 
Ethylestrenol 9/15 ** 5f15NS 
Spironolactone 4/10 *** 0/10 *** 
Norbolethone 9/10 NS 5f10NS 
Oxandrolone 8/10 NS 5/10 NS 
Prednisolone-Ac 1/10 *** 1/10 ** 
Triamcinolone 5/10 *** 4f10NS 
Progesterone 8/10 NS 3/10 NS 
Estradiol 8f10NS 4/10NS 
DOC-Ac 9f10NS 6/10 NS 
Hydroxydione 7f10 NS 3/10 NS 
Thyroxine 6/10 * 3/10 NS 
Phenobarbital 7/10 NS 4f10NS 

a The rats of all groups were given pancu
ronium Br, 60 [Lg/100 g body weight in 0.2 ml 
water s.c. once on the 4th day. 

b Dyskinesia was estimated 30 min 
after injection and mortality Iisted on the 
second day ("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Steroids (Ll'-3-keto) +-- Ll 4 -3-keto: 
McGuire et al. D82,559f60 

b Student's t-test. 
c Mortality listed on 30th day ("Exact 

Probability Test"). 
For further details on technique of tabu

lation cf. p. VIII. 
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NONSTEROIDAL HORMONESAND HORMONE-LIKE SUBSPANCES + 

ACTH+-

In guinea pigs, combined treatment with ACTH and estradiol allegedly produces 
extensive myocardial necroses, similar to the infarctoid cardiopathy elicited by 
steroids in combination with stress and certain sodium salts. However, these findings 
have not yet been confirmed. 

ACTH +- estradiol cf. aleo Selye 
G60,083f70, p. 331. 

LIUlJYUleswu E21,838f63: In guinea pigs, 
combined treatment with norepinephrine + 
estradiol or ACTH + estradiol produces 
extensive myocardial necrosis. "This infarc-

toid cardiopathy appears without any addi
tion of phosphates or other sodium salts 
which is evidence of the fact that large doses of 
oestrogens prepare or sensitize the myocar
dium as regards the cardiotoxic action of 
noradrenalin or the corticotropic hormone." 

STH+-

The interactions between STH and corticoids have been the subject of numerous 
studies. The hyalinosis syndrome produced by DOC in uninephrectomized NaCl
treated rats is aggravated by STH; indeed STH alone can produce malignant hyper
tension following conditioning by uninephrectomy + NaCl. These effects of STH are 
inhibited by cortisone as weil as by adrenalectomy. Conversely, the cortisone
induced involutions of the adrenal cortex and thymus are inhibited by STH. 

It is possible that STH exerts its toxic effect upon the kidney and the cardiovas
cular system (hyalinosis) only through (or at least in the presence of) a responsive 
adrenal cortex. Adrenal atrophy produced by cortisone or adrenalectomy prevents 
these toxic actions of STH. On the other hand, the prophlogistic and 
anabolic actions of STH are increased by DOC or aldosterone even after 
adrenalectomy. 

STH - glucocorticoids cf. also Belye 
B58,650f51, pp. 317, 357,· 09,000f56, p. 58; 
G60,083f70, pp. 348, 357. 

STH- rnineralocorticoids cf. aleo Selye 
B58,650f51, pp. 316, 357; 09,000f56, p. 59. 

STH- testoids cf. also Belye G60,083f70. 
pp. 374, 378. 

Selye B53,940f51: In uninephrectomized 
NaCl-treated rats, the hyalinosis syndrome 
produced by DOC is aggravated by STH; 
indeed, STH alone can produce malignant 
hypertensive disease. These effects of STH are 
inhibited by cortisone. Apparently STH 
increases mineralocorticoid production by the 
adrenals (unless these are rendered atrophic 
by cortisone) andfor sensitizes the peripheral 
tissue to mineralocorticoids. 

Belye B53,934j51: In rats conditioned by 
uninephrectomy + NaCl, both STH and DOC 
produce generalized hyalinosis and hyperten
sion. The same as adrenalectomy or hypophys
ectomy, large doses of cortisone (which 
cause adrenocortical atrophy) prevent the 
cardiovascular and renal damage. "Appa
rently, STH exerts its toxic effects upon the 
kidney and the cardiovascular system only 
through (or at least in the presence of) a 
responsive adrenal cortex." 

Selye B75,329f52: In rats the involution of 
the adrenal cortex and of the thymus as weil 
as the antiphlogistic effect of cortisone are 
counteracted by simultaneaus STH treat
ment. "Curiously, even those argans which 
normally undergo an absolute or relative 
increase in size as a result of either 
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cortisone or STH treatment, e.g. the heart, 
kidney, liver, are maintained in an essentially 
normal weight range ü both hormones are 
given conjointly." 

Selye & Bois 01,718/55: In intact andin 
adrenalectomized rats, a synergism between 
mineralocorticoids (DOC, aldosterone) and 
STH was evident in their effects upon many 
target organs. 

Wakabayashi et al. H27,784f70: In rats, 

exposure to stressors [kind not stated (H.S.)], 
or administration of dexamethasone suppresses 
plasma STH (radioimmunoassay) both in the 
presence and in the absence of the adrenals. 
Adrenalectomy increases plasma STH. [These 
findings support the view that during stress
perhaps owing to increased ACTH andfor 
glucocorticoid secretion, the "shift in pituitary 
hormone production" results in a diminished 
STH secretion (H.S.).] 

Other Anterior Lobe Extracts +--

The preputial gland stimulating effect of crude anterior pituitary extract is enhan
ced by concurrent administration of pregnenolone, although in itself, the latter 
produces only very slight preputial gland stimulation. 

Selye & Olarke 55,978!43: In the rat, 
L15-pregnenolone greatly augments the pre
putial gland stimulating effect of crude 
anterior pituitary extracts. In itself, Ll5-preg
nenolone causes only very slight preputial 
gland stimulation and even this effect is 
abolished by hypophysectomy and hence is 
apparently dependent upon the simultaneaus 
activity of hypophyseal hormones. 

Rondell H 32,853!70: In vitro experiments 
on the ovarian follicles of the pig suggest that 
LH, cyclic AMP or progesterone augment the 
distensibility of follicular strips, thereby pre
paring for rupture. TMACN blocks the effects 
of LH or cyclic AMP on both steroid release 

and distensibility. This blockade can be 
counteracted by progesterone. Presumably, 
"LH stimulates steroid secretion from the 
follicular tissue which in turn causes the 
activation of the ovulatory enzyme." 

Dmowski et al. G80,777f71: In various 
species, Danazol (2,3 isoxazol derivative of 
17a-ethinyl testosterone) was found to inhibit 
the effect of endogenous, but not of exo
genous gonadotrophins. In addition, it had a 
mild testoid and progestational effect, but was 
devoid of antitestoid, antifolliculoid or anti
luteoid properties. 

Gonadotrophins +-- Estradiol-17ß, 
Progesterone: Brown et al. F57,759f65* 

Posterior Pituitary Hormones +--

The production of renal cortical necrosis by vasopressin is facilitated in rats by 
pretreatment with estradiol or estrone. Though 5-HT produces similar renal lesions, 
their development is not modified by folliculoids. In ovariectomized weanling rats, 
pretreated with progesterone and estradiol, even oxytocin preparations produce 
renal cortical necrosis, although, by themselves, the latter have no such effect. 

The metacorticoid hypertension produced by temporary overdosage with DOC + 
NaCl predisposes for the pressor effect of vasopressin and other vasopressor sub
stances. 

Posterior Pituiary Hormones +-- cf. also 
Selye G60,083f70, pp. 364, 369. 

Byrom A9,905f38: In rats, the production 
of renal cortical necrosis by vasopressin is 
facilitated by pretreatment with estradiol or 
estrone. 

Sturtevant 09,089/55; 021,591/56: In rats 
with metacorticoid hypertension (produced by 
temporary overdosage with DOC + NaCl), the 
pressor effect of epinephrine, norepinephrine, 
Vasopressin and renin was increased. but the 
effect of histamine, 5-HT, yohimbine and 
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TEA on the blood pressure was not consistently 
altered. 

Szarvas & Kovacs E 34,633j63: In the rat, 
estrone aggravates the renal necroses produced 
by posterior pituitary extracts, but not 
those elicited by 5-HT. 

Moore G 11,771!64: In intact or ovariec
tomized weanling rats pretreated for ten days 
with progesterone and estradiol, renal cortical 
necrosis develops under the influence of oxy
tocin, whereas in itself, the latter is in
effective. 

Thyroid Hormones ~ 

In rats, testoid extracts of urine have been claimed to counteract the adipose 
tissue atrophy and other manifestations of overdosage with desiccated thyroid. In 
baby rats, the retardation of tooth eruption and opening of the eyelids induced by 
thiouracil are inhibited by DOC, but the stunting of body growth and the thyroid 
changes themselves are not influenced by this steroid. Testosterone falls to affect the 
body and organ weight changes induced by thioureas in the rat. However, the thiourea
induced glycogen storage and pathologic changes in the liver are allegedly Counter
acted by testosterone, whereas the glycogenolytic action of thyroid is prevented by 
cortisone. The pulmonary edema induced in rats by thiourea (or other agents such 
as NH4Cl, epinephrine, chloropicrin) are prevented by the administration, 5 min 
earlier, of a single dose of prednisolone i.v. On the other hand, prednisolone 
aggravates the myopathy produced by thyroid overdosage in the rat. 

Extensive recent studies performed in our Institute show that, in general, cata
toxic steroids are not particularly efficient in preventing the body weight loss 
produced by large doses of T3. The comparatively mild protective effect exerted in 
this respect by ethylestrenol and norbolethone may well be ascribed to the anabolic 
effect of these steroids. On the other hand, the glucocorticoids, prednisolone and 
triamcinolone, as well as estradiol, greatly aggravate the toxicity of T3. The prostra
tion and mortality induced by high doses of propylthiouracil are counteracted by 
PCN, CS-1 and several other potent catatoxic steroids, but the thyroid enlargement 
induced by small amounts of this goitrogen is further enhanced by PCN, which 
possesses a mild goitrogenie effect itself. 

In guinea pigs, the weight loss produced by thyroxine can be counteracted by 
cardiac glycosides or DOC. 

In dogs, estradiol stimulates the proliferation of spongy bone, an effect which 
is inhibited by thyroidectomy and enhanced by thyroxine. 

Methenolone (a testoid) antagonizes the catabolic effect of desiccated thyroid or 
of prednisolone in man. 

Thyroid Hormones <E- corticoids cf. also 
Selye G60,083j70, pp. 347, 355. 

Korerwhevsky et al. 16,451/33: In the rat, 
a testoid extract prepared from urine failed to 
influence the decrease in fat deposition and 
other manifestations of overdosage with 
desiccated thyroid. 

Kinsell et al. A37,369j42: Experiments on 
guinea pigs and mice suggested that "thera
peutic dosage of cardiac steroid-glycosides 
prevents a weight loss in thyroxin-treated 

animals similar to that obtained with adrenal 
cortical hormone and desoxycorticosterone 
acetate. Larger dosage of these cardiac 
glycosides either fails to modify such weight 
loss or actually increases it." 

Oettel & Frarwk A 72,420/42: In rats, 
DOC allegedly offers some protection against 
the hepatic changes produced by thyroxine 
or allylformiate. 

Parmer B17,568j47: In baby rats, the 
retardation of tooth eruption and of the 
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opening of the eyelids induced by thiouracil is 
counteracted by DOC. However, the stunting 
of body growth and the thyroid changes 
produced by thiouracil are not influenced by 
DOC. 

Benoit & Clavert B27,669f48: In ducks, 
estradiol stimulates the proliferation of spongy 
bone consisting of fine trabeculae. Thyroid
ectomy retards this bone proliferation, 
whereas conjoint treatment with thyroxine 
and estradiol Ieads to the abundant develop
ment of thick trabeculae. 

Leathem B38,768J48: In rats the effect 
of thiourea and thiouracil upon body and organ 
weights is not significantly influenced by tes
tosterone. 

Kar et al. C 17,531/55: In rats, thiourea 
causes glycogen storage and severe pathologic 
changes in the liver. Testosterone counteracts 
these lesions. 

Kusama C58,473f57: In rats, the glyco
genolytic action of thyroid feeding is Counter
acted by cortisone. 

Table 20. Corulitioning for T3 (3,3,5-Triiodo
L-thyronine) 

Treatmenta Final body Mortalityc 
weightb (Deadf 
(g) Total) 

None (untreated) 161 ± 3 *** 0/5 
None (Ta treated) 105 ± 4 6/10 
PCN 105 ± 3NS 6j15NS 
PCN (1 mg) 115 ± 3NS 8/10 NS 
CS-1 118 ± 6NS 6j10NS 
Ethylestrenol 117 ± 4 * 3/10 NS 
Spironolactone 115 ± 6NS 6j10NS 
Norbolethone 121 ± 4 ** 4j10NS 
Oxandrolone 107 ± 5NS 2j10NS 
Prednisolone-Ac 78 ± 5 *** 5/10NS 
Triamcinolone 10/10! 
Progesterone 106 ± 4NS 8/10 NS 
Estradiol 83 ± 2 *** 0/10 ** 
DOC-Ac 99 ± 4NS 6j10NS 
Hydroxydione 108 ± 4NS 8/10NS 
Thyroxine 106 ± 4NS 8/10NS 
Phenobarbital 114± 3NS 8j10NS 

a The rats of all groups (except the 1st) 
were given Ta (200 (Lg/100 g body weight in 
0.2 ml water, s.c., twice daily from 4th day ff.). 

b Student's t-test. All statistics in compari
son with 2nd group. 

c Mortality listed on 12th day ("Exact 
Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Henschler & Reich C71,216f59: In rats, the 
pulmonary edema induced by ammonium 
chloride, epinephrine, thiourea, or chloro
picrin is prevented by the administration 
about 5 min earlier of a single large dose of 
prednisolone i.v. 

Weller D13,995j61; D22,262f62: In man, 
methenolone antagonizes the catabolic effect 
of prednisolone and desiccated thyroid. 

Cavalca F 83,698/67: Prednisolone greatly 
aggravates the myopathy produced by thyroid 
overdosage in the rat. 

Selye G70,480j71: In rats, none of the 
standard conditioners (with the possible 
exception of ethylestrenol and norbolethone) 
was conspicuously effective in preventing the 
catabolism produced by overdosage with T3. 
Prednisolone and estradiol actually increased 
the catabolic effect of the thyroid hormone. 
The mortality resulting from T3 overdosage 
appears to have been diminished by estradiol, 
but aggravated by triamcinolone, cf. Table 20. 

Selye 70,480!71: In rats, all the classic 
catatoxic steroids and phenobarbital readily 
inhibit propylthiouracil intoxication. Progeste
rone has a dubious prophylactic effect, cf. 
Table 21. 

Table 21. Corulitioning for high doses of 
propylthiouracil 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Deadf 
Total) Total) 

None 10/10 4/10 
PCN 0/10 *** 0/10 * 
CS-1 3/10 *** 0/10 * 
Ethylestrenol 3/10 *** 3/10 NS 
Spironolactone 3/10 *** 3/10 NS 
Norbolethone 2/10 *** 1/10 NS 
Oxandrolone 3/10 *** 0/10 * 
Prednisolone-Ac 7/10 NS 3f10NS 
Triamcinolone 10/10 NS 9/10 :'t 
Progesterone 6/10 * 1/10 NS 
Estradiol 7j10 NS 4/10 NS 
DOC-Ac 7J10NS 2/10 NS 
Hydroxydione 7/10 NS 1/10 NS 
Thyroxine 10/10 NS 9/10.! 
Phenobarbital 0/10 *** 0/10 * 

a The rats of all groups were given pro
pylthiouracil (30 mg/100 g body weight in 
0.15 ml DMSO, i.p., once on 4th day). 

b Dyskinesia was estimated 3 hrs after 
injection and mortality listed 24 hrs later 
("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 
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Selye P ROT. 36736: In rats, the thyroid 
enlargement produced by small doses of 
propylthiouracil is increased by PCN (which 
has a slight goitrogenie effect of its own) and 
decreased by suitable doses of glucocorticoids, 
estradiol, DOC and thyroxine. Several of the 

standard conditioning agents, particularly 
glucocorticoids, also interfere with the normal 
gain in body weight. Finally, !arge doses of 
glucocorticoids cause considerable mortality 
in the presence of propylthiouracil overdos
age, cf. Table 22. 

Table 22. Conditioning for low doses of propylthiouradl 

Treatmenta Thyroid weightb Final body weightc Mortalityc 
(mg) (g) (DeadfTotal) 

None 14.8 ± 0.6C 151 ± 2 0/15 
PCN 23.1 ± 1.4 *** 145 ± 3NS 0/5 NS 
CS-1 14.3 ± 0.8NS 152 ± 3NS 0/10NS 
Ethylestrenol 12.9 ± 0.4 * 152 ± 3NS 0/10NS 
Spironolactone 17.3 ± 0.8 :!'_ 148 ± 2NS Of10NS 
Norbolethone 15.9 ± 1.3NS 160 ± 2 * 0/10 NS 
Oxandrolone 14.3 ± 0.9NS 145 ± 3 NS 0/10NS 
Prednisolone-Ac 12.1 ± 0.6 ** 80 ± 1 *** 5/10*** 
Prednisolone-Ac (100 f!g) 11.4 ± 1.1 * 120 ± 3 *** 0/5 NS 
Triamcinolone 8.7 ± 0.8 *** 65 ± 2 *** 8/10 *** 
Triamcinolone (100 !Lg) 13.1 ± 0.5 * 113 ± 3 *** 0/5 NS 
Progesterone 13.8 ± 0.9NS 138± 2~ 0/10 NS 
Estradiol 13.3 ± 0.8NS 97 ± 2 *** 0/10NS 
Estradiol ( 100 !Lg) 11.5 ± 0.8 ** 128± 3~ 0/5 NS 
DOC-Ac 12.2 ± 0.7 ** 138± 2~ 0/10NS 
Hydroxydione 13.5 ± 0.9 NS 139 ± 2 ** 0/10NS 
Thyroxine 8.5 ± 0.5 *** 139 ± 4.:!: Of10NS 
Phenobarbital 15.0 ± 1.2NS 144 ± 2 .'!! 0/10NS 

a The rats of all groups were given propylthiouracil (25 fl.g/100 g body weight in 0.1 mlDMSO, 
i.p., twice daily from 4th day ff.). 

b The thyroid weight in completely untreated control rats (receiving no propylthiouracil) 
was 9.5 ± 0.5. 

c Mortality was Iisted on 13th day ("Exact Probability Test"), simultaneously with thyroid 
weight and final body weight (Student's t-test). For further details on technique of tabulation 
cf. p. VIII. 

Parathyroid Hormones ~ 

In rats, pretreatment with DOC allegedly inhibits the nephrocalcinosis produced 
by parathyroid extract. 

Cortisone antagonizes the effect of parathyroid extract upon the teeth and bones 
of the rat, simultaneously inhibiting hypercalcemia and nephrocalcinosis. Cortisone 
also prevents the accumulation of strontium and calcium in the kidney, as weil as 
their urinary elimination following parathyroid extract injection. The elevation of 
serum total glycoproteins induced by parathyroid extract as weil as the associated 
nephrocalcinosis can be prevented by cortisone, although the latter does not 
prevent the nonspecific elevation of serum glycoproteins induced by turpentine. 
Even the production of osteitis fibrosa and of an increase in gastric mucus production 
are inhibited by glucocorticoids in the rat. 
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Small doses of estradiol increase the cortical nephrocalcinosis in parathyroid 
extract treated rats. In hens, folliculoids increase blood calcium, but do not 
augment the hypercalcemic action of parathyroid extract. Both hormone preparations 
cause osteosclerosis in chickens, but the lesions are qualitatively distinct. 

Parathyroid Hormones +-- corticoids cf. also 
Selye G60,083J70, pp. 347, 354. 

Baker et al. 024,277!54: In rats, pre
treatment with DOC greatly diminishes the 
nephrocalcinosis normally produced by para
thyroid hormone. 

Bacon et al. 026,675/56: In rats, parathy
roid extract increases the urinary excretion of 
radioactive calcium and strontium, as well as 
the deposition of these elements in the kidney. 
Cortisone prevents the accumulation of 
strontium and calcium in the kidney, but 
does not influence their urinary excretion 
under these conditions. 

Laron et al. 047,872/58: In rats, cortisone 
antagonizes the effect of parathyroid extract 
upon the teeth and bones; it also inhibits 
hypercalcemia and nephrocalcinosis. 

Bradford et al. D76,315f60: In rats, corti
sone prevents the elevation of serum total 
glycoproteins induced by parathyroid extract 
as well as the associated nephrocalcinosis. 

Cortisone does not prevent the nonspecific 
elevation of serum glycoproteins resulting 
from turpentine injections. 

Urist et al. 095,236/60: In hens, parathy
roid extract and "equine estrogenic substances" 
had an additive effect on blood calcium and 
hone structure. Both hormone preparations 
caused osteosclerosis although of a different 
type and, whereas parathyroid extract increa
sed ultrafilterable calcium, the folliculoid 
preparation augmented the nonultrafilterable 
fraction of the serum calcium. 

Grob et al. E20,745f63: Small doses of 
estradiol increase cortical nephrocalcinosis in 
the parathyroid extract treated rat. 

Stoerk et al. G5,410f63: In rats, the pro
duction of osteitis fibrosa by parathyroid 
extract is inhibited through cortisol. 

Menguy & Masters F 17,447!64: In rats, 
parathyroid extract greatly increases the 
production of gastric mucus and this effect 
can be partially blocked by cortisone. 

Pancreatic HorTnones +-

In rats, adrenocortical extracts (with predominantly glucocorticoid activity) 
proved to inhibit both insulin hypoglycemia and epinephrine hyperglycemia. It was 
concluded that "cortin exerts a stabilizing effect upon the blood sugar." In mice, 
ACTH and glucocorticoids increase insulin resistance, as judged by toxicity tests. 
The renal changes produced by alloxan are aggravated by cortisonein guinea pigs 
but not in rats. The mortality induced by phenformin (an oral antidiabetic) is dimi
nished by cortisol in rats but not in dogs. 

DOC allegedly antagonizes the toxic actions of insulin, and in combination with 
the latter can produce extreme obesity in rats. It also protects against alloxan 
diabetes. 

Fluoxymesterone renders the rat hypersensitive to insulin shock, perhaps because 
this testoid induces adrenocortical atrophy. Durabolin (another anabolic testoid) 
decreases alloxan ketosis in the rat, whereas diethylstilbestrol tends to aggravate it, 
at least on certain diets. 

In rabbits, alloxan diabetes is not significantly affected by DOC, testosterone or 
progesterone, whereas stilbestrol rapidly decreases alloxan hyperglycemia in both 
sexes. The toxicity of tolbutamide is increased by stilbestrol in the rat. 
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Selye & Dosne A30,701f39: In rats, under 
certain conditions, an adrenocortical extract 
may inhibit both insulin hypoglycemia and 
epinephrine hyperglycemia. "It appears that 
cortin exerts a stabilizing effect on the blood 
sugar." 

Jensen & Grattan 77,887 f40: In mice, ACTH, 
glucocorticoids and cortical extracts increase 
insulin resistance, whereas other pituitary 
hormones and thyroxine have no such effect. 

Levens & Swann 80,483/41: In rats, DOC 
antagonizes the toxic actions of insulin, and 
in combination with the latter, produces 
extreme obesity. 

lru;le et al. B3,163f47: In rats, diethylstil
bestrol tends to aggravate alloxan diabetes 
but its effect depends upon the diet. 

Oarrasco & Vargas B50,792f49: In rabbits, 
alloxan diabetes is not significantly affected 
by DOC, testosterone or progesterone. Stil
bestrol rapidly decreases alloxan hypergly
cemia in both sexes. 

Grunert & Phillips B48,993f49: In rats, 
DOC protects against alloxan diabetes. 

Avezzu et al. 012,653/54: In guinea pigs, 
the renal changes produced by alloxan are 
aggravated by cortisone. 

Penhos & Blaquier 059,755/58: The mor
tality induced by phenformin (an oral antidia-

betic) is diminished by cortisol and epineph
rine in rats but not in dogs. 

Greenberg D21,811f62: In the rat, the renal 
changes produced by alloxan are not signi
ficantly affected by cortisone. 

McOoll & Sacra D34,973f62: "Pretreat
ment of female Sprague-Dawley rats with 
diethylstilbestrol for 15 days significantly 
increased the acute toxic effect of tolbuta
mide, isobuzote, terbuzole, and insulin. Testos
terone pretreatment resulted in a significant 
decrease in toxicity of tolbutamide, isobuzole, 
and terbuzole but not of insulin." 

Grella E21,538f63: Protreatment with 
fluoxymesterone renders the rat hypersensi
tive to insulin shock, allegedly because this 
testoid produces adrenocortical atrophy. 

Rudas & Weissel E34,762f63: Nandrolone 
decreases alloxan ketosis in the rat. 

Pokrajac et al. G49,275f67: Review of the 
Iiterature and personal observations on the 
increased insulin resistance of cortisol-treated 
rats. 

lsacson & Nilsson G80,478f70: In healthy 
men, combined treatment with phenformin 
and ethylestrenol raised the fibrinolytic activity 
of the blood and the platelet adhesiveness. 
Thus, "the combined treatment produced 
changes tending to counteract the develop
ment of thrombosis." 

Epinephrine, Norepinephrine +-

As previously stated, under certain conditions, glucocorticoid adrenal extracts 
may inhibit both insulin hypoglycemia and epinephrine hyperglycemia in rats. 
That is why we concluded that "cortin exerts a stabilizing effect upon the blood 
sugar." 

Prednisone pretreatment facilitates the production of pulmonary edema by 
small doses of epinephrine in rabbits. On the other hand, in the rat, pulmonary edema 
induced by epinephrine (or thiourea, chloropicrin or NH4Cl) is prevented by the 
administration of a single dose of prednisolone 5 min earlier. In dogs, prednisolone 
failed to protect against shock induced by epinephrine or norepinephrine. 

Both in rats and in dogs, the pressor action of epinephrine and norepinephrine 
(as well as that of renin and angiotensin) is considerably enhanced by previous 
uninephrectomy and treatment with DOC + NaCl. 

Pretreatment with stilbestrol diminishes the severity of pulmonary edema follow
ing epinephrine treatment in guinea pigs. On the other hand, combined treatment 
with norepinephrine and estradiol produces extensive myocardial necrosis in 
guinea pigs, similar to the ESCN produced in rats. 

In rabbits, the production of calcifying aortic lesions by epinephrine is 
partially inhibited by adrenosterone, a testoid compound, although normally males 
are more sensitive than females to this type of arteriosclerosis. 
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Epinephrine, Norepinephrine +- corti• 
coidscf.alsoSelyeB58,650f51, p. 322; 092,918/ 
61,pp. 107, 109, 111; G60,083f70, pp. 347, 352. 

Epinephrine, Norepinephrine +- folli· 
culoids cf. also Selye G60,083f70, pp. 364, 368. 

Epinephrine, Norepinephrine +-luteoids 
cf. also Selye G60,083f70, p. 370. 

Epinephrine, Norepinephrine +- testoids 
cf. also Selye G60,083f70, p. 379. 

Selye & Dosne A30,701f39: In rats, under 
certain conditions, the adrenocortical extract 
may inhibit both insulin hypoglycemia and 
epinephrine hyperglycemia. "It appears that 
cortin exerts a stabilizing effect on the blood 
sugar." 

Masson et al. B47,635f50: In dogs pre
treated with DOC + uninephrectomy + NaCI, 
the hypotensive effect of TEA was not 
significantly altered. Similarly, both in rats 
and in dogs, the pressor action of epinephrine, 
norepinephrine, renin and angiotensin was 
not consistently altered by previous unine
phrectomy and treatment with DOC + NaCl. 

Franeo 027,538{54: In guinea pigs, pre
treatment with testosterone does not modify 
the development of pulmonary edema follow
ing the administration of epinephrine. 

Giuseppe 027,530{54: In guinea pigs, pre
treatment with stilbestrol diminishes the 
severity of pulmonary edema following treat
ment with epinephrine. 

Sturtevant 09,089{55; 021,591{56: In rats 
with metacorticoid hypertension (produced by 
temporary overdosage with DOC + NaCl), the 
pressor effect of epinephrine, norepinephrine, 
vasopressin and renin was increased, but the 
effect of histamine, 5-HT, yohimbine and TEA 
on the blood pressure was not consistently 
altered. 

Barbe 046,902{57: In rabbits, prednisone 
pretreatment facilitates the production of 
fatal pulmonary edema by small doses of 
epinephrine. 

Moss & Dury 044,068{57: In rabbits, the 
development of cholesterol atherosclerosis is 
inhibited by cortisone, and the regression of 
already established lesions accelerated. The 
epinephrine-induced aortic medial necrosis is 
not prevented by cortisone, but the fibroblast 
reaction in the lesions is inhibited. 

Plotka et al. 051,239{57: In rabbits, the 
production of aortic lesions by epinephrine i.v. 
is partly inhibited by adrenosterone; yet, 
normally males are more sensitive than fe
males to epinephrine arteriosclerosis. 

Bensekler & Reich 071,216{59: In rats, the 
pulmonary edema induced by ammonium 

chloride, epinephrine, thiourea or chloropicrin 
is prevented by the administration about 5 min 
earlier of a single !arge dose of prednisolone i.v. 

Lupulescou E21,838f63: In guinea pigs, 
combined treatment with norepinephrine + 
estradiol or ACTH + estradiol produces 
extensive myocardial necrosis. "This infarc
toid cardiopathy appears without any addi
tion of phosphates or other sodium salts which 
is evidence of the fact that !arge doses of 
oestrogens prepare or sensitize the myocardium 
as regards the cardiotoxic action of noradre
nalin or the corticotropic hormone." 

Szab6 et al. 044,867{66: In dogs, predniso
lone failed to protect against shock induced by 
epinephrine or norepinephrine. 

Motsay et al. H32,852f70: In dogs, massive 
doses of glucocorticoids (e.g., methylpredni
solone) can offer protection against circulatory 
shock produced by overdosage with epine
phrine or endotoxin. The prophylactic effect 
is ascribed primarily to a protection of the 
microcirculation. 

Selye PROT. 32804: In rats, none of the 
conditioning agents of our series offered any 
significant protection against acute intoxica-

Table 23. Oonditioning for epinephrine 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Deadf 
Total) Total) 

None 3{10 0{10 
PCN 7{10 NS 3/10NS 
CS-1 6{10 NS 2f10NS 
Ethylestrenol 7{10 NS Of10NS 
Spironolactone 5{10 NS 1{10 NS 
Norbolethone 6{10 NS 1/10 NS 
Oxandrolone 4{10NS Of10NS 
Prednisolone-Ac 2{10 NS 5/10 !. 
Triamcinolone 5/10NS 711 o .!.!.!. 
Progesterone 5f10NS 2/10 NS 
Estradiol 8{10 !. 4/10! 
DOC-Ac 6/9 NS 0/9 NS 
Hydroxydione 8/10! 2/10 NS 
Thyroxine 9/9 .!.!.!. 8/9 .!.!.!. 
Phenobarbital 8/10 *- 3J10NS 

a The rats of all groups were given epine
phrine bitartrate (1.5 mg/100 g body weight 
in 0.2 ml water, s.c., once on 4th day). 

b Dyskinesia was estimated 5 hrs after 
injection and mortality listed 24 hrs later 
("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 
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tion with epinephrine. The glucocorticoids and 
thyroxine actually decreased resistance to 
this catecholamine. The apparent increase in 

epinephrine sensitivity induced by estradiol 
hydroxydione and phenobarbital was barely 
significant, cf. Table 23, p. 144. 

Histamine -E-

Earlier observations suggested that in mice and rats, adrenocortical extract or 
DOC, in combination with NaCl, can raise histamine resistance above normal. This 
has subsequently been confirmed with cortisol and DOC as regards the hypotensive 
effect of histamine in rats. Yet, in new-born rats, fatal intoxication with histamine 
was not significantly influenced by cortisol, cortisone, corticosterone or ACTH. 

In rats given histamine by aerosol, or egg-white i.p., an asthmatic attack ensues if 
the lung was previously irritated by inhalation of acetic acid. This response is ob
tained in females, castrate males, and in intact males treated with folliculoids, but 
not in normal males. Testosterone and progesterone abolish this effect in females and 
castrate males, thus indicating a sex hormone dependence of histamine resistance. 

In rats, complete blockade of the sympathetic system by adrenal demedullation, 
combined with reserpine or bretylium-like agents or with ganglioplegics, causes a 
considerable increase in histamine sensitivity, comparable in degree tothat induced 
by complete adrenalectomy. Epinephrine alone counteracts the lethality of histamine 
after such sympathetic blockade, but cortisone offers only partial protection. Pre
sumably, sympathetic stimulation is "the first line of defense" against the 
vasomotor disturbances produced by histamine and, in this respect, is more impor
tant than cortisone, although the latter offers greater protection against other 
stressors. 

In mice, sensitized by histamine plus pertussis vaccine, cortisol and cortisone 
increased, whereas DOC decreased resistance to shock produced by this combined 
treatment. 

In guinea pigs, ACTH and cortisone failed to protect against histamine shock or 
anaphylaxis. 

Perla et al. A.31,863f40: In mice and rats, 
pretreatment with NaCI in combination with 
DOC or adrenocortical extract increased 
resistance to histamine. Favorable results 
have also been obtained by DOC plus NaCI in a 
few patients suffering from surgical shock. 

Malkiel G71,451f51: In guinea pigs, ACTH 
and cortisone are without effect on the end 
results of histamine shock, or of passive or 
active anaphylaxis. 

Malkiel & Bargis D27,396f52: Cortisone 
s.c. protects the rat against histamine into
xication even after sensitization by pertussis 
vaccine. 

Kirul B81,943f53: In H. pertussis-inocula
ted mice, cortisone inhibits the Iethai effect 
of both histamine and H. pertussis vaccine. 
Cortisone also protects uninoculated mice 
against Iethai intoxication with this vaccine. 

10 Selye, Hormones and Resistance 

SackZer et al. B78,749f53: In rats, thyro
parathyroidectomy increases histamine toler
ance, but only in females. Intact rats show no 
sex difference in histamine tolerance. Gonad
ectomy raises histamine tolerance in both 
sexes. 

Ohedid 0622/54: Pertussis vaccine sensi
tizes the intact mouse both to histamine and 
to typhoid endotoxin. Under these conditions, 
both phenergan and cortisone protect the 
animals against fatal doses of histamine but 
not against endotoxin. In adrenalectomized 
mice, cortisone does protect against endotoxin. 

Gross 030,649/55: In rats, administration 
of histamine by aerosol, or of egg-white i.p. 
elicits an asthmatic attack if the lung was 
previously irritated by inhalation of acetic 
acid given by a spray. This responseisobtain
ed in females, castrate males or males treat-
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ed with folliculoids, but not in normal 
males. Testosterone and progesterone abolish 
this effect in females and castrate males. 

Lecomte D12,212f61: Both cortisol and 
DOC increase the resistance of the rat to the 
hypotensive effect of histamine i.v. 

Higginbotham D21,395f62: In mice, re
sistance to 5-HT, endotoxin and anaphylactic 
shock is markedly decreased by adrenalec
tomy. Cortisol readily restored resistance to 
5·HT, but was less effective with regard to 
endotoxin and anaphylactic shock. Resistance 
to histamine and histamine releasers is less 
markedly diminished by adrenalectomy in the 
mouse, and large doses of cortisol are required 
to induce a measurable increase in resistance 
to histamine. 

Leeamte & Sodoyez D20,641f62: The 
hypotension and shock produced by endo
genous histamine Iiberation following treat
ment with compound L-1935 in the rat is not 
significantly influenced by cortisol or DOC. 

Pekdrek & Vrana D52,098f62: In rats 
sensitized to histamine by pertussis vaccine, 
DOC decreases resistance to the combined 
treatment. 

Munoz E8,473f64: Cortisone and cortisol 
protect the pertussis-sensitized mouse against 
histamine, cold and anaphylaxis even after 
adrenalectomy. 

Schapiro F31,856f65: In newborn rats, 
fatal intoxication with histamine was not sig
nificantly influenced by ACTH, cortisol, corti
sone or corticosterone. 

Krawczak & Brodie H25,296f70: In rats, 
complete blockade of sympathetic function 
can be achieved by demedullation combined 
with reserpine-like agents (depleting catechol
amine. stores), bretylium-like agents (pre
venting nerve impulse from releasing cate
cholamines) or ganglioplegics. Following such 
total sympathetic blockade, mortality from 
histamine or endotoxin is as markedly increa
sed as by adrenalectomy. Pretreatment with 
epinephrine alone counteracts the increased 
lethality of endotoxin and histamine after 
sympathetic blockade. Cortisone pretreatment 
only partially corrects the sensitization by 
adrenalectomy, whereas cortisone + epine
phrine offers complete protection against 
these agents. Presumably, sympathetic stimula
tion is "the first line of defense against the 
vasomotor disturbance elicited by endotoxin 
and histamine." The lethal effect of formalin 
or tourniquetshock is likewise greatly increased 
by adrenalectomy, but in contrast to that of 
endotoxin and histamine, it cannot be in
creased by sympathetic blockade. Further
more, cortisone alone counteracts the toxicity 
of these stressors in adrenalectomized rats. 
Apparently "formalin and tourniquet shock is 
initiated by a mechanism which differs from 
that elicited by histamine and endotoxin and 
does not primarily involve the sympathetic 
system." 

Histamine <- Ovariectomy: Sackler 
et al. B78,749f53* 

5-HT~ 

In rats, metacorticoid hypertension does not influence the effect of 5-HT upon 
blood pressure. 

The gastric ulcers produced by large doses of 5-HT in the rat are prevented by 
cortisol and aggravated by DOC. 

The production of renal infarcts by 5-HT is partially prevented by hypophysec
tomy, DOC, or testosterone, uninfluenced by ACTH, and aggravated by cortisone. 
On the other hand, such renal necroses are also inhibited by the stress of restraint, 
bothin intact andin adrenalectomized rats. Estradiol aggravates the 5-HT induced 
renal necroses, whereas estrone allegedly has no such sensitizing effect. 

The 5-HT content of the brain decreases after cortisol treatment, presumably 
through the induction of hepatic TPO. 

Sturtevant 09,089/55; 021,591/56: In rats 
with metacorticoid hypertension (produced by 
temporary overdosage with DOC + NaCl) 
the pressor effect of epinephrine, norepine-

phrine, vasopressin and renin was increased, 
but the effect of histamine, 5-HT, yohimbine 
and TEA on the blood pressure was not 
consistently altered. 
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Selye & Bois 023,958/57: The gastric ulcers 
produced by !arge doses of 5-HT in the rat can 
be prevented by cortisol, and aggravated by 
DOC. 

Jasmin & Bois 092,099/60: Hypophysec
tomy partially protects the rat against the 
production of renal infarcts by 5-HT. ACTH 
does not affect this change; cortisol aggravates 
it, whereas DOC and testosterone offer partial 
protection against it. Estradiol pretreatment 
sensitizes the rat for the production of ischemic 
renal infarcts by 5-HT. 

Higginhotham D21,395f62: In mice, resis
tance to 5-HT, endotoxin, and anaphylactic 
shock is markedly decreased by adrenalectomy. 
Cortisol readily restored resistance to 5-HT, 
but was less effective with regard to endo
toxin and anaphylactic shock. Resistance to 
histamine and histamine releasers is less 

markedly diminished by adrenalectomy in the 
mouse, and !arge doses of cortisol are required 
to induce a measurable increase in resistance 
to histamine. 

Szarvas & Kovdcs E34,633f63: In the rat, 
estrone aggravates the renal necroses produced 
by posterior pituitary extracts, but not those 
elicited by 5-HT. 

Selye et al. E24,146f64: The renal necroses 
normally produced in rats by acute intoxica
tion with 5-HT can be inhibited by forced 
restraint bothin intact andin adrenalectomized 
rats. Cortisol has no such inhibitory effect. 

Green & Ourzon H 5,891/68: In the rat, the 
5-HT content of the brain decreases after 
treatment with cortisol, presumably through 
the induction of TPO in the liver. 

5-HT(N -acetyl) +- Prednisolone: 
Inscoe et al. F70,325f66 

Various Tissue Extracts +-

A few publications deal with the effect of steroids upon the toxicity of crude 
tissue extracts. For example, estradiol increases, whereas progesterone and 
adrenocortical extract decrease the toxicity of menstrual discharge injected s.c. 
into rats. 

In mice, adrenocortical extract diminishes the toxicity of the peritoneal exudate 
elicited by intestinal Strangulation. 

Submandibular gland grafts obtained from testosterone-treated donors are said 
to be highly toxic to mice, although testosterone is not toxic in the presence of 
submandibular glands. Apparently, the latter do not release the induced toxic 
factor. 

In rabbits, aldosterone and cortisone increased, whereas spironolactone inhibited 
the angiotensin-induced glycosuria. 

Smitk & Smitk A32,972f40: In rats, the 
toxicity of menstrual discharge s.o. is increased 
by estradiol and diminished by progesterone 
or adrenocortical extract pretreatment. Gona
dectomy offers moderate protection in both 
sexes. DOC is ineffective. 

Laufman & Freed 88,861/43: In mice, 
adrenocortical extract diminishes the toxicity 
of the perltonaal transudate of dogs with 
intestinal strangulation. 

Hori et al. G72,33lf69: In rabbits, aldo
sterone and cortisone increased the angio
tensin-induced glycosuria, whereas spirono
lactone inhibited it. 

10* 

Lin & Boakino H9,995f69: "Submandibu
lar grafts obtained from both immature male 
and adult female donors which received pre
treatment with testosterone enanthate exerted 
a Iethai effect on the hosts. Large dosages of 
testosterone enanthate, which obviously in
creased the Iethai factor Ievel in the submandi
bular gland, did not kill normal intact adult 
mice; nor did it increase the mortality of 
bilaterally submandibular-sialoadenectomized 
immature mice beyond that of controls without 
testosterone treatment, when they were not 
transplanted." 
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DRUGS +-

The effect of steroids upon numerous intoxications has been the subject of many 
investigations which could hardly be condensed more than has been done in the 
Abstract Section. Here, we shall comment only on a few particularly interesting 
data and on observations which can be clarified by correlating them with factsnot 
mentioned in the original articles. 

Anaphylactoidogens +-

The production of anaphylactoid edema by various mast cell dischargers, 
histamine, or 5-HT, is facilitated by mineralocorticoids and inhibited by glucocorti
coids, as are other forms of acute inflammatory reactions. 

The gastric ulcers and the anaphylactoid edema produced by such mast cell 
dischargers as 48/80 or polymyxin are likewise prevented by various glucocorticoids 
and by stressors, although both these steroids and stress, are capable of producing 
gastric ulcers in themselves. Curiously, DOC likewise prevents polymyxin-induced 
gastric erosions. 

When, following pretreatment with polymyxin, the gastric mucosa is depleted of 
histamine, the ulcerogenic property of prednisolone overdosage is unimpaired; hence, 
histamine liberation cannot be responsible for glucocorticoid-induced gastric 
ulceration. 

Curiously, the cardiovascular and renal calcification produced by chronic 
treatment with polymyxin is increased by triamcinolone, DOC, or by combined 
treatment with both these steroids. Fluorocortisol, which possesses both gluco- and 
mineralocorticoid properties, also shares this effect. 

Anticoagulants +-

The "hemorrhagic stress syndrome" can be produced by indirect anticoagulants 
(phenindione, dicoumarol, warfarin) subsequent pretreatment with various stressors, 
ACTH, STH or DOC. Conversely, cortisone, epinephrine, ephedrine and adreno
chrome inhibit this syndrome. 

In man, some testoids (methandrostenolone, norethandrolone) increase the 
anticoagulant response after pretreatment with warfarin, phenindione, or bishy
droxycoumarin. It has been assumed that certain steroids can increase the 
affinity of receptor sites for anticoagulants. 

On the other hand, in rats, the fatal hemorrhagic diathesis produced by phenin
dione is inhibited by pretreatment with numerous catatoxic steroids such as PCN, 
ethylestrenol, CS-1, spironolactone, norbolethone and oxandrolone. Progesterone, 
hydroxydione, DOC, and estradiol have a much less pronounced effect. Prednisolone, 
triamcinolone, and thyroxine are inactive. 

It has been shown at least for spironolactone, norbolethone, and ethylestrenol that 
these catatoxic steroids actually enhance the disappearance of bishydroxycoumarin 
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from the blood, and restore the prothrombin time. Triamcinolone and progesterone 
fail to do so. 

SKF 525-A increases the blood concentration and the anticoagulant effect of 
bishydroxycoumarin, counteracting the beneficial effect of ethylestrenol. 

Barbiturates +-

Barbiturates are probably the most extensively used nonsteroidal catatoxic 
substances. Interest in them has been hightened by the fact that they also act as 
excellent substrates for both steroidal and nonsteroidal enzyme inducers. Further
more, it is easy to determine changes in barbiturate activity in vivo, by measuring 
either the "sleeping time" (the interval between the loss and the reappearance of the 
righting reflex) or the depth of the anesthesia induced by threshold doses 
(expressed in an arbitrary scale, ranging from wobbly gait to surgical narcosis). 
Both types of measurement have their advantages and disadvantages. The sleeping 
time reflects the duration of anesthesia, but does not distinguish between mere 
abolition of the righting reflex and almost lethal narcosis, if the duration of action 
is the same. Conversely, measurement of the depth of anesthesia does not reflect 
its duration. Most of the published experimental work is based on measurements of 
sleeping time. 

+ Glueoeortieoids. Soon after the introduction of cortisone into clinical medicine, 
it was noted that it often helped to combat abstinence symptoms following discon
tinuation of barbiturates or morphine in man. 

The anesthetic effect of various barbiturates is shortened by cortisone, cortisol 
and other glucocorticoids, both in rats and in mice. Although, barbital is not 
metabolized in the body, its anesthetic effect in mice is likewise diminished by 
glucocorticoids. It has been claimed, however, that pretreatment with cortisol, two 
hours before pentobarbital intoxication increases the lethal effect of the latter 
in mice. The protection of mice against barbital anesthesia is ascribed to a glucocorti
coid-induced decrease in the barbital concentration of the brain. In rabbits, barbital 
anesthesia and the barbital content of the blood are not significantly influenced by 
cortisone, although urinary barbital elimination is increased. 

In patients recovering from barbiturate poisoning, sleep is often re-induced by 
cortisone or i.v. injection of glucose. 

Pretreatment of rats with cortisone or prednisolone for three days diminishes the 
anesthetic effect of hexobarbital and increases its degradation by liver slices. 

When given simultaneously, cortisol prolongs pentobarbital sleeping time, but if 
the hormone is given one day before the barbiturate, the anesthetic effect of the latter 
is shortened. 

Pretreatment with cortisone also prolongs phenobarbital anesthesia in guinea pigs 
and hexobarbital anesthesia in mice, although it shortens thiopental anesthesia in 
rabbits. 

In rats, ACTH and cortisone decrease hexobarbital sleeping time, as does exposure 
to stress, whereas SKF 525-A blocks the protective effect of stress. In dogs, DDT 
decreases hexobarbital sleeping time but prolongs pentobarbital anesthesia. The 
latter effect is prevented by cortisone. 
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Brain hyperexcitability induced in rats by cortisone is diminished by pheno
barbital as judged by EST measurements. 

On the basis of these findings, it would be difficult to formulate any meaningful 
generalizations concerning the action of glucocorticoids upon barbiturate anesthesia. 
The latter depends upon species, timing, and the type of barbiturate used, but in 
general, a shortening of the hypnotic effect may be expected as long as the glucocorti
coid is administered before the barbiturate. 

+ Gluco-Mineralocorticoids, Mineralocorticoids. Comparatively few investigations 
deal with the effect of gluco-mineralocorticoids or mineralocorticoids upon barbi
turate anesthesia. Since several of these steroids are strong anesthetics themselves, 
combined treatment with barbiturates usually results in a summation of their 
effects. In our own experience, pretreatment with DOC did not significantly influence 
the duration of pentobarbital anesthesia in rats, unless the steroid was given just 
before the barbiturate so as to permit the summation of their actions. 

+ Antimineralocorticoids. In rats, pentobarbital sleeping time is shortened by 
pretreatment with aldadiene, aldadiene-kalium, spironolactone, CS-1 and several 
other antimineralocorticoids tested. These observations agree with the concept that 
antimineralocorticoids are in general powerful catatoxic steroids. 

+ Testoids. All strong anabolic testoids appear to shorten barbiturate anesthesia 
in general. However, barbital is not metabolized by hepatic microsomal enzymes and 
is consequently resistant to detoxication by microsomal enzyme-inducing steroids. 

There appears tobe a species difference in the effect of testoids upon barbiturate 
anesthesia, since in rats, testosterone shortens, whereas in mice it allegedly prolongs 
pentobarbital anesthesia. In any event, even physiologic doses of testoids appear to 
confer relative resistance to male rats, since castration increases their barbiturate 
sensitivity, and subsequent testosterone treatment restores it to normal. 

+ Luteoids. Many luteoids are strong anesthetics themselves; hence, their narcotic 
effect is added to that of the barbiturates ü the two types of compounds are given in 
rapid succession. Pretreatment with luteoids may induce some degree of resistance 
against barbiturates, but the effect is not very pronounced. 

Medroxyprogesterone given alone or in combination with ethynylestradiol and 
other folliculoids, over a period of 30 days, decreases the Ievel of brain pento
barbital without affecting pentobarbital narcosis. Combined treatment with lynestre
nol (a luteoid) and mestranol (a folliculoid) reduces the duration of pentobarbital 
and hexobarbital sleep in mice. Barbital is not affected. The effects of lynestrenol are 
abolished by SKF 525-A, whereas those of mestranol are potentiated. 

+ Folliculoids. Estradiol does not markedly influence hexobarbital sleeping time 
in female rats, but increases it in males. The enhanced hexobarbital resistance of 
male as compared to female rats is abolished by estradiol. There are marked species 
variations, and not all folliculoids act upon all barbiturates in the same manner; yet 
it may be said that in general, both the natural and the artüicial folliculoids 
increase sensitivity to barbiturate hypnosis. 

+ Adrenalectomy. Adrenalectomy tends to increase barbiturate sleeping time in 
itself, but does not significantly interfere with the effects of various steroids upon 
barbiturate hypnosis. 

In guinea pigs, epinephrine injected i.p. on awakening from barbiturate anesthesia 
re-induces sleep, and this effect is not prevented by adrenalectomy. Glucose Iactate 
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and glutamate exert similar effects in intact but not in adrenalectomized guinea pigs. 
The lengthening of barbiturate sleeping time in adrenalectomized rats can be 

abolished by cortisone, but not by DOC. Pretreatment of adrenalectomized mice 
with cortisone or cortisol reduces the high rate of barbital uptake by the brain to 
normal, whereas DOC has no such effect. 

Adrenalectomy inhibits the degradation of hexobarbital by liver slices of male rats; 
this effect can be counteracted by pretreatment with cortisone. 

Chlorpromazine pretreatment reduces barbiturate sleeping time even in adrenal
ectomized rats. 

In adrenalectomized rats maintained on NaCl, pretreatment with spironolactone 
still induces resistance to pentobarbital and hexobarbital, but not to phenobarbital. 
This is so even if the anesthetics are given in doses normally causing approximately 
equal anesthesia. 

+ Gonadectomy. It has been known since 1933, that male rats are less sensitive 
to barbiturate anesthesia than females, and that castration increases sensitivity of 
the male but not of the female. Testosterone raises the pentobarbital resistance 
of intact or ovariectomized females and castrate males, but has little effect upon the 
barbiturate sensitivity of intact males. Upon injections of pentobarbital, repeated 
every 90 min, adult male rats rapidly developed resistance, whereas females did not. 
Castration lowered the ability of adult males to develop tolerance. In females, 
ovariectomy may actually increase the ability to detoxify pentobarbital once 
tolerance has developed. 

Barbital anesthesia does not appear to be considerably affected by orchidectomy 
in rats, presumably because unlike other barbiturates, barbital is not metabolized in 
the body. 

Thyroidectomy, which in itself prolongs pentobarbital anesthesia, increases even 
further the barbiturate sensitivity of simultaneously orchidectomized rats. 

The increased hexobarbital sleeping time of females and castrate males, as com
pared to intact males, is associated with a delay in barbiturate metabolism as 
reflected by the prolonged persistence of the drug in the blood, and by the decreased 
rate of detoxication in vitro, by liver slices or microsomal fractions. 

The hexobarbital sleeping time, which is prolonged by orchidectomy in the rat, 
is shortened by testosterone, whereas cyproterone (an antitestoid) falls to inhibit the 
anti-anesthetic effect of testosterone; indeed, it actually shares this property. 

The effect of gonadectomy and sex hormone treatment depends largely upon the 
species under investigation. Thus, in guinea pigs, orchidectomy and ovariectomy 
prolong pentobarbital sleeping time while testosterone diminishes it, in agreement 
with the results obtained in the rat. 

On the other hand, in the mouse, hexobarbital anesthesia lasts Ionger in males 
than in females and orchidectomy decreases sleeping time, whereas ovariectomy does 
not affect it. Testosterone prolongs hexobarbital sleeping time in orchidectomized, 
intact male as well as in ovariectomized mice, and in the same species, this effect is 
blocked by cyproterone. In vitro experiments with the 9000g liver supernatant of 
female mice reveals a greater hexobarbital hydroxylating activity than a similar 
hepatic preparation made from male mice. After orchidectomy, the in vitro metabo
lism of hexobarbital becomes equal tothat of female mice. 
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+Varia. In rats, pretreatment with hydroxydione does not significantly influence 
pentobarbital sleeping time. In mice, phenobarbital given one hour before hydroxy
dione increases sleeping time, but when the interval is two days, single doses of 
phenobarbital decrease hydroxydione anesthesia. 

In rats, pentobarbital sleeping time is significantly decreased by DOO, 
4-chlorotestosterone, aldosterone, and stilbestrol, when given 30 min before the 
barbiturate. Progesterone has an inverse effect, perhaps because of its own acute 
anesthetic action. On the other hand, chronic pretreatment with progesterone, 
stilbestrol or aldosterone decreased pentobarbital sleeping time without causing any 
significant change in the brain pentobarbital concentration. 

Typical catatoxic steroids, such as ethylestrenol, spironolactone, and norbol
ethone diminish the depth of hexobarbital anesthesia in rats, and increase the ali
phatic hydroxylation of this barbiturate by hepatic microsomes, thereby enhancing 
its elimination from the blood. The effect of these catatoxic steroids upon pento
barbital anesthesia is essentially the same. On the other hand, progesterone, S0-8109, 
and S0-5233 failed to affect pentobarbital sleeping time in the rat. 

In mice, an aza-steroid (17a-methyl-17ß-hydroxy-4-aza-estran-3-one) shortened 
the duration of hexobarbital anesthesia . .Also in the mouse, pentobarbital anesthesia 
is shortened by ethylestrenol, OS-1, spironolactone, and norbolethone, but not by 
oxandrolone, prednisolone, progesterone, triamcinolone, DOO, hydroxydione, 
estradiol, or thyroxine. 

Bilirubin +--

In mice, a-naphthylisothiocyanate-induced hyperbilirubinemia and cholestasis are 
aggravated by norethandrolone and norethynodrel, but not by mestranol. This 
response is largely dependent upon the ambient temperature. 

Carbon Tetrachloride +--

The Iiterature on the effect of various steroids upon 0014 poisoning is extensive 
but very contradictory. Most investigators agree, however, that under suitable 
conditions of timing and dosage, various glucocorticoids and testoids can protect 
the rat and several other species against the hepatotoxic action of 0014, whereas DOO 
and various folliculoids appear to have an inverse effect. 

Ovariectomy protects the liver against 0014 intoxication, perhaps because it 
removes the source of endogenous folliculoids whose hepatic degradation might 
compete with the defense against 0014• Particularly good protection is obtained if 
ovariectomy is combined with thyroidectomy. Even adrenalectomy and hypophysec
tomy inhibit the 0014-induced hepatic steatosis in the rat; here substitution therapy 
with corticoids allegedly restores normal responsiveness. Enovid (mestranol + nor
ethynodrel) aggravates the liver darnage caused by 0014 in rats. 

The apparent contradictions in the findings of various investigators may well be 
due in part to differences in the actions of steroids, depending upon the criteria used 
(hepatic steatosis, necroses, regeneration, sclerosis), as well as the dosage and 
timing of the steroids and of 0014• 
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Carcinogens +-

In rats given 2-acetaminofluorine (AAF), the development of hepatic neoplasms 
is accelerated by estradiol, testosterone, and gonadotropbio preparations. On the 
other hand, testosterone delays the induction of subcutaneous tumors by 20-methyl
cholanthrene. Painting of the skin with this carcinogen produces papillomas earlier 
in male or female castrate mice than in intact controls. 

In rats, the induction of mammary cancers by DMBA is allegedly inhibited by 
progesterone, DOC or metyrapone. The adrenal necrosis produced by DMBA in the 
rat has been claimed tobe independent of sex, ovariectomy, orchidectomy, testoste
rone or estradiol. However, more recent investigations suggest that the adrenolytic 
effect of DMBA is greatly enhanced by estradiol pretreatment. Spironolactone 
definitely inhibits the adrenolytic action of DMBA and probably also diminishes its 
carcinogenic effect. The question arises whether spironolactone protects against 
this action of DMBA by preventing its activation through hydroxylation; however, 
spironolactone protects the adrenals also against 7-0HM-MBA, the activated 
DMBA metabolite. The hematologic damage produced by DMBA can be 
suppressed both by spironolactone, which presumably accelerates the biotransfor
mation of this polycyclic hydrocarbon, and by SKF 525-A, which inhibits it. 

Ovariectomy greatly decreases the incidence of mammary tumors produced by 
DMBA in the rat, and results in the induction of renal tumors which are not seen in 
similarly treated intact controls. The rate of induction by DMBA of cervico-vaginal 
sarcomas is reduced by ovariectomy in the rat, and this reduction is counteracted by 
various folliculoids. Progesterone slightly retards the induction of these sarcomas and 
testosterone lengthens the induction period. 

In rats, neonatal estradiol treatment enhances hepatoma formation following 
treatment with N-hydroxy-N-2-fluorenylacetamide. 

In rats, hepatic carcinogenesis produced by aflatoxin is inhibited by diethystil
bestrol; females are more resistant to this carcinogen than are males. 

Chlordiazepoxide +-

In rats, PCN, CS-1, ethylestrenol and, to a lesser extent, spironolactone and 
norbolethone decrease the sleeping time after administration of chlordiazepoxide 
(Diazepam). 

Chloroform +-

Extensive renal tubular necrosis occurs following exposure to chloroform in 
intact male or testosterone-treated orchidectomized mice, but not in females or in 
otherwise untreated orchidectomized males. As little as 10 !Lg of testosterone 
propionate suffices to reinduce chloroform sensitivity in castrate male mice with 
such regularity that the technique has been recommended for the bioassay of 
testoids. 
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Cholesterol +-

The potential enhancement of cholesterol degradation by catatoxic steroids is of 
great clinical significance in connection with the possible prophylaxis or treatment of 
atherosclerosis. For a detailed discussion of the Iiterature concerning the morphologic 
changes characteristic of cholesterol atherosclerosis and of their modification by 
steroids, the reader is referred to the corresponding sections of our earlier 
monographs on metabolic cardiovascular diseases. Among the steroids examined in 
this connection, the corticoids and folliculoids have received the greatest attention. 

In rabbits, cholesterol atheromatosis is diminished by cortisone, cortisol and 
other glucocorticoids. The associated hyperlipemia and hypercholesterolemia may 
likewise be depressed under these conditions, but this is not always the case; indeed, 
an inhibition of atherosclerosis by glucocorticoids may occur even if the serum 
Iipids and cholesterol actually rise during treatment. The regression of the established 
cholesterol atherosclerosis itself can also be accelerated by glucocorticoids. It is 
characteristic of the cholesterol atherosclerosis in rabbits that various lysosomal 
enzymes (ß-glucuronidase, acid phosphatase, cathepsin and aryl sulfatase) show an 
increased activity; this change is likewise inhibited during the prevention of 
cholesterol atherosclerosis by cortisone. 

Folliculoids counteract coronary atherosclerosis in cholesterol-fed chicks without 
affecting blood cholesterol or hypercholesterolemia. This effect is dernonstrahle even 
if the feminizing actions of the folliculoids are blocked by concurrent administration 
of testosterone. 

DOC or progesterone do not prevent cholesterol atherosclerosis in rabbits; in fact 
DOC may actually aggravate it. 

Choline +-

The syndrome of choline-deficiency is most readily obtained in young rapidly 
growing male rats. It is characterized by hepatic steatosis, cardiovascular lesions and 
renal hemorrhages often associated with nephrocalcinosis. The severity of the 
changes is aggravated by methionine deficiency or an excess of ethionine. Gluco
corticoids and folliculoids protect the rat against the manifestations of choline 
deficiency, whereas testoids aggravate these changes. Orchidectomy abolishes the 
normally greater resistance of males as compared with females. 

Cinchophen +-

Cinchophen (Atophane) notoriously produces peptic ulcers in the dog. This 
effect can be prevented by estradiol and stilbestrol, both in intact and in gonadecto
mized dogs of either sex. Cortisone fails to affect the cinchophen-induced gastric 
ulcers in dogs, whereas prednisolone actually aggravates them. On the other hand, 
it has been claimed that aldosterone and DOC partially inhibit the production of 
gastric and duodenal ulcers as well as of liver darnage in the cinchophen-treated dog. 
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Colchicine ~ 

Colchicineis of special interest because of its uricosuric action and its ability to 
inhibit mitotic division in various ceils. In rats, colchicine poisoning can be prevented 
by various catatoxic steroids (e.g., spironolactone, CS-1, ethylestrenol, PCN and less 
constantly by oxandrolone). Progesterone, norbolethone, prednisolone, triamcino
lone, DOC, hydroxydione, estradiol and thyroxine are virtuaily ineffective in this 
respect. 

Cyclohe:ximide ~ 

Since cycloheximide is a potent bloclring agent for hepatic protein and 
particularly enzyme synthesis, it is of interest that in rats, its toxicity is powerfully 
inhibited by PCN, ethylestrenol, CS-1 and spironolactone. Norbolethone, oxandro
lone, progesterone, hydroxydione, and prednisolone offer less perfect protection. 
Triamcinolone, DOC, estradiol and thyroxine have no protective effect. 

The loss of liver glycogen and adrenal ascorbic acid as weil as the stress-induced 
adrenal hypertrophy and ailegedly even the thymic atrophy that develop in cyclo
heximide intoxicated rats can ail be prevented by concurrent administration 
of cortisol. 

Cyclophosphamide ~ 

Cyclophosphamide is a latent alkylating agent which is almost inactive in vitro, 
but is activated by the liver in vivo, and then exhibits carcinolytic actions as weil as 
a strong toxic effect upon the hemopoietic system. In rats, cyclophosphamide in
toxication can be prevented by PCN, CS-1 and spironolactone. Progesterone, 
ethylestrenol and norbolethone are distinctly less active, whereas oxandrolone, DOC, 
hydroxydione and phenobarbital are inactive. Resistance to this drug is actuaily 
decreased by prednisolone, triamcinolone, estradiol and thyroxine. 

Digitalis~ 

Since digitalis alkaloids are steroids themselves, a great deal of work has been done 
to elucidate their possible metabolic interactions with steroid hormones. 

It appears that female mice are more resistant to ouabain than males, whereas 
resistance to strophanthin-K is the samein both sexes. Ovariectomy, orchidectomy 
and treatment with folliculoids do not change ouabain resistance in mice 
consistently. 

In frogs, lethal strophanthin intoxication is ailegedly delayed by simultaneaus 
treatment with DOC, but this may be merely due to a delay in absorption. 

In cats, cortisone has been claimed to potentiate the convulsive effects of digitalis. 
In guinea pigs, chronic digitoxin intoxication is moderately counteracted by corti

sone, whereas acute digitoxin poisoning is not affected. 
In dogs, various folliculoids protect against the production of arrhythmia by 

digoxin. It has been claimed furthermore that male and castrate female dogs are 
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highly sensitive to the toxic manifestations of various cardiac glycosides, in compa
rison with intact females or with folliculoid-treated spayed females. 

Inrats, ouabain and digitoxin resistance is greatly diminished by adrenalectomy, 
but this is hardly surprising, since in the absence of the adrenals, the toxicity of most 
drugs is increased. In adrenalectomized rats, strophanthin-K increases Na and K 
excretion, and this effect is prevented by DOO. In isolated strips of rat aorta, corti
costerone inhibits the contraction caused by ouabain. ß-Methasone aggravates the 
neuromotor disturbances produced in the rat by strophanthin-G. Adult female rats 
are more resistant to ouabain than males, but no such sex difference is noted in one
month-old animals. Gonadectomy does not alter the sex difference to ouabain in rats 
of either sex. 

Allthese results, obtained in different species with various digitalisderivatives and 
under dissimilar experimental conditions, were difficult to evaluate and correlate. 
However, in 1969, it was found that spironolactone protects the rat against infarctoid 
necroses produced by digitoxin + Na2HP04 + corn oil; simultaneously, the 
convulsions characteristic of digitalis intoxication are likewise prevented. This 
finding stimulated many investigations on the effect of various catatoxic steroids 
upon digitalis intoxication. 

Preliminary studies showed that both norbolethone and spironolactone protect 
the rat against severe intoxication with digitoxin, gitalin, proscillaridin, digoxin and 
digitalin. The corresponding effects of strophanthin-K, ouabain and digitoxigenin 
were not prevented. 

In an extensive study, comprising 304 steroids, it was found that, at the dose of 
100 mgfkg, 32 of them gave definite protection against digitoxin but not against 
indomethacin, 42 protected against indomethacin but not against digitoxin, whereas 
24 were active against both substrates. The most active compound, which gave 
protection against both substrates even at the dose of 100 (1-g/kg, was PON 
(pregnenolone carbonitrile, that is 3ß-hydroxy-20-oxo-5-pregnene-16a-carbonitrile). 
Furtheranalysis of this study revealed that the catatoxic activity against digitoxin 
or indomethacin is not strictly dependent upon any other known pharmacologic 
effect, although most of the highly potent catatoxic compounds also exhibit anti
mineralocorticoid or anabolic properties. Among the most powerful antidigitoxin 
compounds, in addition to PON, are: ethylestrenol, OS-1, spironolactone and 
oxandrolone. 

Upon long continued conjoint daily administration of spironolactone or oxandro
lone plus lethal doses of digitoxin, the resistance against this cardiac glycoside can be 
maintained in rats for virtually indefinite periods (certainly more than two months). 

On the other hand, the antidigitoxin effect of spironolactone can be blocked in 
turn by high doses of estradiol, and perhaps to some extent also by progesterone, 
whereas DOO, cortisol, methylandrostenediol, methyltestosterone, pregnanedione, 
pregnenolone and testosterone do not interfere with this type of prevention. The 
protection against digitoxin by spironolactone can also be blocked by concurrent 
treatment with metyrapone. 

The plasma concentration of digitoxin is diminished during the administration 
of catatoxic steroids, but rises again if digitoxin administration is continued after 
withdrawal of the prophylactic steroids. 
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In mice, digitoxin poisoning is inhibited by CS-1, spironolactone, norbolethone, 
oxandrolone, progesterone and even by thyroxine. Ethylestrenol, triamcinolone, 
DOC, hydroxydione and estradiol are ineffective. It appears, therefore, that there 
exist some species differences in the effect of hormones and hormone derivatives upon 
digitalis intoxication. 

Dyes +-

The effect of steroids upon dye clearance was studied mainly as a means of 
detecting interference with hepatic function. 

In rats, the biliary excretion of 131I marked rose bengal was inhibited by several 
anabolic steroids, although upon chronic treatment, adaptation usually developed in 
this respect. Estradiol markedly delayed plasma clearance of BSP bothin its free and 
conjugated forms. A large series of steroids was compared and this effect was found 
to be common to estrone, estriol and various other 018 steroids, including those 
used in contraceptives. Cortisone transiently increased the bile flow and reduced BSP 
excretion through the bile of the rat. Norethandrolone, norethynodrel, and norlutin 
reduced bile flow and BSP excretion (without affecting the concentrating mechanism 
for the dye). Testosterone, methyltestosterone, estradiol, progesterone, and stilbestrol 
irreversibly reduced the rate of bile formation and transiently diminished the 
excretion of BSP. Among typical catatoxic steroids, PCN, CS-1, spironolactone and 
spiroxasone enhanced plasma clearance of BSP, presumably by stimulating 
glutathione, S-aryltransferase activity and bile flow through mechanisms which 
are not limited to microsomal enzymes. 

In dogs, large doses of methyltestosterone and norethandrolone did not affect 
BSP clearance even after 50 days of treatment. 

In rabbits, methyltestosterone and norethandrolone caused dose related increases 
in BSP retention. Oxandrolone was less active, and testosterone completely inactive 
in this respect. 

In man, 17-ethyl-19-nortestosterone increased biliary BSP retention and plasma 
bilirubin concentration. In patients with no evidence of liver disease, norethandrolone 
caused a reversible reduction in the hepatic transport maximum for BSP. The relative 
hepatic storage of BSP was unimpaired, and the dye was retained in the plasma 
primarily as a conjugate. According to other investigators, however, norethandrolone 
interferes with the hepatic uptake and the biliary excretion of BSP. Estriol and 
estradiol rapidly reduce the hepatic excretory capacity for BSP in man, presumably 
because the excretion of both free and conjugated dye is impaired. These folli
culoids may even provoke hepatic porphyria in patients. 

Ergot+-

In rats, various ergot preparations elicit a characteristic gangrene of the tail, 
owing to their vasotoxic effect. Although the literature is somewhat contradictory, 
most investigators agree that this response is inhibited by estradiol, estrone and other 
folliculoids. The effect of castration and of testoids is rather irregular. In intact 
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male rats, unlike in females or castrate males, ergonovine induces analgesia and this 
is allegedly counteracted by testosterone. 

Ethanol+-

Despite the great practical interest attached to the problem of ethanol 
into:xication, little is known about its responsiveness to treatment with steroids. 

In rats, ovariectomy allegedly interferes with adaptation to chronic ethanol 
administration. The to:xic ethanol metabolites are pyruvate and acetaldehyde, which 
accumulate in the body under the influence of disulfiram. This response is inhibited 
by cortisone and ACTH but also by hepatic extracts. Conversely, DOC, thyroxine 
and testosterone appear to aggravate ethanol intoxication. Chronic treatment with 
ethanol p.o. allegedly produces more severe fatty infiltration in the liver of female 
than of male rats. Ovariectomy or estradiol falls to influence this response. 
Testosterone reduces hepatic steatosis in females, whereas castration increases it in 
males. Various anabolics (norethandrolone, testosterone, oxandrolone) allegedly 
protect the rat's liver against ethanol-induced fatty degeneration and may even be 
useful in alcoholic patients. 

In rabbits and mice, gonadectomy allegedly diminishes alcohol tolerance, whereas 
estrone raises it. Alcohol metabolism does not appear to be influenced, but 
presumably its effect upon the nervous system is diminished by folliculoids, since in 
rabbits treated with such hormones, into:xication occurs only at very high blood 
alcohol Ievels. Fatal doses of ethanol p.o. produce adrenal necrosis in rabbits, but 
neither this lesion nor mortality is prevented by dexamethasone. 

In miee, ethanol anesthesia is prolonged by cortisone, but not by either predni
solone or DOC pretreatment. Estrone allegedly increases alcohol tolerance in the 
mouse, whereas gonadectomy diminishes it in both sexes. 

Ethionine +-

Since it blocks protein and drug-metabolizing enzyme synthesis, ethionine is of 
special interest in connection with the study of catato:xic compounds. Yet, compara
tively little is known about the influence of steroids, other than glucocorticoids and 
anabolics, upon the to:xicity of ethionine. 

In the rat, the hepatic damage caused by ethionine is inhibited by cortisone and 
cortisol especially during the acute stage of intoxication; consequently, survival is 
usually prolonged, although the associated pancreatic lesions characteristic of 
ethionine into:xication appear tobe rather resistant to glucocorticoid treatment. 

Male rats are much more resistant than females to the production of fatty 
livers by ethionine. Orchidectomy abolishes the resistance of the male, whereas 
testosterone protects females and castrate males. MAD falls to influence this 
form of hepatic steatosis in rats of either sex. 17-Ethyl-19-nortestosterone, in doses 
which do not stimulate the growth of the seminal vesicles, blocks the production of 
fatty livers by ethionine in orchidectomized males, whereas testosterone exerts 
this effect only at definitely virilizing dose Ievels. DOC, estradiol, and progesterone 
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are ineffective. In mice, 17a-methyl-5a-androstan-17ß-ol prevents hepatic steatosis 
produced by ethionine. 

Ganglioplegics +-

In rats, intoxication with TEA, hexamethonium and pentolinium can be prevented 
by all the glucocorticoids tested. On the other band, these same steroids offer no 
protection against trimethaphan, mecamylamine, trimethidinium or pempidine. All 
the other steroids tested remained without effect against hexamethonium or TEA. 

Several, though not all stressors gave excellent protection against TEA, but since 
even large doses of ACTH were ineffective in this respect, the anti-TEA effect of 
stressors cannot be ascribed merely to an increased glucocorticoid secretion. 

In guinea pigs, ovariectomy allegedly increases resistance to Iethai doses of hexa
methonium, but it remains to be seen whether this effect is specific. 

lndomethacin +-

The production of multiple ulcers in the small intestine, with the ensuing fatal 
peritonitis, has become a standard test of indomethacin toxicity in the rat. These 
lesions are readily prevented by all of the highly potent catatoxic steroids, parti
cularly by PCN (even at individual dose Ievels of 0.3 mgfkg), ethylestrenol, norbol
ethone, CS-1, spironolactone, oxandrolone, etc. Progesterone and prednisolone are 
less active, while certain glucocorticoids, e.g., triamcinolone, are totally inactive. 

In an extensive study on 304 steroids, conducted under rigorously comparable 
conditions in female rats, it was found that 42 were effective in preventing indo
methacin intoxication. 

In the rat, partial hepatectomy facilitates the production of perforating intestinal 
ulcers by indomethacin but comparatively small doses of spironolactone readily inhi
bit the toxicity of this compound even after surgically induced hepatic insuffi
ciency. 

In adrenalectomized rats maintained on NaCl alone, the Iethai effect of indo
methacin is increased, and intestinal ulcers develop at least as frequently as in intact 
controls. The anti-indomethacin effect of threshold doses of spironolactone can be 
further increased by cortisol alone or in combination with DOC. This point is of 
theoretic importance; it shows that although a catatoxic steroid, such as 
spironolactone, is not endowed with corticoid activity, and although cortisol does not 
possess any significant catatoxic effect against indomethacin, combined treatment 
with both types of hormones enhances their protective effect. 

In rats, the protection against indomethacin by spironolactone can be blocked 
in turn by concurrent treatment with metyrapone. 

The blood clearance of s.c. injected indomethacin is accelerated in rats by 
spironolactone, norbolethone and progesterone, but not by hydroxydione. 
SKF 525-A significantly suppresses this activity of the catatoxic steroids. Hence, 
it was concluded that they probably act through an increased metabolic degradation 
of indomethacin. 
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Prolonged treatment with such catato:xic steroids as spironolactone or oxandro
lone can protect rats for a virtually unlimited period (certainly more than two 
months) against the continued daily administration of fatal doses of indomethacin. 
Upon withdrawal of the catato:xic steroids, fatal intestinal ulcers develop rapidly. 
The plasma concentration of indomethacin is diminished during the administration 
of catato:xic steroids, but rises rapidly upon withdrawal of this treatment in the 
presence of continued indomethacin injection. 

In miee, indomethacin into:xication can also be prevented by numerous catato:xic 
steroids (e.g., ethylestrenol, CS-1, spironolactone, norbolethone), whereas thyroxine 
appears to have an opposite effect. 

lsoproterenol +--

Both in intact and in adrenalectomized rats, mineralocorticoids (DOC, fluorocorti
sol) increase the mortality and aggravate the cardiac lesions normally produced by 
isoproterenol. On the other hand, glucocorticoids (cortisone, triamcinolone) have 
been said not to exert any evident effect of this kind. Since we have previously found 
that both DOC and triamcinolone aggravate the severity of the cardiac lesions induced 
by norepinephrine, it was concluded that there might be "an essential difference in 
the lesions produced by noradrenaline compared to those of isoproterenol." 
Moderate amounts of ACTH allegedly also fail to affect the production of cardiac 
necroses by isoproterenol, but it remains to be seen whether very large doses of 
glucocorticoids or ACTH might not be effective in this respect. 

Various antimineralocorticoids (SC-5233, CS-1, spironolactone and SC-8109) have 
been claimed to inhibit isoproterenol-induced myocardial necrosis in rats. However, 
in view of recent findings, the possibility must be considered that all these compounds 
might act, at least in part, by virtue of their catato:xic and not only of their anti
mineralocorticoid potency. 

Lathyrogens +--

We distinguish two types of lathyrogenic substances: 1. Osteolathyrogens (e.g., 
Lathyrus odoratus seeds, aminopropionitrile or "APN," aminoacetonitrile or "AAN," 
methyleneaminoacetonitrile or "MAAN") induce severe degenerative changes in 
bones, especially at tendon insertion sites and in the junction cartilages; 
2. neurolathyrogens (e.g., ß,ß'-iminodipropionitrile or "IDPN") which elicit a 
syndrome characterized mainly by extreme excitation, circling movements and ocular 
lesions. Under certain circumstances, osteolathyrism is associated with dissecting 
aneurysms of the aorta; some authors refer to this form of the disease as angio
lathyrism. 

Most of the work on the effect of steroids upon lathyrism has been performed in 
rats fed Lathyrus seeds or pure lathyrogenic amines. Under these conditions, the 
course of osteolathyrism is not significantly affected by testosterone, whereas 
folliculoids and glucocorticoids exert a definite protective effect. DOC- especially 
when combined with uninephrectomy + NaCI-increases the incidence of dissecting 
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aneurysms without considerably affecting the skeletal changes. Thus, the vascular 
and osseous manifestations of lathyrism can be dissociated. 

STH aggravates osteolathyrism in rats even after adrenalectomy, indicating that 
the effect of the hormone is not mediated through the liberation or activation of 
corticoids. 

It has been claimed that after adrenalectomy, cortisone no Ionger inhibits lathy
rism produced by AAN in the rat; indeed, in the absence of the adrenals, the 
glucocorticoids facilitate the production of hernias, which are common complications 
of the disease. The osteolathyrism produced by APN in rats is associated with an 
increase in the GPT and GOT activities in the serum. Prednisolone prevents these 
changes concurrently with the hone lesions. 

LSD+-

In the rabbit, the EEG (lysergide) changes produced by LSD are allegedly 
prevented by hydroxydione, methylandrostanolone, androstanolone and 19-nortes
tosterone. In rats, the behavioural changes induced by LSD can be suppressed by 
DOC, corticosterone, 17 -dehydrocortisone, 11-dehydrocortisol, dehydroisoandroste
rone, testosterone, androsterone, pregnenolone, etiocholanolone and progesterone. 
Several other naturally-occurring steroids proved tobe ineffective. The time required 
by a rat to climb a rope for food reward is prolonged by LSD and this response is 
also prevented by a nurober of steroids widely differing in their pharmacologic acti
vities and chemical structure. 

Magnesium +-

It has been claimed that in rabbits and mice, the depth of MgS04 anesthesia is 
increased by gonadectomy in either sex, but can be restored to about normal by both 
folliculoid and testoid hormones. However, this claim requires confirmation. 

Certain manifestations of an Mg-deficiency syndrome are also inhibited by 
cortisol, estradiol, hypophysectomy or thyroparathyroidectomy; hence, the specifi
city of this type of prophylaxis is very dubious. 

Mephenesin +-

Mephenesin (a muscle relaxant) proved to be a substrate for many catatoxic 
drugs, especially: PCN, ethylestrenol, CS-1, spironolactone and norbolethone. 

Meprobamate +-

Various catatoxic drugs aceeierate the metabolism of meprobamate, and this 
effect is not prevented by adrenalectomy. Meprobamate intoxication is also inhibited 
in rats by PCN, ethylestrenol, CS-1, spironolactone, norbolethone, oxandrolone and 
prednisolone. No protection is obtained by progesterone, triamcinolone, hydroxy
dione, DOC, or estradiol. 

11 Selye, Hormones and Resistance 
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Mercury-

A !arge nurober of investigations is concerned with the effect of various steroids 
upon mercury intoxication. Special interest in this field stems from an obser
vation made in 1940, that the renal and hepatic lesions produced by HgC12 in the 
mouse are prevented by many testoids (e.g., testosterone, methyltestosterone, 
androstenediol, dehydroisoandrosterone and androstenedione). This observation 
has been repeatedly confirmed with various testoids in different species 
intoxicated with diverse inorganic salts of mercury, but apparently the protective 
effect is most readily obtained in the mouse and much more variable in the rat. 
Such protection against renal damage by HgCl2 has also been noted in dogs, guinea 
pigs, parrots and man. In rabbits, both sublimate and Masugi nephritis are 
allegedly prevented by testosterone and even more actively by estradiol. It has been 
claimed furthermore that the protective effect of testosterone against mercurial renal 
damage can be further improved by additional administration of cortisone or ACTH. 

It is clear, however, that none of the testoids offers absolute protection against 
!arge doses of mercury and the great variability of the findings reported suggests 
that incidental circumstances (e.g., sex, age, strain, dosage, timing) are likely to alter 
the results considerably. A distinction should be made furthermore between 
prophylactic and curative actions. In mice and rats, the regeneration of the kidney 
following HgCl2-induced damage is stimulated by 2-bromo-1-androstene-3,17 -dione 
but not by methyltestosterone or 1,17-dimethylandrostane-17-ol-3-one. 

There is some evidence suggesting that, in the rat, other steroid hormones, 
especially the glucocorticoids, may also offer slight protection against intoxication 
with inorganic mercury, but in this respect, the results reported are even more 
variable. 

The only steroids which offer constant, significant, and always very pronounced 
protection against HgCl2 in the rat are those containing a thioacetyl group, 
especially spironolactone, spiroxasone and emdabol. Na-thioacetate given alone, or 
mixed with various steroids, also exerts some protective effect, but only at dose 
Ievels which cause considerable acute mortality often in association with bilateral 
adrenocortical necrosis. Apparently, the steroid molecule acts as a suitable carrier 
for the thioacetyl group and enhances its protective action against mercury. 

Methyprylon -

In rats, anesthesia produced by heavy overdosage with methyprylon can be 
prevented not only by pretreatment with PCN, ethylestrenol, CS-1, spironolactone, 
norbolethone, or oxandrolone, all of which are typical catatoxic steroids, but also by 
prednisolone and triamcinolone, presumably as a consequence of their glucocorticoid 
effect. DOC, progesterone and hydroxydione, which are devoid of both catatoxic 
and glucocorticoid activities, offer little or no protection against methyprylon. 

Monocrotaline -

Female rats are more resistant than males to fatal intoxication with monocro
taline. Gonadectomy has no significant effect upon survival in either sex; however, 
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when given as a pretreatment, estradiol increases, whereas testosterone decreases 
monocrotaline resistance. 

Morphine, Ethylmorphine *-

It has been claimed that various steroids can influence morphine resistance in 
different species, but the results are so Contradietory that no valid generalization can 
be made. In our experience, none of the steroids tested- not even the most potent 
catatoxic steroids- exert a striking effect upon morphine intoxication in the rat. 

On the other hand, ethylmorphine (which is much more fat soluble than 
morphine) is readily detoxified not only by all catatoxic steroids tested, but also by 
prednisolone, progesterone, estradiol and, to some extent, even by DOC. 

Nicotine*-

Earlier investigators asserted that in mice and rabbits, the males, whereas in rats, 
the females are more sensitive to nicotine. It has also been stated that the cardio
vascular lesions produced by chronic nicotine intoxication in rats are aggravated by 
DOC. These data require confirmation. 

More recent sturlies have shown that in rats, nicotine intoxication can be 
prevented by PCN, ethylestrenol, norbolethone, CS-1, spironolactone, and oxandro
lone, whereas DOC, hydroxydione, prednisolone, progesterone, and triamcinolone 
offer little or no prophylaxis. 

Papain*-

In the rabbit, papain i.v. causes softening and degenerative changes in the otic 
and epiphyseal cartilages. At the same time, the basophilic substance in the carti
lage matrix is depleted. The return of these papain-induced cartilage changes to nor
mal can by delayed by cortisone, cortisol and prednisolone. 

Pentylenetetrazol *-

Pentylenetetrazol (pentamethylenetetrazol, metrazole, Cardiazole) convulsions 
have been used by many investigators as an indicator of catatoxic steroid effects, 
ever since 1942, when it was observed that various steroid anesthetics (DOC, 
progesterone) can protect the rat against pentylenetetrazol. Conversely, this drug can 
interrupt an already established steroid anesthesia. 

In rats, the pentylenetetrazol convulsions and ECG changes are inhibited by ACTH 
and cortisone according to some investigators; others state that single, nonanesthetic 
doses of cortisol enhance the production of pentylenetetrazol convulsions in the 
rat, whereas aldosterone has no such effect. The interpretation of these findings is 
rendered even more difficult because yet other investigators maintain that, 
although cortisone and prednisolone aggravate pentylenetetrazol convulsions in 

11• 
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rats, prednisone and hexamethasone are less active, while cortisol, triamcinolone and 
DOC are virtually inactive in this respect. 

According to our own investigations in rats, both the motor disturbances and the 
mortality caused by pentylenetetrazol intoxication were markedly inhibited by PCN, 
norbolethone and progesterone, whereas the other standard conditioners, including 
glucocorticoids and DOC, were ineffective. 

V arious aminosteroids also prevent pentylenetetrazol convulsions, allegedly 
owing to interneuronal blockade and not to general anesthesia. 

In guinea pigs, pretreatment with large doses of DOC allegedly fails to influence 
pentylenetetrazol convulsions, whereas cortisone, ACTH and vasopressin aggravate 
them. 

In mice, different investigators obtained contradictory results regarding the effect 
of steroids upon pentylenetetrazol convulsions. It has been claimed that cortisone 
and DOC do not influence them, and that the latter decreases the pentylenetetrazol 
(as weil as the electroshock) seizure threshold owing to the induction of 
hypernatremia. Both DOC and progesterone anesthesia protect the mouse against 
the convulsive and lethal effects of pentylenetetrazol (or other convulsive agents}, 
whereas estrone has an opposite effect. 

3ß-(Aminoalkyl) esters of pregnenolone and various other steroids also inhibit 
pentylenetetrazol and electroshock seizures in mice. Methyltestosterone is said not to 
influence pentylenetetrazol convulsions in this species, whereas other anabolic 
steroids (methandienone, 4-chlorotestosterone, nandrolone, given i.p. 90 min before 
pentylenetetrazol) inhibit them. 

It would be difficult to evaluate many of the contradictory data just mentioned, 
because they were obtained under vastly different circumstances in diverse species, 
but it is safe to assume that certain catatoxic or anesthetic steroids reliably antago
nize pentylenetetrazol convulsions under suitable experimental conditions. 

Perchlorates +--

Overdosage with perchlorates exerts a singular effect upon the voluntary 
musculature. For example, in the rat, NaC104 p.o. causes spastic muscular contrac
tions and a pronounced predisposition to the development of extensor cramps in the 
hind paws after a tap on the sacrum ("flick test"). These spasms are inhibited by 
cortisol or triamcinolone, but aggravated by DOC and methylchlorocortisol 
(Me-Cl-COL). Methyltestosterone, estradiol and progesterone do not significantly 
affect this response in the rat. Triamcinolone also protects the dog against the 
syndrome of heavy NaCl04 overdosage. 

Pesticides +--

The possible detoxication of pesticides (insecticides, herbicides) by steroids has 
been extensively studied ever since it was found, in 1956, that DDT increased 
hepatic weight in the rat and that diethylstilbestrol enhanced the storage of DDT (and 
of its metabolite DDE) in the fat of male rats, whereas testosterone decreased these 
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values in females. Thus, it was concluded that "an endocrine mechanism may account 
for the sex differences in this regard." Yet DDT is particularly resistant to detoxica
tion by steroids. 

It was subsequently observed that male rats are more resistant than females to 
parathion poisoning, and that testosterone raises the resistance of females and of 
castrate males, whereas estrone diminishes that of intact males. Using the anti
cholinesterase action of DMP as an indicator, it was found that in female rats, 
administration of various hepatic microsomal enzyme-inducing drugs, as weil as 
estradiol, cortisone, and a number of other steroids, causes resistance. Immature rats 
are more sensititive to malathion than adults and their livers detoxify this insecticide 
at a slower rate. Orchidectomy decreases, whereas testosterone increases malathion 
detoxication. It was concluded that testoids play an important part in the mainte
nance of the malathion-hydroxylating enzyme system. 

On the other hand, male rats are more susceptible than females to the insecticide, 
Morestan. This sex difference could not be altered by castration, the administration 
of testosterone to females or of estradiol to males. Phenobarbital decreased the 
toxicity of Morestao in males and increased it in females. 

More recent investigations showed that most catatoxic steroids (e.g., PCN, 
ethylestrenol, CS-1, spironolactone and norbolethone) counteract the Iethai effects 
of ethion, dioxathion, EPN, Guthion and parathion. To a lesser extent, this is also 
true of oxandrolone, prednisolone and progesterone. However, triamcinolone, DOC, 
hydroxydione, estradiol, and thyroxine offer no consistent protection against these 
pesticides. Indeed, in many instances, thyroxine counteracts the protective effect of 
catatoxic steroids. 

In view of the high efficacy of spironolactone, a potassium-retaining agent, it is 
noteworthy that such nonsteroidal potassium-sparing drugs as triamtereue and 
amiloride do not protect against parathion or dioxathion. 

In mice, the lethal effect of dioxathion is strongly inhibited by ethylestrenol, 
norbolethone, prednisolone, and estradiol, moderately by CS-1, and oxandrolone 
but not influenced by spironolactone, progesterone, triamcinolone, DOC, hydroxy
dione, and thyroxine. Evidently, here again, as in the case of most other substrates, 
genetic predisposition can greatly alter the catatoxic effect of steroids. 

Since it was at first thought that the protective effect of steroids against various 
pesticides is linked to their testoid actions, it is of special interest that cyproterone, 
(an antitestoid steroid) also protects the rat against otherwise fatal doses of 
parathion. 

The insecticide, OMP A, is assumed to become toxic only after transformation by 
hepatic microsomal enzymes into a potent anticholinesterase. Accordingly, it 
behaves somewhat differently from most other pesticides with regard to the effect 
of steroids upon its toxicity. Thus, cyproterone, one of the most potent catatoxic 
steroids known, which detoxifies many other pesticides, does not protect the rat 
against OMPA. In this respect, ethylestrenol, CS-1, spironolactone and norbolethone 
are also ineffective. Y et, these catatoxic steroids do not increase the toxicity of OMP A, 
which is noteworthy because hepatic microsomal enzyme-inducing barbiturates do 
transform it into its more toxic metabolite. On the other hand, estradiol, estrone, and 
stilbestrol which have no typical catatoxic actions, considerably increase OMPA 
toxicity in the ovariectomized rat. Although, the protective effect of the catatoxic 
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steroids against most substrates is independent of their pharmacologic action, the 
sensitization to OMPA does appear to depend upon folliculoid activity as such, since 
it is induced both by steroidal and by nonsteroidal folliculoids. Prednisolone, triam
cinolone, progesterone, DOC, hydroxydione and thyroxine fail to influence OMP A 
toxicity. 

Phosphates *-

In uninephrectomized rats given large doses of NaH2P04 p.o., there develops a 
selective cortico-medullary nephrocalcinosis even after adrenalectomy. This effect is 
aggravated by DOC and prevented by cortisol. The action of DOC can be counter
balanced by cortisol under these conditions. 

Estradiol facilitates the production of cortico-medullary nephrocalcinosis by 
NaH2P04, whereas ovariectomy largely inhibits it. Folliculoids (estradiol, stil
bestrol) facilitate the production of this type of nephrocalcinosis even in ovariecto
mized rats. The effect of estradiol is not significantly affected by progesterone, 
but is aggravated by methyltestosterone under these conditions. Parathyroidectomy 
or thyroidectomy prevents this nephrocalcinosis even after combined treatment 
with DOC, or estradiol + Na2HP04• 

Potassiurn *-

Since corticoids have a pronounced influence upon potassium metabolism, their 
protective action against potassium intoxication has been carefully investigated. As 
early as 1937, it has been shown that adrenocortical extract can protect mice and 
guinea pigs against otherwise fatal amounts of KCl i.p. DOC proved tobe even more 
effective in this respect. 

On the other hand, pretreatment of rats with glucocorticoids diminishes their 
resistance to KCl i.p., perhaps as a consequence of the resultant adrenocortical 
atrophy. Concurrent administration of DOC, aldosterone, adrenocortical extract, 
corticosterone, or ACTH counteracts this unfavorable effect of cortisol upon K tole
rance in the rat. Besides, addition of KCl to the drinking water prolongs the 
survival of rats given large doses of cortisone. 

The protective action of DOC upon acute potassium intoxication has been 
confirmed in rabbits and mice. 

Phosphorus *-

The hepatotoxic effect of elementary yellow phosphorus is allegedly diminished 
both by cortisone and by testosterone in the rat. 

Physostigrnine *-

In rats, intoxication with physostigmine is lessened by ethylestrenol, CS-1, PCN, 
spironolactone, and prednisolone, but aggravated by estradiol and thyroxine. Norbo-
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lethone, oxandrolone, progesterone, triamcinolone, DOC, and hydroxydione do not 
signilicantly alter physostigmine poisoning. The protective action of ethylestrenol is 
counteracted by concurrent administration of thyroxine. 

Picrotoxin +-

In rats, the convulsive effect of picrotoxin can be prevented by anesthetic doses 
of DOC. Adult males are more resistant than females. Gonadectomy lowers picro
toxin resistance in both sexes, whereas testosterone raises it in normal, and especially 
in spayed females, but not in males. 

Among the catatoxic steroids, PCN, ethylestrenol, CS-1, spironolactone, norbo
lethone, oxandrolone, prednisolone, and progesterone inhibit picrotoxin poisoning 
in the rat, whereas triamcinolone, DOC, estradiol, hydroxydione, corticosterone, 
cholesterol, and ß-sitosterol have no such protective action. 

In mice, pretreatment with spironolactone, ethylestrenol, triamcinolone, or 
thyroxine had little, if any, effect upon picrotoxin poisoning. 

Piperidine +-

In rats, given piperidine at doses which caused very little mortality, the motor 
disturbances were inhibited by CS-1, ethylestrenol, norbolethone, oxandrolone, 
triamcinolone and hydroxydione. Curiously, PCN, one of the most active catatoxic 
steroids, failed to prevent piperidine intoxication. 

Pralidoxime +-

Pralidoxime is an inhibitor of anticholinesterases and hence, represents a useful 
antidote against certain pesticides which interfere with cholinergic mechanisms. 
In rats, pralidoxime intoxication is prevented by prednisolone or triamcinolone and, 
to a lesser extent, by ethylestrenol and estradiol. CS-1, PCN, spironolactone, norbo
lethone, oxandrolone, progesterone, DOC, hydroxydione, and thyroxine do not signi
ficantly influence pralidoxime poisoning. 

Puromycin Aminonucleoside (PAN) +-

The nephrosis and osteitis fibrosa produced by PAN in the rat are inhibited by 
glucocorticoids ( cortisol, triamcinolone, dexamethasone, 6-methylprednisolone) 
according to several investigators. However, others claimed that these steroids have 
no effect or actually aggravate the renal changes. Presumably, many experimental 
conditions (e.g., dosage, timing, the age and strain of the rats used) may modify the 
prophylactic effect of glucocorticoids. DOC aggravates PAN nephrosis in the rat. 
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Reserpine ~ 

In rats, adrenalectomy greatly decreases resistance to reserpine, whereas hypo
physectomy does not change it. Hence, it has been assumed that the great reserpine 
sensitivity of the adrenalectomized animal is related to an absolute lack in certain 
adrenal steroids, rather than to the inability of the pituitary-adrenal system to 
respond to the stress caused by this drug. 

Dexamethasone protects the gastric mucosa of the rat against the production of 
ulcers by reserpine. 

In guinea pigs, the reserpine catalepsy is inhibited by various folliculoids, testoids, 
and corticoids. 

Reticulo-Endothelial System (RES) -Blocking Agents ~ 

In rats and mice, the blood clearance of carbon particles and their phagocytosis 
by RES cells is enhanced by various folliculoids, but not by testoids. 

Cortisol does not significantly alter the accumulation of intratracheally adminis
tered quartz dust in rats, but delays its transfer to the regional lymph nodes. 

In rats pretreated with ACTH, fluorocortisol, or stress (restraint), a single i.v. 
injection of thorium dextrin produces thrombohemorrhagic lesions in the 
adrenals, liver, and kidneys, which resemble the Shwartzman-Sanarelli phenomenon. 

The localization of i.v. injected carbon particles in the paws of rats with 
dextran-induced anaphylactoid edema, can be topically prevented by intrapedal 
injection of cortisol, which interferes with local angiotaxis. In rats with arthritis 
produced by intrapedal injection of formalin mixed with India ink, the migration of 
the carbon particles into the regional lymph nodes is accelerated by concurrent 
treatment with ACTH. This is presumably a consequence of an increased glucocorti
coid secretion and the resulting inhibition of inflammatory barrier formation around 
the carbon particles. 

SKF525-A ~ 

In rats, severe intoxication with SKF 525-A was significantly diminished by PCN, 
CS-1, spironolactone, oxandrolone, prednisolone, triamcinolone and progesterone. 

Sodium~ 

The potentiating effect of Na-salts upon mineralocorticoid hypertension has been 
extensively discussed in our previous monographs and need not be reconsidered here. 
Suffice it to state that in rats, dogs, and various other species including man, the toxic 
action of mineralocorticoid overdosage is aggravated by an excess of sodium. Indeed, 
it appears that the picture of mineralocorticoid intoxication is actually a sodium 
poisoning whose severity is enhanced by mineralocorticoids. 

In frogs, high concentrations of NaCl decrease the Na-uptake and increase the 
electric resistance in the skin, as does destruction of the interrenal bodies. These 
effects are reversed by aldosterone but unaffected by spironolactone. Aldosterone and 
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spironolactone also fall to influence either the urine or the plasma Na in frogs; hence, 
it has been assumed that aldosterone is perhaps not an indispensable participant in 
salt regulation in this species. 

Strychnine +-

One of the earllest- though negative- observations concerning the influence of 
hormones upon resistance to drugs was the finding, in 1911, that in dogs and rabbits, 
orchidectomy and thyroidectomy do not consistently influence resistance to strych
nine poisoning. On the other hand, DOC anesthesia protects the mouse against the 
convulsive and local effects of strychnine. 

Also in mice, several water soluble esters of cortisol and prednisolone decreased 
strychnine sensitivity, but testosterone offered the best protection. Some piperidino
androstane derivatives actually increased strychnine sensitivity or produced convul
sions by themselves. 

Male rats are more resistant than females to strychnine intoxication, and the 
hepatic microsomes of male rats also exhibit a greater strychnine-metabolizing po
tency in vitro. SKF 525-A increases the toxicity of strychnine, presumably by 
interfering with its microsomal metabolism. Gonadectomy diminishes the high 
strychnine resistance of male rats, but has no effect upon females. 4-Chlorotestoste
rone augments the strychnine-metabolizing ability of isolated hepatic microsomes or 
liver slices. 

Comparative studies on the effect of various steroids upon the strychnine sensiti
vity of the rat revealed that in this respect, the glucocorticoids (prednisolone and 
triamcinolone) and estradiol are most efficient. Ethylestrenol, spironolactone and 
PCN are much less potent, whereas CS-1, norbolethone, oxandrolone, progesterone, 
DOC, and hydroxydione are totally devoid of strychnine antagonizing capacity. 

Thim,erosal +-

In rats, thimerosal intoxication is inhibited by all catatoxic steroids, prednisolone 
and estradiol. 

Thioacetam,ide +-

Several investigators noted that glucocorticoids (prednisolone, prednisone, 
cortisone) do not significantly inhibit the hepatocellular darnage produced by 
thioacetamide in rats; however, they may slightly suppress cirrhosis even if the 
hepatic parenchymal lesions are increased. On the other hand, various testoids, 
especially 4-chlorotestosterone, appeared to offer some protection against these 
thioacetamide-induced hepatic lesions. 

Tribrom,oethanol +-

Bilateral adrenalectomy prolongs tribromoethanol sleeping timebothin rabbits 
and in rats. DOC, and adrenocortical extract tend to compensate for this mani
festation of adrenal insufficiency. 
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In the mouse, estradiol allegedly increases resistance to "partially decomposed 
solutions" of trihromoethanol. In rats, trihromoethanol sleeping time is significantly 
shortened hy typical catatoxic steroids. A similar effect is ohtained hy prednisolone, 
hut not hy triamcinolone. 

Trichloroethanol +-

Trichloroethanol is more easily detoxified hy catatoxic steroids than trihromo
ethanol. In rats, trichloroethanol sleeping time is significantly diminished hy PCN, 
CS-1, ethylestrenol, spironolactone and prednisolone. 

Tubocurarine +-

The motor disturhances produced in rats hy D-tuhocurarine were virtually aho
lished hy all typical catatoxic steroids (except oxandrolone), as weil as hy predni
solone, triamcinolone and progesterone. 

Tyrosine +-

Excessive dietary intake of tyrosine causes characteristic lesions in the paws and 
eyes of rats, especially on a low protein diet. Cortisol or stress (infusorial earth i.p.) 
prevents the manifestations of tyrosine intoxication, presumahly as a consequence 
of hepatic TPO induction. However, PCN falls to augment hepatic TPO activity, 
yet it also offers excellent protection against tyrosine intoxication in the rat. Since 
thyroid hormones aggravate tyrosine intoxication, it is conceivahle that PCN acts 
partly hy interfering with thyroid hormone secretion (as do thioureas), or that it 
augments the metaholic degradation of thyroid hormones, thus exerting an 
indirect effect upon tyrosine intoxication. 

Vitamin A ~ 

The vitamins, as many other normal food constituents such as electrolytes, 
cholesterol, etc., could have heen discussed in the section on dietary factors; we deal 
with them here, since many of the most pertinent data are concerned with the effect 
of hormones upon intoxication with excessive amounts of vitamins. 

In the rat, vitamin-A overdosage produces widespread hone ahsorption, resulting 
in severe skeletallesions. It was claimed at first that in weanlings, adrenalectomy 
aggravates these changes, whereas cortisone has no effect upon them, hut 
suhsequent studies have shown that various glucocorticoids increase the skeletal 
defects of hypervitaminosis A even in the very young animal. Indeed, vitamin-A 
overdosage during pregnancy produces malformations of the hrain and calvarium in 
the newhorn rat, and the intensity of these lesions is aggravated hy cortisone. 
During postnatal life, vitamin A also elicits severe hone ahsorption in rats; this 
effect is likewise increased hy cortisol, whose action is in turn inhihited hy STH. 
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However, as weshall see, the effect of glucocorticoids upon hypervitaminosis Ais 
variable and often even reversed depending upon experimental conditions (e.g., 
dosage, the form in which the vitamin is administered). 

In rats, vitamin A itself has no effect upon wound healing, but it overcomes the 
inhibitory action of cortisone. 

The atrophy of the accessory sex organs induced by vitamin-A deficiency in the 
rat has been ascribed to interference with the synthesis of testoids, not to a 
target-organ insensitivity. Estradiol increases, whereas methyltestosterone counter
acts the hone absorption and catabolism produced by hypervitaminosis A in the rat. 

Progesterone increases body weight and re-establishes a normal estrous cycle in 
vitamin-A deficient rats. 

More recent experiments have shown that the skeletal lesions characteristic of 
vitamin-A overdosage in rats are inhibited not only by glucocorticoids, but also by 
typical catatoxic steroids such as spironolactone, norbolethone and ethylestrenol. 
Simultaneously, the hepatic and serum vitamin-A concentrations are decreased. 

In rabbits, large doses of vitamin A produce collapse of the ears and loss of 
basophilic and metachromatic staining of their cartilage. These changes, which 
resemble those elicited by papain, can be prevented by cortisone. The lesions 
produced by cortisonein the epiphyseal plates of rabbits arenot significantly influ
enced by vitamin A. 

It has been postulated that cortisone protects the otic cartilage of rabbits from 
dissolution by excess vitamin A through the stabilizing action of glucocorticoids 
upon Iysosomes, whose proteases are responsible for the degradation of chondro
mucoprotein. 

Also in rabbits, acute overdosage with vitamin-A palmitate, or vitamin-A acid 
produces loss of hair and collapse of the ear cartilage with depletion of the 
cartilage matrix. Similar changes occur in the articular and epiphyseal cartilages. 
All these lesions are prevented by cortisone, whose protective effect is dernonstrahle 
even topically upon intra-articular injection in hypervitaminotic rabbits. These 
inhibitory actions of glucocorticoids upon vitamin-A overdosage (like those against 
ultraviolet ray injury or endotoxin shock) were again ascribed to lysosomal 
stabilization. 

Additional in vitro studies confirmed that the dissolution of murine hone 
explants by vitamin A can be prevented by cortisol. Furthermore, fragments of 
murine esophagus cultured in vitro show inhibition of keratinization, and differen
tiation under the influence of vitamin A, but in this respect cortisol exerts similar 
actions, and if the two agents are given conjointly, they synergize each other. 

In the larvae of Xenopus laevis, hone absorption, and other manifestations of 
vitamin-A overdosage are enhanced by cortisol. This was ascribed to the Iiberation 
of vitamin A from hepatic stores, and is in contrast to the retardation of hyper
vitaminosis A by cortisol, in vitro. Presumably, an excess of vitamin A causes 
release of cathepsins from intracellular Iysosomes. It is also noteworthy that the 
osseous lesions produced by vitamin-A alcohol overdosage in Xenopus laevis larvae 
are aggravated, whereas those caused by vitamin-A acid are prevented by 
cortisol. Probably, the vitamin-A acid is not stored in the liver to any important 
degree, whereas the alcohol is stored in the liver as an ester and can be released by 
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cortisol. In tissue cultures of chick and mouse bone cartilage implants rapidly disinte
grate under the influence of excess vitamin A, and this response is prevented by 
cortisol; thus, the glucocorticoid has opposite actions in vivo and in vitro. 

Vitamin B +-

In chickens, the responsiveness of the genital tract to folliculoids depends upon 
the availability of folic acid, and is suppressed by folic acid antagonists. Male mice 
are more sensitive than females to intoxication with the folic acid antagonist, aminop
terin. Orchidectomy raises aminopterin tolerance, but estradiol falls to affect it in 
males and testosterone does not influence it in females. 

In pigeons, thiamine deficiency has been claimed to be favorably influenced by 
DOC. 

In rats, triamcinolone, dexamethasone, corticosterone, and DOC protect against 
the syndrome of nicotinamide deficiency. Allegedly, the corticoids raise the other
wise low NAD and NADH Ievels of the liver in nicotinamide deficient rats, augment
ing at the same time the NADP and NADPH concentration, perhaps through an 
increase in tryptophan availability. 

Vitamin C +-

Early observations suggested that adrenocortical extracts can protect guinea pigs 
against scurvy, but this might have been due merely to the high vitamin-C content 
of the adrenal cortex. Yet, subsequent research showed that cortisone and ACTH 
exert a similar protective effect. 

The bone lesions characteristic of scurvy in guinea pigs are diminished by 
conjugated equine estrogens (Premarin), but not by estriol. 

The normal excretion of ascorbic acid, and the increase in its elimination 
induced by barbital, are higher in male than in female rats. Orchidectomy reduces 
both the normal excretion and its enhancement by barbital, whereas ovariectomy 
has an opposite effect. Treatment of males with stilbestrol, or females with 
testosterone, diminishes ascorbic acid excretion. No such sex difference was noted 
in mice. 

Vitamin D, DHT +-

Most of the work on the effect of steroids upon intoxication with vitamin-D 
derivatives, including DHT was performed in rats. These respond to acute poisoning 
by vitamin-D compounds with a syndrome of generalized calcinosis, affecting 
primarily the cardiovascular system, the kidney, the gastrointestinal tract, and the 
lungs. Death usually ensues within a few days. On the other hand, chronic intoxi
cation with comparatively smaller doses, especially of DHT, Ieads to a 
"progeria-like syndrome." Here soft-tissue calcification is also pronounced, but 
affects predominantly the arteries, and it is associated with a very severe cachexia, 
involution of the thymicolymphatic and sex organs, the musculature and the adipose 
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tissue. There are also dental and skeletal anomalies characterized by the develop
ment of a poorly calcified but excessive hone matrix, kyphosis and loss of skin 
elasticity. Although there are minor differences between the toxic manifestations of 
overdosage with vitamin-D2, vitamin-D3 and DHT, we shall discuss them 
conjointly because all three compounds are chemically and pharmacologically 
closely related. However, the acute and the chronic form of hypervitaminosis D 
respond quite differently to certain steroids, especially to those that exhibit powerful 
catatoxic effects against other substrates. 

+ Glucocorticoids. In mice, severe vitamin-D intoxication could not be pre
vented by cortisone. 

In vitamin-D deficient chicks, cortisone and cortisol inhibit the maturation of 
cartilage matrix, whereas norethandrolone promotes it. 

In rats on a vitamin-D deficient diet, cortisone decreases the inorganic serum 
phosphorus, but it either does not affect calcemia, or raises it slightly. 

The arterial lesions produced by severe vitamin-D intoxication in rats, are 
aggravated by DOC, and ameliorated by cortisone. However, this protective 
effect is variable and appears to depend upon several unidentified experimental 
circumstances (perhaps including dietary factors), because several investigators 
claim that cortisol and cortisone do not influence, or actually aggravate, hyper
vitaminosis D. Similarly contradictory findings have been published concerning the 
alleged antirachitic action of glucocorticoids. 

In rats, cortisol (unlike folliculoids) falls to cause a shift of the vitamin-D-induced 
nephrocalcinosis from the cortex to the cortico-medullary junction of the kidney. 

Mter calciphylactic sensitization with DHT, neonatal rats respond with severe 
thymus calcification to a challenging dose of triamcinolone. Here, apparently, the 
acute glucocorticoid-induced thymus involution attracts calcium salts in the presence 
of DHT-induced sensitization. 

In patients, cortisone has repeatedly been claimed to improve the manifestations 
of vitamin-D overdosage. 

+ Mineralocorticoids. The Iiterature on the effect of DOC upon DHT intoxication 
in the rat is likewise quite contradictory, but in any event, mineralocorticoids do not 
appear to have any consistent and striking effects in this respect. 

+ Adrenalectomy. Both in intact andin adrenalectomized or hypophysectomized 
rats, vitamin-D overdosage produces a predominantly cortical nephrocalcinosis. 
Additional treatment with dienestrot (a folliculoid) shifts the calcium deposition 
predominantly to the cortico-medullary junction, irrespective of the presence or 
absence of the hypophysis and adrenals. 

+ Folliculoids. Early investigators suggested, on the basis of X-ray studies of the 
bones of rats kept on a vitamin-D deficient diet, that testosterone is "rachitogenic," 
whereas estradiol is "antirachitic." Yet, gonadectomy did not appear to influence 
experimental rickets in rats of either sex. 

The renal calcification produced by vitamin-D2 overdosage in the rat is not 
significantly influenced by estrone, although it does appear to have a tendency to 
shift from the cortical to the cortico-medullary junction in the rat. This effect is not 
evident in the mouse, rabbit and dog. Other investigators claimed that in rats over
dosed with vitamin D or DHT, calcification occurs predominantly in the 
interstitial tissue of the renal cortex, whereas after simultaneous treatment with 
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folliculoids, mineralization occurs intracanalicularly in the cortico-medullary 
junction. 

In the Wistar-Imamichi strain of rats, the "progeria-like syndrome" produced 
by chronic DHT administration is unaccompanied by aorta calcinosis. This strain 
also reacts with osteoporosis, instead of the osteosclerosis ( consisting of decalcified 
matrix) that is seen in most other strains. Conjugated estrogens offer virtually 
complete protection against these changes in the Wistar-Imamichi rat. 

+ Testoids. Whereas the effects of corticoids and folliculoids upon hypervitami
nosis D are rather variable and dependent upon many incidental conditioning 
factors, anabolic testoids undoubtedly exert an extraordinary degree of protection. 
The first observation which called attention to this effect was the finding that male 
rats are much more resistant than females to DHT intoxication, but orchidectomy 
abolishes this sex difference. Hence, it was concluded that "some testicular factor 
exerts a protective effect against this type of intoxication." 

It has been shown subsequently that various anabolic testoids protect not only 
against acute, but also against the chronic "progeria-like" form of intoxication with 
DHT or vitamin-D2• These anabolics offer partial protection even against the loss of 
weight induced by AAN, estradiol, and food restriction; hence, at least part of their 
protective action may be ascribed to their anabolic or anticatabolic potency. 

The original articles will have tobe consulted for a comparative appraisal of the 
relative anti-DHT and anti-vitamin-D activities of various anabolic steroids; it is 
clear however, that in general, their protective action in this respect parallels their 
anabolic potency much more closely than their virilizing properties. 

The calciphylaxis produced by DHT + egg-white, or by DHT + Thorotrast in 
the anaphylactoid shock organs of the rat can also be prevented by anabolic steroids 
(e.g., methyltestosterone). 

It is especially noteworthy that the progeria-like syndrome produced with 
DHT, vitamin-D2 or vitamin-D3 can be prevented not only by methyltestosterone 
but also by ferric dextran and vitamin E, although presumably through different 
mechanisms. 

The cystic transformation of the parathyroids, normally elicited in rats by combined 
treatment with DHT and calcium acetate, is likewise prevented by methyltestos
terone. 

Among the 36 steroids examined for their ability to protect the rat against the 
progeria-like syndrome induced by DHT, the strongest anabolic steroids (e.g., 
norbolethone, SC-7294 and fluoxymesterone) proved tobe most efficacious. 

Incidentally, ethynyltestosterone (like folliculoids) tends to shift the nephro
calcinosis induced by vitamin D from the renal cortex to the cortico-medullary 
junction. 

In rabbits, the production of gallstones and cholecystitis by DHT is inhibited by 
methyltestosterone; at the same time, the serum concentration of DHT falls, alle
gedly as a consequence of diminished intestinal absorption. 

In chicks on a vitamin-D deficient diet, norethandrolone promotes the maturation 
of cartilage matrix, whereas glucocorticoids inhibit it. 

+ Other Steroids. Among other steroids, two antimineralocorticoids, spironolac
tone and CS-1, proved to be highly efficacious in antagonizing the acute lethal 
effect of the intoxication with large doses of DHT or DHT + Na2HP04, in the rat. 
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More recently, it was found that this is common to numerous other catatoxic steroids 
(e.g., ethylestrenol, PCN), so that it cannot depend upon the anabolic, anti
mineralocorticoid, corticoid, or any other known pharmacologic action of steroids; 
it must be regarded as an independent property. However, although all these cata
toxic steroids are highly potent in preventing acute vitamin-D or DHT 
intoxication, only those with strong anabolic properlies (e.g., ethylestrenol, oxan
drolone, norbolethone, methyltestosterone) are very efficacious against the 
progeria-like syndrome. Several other catatoxic compounds (e.g., PCN, CS-1, spiro
nolactone) prevent acute DHT intoxication but they either have no effect upon the 
progeria-like syndrome, or actually aggravate its course. 

W-1372 +-

In rats, the blood lipid decreasing factor W-1372 causes severe hepatic lipidosis, 
sometimes with necrosis and high mortality if administered in oil solution. These 
toxic manifestations are prevented by PCN, CS-1, spironolactone and, to a lesser 
extent, by ethylestrenol, norbolethone, oxandrolone, progesterone and estradiol. 

Zoxazolamine +-

Zoxazolamine, a muscle relaxant, is an excellent substrate for various non
steroidal catatoxic drugs. Its action is also shortened by 19-nortestosterone deriva
tives, but not by medroxyprogesterone (a luteoid), although the latter compound 
does appear to counteract testosterone. 

Our own observations in rats show that the muscular paralysis produced by 
zoxazolamine is greatly shortened by PCN, CS-1, ethylestrenol and, to a lesser extent, 
by spironolactone. Other steroids tested are ineffective. 

Acetaldehyde +-

Lecoq et al. B66,406f51: In rats, the toxic 
effects of ethanol and its metabolites, pyru
vate and acetaldehyde, (which accumulate in 
the body under the influence of disulfiram) are 
inhibited by ACTH, cortisone, and hepatic 
extracts. Conversely, thyroxine, DOC, and 
testosterone appear to aggravate ethanol in
toxication. [Statistically evaluated data are 
not presented (H.S.).] 

2-Acetaminofluorene +- cf. Carcinogens 

Acetonitrile +-

Gellkorn 16,839/23: In mice, resistance 
against acetonitrile can be increased not only 
by thyroid extract, but to a lesser extent, also 
by extracts of various other tissues. These 
preparations also augment resistance to KCN 

and propionitrile, whereas thyroidectomy and 
orchidectomy have an opposite effect. 

Eufinger & Wiesbader 4,663f30: In mice, 
pretreatment with gonadotrophic urinary 
extracts or folliculoid preparations increases 
acetonitrile resistance and hence, this pheno
menon is not characteristic for the thyroid 
hormone. 

Paal 22,603/30: In mice, acetonitrile re
sistance is not consistently influenced by the 
posterior pituitary extract (hypophysin), a 
folliculoid preparation (progynon), or by 
epinephrine. 

Dessau 34,845/35: In rats, adrenalectomy 
decreases resistance to acetonitrile. This 
resistance can be slightly improved by adreno
cortical transplants, but not by the adreno
cortical extract tested, or by epinephrine. 

N -Acetyl-p-aminophenol +- Predni
solone: Inscoe et al. F70,325f66 

N -Acetyltyramine +- Prednisolone: 
Inscoe et al. F70,325f66 
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Acetanilide +-

Selye P ROT. 42918: In rats, acute aceta
nilide intoxication is marked.ly inhibited by 
PCN, CS-1, ethylestrenol, spironolactone, 
norbolethone, prednisolone, thyroxine and 
phenobarbital. Estradiol tends to aggravate 
the toxicity of acetanilide, cf. Table 24. [Dr. 
S. Szabo noticed at the autopsy of these ani
mals that some of them had developed 
perforating duodenal ulcers (H.S.).] 

Table 24. Oonditioning for acetanilide 

Treatment& 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Dyskinesiab 
(Positive/ 
Total) 

15/15 
2/10 *** 
5/10 *** 
3/10 *** 
3/10 *** 
5/10 *** 
7f10NS 
1/10 *** 
9j10NS 

10f10NS 
10/10NS 
8/10NS 
9f10NS 
4/10 *** 
3/10 *** 

Mortalityb 
(Dead/ 
Total) 

2/15 
Of10NS 
0/10NS 
0/10NS 
Oj10NS 
0/10NS 
2/10NS 
0/10NS 
4/10NS 
3/10NS 
7/10 ** 
4f10NS 
3/10NS 
4f10NS 
0/10NS 

a. The rats of all groups were given acetani
lide (50 mg/100 g body weight in 0.15 ml 
DMSO, s.c., once daily from 4th day to the 
end of the experiment). 

b Dyskinesia was estimated on 6th day 
8 hrs after injection and mortality listed on 
7th day ("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Acrylamide +-

Selye P ROT. 41419: In rats, acrylamide 
intoxication is efficiently combated by PCN 
and phenobarbital. The protective effect of 
CS-1 and spironolactone is less evident. The 
other standard conditioners are ineffective, cf. 
Table 25. 

Acrylonitrile +-

Szribo &: Selye G70,493f71: In rats, the 
adrenal necrosis and mortality produced by 
acrylonitrile were readily prevented by pheno
barbital, but not or only doubtfully influenced 
by the other conditioners of our series, cf. 
Table 26, p. 177. 

Table 25. Oonditioning for acrylamide 

Treatmenta. 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxa.ndrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Dyskinesiab Mortalityb 
(Positive/ (Dead/ 
Total) Total) 

13/15 
1/10 *** 
5/10NS 
8/10NS 
4/10 * 
8/10NS 
8/10NS 

10/10 NS 
10/10NS 
10/10 NS 
10f10NS 
8/10NS 

10/10NS 
10f10NS 
3/15 *** 

12/15 
1/10 *** 
2/10 *** 
7f10NS 
6f10NS 
9/10NS 
8/10NS 
9/10NS 

10/10NS 
5/10NS 

10f10NS 
6f10NS 
6/10NS 

10f10NS 
0/15 *** 

a The rats of all groups were given acryl
amide (10 mg/100 g body weight in 1 ml 
water, p.o., twice on 4th day and once on 5th 
day). 

b Dyskinesia was estimated on 5th day p.m. 
and mortality listed on 6th day ("Exact 
Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Actinomycin +- cf. Antibiotics 

Aflatoxin +- cf. Carcinogens 

Alanine +- cf. GPT under lnfluence of 
Steraids upon Enzymes 

Allyl Alcohol +-

Eger &: StratakiB D89,546f58: In rats, 
chronic treatment with allyl alcohol causes a 
nodular hepatic cirrhosis not inhibited by 
prednisolone; the latter interferes with regene
ration. 

Eger et al. E58,108f59: In rats, predniso
lone does not prevent hepatic cirrhosis induced 
by allyl alcohol or thioacetamide. 

Tessmann et al. G38,224j65: Following a 
review of the Iiterature on the prevention of 
hepatic lesions by glucocorticoids, the authors 
report on personal observations showing that 
prednisolone fails to influence connective 
tissue proliferation in the hepatic parenchyma 
of the liver, in rabbits chronically intoxicated 
with allyl alcohol. 
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Table 26. Conditioning for acrykmitrile 

Treatment& 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone (2 mg) 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Adrenal 
Necrosisb 
(Positive/ 
Total) 

10/10 
8/10NS 
9/10NS 
5/10 * 
9f10NS 
6/10 * 
7f10NS 
6/10 * 
4/5 NS 
9f10NS 
6/10 * 
8/10NS 
8f10NS 
4/10 ** 
0/10 *** 

Mortalityb 
(Deadf 
Total) 

10/10 
10/10 NS 
9/10NS 

10/10 NS 
9/10NS 
9f10NS 
9f10NS 
7/10NS 
5/5 NS 

10/10NS 
8/10NS 
8/10NS 
9/10NS 

10/10 NS 
0/10 *** 

a The rats of all groups were given acrylo
nitrile (1.5%/100 g body weight in 1 ml water, 
i.v., once on 4th day). 

b Adrenal necrosis was estimated on day 
of death and mortality listed on 7th day 
("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Allylfonniate +-

Oettel & Franck A 72,420/42: In rats, DOC 
allegedly offers some protection against the 
hepatic changes produced by thyroxine or 
allylformiate. 

Arninoacetonitrile +- cf. LathyrogeRB 

Arninoglutethirnide +-

Goldman H 31,449/70: In rats, "testoste
rone prevents the testicular and male genital 
changes produced by aminoglutethimide. On 
the other hand, corticosterone markedly reduces 
the adrenal and female genital changes pro
duced by this drug." 

6-Arninonicotinarnide +-

Mikes & Todorovic 086,716/59: In guinea 
pigs, the hepatic Iasions produced by 6-amino
nicotinamide are inhibited by prednisolone. 

12 Selye, Hormones and Reslstance 

o·Arninophenol +-

Inscoe & Axelrod D1,700f60: The ability 
of microsomes from the liver of male rats to 
form o-aminophenol glucuronide in vitro is 
four times as great as in females. Estradiol 
diminishes this enzyme activity in males, 
whereas testosterone increases it in females. 

MüUer-OerlinghaUBen et al. G64,175f69: 
Hepatic tissue of mice injected with tolbuta
mide synthesizes an increased amount of glu
curonide when incubated in vitro with o-ami
nophenol. Insulin, given at a dose causing a 
similar degree of hypoglycemia, is much less 
effective in enhancing glucuronide synthesis. 
Adrenalectomy diminishes the formation of 
o-aminophenol glucuronide, despite hypogly
cemia. However, the adrenalectomized mice 
given cortisone again, respond with increased 
glucuronide synthesis after tolbutamide. 

Selye G70,480f71: In rats, o-aminophenol 
hydrochloride (50 mg/100 g body weight in 2 ml 
water) was administered s.c. once, on the 4th 
day of conditioning. Dyskinesia was listed 1 hr, 
mortality 24 hrs after this injection. Under 
these circumstances, the "Standard Condi
tioners" (p. VIII) causedno noteworthy change 
in the resulting intoxication, only thyroxine 
exhibited an aggravating effect. PCN was not 
tested. 

o-Aminophenol +- Pregnane-3a,20a
diol, Pregnane-3a,20ß-diol), Gp: Arias 
et al. F24,502f64 

o-Aminophenol +- Steroide, Mouse: 
Jones G19,777f64 

Arninopterin +-

Goltlin et al. D76,907f50: There is no sex 
difference in the toxicity of aminopterin in 
immature mice, but among adults, males 
are more resistant than females. Estradiol 
increases aminopterin tolerance in immature 
and mature males, whereas testosterone does 
not influence it. 

Penlw& G8,997f62: In the rat, the loss of 
weight, diarrhea and other characteristic 
changes of aminopterin intoxication are more 
markedly aggravated by dexamethasone than 
by triamcinolone. Aminopterin counteracts 
the increase in liver weight produced by the 
glucocorticoids. 

Aminopterin +- Adrenalectomy: 
Riggins et al. B40,212/49*; Dougherty et al. 
G77,517f50*; Goldin et al. D76,907f50* 

Aminopterin +- Orchidectomy, 
Mouse: Goldin et al. D76,907f50* 
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Aminopterin ~ Estradiol, Test
osterone: Goldin et al. D76,907 /50* 

A~ninopyrine +-

Borglin & Mansson B62,206f51: Gonadec
tomy does not change aminopyrine resistance 
in male mice but decreases it in females. This 
decrease is counteracted by estradiol. 

Kato & Gillette F57,816j65: The ability of 
rat liver microsomal enzymes to inactivate 
various substrates is greater in males than in 
females, but the sex difference varies with 
the substrate. There is more than a 3-fold sex 
difference with aminopyrine and hexobarbital, 
but virtually none with hydroxylation of 
aniline and zoxazolamine. In male rats, star
vation impairs the sex-dependent enzymes 
which metabolize aminopyrine and hexobarbi
tal, but enhances those that hydroxylate 
aniline. On the other hand, in female rats, 
starvation increases the specific activity of the 
aminopyrine and hexobarbital-metabolizing 
enzymes as weil as of the aniline hydroxylase. 
Starvation does not alter the metabolism of 
hexobarbital; it enhances that of aminopyrine 
by microsomes of castrated rats, but impairs 
the metabolism of these compounds by micro
somes of methyltestosterone-treated castrates. 

Kato & Gillette F57,817j65: The metabo
lism of aminopyrine and hexobarbital by he
patic microsomes of male rats is impaired by 
adrenalectomy, castration, hypoxia, ACTH, 
formaldehyde, epinephrine, morphine, alloxan 
or thyroxine. The metabolism of aniline and 
zoxazolamine is not appreciably decreased by 
any of these agents; in fact, the hydroxylation 
of aniline is enhanced by thyroxine or alloxan. 
Apparently, the treatmentsimpair mainly the 
sex-dependent enzymes. Accordingly, the cor
responding enzymic functions of the hepatic 
microsomes of female rats are not significantly 
diminished by the agents which do have an 
inhibitory effect in males. 

Radzialowski & Bousquet H2,264J68: The 
circadian variation in aminopyrine, p-nitro
anisole and hexobarbital-metabolizing micro
somal enzymes of the rat and mouse liver is 
abolished by adrenalectomy, but the rhythm 
of dimethylaminoazobenzene metabolism re
mains unaffected. 

Ichii & Y ago H 15,158/69: Studies on bilate
rally adrenalectomized andjor orchidectomized 
rats, given cortisol or testosterone, led to the 
conclusion that corticoids and testoids regulate 
different fractions of the aminopyrine N -de-

methylase activity of the hepatic microsomes, 
which is mainly maintained by these hormones 
in intact male rats. On the other hand, pheno
barbital-inducible aminopyrine N·demethyl
ase activity is quite independent of adrenal and 
testicular control. 

Orrenius et al. E 8,231/69: In rats, adrenal
ectomy has no immediate effect upon the 
induction of steroid hydroxylases in the hepatic 
microsomes by phenobarbital. However, simul
taneously adrenalectomized and castrate rats, 
subsequently maintained in this state for a 
period of time, showed a strikingly decreased 
hydroxylating activity of the hepatic micro
somes, measured with either aminopyrine or 
testosterone as substrate. The cytochrome 
P-450 content of the microsomes decreased in 
a parallel fashion, whereas the cytochrome b5 
remained unchanged. When these steroid
deficient animals were treated with predni
solone or testosterone, the cytochrome P-450 
content and the aminopyrine- and testoste
rone-hydroxylating activities of the liver 
microsomes returned to normal. In the 
steroid-deficient rats, repeated injections of 
phenobarbital caused only a minimal increase 
in the cytochrome P-450 content as weil as in 
the NADPH-cytochrome reductase and amino
pyrine-hydroxylation activities of the hepatic 
microsomes. Combined treatment with pheno
barbital and prednisolone or testosterone 
resulted in an increase of these Ievels to those 
obtained by phenobarbital alone, in intact 
controls. Apparently, "steroid hormones are 
involved both in the maintenance of normal 
hydroxylating activity in the rat liver endo
plasmic reticulum and in the increase of this 
activity caused by drug:;,." 

Soyka G66,626f69: In rat liver, the amino
pyrine demethylase activity of the microso
mal fraction increased considerably during the 
first 30 days after birth. Evidence of an inhi
bitorwas not found during this newborn period. 
After puberty, the activity in male rats was 
about twice as high as in females. Testosterone 
produced only an insignificant rise in females. 

Nakanishi et al. G79,299j70: "Cold expo
sure or immobilization of intact or adrenalec
tomized rats significantly impaired side-chain 
oxidation of hexobarbital and N-demethyla
tion of aminopyrine in vitro. In contrast, 
p·hydroxylation of aniline in vitro was not 
affected under stress conditions." The perti
nent Iiterature is somewhat contradictory 
but, possibly, the effect of stress on drug
metabolizing enzyme induction may vary with 
the substrate employed. 
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Solymosa et al. G60,075f70: In rats pre
treated with spironolactone, norbolethone or 
ethylestrenol, hexobarbital anesthesia was 
diminished, and its aliphatic hydroxylation by 
hepatic microsomes enhanced. Pretreatment 
with the same steroids also accelerated the 
N·dealk:ylation of aminopyrine by hepatic 
microsomes. Progesterone was inactive against 
hexobarbital, but slightly increased the pro
duction of 4-aminoantipyrine by hepatic 
microsomes. 

Selye PROT. 36785: In rats, aminopyrine 
mtoxication was readily prevented by all 
classic catatoxic steroids, except oxandrolone 
whose beneficial effect was just below the Ievel 
of statistical significance. Prednisolone, triam
cinolone and phenobarbital also offered pro
tection, cf. Table 27. 

Table 27. Ccmditioning for aminopyrine 

Treatment& Dyskinesiab Mortalityb 
(Positive/ (Dead/ 
Total) Total) 

None 9/15 8/15 
PCN (1 mg) 0/10 *** 0/10 ** 
CS-1 0/10 *** 0/10 ** 
Ethylestrenol 0/15 *** 0/15 *** 
Spironolactone 3/15 * 2/15 * 
Norbolethone 0/10 *** 0/10 ** 
Oxandrolone 3/10 NS 3/10 NS 
Prednisolone.Ac 0/10 *** 0/10 ** 
Triamcinolone 1/15 *** 1/15 ** 
Progesterone 0/9 *** 0/9 ** 
Estradiol 3/10 NS 2/10 NS 
DOC-Ac 5/10 NS 5/10 NS 
Hydroxydione 4/10 NS 4/10 NS 
Thyroxine 11/15 NS 8/15 NS 
Phenobarbital 4/10 NS 0/10 ** 

a The rats of all groups were given amino
pyrine (30 mg/100 g body weight in 1 ml 
water, s.c., once on 4th day). 

b Dyskinesia was estimated 2 hrs after 
injection and mortality listed 24 hrs later 
("Exact Probability Test"). 

For further details on technique of tabu
lation cj. p. VIII. 

Aminopyrine +- Adrenalectomy + 
Pesticides (Chlordane): Hart et al. 
G27,102f65; Orrenius G74,389f65 

Aminopyrine +- Corticoids + Phe
nobarbital, Mouse, Rat: Wada et al. 
H 15,468/68; Lu et al. G68,802f69 

12• 

Aminopyrine +- Estradiol: Mitoma 
et al. G72,113f68 

Aminopyrine +- Gonadectomy: Kato 
et al. F57,817f65, F76,403f66; Schenkman 
et al. G67,777f67 

Aminopyrine+- Methyltestosterone: 
Kato et al. F57,817f65, F76,403f66; Mullen 
et al. G37,764f66 

Aminopyrine +- N orethynodrel: 
Juchau et al. G40,275f66 

Ammonium Chloride +-

BenachZer &: Reich 071,216/59: In rats, the 
pulmonary edema induced by ammonium 
chloride, epinephrine, thiourea, or chloro
picrin is prevented by the administration 
(about 5 min earlier) of a single large dose of 
prednisolone i.v. 

AMP (cyclic) +-

RcmdeU H 32,853/70: In vitro experiments 
on the ovarian follicles of the pig suggest that 
LH, cyclic AMP or progesterone augment the 
distensibility of follicular strips, thereby 
preparing for rupture. TMACN blocks the 
effects of LH or cyclic AMP on both steroid 
release and distensibility. This blockade can 
be counteracted by progesterone. Presumably, 
"LH stimulates steroid secretion from the 
follicular tissue which in turn causes the 
activation of the ovulatory enzyme." 

Amphetamine +-

D'A.rcy &: SJYUrling D8,818f61: The fact 
that mice Iiving in crowded conditions are 
more susceptible to amphetamine than those 
housed in single cages is ascribed to an increas
ed glucocorticoid secretion under the stress 
of crowding. Accordingly, cortisol pretreat
ment increased the amphetamine sensitivity 
of mice. 

Clark et al. F92,621f67: Crowding increases 
the toxicity of amphetamine in the mouse. 
"The administration of either dexamethasone, 
ethanol, glucose, 2,deoxy-d-glucose or diphe
nylhydantoin reduced the excitement, hyper
activity and mortality, in aggregated mice 
given d-amphetamine. The reduction in mor
tality was proportional to the decrease in 
excitement and hyperactivity." 

Groppetti &: Costa H 31,959/69: In adult 
male rats, the disappearance of amphetamine 
is faster than in adult females. Estradiol 
retards the rate of amphetamine disappear-
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ance in adult males. Such potent hepatic 
microsomal enzyme inducers as phenobarbital, 
3-MC, or diphenylhydantoin do not change 
the tissue Ievels of amphetamine. 

Selye G70,480f71: In rats, DL-ampheta
mine (12 mg/100 g body weight in 0.2 ml water) 
was administered s.c. once on the 4th day of 
conditioning. Dyskinesia was listed 4 hrs, 
mortality 24 hrs, after this injection. Under 
these circumstances, the "Standard Conditio
ners" (p. VIII) caused no noteworthy change in 
the resulting intoxication, only triamcinolone 
and thyroxine exhibited an aggravating effect. 

Amyl Nitrite +-

FiBcher 50,723/20: In rabbits, adrenal
ectomy prevents the induction of convulsions 
by amyl nitrite. 

Specht 13,475/23: In guinea pigs, neither 
thyroidectomy nor orchidectomy influences 
the course of the convulsions produced by 
amyl nitrite inhalation or the electric irri
tation of the peripheral nerves. 

Amyloid +- cf. alBo Casein 

liurie et al. B31,933f49: Estradiol suppres
ses the development of amyloidosis in tuber
culous rabbits. 

Anaphylactoidogens +- corticoids cf. alBo 
Selye C1,001f54, p. 96; 092,918/61, p. 220; 
G46,715f68, pp. 109, 117, 178, 184, 189, 194. 

Anaphylactoidogens +- folliculoids cf. 
alBo Selye G46,715f68, pp. 178, 194. 

Chen & Wickel B74,534f52: In adrenal
ectomized rats, the anaphylactoid edema 
produced by egg-white i.p. was prevented by 
cortisone, dehydrocorticosterone, 17 -hydroxy
corticosterone and 6, 7 -dehydrocortisone, 
whereas a large number of other steroids were 
inactive. 

Selye et al. 070,942/59: Topical injection of 
cortisol acetate microcrystals into a hind paw 
of a rat selectively protects the surrounding 
region against the angiotactic sequestration 
of i.v. injected carbon (India ink) particles 
during a dextran-induced anaphylactoidedema. 

Selye et al. 078,128/60: The gastric ulcers, 
as weil as the associated anaphylactoid edema 
produced by 48/80 in the rat are prevented by 
cortisol or exposure to various stressors. This 
is all the more noteworthy because the stres
sors themselves are capable of producing 
gastric erosions. 

Selye et al. 083,616/61: In rats, the cardio
vascular and renal calcification produced by 

chronic treatment with polymyxin is increased 
by triamcinolone or DOC, and particularly by 
combined treatment with both these steroids 
or by F-COL which possesses both gluco- and 
mineralocorticoid properties. 

Robert & NezamiB D23,289f62; D23,064f62: 
The acute gastric ulcers produced by poly
myxin in the rat can be prevented by gluco
corticoids (cortisol, prednisolone), but also by 
DOC. On the other hand, when foilowing 
pretreatment with polymyxin the gastric 
mucosa is depleted of histamine, the ulcero
genic property of prednisolone overdosage is 
unimpaired. Hence, histamine Iiberation can
not be held responsible for the production of 
gastric ulcers by glucocorticoids. 

Anesthetics (Various) +- cf. alBo Individual 
Anesthetics 

Anesthetics (Various) +- catatosic steroids 
cf. alBo Selye G60,083f70, p. 385. 

Selye et al. G60,020f69: Norbolethone 
protects the rat against the anesthetic action 
of progesterone, DOC, pregnanedione, dehy
droepiandrosterone, testosterone, diethylstil
bestrol, pentobarbital, and methyprylon; it 
does not significantly alter the corresponding 
actions of urethan, diazepam, chlorpromazine, 
reserpine, phenoxybenzamine, chioral hydrate, 
K.Br or MgCI:a. In ail these cases, the effects of 
norbolethone simulate those of spironolactone. 

Aniline+-

Kato & Gillette F57,816f65: The ability of 
rat liver microsomal enzymes to inactivate 
various substrates is greater in males than in 
females, but the sex difference varies with the 
substrate. There is more than a 3-fold sex 
difference with aminopyrine and hexobarbital, 
but virtuaily none with hydroxylation of ani
line and zoxazolamine. In male rats, starvation 
impairs the sex-dependent enzymes which 
metabolize aminopyrine and hexobarbital, 
but enhances those that hydroxylate aniline. 
On the other hand, in female rats, starvation 
increases the specific activity of the amino
pyrine and hexobarbital-metabolizing en
zymes as weil as of the aniline hydroxylase. 
Starvation does not alter the metabolism of 
hexobarbital; it enhances that of aminopyrine 
by microsomes of castrated rats, but impairs 
the metabolism of these compounds by micro
somes of methyltestosterone-treated castrates. 

Kato & Gillette F57,817f65: The metabo
lism of aminopyrine and hexobarbital by he-
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patic microsomes of male rats is impaired by 
adrenalectomy, castration, hypoxia, ACTH, 
formaldehyde, epinephrine, morphine, alloxan 
or thyroxine. The metaboliBm of aniline and 
zoxazolamine is not appreciably decreased by 
any of these agents; in fact, the hydroxylation 
of aniline is enhanced by thyroxine or alloxan. 
Apparently, the treatments impair mainly the 
sex-dependent enzymes. Accordingly, the 
corresponding enzymic functions of the 
hepatic microsomes of female rats are not 
significantly impaired by the agents which do 
have an inhibitory effect in males. 

Furner & Stitzel G54,558f68: The hepatic 
microsomal metaboliBm of ethylmorphine, 
aniline and hexobarbital is diminished in vitro 
by previous adrenalectomy in the rat. Pheno
barbital pretreatment of adrenalectomized rats 
raised the metaboliBm of all three substrates 
above the Ievel characteristic of untreated, 
adrenalectomized controls. Exposure of adre
nalectomized rats to cold stress, or treatment 
with cortisol, increased the metabolism of 
aniline and ethylmorphine, but depressed that 
of hexobarbital. In intact rats, cold stress 
diminished hexobarbital metaboliBm in vitro. 
Apparently, both the streBB and the pheno
barbital can bring about changes in the 
hepatic drug metabolism, independent of the 
presence of the adrenals; the two agents act 
through different mechanisms, since phenobar
bital invariably stimulates, whereas stress 
either increases or decreases the microsomal 
enzyme activity, depending upon the drug 
pathway examined. 

NakaniBhi et al. G79,299f70: "Cold expo
sure or immobilization of intact or adrenal
ectomized rats significantly impaired side
chain oxidation of hexobarbital and N-de
methylation of aminopyrine in vitro. In con
trast, p-hydroxylation of aniline in vitro was 
not affected under stress conditions." The 
pertinent Iiterature is somewhat contradictory 
but, possibly, the effect of stress on drug· 
metabolizing enzyme induction may vary with 
the substrate employed. 

Selye et al. G70,424f70: In rats, aniline 
produces pronounced Iipid hyperplasia of the 
adrenal cortex similar to that elicited by 
amphenone. This change is prevented by glu
cocorticoids and is presumably caused by an 
increased ACTH production as a conse
quence of diminished 11ß-hydroxylated corti
coid secretion. 

Aniline (- Prednisolone, Cortisol + 
Phenobarbital, Mouse, Rat: Wada et al. 
H15,468f68 

Aniline (- Methyltestosterone: Kato 
et al. F57,817f65, F76,403f66 

Aniline (- Gonadectomy: Kato et al. 
F57,817f65, F76,403f66,· Schenkman et al. 
G67,777f67 

Aniline (- N orethynodrel: Juchau et 
al. G40,275f66 

Antibiotics +- cf. also Individual Antibiotics 

Antibiotica +- corticoids cf. also Selye 
G60,083f70, pp. 348, 357. 

Giberti et al. B90,116f53: In guinea pigs, 
the organ lesions-particularly the hemorrha
gic adrenalitis produced by chlortetracycline 
(Aureomycin)-are diminished by cortisone, 
but the mortality is not influenced. 

Tuchmann-Dupleaaia & Mercier-Parot 
H28,87lf70: In rats, actinomycin given before 
implantation causes only abortion; after 
implantation, it elicits both abortion and severe
malformations. These effects are not pre
vented by progesterone or estradiol alone or 
in combination. 

Selye P ROT. 38752: In rats, griseofulvin 
(7.5 mg/100 g body weight in 0.1 ml DMSO) 
was administered i.v. once on the 4th day. 
Dyskinesia was estimated 30 min, mortality 
24 hrs after this injection. Under these cir
cumstances, the "Standard Conditioners" 
caused no noteworthy change in the resulting 
intoxication, although in an earlier experi
ment some alterations in the course of this 
intoxication were noted (Table 138). 

Anticoagulants +-

van Gauwenberge & Jaquea G58,52lf58: 
A dose of dicoumarol, weil tolerated by un
treated rabbits, causes death with widespread 
hemorrhage when given together with ACTH. 
The hemorrhagic tendency induced by di
coumarol was not accentuated by STH, 
cortisone, or DOC. 

Pal'U8Zka & Hamilton G72,116f59: In rats, 
the leukocytosis produced by heparin is inhi
bited by cortisol. 

van Gauwenberge & Jaquea G72,748f59: 
The "hemorrhagic stress" syndrome produced 
by dicoumarol treatment in rats simultane
ously exposed to various stressors can be 
reproduced by the administration of ACTH, 
STH or DOC, instead of streBSors. Dicouma
rol + cortisol or cortisone did not reproduce 
this syndrome. 
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Oliver et al. D54,029f63: In man, the 
requirements for anticoagulants (warfarin, 
phenindione) are reduced during simultaneous 
treatment with androsterone (Atromid). It is 
suggested that perhaps the ethyl-a-p-chloro
phenoxyisobutyrate (C.P.I.B.) contained in 
this particular androsterone preparation may 
be involved. 

Pyörälä & Kekki E31,756f63: In man, 
methandrostenolone increases sensitivity to 
certain anticoagulants (warfarin, phenindione). 
"The use of methandrostenolone should be 
avoided in patients receiving anticoagulants, 
because it may precipitate hemorrhagic 
complications." 

Schrogie & Solomon G43,019f66: In man, 
both D-thyroxine and norethandrolone in
crease the anticoagulant response to bishy
droxycoumarin at doses which do not change 
the rate of its metabolism. "Since clinically 
effective doees of these three drugs do not 
decrease the concentration of vitamin-K
dependent clotting factors, or affect the 
absorption, distribution, or metaboliBm of 
bishydroxycoumarin in man, it seems likely 
that they potentiate the pharmacologic effect 
of bishydroxycoumarin by increasing the 
affinity of the receptor site for the anticoagu
lant." 

JaquesG70,979f68: Review (30pp., 13refs.) 
on the "hemorrhagic streBS syndrome" that is 
produced in various mammals treated with 
indirect anticoagulants (e.g., phenindione, 
bishydroxycoumarin) and then exposed to 
stress or treated with DOC, ACTH, or STH. 
Conversely, cortisone, epinephrine, ephedrin, 
and adrenochrome inhibit this syndrome. 

Selye 070,428!70: In rats, ethylestrenol 
powerfully inhibits the toxicity of digitoxin, 
nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
cyclopental, thiopental, DOC (anesthesia), 
meprobamate and picrotoxin. Thyroxine in
creases the toxicity of many among these 
drugs, and inhibits the protective effect of 
ethylestrenol. 

Selye G60,094f70: In rats, the fatal he
morrhagic diathesis produced by phenindione 
is inhibited by ethylestrenol, CS-1, spirono
lactone, norbolethone and oxandrolone. Pro
gesterone, hydroxydione, DOC, and estradiol 
have a much less pronounced effect. Predni
solone, triamcinolone, and thyroxine are 
inactive. 

Solymoss et al. G70,423f70: In rats, pre
treatment with spironolactone, norbolethone, 
or ethylestrenol enhances the disappearance 

of bishydroxycoumarin from blood, and 
restores the prothrombin time. Triamcinolone 
and progesterone fail to do so. SKF 525-A 
increases the blood concentration and the 
anticoagulant effect of bishydroxycoumarin 
and counteracts the beneficial effect of ethyl
estrenol. Furthermore, pretreatment with 
spironolactone or ethylestrenol (but not with 
progesterone) enhances the NADPH-depen
dent enzymic decay of bishydroxycoumarin 
in liver microsomal + supematant fraction. 

Szeberenyi & Fekete H29,579f70: Brief 
abstract stating that after four days of pre
treatment (species not mentioned), spirono
lactone decreased the action and accelerated 
the metabolism of hexobarbital, chlorzoxa
zone, meprobamate, estrone, testosterone, 
acenocoumarol and BSP, whereas after short 
treatment it had an inverse effect. It is 
concluded that spironolactone is a microsomal 
enzyme inducer. 

Selye G70,480f71: In rats, fatal intoxi
cation with bishydroxycoumarin was benefi
cially influenced by pretreatment with various 
catatoxic steroids or estradiol, ef. Table 28. 

Table 28. Conditicming for bishydroxyeoumarin 

Treatment& 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone (2 mg) 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Cholesterol 
Thyroxine 
Phenobarbital 

Mortalityb 
(DeadfTotal) 

7/9 
9/10 NS 
2/10 * 
2/10 * 
1/9 ** 
2/10 * 
1/9 ** 
9/9 NS 

10/10 NS 
7/10 NS 
1/10 *** 
9/10 NS 
9/10 NS 
5/10 NS 
8/8 NS 
3/10 NS 

a. The rats of all groups were given bis
hydroxycoumarin (13 mg/100 g body weight 
in 1 ml water, p.o., once daily from the 4th 
day ff.). 

b Mortality was listedon9th day ("Exact 
Probability Test"). 

For further details on technique of tabu
lation ef. p. VIII. 
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Selye G70,480f71: In rats, all classic 
catatoxic steroids and phenoba.rbital readily 
prevented. fatal phenindione intoxication, but 
some of the other conditioners of our series 
also appea.red to have a beneficial efiect, at 
least upon the survival rate. 

Table 29. Conditioning for phenindione 

Treatmenta Intestinal Mortalityb 
hemorrhageb (Dea.df 
(Positive/ 
Total) 

None 14/15 
PCN 3/10 *** 
CS-1 3/13 *** 
Ethylestrenol 2/15 *** 
Spironolactone 2/14 *** 
Norbolethone 0/14 *** 
Oxandrolone 0/15 *** 
Prednisolone-Ac 15/15 NS 
Triamcinolone (2 mg) 14/14 NS 
Progesterone 9/14 NS 
Estradiol (1 mg) 11/14 NS 
Estradiol(lmgs.c.) 10/10 NS 
DOC-Ac 14/15 NS 
Hydroxydione 12/15 NS 
Thyroxine 14/15 NS 
Phenobarbital 2/10 *** 

Total) 

15/15 
9/10 NS 
2/13 *** 
2/15 *** 
2/14 *** 
1/14 *** 
1/15 *** 

14/15 NS 
14/14 NS 
8/14 ** 

10/15 * 
10/10 NS 
11/15 * 
9/15 ** 

14/15 NS 
1/10 *** 

a The rats of all groups were given phenin
dione (10 mg/100 g body weight in 0.2 ml 
DMSO, s.c., daily from 4th day H.). 

b Intestinal hemorrhage was estimated. on 
day of death and mortality listed on 8th day 
("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Selye G70,480f71: In rats, warfarin (10 mg/ 
100 g body weight in 1 ml water) was a.dmi
nistered p.o. twice, from the 4th day of 
conditioning to the end of experiment. Mean 
survival was listed., and mortality registered 
on the 9th day. Under these circumstancea, 
the "Standard Conditioners" (p. VIII) caused 
no noteworthy change in the resulting in
toxication. 

SolymoBs & Varga G70,500f71: In rats, 
spironolactone, norbolethone and ethylestre
nol diminish the anticoagulant action and 
aceeierate the plasma. clea.rance of bishy
droxycoumarin. Progesterone and triamcino
lone are devoid of this effect. SK.F 525-A 
countera.cts the influence of ethylestrenol 
upon bishydroxycoumarin metabolism. The 
hepatic microsomes of rats treated with spiro-

nolactone or ethylestrenol in vivo aceeierate 
bishydroxycouma.rin degra.dation by NADPH
dependent enzymes in vitro. 

Coumarin, 4-Methylcoumarin ~ 1-7 
Methyltestosterone: Feuer H24,218f70 

Antipyrine ~ 

Remmer 073,857/58: The oxidation of 
hexobarbital and the demethylation of methyl
aminoantipyrine by liver slices in vitro are 
inhibited. by adrenalectomy performed 10-12 
days before the experiment, unless the animals 
are given prednisolone substitution therapy. 
Addition of prednisolone to the incubation 
medium has no efiect. The drug-metabolizing 
activity is contained in the microsome frac
tion and, in this respect, the microsomes of 
males are more active than those of females. 

Booth & Gillette D34,656f62: Testosterone 
propionate, 19-nortestosterone, 4-androstene-3, 
17-dione and 4-chloro-19-nortestosterone ace
tate (SK.F 6611) were tested. for their ability 
to induce hepatic microsomal enzymes in 
female rats. "All of the steroids produced 2- to 
3-fold increases in the activity of the enzyme 
systems that metabolize hexobarbital, deme
thylate monomethyl-4-aminoantipyrine and 
hydroxylate naphthalene, but only 19-nor
testosterone, testosterone propionate and 
methyltestosterone increased the activity of 
microsomal TPNH oxidase. . . . The increase 
in microsomal enzyme activity is more 
closely related to the anabolic activity than 
to the androgenic activity of the steroid." 

ANTU~ cf. 1- (1-Naphthyl) -2-thiourea 
under Thioureas 

Arsenic ~ cf. al8o Selye C 50,810/58, p.102. 
Agduhr G37,252f41: In the mouse, sexual 

intercourse as weil as some sex hormone 
preparations increase the storage of arsenic 
in the ground substance of various organs, 
especially the skin, whereas repeated. preg
nancies have an opposite effect, and at the 
same time augment resistance against intoxi
cation with ~08• 

Skanse A 72,698/41: Review on the effect 
of sex, sexual intercourse and gonadectomy 
upon the storage of arsenic in the tissues 
ofmice. 

Beck B58,869f50: In mice, adrenocortical 
extract protects against Iethai doses of 
arsenious acid. 

Beck & Voloshin B58,271f50: In mice, 
resistance to arsenite and other arsenicals is 
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increased by cortisone, adrenocortical extracts 
andACTH. 

Beck B64,609f51: "Prior administration of 
beef adrenal extract increased the resistance 
of mice, particularly male mice, to semi-lethal 
doses of arsenite, oxophenarsine and clorarsen. 
Male mice were protected against arsenite by 
cortisone and ACTH, but not by desoxy
corticosterone." 

Aspartate - cf. GOT under Influence of 
Steroids upon Enzymes 

Atophane - cf. Cinchophen 

Bacterial Toxins - cf. Microorganisms, 
Vaccines and Parasites 

Barbiturates -
~ Glucocorticoids. 

RAT 

EinhaUBer A19,483f39: Survival of rats 
after heavy intoxication with barbital can be 
improved by pretreatment with adrenocortical 
extract especially in combination with vitamin 
C. Synthetic corticosterone has no such 
protective effect. 

Fingl et aZ. D38,091f52: In rats, chronic 
administration of phenobarbital or diphenyl
hydantoin diminishes the brain hyperexcita
bility induced by cortisone as judged by 
EST measurements. 

RobiUard eh PeUerin B75,692f52: In rats, 
the anesthetic effect of pentobarbital is pro
longed by adrenalectomy. This effect is 
inhibited by cortisone and enhanced by DOC. 
Cortisone also shortens sleeping time in intact 
or gonadectomized male rats. 

Robillard et al. G67,325f54: Cortisone 
diminishes pentobarbital anesthesia in adult 
male rats. It also restores to normal the 
prolonged anesthetic effect of pentobarbital 
observed after adrenalectomy (with mainte
nance on 1% NaCI), orchidectomy, or simul
taneaus adrenalectomy + orchidectomy. Fur
thermore, cortisone decreases the length of 
pentobarbital anesthesia in ovariectomized 
rats, but this effect is blocked by estradiol 
treatment. 

de Boer eh Mulcomela 05,245/55: In rats, 
ACTH and cortisone shorten thiopental and 
pentobarbital sleeping times, especially in 
females whose sleeping time is normally Ionger 
than that of males. 

Remmer G79,941f57: In female rats, corti
sone and prednisolone are much more effica
cious than testosterone in shortening hexo-

barbital anesthesia and increasing microsomal 
hexobarbital metabolism. Adrenalectomy di
minishes the capacity of hepatic microsomes 
of male rats to metabolize hexobarbital 
unless the animals are pretreated with 
cortisone or prednisolone. 

HeUBer 054,451/58: In the rat, large doses 
of cortisol, its succinate or acetate, prolang 
pentobarbital sleeping time when given simulta
neously with the latter, but shorten it if the 
steroids are administered one day before the 
barbiturate. 

Remmer 073,857/58: The oxidation of 
hexobarbital and the demethylation of methyl
aminoantipyrine by liver slices, in vitro, are 
inhibited by adrenalectomy performed 10-12 
days before the experiment, unless the rats are 
given prednisolone substitution therapy. Addi
tion of prednisolone to the incubation medium 
has no effect. The drug-metabolizing activity 
is contained in the microsome fraction and, in 
this respect, the microsomes of males are more 
active than those of females. 

Remmer D86,728f58: In rats, 3 days pre
treatment with cortisone or prednisolone 
diminishes the anesthetic effect of hexo
barbital, and increases the degradation of the 
anesthetic by liver slices. Adrenalectomy 
inhibits the degradation of hexobarbital by 
liver slices of male rats, an effect which can 
be counteracted by pretreatment with cor
tisone. 

Rupe et al. E26,910f63: The sedative 
effect of hexobarbital and pentobarbital, yet 
not of barbital, was diminished by tourniquet 
stress, in the intact but not in the hypophy
sectomized or adrenalectomized rat. In intact 
rats, ACTH or cortisone decreases hexobarbital 
sleeping time as does stress, whereas SKF 
525-A completely blocks the protective action 
of stress. Presumably "the stress effect on the 
duration of drug action is mediated through 
increased drug metabolism." 

Azarnoff et aZ. G42,999f66: In the rat, pre
treatment with DDD markedly shortens 
anesthesia produced by various steroids and 
barbiturates. Simultaneously, there is prolife
ration of the SER and a rise in the Ievel of 
hepatic hexobarbital-metabolizing enzymes. 
In dogs, DDD decreases hexobarbital sleeping 
time, but prolongs pentobarbital anesthesia. 
Cortisone prevents the prolongation of pento
barbital sleep. 

MousE 
Winter eh Flataker B73,509f52: Cortisone 

or ACTH, unlike DOC, shortens the sleeping 
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time of barbiturate anesthesia. The markedly 
prolonged sleeping time of mice receiving both 
barbitura.tes and diphenhydramine is also 
decrea.sed by cortisone, but the effect of the 
steroid ca.n be fully accounted for by its 
antagonism to the barbiturate. 

Gcwby et al. B84,489f53: Protreatment with 
cortisol or DOC had little effect upon pento
barbital anesthesia in the mouse although 
cortisone offered slight protection and DOC 
ha.d a feeble enhancing effect. Both corticoids 
increased the toxicity of phenobarbital. 

Komiya 07,045/55: In mice, barbital 
a.nesthesia was decreased by cortisone, cortisol 
and ACTH, but not cha.nged by DOC or 
"substance S." The barbital concentration of 
the brain approximately paralleled the depth 
of anesthesia. 

Komiya 08,533/55: In mice, barbital 
sleeping time is decreased by cortisone, 
cortisol, and ACTH, but not affected by com
pound S (desoxocortisone) or DOC. 

Sat08kar &: Trivedi 08,678!55: In mice, 
mortality after pentobarbital intoxication is 
increased by pretreatment with cortisol 2 hrs 
prior to the barbitura.te. 

Komiya &: Shibata 016,708/56: In mice, 
the induction time of barbital anesthesia was 
not changed by cortisone, cortisol, substance S, 
or DOC. The duration of anesthesia was sbor
tened, its depth diminished, and the barbital 
concentration of the brain decreased by corti
sone, cortisol, or ACTH, but none of these 
parameters was affected by substance S or 
DOC. Apparently, the active hormones protect 
against a.nesthesia. by decreasing the barbital 
concentration of the brain. 

Komiya et al. 021,326/56: In mice, thio
pental a.nesthesia was reduced in severity, but 
not in duration, by epinephrine. Barbital 
a.nesthesia was slightly reduced by norepine
phrine, yet not by epinephrine. Unpublished 
experiments suggest that ACTH and gluco
corticoids shorten the dura.tion of barbital 
anesthesia in mice. 

K08towaki &: NO'IlJaeka H26,526f70: In 
mice, cortisol and methylprednisolone de
crease hexobarbital sleeping time, whereas DOC 
prolongs it. Hydroxydione anesthesia is not 
cha.nged by cortisol, but prolonged by methyl
prednisolone as well as by high doses of 
DOC. 

RABBIT 

Komiya et al. D26,331f56: In rabbits, 
barbital sodium anesthesia was not signifi
cantly influenced by cortisone. 

Shibata et al. 049,533!57: In rabbits, 
barbital a.nesthesia is only moderately shor
tened by cortisone. The barbital concentration 
of the blood is not significa.ntly influenced, 
whereas barbital elimination in the urine is 
markedly increased by cortisone. 

MAN 
Fraaer et al. B57,226f51: In man, absti

nence symptoms following discontinuation 
of various barbiturates or morphine are 
favorably influenced by cortisone. 

Dhuner &: Nordqvist D98,693f57: In 11 out 
or 13 patients who recovered from barbiturate 
poisoning, sleep was reinduced by cortisone 
treatment or i.v. injection of glucose. 

VARIA 

Frommel et al. E37,967f62: Pretreatment 
with cortisone prolongs phenobarbital anesthe
sia in the guinea pig and hexobarbital anesthe
sia in the mouse. It shortens thiopental 
a.nesthesia in rabbits. 

Barbiturates +- Corticoids cf. also Tab
blea 30-34 

Hexobarbital +- Glucocorticoids + 
Sex: Remmer D86,728f58* 

Hexobarbital +- Cortisol + Pheno
barbital: Lu et al. G68,802f69 

Hexobarbital +- Prednisolone: 
Remmer 073,857/58 

Pentobarbital +- Corticoids: Ro
billard et al. G67,325/54*; Driever et al. 
G31,872/65* 

+- Gluco-Mineralocorticoids, Mineralocor
ticoids. Driever &: Bousquet G31,872f65; 
Driever et al. F73,812f66: In rats with tourni
quet stress, the blood Ievels of hexobarbital, 
pentobarbital and meprobamate, but not of 
phenobarbital, were diminished after injection 
of the above drugs. These effects are prevented 
by hypophysectomy or adrenalectomy. Pento
barbital blood Ievels are lowered in adrenal
ectomized rats by corticosterone, but not by 
ACTH, whereas in hypophysectomized rats, 
both these hormones are active. "The ability 
of stress situations to stimulate drug meta
bolism and its dependence upon an intact 
pituitary-adrenal axis is suggestive of a 
regulatory function of the endocrine system 
in mediating a rapid induction of liver micro
somal enzymes responsible for drug meta
bolism." 

Bousquet et al. F35,073f65: In rats with 
stress produced by applying a tourniquet 
around one hind limb, for 2.5 hrs, the toxicity 
of hexobarbital, pentobarbital, meprobamate 
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and zoxazolamine was significantly dimin
ished, whereas that of barbital and pheno
barbital remained unaffected. Pretreatment 
with ACTH or corticosterone simulated the 
effect of stress. Mter hypophysectomy or 
adrenalectomy, stress failed to offer the 
usual protection. [The barbiturates and 
zoxazolamine appear to have been administer
ed immediately after release of the tourniquet, 
but this is not specifically stated. Allegedly, 
a single injection of corticosterone (50 (J.g per 
animal) sufficed to offer protection (H.S.).] 

Kostowski & Nowacka H26,526f70: In 
mice, cortisol and methylprednisolone de
crease hexobarbital sleeping time, whereas DOC 
prolongs it. Hydroxydione anesthesia is not 
changed by cortisol but prolonged by 
methylprednisolone, as weil as by high doses 
ofDOC. 

Hexabarbital +- Corticosterone: 
Bousquet et al. F35,073f65* 

Pentabarbital +- Corticosterone + 
Hypophysectomy + Stress: Driever 
et al. G31,872f65* 

Thiopental +- DOC + Adrenal
ectomy: Eichholtz et al. B45,516f49* 

+- Antimineralocorticoids. Selye et al. 
G60,016f69: In rats, spironolactone protects 
against anesthesia produced by progesterone, 
DOC, hydroxydione, pregnanedione, dehydro
epiandrosterone, testosterone, diethylstilbes
trol, methyprylon, pentobarbital and ethanol. 
It does not significantly alter the correspond
ing actions of morphine, codeine, urethan, 
diazepam, chlorpromazine, reserpine, phenoxy
benzamine, chloralhydrate, potassium bromide, 
orMgC~. 

Selye G60,044f69: Among various steroida 
tested for their ability to inhibit progesterone 
and pentobarbital anesthesia, ail anabolic 
androgene were highly potent. However, since 
spironolactone exhibited the same anti
anesthetic effect, the latter could not be 
attributed to anabolic potency. "This inhibi
tion of anesthesia is assumed to represent a 
special instance of the catatoxic effect which 
appears to be a property of certain steroida, 
independent of their classic hormonal actions." 

Feller & Gerald H22,744f70: In male mice, 
pretreatment with spironolactone shortened 
pentobarbital and "testosterone-potentiated" 
pentobarbital sleeping times. It also increased 
liver microsomal protein, liver weight, aniline 
hydroxylation and ethylmorphine N-deme
thylation. 

Gerald & Feller G74,396f70: In mice, spi
ronolactone and its Ll 6 de-thioacetylated 

metabolite reduce hexobarbital sleeping time 
and cause nearly identical increases in liver 
weight, microsomal protein content, NADPH
cytochrome c reductase, cytochrome P-450 
content, and the N-demethylation of ethyl
morphine. Preliminary observations suggest 
that these actions of spironolactone and its 
metabolite are evident in both sexes. 

Gerald & Feller G74,092f70: In mice, pre
treatment with spironolactone shortens pento
barbital sleeping time as weil as "testosterone
potentiated pentobarbital sleeping time." 
Furthermore, spironolactone enhances the 
microsomal metabolism of aniline and ethyl
morphine, and increases hepatic weight. It is 
concluded that the in vivo protective effect 
of spironolactone is due to the induction of 
hepatic microsomal enzymes. 

Gerald & Feller G78,804f70: In mice, pre
treatment with spironolactone reduces pento
barbital sleeping time and accelerates the 
hepatic microsomal metabolism of hexobar
bital in vivo and in vitro. 

Selyeetal. G60,050f70: Aldadiene (SC-9376), 
aldadiene-kalium (SC-14266), spironolactone 
and CS-1 protect the rat against digitoxin 
intoxication as weil as against the anesthetic 
efiect of progesterone and pentobarbital. 
Spiroxasone, SC-8109 and SC-5233 fall to 
protect the rat both against digitoxin intoxi
cation and the anesthetic effect of progesterone 
or pentobarbital. 

Stripp et al. H22,743f70: In rats, spirono
lactone pretreatment shortened hexobarbital 
sleeping time. "Moreover, treatment of female 
rats with spironolactone doubled the rate of 
the in vitro metabolism of hexobarbital and 
benzpyrene by liver microsomes and quadrupled 
that of ethylmorphine. The inducing effects of 
spironolactone were very different from those 
of phenobarbital and 3-methylcholanthrene. 
The amount of cytochrome P-450 was either 
unaltered or decreased, but the NADPH 
cytochrome c reductase activity was increased 
2-fold. Although the endogenaus rate of 
cytochrome P-450 reduction by NADPH was 
not altered, the stimulatory effects of ethyl
morphine or hexobarbital on the rate of 
cytochrome P-450 reduction were signifi· 
cantly greater with microsomes from spirono
lactone treated animals. By contrast, treat
ment of male rats with spironolactone caused 
no change in hexobarbital sleeping time and 
no change or a slight decrease in hexobarbital 
and benzpyrene metabolism by liver micro
somes." 
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Szeberenyi &: Fekete H29,579f70: Brief 
abstract stating that after four days of pre
treatment (species not mentioned), spirono
lactone decreased the action and accelerated 
the metabolism of hexobarbital, chlorzoxazone, 
meprobamate, estrone, testosterone, aceno
coumarol and BSP, whereas after short 
treatment it had an inverse effect. It is 
concluded that spironolactone is a microsomal 
enzyme inducer. 

Gillette H 34,126/71: In male rats, spirono
lactone caused a relatively small increase in 
ethylmorphine N-demethylation and de
creased the oxidation of hexobarbital and 
3,4-benzpyrene. However (like in females), 
spironolactone did not affect the type I 
spectral changes induced in males by ethyl
morphine and hexobarbital but caused a 
small decrease in cytochrome P-450 content 
and increased NADPH-cytochrome c reduc
tase. Moreover, in males, spironolactone 
increased the substrata-dependent cytochrome 
P-450 reduction but not its endogenaus reduc
tion. The sex difference in the effect of 
spironolactone upon hepatic microsomal drug 
metabolism is illustrated by the tabulation of 
data concerning ethylmorphine and hexo
barbital biotransformation. 

Stripp et al. G79,538f71: In rats, the 
induction of hepatic microsomal enzymes by 
spironolactone "differed from the phenobar
bital or methylcholanthrene induction in that 
it did not increase cytochrome P-450 content 
or microsomal protein. Furthermore the 
induction seemed tobe sex dependent." 
~ Testoids. 

RAT 

Holck et al. 68,297!37: Fernale rats are 
much more sensitive than males to anesthe
sia by various barbiturates. Orchidectomy 
diminishes barbiturate sensitivity, but not 
quite to the low Ievel of normal females. 
Barbital anesthesia is not influenced by sex. 
Testosterone increases barbiturate resistance 
in normal or ovariectomized females, but not 
quite to the Ievel of normal males. 

Holck et al. A8,011f37: In rats, prolonged 
treatment with testoid extracts from human 
urine (unlike androsterone) shortens hexobar
bital sleeping time in intact or ovariectomized 
females, but not quite to the male Ievel. 

Kinaey A39,742f40: Fernale rats sleep 
about twice as long as males when given either 
single or repeated injections of pentobarbital. 
Testosterone increases pentobarbital resistance 
in females. Ovariectomy diminishes the sleep
ing time. 

Holck &: MathieAJOn 80,435!41: Male rats 
were more resistant than females to the Iethai 
efiect of pentobarbital. Castration reduced the 
tendency to develop tolerance following 
repeated pentobarbital injections in males, 
but increased it in females. Testosterone 
pretreatment enhanced resistance in castrate 
males and intact females, but not in intact 
mal es. 

Robillard et al. B51,110f50: Male rats are 
more resistant than females to the narcotic 
efiect of pentobarbital. Gonadectomized rats 
of both sexes exhibit high pentobarbital 
resistance after treatment with testosterone, 
presumably as a consequence of accelerated 
hepatic detoxication of the barbiturates, since 
incubation of pentobarbital with liver slices 
of normal males or testosterone-treated cas
trates exhibit accelerated pentobarbital detoxi
cation in vitro. 

Buchel G67,326f54: Testosterone decreases 
hexobarbital sleeping time in adult, intact or 
ovariectomized female rats. Estradiol has an 
inverse effect in normal or castrate males. 
Indirect evidence suggests that the changes in 
hexobarbital sleeping time are associated with 
its reduced or prolonged presence in the body. 

Robillard et al. G67,325f54: In rats adrenal
ectomized 5 days prior to phenobarbital 
treatment and maintained on 1% NaCl, 
anesthesia was prolonged. This effect could not 
be influenced by DOC, but was abolished by 
cortisone. Simultaneaus orchidectomy does not 
further prolong pentobarbital anesthesia in 
adrenalectomized rats, but even in animals 
thus deprived of all steroids, cortisone greatly 
diminishes anesthesia, while testosterone has 
no influence upon it. Apparently, testosterone 
requires the presence of glucocorticoids, in 
order to be efiective, whereas cortisone does 
not require the presence of testoids. 

Edgren 045,010/57: Fernale rats are more 
sensitive than males to the anesthetic efiect 
of hexobarbital. Gonadectomy prolongs hexo
barbital sleeping time in males and shortens 
it in females. Estrone prolongs hexobarbital 
sleeping time in ovariectomized females, 
whereas testosterone is inefiective. In orchi
dectomized rats testosterone shortens hexo
barbital sleeping time, while estrone is in
efiective. 

Remmer G79,941f57: In female rats, cor
tisone and prednisolone are much more effi
cacious than testosterone in shortening hexo
barbital anesthesia and increasing micro
somal hexobarbital metabolism. Adrenalec
tomy diminishes the capacity of hepatic 
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microsomes of male rats to metabolize hexo
barbital unless the animals are pretreated 
with cortisone or prednisolone. 

Takahatake G76,713j57: Male rats are 
more resistant than females or castrates of 
either sex, to the anesthetic effect of ethyl
hexabital. Testosterone raises the resistance 
of males and gonadectomized animals of either 
sex to the male Ievel. In vitro studies on liver 
slices indicate that the sex difference is due to 
the effect of testosterone upon the barbiturate
metabolizing ability of the liver, not upon 
brain sensitivity. 

Quinn et al. E 89,993/58: In intact rats, 
estradiol prolonged the hexobarbital sleeping 
time and the elevation of the plasma Ievel of 
this barbiturate, whereas the hepatic micro
somal enzyme activity required to metabo
lize hexobarbital was considerably dimini
shed. In all these respects, testosterone 
exerted an opposite effect in females. 

Booth & Gillette D34,656f62: Testosterone 
propionate, 19-nortestosterone, 4-androstene-3, 
17 -dione and 4-chloro-19-nortestosterone ace
tate (SKF 6611) were tested for their ability 
to induce hepatic microsomal enzymes in 
female rats. "All of the steroids produced 
2- to 3-fold increases in the activity of the 
enzyme systems that metabolize hexobarbi
tal, demethylate monomethyl-4-aminoantipy
rine and hydroxylate naphthalene, but only 
19-nortestosterone, testosterone propionate 
and methyltestosterone increased the activity 
of microsomal TPNH oxidase. . . . The in
crease in microsomal enzyme activity is more 
closely related to the anabolic activity than to 
the androgenic activity of the steroid." 

Kato et al. G64,325f62: Adult male rats are 
more resistant than females to pentobarbital 
anesthesia, carisoprodol paralysis and strych
nine convulsions. Conversely, the lethal effect 
of OMP A is greater in the male. The sex 
difference is ascribed to the increased pro
duction of anabolic testoids which enhance the 
decomposition of these substrates, the first 
three being inactivated, and the last activated 
in the process. The differences were also 
demonstrated in vitro, using liver slices or 
microsomal fractions. The high microsomal 
activity of the male could be abolished by 
castration and restored by several anabolic 
testoids. 

Takahatake & Ariyoshi D48,245f62: The 
ability of rat liver slices to metabolize cyclo
barbital in vitro is uninfluenced by the addi
tion of testosterone or estradiol. 

Rubin et al. F73,81lf66: Both testosterone 
and the antitestoid substance 17a-methyl-B
nortestosterone (SK&F 7690) increase the 
hepatic microsomal hexobarbital oxidase acti
vity in intact female rats. However, if the two 
compounds are administered conjointly, the 
effect is less pronounced than that obtained by 
testosterone alone. Apparently "a 'weak' 
enzyme inducer (SK&F 7690) may compete 
with a 'strong' inducer (testosterone) for 
occupation of a common receptor site for 
enzyme induction." 

Chang & Lei F78,943j67: In female rats, 
17a-methyl-5a-androstan-17ß-ol shortens pen
tobarbital but not diethylbarbital sleeping 
time. Since the former barbiturate is -
whereas the latter is not-metabolized by 
hepatic microsomes, the steroid is thought to 
act through the latter. 

Selye et al. G60,020f69: In the rat, pre
treatment with norbolethone protects agairrst 
the anesthetic effect of progesterone, desoxy
corticosterone, pregnanedione, dehydroepian
drosterone, testosterone, diethylstilbestrol, 
pentobarbital, and methyprylon. It does not 
significantly alter the corresponding actions 
of urethan, diazepam, chlorpromazine, reser
pine, phenoxybenzamine, chioral hydrate, 
potassium bromide, or magnesium chloride. 

Solymoss et al. G60,054f69: "In the rat, 
pretreatment with spironolactone, norbole
thone or ethylestrenol increased the oxidation 
of pentobarbital by liver microsomes, enhanced 
its disappearance from blood and proportio
nally decreased the depth of anesthesia." 

Solymoss et al. G60,075f70: In rats pre
treated with spironolactone, norbolethone, or 
ethylestrenol, hexobarbital anesthesia was 
diminished and its aliphatic hydroxylation by 
hepatic microsomes enhanced. Pretreatment 
with the same steroids also accelerated 
N-dealkylation of aminopyrine by hepatic 
microsomes. Progesterone was inactive agairrst 
hexobarbital, but slightly increased the pro
duction of 4-aminoantipyrine by hepatic 
microsomes. 

Selye PROT. 33876: In rats, hexobarbital 
anesthesia is prolonged by orchidectomy and 
shortened by methyltestosterone both in 
intact and in orchidectomized animals. Pro
gesteraue significantly reduces the hexobar
bital sleeping time in intact rats, but causes 
only a nonsignificant decrease in castrates. 
Estradiol prolongs hexobarbital anesthesia in 
intact and orchidectomized rats as compared 
with the corresponding controls. 
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MousE 
Falk A337f36: In mice, the anesthetic 

effect of certain barbiturates is inhibited by 
crude testicular extracts. [It is unlikely that 
these preparations antagonized barbiturates 
by virtue of their negligible testoid content 
(H.S.).] 

Westfall et al. F 2,504/64: Pentobarbital 
anesthesia is more prolonged in male than in 
female mice. Sleeping time in males is shor
tened by stilbestrol and, in females, prolonged 
by testosterone. Apparently, the mechanism 
for barbiturate detoxication is different in 
mice and rats. 

Novick Jr. et al. F63,768f66: "Subcuta
neous administration of several19-nortestoste
rone derivatives produced an increased he
patic microsomal metabolism of hexobarbital 
and decreased zoxazolamine prostration time 
in mice. Testosterone and methyltestosterone 
produced an increased hexobarbital sleep 
time and testosterone decreased the rate of 
hepatic microsomal metabolism of hexobar
bital. Although the ability of norethandrolone 
and SK&F 6612 (4-chloro-17a-methyl-19-
nortestosterone) to shorten hexobarbital sleep 
time occurs within 6 to 12 hr. after a single 
dose in mice, this effect of testosterone deri
vatives in rats occurs only after prolonged 
treatment." 

Roberts & Plaa G39,694f66: In mice, 
hexobarbital sleeping time is shortened, and 
the in vivo metabolism of the barbiturate 
increased by pretreatment with norethan
drolone. 

GUINEA PIG 

Brena & d'Agostino 011,921/54: In guinea 
pigs, orchidectomy prolongs thiopental sleep
ing time; testosterone diminishes it, both in 
castrate and in intact males. 

VARIA 

Quinn et al. G67,327f54: The biologic 
half-lüe of hexobarbital was found tobe 15 min 
for mice, 60 min for rabbits, 140 min for rats, 
and 260 min for dogs and man. There was an 
inverse relationship between the rate of 
biotransformation of hexobarbital to keto
hexobarbital and the duration of its hypnotic 
effect. Male rats are more resistant to hexo
barbital anesthesia than females, but in the 
latter, resistance, as weil as the enzyme 
activity of the microsomes, was increased by 
testosterone. 

Selye G60,044j69: Among various steroids 
tested for their ability to inhibit progesterone 

and pentobarbital anesthesia, all anabolic 
androgens were highly potent. However, since 
spironolactone exhibited the same anti
anesthetic effect, the latter could not be 
attributed to anabolic potency. "This inhibi
tion of anesthesia is assumed to represent a 
special instance of the catatoxic effect which 
appears to be a property of certain steroids, 
independent of their classic hormonal actions." 

Barbiturates +- Testoids cf. also Tables 
30-34 

Barbiturates ~ Testoids: Holck 
et al. A8,011f37* 

Butallylonal ~ Testosterone: Holck 
et al. A55,755j42* 

Hexobarbital ~ Testosterone: Bu
chel G67 ,326/54*; Quinn et al. E89,993f58*; 
Kramer et al. G74,673f59*; Clouet et al. 
F14,837/64; Kato et al. F57,817J65; Gessner 
et al. F77,776f67* 

Hexo barbital ~ Testoids: Booth 
et al. D34,656f62; Novick et al. F63,768f66* 

Hexobarbital ~ Norethandrolone, 
SKF 6612 + Sex, Mouse: Novick et al. 
F63,768f66* 

Pentabarbital ~ Testosterone: 
Holck et al. A55,755f42*; Cameron et al. 
B45,221f48*; Crevier et al. B54,151f50*; 
Robillard et al. G67,325f54* 
~ Luteoids. Pellerin et al. B98,672j54: 

Testosterone reduces the duration of pentobar
bital anesthesia in castrate male or female rats, 
and concomitantly increases the degradation 
of pentobarbital by the liver. Estradiol pro
longs the duration of anesthesia and propor
tionally lowers the rate of pentobarbital 
destruction by the liver. Progesterone dimi
nishes the pentobarbital resistance of the 
ovariectomized rats and synergizes estradiol. 
Testosterone almost entirely neutralizes the 
action of estradiol but is less active against 
progesterone. 

Blackham & Spencer G69,913f69: Mestra
nol (a folliculoid) prolonged, while lynestrenol 
(a luteoid) reduced the duration of pento
barbital and hexobarbital sleep in mice. 
Barbital was not affected. The action of 
lynestrenol was counteracted by SKF 525-A, 
while that of mestranol was markedly poten
tiated. Lynestrenol increased, whereas mestra
nol and SKF 525-A reduced the rate of 
clearance of barbiturates from the plasma. 

Jori et al. H 17,070!69: In rats, "two hours 
after norethynodrel (50 mgjkg, oral) the sleep
ing time produced by pentobarbital was 
prolonged due to an increase in the Ievel of 
brain pentobarbital. Medroxyprogesterone 
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(10 mg/kg) either alone or combined with 
ethynylestradiol (0.018 mg/kg) and norethyno
drel (10 mgfkg) combined with mestranol 
(0.018 mgfkg) given orally for 30 days 
decreased the Ievel of brain pentobarbital 
without affecting pentobarbital narcosis. Me
droxyprogesterone alone or combined with 
ethynylestradiol in the same experimental 
conditions increased the metabolism of p-ni
troanisol, aminopyrine and aniline in vitro 
(liver 9000 X g supematant)." 

Rümke &: Noordhoek G76,850f69: In mice, 
phenobarbital and phenytoin exert an anti
convulsant effect against electroshock and 
hernegride shock, if administered 24 hrs 
previously. Lynestrenol given 2 days before 
the anticonvulsants diminishes the effect of 
the latter, although it does not affect the 
actions of the convulsive agents given alone. 

Rümke &: Noordhoek H14,039f69: Lyne
strenol (a luteoid) decreases the hexobarbital 
sleeping time, and diminishes the anti
convulsant effect of phenobarbital and di
phenylhydantoin, by accelerating their meta
bolisms through the hepatic microsomal 
enzymes. 

Blackham &: Spencer G73,813f70: In mice, 
lynestrenol reduced, whereas mestranol or 
SKF 525-A increased the anticonvulsive effect 
(tested with electroshock) of diphenylhydan
toin, phenobarbital, chlordiazepoxide and 
diazepam administered i.p. after five days of 
pretreatment. This may be due to altered 
microsomal drug metabolism, but since 
mestranol and lynestrenol have opposite 
effects upon brain 5-HT concentrations, the 
latter mechanism must also be considered. 

Solym08B et al. G60,075f70: In rats pre
treated with spironolactone, norbolethone, 
or ethylestrenol, hexobarbital anesthesia was 
diminished, and its aliphatic hydroxylation 
by hepatic microsomes enhanced. Pretreat
ment with the same steroids also accelerated 
N-dealkylation of aminopyrine by hepatic 
microsomes. Progesterone was inactive against 
hexobarbital, but slightly increased the pro
duction of 4-aminoantipyrine by hepatic 
microsomes. 

Selye PROT. 33876: In rats, hexobarbital 
anesthesia is prolonged by orchidectomy and 
shortened by methyltestosterone both in 
intact and in orchidectomized animals. Pro
gesterone significantly reduces the hexobar
bital sleeping time in intact rats, but causes 
only a nonsignificant decrease in castrates. 
Estradiol prolongs hexobarbital anesthesia in 

intact and orchidectomized rats as compared 
with the corresponding controls. 

Barbiturates +- Luteoids cf. also Tahles 
30-34 

Hexobarbital +--- Luteoids: Juchau 
et al. G40,27 5/66; Blackham et al. G69,913f69*; 
Rümke et al. H 14,039/69* 

Hexobarbital +--- Luteoids: Robillard 
et al. G67,325/54*; Blackham et al. 
G69,913/69* 

Phenobarbital +--- Lynestrenol, 
Mouse: Blackham et al. G73,813/70* 

+--- Folliculoids. Störtehecker A 1,993!37: 
Rahbits pretreated with "folliculin" tolerate 
normally anesthesia-producing doses of bu
tallylonal (Pemocton). Subsequent experi
ments were conducted to determine the blood 
ether Ievel during ether anesthesia, at the 
time the comeal reflex is lost in intact and 
gonadectomized rabbits and mice. Similar 
observations were made during pregnancy, 
and in relation to the estrous cycle. [Several 
conclusions were drawn suggesting an influ
ence of sex hormones upon anesthesia, but the 
number of animals per group was small and 
hence a statistical evaluation was impossible 
(H.S.).] 

Horinaga A36,414f41: Male rats are more 
resistant to barbiturate anesthesia than fe
males. Orchidectomy and treatment with folli
culoids increase sensitivity, whereas ovariec
tomy does not affect it. 

Holck et al. A55,755f42: Estradiol did not 
markedly influence the reaction of female 
rats to hexobarbital, but it increased sleeping 
time in males. Testosterone shortened barbi
turate anesthesia in female rats, but not in 
male rats or female mice. 

Donatelli B38,172f47: Systematic studies 
on the effect of folliculoids and testoids upon 
barbiturate anesthesia in the guinea pig, 
mouse and rabbit. 

Robillard et al. G67,325f54: Cortisone 
diminishes pentobarbital anesthesia in adult 
male rats. It also restores to normal the 
prolonged anesthetic effect of pentobarbital 
observed after adrenalectomy (with mainte
nance on 1% NaCI), orchidectomy, or simul
taneous adrenalectomy + orchidectomy. Fur
thermore, cortisone decreases the length of 
pentobarbital anesthesia in ovariectomized 
rats, but this effect is blocked by estradiol 
treatment. 

Brodie 012,157/56: The hexobarbital sleep
ing time of female rats is about four times 
that of males; correspondingly, the plasma 
Ievels of hexobarbital drop faster in males, 
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whose hepatic microsomes in vitro also 
inactivate the drug more actively than those 
of females. Male rats, pretreated with estra
diol, sleep as long as females, and their 
hepatic microsomes lose much of their activity 
to metabolize hexobarbitone. Females, pre
treated with testosterone, assume the charac
teristics of males in all these respects. No sex 
differences were seen in mice, guinea pigs, 
rabbits and dogs, and their ability to handle 
hexobarbital is not influenced by estradiol or 
testosterone. 

Quinn et al. E89,993f58: In intact rats, 
estradiol prolonged the hexobarbital sleeping 
time and the elevation of the plasma Ievel of 
this barbiturate, whereas the hepatic micro
somal enzyme activity required to metabolize 
hexobarbital was considerably diminished. In 
all these respects, testosterone exerted an 
opposite effect in females. 

Westfall et al. F2,504j64: Pentabarbital 
anesthesia is more prolonged in male than in 
female mice. Sleeping time in males is short
ened by stilbestrol and, in females, prolonged 
by testosterone. Apparently, the mechanism 
for barbiturate detoxication is different in 
mice veraus rats. 

Gessner et al. F77,776j67: In mice, "testos
terone pretreatment produces a biphasic 
effect on the duration of action of hexobar
bital, proionging the action initially and 
shortening the action in 4-8 days after the 
pretreatment. The early action of testosterone 
appears to be associated with an effect on the 
hypnotic property of a drug, since both 
hexobarbital and barbital sleep times are 
prolonged while the duration of action of the 
muscle relaxant chlorzoxasone remains un
affected. The long-term pretreatment with 
testosterone Ieads to a shorter duration of 
action of drugs that are deactivated by 
detoxification, notably hexobarbital and chlor
zoxasone, but has no effect on the duration 
of hypnosis produced by barbital, a drug 
which is predominantly eliminated unchanged." 
Folliculoids ( ethinylestradiol, diethylstilbes
trol) prolong the action of both drugs. 

Ganesan H 12,504/69: Male rats are more 
resistant than females to pentobarbital anesthe
sia. Orchidectomy or treatment with estradiol 
decreases the pentobarbital resistance of male 
rats. 

Selye PROT. 33876: In rats, hexobarbital 
anesthesia is prolonged by orchidectomy and 
shortened by methyltestosterone both in 
intact and in orchidectomized animals. Pro
gesterone significantly reduces the hexobar-

bital sleeping time in intact rats, but causes 
only a nonsignificant decrease in castrates. 
Estradiol prolongs hexobarbital anesthesia in 
intact and orchidectomized rats as compared 
with the corresponding controls. 

Barbiturates +- Folliculoids cf. also Tables 
30-34 

Hexabarbital <- Diethylstilbestrol: 
Gessner et al. F77,776j67* 

Hexabarbital <- Estradiol: Buchel 
G67,326j54*; Quinn et al. E89,993j58*; 
Kramer et al. G74,673j59*; Mitoma et al. 
G72,113j68 

Hexabarbital <- Mestranol + Sex, 
Mouse: Blackham et al. G69,913/69* 

Pento barbital <- Estradiol: Holck 
et al. A55,755/42*; Boer A48,817j48*;Crevier 
et al. B54,151j50*; Robillard et al. 
G67,325/54* 

Pentabarbital <- Mestranol: Black
ham et al. G69,913j69* 

Pentobarbital<- Stilbestrol, Mouse: 
Westfall et al. F2,504/64* 

<- Adrenalectomy. 

RAT 

Sindram 52,504/35: In rats, pretreatment 
with adrenocortical extract ("Cortin") in
creases resistance to urethan anesthesia. 
Adrenalectomy has an inverse effect but 
Cortin shortens urethan anesthesia even in the 
absence of the adrenals. Tribromoethanol 
sleeping time is likewise shortened by 
adrenocortical extract in intact rats. 

Eichholtz et al. B45,516j49: Adrenalec
tomy greatly prolongs the tribromoethanol and 
thiopental sleeping time in rats. In both 
instances, the sleeping time could be short
ened again, if adrenalectomized rats were 
treated with desoxycorticosterone or adreno
corti.cal extract. 

Maloney et al. E48,771j52: The pento
barbital sleeping time is greatly increased 
after adrenalectomy in rats of both sexes, 
males being more resistant than females. 
Vitamin C lengthened the sleeping time in 
both intact and adrenalectomized animals. 
Cortisone shortened the sleeping time of 
adrenalectomized, but lengthened that of 
intact animals. DOC diminished sleeping time 
more markedly in females than in males. 
[This brief abstract gives, as the authors 
themselves are careful to point out, "somewhat 
of a confused picture" (H.S.).] 

Tureman et al. B80,379f52: In rats, 
adrenalectomy increases susceptibility to the 



192 Effect of Steroids Upon Resistance 

depressant action of pentobarbital. "Cortisone 
decreases somewhat this susceptibility. The 
concentration of pentobarbital in the tissues 
seems to have no significant relationship to 
the sleeping time." 

Robillard et al. G67,325f/54: In rats adrenal
ectomized 5 days prior to phenobarbital 
treatment, and maintained on 1% NaCI, 
anesthesia was prolonged. This effect could 
not be influenced by DOC, but it was abolished 
by cortisone. Simultaneaus orchidectomy did 
not further prolong pentobarbital anesthesia 
in adrenalectomized rats, but even in animals 
thus deprived of all steroids, cortisone greatly 
diminished anesthesia, whereas testosterone 
had no effect upon it. Apparently, testosterone 
requires the presence of glucocorticoids in 
order to be effective, whereas cortisone does 
not require the presence of testoids. 

Remmer 079,941/57: In female rats, corti
sone and prednisolone are much more effica
cious than testosterone in shortening hexo
barbital anesthesia and increasing microsomal 
hexobarbital metabolism. Adrenalectomy di
minishes the capacity of hepatic microsomes 
of male rats to metabolize hexobarbital unless 
the animals are pretreated with cortisone 
or prednisolone. 

Remmer D86,728f58: In rats, 3 days 
pretreatment with cortisone or prednisolone 
diminishes the anesthetic effect of hexobarbital 
and increases the degradation of the anesthetic 
by liver slices. Adrenalectomy inhibits the 
degradation of hexobarbital by liver slices 
of male rats, an effect which can be counter
acted by pretreatment with cortisone. 

Remmer E52,112f59: In rats, the oxidation 
of hexobarbital and the demethylation of 
methylaminoantipyrine by hepatic micro
somes is accelerated after pretreatment with 
phenobarbital even in the absence of the 
adrenals. 

Kato E87,340j60: Chlorpromazine pretreat
ment reduces barbiturate sleeping time even 
in adrenalectomized or immature rats. 

Markova D49,769f60: In adult, but not in 
one month old rats, adrenalectomy greatly 
prolongs hexobarbital anesthesia. In intact 
animals, ACTH has an inverse effect. 

Conney et al. D52,1543j61: Pretreatment of 
male rats with chlorcyclizine shortened the 
duration of action and increased the hepatic 
microsomal metabolism of hexobarbital, pen
tobarbital and zoxazolamine. These effects 
were not prevented by hypophysectomy or 
adrenalectomy combined with castration. 

Rupe et al. E26,910f63: In rats, stress 
produced by placing a tourniquet on one hind 
leg decreases the pharmacologic response to 
hexobarbital, meprobamate and pentobarbi
tal. This effect is prevented by hypophysec
tomy or adrenalectomy, but simulated by 
ACTH or corticosterone. No such effect on 
stress was noted with barbital, a compound 
not metabolized by hepatic microsomal enzy
mes. Furthermore, the protective effect of 
stress is counteracted by SKF 525-A. Appa
rently, the "pituitary-adrenal activity exerts 
a regulating influence on drug responses." 

Niehol & Rosen F4,729f64: In the rat, 
adrenalectomy prolongs hexobarbital sleeping 
time. Pretreatment of adrenalectomized rats 
with cortisol or DOC shortens the sleeping 
time. 

Bousquet et al. F35,073f65: In rats, 
stressed by application of a tourniquet to one 
hind leg, the duration of response to hexo
barbital, pentobarbital, meprobamate and 
zoxazolamine is significantly reduced, but 
only in the presence of both the pituitary and 
the adrenal glands. Pretreatment with ACTH 
or corticosterone simulates the effects of stress 
in shortening hexobarbital anesthesia. "It is 
suggested that the pituitary-adrenal axis 
serves a regulatory function with respect to 
duration of drug responses which may be 
mediated by an alteration of drug metabolism." 

Radzialowski & Bousquet G53,591j67: In 
rats of both sexes, the diurnal variation in 
the aminopyrine-, p-nitroanisole- and hexo
barbital-metabolizing activity of hepatic mi
crosomes is abolished by adrenalectomy. 

Furner & Stitzel G54,558f68: The hepatic 
microsomal metabolism of ethylmorphine, 
aniline and hexobarbital is diminished in vitro 
by previous adrenalectomy in the rat. Pheno
barbital pretreatment of adrenalectomized 
rats raises the metaboliBm of all three sub
strates above the Ievel characteristic of 
untreated, adrenalectomized controls. Expo
sure of adrenalectomized rats to cold stress, 
or treatment with cortisol increases the 
metabolism of aniline and ethylmorphine, 
but further depresses that of hexobarbital. 
In intact rats, cold stress diminishes hexo
barbital metabolism in vitro. Apparently, 
both stress and phenobarbital can bring 
about changes in hepatic drug metabolism, 
independent of the presence of the adrenals; 
the two agents act through different mecha
nisms, since phenobarbital invariably stimu
lates, whereas stress either increases or de-
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creases microsomal enzyme activity depending 
upon the drug pathway examined. 

Nakanishi et al. G79,299f70: "Cold exposure 
or immobilization of intact or adrenalectomi
zed rats significantly impaired side-chain 
oxidation of hexobarbital and N-demethyla
tion of aminopyrine in vitro. In contrast, 
p-hydroxylation of aniline in vitro was not 
affected under stress conditions." The perti
nent literature is somewhat contradictory but, 
possibly, the effect of stress on drug-metabo
lizing enzyme induction may vary with the 
substrate employed. 

Sethy et al. G77,51lf70: In rats, pento
barbital sleeping time is reduced immediately 
after stress ( centrifugation), but returns to 
normal eight hours later. In adrenalectomized 
animals, this effect of stress is abolished. 

Selye P ROT. 28922, 28985, 28996: In 
adrenalectomized rats maintained on NaCl, 
4 days pretreatment with spironolactone 
(10 mg in 1 ml water p.o. x2fday) offers 
definite resistance to pentobarbital (3 mg in 
0.5 ml oil i.p.) and hexobarbital (7.5 mg in 1 ml 
water i.p.), but not to phenobarbital (10 mg in 
1 ml water i.p.), although all these anesthetics 
give approximately equal degrees of anesthesia 
in rats not pretreated with spironolactone. 
Smaller doses of spironolactone were less 
effective, or ineffective even against pento
barbital and hexobarbital under these con
ditions. 

MousE 

Richards 79,646/41: "The increase in toxi
city of pentothal sodium for mice after 
temperature is raised from 22-30 or 35 
degrees is relatively small. However, if meta
bolic regulation is disturbed by adrenalectomy, 
an increased susceptibility is observed which 
becomes particularly marked at higher tem
peratures." 

Shibata & Komiya B88,660f53: In the 
mouse, thiopental anesthesia is prolonged by 
adrenalectomy, but resistance is restored by 
cortisone or cortisol. DOC has no effect. 

Komiya & Shibata 013,129/56: In the 
mouse, adrenalectomy intensifies barbital 
anesthesia. Cortisone and cortisol restore 
anesthesia time to normal; whereas DOC has 
little effect upon it, although it offers some 
protection against anesthetic death. Pretreat
ment of adrenalectomized mice with cortisone 
or cortisol reduces the high rate of barbital 
uptake by the brain to normal. DOC has no 
effect upon cerebral barbital uptake or dis
charge. Apparently, "the abnormal anesthetic 
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course is elicited by abnormal concentration 
of barbiturate in the brain, both of which are 
restored to the normal by glucocorticoid 
administration." 

GUINEA PIG 

Lamson et al. B89,712f52: In guinea pigs, 
epinephrine, when injected i.p. on awakening 
from barbiturate anesthesia, produced a 
return to sleep. A similar effect was produced 
by glucose, lactate, or glutamate. However, 
in adrenalectomized animals, only epine
phrine was effective. 

Barbital~ Adrenalectomy: Boyland 
et al. F 35,073/65*; Fuller et al. H31,807 /70* 

Hexabarbital ~ Adrenalectomy: 
Cook et al. D23,923/54*; Remmer 073,857!58, 
D86,728f58*; Hart et al. G27,102f65; Bousquet 
et al. F35,073f65*, Fuller et al. H 31,807/70* 

Pentabarbital ~ Adrenalectomy: 
Robillard et al. G67,325/54*; Kato 
E87,340/60*; Driever et al. G31,872f65* 

Thiopental ~ Adrenalectomy: Ri
chards et al. A48,718/41 *; Eichholtz et al. 
B45,516/49*; Stuhlfauth et al. G78,396/54* 

~ Gonadectomy. 
RAT 

Barron A42,858f33: Male rats are more 
resistant than females to amobarbital anesthe
sia. Castration increases the sensitivity of the 
male, but not quite to the female Ievel. 
Castration before puberty does not diminish 
resistance. Ancillary experiments suggest that 
the effect of castration is due to changes 
in water metabolism. 

Holck et al. A8,014f37: In rats, orchidec
tomy prolongs the sleeping time of those 
barbiturates to which males are normally 
more resistant. Orchidectomy does not lengthen 
the hexobarbital sleeping time in rabbits. In 
female rats, neither ovariectomy nor the 
estrus cycle influences hexobarbital sleeping 
time. 

Moir E54,544f37: Very young female rats 
were more resistant to pentobarbital than 
males, whereas the reverse was true in mature 
rats. Both males and females developed toler
ance to pentobarbital upon repeated injec
tions, but when treatment was interrupted and 
then resumed, susceptibility was greatly 
increased in females and castrate males, but 
not in intact males. "Inasmuch as the castrated 
males still remained more resistant than 
females, the superior resistance of the males 
was held to be due at least in part to some 
factor or factors other than the male gonads." 
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Cameron A34,503f39: In rats, ovariectomy 
greatly increases sensitivity to the anesthetic 
and lethal effect of pentobarbital. 

Holck & Mathieson B644f44: In rats, the 
development of tolerance to pentobarbital 
was determined by injecting increasing doses 
every 90 min day and night for periods up to 
5 days. Practically all 1-2 month-old rats 
developed tolerance, as did adult males in 
contrast to females. Castration lowered the 
ability of adult males to develop tolerance, 
but did not do so in 2 month-old males. 
Ovariectomy of 2 month-old females increased 
their ability to detoxify pentobarbital, once 
tolerance had developed. 

Cameron et al. B45,221f48: In rats, orchi
dectomy diminishes tolerance for quick 
acting barbiturates such as pentobarbital 
sodium, but not for the slow acting barbital 
sodium. Testosterone improves the tolerance 
of gonadectomized males. 

de Boer A48,817f48: Pentobarbital hyp
nosis was prolonged in ovariectomized rats for 
a period of 3-16 weeks, but was reduced 
12 months after spaying. Castration of males 
prolonged sleeping time. Thiamine decreased 
pentobarbital sleeping time in ovariectomized 
rats towards the normal level. 

Crevier et al. B54,151f50: Pentobarbital 
anesthesia lasts Ionger in female than in male 
rats as judged by the linguo-maxillary reflex. 
Castration abolishes the high resistance of the 
male, but testosterone restores it to the normal 
level. In ovariectomized rats, estradiol has 
virtually no effect, but testosterone raises 
resistance to the male level. These in vivo 
effects runparallel to the in vitro pentobarbital 
detoxifying power of the liver. 

Robillard et al. B66,661f51: In rats, 
thyroidectomy prolongs pentobarbital anes
thesia and delays hepatic detoxication of the 
drug, whereas thyroxine pretreatment dimi
nishes the duration and depth of this 
anesthesia without enhancing the hepatic 
detoxication of pentobarbital as determined 
by incubation of the drug with liver slices. 
After simultaneous thyroidectomy and orchi
dectomy, pentobarbital detoxication is more 
markedly delayed than after simple thyroidec
tomy or orchidectomy, and the anesthetic 
effect is correspondingly further intensified than 
after ablation of the thyroid or testes alone. 

Grewe D35,140f53: Male rats are more 
resistant than females to barbiturate (eunar
con, hexobarbital) anesthesia. After gonadec
tomy, both sexes exhibit the Ionger sleeping 
time characteristic of females. Twenty-eight 

days after orchidectomy, the sleeping time is 
reduced to the Ievel seen in intact males. 
Testosterone prolongs the sleeping time of 
females. 

Buchel D73,669/54: Review on the lite
rature, and personal observations on the 
increased sleeping time of female as compared 
to male rats, after treatment with certain 
barbiturates, particularly hexobarbital. The 
increased sleeping time is associated with a 
prolonged persistence of the concentration of 
the drug in the blood. Gonadectomy prolongs 
the sleeping time of males but does not in
fluence that of females. In immature rats no 
such sex difference is observed. 

Buchel G67,326f54: Testosterone decreases 
hexobarbital sleeping time in adult, intact or 
ovariectomized female rats. Estradiol has an 
inverse effect in normal or castrate males. 
Indirect evidence suggests that the changes in 
hexobarbital sleeping time are associated with 
its reduced or prolonged presence in the body. 

Robillard et al. G67,325f54: Adultmalesare 
more resistant than females to pentobarbital 
anesthesia. Castration decreases the resistance 
in males. Testosterone raises pentobarbital 
resistance to the normal male Ievel in both 
male and female castrates, whereas estradiol 
and progesterone prolong anesthesia in cas
trates of both sexes. [The hormones were admi
nistered as pellets, 15 days before the test, 
but the amounts arenot stated (H.S.).] Partial 
hepatectomy prolongs pentobarbital anesthesia 
and accentuates the differences induced by the 
various interventions just mentioned, without 
causing qualitative changes in the outcome. 
Liver homogenates of adult male rats destroy 
pentobarbital in vitro (spectrophotometric 
determination) more rapidly than those of 
castrate males. Pretreatment of the castrates 
in vivo with testosterone increases the detoxi
cation process, whereas estradiol pretreatment 
has an opposite effect. 

Takabatake G76,713f57: Maleratsare more 
resistant than females or castrates of either sex, 
to the anesthetic effect of ethylhexabital. 
Testosterone raises the resistance of females and 
gonadectomized animals of either sex to the 
male Ievel. In vitro studies on liver slices 
indicate that the sex difference is due to the 
effect of testosterone upon the barbiturate
metabolizing ability of the liver, not upon 
brain sensitivity. 

Kato et al. G64,325f62: Adult male rats are 
more resistant than females to pentobarbital 
anesthesia, carisoprodol paralysis and strych
nine convulsions. Conversely, the Iethai effect 
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of OMP A is greater in the male. The sex 
difierence is ascribed to the increased produc
tion of anabolic testoids that enhance the 
decomposition of these substrates, the first 
three of which being inactivated, and the last 
activated in the proceBB. The difierences were 
also demonstrated in vitro, using liver slices 
or microsomal fractions. The high microsomal 
activity of the male could be abolished by 
castration and restored by several anabolic 
testoids. 

Kato & GiUette F57,816f65: The ability of 
rat liver microsomal enzymes to inactivate 
various substrates is greater in males than in 
females, but the sex difierence varies with the 
substrate. There is more than a 3-fold sex 
difierence with aminopyrine and hexobarbital, 
but virtuaily none with hydroxylation of ani
line and zoxazolamine. In male rats, starvation 
impairs sex-dependent enzymes which meta
bolize aminopyrine and hexobarbital, but 
enhances those that hydroxylate aniline. On 
the other hand, in female rats, starvation 
increases the specific activity of the amino
pyrine and hexobarbital-metabolizing enzymes 
as weil as of aniline hydroxylase. Starvation 
does not alter the metaboliBm of hexobarbital; 
it enhances that of aminopyrine by micro
somes of castrated rats, but impairs the meta
boliBm of these compounds by microsomes of 
methyltestosterone-treated castrates. 

Kato & Gillette F57,817f65: The metabo
liBm of aminopyrine and hexobarbital by 
hepatic microsomes of male rats is impaired 
by adrenalectomy, castration, hypoxia, ACTH, 
formaldehyde, epinephrine, morphine, alloxan 
or thyroxine. The metaboliBm of aniline and 
zoxazolamine is not appreciably decreased by 
any of these agents; in fact, hydroxylation of 
aniline is enhanced by thyroxine or ailoxan. 
Apparently, the treatments impair mainly the 
sex-dependent enzymes. Accordingly, the 
corresponding enzymic functions of the 
hepatic microsomes of female rats are not 
significantly impaired by the agents which do 
have an inhibitory effect in males. 

Hempel G57,828f68: Cyproterone acetate 
shortens hexobarbital anesthesia in the rat, 
probably through enhanced hepatic micro
somal enzyme activity. This effect is evident 
both in intact and in gonadectomized rats. 
Orchidectomy prolongs hexobarbital sleeping 
time, and subsequent testosterone treatment 
shortens it. It is emphasized that, under the 
conditions of this experiment, cyproterone 
failed to inhibit the anti-anesthetic effect of 

13• 

testosterone and, unexpectedly, ahared this 
very action of the testoid substance. 

Selye PROT. 33876: In rats, hexobarbital 
anesthesia is prolonged by orchidectomy, and 
shortened by methyltestosterone (both in 
intact and orchidectomized animals). Proges
terone significantly reduces the hexobarbital 
sleeping time in intact rats, but causes only a 
nonsignificant decrease in castrates. Estradiol 
prolongs hexobarbital anesthesia in intact 
and orchidectomized rats as compared with 
the corresponding controls, cf. Table 30. 

Table 30. Effect of orchidectomy upon hexo
barbital anestheßia in intact and orchidectomized 

rats with or without ateroid pretreatment 

Pretreatmenta. 

None 
PCN 
Estradiol 
Progesterone 
Methyltestosterone 

Sleeping time (min) b 
Intact Castrate 

35± 3 
32± 4NS 
50± 5 * 
18 ± 4 ** 
13 ± 3 *** 

48± 5 * 
38± 4NS 
70± 6 * 
35± 6NS 
23 ± 5 ** 

a. The rats (140 gd') of all groups received 
hexobarbital10 mg/100 g body weight in 1 ml 
water, i.p. once, on the 12th day. The groups 
so designated were castrated on the 1st day. 
Estradiol 1 mg, and other steroids 10 mg/100 g 
body weight were given in 1 ml water, p.o. 
x2fday, on the 9th day ff. On the 12th day, 
the steroids were administered 1 hr before 
hexobarbital. 

b The significance of the apparent dif. 
ferences in sleeping time is calculated for the 
untreated rats between the intact and the 
castrates, and for all other groups between 
unpretreated and the steroid pretreated ani
mals of corresponding gonadal status (intact 
or castrate). (Student's t-test.) 

For further details on technique of tabu
lation cf. p. VIII. 

MousE 

Hempel F84,763f67: Hexobarbital anesthe
sia lasts Ionger in mature male than in female 
mice. Orchidectomy decreases sleeping time, 
whereas ovariectomy does not affect it. Tes
tosterone prolongs the hexobarbital sleeping 
time in orchidectomized males, as weil as 
ovariectomized or normal female mice. This 
effect is blocked by the antitestoid, cypro
terone. By itself, cyproterone shortens the 
sleeping time in mice under all circumstances. 
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In rats, hexobarbital sleeping time is shorter 
among males than among females, and pro
longed by orchidectomy, whereas ovariectomy 
does not affect it. Testosterone shortens 
hexobarbital sleeping time in females and in 
castrate rats of both sexes. This effect is not 
inhibited by cyproterone which in itself 
shortens sleeping time in the rat also. 

Rümke G71,098f68: In mice of the CPB-N 
strain, hexobarbital anesthesia lasts Ionger in 
males than in females, but only after puberty. 
Following gonadectomy of mature animals, 
the sex difference persists for about 2 weeks, 
but then disappears. 

Noordhoek & Rümke H21,660f69: In mice, 
the 9000 g liver supernatant of females hy
droxylates hexobarbital faster than that of 
males. After orchidectomy, the in vitro 
metabolism of hexobarbital becomes equal 
to that of females, but ovariectomy has no 
effect upon it. Testosterone decreases the rate 
of in vitro hexobarbital hydroxylation in 
females, but not in males. Fernale livers 
contain more cytochrome P-450 and testoste
rone lowers its concentration in female but not 
in male livers. 

Rümke & Noordhoek H21,659f69: Among 
mice of many strains, hexobarbital produces 
Ionger anesthesia in males than in females. 
This difference is evident only after sexual 
maturation. If 10 week old males are castrated, 
the difference persists for at least 2 weeks, 
but it disappears after a month. Ovariectomy 
has no effect upon sleeping time, whereas 
testosterone increases it in females but not 
in males. 

GuiNEA PIG 

Störtebecker 76,398/39: In mature female 
guinea pigs, ovariectomy diminishes barbitu
rate (butallylonal, Pernocton) anesthesia. 

Brena & d'Agostino 011,921/54: In guinea 
pigs, orchidectomy prolongs thiopental sleep
ing time; testosterone diminishes it, both in 
castrate and in intact males. 

Amobarbital Sodium <- Orchidec
tomy + Age: Barron A42,858/33* 

Butallylonal <- Gonadectomy: 
Holck et al. A55,846f36*; Störtehecker 
76,398/39* 

Hexobarbital <- Gonadectomy: Bu
chel G67,326f54*; Kramer et al. G75,673f59*; 
Kato et al. F57,817j67; Schenkman et al. 
G67,777j67 

Pentobarbital <- Gonadectomy: 
Moir E54,544j37*; Cameron A34,503/39*; 
Holck et al. A55,755f42*, B644j44*; Gaylord 

et al. B11,425/44*; BoerA48,817 /48*; Cameron 
et al. B 45,221/48*; Crevier et al. B54,15lf50*; 
Robillard et al. G67,325/54* 

<- Varia. Kato E60,785f59: In rats, 
pretreatment with various substances such as 
phenaglycodol, thiopental, phenobarbital, glut
ethimide, meprobamate, etc. diminishes pen
tobarbital sleeping time, whereas hydroxy
dione does not exert a significant effect 
upon it. 

Rümke G69,768j63: In mice SKF 525-A, 
phenobarbital, chlorpromazine, hexobarbital 
and iproniazid given one hour before hydroxy
dione i.v. increases sleeping time. When the 
interval is two days, single doses of SKF 525-A, 
phenobarbital or chlorpromazine decrease 
hydroxydione anesthesia. Phenytoin, acetyl
carbromal, morphine, chloramphenicol, 5-HT, 
phenobarbital and hydroxydione, given one 
hour before hexobarbital, increase the duration 
of anesthesia, whereas dioxone and chloro
thiazide decrease it. 

Overbeek & Bonta E4,775j64: Several 
azaestranes (in which c4 is replaced by 
nitrogen) shorten the duration of anesthesia 
when given to mice 24 hrs before hexobarbital. 
They have an opposite effect when given 
1 hour before the anesthetic. One of the com
pounds of this series, 17a-methyl-17ß-hy
droxy-4·azaestran-3-one, was also shown to 
diminish the hexobarbital concentration in the 
brain and carcass of mice, in comparison with 
unpretreated controls. These steroids are 
presumed to "exert their antidepressant effect 
by augmenting the elimination of the anesthe
tics both from the brain and from the whole 
carcass, as shown for hexobarbital. So far we 
do not know by what mechanism of action 
this is achieved." [No technical details are 
given and since several of the structure formu
las are misprinted, the text is difficult to 
evaluate (H.S.).] 

Bonta & Overbeek E 5,494/65: In mice, 
17a-methyl-17ß-hydroxy-4-azaestran-3- one 
shortens the duration of hexobarbital anes
thesia. 

Hempel G57,828f68: In orchidectomized 
rats, the hexobarbital sleeping time is prolong
ed. Testosterone shortens it, but this effect of 
the male hormone is not inhibited by 
cyproterone. Indeed, the latter, in itself, 
actually shares the anti-anesthetic effect of 
testosterone. 

Kalyanpuretal. F99,270j68: DOC, 4-chloro
testosterone, aldosterone and stilbestrol sig
nificantly decreased pentobarbital sleeping 
time in rats when given as a single injection, 
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30 min before the anesthetic. Progesterone has 
an inverse effect. Chronic pretreatment with 
progesterone, stilbestrot or aldoi!terone mar
kedly decreased pentobarbital sleeping time 
without causing any significant change in 
brain pentobarbitallevels. 

Tephly & Mannering G53,874f68: Estra
diol, testosterone, androsterone, progesterone 
and cortisol inhibit competitively the oxida
tion of ethylmorphine and hexobarbital, when 
added in vitro to hepatic microsomes of rats. 
The inhibitor constant for each steroid was 
the same, whether ethylmorphine or hexo
barbital served as substrates. "Results are 
consistent with the concept that certain drugs 
and steroids are alternative substrates for a 
common microsomal mixed function oxidase 
system." The steroids were less potent inhi
bitors of chlorpromazine oxidation and the 
inhibitionwas not competitive in this case. 

Soly'TTWBB et al. G60,054f69: "In the rat, 
pretreatment with spironolaetone, norbol
ethone or ethylestrenol increased the oxidation 
of pentobarbital by liver microsomes, enhanced 
its disappearance from blood and proportio
nally decreased the depth of anesthesia." 

Table 31. Oorulitioning for thiopental 

Treatment3 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone (2 mg) 
Progesterone 
Estradiol ( 1 mg) 
Estradiol (1 mg s.o.) 
DOC-Ac 
Hydroxydione 
Cholesterol 
Thyroxine 
Phenobarbital 

Sleeping timeb 
(min) 

75± 11 
12 + 8 *** 
0 *** 
8 ± 5 *** 
0 *** 

127 ± 25NS 
18 ± 9 ** 
5 ± 5 *** 

82±26NS 
118 ± 18NS 
38 ± 18NS 
73 ± 31 NS 
57± 16NS 
72 ± 15NS 
33± 14 * 
88±9 NS 
7 ± 4 *** 

a The rats of all groups were given thiopen
tal sodium (5 mg/100 g body weight in 1 ml 
water, p.o., on 4th day). 

b Student's t-test. 
For further details on technique of tabu

Iation cf. p. VIII. 

Selye et al. G60,050f70: SC-8109 and 
SC-9233 fail to protect the rat against digi
toxin intoxication and the anesthetic effect 
of progesterone or pentobarbital. 

Soly'TTWBB et al. G60,099f70: In rats, pento
barbital anesthesia is inhibited by spirono
lactone, ethylestrenol, norbolethone and, to a 
lesser extent, even by progesterone. These 
catatoxic steroids also aceeierate the disappear
ance rate of barbiturate from the blood; 
their effects are counteracted by SKF 525-A. 
Irrespective of the steroid pretreatment, the 
rats awake roughly at the same blood pento
barbitallevel. 

Selye G70,480f71: In rats, thiopental 
sleeping time is significantly shortened by PCN, 
CS-1, ethylestrenol, spironolactone, oxandro
lone and prednisolone. However, even chol
esterol appears to provide a barely significant 
protection, cf. Table 31. 

Selye G70,480f71: In rats, hexobarbital 
sleeping time is significantly shortened by all 
classic catatoxic steroids, prednisolone and 
phenobarbital. Triamcinolone and estradiol 
offer barely significant protection, cf. Table 32. 

Table 32. Oorulitioning for hexobarbital 

Treatment& Sleeping timeb 
(min) 

None 64± 7 
PCN 29± 4 *** 
CS-1 23± 3 *** 
Ethylestrenol 0 *** 
Spironolactone 27 ± 3 *** 
Norbolethone 15± 2 *** 
Oxandrolone 21 ± 4 *** 
Prednisolone-Ac 30± 3 *** 
Triamcinolone (2 mg) 41 ± 5 * 
Progesterone 71 ± 11 NS 
Estradiol (1 mg) 46± 5 * 
Estradiol (1 mg s.o.) 54± 5 NS 
DOC-Ac 61 ± 10NS 
Hydroxydione 43 ± 8 NS 
Cholesterol 46± 7 NS 
Thyroxine 78± 6 NS 
Phenobarbital 4±2 *** 

a The rats of all groups were given hexo
barbital (7.5 mg/100 g body weight in 1 ml 
water, i.p., on 4th day). 

b Student's t-test. 
For additional pertinent data cf. also 

Table 135. 
For further details on technique of tabu

lation cf. p. VIII. 
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Selye G70,480f71: In rats, cyclobarbital 
sleeping time is significantly shortened by all 
catatoxic steroids, prednisolone, triamcino
lone and phenobarbital, cf. Table 33. 

Table 33. Conditioning far cyclobarbital 

Treatmenta Sleeping timeb 
(min) 

None 100 ± 6 
PCN 19 ± 5 *** 
CS-1 42± 7 *** 
Ethylestrenol 0 *** 
Spironolactone 50± 11 *** 
No rholethone 15 ± 4 *** 
Oxandrolone 42 ± 10 *** 
Prednisolone-Ac 26± 9 *** 
Triamcinolone (2 mg) 61 ± 8 *** 
Progesterone 92±8 NS 
Estradiol (1 mg) 105 ± 13NS 
Estradiol (1 mg s.c.) 116 ± 12NS 
DOC-Ac 93 ± 11 NS 
Hydroxydione 80± 16NS 
Cholesterol 90± 15NS 
Thyroxine 102 ± 8 NS 
Phenobarbital 0 *** 

a The rats of all groups were given cyclo
barbital (7.5 mg/100 g body weight in 2 or 3 ml 
water, i.p., on 4th day). 

b Student's t-test. 
For further details on technique of tabu

lation cf. p. VIII. 

Selye G70,480f71: In rats, barbital anesthe
sia was not significantly shortened by any of 
the dassie catatoxic steroids and, in fact, may 
have been slightly prolonged by CS-1 and 
norbolethone. Estradiol and DOC prolonged 
barbital anesthesia and the same was true of 
hydroxydione and phenobarbital, but since 
the latter have strong hypnotic effects them
selves, the apparent potentiation of barbital 
anesthesia may have been merely due to a. 
summation of effects, cf. Table 34. 

Solymoss et al. G79,015f71: In rats, PCN 
(unlike the naturally-occurring pregnenolone) 
enhances the plasma. clearance of pento
barbital and the production of 140-pentobar
bital metabolites. It also increases liver 
weight, microsomal protein concentration, 
NADPH-cytochrome c-reductase activity and 
cytochrome P-450 content. It is concluded 
"that microsomal enzyme-induction accounts 
for the remarkable resistance-increasing effect 
of this steroid against many toxicants." 

Szabo et al. G79,024f71: In rats, PCN 
increases resistance to indomethacin, hexo
barbital, progesterone, zoxazolamine and di
gitoxin, both in the presence and in the ab
sence of the pituitary. Hypophysectomy also 
falls to prevent the induction of SER proli
feration in the hepatocytes. 

SelyePROT.31367,31380: Inthemouse, the 
duration of pentobarbital anesthesia is short
ened by ethylestrenol, CS-1, spironolactone 
and norbolethone, but not significantly by 
oxandrolone, prednisolone, progesterone, tri
amcinolone, DOC, hydroxydione, estradiol, or 
thyroxine. 

Table 34. Conditioning far barbital 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone (2 mg) 
Progesterone 
Estradiol (1 mg) 
Estradiol (1 mg s.c.) 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Sleeping timeb 
(min) 

192 ± 15 
162 ± 14NS 
288 ± 34 ~ 
194 ± 20NS 
200 ± 28NS 
294 ± 37.! 
256 ± 30NS 
95 ± 25 ** 

164± 24NS 
294 ± 49NS 
338 ± 33.!..!..!. 
414 ± 41 *** 
358 ± 31 *** 
316 ± 47.! 
228 ± 39NS 
348 ± 13 *** 

a The rats of all groups were given barbital, 
20 mg/100 g body weight in 2 ml water, i.p., 
once on 4th day. 

b Student's t-test. 
For further details on technique of tabu

lation cf. p. VIII. 

Hexobarbital ..-- Hydroxydione, 
Mouse: Rümke G69,768f63* 

Pento barbital ..-- Hydroxydione: 
Kato E60,785f59* 

Bemegride ..-- Lynestrenol: Rümke 
et al. G76,850f69*, H14,039f69* 

Benzene+-

Hirokawa G71,106f55: Fernale rabbits are 
more sensitive to chronic benzene poisoning 
than males. Gonadectomized estradiol-treated 
males respond like females. 

Benzphetamine ..-- Cortisol + Phe
nobarbital: Lu et al. G68,802f69 
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Ben111pyrene +- cf. Carcinogens 

Beryllium+-

Kline et al. B65,488f51: In patients with 
beryllium granulomatosis, ACTH and cortisone 
were found to be beneficial. 

Bilirubin +- cf. also a.-Naphthylisothio· 
cyanate (ANIT) 

Hargreaves &: Lathe G81,289f63: In vitro, 
addition of norethandrolone to the incubation 
medium of rat liver slices increased the bili
rubin accumulation in the hepatic tissue. 

Roberts &: Plaa G39,694f66: In mice, 
a-naphthylisothiocyanate-induced hyperbiliru
binemia and cholestasis are aggravated by 
norethandrolone and norethynodrel but not 
by mestranol. 

Shibata et al. G80,058j66: In rats, hepatic 
glucuronyl transferase activity is greatly 
increased during the last third of gestation, 
whereas enzymic activity is virtually absent 
in the fetal liver. These divergent changes 
"raise doubt as to whether low enzymic acti
vity in the fetus and increased activity after 
birth are the consequence, respectively, of 
high hormone Ievels in pregnancy, and falling 
hormone concentrations in the postparturn 
period. The maximal rate of bilirubin excre
tion into bile, the bilirubin Tm, remained 
unchanged in pregnancy despite the potential 
for increased bilirubin conjugation. When 
coupled with other observations, this suggests 
that the rate of delivery of conjugated bili
rubin into bile is the rate-limiting step invol
ved in the maximal transfer rate of bilirubin 
from blood to bile, and that the excretory step 
for bilirubin remains unaffected during preg
nancy in the rat." 

Roberts et al. H 8,328/68: In rats, biliary 
excretion of bilirubin (administered by con
stant infusion) was not significantly affected 
by norethandrolone, but depressed by methyl
testosterone. Special emphasis is layed upon 
the influence of temperature: an apparent 
decrease in the maximum biliary excretion 
of bilirubin was produced by norethandrolone, 
only in rats allowed to become hypothermic, 
whereas the reverse was true in normothermic 
rats. 

Heikel&: Lathe G73,162f70: In rats, various 
folliculoids and luteoids reduce bile flow. The 
bilirubin maximum secretion rate (Tm) is but 
slightly affected. Following i.v. infusion of 
bilirubin, folliculoids (unlike luteoids) raise 
the serum conjugated bilirubin Ievel. 

Patrignani H 32,792!70: In rats, pretreat
ment with testosterone increases bilirubin ex
cretion and augments the incorporation of 
14C LI-amino levulinic acid (LI-ALA) into bili
rubin. The effect is tentatively ascribed to 
stimulation of hepatic microsomal cytochrome 
activity. 

Sas &: Herczeg H27,522f70: In male 
newbom babies, androstenedione and dehy
droepiandrosterone increase the serum bili
rubin-concentration or, at least, delay its 
post-partal decline, presumably by inhibiting 
glucuronic acid conjugation of the bile pigment 
"possibly due to a competitive displacement 
between the steroids and bilirubin." Similar 
effects had previously been obtained with 
progesterone, 3a, 20a- and 3a, 20ß-pregnane
diol and folliculoids. The steroids in human 
milk may thus influence detoxicating mecha
nisms. 

Sas &: Herczeg H27,523f70: In breast fed 
babies, 3a, 20ß- and 3a, 20a-pregnanediol p.o. 
increase pregnanediol and folliculoid excretion 
as weil as the serum Ievel of bilirubin. 

Bilirubin ~ Steraids: Lathe et al. 
055,335/58; Sherlock G79,591/59*; Holton 
et al. E35,112j63; Arias et al. F21,711j64*; 
Bevan et al. G35,435f65; Catz et al. Hl4,47lf 
68; Mowat et al. G74,246f69* 

Bishydroxycoumarin +- cf. Anticoagulants 

Bromide+-

Bondurant &: Campbell A 36,066 j41: In man, 
adrenocortical extract in combination with 
NaCl is beneficial in the treatment of bromide 
intoxication. 

Wohl &: Robertson 93,481!44: In man, 
combined therapy with DOC plus NaCl is 
effective in combating chronic bromide 
intoxication. 

Prioreschi 068,485/59: In the rat, anesthe
sia produced by NaBr is increased in intensity 
by exposure to stress or treatment with 
triamcinolone or Me-Cl-COL. DOC or estradiol 
do not modify it considerably. 

Selye et al. G60,020f69; G60,016f69: In rats, 
spironolactone protects against anesthesia 
produced by progesterone, DOC, hydroxy
dione, pregnanedione, dehydroepiandrosterone, 
testosterone, diethylstilbestrol, methyprylon, 
pentobarbital and ethanol. It does not signi
ficantly alter the corresponding actions of 
morphine, codeine, urethan, diazepam, chlor
promazine, reserpine, phenoxybenzamine, chio
ral hydrate, potassium bromide or MgC~. 



200 Effect of Steroids Upon Resistance 

BromobenliSene +-

Selye G70,480f71: Rats received bromo
benzene (50 mg daily from the 4th to the 6th 
day of conditioning, 75 mg once on the 7th day 
of conditioning and twice on the 8th day of 
conditioning /100 g body weight, in 1 ml 
corn oil p.o.). Hepatic steatosis was estimated 
on the day of death, prostration and mortality 
on the 9th day. Under these circumstances the 
"Standard Conditioners" (p. VIII) caused no 
noteworthy change in the resulting intoxica
tion. PCN and phenobarbital were not tested. 

Brompheniramine +- ef. Parabromdyl· 
amine 

Butynamine +--- Ovariectomy + 
Methyltestosterone: Katoetai.F76,403f66 

Cadmium+-

Das & Kar D14,801f61: In rats treated 
with cadmium, the testicular atrophy and, 
particularly, fibroblast proliferation in the 
testis can be moderately influenced by cor
ticoids during the period of regeneration, but 
the results are not very striking. 

Gunn et al. F46,162f65: In mice, the testi
cular hemorrhage, thrombosis and necrosis 
produced by CdCI:! are not influenced by pre
treatment with testosterone, whereas estradiol, 
in doses resulting in tubular atrophy, protects 
against the cadmium-induced testicular dam
age. Curiously, stilbestrol, at doses which fail 
to cause tubular regression, protects the testis 
against the production of vascular injury by 
cadmium. 

Maekawa & Hosoyama G79,815f65: In rats, 
the testicular darnage produced by cadmium 
is somewhat antagonized by testoids. 

Maekawa & TBUnenari H1,627f67; Mae
kawa et al. G79,814f67: In rats, contrary to 
earlier claims, the testicular injury produced 
by cadmium is not prevented by folliculoids 
(estradiol, estrone, estriol). 

Pafizek et al. H7,672f68: In adult rats in 
which persistent estrus had been induced by 
a single s.c. injection of testosterone or 19-
nortestosterone on the fifth day of life, cad
mium s.c. elicited particularly severe ovarian 
changes. Pretreatment with pregnant mare 
serum gonadotrophin protected the ovaries of 
such animals. 

Johnson et al. H23,801f70: In rats, orchid
ectomy or surgically induced cryptorchidism 
increase the drop in body temperature pro
duced by cadmium intoxication. 

Selye G70,480f71: In rats, the characte
ristic hemorrhagic lesions produced in the 
gasserian ganglia by cadmium chloride intoxi
cation are significantly prevented by PCN, 
prednisolone, triamcinolone and estradiol. 
The apparent protective action of thyroxine is 
open to doubt because most of the animals 
treated with this hormone died prematurely, 
ef. Table 35. 

Table 35. Conditioning for cadmium 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC.Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Hemorrhage 
in gasserian 
gangHab 
(Positive/ 
Total) 

14/18 
1/13 *** 
4/6 NS 
5/9 NS 
7f10NS 
7/9 NS 
7/9 NS 
0/11 *** 
2/10 *** 
5/10NS 
2/9 ** 
6/8 NS 
6f10NS 
0/4 ** 
2/5 NS 

Mortalityb 
(Deadf 
Total) 

15/20 
8/15 NS 
6f10NS 
2/10 ** 
2/10 ** 
3/10 * 
6/10NS 
3/12 ** 
7f10NS 
6f10NS 
1/10 *** 
7f10NS 
7/10 NS 

10/10 NS 
6/10NS 

a The rats of all groups were given cad
mium chloride (700 !J.g/100 g body weight in 
1 ml water, i.v., on 4th day). 

b The hemorrhages in the gasserian gang
lia were estimated on day of death in animals 
that survived at least 5 days, and mortality 
listed on 7th day ("Exact Probability Test"). 

For further details on technique of tabu
lation ef. p. VIII. 

Caffeine+-

Vaeek 063,230/58: DOC anesthesia protects 
the mouse against the convulsive and Iethai 
effects of strychnine, pentylenetetrazol and 
caffeine. 

Caramiphen 

Selye P ROT. 42752: In rats, caramiphen 
intoxication is inhibited by PCN and, to a 
lesser extent, by CS-1, ethylestrenol and 
prednisolone, but is aggravated by thyroxine, 
ef. Table 36. 
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Table 36. Oonditioning for caramiphen 
Treatmenta Dyskinesiab Mortalityb 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

(Positive/ (Dead/ 
Total) Total) 
6/10 5/10 
0/10 ** Of10 * 
1/10 * 1/10 NS 
1/10 * Of10 * 
4/10 NS 2/10 NS 
3/10 NS 2/10 NS 
3/10 NS 2/10 NS 
1/10 * 0/10 * 
9/10 NS 8/10 NS 
6/10 NS 5/10 NS 
5/10 NS 4/10 NS 
6/10 NS 4/10 NS 
7/10 NS 5/10 NS 

10/10 .": 10/10 .": 
2f10 NS 0/10 * 

a The rats of all groups were given carami
phen hydrochloride (10 mg on 4th day and 
15 mg on 5th day, f100 g body weight in 1 ml 
water i.p.). 

b Dyskinesia was estimated on 5th day, 
1 hr after injection, and mortality listed on 6th 
day ("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Carbon Monoxide +-

Smith et al. 415,163/35: Male rats are more 
sensitive to the lethal action of illuminating 
gas than females. This difference is eliminated 
by gonadectomy. Thyroid feeding or dini
trophenol injections decrease survival time. 

Carbon Tetrachloride +-
RAT 

Masson 96,335/47: The hepatotoxic action 
of 0014 is aggravated by DOC and testosterone, 
but partially prevented by anterior pituitary 
extracts in the rat. 

Aterman B52,265f50: In rats, the hepatic 
sclerosis produced by 0014 is inhibited by 
concurrent treatment with cortisone. 

Oavallero et al. B54,229f51: In the rat, 
"cortisone definitely modifies the evolution 
of carbon tetrachloride cirrhosis. Fatty dege
neration is not affected, but fibrosis, reticu
losis, and parenchymal regeneration are 
greatly inhibited." 

Oavallero et al. B69,181j52: Cortisone 
partially inhibits hepatic fibrosis in rats 
treated with 0014• 

Aterman & Ahmad B76,967j53: "Cortisone 
increases the susceptibility of the rat's liver 
to chronic darnage by carbon tetrachloride." 

Aterman B92,038f54: In rats, cortisone 
significantly decreases hepatic fibrosis produ
ced by 0014 , as judged by histologic studies and 
collagen determinations. 

Diengott & Ungar E84,645f54: "In albino 
rats exposed to vapors of 0014 the administra
tion of cortisone enhanced the cirrhotic process 
in the liver considerably. In comparison with 
the controls, the liver of cortisone-treated 
animals showed marked epithelial and mesen
chymal alterations. The formerwas manifested 
by the presence of multinucleated giant cells, 
foci of necrosis, and fatty changes; the latter, 
by the development of dense bundles of tor
tuous and clumped reticulum fibers." 

Vorhaus & Vorhaus B97,869f54: Cortisone 
pretreatment offers partial protection agairrst 
the hepatic darnage produced by 0014 in 
the rat. 

Arrigo & Trasino 021,687/55: In rats, 
crude alkaline anterior pituitary extracts 
(rich in STH) do, whereas acid extracts (rich 
in ACTH and STH) do not protect the liver 
and pancreas agairrst darnage by 0014• Corti
sone protects the liver but not the pancreas. 

Allegri et al. 031,532/57: In rats, the hepa
tic fibrosis induced by prolonged inhalation of 
0014 is aggravated by concurrent testosterone 
treatment. 

Guerios et al. 058,363/57: In rats, the 
hepatotoxic action of 0014 is aggravated by 
cortisone. 

Mehrotra et al. 054,806!57: The ascites 
associated with 0014-induced hepatic cirrhosis 
is aggravated in rats by DOC. 

Girolami 055,043!58: Testosterone pro
pionate protects the rat agairrst fatty degene
ration and cirrhosis of the liver produced 
either by 0014 or by a choline deficient diet. 

Asagoe D13,524f59: Hepatic cirrhosis pro
duced in rats by 0014-inhalation can be 
prevented by cortisone, but recovery from 
well-established cirrhosis is not significantly 
enhanced by this hormone. 

Grassi et al. E58,693f59: In the rat, testos
terone, 4-chlorotestosterone and prednisolone 
alone or in combination protect the kidney 
agairrst 0014 intoxication. 

Massei et al. D2,594f59: Testosterone has 
a beneficial effect upon the hepatic lesions 
produced by 0014 in the rat. 

Asagoe D13,523f60: In rats, the hepatic 
cirrhosis induced by 0014 was slightly increased 
by testosterone after castration, but not in the 
presence of the testes. 

Kulcsar & Kulcsar-Gergely 094,710!60: 
Ovariectomy partly protects the rat agairrst 
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the hepatotoxic a.nd fatal eHects of CCl,. The 
degra.da.tion of endogenaus folliculoids may 
wea.ken the resista.nce of the liver, and thereby 
predispose it for darnage by this drug. 

KuZcaar-Gergely &: Kulcaar 099,083/60: 
In ovariectomized rats, estrone aggravates the 
hepatic darnage produced by CC14• The activity 
ofendogenaus folliculoids (estrus) is increa.sed 
by hepatic damage, which again shows that 
these hormones are inactivated by the liver. 
Presumably, this process of inactivation dimi
nishes the resista.nce of hepatic tissue to 
damage. 

Tada E96,131f60: Brief abstract on the 
eHect of "androgen," "estrogen" and cortisone 
upon the lipid, glycogen, a.nd collagen content 
of the rat liver following intoxica.tion with 
CCl,. [No experimental details (H.S.).] 

Bengmark &: Olsaon D48,932f62: Fernale 
rats are more susceptible to the hepatotoxic 
action of CC14 than males. Testosterone ra.ised 
the resistance of females to this form of liver 
damage. 

Bengmark &: Olsaon Dl4,663f63: "The 
authors have been able to demonstrate a 
beneficial eHect of testosterone propionate in 
female rats subjected to carbon tetrachloride 
intoxica.tion a.nd a definite lipotropic effect of 
the hormone in partially hepatectomized male 
rats." 

Diaeher et aZ. D64,428f63: The stroma 
proliferation in rat livers damaged by CCl, ca.n 
be inhibited by cortisone or prednisolone only 
in the event of s.o., not of p.o., administration. 
Additional treatment with testosterone did 
not significa.ntly influence this eHect. 

Bengmark &: Olsaon G 13,853/64: Orchi
dectomy increases the susceptibility of the 
rat to the hepatotoxic action of CCI,. 
Testosterone raises the resistance of ca.strate, 
but not of intact rats. 

Ozeizel et al. F23,802f64: Heavy overdosage 
with various folliculoids aggravates the hepatic 
darnage produced in rats by CC14 whereas 
"physiologic amounts" aceeierate hea.ling. 

KuZcaar-Gergely et aZ. F32,037f64: In rats, 
simultaneaus thyroidectomy a.nd ovariec
tomy oHer some protection against the in
duction of hepatic cirrhosis by CC14• 

KuZcaar-Gergely &: KuZcaar G1,372f64: In 
rats intoxica.ted with CCl,, survival is increa.sed 
by ovariectomy and thyroidectomy. 

Teaamann F 8,084/64: The hepatic necrosis 
produced in rats by CCJ. was aggravated by 
prednisone andrepair delayed. 

Furukawa F71,71lf65: In rats, the hepatic 
steatosis produced by CCl, is inhibited by 

adrenalectomy a.nd, to some extent, also by 
hypophysectomy. Corticoids restore the eHect 
of CC14 after adrenalectomy; epinephrine, 
though not restoring it, increases the eHect of 
corticoid!.. STH does not countera.ct the eHect 
of hypophysectomy. Alloxan diabetes inhibits 
CCl,-induced hepatic lipidosis. 

Kulcaar &: KuZcaar-Gergely F74,930f66: In 
rats, ovariectomy, thyroidectomy or removal 
of both glands, oHers partial protection against 
CCl, intoxica.tion. 

Teaamann &: Ziegler F64,393f66: Predni
solone aggravated the hepatic lesions and yet 
prolonged survival in rats intoxicated with 
CCl,. 

Rimniceanu et aZ. F98,503f67: In the rat, 
cortisone given simultaneously with CQI. 
aggravates the hepatic parenchymal lesions 
produced by the latter, whereas if the hormone 
is administered after CCl, it hastens hepatic 
regenera.tion. 

Rimniceanu et al. G66,073f68: In rats, the 
hepatic lesions produced by CC14 are intensi
fied by cortisone, even in the presence of vita
min-B12, but cortisone treatment after inter
ruption of CCl, hastens hepatic regeneration. 

Becker H 17,711/69: In ra.ts, the hepatic 
cirrhosis produced by thioacetamide or CCl, 
is not inhibited by cortisone, a.nd darnage of 
the parenchymal cells is actually increased. 

Joahi &: Rao G72,489f69: In rats, Enovid 
(mestra.nol + norethynodrel) aggravates the 
liver darnage caused by CCl,. 

Murphy &: Malley G68,408f69: Studies on 
hepatic TKT, alkaline phosphatase (AP), a.nd 
TPO in relation to stress and CCJ.-intoxica.tion 
in the rat. "Liver TKT elevation, but not AP 
elevation, was prevented by adrenalectomy 
prior to CCl,. Experiments on rats subjected 
to simultaneaus acute cold stress a.nd CCl, 
indica.ted that, during the acute pha.se of CCJ. 
hepatotoxicity, their livers had reduced capa
city for induction of TKT a.nd TP by endo
genaus corticosterone. However, chronically 
injured livers of rats given repeated doses of 
CCI, were fully responsive to the TKT- a.nd 
TP-inducing eHects of exogenous corticosterone 
or acute cold stress." 

Tarnowaki et aZ. G75,524f70: In adrenal
ectomized rats maintained on cortisol, even 
lethal amounts of CCI, did not depress protein 
biosynthesis and the ATP/ADP ratio below a 
relatively high minimal level. "CC14 poisoned 
liver should not be used as a model for studies 
on regulation of liver metabolism." 

Tuchweberand Kovaca G70,489f71: In ra.ts, 
pretreatment with progesterone, triamcinolone, 
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or phenobarbital increases the morta.lity, 
liver damage, and triglyceride accumulation 
induced by CCic. Spironolactone, CS-1, ethyl
estrenol, norbolethone, oxandrolone, estradiol, 
and DOC do not share this effect. 

RABBIT 

Regniera et al. 07,634/55: In rabbits, cor
tisone can either increase or decrease the hepa
totoxic effect of CCI.c depending upon the time 
elapsing between the treatment with the two 
agents. 

Germer & Regoeczi 064,975/58: In rabbits 
pretreated with plasmapheresis, the hepato
toxic effect of CCI, could be diminisbed by 
testosterone. 

Petzolil & Meinelee D39,959f62: 6-Methyl
prednisolone hemisuccinate sodium failed to 
prevent the proliferation of connective tissue 
in the liver of rabbits damaged by CCJ., except 
in the case of chronic intoxication. 

Ferruccio F62,336f64: Testosterone inhibits 
the hepatic steatosis produced by CCJ. in 
the rabbit. 

Petzolil F61,425f65: In rabbits, hepatic 
cirrhosis produced by CCI, is largely inhibited 
by 4-chlorotestosterone. 

GUINEAPIG 

Aragona B53,747f49: In guinea pigs, 
testosterone accelerates hepatic regeneration 
following CCJ. treatment. 

Aragona B53,056f50: In guinea pigs, 
estradiol and hexestrol given after the induc
tion of hepatic darnage by CC14, produce ane
mia with myeloid metaplasia in various 
organs. 

MousE 
Ohang & Lei F78,943f67: 17a-Methyl-5a

androstan-17ß-ol prevents the production of 
fatty hepatic degeneration by ethionine or 
CCJ. in mice. 

VARIA 
Patriclc 012,967!55: In rats and mice, 

cortisone or ACTH inhibited the mesenchymal 
reaction, and delayed repair following produc
tion of hepatic darnage by tannic acid or CCic. 

Stolle D2,285f61: In Iguana iguana, ova
riectomy protects against the hepatic lesions 
produced by CC14• 

Berdjia F79,528f67: The hepatotoxic effect 
of CCJ., phosphorus and ethionine could be 
diminished by cortisone, and survival pro
longed. 

CCI, ~ Cortisone : Aterman 
B52,265f50* 

Carcinoge'IJII ~ cf. also Selye G60,083f70, 
'P· 357. 
~ Corticoids. Rataimamanga &, Buu-Hoi 

B33,923f47: Various carcinogenic polycyclic 
hydrocarbons diminish the resistance of the 
rat to fatigue (swim test). This effect is ascrib
ed to impairment of adrenocortical function 
since it can be corrected by treatment with 
adrenocortical extract. 

Robertaon et al. B88,672f53: In rats, 
hypophysectomy prevents the production of 
hepatic cirrhosis and hepatomas by 3' -Me-DAB. 
The susceptibility to tumorigenesis is restored 
by ACTH, but not by CON, DOC or testoste
rone. These hormones lik.ewise failed to 
prevent carcinogenesie in intact rats. 

Symeonidia et al. B93,003f54: In rats, the 
production of hepatomas by DAB is prevented 
by adrenalectomy and by DOC in doses 
causing adrenocortical atrophy. 

Reid B93,930f54: Review (18 pp., 181 refs.) 
on the effect of STH and corticoids upon 
carcinogen-induced and transplantable neo
plasms. 

Hoch-Ligeti 014,407/55: In rats, "cortisone 
under certain experimental conditions seemed 
to aceeierate the occurrence and increase the 
number of tumors induced by p-dimethyl
aminoazobenzene or 2-acetylaminofluorene." 
On the other band, cortisone had no consistent 
effect upon transplanted hepatomas. 

Schnitzer 032,871/56: In mice, the pro
duction of skin tumors by topical application 
of DMBA is allegedly somewhat increased by 
cortisone s.c. 

Glenn et al. 064,744/59: In the rat, various 
carcinogene potentiate the testoid and ana
bolic (Ievator ani) effects of 17-methyltestoste
rone as weil as the glycogenic and anti
phlogistic properlies of cortisol. Nonearemo
genie hydrocarbons do not exhibit this effect. 
"Both in vivo and in vitro studies indicate 
that the ability of carcinogenic hydrocarbons 
to potentiate biological effects of steroids is 
due to a direct effect of carcinogenic agent at 
the cellular Ievel and not to a decreased rate 
of steroid metaboliBm by the liver." 

Ohany & Boy D2,278f60: In rats, cortisone 
accelerates the production of hepatic cancers 
byDAB. 

Perry D10,864f61: In rats, the induction 
of hepatic cancers by AAF is prevented by 
adrenalectomy but not modified by DOC either 
in intact or in adrenalectomized animals. 

Goodall G77,088f62: In rats, the production 
of hepatomas by AF is prevented by hypo
physectomy or thyroidectomy. Cortisone re-
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stores the ability of the thyroidectomized but 
not of the hypophysectomized rats to develop 
hepatomas after AF treatment. Cortisone 
strongly accelerates the appearence of hepa
tomas in intact rats. 

SiegZer & Duran-Reynals D54,814f62: "Me
thylcholanthrene applied over the site of 
dermal vaccinial infection in the skin of corti
sone-treated mice results in a tumor effect 
which is morerapid and severe than that seen 
after the application of methylcholanthrene 
alone." 

Duran-Reynals E 29,252{63: "Mice rendered 
susceptible to vaccinia dermal infection by 
cortisone injections and untreated mice re
ceived MC skin paintings at the site of virus 
infection. Under certain conditions, the MC 
applied before virus inoculation inhibited the 
virus-induced skin ulcers; applied after it 
enhanced them.'' 

Lacassagne & Hurst G 12,688{63: In rats, 
hepatic cancer formation under the influence 
of DAB is retarded by DOC and accelerated by 
cortisol. 

Sterental et al. D61,608f63: In rats, mam
mary tumors induced by DMBA regressed 
after adrenalectomy+ovariectomy or hypo
physectomy. Folliculoid treatment reactivated 
tumor growth after adrenalectomy+ovari
ectomy but not after hypophysectomy. These 
tumors remained unresponsive to folliculoids 
after hypophysectomy even if thyroid and 
cortisone replacement therapy was given. 

Trainin D61,599f63: In mice, given a 
single feeding of DMBA as an initiating stimu
lus and twice-weekly paintings of 5% croton 
oil to the skin as a promoting stimulus, 
carcinogenesis was not significantly altered 
by cortisol or adrenalectomy during the ini
tiating phase. Conversely, the promoting phase 
of cutaneous carcinogenesis was strikingly 
inhibited by cortisol and enhanced by adrenal
ectomy. The data are discussed in the light of 
the "two-stage mechanism of carcinogenesis." 

Mancini et al. D18,183f64: In CF-1 albino 
mice, minimal doses of cortisone slightly 
decreased the incidence of 3-MC induced 
tumors. 

Y oung et al. F20,579f64: In rats treated 
with DMBA, neither the adrenocortical ne
crosis nor the tumor incidence was signifi
cantly influenced by cortisone. 

Ketkar & Sirsat G32,60lf65: In mice, the 
induction of tumors by 3-MC is not markedly 
affected by DOC but the pattern of tumor 
growth and the mast cell response in the 

connective tissue are altered by the mineralo
corticoid. 

Jull et al. G41,663f66: It had previously 
been noted that in certain strains of mice 
treated with DMBA, granulosa cell tumors of 
the ovary develop even if the gonad is trans
planted into unpretreated recipients. Both 
DOC and 17a-hydroxyprogesterone com
pletely inhibit the appearance of granulosa cell 
tumors when the steroids are injected con
currently with DMBA into the donor mice. 
Possibly, this protection is due to competitive 
inhibition. 

Jull F74,180f66: In rats, the induction of 
mammary carcinomas by DMBA is inhibited 
by progesterone, DOC and metyrapone. 

Lacassagne et al. G39,677f66: In rats given 
DAB, hepatic carcinogenesis is inhibited by 
DOC; various corticoids ha ving the 17 a-hy
droxyl group exert an opposite effect. 

Qureshi & Zaman F68,389f66: In mice, 
the induction of subcutaneous sarcomas by 
3-MC is inhibited by prednisolone. 

Shklar F74,973f66: In hamsters, the in
duction of carcinomas by painting the buccal 
pouch with DMBA was enhanced by cortisone 
s.c., i.p. or i.m. 

Ronzoni et al. H 18,409{68: In rats, prostatic 
carcinogenesis induced by the introduction 
of 20-methylcholanthrene crystals into the 
prostate is inhibited by ACTH, T3 and, to a 
lesser extent, byprogesterone and 19-nortestos
terone phenylpropionate. Estradiol and corti
sone facilitate carcinogenesis, whereas testoste
rone, orchidectomy and methylthiouracil fail
ed to influence it. 

Sugiura G64,932f68: In mice, the regression 
of DMBA-induced papillomas is increased by 
testosterone and, if anything, decreased by 
estradiol. Cortisone apparently also increases 
the number of regressions. 

Cole & Foley H 35,251{69: In mice, the 
induction of pulmonary carcinomas by urethan 
can be enhanced by cortisone especially in 
combination with X-irradiation. 

Shisa G72,582f69: In mice of the Swiss, 
C57BL and AfJax strains, DMBA injected s.c. 
on the third day of life induced Iymphomas 
whose incidence could be increased or de
creased by cortisone, depending upon the strain 
and the time of treatment. Earlier literatme 
on the effect of cortisone upon virus or X-ray 
induced leukemias is reviewed. 

Siegel & Shklar H 35,238{69: In hamsters, 
topical application of DMBA (in DMSO) to 
the cheek pouch induces a chemical carcino-
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genesis which can be inhibited by triamci
nolone. 

Metzler H27,243f70: In rats, 3-MC causes a 
drop in blood pressure, but the hypertension 
produced by DOC + uninephrectomy is not 
blocked by the carcinogen. On the other hand, 
the induction of neoplasms is inhibited by 
DOC. 

Polliack et al. H 32,366/70: In hamsters, 
tumor formation by topical application of 
DMBA to the cheek pouch is partially sup
pressed by concurrent application of cortisone, 
perhaps owing to depression of DNA synthe
sis and of mitotic activity by the hormone. 
"Cortisone stabilizes biological membranes; its 
action on cell multiplication may be related 
to decreased membrane permeability with 
consequent inhibition of release of lysosomal 
enzymes which play a part in early stages of 
cell division. Decreased membrane permeabi
lity may also have resulted in less effective 
penetration of carcinogen into cells. Results 
are in accordance with those of previous 
studies, which demonstrated promotion of 
tumor formation by labilizers of biological 
membranes such as vitamin A and estrogen." 

Schauer et al. G81,318f70: In rats, the 
enzyme histochemically dernonstrahle pre
cancerous lesions produced in the liver by 
N-nitrosodiethylamine are inhibited by gluco
corticoids and enhanced by estradiol. Males 
are somewhat more resistant than females, but 
under the experimental conditions used, testo
sterone is ineffective. 

Somogyi G70,416f70: In rats, spironolac
tone inhibits the adrenocortical necrosis, 
carcinogenicity and hemopoietic-tissue-damag
ing action of DMBA. Ethylestrenol, CS-1, and 
norbolethone are also effective against the 
DMBA-induced adrenal necrosis. Spironolac
tone likewise protects against the adrenocorti
colytic effect of 7-0HM-MBA. Thus, the anti
DMBA action of spironolactone does not seem 
to be based on the blockade of the transforma
tion of the carcinogen into this supposedly more 
active metabolite. The preventive action of 
spironolactone is abolished by ethionine, 
suggesting the involvement of active protein 
synthesis. The DMBA-induced adrenal lesions 
are aggravated by estradiol, testosterone, 
methyltestosterone, cortisol, triamcinolone, 
and prednisolone, as well as by the stress of 
muscular work or restraint. The aggravation 
of adrenal necrosis by estradiol is diminished 
but not abolished by hypophysectomy. 

Somogyi &: KovacB G60,074f70: In rats, the 
adrenal necrosis produced by DMBA is inhi-

bited by spironolactone and ethylestrenol; it is 
aggravated by estradiol, MAD, cortisol and 
testosterone but not significantly influenced by 
progesterone, norbolethone, triamcinolone or 
DOC. 

3-Methyl-4-monomethylaminoazo
benzene ~ Cortisone, Mouse: Reif 
et al. D97,006f54 

Dimethylaminoazobenzene ~ DOC: 
Shimazu et al. G76,684J59* 

7,12 -Dimethy lbenzan thracene ~ 
Cortisol: Harris F98,166/68* 

Benzo(a)pyrene ~ Cortisol + Age 
Hamster: Nebert et al. H23,692f68 
~ Folliculoids. Cantarow et al. B18,774f46: 

In rats, given AAF p.o., the development of 
cystic and neoplastic hepatic lesions was acce
lerated and intensified by GTH (pregnant mare 
serum), estradiol and testosterone, but inhibi
ted by thiouracil. "This phenomenon may be 
related to the role of the liver in the inter
mediary metabolism and excretion of the sex 
steroid." No tumors occurred in the hyper
plastic target organs of the sex hormones in 
contrast to the high incidence of tumors in the 
thyroids of rats given thiouracil simultaneously 
with the carcinogene. 

Kirby B30,10lf47: Female rats are less 
susceptible than males to the production of 
hepatomas and hepatic cirrhosis by AAF. Rats 
simultaneoulsy treated with pellets of estradiol 
or testosterone and AAF showed no carcinoma 
formation in the target organs of the sex 
hormones. 

StaBney et al. B26,653f47: In rats, AAF 
feeding produces mammary carcinoma only 
in females, and its development is not signifi
cantly accelerated by estradiol or gonado
trophin. "Malignant lesions of the liver 
occurred in 54.8 per cent of females and 92.3 
per cent of males receiving the carcinogen 
alone. Administration of estradiol and PMS 
gonadotrophin to females and of testosterone 
and chorionic gonadotrophin to males inten
sified the cystic and neoplastic hepatic lesions 
induced by 2-acetaminofluorene." 

Shay et al. H31,719f52: In rats, chronic 
administration of 3-MC p.o. produces glandular 
tumors of the breast (predominantly in females 
and estradiol-treated males), spindle-eeil and 
collagenous tumors of the breast and mesen
teric sarcomas (predominantly in males and 
testosterone-treated females), and fibroade
nomas of the breast (predominantly in ovari
ectomized and orchidectomized animals "in 
which the sex hormone effects were experi
mentally counterbalanced"). 
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Geyer et al. H 31,923/53: In rats, the induc
tion of mammary tumors by DMBA is greatly 
enhanced by estradiol and stilbestrol. 

Miyaji et al. D24,881f53: In rats, the 
production of hepatic, mammary and seba
ceous gland tumors by AAF was not signifi
cantly influenced by adrenalectomy. On the 
other hand, after gonadectomy, testosterone 
increased, whereas estrone, estradiol and pro
gesterone decreased carcinogenesis. [ A brief 
abstract which is difficult to evaluate (H.~.).] 

Shelton G76,339f54: In mice, 2-amino-5-
azotoluene added to a semi-synthetic diet 
produced a high incidence of hepatomas only 
in the case of concurrent treatment with 
stilbestrol. 

Buggins et al. 099,772/61: In rats, the 
production of mammary cancers by DMBA or 
3-MC is inhibited by pregnancy, estradiol, 
progesterone or combined treatment of estra
diol + progesterone. 

Seguy et la. D5,238f61: In rats, high doses 
of folliculoids enhanced the carcinogenic action 
of benzpyrene. Hypophysectomy or ovari
ectomy did not significantly influence this type 
of carcinogenesis, but the number of animals 
used was very small. 

Shay et al. D2,760f61: In rats, the induc
tion of mammary cancers by methylcholan
threne is inhibited by folliculoids. 

Pannella & Gasparrini D64,636f63: In 
female rats, the carcinogenic action of 20-
methylcholanthrene is accelerated by folli
culoids, partially inhibited by testosterone and 
completely blocked by ovariectomy. When 
tumors do arise, however, their histologic 
character is not influenced by any of these 
treatments. 

Sterental et al. D61,608f63: In rats, mam
mary tumors induced by DMBA regressed 
after adrenalectomy+ovariectomy or hypo
physectomy. Folliculoid treatment reactivated 
tumor growth after adrenalectomy+ovari
ectomy but not after hypophysectomy. These 
tumors remained unresponsive to folliculoids 
after hypophysectomy even if thyroid and 
cortisone replacement therapy was given. 

Sirsat & Ketkar F65,926f66: In mice, the 
induction of cutaneous carcinomas by topical 
treatment with 3-MC is stimulated by pre
treatment and inhibited by subsequent treat
ment with DOC. 

Weisburger et al. F72,720f66: In the rat, 
neonatal estradiol treatment enhances hepa
toma formation following administration of 
the carcinogen N-hydroxy-N-2-fluorenylace
tamide. 

Colafranceschi & Tosi G59,115f67: The 
adrenal necrosis produced by DMBA in the 
rat is of equal severity in males and females 
and cannot be influenced by ovariectomy, 
orchidectomy, testosterone or estradiol. 

Weisburger et al. F78,862f67: Maleratsare 
more prone to liver cancer induction by N
hydroxy-N -2-fluorenylacetamide (N -OH-F AA) 
than females. In newborn males treated with 
estradiol, and placed on a diet containing 
N-OH-FAA, the incidence of hepatic carcino
mas was decreased, whereas testosterone did 
not change it. In females, estradiol had a 
"mixed effect," and testosterone enhanced 
hepatoma induction. 

Poel H23,662f68: Review of the Iiterature 
with personal observations on the co-carcino
genic effect of folliculoids and luteoids. Neither 
of these groups of steroids are truly carcino
genic in themselves, but they enhance 
mammary cancer development under the 
influence of viral and chemical carcinogens. 
[The possible mechanism of these interactions 
is not discussed (H.S.).] 

Sugiura G64,932f68: In mice, the regres
sion of DMBA-induced papillomas is increased 
by testosterone and, if anything, decreased by 
estradiol. Cortisone apparently also increased 
the number of regressions. 

Weisburger & Yamamoto F97,904f68: Rats 
of both sexes were injected neonatally with a 
single dose of testosterone or estradiol. After 
weaning they were placed on a diet containing 
N -hydroxy-N -2-fluorenylacetamide (N-OH
FAA) for 16 weeks. Autopsies were performed 
after an additional10 weeks on controlled diets. 
In males, the hepatic tumor incidence was not 
affected by testosterone but reduced by estra
diol. In females, testosterone enhanced car
cinogenicity while estradiol had a dual effect, 
augmenting carcinogenesie in a few rats but 
reducing it in most. 

Newberne & Williams G69,601f69: In rats, 
hepatic carcinogenesie produced by aflatoxin 
is inhibited by diethylstilbestrol. Male rats are 
less resistant to aflatoxin than females. 

Polliack et al. G72,389f69: In orchidecto
mized hamsters, stilbestrol increases topical 
carcinogenesis if one cheek pouch is repeat
edly treated with DMBA. Among hamsters 
not treated with folliculoids, orchidectomy did 
not change the incidence of carcinogenesis 
nnder these conditions. 

Griswold Jr. & Green H26,709f70: Review 
of the Iiterature and personal observations 
on the effect of ovariectomy, testoids and folli
culoids alone and in combination upon the 
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hormone sensitivity of DMBA-induced mam
mary tumors in the rat. 

Horvath et al. G70,443f70: In rats, estradiol 
pretreatment markedly increases the suscep
tibility of the adrenale to the corticolytic 
efiect of DMBA. The associated histochemical 
changes are described. 

Schauer et al. G81,318f70: In rate, the en
zyme histochemically demanstrahle precan
cerous Ieeions produced in the liver by N
nitrosodiethylamine are inhibited by gluco
corticoide and enhanced by estradiol. Males 
are somewhat more resistant than females but, 
under the experimental conditions used, testos
terone is ineffective. 

SCYmO!JYi G70,416f70: In rate, spironolac
tone inhibite the adrenocortical necrosis, car
cinogenicity and hemopoietic-tissue-damaging 
action of DMBA. Ethylestrenol, OS-1, and 
narbelethone are also efiective against the 
DMBA-induced adrenal necrosis. Spirono
lactone likewise protects against the adreno
corticolytic efiect of 7-0HM-MBA. Thus, the 
anti-DMBA action of spironolactone does not 
seem to be based on the blockade of the trans
formation of the carcinogen into this suppos
edly more active metabolite. The preventive 
action of spironolactone is abolished by 
ethionine, suggesting the involvement of active 
protein synthesis. The DMBA-induced adrenal 
lesions are aggravated by estradiol, testoste
rone, methyltestosterone, cortisol, triamcino
lone, and prednisolone, as weil as by the stress 
of muscular work or restraint. The aggravation 
of adrenal necrosis by estradiol is diminished 
but not abolished by hypophysectomy. 

Somogyi & Kava.c& G60,074f70: In rate, the 
adrenal necrosis produced by DMBA is inhi
bited by spironolactone and ethylestrenol; 
it is aggravated by estradiol, MAD, cortisol 
and testosterone but not significantly influ
enced by progesterone, norbolethone, triam
cinolone or DOO. 

N -2-Fluorenylacetamide +- Estra
diol: Kirby B30,101f47*; Miyaji et al. 
D24,881/53* 

9,1 0-Dimethy l-1 ,2-benzanthracene 
+- Diethy lstilbestrol: Dao G37,357 /64*; 
Huggins et al. F18,350f64* 

3-MO +- Estradiol: Kirschbaum et al. 
H27,666f53*; Gautieri et al. H30,506/61*; 
Huggins et al. 099,772/61 * 

Benzo(a)pyrene +-Estradiol: Mitoma 
et al. G72,113f68 

+- Luteoids. Miyaji et al. D24,88lf53: In 
rate, the production of hepatic, mammary 
and sebaceous gland tumors by AAF was not 

significantly influenced by adrenalectomy. On 
the other hand, after gonadectomy, testoster
one increased whereas estrone, estradiol and 
progesterone decreased carcinogenesis. [ A 
brief abstract which is difiicult to evaluate 
(H.S.).] 

Thierach 028,993/57: Administration of 
progesterone i.m. one hour before TEM to 
pregnant rate protected their litters against 
the fatal and teratogenic efiects of the carci
nolytic agent. 

Dao & Sunderland D79,860f59; Dao et al. 
E 57,368/60: In rats, the induction of mammary 
carcinomas by 3-methylcholanthrene is en
hanced during pregnancy, pseudopregnancy, 
and progesterone treatment. Regression of 
neoplasms occurs after parturition. Males are 
virtually resistant. In fully formed tumors, 
regression could be induced by hypophysec
tomy or ovariectomy. 

Huggina et al. 099,772!61: In rats, the 
production of mammary cancers by DMBA or 
3-MO is inhibited by pregnancy, estradiol, 
progesterone or combined treatment of estra
diol + progesterone. 

Poel H23,662f68: Review of the Iiterature 
with personal observations on the co-carcino
genic efiect of folliculoids and luteoids. Neither 
of these groups of steroide are tmly carcino
genic in themselves but they enhance mamma
ry cancer development under the influence of 
viral and chemical carcinogene. [The possible 
mechanism of these interactions is not 
discussed (H.S.).] 

Somogyi & Kooaca G60,074f70: In rats, 
the adrenal necrosis produced by DMBA is 
inhibited by spironolactone and ethylestrenol; 
it is aggravated by estradiol, MAD, cortisol 
and testosterone but not significantly influ
enced by progesterone, norbolethone, triam
cinolone or DOO. 

3,4-Benzpyrene +- Progesterene: 
Juchau et al. G40,275f66 

7 ,12-Dimethylbenz(a)anthracene +
Progesterone + Estradiol-17 p: Hug
gins et al. D27,549f62* 

N -2-Fluorenylacetamide +- Proges
terene: Miyaji et al. D24,881f53* 

3-MO +- Progesterene: Huggins et al. 
099,772/61 * 

+- Testoids. MaiBin et al. A30,500f39: 
Unlike folliculoide, testosterone proprionate 
does not augment the incidence of mammary 
cancers in benzpyrene-treated mice. 

Oantarow et al. B18,774f46: In rats, given 
AAF p.o., the development of cystic and 
neoplastic hepatic lesions was accelerated and 
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intensified by GTH (pregnant mare serum), 
estradiol and testosterone, but inhibited by 
thiouracil. "This phenomenon may be related 
to the role of the liver in the intermediary 
metaboliBm and excretion of the sex steroid." 
No tumors occurred in the hyperplastic target 
organs of the sex hormones in contrast to the 
high incidence of tumors in the thyroids of 
rats given thiouracil simultaneously with the 
carcinogens. 

Kirby B30,101{47: Fernale rats are less 
susceptible than males to the production of 
hepatomas and hepatic cirrhosis by AAF. Rats 
simultaneously treated with pellets of estra
diol or testosterone and AAF showed no 
carcinoma formation in the target organs of 
the sex hormones. 

Stasney et al. B26,653{47: In rats, 2-ace
taminofluorene feeding produces mammary 
carcinoma only in females, and its develop
ment is not significantly accelerated by estra· 
diol or gonadotrophin. "Malignant lesions of 
the liver occurred in 54.8 per cent of females 
and 92.3 per cent of males receiving the 
carcinogen alone. Administration of estradiol 
and PMS gonadotrophin to females and of 
testosterone and chorionic gonadotrophin 
to males intensified the cystic and neoplastic 
hepatic lesions induced by 2-acetaminofluo
rene." 

Flaks B35,572{48: Testosterone delays 
the induction of subcutaneous tumors by 20-
methylcholanthrene. 

Shay et al. H 31,719{52: In rats, chronic 
administration of 3-MC p.o. produces glandular 
tumors of the breast (predominantly in females 
and estradiol-treated males), spindle-eeil and 
collagenous tumors of the breast and mesen
teric sarcomas (predominantly in males and 
testosterone-treated females), and fibroadeno
mas of the breast (predominantly in ovari
ectomized and orchidectomized animals "in 
which the sex hormone effects were experi
mently counterbalanced"). 

Miyaji et al. D24,881{53: In rats, the 
production of hepatic, mammary and seba
ceous gland tumors by AAF was not signifi
cantly influenced by adrenalectomy. On the 
other hand, after gonadectomy, testosterone 
increased, whereas estrone, estradiol and 
progesterone decreased, carcinogenesis. [ A 
brief abstract which is difficult to evaluate 
(H.S.).] 

Robertson et al. B88,672{53: In rats, 
hypophysectomy prevents the production of 
hepatic cirrhosis and hepatomas by 3'-Me-DAB. 
The susceptibility to tumorigenesis is restored 

by ACTH, but not by cortisone, DOC or 
testosterone. These hormones likewise failed 
to prevent carcinogeneBis in intact rats. 

Buggins et al. 062,178{59: In rats, 
mammary carcinomas induced by 3-methyl
cholanthrene involute following ovariectomy 
or hypophysectomy and, hence, they may be 
regarded as "hormone-dependent." Similar 
regression of tumors is frequently achieved by 
dihydrotestosterone. Only a few mammary 
cancers continue to grow after ovariectomy 
and these are considered to be "hormone
independent. '' 

ThompBon et al. 092,646{60: In mice with 
transplanted myelomas, 3-methylcholanthrene 
retarded or even completely suppressed the 
growth of the neoplastic tissue. Concurrent 
treatment with dihydrotestosterone increased 
the body weight of the host but did not exert 
an additive-suppres&ing effect upon the 
myeloma's growth. 

Dao & Greiner D91,850{61: In male rats, 
unlike in females or castrate males, 3-MC 
rarely produces mammary tumors. Ovarian 
transplants placed into castrate males induce 
predisposition for mammary carcinogenesis 
under these conditions. 

Pannella & Gasparrini D64,636{63: In 
female rats, the carcinogenic action of 20-
methylcholanthrene is accelerated by folli
culoids, partially inhibited by testosterone 
and completely blocked by ovariectomy. When 
tumors do arise, however, their histologic 
character is not influenced by any of these 
treatments. 

Sidransky et al. 099,347{61: In rats, fed 
AAF, hepatictumors developed in all males but 
only in 5 out of 14 females. "Although castra
ted males had liver changes similar to those 
seen in females, these males receiving testoster
one had the same changes as were found in the 
intact males. Intact females receiving testos
terone developed earlier and more extensive 
changes regularly found only in the livers of 
males." Testosterone may aceeierate hepatic 
tumorigenesis by this carcinogen. 

Kovacs G34,582{65: In rats given a single 
injection of testosterone at 1-2 days of age, 
the subsequent production of mammary 
cancers by DMBA is inhibited. However, this 
form of testosterone treatment does not 
prevent the production of leukemia by 
DMBA. 

Reuber F 36,234{65: Concurrent treatment 
with testosterone and thyroid powder sensi
tizes the rat for the production of hepatic 
cirrhosis and hepatomas by AAF. 
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Mody G49,656j67: The yield of ovarian 
tumors induced by DMBA "was significantly 
greater in C3H (Jax) mammectomised mice 
when treated with testosterone. It is suggested 
that testosterone has a promoting action for 
chemically induced ovarian tumours in mice." 

Stern & Mickey F89,080j67: In 50-day old 
female rats with "androgen sterility" (induced 
by a single injection of testosterone at five 
days of age) DMBA elicits less mammary 
tumors than in unpretreated controls. 

Weisburger et al. F 7 8,862 f67: Male rats are 
more prone to liver cancer induction by N
hydroxy-N-2-fluorenylacetamide (N-OH-FAA) 
than females. In newborn males treated with 
estradiol, and placed on a diet containing 
N-OH-FAA, the incidence of hepatic carcino
mas was decreased, whereas testosterone did 
not change it. In females, estradiol had a 
"mixed effect," and testosterone enhanced 
hepatoma induction. 

Glucksmann & Cherry H 19,200/68: In rats, 
ovariectomy reduces the rate of induction by 
DMBA of cervico-vaginal sarcomas. This 
inhibition is counteracted by various follicu
loids. In intact rats, progesterone slightly 
retards the induction of these sarcomas and in 
castrates it fails to raise the rate of carcinoge
nesis. Testosterone lengthens the induction 
period of sarcomas in intact rats and increases 
the rate of sarcoma formation in castrates. 

Sugiura G64,932f68: in mice, the regression 
of DMBA-induced papillomas is increased by 
testosterone and, if anything, decreased by 
estradiol. Cortisone apparently also increased 
the number of regressions. 

Weisburger & Yamamoto F97,904f68: Rats 
of both sexes were injected neonatally with a 
single dose of testosterone or estradiol. After 
weaning they were placed on a diet containing 
N-hydroxy-N-2-fluorenylacetamide (N-OH
FAA) for 16 weeks. Autopsies were performed 
after an additional10 weeks on controlled diet. 
In males, the hepatic tumor incidence was not 
affected by testosterone but reduced by estra
diol. In females, testosterone enhanced car
cinogenicity while estradiol had a dual effect 
augmenting carcinogenesis in a few rats but 
reducing it in most. 

Dmitriev H28,154j69: In mice, the produc
tion of preneoplastic mammary changes by 
benzpyrene is diminished by testosterone. 

Griswold Jr. & Green H26,709j70: Review 
of the Iiterature and personal observations on 
the effect of ovariectomy, testoids and folli
culoids, alone and in combination, upon the 
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hormonal sensitivity of DMBA-induced mam
mary tumors in the rat. 

Mückter et al. H23,589j70: In rats, survi
val time after induction of mammary tumors 
by DMBA is increased by treatment with a 
combination of drostanolone propionate (2a
methyl dihydrotestosterone propionate) and 
a cyclic imide [1-(morpholinomethyl)-4-phtha
limido-piperidindione-2,6]. The catabolic effect 
of the carcinolytic cyclic imide is particularly 
weil antagonized by the anabolic testoid but 
there is no decrease in the number of tumor 
centers that develop. 

Polliack et al. H31,578f70: In intact male 
hamsters, the induction of carcinomas by 
topical application of DMBA to the cheek 
pouch was reduced by testosterone. In castrate 
males, this effect was less striking. Castration 
itself had no effect on tumorigenesis. 

Schauer et al. G81,318j70: In rats, the en
zyme histochemically dernonstrahle precan
cerous lesions produced in the liver by N
nitrosodiethylamine are inhibited by gluco
corticoids and enhanced by estradiol. Males 
are somewhat more resistant than females but, 
under the experimental conditions used, testos
terone is ineffective. 

Somogyi G70,416f70: In rats, spironolac
tone inhibits the adrenocortical necrosis, 
carcinogenicity and hemopoietic-tissue-damag
ing action of DMBA. Ethylestrenol, CS-1, 
and norbolethone are also effective agairrst the 
DMBA-induced adrenal necrosis. Spirono
lactone likewise protects agairrst the adreno
corticolytic effect of 7 -OHM-MBA. Thus, the 
anti-DMBA action of spironolactone does not 
seem to be based on the blockade of the trans
formation of the carcinogen into this suppos
edly more active metabolite. The preventive 
action of spironolactone is abolished by 
ethionine, suggesting the involvement of 
active protein synthesis. The DMBA-induced 
adrenal lesions are aggravated by estradiol, 
testosterone, methyltestosterone, cortisol, tri
amcinolone, and prednisolone, as weil as by the 
stress of muscular work or restraint. The 
aggravation of adrenal necrosis by estradiol 
is diminished but not abolished by hypophy
sectomy. 

Somogyi & Kovacs G60,074f70: In rats, 
the adrenal necrosis produced by DMBA is 
inhibited by spironolactone and ethylestrenol; 
it is aggravated by estradiol, MAD, cortisol 
and testosterone but not significantly influ
enced by progesterone, norbolethone, triam
cinolone or DOC. 
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9,10-Dimethyl-1,2- benzanthracene 
~ Testosterone: Kovacs G34,582/65* 

N -2-Fluorenylacetamide ~ Testos
terone: Kirby B30,101/47*; Miyaji et al. 
D24,881/53* 
~ Gonadectomy. Maisin et al. 25,708/26: 

In male mice, the production of skin can
cers by topical application of tar is not in
hibited and appears to be aggravated by 
castration. 

Andervont&DunnA96,182f47:Amongstrain 
C mice, o-aminoazotoluene producedhepatomas 
more frequently in females than in males. Fur
thermore, "intact females were more susceptible 
than castrate females; castrate males ap
proachedintact females in their degree of suscep
tibility; castrate females and castrate males 
bearing testosterone propionate-cholesterol 
peilets approached intact males in their degree 
of susceptibility." The incidence of pulmonary 
tumors, after treatment with this carcinogen, 
was not dependent upon any of the factors 
just mentioned. 

Shay et al. H26,763f49: In intact female 
rats, 3-MC p.o. produces a high incidence of 
mammary adenocarcinomas, whereas this is 
exceptional in intact or castrate males as weil 
as in spayed females. 

Bielschowsky & Hall G71,797f51: In intact 
female rats joined in parabiosis with gonad
ectomized litter-mates, AAF induced a 50% 
incidence of malignant tumors, mostly of the 
granulosa. The gonadectomized partners were 
free of neoplastic lesions. 

Shay et al. H 31,719/52: In rats, chronic 
administration of 3-MC p.o. produces glandular 
tumors of the breast (predominantly in females 
and estradiol-treated males) spindle-eeil and 
collagenous tumors of the breast and mesen
teric sarcomas (predominantly in males and 
testosterone-treated females), and fibroadeno
mas of the breast (predominantly in ovari
ectomized and orchidectomized animals "in 
which the sex hormone effects were experi
mentally counterbalanced"). 

Miyaji et al. D24,881f53: In rats, the pro
duction of hepatic, mammary and sebaceous 
gland tumors by AAF was not significantly 
influenced by adrenalectomy. On the other 
hand, after gonadectomy, testosterone in
creased, whereas estrone, estradiol and pro
gesterone decreased carcinogenesis. [A brief 
abstract which is difficult to evaluate (H.S.).] 

Dao & Sunderland D79,860f59; Dao et al. 
E 57,368/60: In rats, the induction of mammary 
carcinomas by 3-methylcholanthrene is en
hanced during pregnancy, pseudopregnancy, 

and progesterone treatment. Regression of 
neoplasms occurs after parturition. Males are 
virtuaily resistant. In fuily formed tumors, 
regression could be induced by hypophysec
tomy or ovariectomy. 

Buggins et al. 062,178/59: In rats, mam
mary carcinomas induced by 3-MC involute 
foilowing ovariectomy or hypophysectomy 
and, hence, they may be regarded as "hor
mone-dependent." Similar regression of tumors 
is frequently achieved by dihydrotestosterone. 
Only a few mammary cancers continue to 
grow after ovariectomy and these are consi
dered tobe "hormone-independent." 

Marchant 069,830/59: In mice, painting of 
the skin with methylcholanthrene produced 
papillomas earlier in male or female castrates 
than in intact controls. 

Kim & Furth H 31,205/60: In rats, the 
induction of mammary cancers by 3-MC is 
considerably inhibited by ovariectomy or hypo
physectomy. Grafts of functional mammo
tropic pituitary tumors counteract the inhi
bitory effect of hypophysectomy in that they 
not only stimulate the growth of involuting 
preexisting cancers, but also cause the appear
ance of new mammary tumors. 

Bock & Dao Dl1,892f61: In rats, 3-MC 
accumulation in the mammary glands is in
creased by hypophysectomy or ovariectomy, 
but diminished during pregnancy. The affinity 
of mammary tissue for certain carcinogens 
may be due to its close association with adipose 
tissue. 

Dao & Greiner D91,850f61: In male rats, 
unlike in females or castrate males, 3-MC 
rarely produces mammary tumors. Ovarian 
transplants placed into castrate males induce 
predisposition for mammary carcinogenesis 
under these conoitions. 

Seguy et al. D5,238f61: In rats, high doses 
offolliculoids enhanced the carcinogenic action 
of benzpyrene. Hypophysectomy or ovariecto
my did not significantly influence this type of 
carcinogenesis, but the number of animals 
used was very smail. 

Dao D36,01lf62: In rats, ovariectomy 
performed before the administration of 3-MC 
or DMBA inhibited mammary carcinogenesis, 
but if the ovaries were removed 7 days after 
feeding the carcinogenic hydrocarbons, no 
significant reduction of mammary cancer 
resulted. 

Buggins & Fukunishi E35,442f63: In rats, 
mammary tumors induced by DMBA or by 
X-irradiation regress foilowing ovariectomy. 
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"Tumors of this sort are, by definition, hor
mone-dependent.'' 

Pannella & Gasparrini D64,636f63: In 
female rats, the carcinogenic action of 20-
methylcholanthrene is accelerated by follicu
loids, partially inhibited by testosterone and 
completely blocked by ovariectomy. When 
tumors do arise, however, their histologic 
character is not influenced by any of these 
treatments. 

Sterental et al. D61,608f63: In rats, mamm
ary tumors induced by DMBA regressed after 
adrenalectomy+ovariectomy or hypophys
ectomy. Folliculoid treatment reactivated 
tumor growth after adrenalectomy+ovari
ectomy but not after hypophysectomy. These 
tumors remairred unresponsive to folliculoids 
after hypophysectomy even if thyroid and 
cortisone replacement therapy was given. 

Dao G37,357f64: Review of the Iiterature 
on the effect of various hormones upon the 
induction of mammary cancers by carcinogens 
in the rat. The induction of these cancers 
requires the presence of ovarian hormones. 
Ovariectomy prevents this type of carcino
genesis unless ovarian transplants or estradiol 
are administered. 

Reuber F4,431f64: In rats, the production 
of hepatomas by N-2-fluorenyldiacetamide was 
prevented by orchidectomy or thyroidectomy. 
However, the carcinogenic effect was restored 
in thyroidectomized animals by thyroid 
feeding. 

Huggins & Grand F74,177f66: In rats, 
neither hypophysectomy nor orchidectomy 
causes regression of DMBA-induced mammary 
cancers. 

Jto et al. G42,670f66: In mice, the develop
ment of urethan-induced thymic Iymphomas 
was enhanced by orchidectomy but not signi
ficantly affected by ovariectomy. In the early 
latent period, adrenalectomy accelerated the 
development of thymic Iymphomas, especially 
in females. 

Biancifiori et al. F98,833f67: Bothin intact 
and in ovariectomized mice, estrone increased 
the incidence of mammary carcinomas pro
duced by DBA or 3-MC; only minimal effects 
were obtained with benzopyrene or DMBA. 

Bates H 13,409/68: Male Swiss mice are 
more sensitive than females to the induction 
of cutaneous carcinomas by DMBA+croton 
oil. This is especially true of females in which 
the initiator was applied during diestrus. 
Gonadectomy before application of DMBA 

14* 

increased tumor incidence in females but de
creased it in males. 

Heimann et al. F95,958f68: In rats, the 
production of mammary carcinomas by DMBA 
is almost totally inhibited by ovariectomy. 
However, a high percentage of the spayed rats 
presents tumors of the ear duct, neurofibro
sarcomas of the ear lobe and various cutaneous 
neoplasms. The appearance of these extra
mammary tumors may be due in part to the 
prolongation of the life span by the inhibition 
of mammary carcinogenesis. 

Svoboda et al. G64,564f69: Hepatocytes of 
male rats given CPIB (ethyl-a-p-chlorophe
noxyisobutyrate) show a pronounced increa>e 
in microbodies and in catalase activity whi!e 
those of intact females do not. In castrate 
males given estradiol and CPIB the increase 
in catalase activity and microbody prolifera
tion is abolished, whereas in ovariectomized 
rats given testosterone and CPIB there is an 
increase in microbodies and catalase activity. 

Glucksmann & Cherry G77,810f70: In rats, 
ovariectomy offers partial protection against 
the induction of cervico-vaginal neoplasms 
after repeated topical applications of DMBA. 

Griswold Jr. & Green H26,709f70: Review 
of the Iiterature and personal observations on 
the effect of ovariectomy, testoids and folli
culoids, alone and in combination, upon the 
hormone sensitivity of DMBA-induced mam
mary tumors in the rat. 

Jasmin & Riopelle H23,587f70: In rats, 
ovariectomy greatly increased the incidence of 
mammary tumors produced by DMBA p.o. 
and also induced renal tumors which were not 
seen in similarly-treated intact controls. 

Kozuka H27,469f70: "Repeated injection 
of reserpine and simultaneaus administration 
of 2, 7 -diacetamidofluorene in SMA/Ms strain 
mice prevented the development of liver 
tumors but failed to induce gastric cancer. 
Fernale mice developed more hepatic tumors 
than males both in the carcinogen groups and 
in the reserpine-treated group. Castration 
increased the formation of hepatic cancer in 
male mice but not in females. In castrated 
female mice, estradiol benzoate had little effect 
and testosterone propionate reduced liver 
tumor incidence somewhat." 

Polliack et al. H 31,578!70: In intact male 
hamsters, the induction of carcinomas by 
topical applicatoin of DMBA to the cheek 
pouch was reduced by testosterone. In castrate 
males, this effect was less striking. Castration 
itself had no effect on tumorigenesis. 
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Simpson-Herren &Griswold, Jr. H 26,708/70: 
In rats, with DMBA-induced mammary 
carcinomas, the thymidine index was followed 
during different stages of cell development. 
"Administration of estradiol and progesterone 
to ovariectomized animals with regressed or 
static tumors results in an approximately 
10-fold increase in thymidine index." 

Somogyi & Kovacs G60,074f70: In rats, 
ovariectomy followed by grafting of ovarian 
tissue into the spieen, and consequent direct 
inflow of folliculoids into the liver, does not 
enhance DMBA-induced adrenal necrosis. 

Zackheim H26,549f70: In mice, painted 
with methylcholanthrene, the incidence and 
extent of skin neoplasms was decreased by 
orchidectomy. 

N-2-Fluorenylacetamide ~ Gona
dectomy + Steroids: Miyaji et al. 
D24,881f53* DeBaun et al. H26,701/70 

3-MC ~ Gonadectomy + Estradiol: 
Gautieri et al. H30,506f61 * 

3-MC ~ Gonadectomy + Ovarian 
grafts: Dao D36,011f62* 
~ Adrenalectorny. M iyaji et al. D24,88lf53: 

In rats, the production of hepatic, mammary 
and sebaceous gland tumors by AAF was not 
significantly influenced by adrenalectomy. 
On the other hand, after gonadectomy, 
testosterone increased, whereas estrone, estra
diol and progesterone decreased, uarcinoge
nesis. [ A brief abstract which is difficult to 
evaluate (H.S.).] 

Symeonidis et al. B93,003f54: In rats, the 
production of hepatomas by DAB is prevented 
by adrenalectomy and by DOC in doses 
causing adrenocortical atrophy. 

Conney et al. D87,867f56: Injection of 
3-MC i.p. greatly increases the ability of rat 
liver homogenates to N-demethylate 3-methyl-
4-monomethylaminoazobenzene and to reduce 
the azo linkage of 4-dimethylaminoazobenzene. 
Neither of these activities was altered after 
adrenalectomy, but both systems were slightly 
depressed after hypophysectomy. 

Eversole C45,823f57: In rats, 3'MeDAB
induced hepatic carcinogenesis is not inhibited 
by DOC (in contradiction of earlier findings), 
whereas similarly DOC-treated adrenalecto
mized rats developed no hepatomas. The 
presence of even small remnants of adreno
cortical tissue permitted the azo dye to exert 
its carcinogenic effect. "Total adrenalectomy 
is apparently the key factor in inhibiting azo 
dye carcinogenesis." 

Bielschowsky D10,255f61: In rats, hypo
physectomy, thyroidectomy and adrenal-

ectomy inhibit the development of hepatomas 
by treatment with 2-acetylaminofluorene 
(AAF) or 2-aminofluorene (AF). 

Perry D10,864f61: In rats, the induction 
of hepatic cancers by AAF is prevented by 
adrenalectomy but not modified by DOC either 
in intact or in adrenalectomized animals. 

Benton D22,526f62: In male mice, dibenz
pyrene-induced tumors involute and most of 
them disappear after adrenalectomy. 

Sterental et al. D61,608f63: In rats, mamm
ary tumors induced by DMBA regressed after 
adrenalectomy+ovariectomy or hypophys
ectomy. Folliculoid treatment reactivated 
tumor growth after adrenalectomy+ovari
ectomy but not after hypophysectomy. These 
tumors remairred unresponsive to folliculoids 
after hypophysectomy even if thyroid and 
cortisone replacement therapy was given. 

Trainin D61,599f63: In mice, given a single 
feeding of DMBA as an initiating stimulus 
and twice-weekly paintings of 5% croton oil 
to the skin as a promoting stimulus, carcino
genesis was not significantly altered by cortisol 
or adrenalectomy during the initiating phase. 
Conversely, the promoting phase of cutaneous 
carcinogenesis was strikingly inhibited by cor
tisol and enhanced by adrenalectomy. The 
data are discussed in the light of the "two
stage mechanism of carcinogenesis." 

Shimazu G31,110f65: 20-Methylcholan
threne increases hepatic dimethylaminoazo
benzene-demethylase in the rat, even after 
adrenalectomy, ovariectomy, or hypophysec
tomy. Hypothalamic lesions decrease the 
basal level of the enzyme and its response to 
methylcholanthrene. On the other band, 
glutamine synthetase (a microsomal enzyme 
not induced by methylcholanthrene) is un
affected by hypothalamic lesions. 

Ito et al. G42,670f66: In mice, the develop
ment of urethan-induced thymic lymphomas 
was enhanced by orchidectomy but not signi
ficantly affected by ovariectomy. In the early 
latent period, adrenalectomy accelerated the 
development of thymic lymphomas, especially 
in females. 

Radzialowski & Bousquet H2,264f68: The 
circadian variation in aminopyrine, p-nitro
anisole and hexobarbital-metabolizing micro
somal enzymes of the rat and mouse liver is 
abolished by adrenalectomy, but the rhythm 
of 4-dimethylaminoazobenzene metabolism 
remains unaffected. 

Symeonidis H27,336f70: In C3Hf mice, 
which are spontaneously predisposed to hepatic 
tumor formation, the induction of liver 
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Fig. 2. Prevention by spironolactone of DMBA-induced adrenal necrosi~. Both r~ts received the 
same dose of DMBA. A: Otherwise-untreated control shows hemorrhagw necros1s of the adrei_Jal 
with periadrenal edema. B: Adrenal is normal in the rat which received pretr~atment w1th 

spironolactone. [Kovacs & Somogyi G60,025/69. Courtesy of Proc. Soc. exp. B10l. Med.J 

carcinomas by AAF is inhibited by adrenal
ectomy. 

Dimethylaminoazobenzene <-- Adre
nalectomy: Conney et al. D87,867j56; 
Shimazu et al. G76,684j59*, G31,110j65 

7 ,12-Dimethylbenzanthracene <-

Adrenalectomy + Cortisol: Harris 
F98,166j68* 

N-2-Fluorenylacetamide <-- Adre
nalectomy: Miyaji et al. D24,881j53* De 
Baun et al. H26,701/70 

3-MC <-- Adrenalectomy: Boyland 
et al. D47,605j62* 

<-- Other Steroids cf. also Selye G60,083j70, 
p. 385. Komcs G70,404j69: In rats, electron
microscopic changes produced by DMBA are 
ascribed to primary darnage in the capillary 
endothelium. The protective effect of spirono
lactone is ascribed to the induction of drug 
metabolizing microsomal enzymes. 

Kovacs & Samogyi G60,025j69: In the rat, 
the adrenal necrosis produced by DMBA is 
inhibited by pretreatment with spironolac
tone. 

Kovacs & Somogyi G60,060j69: In rats, 
the adrenal necrosis produced by DMBA is 
prevented by pretreatment with spironolac
tone and this protection is in turn blocked by 
ethionine. 

Lacassagne et al. G74,932j69: In rats, 
production of hepatic cancers by DAB is 
powerfully inhibited by .15-pregnenolone, 
DOC or DDD. Various other steroids give 
less clearcut results. 

Somogyi G70,406j69: In rats, the adrenal 
necrosis produced by DMBA or 7-hydroxy-

methyl-12-methylbenzanthracene is inhibited 
by pretreatment with spironolactone. 

Wall et al. G69,969j69: A series of steroid 
esters of p-[N,N-bis(2-chloroethyl)amino ]phe
nylacetic acid (BCAP AA), steroidal sulfides 
of p-(N,N -bis-2-chloroethylamino )thiophenol, 
and a variety of steroidal ethylenimine 
derivatives were synthesized and tested for 
antitumor activity. "Activity was found only 
in those instances in which the steroid and 
potential oncolytic agent were connected by 
ester or heterocyclic ether linkages. The 
steroidal BCAP AA esters were of particular 
interest showing excellent inhibition of a 
DMBA-induced and transplantable mammary 
adrenocarcinoma, and marked increase in 
survival when tested on a variety of rat 
leukemias . . . The steroidal BCAP AA esters 
were judged to be less toxic than some of t he 
well-known nitrogen mustards in general 
use.'' 

Kovacs & Somogyi G60,089j70: In rats, 
pretreatment with spironolactone delays t he 
development and decreases the incidence of 
mammary tumors induced by a single inject ion 
of DMBA. 

Solymoss et al. G70,445j70: In rats, the 
acute hematologic changes observed six days 
after a single oral dose of DMBA are 
suppressed by spironolactone but the alter
ations normally observed 12 days after DMBA 
still occur. The hematologic darnage produced 
by a smaller dose of DMBA i.v. is prevented 
both by spironolactone and by SKF 525-A. 
Apparently "the hemopoietic alterations, eli
cited by DMBA, are dose-dependent and 
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Fig. 3. Prevention of DMBA-induced adrenal necrosis by spironolactone. A: Massive necrosis of 
the zona fasciculata and reticularis of the adrenal cortex 3 days after oral administration of 
DMBA. B: This lesion is completely inhibited by pretreatment with spironolactone. Hematoxylin 

phloxine, X 120. [Somogyi and Kovacs G60,074f70. Courtesy of Rev. canad. Biol.] 

influenced also by the biotransformation of 
this polycyclic hydrocarbon, since both 
acceleration (by spironolactone) and blockade 
(by SKF 525-A) of this latter process can 
suppress the development of hematologic 
alterations." 

Somogyi G70,416j70: In rats, spironolactone 
inhibits the adrenocortical necrosis, carcino
genicity and hemopoietic-tissue-damaging ac
tion of DMBA. Ethylestrenol, CS-1, and 
norbolethone are also effective against the 
DMBA-induced adrenal necrosis. Spirono
lactone likewise protects against the adreno
corticolytic effect of 7-0HM-MBA. Thus, the 
anti-DMBA action of spironolactone does not 
seem to be based on the blockade of the trans
formation of the carcinogen into this supposedly 
more active metabolite. The preventive action 
of spironolactone is abolished by ethionine, 
suggesting the involvement of active protein 
synthesis. The DMBA-induced adrenal lesions 
are aggravated by estradiol, testosterone, 
methyltestosterone, cortisol, triamcinolone, 
and prednisolone, as weil as by the stress 
of muscular work or restraint. The aggravation 

of adrenal necrosis by estradiol is diminished 
but not abolished by hypophysectomy. 

Somogyi & Kovacs G60,06lf70: It had 
been shown previously that the adrenocortical 
necrosis produced in rats by DMBA, unlike 
that elicited by its metabolite 7 -hydroxy
methyl-12-methylbenz(a)anthracene (7-0HM
MBA), is inhibited by partial hepatectomy. 
Perhaps DMBA is active only after having 
been metabolized in the liver to 7-0HM-MBA 
whose effect is independent of hepatic function. 
The question arose whether spironolactone 
protects against the adrenolytic effect of 
DMBA by preventing its hydroxylation; 
however, spironolactone protects the adrenals 
against 7-0HM-MBA also. 

Somogyi & Kovacs G60,074j70: In rats, 
the adrenal necrosis produced by DMBA is 
inhibited by spironolactone and ethylestrenol; 
it is aggravated by estradiol, MAD, cortisol 
and testosterone but not significantly influ
enced by progesterone, norbolethone, triam
cinolone or DOC. 

Stripp et al. H22,743f70: In rats, spiro
nolactone pretreatment shortened hexobarbital 
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sleeping time. "Moreover, treatment of female 
rats with spironolactone doubled the rate of 
the in vitro metabolism of hexobarbital and 
benzpyrene by liver microsomes and quadrup
led that of ethylmorphine. The inducing 
effects of spironolactone were very different 
from those of phenobarbital and 3-methyl
cholanthrene. The amount of cytochrome 
P-450 was either unaltered or decreased, but 
the NADPH cytochrome c reductase activity 
was increased 2-fold. Although the endoge
naus rate of cytochrome P-450 reduction by 
NADPH was not altered, the stimulatory 
effects of ethylmorphine or hexobarbital on 
the rate of cytochrome P-450 reduction were 
significantly greater with microsomes from 
spironolactone treated animals. By contrast, 
treatment of male rats with spironolactone 
caused no change in hexobarbital sleeping 
time and no change or a slight decrease in 
hexobarbital and benzpyrene metabolism by 
liver microsomes." 

Solymoss et al. G70,488f71: In rats, spiro
nolactone and ethylestrenol, like phenobarbi
tal, enhance the NADPH-dependent hydroxy
lation of benzo(a)pyrene in hepatic micro
somal + supernatant fraction. 

Somogyi & Kovacs G70,482f71: In rats, the 
stress of restraint or of forced muscular exer
cise significantly increases the adrenocorti
colytic effect of DMBA. Spironolactone can 
abolish this stress-induced aggravation. The 
mammary carcinogenicity of DMBA is not 
influenced by stress. 

DMBA <- Steroids: Dao F 19,168/64* 

Carcinolytic Agents +-- cf. also Individual 
Carcinolytic Agents 

Andreani et al. C 14,628/55: In rats, the 
different organ changes produced by TEM are 
unequally influenced by combined treatment 
with ACTH + cortisone. 

Cutts H22,100f68: In rats, diethylstilbes
trol protects against lethal doses of vinblastine. 
Among otherwise untreated rats, females are 
more resistant to vinblastine than males. 

LePage & Kaneko H22,380f69: Review and 
personal observations on mice showing that 
the toxicity of certain carcinostatic agents can 
be reduced by concurrent treatment with 
glucocorticoids without the loss of thera
peutic efficacy. 

Grushina et al. H 31,216/70: Both in intact 
and in adrenalectomized rats, DOC stimulated 
the growth of sarcoma 45 and counteracted 

the carcinolytic and general toxic effects of 
thiophosphamide. 

Mercier-Parot & Tuchmann-Duplessis G73, 
572!70: In rats and mice, administration of 
the carcinolytic agent Natulan [chlorhydrate 
of 1-methyl 2p-(isopropylcarbamoyl) benzyl
hydrazine or RO 4-6467] causes fetal absorp
tion and malformations. Even large doses of 
progesterone offer no protection against these 
effects. 

Gillette H34,126f71: In male rats, spironol
actone caused a relatively small increase in 
ethylmorphirre N-demethylation and decreased 
the oxidation of hexobarbital and 3,4-benz
pyrene. However (like in females), spironol
actone did not affect the type I spectral 
changes induced in males by ethylmorphine 
and hexobarbital but caused a small decrease 
in cytochrome P-450 content and increased 
NADPH-cytochrome c reductase. Moreover, 
in males, spironolactone increased the substrate 
dependent cytochrome P-450 reduction but 
not its endogenaus reduction. The sex differ
ence in the effect of spironolactone upon hepat
ic microsomal drug metabolism is illustrated 
by the tabulation of data concerning ethyl
morphine and hexobarbital biotransformation. 

Carisoprodol +--

Kato et al. G66,023f61: Adult (unlike 
immature) male rats are less sensitive to 
carisoprodol-induced muscular paralysis than 
females. Castration or treatment with SKI!' 
525-A abolishes the increased resistance of the 
adult male rat. Incubation of liver slices with 
carisoprodol shows that the resistance of the 
male is due to accelerated substrate inactiva
tion. No sex difference is noted in adult mice 
or guinea pigs. 

Kato et al. G64,325f62: Adult male rats 
are more resistant than females to pento
barbital anesthesia, carisoprodol paralysis and 
strychnine convulsions. Conversely, the lethal 
effect of OMP A is greater in the male. The sex 
difference is ascribed to the increased pro
duction of anabolic testoids which enhance the 
decomposition of these substrates, the first 
three of which are inactivated, the last activa
ted in the process. The differences were also 
demonstrated in vitro using liver slices or 
microsomal fractions. The high microsomal 
activity of the male could be abolished by 
castration and restored by several anabolic 
testoids. 

Selye G70,480f71: In rats, carisoprodol 
sleeping time was moderately shortened by 



216 Effect of Steraids Upon Resistance 

the classic catatoxic steroids except norbo
lethone and oxandrolone. Prednisolone was 
also slightly efficacious, whereas triamcino
lone was not. Progesterone and thyroxine 
moderately aggravated carisoprodol sleeping 
time, cf. Table 37. 

Table 37. Oonditioning for carisoprodol 

Treatmenta Sleeping Mortalityb 
timeb (Deadf 
(min) Total) 

None 47 ± 6 2/13 
PCN 18 ± 8 * 1/5 NS 
CS-1 20 ± 2 *** 0/10 NS 
Ethylestrenol 26 ± 5 * 3/10 NS 
Spironolactone 23 ± 4 ** Of10 NS 
Norbolethone 35 ± 4NS 2/10 NS 
Oxandrolone 42 ± 8 NS 1/10 NS 
Prednisolone-Ac 29 ± 3 ** 1/10 NS 
Triamcinolone 64 ± 8NS 3/10 NS 
Progesterone 71 ± 8 ~ 3/10 NS 
Estradiol 33 ± 5 NS 1/10 NS 
DOC-Ac 56± 8NS 1/10 NS 
Hydroxydione 50± 8NS 0/10 NS 
Thyroxine 77 ± 12~ 4/5 NS 
Phenobarbital 36 ± 5NS 3/9 NS 

a The rats of all groups were given cari
soprodol (10 mg/100 g body weight in 0.1 ml 
DMSO, i.v., on 4th day). 

b Mortality was listed on 5th day ("Exact 
Probability Test"). 

Sleeping time: Student's t-test. 
For further details on technique of tabu

lation cj. p. VIII. 

Carisoprodol ~ Estradiol, Testos
terone: Kato et al. G66,023f61*, G64,325f63* 

Casein -<-- cf. also Amyloid 

Latvalahti B88,19lf53; Peräsalo & Latva
lahti 09,661/54: In mice, the amyloidosis 
produced by repeated s.c. injections of casein 
is aggravated by ACTH and cortisone but not 
by DOC or testosterone, although orchidec
tomy facilitated its development. 

Kozlowski & Hrabowska H 14,243/69: 
Nandrolone, an anabolic steroid, enhances the 
development of amyloidosis in mice given 
casein s.c. 

Cerium-<--

Snyder et al. 099,417/59: In rats, i.v. 
injection of cerium produced extremely high 
Ievels of liver fat in females but not in males. 

After castration males reacted as strongly as 
females. Testosterone reduced fatty infiltra
tion in both intact and ovariectomized females. 
Hypophysectomy prevented fatty liver forma
tion in both sexes, whereas adrenalectomy did 
so only in males. 

Selye P ROT. 43437: In rats (100 g ~), 
the production of hepatic steatosis and mor
tality by CeCl3 (5 mg in 1 ml water, i.v.) are 
considerably inhibited by PCN, ethylestrenol 
and, to a somewhat lesser extent, by spironol
actone (all 10 mg in 1 ml water X 2/day, p.o., 
beginning on the fourth day before CeCI3 ad
ministration). Under similar conditions, triam
cinolone (10 mg X 2/day) and thyroxine 
(200 fLg of Na-salts, s.c., once daily) actually 
aggravate CeCl3 intoxication. It is particularly 
noteworthy that, here, as in the case of 
cadmium and mercury intoxication, the cata
toxic steroids offer protection agairrst inorganic 
salts which could hardly be detoxified by the 
usual microsomal drug metabolizing mechan
isms. 

Chloral Hydrate -<-

Fastier et al. 0 37,038/57: In mice, chioral 
hydrate sleeping time is increased by epine
phrine, norepinephrine, phenylephrine, me
thoxamine, 5-HT, histamine, ergotamine, yo
himbine and atropine. "It is suggested that 
some, at least, of the drugs which prolang the 
effects of hypnotics do so by virtue of a 
hypothermic action." Vasopressin, cortisone 
and DOC did not prolong chioral hydrate 
sleeping time at the doses tested. 

Selye et al. G60,016f69; G60,020f69: In the 
rat, pretreatment with norbolethone or spiro
nolactone does not protect agairrst the anesthe
tic effect of chioral hydrate. 

Chlordecone -<--

McFarland & Lacy G68,855f69: Japanese 
quail fed the insecticide, chlordecone (Kepone) 
developed a characteristic tremor, hepatic 
enlargement with fatty degeneration and a 
strong "estrogenic" effect on the oviduct 
which was not prevented by ovariectomy. The 
oviduct enlargement was considerably dimi
nished, however, after hypophysectomy. 

Chlordiazepoxide -<-

Blackham & Spencer G73,813f70: In mice, 
lynestrenol reduced, whereas mestranol or 
SKF increased, the anticonvulsive effect 
(tested with electroshock) of diphenylhydan-
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toin, phenobarbital, and chlordiazepoxide, 
administered i.p. after five days of pretreat· 
ment. This may be due to altered microsomal
drug metabolism but since mestranol and lyn
estrenol have opposite effects upon brain 5-HT 
concentrations, the latter mechanism must also 
be considered. 

Selye P ROT. 39493: In rats, PCN, CS-1, 
ethylestrenol and to a lesser extent spironolac
tone and norbolethone shorten chlordiaze
poxide sleeping time. The other standard 
conditioners were without significant effect 
but triamcinolone even in combination with 
chlordiazepoxide c~tusM consider~tble morta
lity at doses at which the latter alone is weil 
tolerated, cf. Table 38. 

Chlordiazepoxide ~ Mestranol, Ly
nestrenol: Blackham et al. G73,813f70* 

Chloroform +-

Eschenbrenner & Miller 94,309/45: Follow
ing administration of large amounts of chlore
form p.o., "there was extensive necrosis of 
portions of the proximal and distal convoluted 
tubules in normal male and in testosterone
treated castrated male mice and no necrosis 
in female andin castrated male mice." 

Oulliford & Hewitt 028,738/57: In adult 
male mice of two strains, exposure to chlore
form vapor produced necrosis of the renal 
tubules, whereas females showed no such 
change. Testoids rendered females fully 
susceptible, whereas folliculoids decreased the 
sensitivity of the males. Orchidectomy abol
ished susceptibility in one strain of mice but 
only diminished it in another, although the 
residual sensitivity could be annulled by 
adrenalectomy. In gonadectomized mice, me
thyltestosterone, testosterone propionate, de
hydroepiandrosterone, progesterone and very 
large doses of cortisone induced susceptibility. 

Hewitt 028,739!57: The high susceptibility 
of male mice to the induction of renal tubular 
necrosis by chloreform vapor is inhibited by 
castration and restored with as little as 10 11-g 
of testosterone propionate. "These findings 
appear to provide the basis of a sensitive 
method for the detection and assay of andro
gens." 

Chloropicrin +-

Henschler & Reich 071,216/59: In rats, 
the pulmonary edema induced by ammonium 
chloride, epinephrine, thiourea or chloropicrin 
is prevented by the administration of a single 
large dose of prednisolone i.v. about 5 min 
earlier. 

Table 38. Oonditioning for chlordiazepoxide 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterene 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Sleeping 
timeb 
(min) 

308 ± 34 
13 ± 6 *** 
91 ± 22 *** 

124 ± 27 *** 
196 ± 27 * 
169 ± 38 * 
228 ± 36NS 
247 ± 41 NS 
393 ± 39NS 
313 ± 42NS 
334 ± 35NS 
290 ± 33NS 
291 ± 50NS 
376 ± 43NS 
218 ± 36NS 

Mortalityb 
(Deadf 
Total) 

0/20 
0/30 NS 
0/15 NS 
Of20NS 
Of20NS 
0/15 NS 
Of15 NS 
1/15 NS 
10/20~ 

2/15 NS 
0/15 NS 
0/15 NS 
0/15 NS 
1/20 NS 
0/19 NS 

a The rats of all groups were given chlor
diazepoxide, 15 mg/100 g body weight in 1 ml 
oil i.p. once on the 4th day. 

b Mortality was listed on the fifth day 
("Exact Probability Test"). 

Sleeping time: Student's t-test. 
For further details on technique of tabu

lation cf. p. VIII. 

Chlorprornazine +-

Weil G68,214f61: In rats, prednisolone i.p. 
"which protects against the Iethai effects of 
endotoxin, is not effective in protecting against 
lethal amounts of ganglionic blocking agents 
(mecamylamine, chlorpromazine), adrenergic 
blocking drugs (dibenzyline), or sympathomi
metic amines (metaraminol). To the contrary, 
treatment with corticosteroid is associated 
with a significant increase in fatality in animals 
injected with mecamylamine and chlorpro
mazine (p = <0.01)." These findings are 
interpreted as evidence against the assumption 
that glucocorticoids protect in a nonspecific 
manner against injuries that produce hypoten
sion. 

Fleteher et al. F44,604f65: In the rat, 
"chlorpromazine hypothermia is potentiated 
by estradiol treatment. The potentiation may 
be brought about by a decreased metabolism 
of the drug but is not reflected in the protein 
content of liver or liver microsomes." 

Ohatterjee G48,145f66: In rats, small doses 
of cortisone prevent the ovarian inhibition 
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produced by chlorpromazine. "This may be 
explained as prevention of a competitive in
hibitory phenomenon on pituitary gonado
trophin secretion produced by an excessive 
production of adenohypophyseal corticotro
phin in chlorpromazine-treated animals." 

Selye et al. G60,016f69; G60,020f69: In the 
rat, pretreatment with norbolethone or spiro
nolactone does not protect agairrst the anesthe
tic effect of chlorpromazine. 

Chlorpromazine +-- N orethynodrel, 
Progesterone: Juchau et al. G40,275f66 

Chlortetracycline +--

Sparano F71,594f65: The hepatic steato
sis-produced by chlortetracyclirre is more 
pronounced in orchidectomized and ovariecto
mized, testosterone-treated rats, than in 
otherwise untreated castrate females. Estradiol 
protects the liver of castrated males agairrst 
this form of steatosis. "The results indicate 
that estradiol exerts a protective effect agairrst 
chlortetracycline-induced lipid accumulation 
in the liver." 

Chlorzoxazone +--

Gessner et al. F77,776f67: In mice, "testos
terone pretreatment produces a biphasic 
effect on the duration of action of hexobarbital, 
proionging the action initially and shortenirrg 
the action in 4-8 days after the pretreat
ment. The early action of testosterone appears 
to be associated with an effect on the hypnotic 
property of a drug, since both hexobarbital 
and barbital sleep times are prolonged while 
the duration of action of the muscle relaxant 
chlorzoxasone remains unaffected. The long
term pretreatment with testosterone leads to a 
shorter duration of action of drugs that are 
deactivated by detoxification, notably hexo
barbital and chlorzoxasone, but has no effect 
on the duration of hypnosis produced by barbi
tal, a drug which is predominantly eliminated 
unchanged." Folliculoids (ethinylestradiol, 
diethylstilbestrol) prolong the actions of both 
drugs. 

Szeberenyi & Fekete H29,579f70: Brief ab
stract stating that after four days of pretreat
ment (species not mentioned), spironolactone 
decreased the action and accelerated the meta
bolism of hexobarbital, chlorzoxazone mepro
bamate, estrone, testosterone, acenocoumarol 
and BSP, whereas after short treatment it had 
an inverse effect. It is concluded that spiro
nolactone is a microsomal enzyme inducer. 

Chlorzoxazone +-- Diethy lstil-
bestrol, Testosterone: Gessner et al. 
F77,776f67* 

Cholesterol +-- cf. also Selye G60,083f70, 
pp. 346, 348, 363, 364, 370, 371, 372, 374. 

Gualandi et al. 07,736/51: In rats, orchi
dectomy does not make it possible to produce 
atheromatosis by cholesterol feeding as earlier 
investigators have claimed. 

Oppenheim & Bruger B74,288f52: In 
rabbits, cholesterol atheromatosis is diminished 
by cortisone and to a lesser extent by ACTH. 

Adlersberget al. B82,951f53: In rabbits on 
a high-cholesterol diet, cortisone and cortisol 
produce extreme elevations of plasma lipids. 

Stamler et al. B91,353f53: In cholesterol
fed chicks, coronary atherosclerosis is prevented 
by estradiol even if the femirrizing effects are 
eliminated by concurrent administration of 
testosterone. The protective effect of the 
folliculoid is not due to its effect upon blood 
cholesterol since hypercholesterolemia remains 
uninfluenced by it, but estradiol elevates the 
plasma phospholipid levels. In itself, neither 
testosterone nor chorionic gonadotrophin affect 
coronary atherosclerosis under these conditions. 

Gordon et al. B95,119f54: In rabbits, cor
tisone inhibits the development of cholesterol 
atherosclerosis in the aorta as weil as the 
accompanying hypercholesterolemia. 

Stumpf & Wilens B95,325f54: In rabbits, 
cholesterol-irrduced atherosclerosis and hyper
lipemia are irrhibited by cortisone. 

Oester et al. 08,951/55: In rabbits, the 
calcifying arteriosclerosis produced by com
bined treatment with thyroxine and epirre
phrine is not influenced by progesterone but 
cholesterol atherosclerosis is greatly diminished. 

Wang et al. E83,672f55: In rabbits, 
cholesterol atherosclerosis is inhibited by corti
sone despite an aggravation of the hyper
cholesteremia. This effect of the glucocorticoid 
can be prevented by hyaluronidase. 

Dury 025,675!56: In rabbits with estab
lished cholesterol atherosclerosis, cortisone 
accelerates the regression of the lesions. 

Moss & Dury 044,068/57: In rabbits, the 
development of cholesterol atherosclerosis is 
inhibited by cortisone and the regression of 
already established lesions accelerated. The 
epinephrine-irrduced aortic medial necrosis is 
not prevented by cortisone but the fibroblast 
reaction in the lesions is irrhibited. 

Oonstantinides et al. D21,813f62: In rabbits, 
the regression of cholesterol atherosclerosis 
following return to normal diet is accelerated 
both by estriol and by prednisolone. 
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Ferruccio F62,336f64: Testosterone in 
combination with vitamin E diminishes the 
induction of fat deposition in the liver in 
cholesterol-fed rabbits. 

Rossi et al. F 18,184!64: In rabbits, cho
lesterol atherosclerosis is aggravated by DOC. 

Harman F 59,112/65: In rabbits, cortisone, 
prednisone and dexamethasone inhibit cho
lesterol atherosclerosis, although they elevate 
the serum cholesterol Ievels. Their protective 
action is ascribed to their antiphlogistic 
activity. 

Alper et al. H 5,589/68: In rabbits, 
cholesterol atheromatosis is prevented by 
methylprednisolone (Medrol) despite persisting 
hyperlipemia. The corticoid diminished the 
aortic concentration of acid mucopolysaccha
rides (AMPS) of low sulfate content. "Since 
all animals fed cholesterol developed some 
degree of pulmonary atherosclerosis, it is 
postulated that the antiatherogenic action of 
the hormone on the aorta is more closely 
related to alterations in the AMPS pattern than 
to changes in the pattern of circulating 
Iipids." 

Bailey et al. H 450/68: In rabbits, choleste
rol atherosclerosis is inhibited by cortisone, 
prednisone, triamcinolone, methylpredniso
lone, dexamethasone and 9a-fluorocortisol, 
although hyperlipemia is aggravated. Phenyl
butazone and oxyphenylbutazone also dimi
nished cholesterol atherosclerosis, although 
to a lesser extent and without augmenting 
hyperlipemia. 

Porrazzi et al. H 34,157!68: In rabbits, 
DOC aggravates the severity of cholesterol 
atheromatosis, possibly through depolymeriza
tion of the ground substance. 

Curreri et al. H 11,525/69: In rabbits with 
cholesterol atherosclerosis various hydrolytic 
enzymes present in Iysosomes (ß-glucuronidase, 
acid phosphatase, cathepsin and aryl sulfatase) 
showed a marked increase in activity. Corti
sone inhibited this atherosclerosis and the 
increased enzyme activity despite very high 
Ievels of serum cholesterol. 

Hamprecht G69,560f69: Review (7 pp., 
153 refs.) on the mechanisms regulating 
cholesterol synthesis. A special section deals 
with the effect of thyroid hormones, steroids, 
epinephrine, norepinephrine and glucagon. 

Schweppe & Jungmann H 15,266/69: The 
ability of rat liver microsomes to synthesize 
cholesterol palmitate, oleate and linoleate 
in vitro is increased by the addition of 
thyroxine or glucagon to the incubation 
medium. Testosterone increases cholesterol 

palmitate and oleate formation. 17 ß-Estradiol 
stimulates mainly oleate synthesis. 

Schweppe & Jungmann H 15,978/69: Obser
vations on the metabolism of marked choleste
rol added together with various hormones to 
hepatic microsomes of the rat led to the con
clusion that "1) cholesterol palmitate and oleate 
were synthesized most rapidly; 2) at high 
concentrations, testosterone decreased the 
formation of all esters but at lower dose Ievels, 
testosterone increased the synthesis of choleste
rol oleate and palmitate; 3) estradiol caused a 
two-fold increase in cholesterol oleate forma
tion; 4) ACTH decreased the synthesis rate 
of cholesterol palmitate and oleate; 5) insulin 
had a significant inhibitory effect on cholesterol 
linoleate; 6) epinephrine had little significant 
effect at the dose Ievel used; and 7) L-thyroxine 
increased the synthesis of all cholesterol 
esters." 

Saini & Patrick G74,405f70: Using isolated 
rat liver preparations it was found that estrone 
stimulates the conversion of radio-active 
cholesterol to bile acids. 

Cholesterol ~ Steroids: Kritchevsky 
et al. G 16,024/63 

Choline Deficiency +-- cf. also Ethionine 

~ Corticoids. György et al. D77,819f49: 
In rats kept on a hypolipotropic diet supple
mented with methionine, estrone, estradiol 
and ethinylestradiol p.o. inhibited hepatic 
steatosis. Of these folliculoids, ethinylestradiol 
was the most effective and produced a lipo
tropic effect even in the absence of methionine. 
Progesterone, DOC and testosterone were not 
lipotropic under identical conditions. 

Sellers et al. B52,716f50: Cortisone parti
ally protects the rat agairrst the renal lesions 
produced by hypolipotropic diets. 

Katine et al. B80,347f52: In weanling male 
rats, the production of fatty livers by choline 
deficiency is prevented by cortisone. 

Hurd et al. B 83,869/53: In rats kept on a 
choline-deficient diet, the development of 
fatty liver is inhibited by cortisone and 
adrenocortical extract. 
~ Testoids. Emerson et al. B59,636f51: 

Testosterone aggravates the renal and hepatic 
lesions induced in rats by dietary choline defi
ciency. Estradiol protects agairrst hepatic 
cirrhosis in male rats, and agairrst fatty liver 
formation in both sexes. 

Wilgram & Hartraft 014,392/55: Fernale 
rats are much more resistant than males to the 
production of cardiovascular lesions by choline 
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deficiency. However, simultaneaus administra
tion of "androgens" (kind not specified) and 
STH sensitizes the female to the induction of 
these lesions by hypolipotropic rations. 

Wilgram et al. 015,960/56: Both STH and 
testosterone aggravate the renal and cardio
vai!Cular lesions characteristic of choline 
deficiency in the rat. 

Girolami 0 55,043/58: Testosterone propio
nate protects the rat against fatty degeneration 
and cirrhosis of the liver produced either by 
CCI4 or by a choline deficient diet. 

Bengmark et al. F67,484f66: In rats with 
liver cirrhosis induced by choline deficiency 
"histological examination, determinations of 
liver nitrogen, nucleic acid and hydroxypro
line concentration, liver transaminase activity, 
liver capacity to synthesize tauro- and glyco
cholic acid in vitro as weil as determinations 
of the serum protein fractions did not reveal 
any definitely beneficial effects which could be 
ascribed to the testosterone treatment." 

Wilson et al. G79,508f70: In mice, on hypo
lipotropic diets, the development of atrial 
thrombosis was independent of sex and not 
markedly influenced by gonadectomy. The 
same was true of castrated males given testos
terone. Only gonadectomized females on 
estrone showed an unusuaily low incidence of 
thromboses. 

+-- Follieuloids cf. also Selye G60,083f70, 
p. 369; György et al. A 47,909/47: In rats kept 
on a hypolipotropic diet, estrone p.o. inhibits 
hepatic steatosis and greatly increases the 
lipotropic effect of methionine. 

Ferret E50,456f50: Ovariectomized rats 
were kept either on a hypolipotropic choline
deficient diet which causes hepatic steatosis 
or on a complex ration ( deficient in sulfur and 
vitamin E, yeast being the only source of 
protein) which causes hepatic necrosis. If such 
animals received estradiol implants into the 
spieen, vaginal estrus occurred, whereas in 
animals kept on a normal diet such implants 
failed to cause estrus because of the inactiva
tion of folliculoids by the liver. Additional 
supplements of choline to the first or cystine 
to the second hepatotoxic diet restores the 
power to inactivate the folliculoid. 

Shipley et al. B50,163f50: In ovariecto
mized rats maintained on a hypolipotropic diet 
supplemented with methionine, estrone peilets 
protected against the development of hepatic 
steatosis if implanted s.c. but not if placed in 
the spieen. 

Emerson et al. B59,636f51: Testosterone 
aggravates the renal and hepatic lesions 

induced in rats by dietary choline deficiency. 
Estradiol protects against hepatic cirrhosis in 
male rats, and against fatty liver formation in 
both sexes. 

Kotin et al. 016,597!56: Briefnote on the 
inhibiting effect of folliculoids upon the devel
opment of hepatic cirrhosis and hepatoceilular 
carcinoma in rats kept on a choline-deficient 
diet. 

Wilson et al. G79,508f70: In mice, on hypo
lipotropic diets, the development of atrial 
thrombosis was independent of sex and not 
markedly influenced by gonadectomy. The 
same was true of castrated males given testos
terone. Only gonadectomized females on 
estrone showed an unusually low incidence of 
thromboses. 

+-- Gonadeetomy. Plagge et al. 050,216/58: 
In ovariectomized weanling rats, estradiol 
(but not estrone) pellets implanted into the 
spieen inhibited the fatty metamorphosis 
resulting from high-fat, low-choline diets. 

Sidransky et al. G48,110f67: In rats, 
mature, intact or ovariectomized females, 
unlike intact males, develop fatty infiltration 
of the liver when first fed a choline containing 
methionine-deficient diet for three days. 
Castrated males are as susceptible as females 
and testosterone raises the resistance in females 
as weil as in castrated males. Presumably, 
testosterone is responsible for the natural 
resistance of male rats to this type of hepatic 
steatosis. Earlier Iiterature on sex differences 
in susceptibility to fatty liver formation is 
reviewed. 

Wilson et al. G79,508f70: In mice, on hypo
lipotropic diets, the development of atrial 
thrombosis was independent of sex and not 
markedly influenced by gonadectomy. The 
same was true of castrated males given testos
terone. Only gonadectomized females on 
estrone showed an unusually low incidence of 
thromboses. 

Cinchophen +--

Nasio 97,932/46: Estriol and stilbestrol 
offer partial protection against cinchophen
induced peptic ulcers in the dog. 

Nasio B34,100f46: In intact and gonadec
tomized dogs of both sexes the production of 
gastric ulcers by cinchophen is inhibited by 
stilbestrol. 

Nasio B77,063f46: Monograph (151 pp., 
numerous refs.) on various factors influencing 
the development of cinchophen-induced peptic 
ulcers in the dog. Special emphasis is laid 
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upon personal observations showing that 
various folliculoids inhibit these lesions. 

Rodriguez-Olleros & Galindo C 17,868/56, 
038,499/57: Neither ACTH nor cortisone 
modified the production of gastric ulcers by 
cinchophen in the dog. 

Selye G70,480f71: In rats, cinchophen 
intoxication appears to have been inhibited 
by all classic catatoxic steroids and phenobar
bital, although the diminution of toxic mani
festations by CS-1 and oxandrolone was not 
statistically significant, cf. Table 39. 

Table 39. Conditioning for cinchophen 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Deadf 
Total) Total) 

None 9/13 1/13 
PCN 0/10 *** 0/10 NS 
CS-1 3/10 NS 0/10 NS 
Ethylestrenol 1/10 ** 0/10 NS 
Spironolactone 0/9 *** 0/9 NS 
Norbolethone 1/10 ** 0/10 NS 
Oxandrolone 3/10 NS Of10 NS 
Prednisolone-Ac 0/10 *** 0/10 NS 
Triamcinolone(2mg) 6/10 NS 0/10 NS 
Progesteraue 5/10 NS 0/10 NS 
Estradiol(1mg) 6/10 NS 0/10 NS 
Estradiol(1 mgs.c.) 8/10 NS 1/10 NS 
DOC-Ac 7/10 NS 0/10 NS 
Hydroxydione 10/10 NS 0/10 NS 
Thyroxine 9/10 NS 2/10 NS 
Phenobarbital 0/10 *** 0/10 NS 

a The rats of all groups were given cin
chophen (35 mg/100 g body weight in 0.2 ml 
DMSO, s.o., on 4th day). 

b The characteristic dyskinesia was mea
sured ("Flick-Test") 4 hrs after injection and 
mortality listed on 5th day ("Exact Proba
bility Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Groza et al. H6,695f68: In the dog, gastric 
ulcer formation and liver darnage induced by 
cinchophen is partially inhibited by aldosterone. 

Hamori et al. G65,054f68: In the dog, 
prednisolone greatly aggravates the production 
of gastric ulcers by cinchophen. [Since pred
nisolone has some ulcerogenic effects even when 
given by itself, the synergism with cinchophen 
probably occurs within the gastric mucosa. In 
any event, an action through the hepatic 
microsomal enzyme system has not been 
considered (H.S.).] 

Hamori et al. G72,363f69: In dogs, the 
production of gastric duodenal ulcers by cin
chophen is inhibited by DOC and aggravated 
by cortisone. 

Cocaine+-

Aird B683f44: DOC i.p. protected mice 
against cocaine-induced convulsions, but had 
no effect upon the electroshock seizure 
threshold of cats. 

Guerrero et al. F70,995f65: Resistance to 
cocaine is significantly lower in male than in 
female rats, but no such sex difference is 
observed in castrates. Testosterone diminished 
the cocaine-resistance of castrates in either 
sex, whereas estradiol did not influence it. 
At the time of death, the plasma cocaine 
concentration was the same in both sexes, and 
hence it was concluded that testosterone 
interferes with the enzymic inactivation of 
cocaine. 

Selye G70,471f71: In rats, cocaine intoxi
cation was inhibited by all classic catatoxic 
steroids, prednisolone, estradiol and pheno
barbital, cf. Table 40. 

Table 40. Conditioning for cocaine 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Deadf 
Total) Total) 

None 25/25 24/25 
PCN 2/20 *** 2/20 *** 
CS-1 8/15 *** 3/15 *** 
Ethylestrenol 4/20 *** 2/20 *** 
Spironolactone 9/20 *** 2/20 *** 
Norbolethone 9/15 ** 2/15 *** 
Oxandrolone 11/15 * 5/15 *** 
Prednisolone-Ac 9/15 *** 7/15 *** 
Triamcinolone 20/20 NS 18/20 NS 
Progesteraue 15/15 NS 3/15 *** 
Estradiol 9/15 *** 5/15 *** 
DOC-Ac 15/15 NS 11/15 NS 
Hydroxydione 14/15 NS 8/15 ** 
Thyroxine 20/20 NS 20/20 NS 
Phenobarbital 0/10 *** 0/10 *** 

a The rats of all groups were given cocaine 
HCl (6 mg/100 g body weight in 1 ml water, 
i.p., on 4th day). 

b Dyskinesia was measured 30 min after 
injection and mortality listed on 5th day 
("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 
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Cocaine ~ DOC, Mouse: Aird 
B683/44* 

Codeine +--

Selye et al. G60,016f69: In rats, spirono
lactone protects against anesthesia produced 
by progesterone, DOC, hydroxydione, pregna
nedione, dehydroepiandrosterone, testoster
one, diethylstilbestrol, methyprylon, pento
barbital and ethanol. It does not signifi
cantly alter the corresponding actions of mor
phine, codeine, urethan, diazepam, chlor
promazine, reserpine, phenoxybenzamine, 
chioral hydrate, potassium bromide or MgC1 2• 

Codeine ~ Progesterone: Juchau 
et al. G40,275f66 

Colchicine +--

Clark & Barnes A33,441f40: Adrenocortical 
extract increases the resistance of intact rats to 
colchicine. 

Lettre et al. B63,159f51: In tumor-bearing 
mice colchicine-induced mortality is aggra
vated both by cortisone and by DOC. 

Table 41. Conditioning for colchicine 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Deadf 
Total) Total) 

None 19/20 13/20 
PCN 0/10 *** 0/10 *** 
CS-1 3/20 *** 1/20 *** 
Ethylestrenol 5/14 *** 5/14 NS 
Spironolactone 2/15 *** 0/15 *** 
Norbolethone 16/20 NS 10/20 NS 
Oxandrolone 10/20 *** 6/20 * 
Prednisolone-Ac 11/13 NS 11/13 NS 
Triamcinolone (2mg) 16/20 NS 17/20 NS 
Progesterone 11/20 * 9f20NS 
Estradiol (1mg) 16/20 NS 16/20 NS 
Estradiol(1 mgs.c.) 20/20 NS 19/20 .'!'. 
DOC-Ac 12/19 * 8/19 NS 
Hydroxydione 16/20 NS 8/20NS 
Thyroxine 18/19 NS 18/19 NS 
Phenobarbital 5/10 ** 1/10 ** 

a The rats of all groups were given col
chicine (0.2 mg/100 g body weight in 0.2 ml 
water, s.c., on 4th day). 

b Dyskinesia and mortality were listed on 
7th day ("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Selye G60,098f70: In rats, fatal colchicine 
poisoning was inhibited by all catatoxic 
steroids except norbolethone and, to a lesser 
extent, also by progesterone and phenobarbital, 
cf. Table 41. 

DL-Coniine +--

Selye G70,480f71: In rats, DL-coniine 
intoxication is strongly inhibited by PCN, 
prednisolone, triamcinolone and estradiol. The 
other conditioners are virtually ineffective in 
this respect, cf. Table 42. 

Table 42. Conditioning for DL-coniine 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Dead/ 
Total) Total) 

None 12/15 7/15 
PCN 2/10 *** 0/10 * 
CS-1 8/10 NS 7/10 NS 
Ethylestrenol 5/10 NS 5/10 NS 
Spironolactone 9/10 NS 7/10 NS 
Norbolethone 4/10 NS 3/10 NS 
Oxandrolone 9/10 NS 8/10 NS 
Prednisolone-Ac 1/10 *** 1/10 NS 
Triamcinolone 0/10 *** 0/10 * 
Progesterone 10/10 NS 5/10 NS 
Estradiol 0/10 *** 0/10 * 
DOC-Ac 9/10 NS 9/10 .'!'. 
Hydroxydione 10/10 NS 8/10 NS 
Thyroxine 7/10 NS 5/10 NS 
Phenobarbital 7/10 NS 5/10 NS 

a The rats of all groups were given DL
coniine HCl (5 mg/100 g body weight in 0.2 ml 
water, s.c., on 4th day). 

b Dyskinesia was estimated 2 hrs after 
injection and mortality listed 24 hrs later 
("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Copper ~ cf. also Selye G60,083f70, p. 369. 

Gregoriadis & Sourkes G72,808f70: Review 
and personal observations on the effect of 
adrenalectomy, DOC, COL and corticosterone 
upon copper metabolism. 

Croton Oil +--

Selye G70,480f71: In rats, the inflamma
tory response, as judged by exudate formation 
in granuloma pouches, was markedly inhibited 
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only by the two glucocorticoids among our 
conditioning agents, but PCN also appeared 
to cause a barely significant inhibition, cf. 
Table 43. 

Table 43. Oonditioning for croton oil 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone (2 mg) 
Progesterone 
Estradiol ( 1 mg) 
Estradiol (1 mg s.c.) 
DOC-Ac 
Hydroxydione 
Cholesterol 
Thyroxine 
Phenobarbital 

Accumulated 
Exudate (mJ)b 

4.6 ± 1.2 
1.1 ± 0.5 * 
7.5 ± 1.5 NS 
5.2 ± 0.9NS 
3.3 ± 0.7 NS 
7.4 ± 1.7 NS 
6.9 ± 1.4NS 
0.3 ± 0.1 ** 
0.2 ± 0.1 ** 
3.0 ± 0.5NS 
3.0 ± 0.5NS 
3.7 ± 0.5NS 
6.3 ± 1.9 NS 
8.1 ± 1.1 NS 
5.0 ± 1.9 NS 
6.2 ± 0.8NS 
4.1 ± 1.0 NS 

a The rats of all groups were given croton 
oil [1 ml/100 g body weight of a 1% solution 
in corn oil injected into the Iumen of a 25 ml 
air pouch under the shaved dorsal skin 
(granuloma pouch technique) on 4th day]. 

b The accumulated exudate was measured 
on 11th day (Student's t-test). 

For further details on technique of tabula
tion cf. p. VIII. 

Curare+--

Störtebecker 69,765/37: In the mouse, the 
resistance to curare, KCN or ethanol is 
particularly high during estrus and decreased 
by ovariectomy. Castrates treated with 
estrone show increased tolerance to these 
drugs. 

Störtebecker 76,398/39: Ovariectomized mice 
are unusuaily sensitive to curare, but their 
resistance is restored by estrone. 

Curare ~ Ovariectomy, Mouse: 
Störtehecker 76,398/39* 

Cyanides +--

Gellhorn 16,839/23: In mice, resistance 
against acetonitrile can be increased not only 
by thyroid extract but, to a lesser extent, by 

extracts of various other tissues, which 
augment resistance to KCN. Thyroidectomy 
and orchidectomy have an opposite effect. 

Störtebecker 69,765f37: In the mouse, the 
resistance to curare, KCN or ethanol is 
particularly high during estrus and decreased 
by ovariectomy. Castrates treated with estrone 
show increased tolerance to these drugs. 

Störtebecker 76,398/39: Ovariectomized mice 
are unusuaily sensitive to KCN intoxication, 
but their resistance is restored by estrone. 

Verne et al. B99,912f54: In rats, the toxi
city of KCN is diminished foilowing pretreat
ment by cortisone. 

KCN ~ Ovariectomy, Mouse: Stär
tehecker 76,398/39* 

Cyclohexirnide +--

Greig & Gibbons 094,626/59: Both cortisol 
and adrenal cortical extract protect the rat 
against fatal intoxication with cycloheximide. 
DOC is ineffective. 

Fiala & Fiala F70,819f65: Cycloheximide 
produces rapid loss of liver glycogen and 
adrenal ascorbic acid, with an increase in 
adrenal weight and glucocorticoid secretion 
(as manifested by thymic atrophy). "All 
these changes" [including thymus atrophy? 
(H.S.)] can be prevented by the concurrent 
administration of cortisol. lt is concluded 
"that increased adrenal function protects 
against actidione poisoning in rats." 

Selye G70,403f70; G70,480f71: In rats, 
chronic cycloheximide intoxication can be 
prevented or at least diminished by all classic 
catatoxic steroids, as weil as by progesterone 
and phenobarbital. Glucocorticoids and folli
culoids exhibit no protective action and the 
apparent protection offered by hydroxydione 
and, to a lesser extent, even by DOC and 
cholesterol requires further study, cf. Table 44. 

Selye G70,480f71: In rats, acute cyclo
heximide intoxication was prevented by all 
classic catatoxic steroids, as weil as by 
prednisolone, progesterone and phenobarbital, 
cf. Table 45. 

Cyclophospharnide +--

Deppe & Lutzmann G 14,653/64: In the rat, 
Dianabol (L1 1-17a-methyltestosterone) counter
acts the toxicity of cyclophosphamide (a 
cytostatic agent) as weil as the inhibitory 
effect of the latter upon antibody formation. 
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Table 44. Conditioning for cycloheximide 
(low dosage) 

Treatmenta Mortalityb 
(DeadfTotal) 

None 10/10 
PCN 0/10 *** 
CS-1 0/10 *** 
Ethylestrenol 8/10 *** 
Spironolactone 0/10 *** 
Norbolethone 3/10 *** 
Oxandrolone 1/10 *** 
Prednisolone-Ac 10/10 NS 
Triamcinolone (2 mg) 10/10 NS 
Progesterone 2/9 *** 
Estradiol 7f10 NS 
Estradiol (1 mg) 5f5 NS 
Estradiol (1 mg s.c.) 5/5 NS 
DOC-Ac 5/10 * 
Hydroxydione 6/10 * 
Cholesterol 6/10 * 
Thyroxine 10/10 NS 
Phenobarbital 1/9 *** 

a The rats of all groups were given cyclo-
heximide (100 [J.g/100 g body weight in 0.2 ml 
physiologic NaCl solution, s.c., twice daily 
from 4th to 6th day). 

b Mortality was listed on 8th day ("Exact 
Probability Test"). 

For further details on technique of tabu-
lation cf. p. VIII. 

Fleischer & Riedel 020,778/64: The toxic 
effect of cyclophosphamide upon hemato
poietic argans and the adrenals of the rabbit 
is aggravated by pretreatment with predni
solone. 

Lutzmann & Schmidt F57,784f65: In rats, 
A'-17a-methyltestosterone failed to prevent 
the antimitotic effect of cyclophosphamide or 
mitomycin upon Jensen sarcomas. 

Hayakawa et al. G64,146f69: Cyclophos
phamide is a latent alkylating agent which is 
almost inactive in vitro but is activated by 
the liver of the rat in vivo. Addition of pred
nisolone to liver slices inhibits cyclophospha
mide activation. A similar inhibition of cyclo
phosphamide activation by prednisolone can 
be obtained in vivo as judged by the blood 
Ievel of its metabolites. It is assumed that 
prednisolone hydroxylation and cyclophos
phamide activation compete for the NADPH2-

dependent drug-metabolizing enzyme system. 

Table 45. Conditioning for cycloheximide 
(high dosage) 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Deadf 
Total) Total) 

None 8/10 7/10 
PCN 0/10 *** 0/10 *** 
CS-1 0/10 *** 0/10 *** 
Ethylestrenol 0/10 *** 0/10 *** 
Spironolactone 0/10 *** 0/10 *** 
Norbolethone 3/10 * 1/10 ** 
Oxandrolone OJ10 *** 2/10 * 
Prednisolone-Ac 2/10 * 1/10 ** 
Triamcinolone (2 mg) 9/10 NS 9/10 NS 
Progesteraue OJ10 *** 2/10 * 
Estradiol ( 1 mg) 10/10 NS 10/10 NS 
Estradiol ( 1 mg s.c.) 10/10 NS 9/10 NS 
DOC-Ac 2/10 * 3/10 NS 
Hydroxydione 6/10 NS 5/10 NS 
Thyroxine 9/10 NS 10/10 NS 
Phenobarbital 0/9 *** 0/9 *** 

a The rats of all groups were given cyclo-
heximide (800 [Lg/100 g body weight in 1 ml 
water, p.o., on 4th day). 

b Dyskinesia was estimated 24 hrs after 
injection and mortality listed Oll 5th day 
("Exact Probability Test"). 

For further details on technique of tabu-
lation cf. p. VIII. 

Selye G70,466f70: In rats, cyclophospha
mide intoxication (including the characteristic 
changes in the hemopoietic tissue and the 
body weight lass) was inhibited by all cata
toxic steroids, except oxandrolone. Progester
aue diminished mortality without affecting the 
weight lass, whereas the glucocorticoids, 
estradiol and thyroxine, aggravated the weight 
loss, but failed to influence mortality, cf. 
Table46. 

Cyclopropane +--

Chase & Saidman H 35,774/71: In rats, pre
treatment with spironolactone shortens the 
anesthetic effect of DOC but does not alter the 
minimum alveolar concentration of cyclopro
pane required to prevent movement in response 
to a painful stimulus. "It is suggested that cen
tral nervaus system responsiveness is unaltered 
by spironolactone and that the reduction in 
potency of systemically administered sedatives 
in rats following spironolactone pretreatment 
may be a reflection of induction of drug me
tabolizing enzymes." 
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Fig. 4 (A + B). Protection by catatoxic steroids against cyclophosphamide. All animals received the 
same cyclophosphamide treatment. A: Ethylestrenol fails to prevent the characteristic swelling, 

hemorrhage and necrosis of the lips. B: PCN offers complete protection. 

Table 46. Conditioning for cyclophosphamide 

Treatmenta Final Mortalityc 
body weightb (Deadf 
(g) Total) 

None 101 ± 2 10/10 
PCN 140±4*** 0/10 *** 
CS-1 134 ± 3 *** Of10 *** 
Ethylestrenol 113 ± 2 ** 9/10 NS 
Spironolactone 123 ± 4 *** 0/10 *** 
Norbolethone 117 ± 2 *** 9/10 NS 
Oxandrolone 99 ± 3NS 10/10 NS 
Prednisolone-Ac 74±1~ 10/10 NS 
Triamcinolone 62±2~ 10/10 NS 
Progesterone 103 ± 2NS 3/10 *** 
Estradiol 80±3~ 10/10 NS 
DOC-Ac 95 ± 3NS 10/10 NS 
Hydroxydione 95 ± 2NS 10/10 NS 
Thyroxine 91 ± 3.! 10/10 NS 
Phenobarbital 107 ± 4NS 9/10 NS 

a The rats of all groups were given cyclo
phosphamide (10 mg/100 g body weight in 
0.4 ml water, s.c., daily from 4th day ff.). 

b Student's t-test. 
c Mortality Iisted on 15th day (" Exact 

Probability Test"). 
For further details on technique of tabu

lation cf. p. VIII. 

DDD+--

Brown et al. C37,523f57: The adrenal 
darnage produced by DDD in the dog is not 
prevented by cortisone. 

Cueto Jr. G72,544f70: In dogs, o,p'DDD 
produces a selective glucocorticoid deficiency 

15 Selye, Hormones and Resistance 

due to its damaging effect upon the fasciculata 
and reticularis of the adrenal. Epinephrine 
and norepinephrine produce hypotensive fai
lure in DDD-treated dogs presumably as the 
consequence of their stressor action. Predniso
lone largely restores the resistance of the 
DDD-treated animals. 

DexaTnphetaTnine +-

Blackham & Spencer G76,30lf69: In female 
mice, pretreatment with Iynestrenol (a luteoid) 
reduced the hyperthermia induced by dexam
phetamine, whereas mestranol (a folliculoid) 
increased it. Fencamfamine (also a CNS
stimulant) failed to induce hyperthermia in 
control or Iynestrenol pretreated mice but did 
raise the temperature after mestranol pretreat
ment. The potentiating effect of mestranol 
could be mimicked by pretreatment with 
nialamide (a MAO-inhibitor) but not by SKF 
525-A. Increased Iocomotor activity induced by 
dexamphetamine and fencamfamine was en
hanced by mestranol and reduced by lynestre
nol. Dopamine, norepinephrine and 5-HT Ievels 
in the brain were reduced by Iynestrenol and 
5-HT was increased by mestranol. "If the 
actions of dcxamphetamine (and fencamfamin) 
are due predominantly to the release of endo
genous amines, then an increase (with Iynestre
nol) or a decrease (with mestranol) of tissue 
MAO activity should change the potency of 
these two stimulant drugs." 

Dextroamphetamine ~ Mestranol, 
Lynestrenol + Crowding, Mouse: 
Blackham et al. G76,301f69* 
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Fig. 4 (C-F). C: Ethylestrenol fails to prevent the development of necrotizing myocarditis (light 
areas near the base of the heart) and fibrinous pericarditis characteristic of cyclophosphamide 
intoxication. The virtually complete atrophy of the thymus reflects the intense stress reaction 
which was associated with pronounced adrenocortical enlargement. The thymic lymph nodes (as 
those in other parts of the body) are hemorrhagic. D: Complete prevention of cardiac lesions by 
PCN. The thymus is normally developed. E: Numerous microbial colonies in myocardium andin 
the fibrinous pericardial covering. Complete absence of leukocytes, presumably secondary to 
cyclophosphamide.induced destruction of hemopoietic tissues. Multiple myocardial necroses. 

F: PCN prevents all these lesions. PAS X 60. 
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Fig. 4 (G + H). G: In rat given cyclophosphamide alone, the bone marrow consists virtually only 
of gelatinous connective tissue. H: CS-1 offers virtually complete protection to the hone marrow. 

PASx60 

J 

Fig. 4 (I + J). I: Cyclophosphamide causes enlargement of the glomerulosa (between arrows) which 
is heavily laden with PAS positive granules. J: PCN prevents this change. PASx 170. [Selye 

G70,466j70. Courtesy of Virchows Arch. Abt. A pathol. Anat.] 

15• 
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DHT +-- cf. Vitamin D 

Diazepam +-- cf. Chlordiazepoxide 

Diethylnitrosamine +--

Boquoi & Kreuzer F82,383f65: In the rat, 
the hepatic cirrhosis produced by diethyl
nitrosamine was not significantly influenced 
by progesterone. Estradiol aggravated the 
liver lesions and accelerated mortality before 
hepatomas could develop. 

Digitalis <- cf. also Selye G60,083f70, 
pp. 369, 381, 385, 491, 492, 494. 

RAT 

Kupperman & de Graf! B47,267f50: In rats, 
the ECG di&turbances caused by ouabain or 
digitoxin i.v. are aggravated by adrenalec
tomy, and diminished by DOC. 

Holck & Kimura D99,625f51: One month 
old rats of both sexes are equally sensitive to 
ouabain. Adult female rats are more resistant 
to ouabain than males but the difference does 
not become evident before 2-4 months of age. 
Rats rapidly become resistant to ouabain, 
and upon repeated injections, the sex differ
ence tends to disappear. Castration does not 
alter the sex difference in ouabain resistance 
significantly in either sex. "However, in case 
of pentobarbitalized rats the usual higher fe
male resistance was plainly seen and spaying 
definitely decreased the number of injections 
required to cause death." 

Schatzmann 073,682/59: "Corticosterone 
was shown to have an inhibitory effect on the 
contraction caused by a cardiac glycoside 
(g-Strophanthin = Ouabain) in isolated strips 
of rat aorta. It could be demonstrated that 
over a tenfold concentration range of Ouabain, 
the kinetics of this antagonism are in accord 
with the assumption of a competitive inhi
bition." 

Sulser et al. D96,543f59: In adrenalecto
mized rats, K-strophanthin increases Na and K 
excretion and this effect is prevented by DOC. 
In intact rats, K-strophanthin causes Na 
retention; yet, K excretion is augmented as 
it is after adrenalectomy. 

Bouyard & Klein D69,070f63: Betame
thasone aggravates the neuromotor disturr
ances produced in the rat by strophanthin-G. 

Savoie et al. G60,080f69: In rats, the in
farctoid cardiopathy produced by digitoxin + 
Na2HP04 + corn oil is prevented by spirono
lactone. This protection is ascribed in part to 

the potassium-sparing and in part to the 
catatoxic action of the steroid. 

Selye et al. G46,800f69; Savoie et al. 
G60,028f69: Spironolactone protects the rat 
against the myocardial necroses produced by 
digitoxin + Na2HP04 + corn oil. The asso
ciated neuromuscular disturbances are also 
prevented. Neither amiloride nor KCl prevent 
the convulsions; hence, presumably, spirono
lactone does not act through K-retention. 

Selye G60,003f69: In rats, spironolactone 
prevents acute digitoxin poisoning even after 
bilateral nephrectomy. 

Selye et al. G60,042f69: In the rat, both 
spironolactone and norbolethone inhibit the 
toxic effects of digitoxin, gitalin, proscillari
din, digoxin and digitalin. The corresponding 
effects of strophanthin K, ouabain and 
digitoxigenin were not prevented. 

Selye et al. G60,050f70: Spironolactone, 
spiroxasone, SC-5233, SC-8109, CS-1, aldadiene 
and aldadiene-kalium (SC-14266), like norbo
lethone, protect the rat against convulsions 
induced by digitoxin. 

Selye G70,421f70; G70,480f71: In rats, 
fatal digitoxin convulsions are readily preven
ted by all classic catatoxic steroids and, to 
a lesser extent, also by prednisolone, progeste
rone and hydroxydione. All other standard 
conditioning agents of our series, including 
phenobarbital, proved to be completely in
effective in combating digitoxin poisoning cf. 
Table 47, p. 230. 

Selye G60,064f70: In rats, the mortality 
associated with the cardiac necroses produced 
by digitoxin + Na 2HP04 + corn oil was ex
cellently prevented by all classic catatoxic ste
roids as weil as by progesterone and, to a much 
lesser extent, by phenobarbital. The prevention 
of the macroscopically visible cardiac necroses 
themselves followed a similar pattern but was 
much less constant cf. Table 48, p. 230. 

Selye G70,428f70: In rats, ethylestrenol 
powerfully inhibits the toxicity of digitoxin, 
nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
cyclopental, thiopental, DOC (anesthesia), 
meprobamate and picrotoxin. Thyroxine in
creases the toxicity of many among these drugs 
and inhibits the protective effect of ethyl
estrenol. 

Solymoss et al. G70,441f70: In rats, spiro
nolactone or oxandrolone given for as long as 
two months, continues to exhibit a protective 
effect against fatal doses of digitoxin or indo
methacin. Upon withdrawal of the catatoxic 
steroids, continued administration of digitoxin 
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A B 

Fig. 5. Prevention by CS-1 of the cardiopathy produced by digitoxin + NazHP04 + corn oil. Allrats 
received the same treatment with digitoxin + Na2HP04 + corn oil p.o. A: Macroscopic appear
ance of the extensive myocardial necroses (light areas) in a control rat. B: Similarly-treated rat 
in which the cardiac lesions were completely prevented by CS). C: Cross-section through the 
ventricles of the heart showing the mildest degree of the digitoxin cardiopathy. in this case 
limited to the apical region (von K6ssa X 6.5). D: Severe digitalis lesions in the apex of another 
myocardium under higher magnification (von K6ssax170). [Selye G60,064f70. Courtesy of J. 

molec. cell. Cardiol.] 
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Table 47. Conditioning for digitoxin 

Treatmenta Convulsionsb Mortalityb 
(Positive/ (Deadf 
Total) Total) 

None 9/10 10/10 
PCNC 0/10 *** 0/10 *** 
CS-1 0/10 *** 0/10 *** 
Ethylestrenol 0/10 *** 0/10 *** 
Spironolactone 0/10 *** 0/10 *** 
Norbolethone 1/15 *** 0/15 *** 
Oxandrolone 0/10 *** 0/10 *** 
Prednisolone-Ac 0/10 *** 5/10 * 
Triamcinolone (2 mg) 6/10 NS 9/10 NS 
Progesterone 4/10 * 4/10 ** 
Estradiol 10/10 NS 10/10 NS 
Estradiol (1 mg) 10/10 NS 10/10 NS 
Estradiol ( 1 mg s.c.) 10/10 NS 10/10 NS 
DOC-Ac 5/8 NS 5/8 NS 
Hydroxydione 2/10 *** 3/10 *** 
Thyroxine 10/10 NS 10/10 NS 
Phenobarbitaic 10/10 NS 9/10 NS 

a The rats of all groups were given digi
toxin (1 mg/100 g body weight in 1 ml water 
p.o., daily on 5th day ff.). 

b The convulsions were estimated on 7th 
day and mortality listedon10th day ("Exact 
Probability Test"). 

c The groups pretreated with PCN and 
phenobarbital (from 1st day until 5th day 
a.m.) received digitoxin (2 mg in 1 ml water 
p.o., on 4th and 5th day). 

For additional pertinent data cf. also 
Table 135. 

For further details on technique of tabu
lation cf. p. VIII. 

or indomethacin is rapidly fatal. The plasma 
concentration of digitoxin and indomethacin 
is diminished during the catatoxic steroid 
administration. 

Solymoss et al. G70,46lf70: In rats, spiro
nolactone, norbolethone and ethylestrenol 
pretreatment aceeierate the disappearance rate 
of digitoxin from serum in proportion to the 
inhibition of the convulsions. Partial hepa
tectomy reduces digitoxin elimination. The 
action of spironolactone is blocked by SKF 
525-A. 

Solymoss et al. G70,463f70: In rats, pre
treatment with spironolactone, norbolethone 
or ethylestrenol accelerated the plasma clear
ance of digitoxin, in proportlon to the in vivo 
protective effect of these catatoxic steroids. 

Table 48. Conditioning for 
digitoxin + Na2HP04 + corn oil 

Treatmenta Cardiac Mortalityb 
Necrosisb (Deadf 
(Positive/ Total) 
Total) 

None 6/10 10/10 
PCN 2/10NS 0/10 *** 
CS-1 0/10 ** 0/10 *** 
Ethylestrenol 1/10 * 0/10 *** 
Spironolactone 1/10 * 0/10 *** 
Norbolethone 0/10 ** 0/10 *** 
Oxandrolone 2/9 NS 1/10 *** 
Prednisolone-Ac 4/10NS 10/10 NS 
Triamcinolone 4/8 NS 10/10 NS 
Progesterone 1/9 * 2/9 *** 
Estradiol 2/10 NS 10/10 NS 
DOC-Ac 4/9 NS 8/9 NS 
Hydroxydione 2/10NS 7/10 NS 
Thyroxine 2/10NS 9/10 NS 
Phenobarbital 2/10 NS 5/10 * 

a The rats of all groups were given digi
toxin [0.4 mg in 2 ml water mixed with 
Na2HP04 (1 mM per rat)] and corn oil (1 ml, 
p.o., twice daily from 4th day ff.). 

b Cardiac necrosis was estimated on day 
of death in animals that lived at least 6 days 
and mortality listed on 9th day ("Exact 
Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Partial hepatectomy reduces digitoxin clear
ance. The effect of spironolactone is suppressed 
by SKF 525-A and cycloheximide. 

Solymoss G70,484f70: In rats, the plasma 
clearance of digitoxin is accelerated by spiro
nolactone, norbolethone, and ethylestrenol in 
doses that protect against the toxicity of the 
alkaloid in vivo. On the other hand, partial 
hepatectomy reduces digitoxin plasma clear
ance and increases the severity of the con
vulsions. The protective action of the steroids 
is suppressed by SKF 525-A and cyclo
heximide. 

Selye G70,480f71: In the rat, comparative 
studies with 59 steroid nitriles indicate that 
the highest antidigitoxin and anti-indomethacin 
is exhibited by 16a-carbonitrile. All11 steroids 
of this series which possessed a 16a-carboni
trile group were endowed with this type of 
protective activity. Most active among them 
were: PCN, its acetate, 20,20(ethylenedioxy)-
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3ß- hydroxypregn- 5- ene -16a- carbonitrile (U-
19553), 3ß-hydroxy-7 ,20-dioxopregn-5-ene-16a
carbonitrile acetate (SC-6703), 3ß-hydroxy-
7,20- dioxopregn- 5- ene -16a- carbonitrile (SC-
6813), 3,3-(ethylenedioxy)-11,20-dioxopregn-5-
ene-16a-carbonitrile (U-35006), 3,3,20,20-BiB
(ethylenedioxy) -11-oxopregn-5 -ene-16a-carbo
nitrile (U-35910), 3ß-Hydroxy-20-oxopregn-5-
ene-16a-carbonitrile acetate (U-34889), 3ß
hydroxy -20,20-ethy lendioxypregn -5-ene-16a
carbonitrile acetate. Certain 2a-carbonitriles 
(and 2-ene-3a-carbonitriles) were also effective 
but to a lesser degree. Steroids with carboni
triles in other positions of the nucleus or side 
chains were not effective. In this series only a 
few steroids devoid of -CN groups showed any 
significant antidigitoxin and anti-indomethacin 
effect. Among these one was a 16ß-carboxylic 
acid, the other a 4-aza steroid. Mestranol 
protected against indomethacin but not 
against digitoxin. Among the carbonitriles, 
in general the same tendency was noted at 
low doses where anti-indomethacin effect 
exceeded the antidigitoxin action. 

Szabo et al. G79,024f71: In rats, PCN in
creases resistance to indomethacin, hexobarbi
tal, progesterone, zoxazolamine and digitoxin, 
both in the presence and in the absence of the 
pituitary. Hypophysectomy also fails to pre
vent the induction of SER proliferation in the 
hepatocytes. 

Selye P ROT.17663: In rats, spironolactone 
given simultaneously with digitoxin has little, 
if any, protective effect. Pretreatment for 
24 hrs is moderately effective, whereas after 
48-96 hrs of spironolactone treatment, 
digitoxin toxicity is completely abolished. 

Selye P ROT.18125: In rats pretreated with 
10 mg of spironolactone, the antidigitoxin 
effect remains obvious for about 5 days after 
discontinuation of treatment, but its efficacy 
in inhibiting convulsions rapidly diminishes 
during thiB time. 

Selye PROT. 20023: In rats, spironolac
tone (10 mg x2fday p.o.) protects against as 
much as 2 mg of digitoxinfday p.o., whereas 
the same dose of norbolethone protects even. 
against 5 mg of digitoxin. 

Selye P ROT. 20049: In rats, the inhibition 
of digitoxin poisoning by spironolactone can 
be blocked by high doses of estradiol and ap
parently to some extent also by progesterone, 
whereas DOC, cortisol, methylandrostenediol, 
methyltestosterone, pregnanedione, pregneno
lone and testosterone do not interfere with this 
type of protection, cf. Table 49. 

Selye PROT. 34038,34405: In rats of 
different age groups, the antidigitoxin effect 
of PCN is essentially the same if adminiBtered 
at dose Ievels adjusted to body weight, cf. 
Table 50. 

Table 49. Effect of various steroids upon the antidigitoxin effect of spironolactone 

Groups 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Treatmenta. 

Control (Digitoxin only) 
Control 
DOC 
Progesterene 
Estradiol 10 mg 
Estradiol100 fLg 
Cortisol 
Methylandrostenediol 
Methyltestm.terone 
Pregnanedione 
Pregnenolone 
Testosterone 

Digitoxin + 
Spironolactone 

Convulsionsb 
(Positive/ 
Total) 

15/15 *** 
0/15 
1/14 NS 
8/14 ** 

10/15 *** 
6/15 * 
1/15 NS 
Of15NS 
Of15NS 
3/15 NS 
1/15 NS 
0/15 NS 

Mortalityb 
(Deadf 
Total) 

15/15 *** 
0/15 
3/14NS 
6/14 * 

11/15 *** 
5/15 * 
0/15 NS 
0/15 NS 
0/15 NS 
2/15 NS 
1/15 NS 
0/15 NS 

a. The rats of all groups received digitoxin 1 mg in 1 ml water, p.o.fday, 3rd day ff. and those 
of groups 2-12 were given in addition spironolactone 2 mg in 1 ml water, p.o. x2fday, 1st day ff. 
Various steroids 10 mg (except group 6 which received 100 fLg) in 1 ml water, p.o. x2fday, 1st day ff. 

b Convulsions listedon6th day and mortality on 8th day. (Statistics: Chi-squaretest compared 
to group 2.) 

For further details on technique of tabulation cf. p. VIII. 
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Table 50. Cmnparison of antidigitoxin effect 
of PCN in rats of different ages 

Body 
weighta 
(g) 

50 
100 
200 
300 

Convulsionsb 
(Positive/Total) 
Con- PCN 
trol 

8/8 
10/10 
10/10 
10/10 

Of10 *** 
1/10 *** 
2/10 *** 
0/10 *** 

Mortalityb 
(DeadfTotal) 
Con- PCN 
trol 

8/8 
6/10 
7/10 

10/10 

1/10 *** 
1/10 * 
0/10 *** 
0/10 *** 

a The rats of all groups were given digi
toxin 2 mg in 1 ml water, p.o. 4th and 5th day. 
The groups so designated received PCN 0.2 mg 
in 1 ml water, p.o. x2fday, from the 1st day 
up to 4th day and once on the 5th day. Doses 
per 100 g body weight. 

b The severity of the convulsions was 
estimated on the 7th day and mortality was 
listed on the 9th day. (Statistics: Fisher & 
Yates.) 

For further details on technique of tabu
lation cf. p. VIII. 

Selye P ROT. 25766: In rats, the blockade 
by spironolactone of indomethacin or digitoxin 
poisoning is abolished if metyrapone is ad
ministered simultaneously with the conditioner, 
cf. Table 51. 

Selye P ROT. 42269: In rats chronically poi
soned with digitoxin (0.5-1.0 mg, p.o.fday) or 
indomethacin (0.75 mg, s.c.fday), the adminis
tration of PCN (1 mg x2fday, p.o., beginning 
on the 3rd or 4th day of treatment with the 

toxicants), when clinical signs of poisoning 
were already evident, caused these to disappear 
and permitted survival, whereas the controls 
receiving no PCN invariably died. These ex
periments show that, although presumably the 
protective effect of PCN against digitoxin and 
indomethacin depends upon the induction of 
drug-metabolizing enzymes, the steroid can act 
not only prophylactically but also curatively, 
if the intoxication is sufficiently slow to permit 
effective enzyme induction in time. 

DoG 

Grinnell & Smith 031,428/57: On the basis 
of studies in dogs treated with estrone, estra
diol or diethylstilbestrol, it is concluded that 
folliculoids protect against the induction of 
cardiac arrhythmia by digoxin. "Male dogs and 
castrate female dogs have been found to be 
highly sensitive to toxic manifestations of a 
cardiac glycoside on cardiac rhythm, in compa
rison with normal females in anestrus, or 
castrate females treated with estrogenic 
substance. A high degree of resistance to 
toxicity of digoxin was exhibited by the 3 
normal females in natural estrus which were 
available." 

Grinnell et al. D10,545f61: In ovariecto
mized dogs, various folliculoids increase 
resistance to the production of ECG changes 
by digoxin. 

Shafer & Adicoff G80,179f70: In dogs, tetra
hydrofurfuryl alcohol (THF A), despite its re
semblance to the Iactone moiety of digoxin, 
offers no protection against the latter com-

Table 51. Effect of metyrapone upon the blockade of indmnethacin and digitoxin toxicity by spironolactone 

Group Treatment" Digitoxin Indomethacin 
Convulsions b Mortalityb Intestinal ulcers b Mortalityb 
(Positive/Total) (Dead/Total) (Positive/Total) (DeadfTotal) 

1 None 15/15 14/15 15/15 13/15 
2 Spironolactone 0/15 *** 0/15 *** 0/15 *** 0/15 *** 
3 Metyrapone 14/15NS 14/15NS 13/15NS 7/15 * 
4 Metyrapone + 11/15 *** 10/15:!.:!. 10/10 !_!.! 2/10NS 

Spironalatcone 

3 The rats of all groups received indomethacin 1 mg in 0.2 ml water, s.c., or digitoxin 1 mg in 
1 ml water p.o., once daily from the 4th day; spironolactone 2 mg in 1 ml water p.o., twice daily 
from the 1st day; metyrapone 6 mg in 0.1 ml oil, i.p., the 4th and 5th days and 12 mg daily from 
the 6th day 30 min. before indomethacin or digitoxin administration. 

b The severity of convulsions was estimated on 7th day; intestinal ulcers were appraised on 
day of death (but only in animals which survived at least 6 days), and mortality was listed on 
9th day. (Statistics Fisher & Yates; groups 2 and 3 compared with group 1, group 4 compared 
with group 2). 



+- Steroids 233 

Fig. 6. Prevention of digitoxin convulsions by spironolactone. All four rats were given 2 mg of digi
toxin p.o., but only D was pretreated with spironolactone and thereby protected against digitoxin 

convulsions 

pound in vivo. The authors emphasize that 
despite these "negative results, the develop
ment of a specific nontoxic pharmacological 
antagonist to digitalis would be of major clin
ica! importance." [These investigators appear 
to be unaware of the inhibition of digitalis 
toxicity by spironolactone (H.S.).] 

FROG 

Von Metzler & Hergott B63,494f51: In 
frogs, induction of Iethai cardiac arrest by 
strophanthin is delayed by simultaneaus 
treatment with DOC. This may reflect a true 
antagonism or merely a delay in absorption. 

Wilbrandt & Weiss C88,230j60: Review of 
the Iiterature on the antagonisms between 
cardiac glycosides and corticoids. Personal 
investigations showed that the electric po
tential Iowering effect of K-strophanthin in 
frog's skin can be inhibited by aldosterone 
and DOC, but only if the corticoids are 
administered in vivo. 

GUINEA PIG 

Lindner & Stoklaska C35,550j56: In guinea 
pigs, chronic intoxication with digitoxin is 
moderately counteracted by chronic treat
ment with cortisone but pretreatment with 

cortisone offers no protection against subse
quent acute digitoxin poisoning. Chronic 
pretreatment with sublethal doses of digitoxin 
diminishes resistance to subsequent i.v. 
injection of a higher dose, presumably owing 
to the cumulative effect of the alkaloid. 

Godfraind & Godfraind-De Becker D45,080f 
61: The contractions of the guinea pig ilium 
produced in vitro by various digitalis alkaloids 
is competitively inhibited by DOC. 

MousE 

Holck & Kimura 84,604/44: Fernale mice 
are more resistant to ouabain than males but 
resistance to strophanthin K is the same in 
both sexes. Ovariectomy, orchidectomy and 
treatment with "estrogenic hormones" pro
duced inconsistent changes in ouabain resist 
ance. 

Selye P ROT. 27594, 28284, 29742, 29751: 
In mice, digitoxin poisoning is inhibited by 
CS-1, spironolactone, norbolethone, oxandro
lone, prednisolone, progesterone and thyroxine. 
Ethylestrenol, triamcinolone, DOC, hydroxy
dione and estradiol are ineffective. 

CAT 

Pozo & Negrete B68,183j52: On skeletal 
muscles of the cat, cortisone " produced a 
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very marked potentiation of the effects of 
digitalis." 

HAMSTER 

Szabo et al. G79,013j71: In hamsters, spi
ronolactone and ethylestrenol pretreatment 
prevents digitoxin convulsions and indometha
cin·induced intestinal ulcers. 

VARIA 

Selye et al. G60,023f69: Among numerous 
steroids tested, all anabolic testoids inhibited 
digitoxin toxicity. However, spironolactone 
was likewise highly effective in this respect 
although it is devoid of both anabolic and 
testoid potency. Apparently, anabolic potency 
endows steroids with antidigitoxin properlies 
but is not indispensable for them. (Literature 
on catatoxic actions of spironolactone and ana
bolic steroids). 

Diisopropyl Fluorophosphate (DFP) +--

Fontan et al. F 55,419/65: Pretreatment with 
spironolactone protects the mouse against 
Iethai DFP intoxication. When spironolactone 
is given simultaneously with or after DFP, a 
protection is still dernonstrahle but less evi
dent. 

Fontan et al. F98,752f68: Spironolactone, 
phanurane, aldosterone and dexamethasone, 
despite their different pharmacologic actions 
protect the mouse against DFP-intoxication, 
a fact which is ascribed to their common 
posse&sion of the cyclopentanophenantrene 
nucleus. Triamterene, whose renal action 
resembles that of the antimineralocorticoids 
does not protect against DFP. [No other 
steroids have been tested to verify whether the 
protective effect is common to all compounds 
possessing the cyclopentanophenantrene nu
clem, (H.S.).] 

Selye G70,480f71: In rats, most catatoxic 
steroids offered some protection against 
"DFP" intoxication, but their prophylactic 
effect was not as striking as against other 
anticholinesterases, perhaps because in this 
experiment, the intoxication of the controls 
was not sufficiently severe to reveal a major 
protective effect, cf. Table 52. 

Dimercaprol +--

Selye G70,480j71: In rats, dimercaprol 
"BAL" (0.2 ml/100 g body weight of a 5% 
solution in corn oil) was administered s.c. once 
on the 4th day of conditioning. Dyskinesia was 
listed 4 hrs, mortality 24 hrs, after injection. 
Under these circumstances none of the 

"Standard Conditioners" (p. VIII) or cholesterol 
caused any noteworthy change in the resulting 
intoxication. Hydroxydione and phenobarbital 
were not tested. 

Table 52. Oonditioning for "DF P" 
Treatmenta Dyskinesiab Mortalityb 

(Positive/ (Deadj 
Total) Total) 

None 5/10 1/10 
PCN 8/10 NS 0/10 NS 
cs.1 0/9 * 0/9 NS 
Ethylestrenol 0/10 * 0/10 NS 
Spironolactone 0/10 * 0/10 NS 
Norbolethone 3/10 NS 1/10 NS 
Oxandrolone 1/10 NS 0/10 NS 
Prednisolone-Ac 0/10 * 0/10 NS 
Triamcinolone(2mg) 1/10 NS 1/10 NS 
Progesterone 4/10 NS 2/10 NS 
Estradiol(1mg) 2/9 NS 1/9 NS 
Estradiol(1mgs.c.) 5/10 NS 0/10 NS 
DOC-Ac 5/10 NS 2/10 NS 
Hydroxydione 2/10 NS 1/10 NS 
Thyroxine 3/10 NS 3/10 NS 
Phenobarbital 4/10 NS 0/10 NS 

a The rats of all groups were given diiso
propyl fluorophosphate, "DFP" (250 !J.g/100 g 
body weight in 0.2 ml corn oil s.c. once on 
4th day). 

b Dyskinesia was estimated on 5th day and 
mortality listed on 6th day ("Exact Proba
bility Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Dinitrophenol +--

Selye PROT. 27780: In rats, dinitrophenol 
(3.2 mg/100 g body weight in 0.2 ml DMSO) 
was administered s.c. once on 4th day of 
conditioning. Dyskinesia was listed 1 hr, 
mortality 24 hrs, after this injection. Under 
these circumstances none of the "Standard 
Conditioners" (p. VIII) or cholesterol caused 
any noteworthy change in the resulting 
intoxication, only thyroxine exhibited an 
aggravating effect. Hydroxydione and pheno
barbital were not tested. 

Dioxathion +-- cf. Pesticides 

Diphenylhydantoin +--

Fingl et al. D38,091j52: In rats, chronic 
administration of phenobarbital or diphenyl
hydantoin diminishes the brain hyperexcitabi
lity induced by cortisone as judged by electro
shock-seizure threshold measurements. 
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Rümke & Noordhoek H 14,039/69: Lyne
strenol (a luteoid) decreases the hexobarbital 
sleeping time and diminishes the anticonvulsant 
effect of phenobarbital and diphenylhydantoin 
by acceleration of their metabolisms through 
the hepatic microsomal enzymes. 

Blackham & Spencer G73,813f70: In mice, 
lynestrenol reduced, whereas mestranol or 
SKF 525-A increased the anticonvulsive effect 
(tested with electroshock) of diphenylhydan
toin, phenobarbital, chlordiazepoxide and 
diazepam administered i.p. after five days of 
pretreatment. This may be due to altered 
microsomal drug metabolism but since mestra
nol and lynestrenol have opposite effects upon 
brain 5-HT concentrations, the latter mecha
nism must also be considered. 

Selye P ROT. 37772: In rats, moderate 
intoxication with diphenylhydantoin was pre
vented by CS-1 and spironolactone, whereas 
prednisolone and triamcinolone considerably 
aggravated its intensity. The effect of the 
other standard conditioners was less clear-cut, 
cf. Table 53. 

Table 53. Conditioning for diphenylhydantoin 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Dead/ 
Total) Total) 

None 6/15 0/15 
PCN 7/10 NS 0/10 NS 
CS-1 0/10 * 0/10 NS 
Ethylestrenol 1/10 NS 0/10 NS 
Spironolactone 0/9 * 0/9 NS 
Norbolethone 2/10 NS 0/10 NS 
Oxandrolone 2/10 NS 0/10 NS 
Prednisolone-Ac 10/10 *** 0/10 NS 
Triamcinolone(2mg) 10/10 *** 3/10 NS 
Progesterone 4/9 NS 0/9 NS 
Estradiol ( 1 mg) 5/10 NS 0/10 NS 
DOC-Ac 5/10 NS 0/10 NS 
Hydroxydione 8/10 NS 0/10 NS 
Cholesterol 3/5 NS 0/5 NS 
Thyroxine 9/10 '!:. 0/10 NS 
Phenobarbital 0/10 * 0/10 NS 

a The rats of all groups were given diphe
nylhydantoin (30 mg/100 g body weight in 
1 ml water, i.p., on 4th day). 

b Dyskinesia was estimated 3 hrs after 
injection and mortality listed on 4th day 
p.m. ("Exact Probability Test"). 

For additional pertinent data cf. Table 135. 
For further details on technique of tabu

lation cf. p. VIII. 

Diphenylhydantoin ~ Mestranol, 
Lynestrenol + SKF 525-A, Mouse: 
Blackham et al. G73,813f70* 

Diphosphopyridine Nucleotide (DPN) +--

Haydu & Wolfsan 077,942/59: In mice, 
the toxicity of DPN is increased by exposure 
to either cold or heat; the effect of tempera
ture extremes is further aggravated by cor
tisone. 

Dipicrylamine +--

Selye G70,480f71: In rats, dipicrylamine 
intoxication is prevented by PCN and CS-1, 
but not by any of the other standard condition
ing agents. Triamcinolone and thyroxine 
increase the mortality, cf. Table 54. 

Table 54. Conditioning for dipicrylamine 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Deadf 
Total) Total) 

None 17/20 7/20 
PCN 0/10 *** 0/10 * 
CS-1 1/10 *** 0/10 * 
Ethylestrenol 14/20 NS 3/20 NS 
Spironolactone 13/20 NS 3f20NS 
Norbolethone 7/10 NS 3/10 NS 
Oxandrolone 5/10 NS 2/10 NS 
Prednisolone-Ac 5/10 NS 2/10 NS 
Triamcinolone 14/15 NS 14/15 *** 
Progesterone 7/10 NS 5/10 NS 
Estradiol 8/10 NS 2/10 NS 
DOC-Ac 7f10NS 5/10 NS 
Hydroxydione 7/10 NS 4/10 NS 
Thyroxine 15/15 NS 14/15 *** 
Phenobarbital 5/10 NS 1/10 NS 

a The rats of all groups were given dipi
crylamine (10 mg on 4th day, 15 mg on 5th 
day, /100 g body weight in 0.2 ml DMSO, s.o.). 

b Dyskinesia was estimated on 5th day 
2 hrs after injection and mortality listed 
24 hrs later ("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Disulfiram +-- cf. also Pharmacology 
(Inhibitors) 

Lecoq B79,754f51: In rabbits, injection of 
disulfiram + ethanol or of Na-pyruvate pro
duces essentially the same syndrome of intoxi
cation, since pyruvic acid is the principal 
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metabolite of ethanol after pretreatment with 
disulfiram. In either case, ACTH and cortisone 
offer little, if any, protective effect. 

Lecoq et al. B66,406f51: In rats, the toxic 
effects of ethanol and its metabolites, pyruvate 
and acetaldehyde (which accumulate in the 
body under the influence of disulfiram) are 
inhibited by ACTH, cortisone, and hepatic 
extracts. Conversely, thyroxine, DOC, and 
testosterone appear to aggravate ethanol 
intoxication. [Statistically evaluated data are 
not presented (H.S.).] 

DMP +-- cf. Phosphorothioates 

Doxepin +--

Selye P ROT. 40821: In rats, doxepin hydro
chloride (20 mg/100 g body weight in 1 ml 
water) was administered p.o. twice daily from 
the 4th day of conditioning to the 9th day. 
Dyskinesia was estimated on the 8th day one 
hour after the last injection, mortality listed 
on the 9th day. Under these circumstances, the 
"Standard Conditioners" (p. VIII) caused no 
noteworthy change in the resulting intoxi
cation. 

Dyes +-- cf. also RES-Blocking Agents, Bili
rubin, Clinical lrnplications (for BSP) 

MAN 

Heaney & Whedon C56,394j58: In man, 
methyltestosterone and norethandrolone p.o. 
markedly delay BSP clearance, whereas 
comparable amounts of testosterone are 
ineffective is this respect. 

Garbane et al. 077,294!59: In patients 
with impaired hepatic function caused by 
methyltestosterone, !arge amounts of con
jugated BSP accumulate in the serum. 

Arias D63,323f63: In man, 17-ethyl-19-
nortestosterone increases biliary BSP retention 
and plasma bilirubin concentration. Both in 
Wistar rats and in Gunn rats (the latter have 
chronic nonhemolytic unconjugated hyper
bilirubinemia due to a hereditary defect), 
norethandrolone, methyltestosterone and icte
rogenin (an icterogenic steroid) interfered with 
the excretion of bilirubin and BSP through 
the bile. This was accompanied by certain 
electron microscopic changes in cytomem
branes and Iysosomes, without cell necrosis 
or any obvious change in various enzymic 

activities of hepatocytes. No effect was noted 
in rats treated with cortisone or testosterone. 

Scherb et al. D58,943f63: In man, with no 
evidence of liver disease, norethandrolone 
caused a reversible reduction in the hepatic 
transport maximum for BSP. "The relative 
hepatic storage of BSP was unimpaired and 
BSP was retained in the plasma primarily as 
a conjugate. Light microscopic examination of 
two liver biopsies was normal except for BSP 
within parenchymal cells and fragmented 
ATPase-staining reaction of bile canaliculi. 
Electron microscopic examination revealed 
variable dilatation of bile canaliculi and nor
mal intracellular organelles." The clinical 
Iiterature on the effect of anabolics upon 
hepatic function is reviewed. 

Mueller & Kappas F22,282f64: In man, 
estradiol and estriol rapidly and consistently 
reduced the hepatic excretory capacity for BSP. 

Mueller & Kappas G81,288j64: Review and 
personal observations on the impairment of 
hepatic BSP excretion following treatment 
with natural folliculoids and during pregnancy 
in women. 

Schoenfield & Foulk F 16,158/64: In man, 
norethandrolone p.o. interferes with hepatic 
uptake and biliary excretion of BSP. 

DeLorimier et al. G31,525f65: In man, 
BSP retention, without clinical or laboratory 
evidence of impaired hepatic function, devel
oped after treatment with methyltestosterone, 
normethandrone, norethindrone, fluoxymeste · 
rone and methandriol. No significant retention 
occurred with 17 a-vinyltestosterone, oxandro
lone, unesterified testosterone, 17a-ethynyl-
19-norandrostenediol or allylestrenol. The 
structural prerequi~ites for BSP retention 
are discussed. The factors responsible for 
jaundice (which is rarely reported in patients 
receiving most of these compounds) could not 
be identified. 

Kleiner et al. F47,209j65: In women on 
oral contraceptives (norethynodrel and mes
tranol), BSP-excretion through the bile was 
impaired. The effect is ascribed to the luteoid 
component since estradiol does not cause BSP
retention. 

Kottra & Kappas G37,574f66: In man, 
estradiol delays the clearance of BSP from the 
plasma, presumably because the excretion of 
both free and conjugated dye is impaired. 

Larsson-Cohn G46,952f67: In 16 out of 22 
women taking various contraceptives contai
ning folliculoids and luteoids, BSP clearance 
was delayed. 
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Kappas F94,299f68: In man, estradiol and 
estriol impair BSP excretion through the liver 
and may provoke hepatic porphyria. 

BSP -- Testoids, Man: Heaney et al. 
C56,394f58*; Carbone et al. C77,294f59*; 
DeLorimier et al. G31,525f65* 

BSP -- Estradiol, Estriol, Man: 
Mueller et al. F22,282f64* 

BSP -- Steroids, Man: DeLorimier 
et al. G31,525/65*; Larsson-Cohn G46,952f67*; 
Mowat et al. G74,246f69* u~ 

RAT 

Clodi & Schnack D41,569f62: In rats, the 
biliary excretion (fistula technique) of BSP is 
inhibited by numerous anabolic e.teroids. 
Earlier clinical and experimental data are 
discussed. 

Kolb et al. D22,260f62: In rats, the biliary 
excretion of 131I marked rose bengal is 
inhibited by dailyp.o. administration of various 
17 -alkylated anabolic steroids although after 
several weeks, adaptation develops in this 
respect. Among eight such anabolics tested, 
only methenolone acetate failed to impair dye 
excretion. [The possibility that decreased dye 
excretion may not reflect hepatic darnage 
but increased dye metabolism has not been 
considered (H.S.).] 

Gallagher & Kappas F35,850f65: In rats, 
estradiol markedly delays plasma clearance 
of BSP, both in its free and conjugated form. 
"The structural specificity of this steroid 
actionwas examined in a variety of C18, C19, 
C21 and C24 compounds; the effect extends to 
estrone, estriol and other C18 steroids, includ
ing those used for contraceptive purposes." 

Gallagher et al. F 86,156{67: In rats, 42 
steroids (mostly folliculoids) were compared 
for their ability to interfere with BSP 
clearance. 

Kreek et al. F83,145/67: In rats, ethinyl
estradiol considerably diminishes bile fiow and 
delays biliary excretion of BSP and of tritium
labeled estradiol. 

Song et al. G70,575f69: Comparative 
studies on the effect of 43 steroids upon BSP 
clearance in the rat, as an indicator of their 
hepatotoxic effect. 

DespopouZos H24,651f70: In rats, "1) Cor
tisone transiently increased bile flow and re
duced concentration and rate of excretion of 
sulfobromophthalein in the bile. 2) Norethan
drolone, norethynodrel and Norlutin reduced 
rates of bile formation and of sulfobromophtha
lein excretion without affecting the concentrat
.ing mechanism for sulfobromophthalein. 

3) Testosterone and methyltestosterone, estra
diol, progesterone and stilbestrol irreversibly 
reduced the rate of bile formation and 
transiently reduced excretion and concentration 
of sulfobromophthalein." 

Solyrrwss et al. G79,007f71: In rats, various 
catatoxic steroids (spironolactone, PCN) in
crease liver weight, glutathione S-aryltrans
ferase activity, bile fiow, and BSP clearance 
from the blood with an accelerated urinary ex
cretion of conjugated BSP metabolites. Ethyl
estrenol similarly affects liver weight, but not 
the other parameters. The antimineralocorti
coids, spiroxasone, SC-9376 and CS-1, unlike 
the anabolic steroids norbolethone and oxandro
lone, also enhance plasma clearance of BSP. 
Contrary to the effects ofpretreatment, the ad
ministration of spironolactone, ethylestrenol or 
estradiol immediately before BSP results in re
tention of the dye, probably through com
petitive inhibition of biliary excretion. 

Solymoss etal. G79,023!71: Inrats, pretreat
ment with PCN or spironolactone increases 
liver weight, glutathione S-aryltransferase ac
tivity and bile fiow. At the same time, the 
plasma clearance and biliary excretion of BSP 
and its conjugated metabolites are enhanced. 
Ethylestrenol likewise increases liver weight 
but does not alter the other parameters men
tioned above. Spiroxasone, SC-9376 and CS-1 
(antimineralocorticoids), unlike norbolethone 
and oxandrolone (anabolics), also enhance 
plasma clearance of BSP, probably through the 
same mechanism. In cantrast to these effects 
of pretreatment, administration of spironolac
tone, ethylestrenol or estradiol immediately be
fore BSP delays plasma clearance of the dye, 
probably through competitive inhibition of 
biliary excretion. SKF 525-A does not suppress 
the enhanced BSP clearance induced either by 
spironolactone or by phenobarbital. [ Although 
the authors did not evaluate their data from 
this point of view, their observations clearly 
show that the catatoxic activity of steroids is 
not merely the result of hepatic microsomal 
drug metabolizing enzyme induction. It may 
also be mediated through extramicrosomal en
zyme mechanisms or even through enhanced 
biliary excretion (H.S.).] 

RABBIT 

Garmichael E28,041f63: In rabbits, methyl
testosterone and norethandrolone significantly 
delay BSP clearance. 

Lennon F69,077f65: In rabbits, methyl
testosterone and norethandrolone caused dose 
related increases in BSP retention. Oxandrolone 
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was less active and testosterone inactive in 
this respect. 

Lennon F63,769f66: In rabbits, various 
17 a-alkylated anabolics delayed BSP clear
ance, whereas non-17a-alkylated testoid
anabolics failed to do so. "BSP retention in 
rabbits was shown to be a simple laboratory 
test for estimating the effects of anabolic ste
roids on hepatic excretory function." 

BSP <- Testoids, Steroids (anabo
lic), Rb: Garmichael et al. E28,041f63*; 
Lennon F69,077f65*, F63,769/66* 

CHICKEN 

DespopouZos H35,471f71: In chickens, the 
renal tubular excretion of BSP and of N
methylnicotinamide is inhibited by bile salts. 

DoG 

Gass & Umberger 094,624/59: In dogs, 
!arge doses of methyltestosterone or nor
ethandrolone given for periods of up to 50 days 
did not affect BSP clearance. 
VARIA 

Szeberenyi & Fekete H29,579f70: Brief ab
stract stating that after four days of pretreat
ment (species not mentioned), spironolactone 
decreased the action and accelerated the meta
bolism of hexobarbital, chlorzoxazone, mepro-

bamate, estrone, testosterone, acenocoumarol 
and BSP, whereas after short treatment it had 
an inverse effect. It is concluded that spirono
lactone is a microsomal enzyme inducer. 

Phenolphthalein +- Luteoids, Tes
toids: Hsia et al. 090,465/60 

BSP <- Steroids: Clodi et al. 
D41,569f62*; Gallagher et al. F86,156/67*; 
Despopoulus H24,651f70* 

Ectylurea <- Testosterone: Holck 
et al. A55,755/42* 

EdrophoniuTn Chloride +-

Selye G70,480f71: In rats, edrophonium 
chloride (5 mg/100 g body weight in 0.1 ml 
water) was administered s.o. once on the 4th 
day of conditioning. Dyskinesia was listed 
15 min, mortality 24 hrs, after this injection. 
Under these circumstances none of the 
"Standard Conditioners" (p. VIII) or choleste
rol caused any noteworthy change in the 
resulting intoxication. PCN, hydroxydione 
and phenobarbital were not tested. 

EDT A ( calciuTn disodiuTn ethylenedi
aTninetetraacetide) +-

Reuber E27,340f63: In the rat, Ca edetate 
induces nephrotic tubular lesions, which are 
greatly aggravated by concurrent administra
tion of cortisone. 

Table 55. Oonditioning for emetine 

Treatmenta Adrenal necrosisb Dyskinesiab Mortalityb 
(Positive/Total) (Positive/Total) (DeadfTotal) 

None 2/5 10/10 5/10 
PCN 1f5 NSl 6f15 *** 5/15 NS 
CS-1 3/10 NS 3/10 *** 2/10 NS 
Ethylestrenol 2/5 NS 10/10 NS 9/10 NS 
Spironolactone 3/5 NS 6/10 * 2/10 NS 
Norbolethone 1/5 NS 10/10 NS 9/10 NS 
Oxandrolone 1/5 NS 10/10 NS 10/10 ~ 
Prednisolone-Ac 3/5 NS 10/10 NS 10/10 _:!: 

Triamcinolone Of5 NS 10/10 NS 10/10 _:!: 

Triamcinolone (2 mg) 5/5 NS 4/5 NS 
Progesterone 1/5 NS 10/10 NS 10/10 _:!: 

Estradiol 1/5 NS 10/10 NS 9/10 NS 
Estradiol (1 mg) 5/5 NS 5/5 NS 
DOC-Ac 1/5 NS 10/10 NS 10/10! 
Hydroxydione 4/10 NS 10/10 NS 8/10 NS 
Thyroxine 2/5 NS 10/10 NS 10/10 _:!: 

Phenobarbital 3/5 NS 8/10 NS 3/10 NS 
a The rats of all groups were given emetine hydrochloride (3 mg/100 g body weight in 1 ml 

water, p.o. the 4th day, and 4 mg/100 g body weight the 5th day). 
b Dyskinesia, adrenal necrosis and mortality were determined on 6th day ("Exact Proba

bility Test"). 
For further details on technique of tabulation cf. p. VIII. 



+-- Steraids 239 

Emetine ~ cf. also SelyeG60,083f70, p. 379. 
Gregorio & Armellini G64,277f64: In rab

bits, the production of cardiac lesions by 
emetine is inhibited by chorionic gonadotro
phin and testosterone but not by estradiol. 

Selye G70,480f71: In rats, emetine intoxi
cation is largely prevented by pretreatment 
with PCN and CS-1. Spironolactone has a 
barely &ignificant protective effect. Indeed, 
several other standard conditioners appear to 
increase the mortality, cf. Table 55. 

Endoxan +-- cf. Cyclophosphamide 

Ephedrine +--

Selye G70,480f71: In rats, ephedrine 
sulfate (50 mg/100 g body weight in 0.2 ml 
water) was administered s.c. twice on the 
4th day of conditioning. Dyskinesia was listed 
4 hrs after the first injection and mortality 
registered 3 days later. Under these circum
stances, none of the "Standard Conditioners" 
(p. VIII) caused any noteworthy change in the 
resulting intoxication. 

Ergot +--

McGrath A29,208f35: In rats of both sexes, 
tail necrosis is produced by !arge amounts of 
ergotamine. Estrone prevents this change in 
females but not in males. 

Loewe & Lenke A43,45lf38: In the rat, the 
tail necrosis produced by ergotamine s.c. is 
essentially the same in both sexes. Contrary 
to earlier claims, it cannot be prevented by 
folliculoid hormones andfor orchidectomy. 

Ratschow & Klostermann A19,494f38: In 
rats, the tail necrosis produced by ergotamine 
is much more readily inhibited by estradiol in 
females than in males. Ovariectomy aggravates 
the tail necrosis and diminishes the protective 
effect of estradiol. Castrate males are less 
sensitive to ergotamine than intact males. 
Testosterone propionate protects intact males, 
but not females. 

Suzman et al. A44,452f38: Repeated admi
nistration of estrone completely protects 
female rats against the tail necrosis produced 
by ergotamine; males are only partially 
protected. Orchidectomy has no effect in 
itself, but enhances the protective effect of 
estrone in the male. Otherwise untreated rats 
showed no marked sex difference in their 
sensitivity to ergotamine. 

Thomas A33,372f40: Neither a folliculoid 
preparation (theelin) nor testosterone s.c. 
(given daily for five days prior to treatment 
with ergotamine s.c.) prevented the characte
ristic ergot gangrene of the tail. 

McGrath & Herrmann B500f44: In rats, 
the characteristic gangrene of the tail pro
duced by ergotamine tartrate is prevented by 
estrone. 

Oontreras et al. F81,599f67: In intact male 
rats, unlike in females or castrate males, 
ergonovine induced an analgesic effect ( elec
trical stimulation of the genital papilla) unless 
the latter were treated with testo~terone. 

Ethanol+--
RAT 

Klotz A 96,052{37: In rats, ovariectomy 
interferes with adaptation to ethanol. 

Lecoq et al. B66,406f51: In rats, the toxic 
effects of ethanol and its metabolites, pyru
vate and acetaldehyde (which accumulate in 
the body under the influence of disulfiram) 
are inhibited by ACTH, cortisone, and 
hepatic extracts. Conversely, thyroxine, DOC, 
and testosterone appear to aggravate ethanol 
intoxication. [Statistically evaluated data are 
not presented (H.S.).] 

Mallov 047,222{58: Ethanol p.o. produces 
more severe fatty infiltration of the liver in 
female than in male rats. Ovariectomy or 
administration of estradiol to males did not 
influence fatty infiltration but testosterone 
reduced hepatic steatosis in females, whereas 
castration increased it in males. 

Fazekas et al. D22,442f61: Review on the 
enzymic detoxication of ethanol. The authors' 
observations show that the ADH activity of 
hepatic homogenates diminishes after adrenal
ectomy in the rat, and can be increased by 
adrenocortical extract both in intact and adre
nalectomized rats. 

Fazekas D55,397f62: Both in intact and 
in adrenalectomized rats, addition of aldo
sterone and, to a lesser extent, of corticosterone, 
cortisone, and cortisol to hepatic homogenates 
greatly augmented their ADH activity in vitro. 
DOC was very much less active. Adrenalec
tomy diminishes the hepatic ADH activity. 

Fazekas G9,347f63; F71,641f64: In the 
rat, adrenalectomy delays the decrease in 
blood ethanol Ievel following s.c. injection of 
ethanol, whereas corticoids have an inverse 
effect, both in adrenalectomized and in intact 
rats. The action is ascribed to a Stimulation of 
hepatic ADH activity by corticoids as judged 
by observations with the methylene blue 
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decolorizing technique [ spectrophotometric 
determinations were not performed (H.S.).] 

Jabbari & Leevy G45,526f67: Various 
anabolics (norethandrolone, testosterone, oxan
drolone) protect the liver of the rat against 
ethanol-induced fatty degeneration and various 
functional disturbances. They were also found 
to be useful in the management of alcoholic 
patients. 

Fazekas & Rengei G58,27lf68: Among rats, 
not pretreated with ethanol, the ADH acti
vity of the liver, heart, and kidneys is dimi
nished by adrenalectomy. Upon s.c. administra
tion of ethanol, the ADH-activity of the liver 
increases both in intact and in adrenalectomi
zed rats. The authors speculate that ADH
activity may result not only in the microsomes 
but also in other cellular fraction, and that 
part of the enzyme induction may be due to 
the &tressor effect of ethanol. 

Selye et al. G60,016f69: In rats, spirono
lactone protects against anesthesia produced 
by progesterone, DOC, hydroxydione, preg
nanedione, dehydroepiandrosterone, testoste
rone, diethylstilbestrol, methyprylon, pento
barbital and ethanol. It does not significantly 
alter the corresponding actions of morphine, 
codeine, urethan, diazepam, chlorpromazine, 
reserpine, phenoxybenzamine, chioral hydrate, 
potassium bromide or MgCl2• 

Selye et al. G60,020f69: In the rat, pre
treatment with norbolethone protects against 
the anesthetic effect of progesterone, DOC, 
pregnanedione, dehydroepiandrosterone, tes
tosterone, diethylstilbestrol, pentobarbital and 
methyprylon. It does not significantly alter the 
corresponding actions of ethanol, urethan, 
diazepam, chlorpromazine, reserpine, phenoxy
benzamine, chioral hydrate, potassium bro
mide or magnesium chloride. 

Selye P ROT. 37234: In rats, ethyl alcohol 
(2 ml/100 g body weight of a 50% aqueous 
solution) was administered p.o. from the 4th 
day to the 6th day of conditioning. Dyskinesia 
was listed on the 6th day 3hrs after injection 
and mortality registered on the 8th day. 
Under these circumstances none of the 
"Standard Conditioners" (p. VIII) caused any 
noteworthy change in the resulting intoxica
tion, only prednisolone exhibited an aggra
vating effect. 

MousE 

Goodsell D3,916f61: In mice, ethanol 
anesthesia is prolonged by cortisone pretreat
ment but not influenced by prednisolone or 
DOC. 

Störtebecker 69,765/37: In the mouse, the 
resistance to curare, KCN or ethanol is parti
cularly high during estrus and decreased by 
ovariectomy. Castrates treated with estrone 
show increased tolerance to these drugs. 

Ethanol <--- Ovariectomy, Mouse: 
Störtehecker 76,398/39* 

RABBIT 

Störtebecker 76,398/39: In both male and 
female mice and rabbits, gonadectomy dimi
nishes alcohol tolerance, whereas estrone 
treatment raises it. 

Goldberg & Störlebecker B 31,834/43: In 
rabbits, estrone increases alcohol tolerance so 
that intoxication occurs only at very high blood 
alcohol Ievels. Alcohol metabolism is not 
influenced but presumably its effect upon the 
nervous system is diminished by folliculoids. 
The experiments were performed after ova
riectomy to avoid complications by varying 
endogenaus folliculoid production. 

Barta & Beregi F24,783f64: Fatal doses 
of ethanol p.o. produce adrenal necrosis in the 
rabbit and neither this lesion nor mortality 
can be prevented by pretreatment with 
dexamethasone. 

MAN 
Levy & Paumgartner G72,234f68: In three 

volunteers who developed alcoholic hepatitis 
on an ethanol-low-protein regimen, jaundice 
appeared only in advanced stages of liver 
necrosis and inflammation. In earlier stages, 
there was proliferation of SER which was fur
ther increased by norethandrolone and yet, 
this anabolic reduced serum bilirubin. It is 
especially emphasized that "anabolic steroids 
may facilitate reduction of serum bilirubin 
despite capacity of these drugs to decrease 
hepatic excretory capamty." 

Ether~ 

Störtebecker A1,993f37: Rahbits pretreated 
with "folliculin" tolerate normally anesthesia
producing doses of butallylonal (Pernocton). 
Subsequent experiments were conducted to 
determine the blood ether level during ether 
anesthesia at the time the corneal reflex is 
lost in intact and gonadectomized rabbits and 
mice. Similar observations were made during 
pregnancy and in relation to the estrous 
cycle. [Several conclusions were drawn suggest
ing an influence of sex hormones upon 
anesthesia but the number of animals per 
group was small and hence statistical evalua
tionimpossible (H.S.).] 
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Störtebecker 76,398/39: Castration decreases 
the ether resistance of both male and female 
rabbits and mice. In castrated rabbits, both 
estrone and androsterone increase ether 
tolerance. 

Ethionine +-

<-- Glucocorticoids. Popper et al. 0 33,264!57: 
In rats, the hepatic darnage caused by ethio
nine is inhibited by cortisone. 

Stein et al. 059,992/58: "Cortisone inhibits 
accumulation of interstitial cells between liver 
cell plates, otherwise produced by oral admi
nistration of ethionine to rats." The associated 
degeneration of hepatic cells characteristic of 
the ethionine intoxication is not influenced by 
cortisone. 

Daugharty et al. 074,925/59: In rats, the 
pancreatic lesions induced by ethionine i.p. 
were not influenced by cortisone i.p. 

Hutterer et al. D902f61: Cortisone offers 
moderate protection against ethionine in
duced liver darnage in the rat. 

Rubin & Hutterer D4,173f61: In rats with 
subacute ethionine intoxication, hepatic fi
brosis is inhibited by cortisone and fat accu
mulation i;, increased; however, during the 
chronic phase the steroid has no marked 
effect. 

Hutterer et al. E54,152f62: As judged by 
cytochemical autoradiographic and histologic 
studies, cortisone and cortisol are effective in 
certain phases of the hepatic lesions produced 
by ethionine in the rat. 

Berdjis F79,528f67: The hepatotoxic effect 
of CC14, phosphorus and ethionine could be 
diminished by cortisone and survival pro
longed. 

<-- Gonadal Steroids. Farber et al. B47,283f 
50; D24,923f51: The production of fatty livers 
in rats treated with ethionine is possible 
only in females or orchidectomized males. 
Testosterone renders females and orchidecto
mized males resistant. 

Farber & Segaloff D95,996f55: In ovariec
tomized rats, various testoids and STH pro
tected the liver against fatty infiltration 
produced by ethionine i.p., whereas cortisone 
and ACTH aggravated it. Estradiol, DOC and 
TSH had no effect. 

Tedeschi & Gualandi 033,614/56: In rats 
of both sexes, MAD failed to influence the 
ethionine-induced hepatic steatosis. 

Ranney & Drill 041,986!57: In adult 
orchidectomized male rats, the fatty infil
tration of the liver caused by ethionine i.p. 

16 Selye, Hormones and Resistance 

is blocked by 17-ethyl-19-nortestosterone in 
doses which do not stimulate the growth of the 
seminal vesicles, whereas testosterone propio
nate exerts this effect only in definitely 
testoid amounts. Progesterone is ineffective. 
Apparently, the protective effect of anabolics 
against this type of fatty liver formation does 
not depend either upon testoid or luteoid 
activity. 

Grunt et al. 084,696/60: In rats, both 
neonatal and postpubertal orchidectomy faci
litates the production of hepatic steatosis by 
ethionine. 

Ohang & Lei F78,943f65: 17a-Methyl-5a
androstan-17ß-ol prevents the production of 
fatty hepatic degeneration by ethionine or 
CC14 in mice. 

Ethylene Chlorohydrin +-

Selye G70,480f71: In rats, "ethylene 
chlorohydrin," that is 2-chloroethanol (0.2 ml/ 
100 g body weight of a 4% aqueous solution) 
was administered p.o. once on the 4th day and 
(0.3 ml) on the 5th day of conditioning. 
Dyskinesia was Iisted on the 5th day 1 hr, and 
mortality 24 hrs, after this injection. Under 
these circumstances none of the "Standard 
Conditioners" (p. VIII) or cholesterol caused 
any noteworthy change in the resulting intoxi
cation. Hydroxydione and phenobarbital were 
not tested. 

Ethylene Glycol +-

Tanret et al. D44,140f62: Prolonged oral 
administration of ethylene glycol produces 
calcium oxalate precipitation in the kidney 
of male, but not of female, rats. Estradiol 
abolishes the susceptibility of intact or castra
ted males, but orchidectomy does not. Intact, 
unlike ovariectomized, female;, cannot be made 
susceptible by treatment with testosterone. 

Szablowska & Selye G70,475f71: In the rat, 
pretreatment with thyroxine or triamcinolone 
inhibits the mortality rate and renal lesions 
induced by ethylene glycol intoxication; 
estradiol exerts an opposite effect. 

Selye G70,480f71: In rats, ethylene glycol 
intoxication is markedly prevented by predni
solone, triamcinolone and thyroxine, whereas 
all other conditioning agents of our series, 
including phenobarbital, are ineffective in 
this respect. In fact, estradiol (given at various 
doses and through various routes) greatly 
aggravates mortality, whereas the other agents 
have no pronounced effect upon it. These 
findings confirm and extend earlier observa-



Fig. 7. Effect of various steroids upon ethylene glycol intoxication. Allrats received the same amount 
of ethylene glycol. A: Under polarized light, numerous calcium oxalate crystals are visible in the 
tubules of an animal sensitized to ethylene glycol by estradiol (X 32). B: Under higher magni
fication these crystals arestill more clearly visible ( x 200). C: Complete prevention of renallesions 
by triamcinolone pretreatment ( x 32). All sections stained with hematoxylin-phloxine and viewed 
under partially polarized light. [Szablovska & Selye G 70,4 75/71. Courtesy of Arch. Environm. Med.] 



+- Steraids 243 

tions in which it was found that the production 
of renal oxalate crystal deposits, as weil as the 
fatal effects of ethylene glycol intoxication can 
be prevented by triamcinolone and thyroxine, 
whereas spironolactone and estradiol have an 
oppositeeffect (Szablowska & Selye G 70,499/70 ), 
cf. Table 56. 

Table 56. Conditioning for ethylene glycol 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone (2 mg) 
Progesteraue 
Estradiol 
Estradiol (1 mg) 
Estradiol ( 1 mg s.c.) 
DOC-Ac 
Hydroxydione 
Cholesterol 
Thyroxine 
Phenobarbital 

Dyskinesiab 
(Positive/ 
Total) 

11/15 
5/10 NS 
2/10 * 

10/15 NS 
12/15 NS 
11/15 NS 
8/15 NS 
2/15 *** 
2/15 *** 

11/15 NS 
15/15 _'!'_ 

10/10 NS 
10/10 NS 
10/15 NS 
2/5 NS 

10/15 NS 
2/15 *** 
9/10 NS 

Mortalityb 
(Dead/ 
Total) 

6/15 
6/10 NS 
0/10 * 
5/15 NS 

13/15 .": 
8/15 NS 
5/15 NS 
2/15 NS 
1/15 * 

10/15 NS 
14/15 ** * 
10f10.:!:..:!:..:!:. 
10/10 *** 
7/15 NS 
0/5 NS 
6/15 NS 
0/15 ** 
3/10 NS 

a The rats of all groups were given ethy
lene glycol (0.8 ml/100 g body weight of a 
100% solution, p.o., daily from the 4th day ff.). 

b Dyskinesia was estimated on the 5th day 
5 hrs after injection and mortality listed 
24 hrs later ("Exact Probability Test"). 

l<'or further details on technique of tabu
lation cf. p. VIII. 

Ethyl Ether <- Gonadectomy, Rb: 
Störtehecker 76,398/39* 

Ethylmorphine +- cf. also Morphine 

Tephly & Mannering G67,764f64: The 
N-demethylation of ethylmorphirre by hepatic 
microsomes is competitively inhibited by 
estradiol, testosterone, androsterone, diethyl
stilbestrol and cortisol in vitro. "These findings 
are consistent with the view that steroids are 
normally-occurring substrates for oxidative 
drug-metabolizing enzymes in hepatic micro
somes." 

Tephly & Mannering G53,874f68: Estra
diol, testosterone, androsterone, progesterone 

16* 

and cortisol inhibit competitively the oxida
tion of ethylmorphirre and hexobarbital when 
added in vitro to hepatic microsomes of rats. 
The inhibitor constant for each steroid was the 
same, whether ethylmorphirre or hexobarbital 
served as substrates. "Results are consistent 
with the concept that certain drugs and steroids 
are alternative substrates for a common 
microsomal mixed function oxidase system." 
The steroids were less potent inhibitors of 
chlorpromazine oxidation and the inhibition 
was not competitive in this case. 

Furner & Stitzel G54,558f68: The hepatic 
microsomal metabolism of ethylmorphine, 
aniline and hexobarbital is diminished in vitro 
by previous adrenalectomy in the rat. Pheno
barbital pretreatment of adrenalectomized rats 
raised the metabolism of all three substrates 
above the Ievel characteristic of otherwise 
untreated, adrenalectomized controls. Expo
sure of adrenalectomized rats to cold stres:;, 
or treatment with cortisol, increased the 
metabolism of aniline and ethylmorphine, but 
further depressed that of hexobarbital. In 
intact rats, cold stress diminished hexobarbital 
metabolism in vitro. Apparently, both stress 
and phenobarbital can bring about changes in 
hepatic drug metabolism independent of the 
presence of the adrenals, and the two agents 
act through different mechanisms, since 
phenobarbital invariably stimulates, whereas 
stress either increases or decreases, micro
somal-enzyme activity depending upon the 
drug pathway examined. 

Castro et al. G77,615j70: Studies on the 
effect of adrenalectomy upon the N -demethyla
tion of ethylmorphirre (EM) "suggest that the 
weil known decrease in drug-metabolizing ac
tivity seen in liver microsomes of adrenalecto
mized animals is not related to changes in cyto
chrome P-450 content or to a decrease in the 
ability of cytochrome P-450 to bind drug sub
strates. However, there appears to be a rela
tionship between the reductase activities and 
the adrenal function, because the changes in 
activities in NADPH cytochrome c reductase 
and cytochrome P-450 reductase in liver micro
somes from adrenalectomized and cortisone
treated adrenalectomized rats paralleled the 
changes in EMdemethylase activity." 

Gerald & Feller G74,396f70: In mice, 
spironolactone and its Ll 6 de-thioacetylated 
metabolite reduce hexobarbital sleeping time 
and cause nearly identical increases in liver 
weight, microsomal protein content, NADPH
cytochrome c reductase, cytochrome P-450 
content and the N-demethylation of ethyl-
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morphine. Preliminary observations suggest 
that these actions of spironolactone and its 
metabolite are evident in both sexes. 

Selye G70,480f71: In rats, the motor 
disturbances and the mortality produced by 
ethylmorphine intoxication are wen prevented 
by all catatoxic steroids as well as by predni
solone, progesterone, estradiol, DOC and 
phenobarbital. The protection by prednisolone 
appears to be independent of glucocorticoid 
activity since triamcinolone (a stronger gluco
corticoid) offers no protection, cf. Table 57. 

Table 57. Conditioning for ethylmorphine 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Dead/ 
Total) Total) 

None 14/15 11/15 
PCN 0/10 *** 0/10 *** 
CS-1 0/10 *** 0/10 *** 
Ethylestrenol 0/10 *** 0/10 *** 
Spironolactone 0/10 *** 0/10 *** 
Norbolethone 2/10 *** 2/10 * 
Oxandrolone 3/10 *** 3/10 * 
Prednisolone-Ac 4/10 ** 4/10NS 
Triamcinolone 10/10 NS 10/10 NS 
Progesterone 3/10 *** 3/10 * 
Estradiol 1/10 *** 1/10 *** 
DOC-Ac 4/10 ** 3/10 * 
Hydroxydione 9/10 NS 9/10 NS 
Thyroxine 10/10 NS 8/10 NS 
Phenobarbital 0/10 *** 0/10 *** 

a The rats of all groups were given ethyl
morphine HOl (20 mg/100 g body weight in 
0.2 ml water, once on 4th day s.c.). 

b Dyskinesia was estimated 3 hrs after 
injection and mortality registered 24 hrs 
later ("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Strippet al. G79,538f71: In rats, the induc
tion ofhepatic microsomal enzymes by spirono
lactone "differed from the phenobarbital or 
methylcholanthrene induction in that it did 
not increase cytochrome P-450 content or 
microsomal protein. Furthermore the induction 
seemed tobe sex dependent." 

Ethylmorphine ~ Gonadectomy: 
Davies et al. H 22,054/68 

Ethylmorphine +-- Cortisol + Pheno
barbital: Lu et al. G68,802f69 

Fencamfamine +--

Blackham & Spencer G76,30lf69: In female 
mice, pretreatment with lynestrenol (a luteoid) 
reduced the hyperthermia induced by dexam
phetamine, whereas mestranol (a folliculoid) 
increased it. Fencamfamine (also a CNS-sti
mulant) failed to induce hyperthermia in 
control or lynestrenol-pretreated mice but did 
raise the temperature after mestranol pretreat
ment. The potentiating effect of mestranol 
could be mimicked by pretreatment with 
nialamide (a MAG-inhibitor) but not by SKF 
525-A. Increased locomotor activity induced 
by dexamphetamine and fencamfamine was 
enhanced by mestranol and reduced by lynes
trenol. Dopamine, norepinephrine and 5-HT 
Ievels in the brain were reduced by lynestrenol 
and 5-HT was increased by mestranol. "li the 
actions of dexamphetamine (and fencamfa
min) are due predominantly to the release 
of endogenous amines, then an increase (with 
lynestrenol) or a decrease (with mestranol) of 
tissue MAO activity should change the 
potency of these two stimulant drugs." 

Fencamfamine ~ Mestranol, Lynes
trenol + Crowding: Blackham et aL 
G76,301/69* 

Flufenamic Acid +--

Selye PROT. 38279: In rats, PCN, CS-1. 
ethylestrenol, spironolactone and phenobarbi
tal offered highly significant protection against 
the production of intestinal ulcers by flufen
amic acid. At the same time, the lethal effect 
of the drug was also diminished, but not always 
significantly, presumably because under the 
conditions of this experiment the mortality 
was not particularly high even among the 
unpretreated controls. Glucocorticoids and 
thyroxine greatly increased mortality, cf. Table 
58, p. 245. 

N-2-Fluorenyldiacetamide +-- cf. 
Carcinogens 

Fluoride +--

Gedalia et al. F 17,787/64: In rats, increased 
fluoride intake inhibits the osteosclerotic 
effect of estradiol. 

Furstman et al. G31,603f65: Histologie 
studies on the interaction of cortisol and fluo
ride in the induction of changes in the mandi
bular joint of the rat. 
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Table 58. Conditioning for flufenamic acid 

Treatmenta Intestinal Mortalityb 
ulcersb (Deadf 
(Positive/ Total) 
Total) 

None 13/14 7/15 
PCN 1/10 *** 1/10 NS 
CS-1 2/10 *** 1/10 NS 
Ethylestrenol 2/10 *** 0/10 * 
Spironolactone 2/10 *** 1/10 NS 
Norbolethone 5/10 * 2/10 NS 
Oxandrolone 8/10 NS 2/10 NS 
Prednisolone-Ac 7/8 NS 10/10 ** 
Triamcinolone 1/1 c 10/10 ** 
Triamcinolone ( 1 mg) 7/7 NS 9/10:!:. 
Progesterone 7/10 NS 6/10 NS 
Estradiol 3/7 * 5/10 NS 
DOC-Ac 9/10 NS 7/10 NS 
Hydroxydione 7/10 NS 4/10 NS 
Thyroxine 9/12 NS 13/15:!:. 
Phenobarbital 3/10 *** 0/10 * 

a The rats of all groups were given flu
fenamic acid, 10 mg/100 g body weight in 
0.2 ml water s.c. twice daily from 4th day. 

b Intestinal ulcers were appraised on day 
of death and mortality was listed on the 9th 
day ("Exact Probability Test"). 

c Only one of the animals in this group sur
vived long enough to permit meaningful 
appraisal of intestinal ulcers. 

For further details on technique of tabu
lations cf. p. VIII. 

5-Fluorouracil +-

Arnbre H24,704f70: In rats, pretreatment 
with a single dose of prednisolone protected 
against the lethality of 5-fluorouracil. 

Fluphenazine +-

Selye P ROT. 39639: In rats, PCN, CS-1 
and to a lesser extent ethylestrenol, predniso
lone and possibly DOC protect against other
wise fatal fluphenazine intoxication. The 
other standard conditioners of our series are 
inactive, cf. Table 59. 

Flurothyl +-

Davis & JJ!ei Quey Su H 31,927 f69: In rats, 
the convulsive effect of flurothyl is diminished 
by adrenalectomy. 

Fonnaldehyde cf. Selye B40,000f50, pp. 
392, 393, 534, 589, 751; B58,650f51, pp. 
244, 248. 

Ganglioplegics +-

Masson et al. B47,635f50: In dogs pretrea
ted with DOC + uninephrectomy + NaCI, the 
hypotensive effect of TEA was not signifi
cantly altered. Similarly, both in rats and in 
dogs, the pressor action of epinephrine, nor
epinephrine, renin and angiotensin was not 
consistently altered by previous uninephrec
tomy and treatment with DOC + NaCl. 

Brust et al. B57,917f51: In man, "admi
nistration of ACTH or cortisone significantly 
alters the blood pressure and 'TEAC floor.' 
ThP- responses are independent of sodium 
retention and indicate that the vascular effects 
of these drugs are mediated by a humoral 
mechani,;m which is potentiated by autonomic 
blockade." Observations on both normoten
sive and hypertensive patients showed that 
"the usual depressor effects of TEAC were 
ultimately converted to a pressor rise, sHggest
ing that autonomic blockade potentiates the 
vascular effects of ACTH and cortisone." 
DOC exhibited no such action. 

Table 59. Conditioning for fluphenazine 

Treatmenta 

None 
PCN 
PCN (1 mg) 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Dyskinesiab Mortalityb 
(Positive/ (Deadf 
Total) Total) 

13/15 
1/10 *** 
1/5 * 
0/10 *** 
4/10 * 
8/15 NS 
5{10 NS 
9/10 NS 
4/10 * 

10{10 NS 
5{10 NS 

10{10 NS 
4/10 * 
7/10 NS 

10{10 NS 
7/10 NS 

13/15 
1/10 *** 
1/5 * 
1/10 *** 
4/10 * 
8/15 NS 
6{10 NS 
9{10 NS 
4/10 * 

10/10 NS 
5/10 NS 

10/10 NS 
4/10 * 
7/10 NS 

10{10 NS 
7{10 NS 

a The rats of all groups were given flu
phenazine di-HCI, 8 mg/100 g body weight in 
1 ml water i.p. once on the 4th day. 

b Dyskinesia was estimated on the 8th day 
and mortality listed on the 9th day. ("Exact 
Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 
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Table 60. Profeetion by glucocorticoids and stressors against certain ganglioplegics 

A. Lack of protection by catatoxic steroids against hexamethonium and TEA 

Treatment Dyskinesiaa Mortalitya 
(Positive/Total) (DeadfTotal) 
Hexa- TEA Hexa-
methonium methonium 

None 
Ethylestrenol 
CS-1 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone· Ac 
Triamcinolone 
Progesterone 
DOC-Ac 
Hydroxydione 
Estradiol 

10/10 
9/10 NS 
9/10 NS 

10/10 NS 
10/10 NS 
8/10 NS 
0/10 *** 
0/10 *** 

10/10 NS 
10/10 NS 
10/10 NS 
9/10 NS 

19/20 3/10 
10/10 NS 1/10 NS 
10/10 NS 3/10 NS 
10/10 NS 2/10 NS 
10/10 NS 1/10 NS 
10/10 NS 2/10 NS 
5/10 ** 0/10 NS 
Of10 *** Of10 NS 

10/10 NS 1/10 NS 
10/10 NS 3/10 NS 
10/10 NS 3/10 NS 
10/10 NS Of10 NS 

B. Profeetion by glucocorticoids against TEA, hexamethonium and pentolinium 

Treatment TEA Dyskinesiaa TEA 
(PositivefTotal) 
Hexa- Penta!. 
meth. 

None 10/10 8/10 10/10 12/15 
Cortisol-Ac 10 mg 3/10 *** 0/10 *** 1/10 *** 1/10 *** 
Cortisone-Ac 10 mg 5/10 * 0/10 *** Of10 *** 3/10 * 
Triamcinolone 10 mg 5/10 * 1/10 *** 0/10 *** 1/10 *** 
Dexamethasone-Ac 2 mg 4/10 ** Of10 *** 1/10 *** 1/10 *** 
Betamethasone-Ac 2 mg 3/10 *** 0/10 *** 0/10 *** 2/10 *** 
Prednisolone-Ac 10 mg 7/10 NS Of10 *** 0/10 *** 1/10 *** 
Prednisone-Ac 10 mg 8/10 NS 0/10 *** 0/10 *** 3f10 * 

C. Camparalive effects of stressors, cortisol and ACTH upon TEA intoxication 

Treatment Dyskinesiaa Mortalitya Weight (mg ± S.E.) 
(Positive/Total) (DeadfTotal) Adrenal 

None 10/10 8/10 18.5 ± 0.9 
Bane fractures 0/10 *** 0/10 *** 19.1 ± 0.5 NS 
Fasting Of10 *** Of10 *** 17.2 ± 1.1 NS 
Spinal cord lesion 2/11 *** 2/11 * 21.8 ± 0.9 * 
Formalin Of10 *** Of10 *** 18.1 ± 0.4 NS 
Restraint 6/10 * 6/10 NS 20.2 ± 1.0NS 
Cold 8/10 NS 8/10 NS 20.2 ± 1.0 NS 
Hernarrhage 9/10 NS 8/10 NS 19.6 ± 0.6 NS 
Cortisol-Ac 0/10 *** Of10 *** 12.0 ± 0.3 *** 
ACTH 8/10 NS 8/10 NS 26.3 ± 1.1 *** 

TEA 

19/20 
7/10 NS 

10/10 NS 
10/10 NS 
9/10 NS 

10/10 NS 
2/10 *** 
0/10 *** 
6/10 * 
9/10 NS 
9/10 NS 
5/10 ** 

Mortalitya 
(DeadfTotal) 
Hexa- Penta!. 
meth. 

5/10 6/10 
0/10 * 1/10 * 
0/10 * 0/10 ** 
0/10 * 0/10 ** 
0/10 * 0/10 ** 
Of10 * Of10 ** 
0/10 * 0/10 ** 
0/10 * Of10 ** 

Thymus 

376 ± 42 
286 ± 25NS 
239 ± 16 ** 
196 ± 15 *** 
226 ± 18 ** 
123 ± 12 *** 
289 ± 32 NS 
273 ± 24 NS 

35 ± 3 *** 
182 ± 28 ** 

a Dyskinesia was estimated 30 min after injection and mortality listed 24 hrs later 
("Exact Probability Test"). 

For further details on technique of tabulation cf. p. VIII. 
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Bonino 013,016/55: In guinea pigs, ova
riectomy increases resistance to Iethai doses 
of hexamethonium. 

Sturtevant 09,089/55; 021,591/56: In rats 
with metacorticoid hypertension (produced by 
temporary overdosage with DOC + NaCl), the 
pressor effect of epinephrine, norepinephrine, 
vasopressin and renin was increased but the 
effect of histamine, 5-HT, yohimbine and TEA 
on the blood pressure was not consistently 
altered. 

Weil G68,214j61: In rats, prednisolone i.p. 
"which protects against the Iethai effects of 
endotoxin, is not effective in protecting against 
Iethai amounts of ganglionic blocking agents 
(mecamylamine, chlorpromazine), adrenergic 
blocking drugs (dibenzyline), or sympatho
mimetic amines (metaraminol). To the con
trary, treatment with corticosteroid is asso
ciated with a significant increase in fatality 
in animals injected with mecamylamine and 
chlorpromazine (p = <0.01)." These findings 
are interpreted as evidence against the 
assumption that glucocorticoids protect in 
a nonspecific manner against injuries that 
produce hypotension. 

Selye G70,448f70: In rats, various gluco
corticoids and stressors offer protection against 
certain ganglioplegics, whereas highly active 
typical catatoxic steroids are ineffective in this 
respect as shown by Table 60. A: Pretreatment 
for 4 days with various typically catatoxic 
steroids fails to protect against hexametho
nium or TEA. B: Pretreatment with a single 
dose of various glucocorticoids p.o., 4 hrs 
before the ganglioplegics, uniformly offers 
good protection against TEA, hexamethonium 
and pentolinium. C: Pretreatment for 4 days 
with various stressors (bone fractures, fasting, 
spinal cord transection, formalin, restraint) 
protects the rat against TEA intoxication as 
does cortisol or the endogenous glucocorticoids 
secreted under the influence of ACTH. On the 
other hand, unexpectedly, similar exposure to 
the stress of cold or hemorrhage offers no signi
ficant protection. 

Gwee & Lim G81,043f71: In mice, cortisol 
sodium succinate given one hour before hemi
cholinium-3 (HC-3) or its p-terphenyl analogue 
(TPHC-3), offered very slight protection against 
the fatal effects of these ganglioplegics. 

Selye G70,480f71: In rats, hexamethonium 
intoxication was completely prevented by 
pretreatment with prednisolone or triamcino
lone, but unaffected by all other standard 
conditioning agents of our series, cf. Table 61. 

Table 61. Oonditioning for hexamethonium 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Deadj 
Total) Total) 

None 10/10 3/10 
PCN 10/10 NS 5j10NS 
CS-1 9/10 NS 3j10NS 
Ethylestrenol 9/10 NS 1/10 NS 
Spironolactone 10/10 NS 2/10 NS 
Norbolethone 10/10 NS 1/10 NS 
Oxandrolone 8/10 NS 2/10 NS 
Prednisolone-Ac 0/10 *** Oj10NS 
Triamcinolone Oj10 *** Oj10NS 
Progesterone 10/10 NS 1/10 NS 
Estradiol 9/10 NS Oj10NS 
DOC-Ac 10/10 NS 3/10 NS 
Hydroxydione 10/10 NS 3/10 NS 
Thyroxine 7/10 NS 1/10 NS 
Phenobarbital 10/10 NS 1/10 NS 

a The rats of all groups were given hexa
methonium chloride (8 mg/100 g body weight 
in 0.2 ml water, s.c., once on 4th day). 

b Dyskinesia was estimated 30 min after 
injection and mortality listed 24 hrs later 
("Exact .Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Selye G70,480j71: In rats, prednisolone 
offered partial, triamcinolone complete pro
tection against TEA intoxication. Estradiol, 
phenobarbital and perhaps to a lesser extent 
'even progesterone and thyroxine diminished 
the mortality without preventing the charac
teristic motor disturbances, cf. Table 62, p. 248. 

D-Glucose-6-phosphate ~ cf. G-6-P-ase 
under lnfluence of Steraids upon Enzymes 

Glutamic Acid ~ 

Brin & McKee 031,261/56: In the rat, 
various stressors (total body X-irradiation, 
nitrogen mustard, starvation) as weil as 
cortisone increase glutamic-aspartic and glut
amic-alanine transaminase activities in the 
liver. Adrenalectomy decreases the activity of 
these enzymes. The glutamic-alanine enzyme 
is more sensitive to stress than the glutamic
aspartic enzyme. 

Glutethimide ~ 

Selye PROT. 39300: In rats, glutethimide 
sleeping time is considerably shortened by 
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Table 62. Conditioning fvr TEA 

Treatment& Dyskinesiab Mortalityb 
(Positive/ (Dead/ 
Total) Total) 

None 19/20 19/20 
PCN 10/10 NS 10/10 NS 
CS-1 10/10 NS 10/10 NS 
Ethylestrenol 10/10 NS 7/10 NS 
Spironolactone 10/10 NS 10/10 NS 
Norbolethone 10/10 NS 9/10NS 
Oxandrolone 10/10 NS 10/10 NS 
Prednisolone-Ac 5/10 ** 2/10 *** 
Triamcinolone 0/10 *** 0/10 *** 
Progesterone 10/10NS 6/10 * 
Estradiol 10/10 NS 5/10 ** 
DOC-Ac 10/10 NS 9/10 NS 
Hydroxydione 10/10 NS 9/10 NS 
Thyroxine 9/10 NS 6/10 * 
Phenobarbital 10/10 NS 3/10 *** 

a The rats of all groups were given TEA, 
tetraethylammonium chloride (10 mg/100 g 
body weight in 0.2 ml water, s.c., once on 4th 
day. 

b Dyskinesia was estimated 30 min after 
injection and mortality listed on 5th day 
("Exact Probability Test"). 

For further details on technique of tabu-

Gold~ 

Grether et al. C 12,471/52: Cortisone failed 
to affect the toxicity of gold sodinm thio
glucose in t.he rat. 

Griseofulvin ~ cf. Antibiotics 

Hemin +-- Adrenalectomy + Pred
nisolone + Zymosan: Tenhunen et al. 
G73,193f70 

Heptachlor +-- cf. Pesticides 

Hexadirnethrine +--

Tuchweber et al. D27,884f63: In rats, 
hypophysectomy prevents the nephrocalci
nosis, but aggravates the adrenal necrosis, 
produced by hexadimethrine. ACTH-treat
ment of the hypophysectomized rat facilitates 
the production of nephrocalcinosis, but protects 
the adrenal. Adrenalectomy prevents this form 
of nephrocalcinosis even in rats maintained 
on NaCl or DOC. On the other hand, triam
cinolone-treated adrenalectomized rats react 

Table 63. Conditioning for glutethimide 

lation cf. p. VIII. Treatment& Sleeping timeb Mortalityb 

PCN, CS-1, ethylestrenol, spironolactone, 
norbolethone, prednisolone, triamcinolone and 
phenobarbital. To a lesser extent oxandrolone 
and estradiol exe1t similar effects, cf. Table 63. 

Glycerol~ 

Selye P ROT. 39225: In rats, the characte
ristic nephrocalcinosis produced by glycerol 
s.c. was prevented by ethylestrenol, predni
solone and thyroxine, diminished by pheno
barbital, oxandrolone, progesterone and tole
rable doses of triamcinolone, but not influenced 
by the other standard conditioners of our 
series, cf. Table 64. 

Glycolic Acid ~ 

Richardson G45,620f67: "Dietary glycolate 
markedly increased oxalate deposition in 
kidneys of normal and castrated males, 
caused only a limited increase in normal 
females, and no increase in ovariectomized 
females. With the exception of normal males, 
testosterone increased oxalate deposition in 
kidneys of rats fed 2% glycolate." 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

(min) (Dead/ 

179 ± 21 
8 ± 3 *** 

29 ± 8 *** 
16 ± 7 *** 
37 ± 10 *** 
40 ± 8 *** 

107 ± 25 * 
47 ± 8 *** 
90 ± 0 *** 

182 ± 12 NS 
110 ± 9 ** 
183 ± 34 NS 
188 ± 20NS 
196 ± 42 NS 
37 ± 7 *** 

Total) 

0/14 
0/10 NS 
0/10 NS 
0/10NS 
0/10NS 
0/10NS 
0/10 NS 
0/10 NS 
0/10 NS 
Of10NS 
0/10 NS 
0/10NS 
Of10NS 
1/10 NS 
0/10NS 

a The rats of all groups were given glut
ethimide, 12 mg/100 g body weight in 1 ml 
water i.p. once on the 4th day. 

b Sleeping time (Student's t-test). 

Mortality was listed on the second day 
("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 
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Table 64. Conditioning for glycerol 

Treatmenta Nephrocal- Mortalityb 
cinosisb (Deadf 
(Positive/ Total) 
Total) 

None 13/15 8/15 
PCN 8/14 NS 3/15 NS 
CS-1 10/15 NS 1/15 ** 
Ethy lestrenal 5/15 *** 3/15 NS 
Spironolactone 10/15 NS 5/15 NS 
Nurbolethone 10/15 NS 1/15 ** 
Oxandrolone 6/13 * 3/15 NS 
Prednisolone-Ac 0/4 *** 6/10 NS 
Prednisolone-Ac 5/14 ** 5/15 NS 

(1 mg) 
Triamcinolone 10/10 ** 
Triamcinolone ( 1 mg) 5/15 ** 3/15 NS 
Progesterune 5/14 ** 6/15 NS 
Estradiol 7/13 NS 6/15 NS 
DOC-Ac 10/14 NS 10/15 NS 
Hydroxydione 9/15 NS 4/15 NS 
Thyroxine 1/13 *** 4/15 NS 
Phenobarbital 6/15 * 6f15 NS 

a The rats of all groups were given glycerol 
0.8 ml/100 g body weight of a 100% solution 
s.c. once on the 4th day. 

b Nephrocalcinosis was estimated on day 
of death and mortality Iisted on the 9th day. 
("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

to hexadimethrine with strong nephrocalci
nosis. Under similar conditions in intact rats, 
the corticoids did not significantly change the 
syndrome of hexadimethrine intoxication, 
except that the anaphylactoid reaction to 
this compound is inhibited by triamcinolone. 

Hexarnethoniurn +- cf. Ganglioplegics 

Hg +- cf. Mercury 

Hornatropine Hydrobromide +-

Selye G70,480f71: In rats, homatropine 
hydrobromide (80 mg on the 4th day and 
100 mg on the 5th day of conditioning, in 
1 ml water) was administered p.o. /100 g 
body weight. Dyskinesia was Iisted on the 5th 
day 1 hr, and mortality 48 hrs after this 
injection. Under these circumstances, the 
"Sta-ndard Conditioners" (p. VIII) caused no 
noteworthy change in the resulting intoxica
tion, only PCN exhibited an inhibitory effect. 
Phenobarbital was not tested. 

Hydroquinone +-

Selye G70,480f71: In rats, the motor 
disturbances produced by hydroquinone intoxi
cation were completely prevented by PCN, 
CS-1, ethylestrenol and phenobarbital, where
as prednisolone and triamcinolone increased 
their severity, cf. Table 65. 

Table 65. Conditioning for hydroquinone 

Treatmenta Dyskinesiab 
(Positive/ 
Total) 

None 7/15 
PCN 0/13 ** 
CS-1 0/10 * 
Ethylestrenol 0/15 *** 
Spironolactone 3/15 NS 
Nurbolethone 4/10 NS 
Oxandrolone 4/10 NS 
Prednisolone-Ac 9/10 ot: 
Triamcinolone 15/15~ 
Progesterune 2/9 NS 
Estradiol 5/10 NS 
DOC-Ac 4/10 NS 
Hydroxydione 5/10 NS 
Thyroxine 8/15 NS 
Phenobarbital 0/13 ** 

a The rats of all groups were given hydro
quinone (15 mg/100 g body weight in 0.2 ml 
water, s.c., on 4th day). 

b Dyskinesia was estimated 15 min after 
injection ("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

lrniprarnine +-

M cClure & Cleghorn G 76,696/68: In depres
sive psychotics, dexamethasone enhances the 
therapeutic effect of imipramine. 

Selye P ROT. 41834: In rats, imipraminc 
intoxication is markedly inhibited by PCN, 
CS-1, ethylestrenol, spironolactone and phe
nobarbital. Estradiol exhibits a just barely sig
nificant prote2tive effect, cj. Table 66, p. 250. 

Indium Trichloride +-

Selye G70,480f71: In rats, indium trichlo
ride (800 f.l.g/100 g body weight in 1 ml water) 
was administered i.v. once on the 4th day of 
conditioning. Hepatic Iipidosis was estimated 
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on day of death, and mortality registered on 
the 9th dav. Under these circumstances, the 
"Standard "conditioners" (p. VIII) caused no 
noteworthy change in the resulting intoxica
tion. Phenobarbital was not tested. 

Table 66. Conditioning for imipramine 

Treatmenta Dyskinesia b Mortalityb 
(Positive/ (Deadj 
Total) Total) 

None 17/20 12/20 
PCN 5/20 *** 5/20* 
CS-1 5/15 *** 6/15 NS 
Ethylestrenol 7/20 *** 4/20* 
Spironolactone 6/20*** 5/20* 
Norbolethone 9/14 NS 11/14 NS 
Oxandrolone 9/15 NS 12/15 NS 
Prednisolone-Ac 14/15 NS 9/15 NS 
Triamcinolone 14/20 NS 8/20NS 
Progesterone 12/15 NS 6/15 NS 
Estradiol 8/15* 11/15 NS 
DOC-Ac 14/15 NS 8/15 NS 
Hydroxydione 14/15 NS 10/15 NS 
Thyroxine 19/20 NS 14/20NS 
Phenobarbital 5/15 2/15 ** 

a The rats of all groups were given imipra
mine (65 mg/100 g body weight in 1 ml water, 
p.o., on 4th day). 

b Dyskinesia was estimated on 4th day 
3 hrs after injection and mortality listed on 
5th day ("Exact Probability Test"). 

For further details on technique of tabula
tion cf. p. VIII. 

lndomethacin ~ cf. also Selye G60,083j70, 
p. 385. 

Selye G60,046j69: Both spironolactone and 
norbolethone protect the rat agairrst the 
production of multiple intestinal ulcers and 
peritonitis by indomethacin. 

Selye G60,058f69: In the rat, partial 
hepatectomy facilitates the production of 
perforating intestinal ulcers by indomethacin. 
Comparatively small doses of spironolactone 
readily inhibit this form of indomethacin 
intoxication even in the presence of surgi
cally-induced hepatic insufficiency. "These 
results are compatible with the assumption 
that both indomethacin and spironolactone 
are subject to hepatic det.oxication, and hence, 
their respective pathogenic and prophylactic 
actions are enhanced after extensive resection 
of liver tissue." 

Aspinall H 32,269J70: In rats, spironolac
tone can inhibit the ulcerogenic effect of indo-

methacin without blocking its antiphlogistic 
property (adjuvant arthritis test). This disso
ciation may be due to: 1. a direct protective 
action of spironolactone upon the intestinal 
tract, 2. the formation of indomethacin meta
bolites which retain antiphlogistic but loose 
ulcerogenic properlies or 3. a mere diminution 
of indomethacin activity to a Ievel sufficient 
to inhibit inflammation without causing intes
tinal ulceration. 

Selye G66,066f70: In the rat, the production 
of perforating jejunal ulcers and peritonitis 
by indomethacin can be prevented by ethyl
estrenol, CS-1, spironolactone, norbolethone 
and oxandrolone. Progesterone and predni
solone are less active, triamcinolone and 
hydroxydione inactive. 

Selye G70,42lf70; G70,480f71: In rats, 
formation of perforating intestinal ulcers and 
the consequent mortality produced by indo
methacin intoxication are prevented by all 
classic catatoxic steroids, as weil as by 
prednisolone, progesterone and phenobarbital, 
cf. Table 67. 

Table 67. Conditioning for indomethacin 

Treatmenta Intestinal Mortalityb 
ulcersb (Dead/ 
(Positive/ Total) 
Total) 

None 15/15 15/15 
PCN 0/10 *** 0/10 *** 
CS-1 0/10 *** 0/10 *** 
Ethylestrenol 0/10 *** 0/10 *** 
Spironolactone 0/10 *** 0/10 *** 
Norbolethone 0/10 *** 0/10 *** 
Oxandrolone 0/10 *** 0/10 *** 
Prednisolone-Ac 0/10 *** 4/10 *** 
Triamcinolone(2mg) 10/10 NS 10/10 NS 
Progesterone 3/10 *** 1/10 *** 
Estradiol ( 1 mg) 9/9 NS 10/10 NS 
DOC-Ac 10/10 NS 7/10 NS 
Hydroxydione 10/10 NS 8/10NS 
Thyroxine 7/8 NS 10/10 NS 
Phenobarbital 0/9 *** 0/9 *** 

a The rats of all groups were given indo
methacin (1 mg in 0.2 ml water, s.c., once 
daily, from 4th day ff.). 

b Intestinal ulcers were appraised on day 
of death, but only in animals which survived 
at least 6 days and mortality was listed on 
10th day ("Exact Probability Test"). 

For additional pertinent data cf. also 
Table 135. 

For further details on technique of tabu
lation cf. p. VIII. 
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A 

E 

Fig. 8. Prevention of indomethacin-indueed intestinal uleers by spironolaetone. All animals received 
the same dose of indomethacin. A: Intestinal tract of otherwise-untreated control rat. The jejunal 
segment (between 2 arrows) forms a packet of intestinalloops connected by fibrin threads to each 
other as weil as to the pancreas (top arrow) and stomach. B: Normal intestinal tract of rat pre
treated with indomethacin. Stomach, spieen and pancreas (upper right corner) as weil as all 
intestinal loops are free of adhesions. C: Gross view of intestinal ulcer which runs along the entire 
Iength of the mesenteric attachment. The resulting lesions are responsible for the folding of this 
jejunal segment (viewed here from the mucosal side) in the control rat. D: In animal pretrmted 
with spironolactone, the jejunal mucosa is of normal appearance. E: Section through the jejunum 
of control rat shows ]arge ulcer along mesenteric attachment (right side), which is close to per
foration at several points. F: In animal pretreated with spironolactone, the jejunal mucosa is 

normal. [Selye G60,046f69. Courtesy Can. J. Physiol. Pharmacol.] 

Selye G70,428f70: In rats, ethylestrenol 
powerfully inhibits the toxicity of digitoxin, 
nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
cyclopental, thiopental, DOC (anesthesia), 
meprobamate and picrotoxin. Thyroxine 
increases the toxicity of many among these 
drugs and inhibits the protective effect of 
ethylestrenol. 

Solymoss et al. G60,093f70: In rats, spiro
nolactone, norbolethone and progesterone, 

unlike hydroxydione, aceeierate the clearance 
from the blood of s.c.-injected indomethacin. 
SKF 525-A &ignificantly suppresses the acti
vity of the&e steroids which probably act 
through increased metabolic degradation of 
indomethacin. 

Solymoss et al. G70,441f70: In rats, spiro
nolactone or oxandrolone given for as long as 
two months, continues to exhibit a protective 
effect agairrst fatal doses of digitoxin or 
indomethacin. Upon withdrawal of the cata-
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toxic steroids, continued administration of 
digitoxin or indomethacin is rapidly fatal. The 
plasma concentration of digitoxin and indo
methacin is diminished during the catatoxic 
&termd administration. 

SelyeG70,480f71: Inrats, the indomethacin
induced intestinal ulcers and mortality are 
inhibited by PCN, CS-1, cyproterone, ethyl
estrenol, spironolactone,norbolethone,TMACN, 
oxandrolone, 6a-methylprednisolone, fluoxy
mesterone, spiroxasone, 16ß-methyl-16,17-
epoxy -3ß, 11a-dihydroxy -5a-pregnan -20-one, 
prednisolone, dexamethasone, betamethasone, 
emdabol, 17 a-acetoxyprogesterone, corticoste
rone, dehydroisoandrosterone, pregnanedione, 
progesterone, DOC and Ua-hydroxyprogester
one. The syndrome of indomethacin intoxica
tion is not significantly inhibited by MAD, 
testosterone, triamcinolone, hydroxydione
fluorocortisol, cortisol, cortisone and estradiol. 

Szabo et al. G79,013j71: In hamsters, spi
ronolactone and ethylestrenol pretreatment 
prevents digitoxin convulsions and indometha
cin-induced intestinal ulcers. 

Szabo et al. G79,024j71: In rats, PCN i11-
creases resistance to indomethacin, hexobar
bital, progesterone, zoxazolamine and digi
toxin, both in the presence and in the absence 
of the pituitary. Hypophysectomy also fails to 
prevent the induction of SER proliferation in 
the hepatocytes. 

Selye P ROT. 25007, 32215: In rats, the 
protection against indomethacin and digi
toxin intoxication by pretreatment with 
spironolactone can be blocked by concurrent 
pretreatment with metyrapone. 

Selye PROT. 28397: In mice, indometha
cin intoxication can be prevented by ethyl
estrenol, CS-1, spironolactone, norbolethone 
and to a lesser extent perhaps also by predni
solone and estradiol administered by various 
routes. Thyroxine appears to have an 
opposite effect. Progesterone, triamcinolone, 
DOC and hydroxydione had little if any 
effect. 

Selye PROT. 22030: In adrenalectomized 
rats maintained in good condition by cortisol, 
DOC or cortisol + DOC with the substitution 
of 1% NaCl as drinking fluid, spironolactone 
offers excellent protection against the morta
lity and somewhat inhibits the ulcerogenic 
effects of indomethacin. Large doses of spiro
nolactone (10 mg) are effective in this respect 
even in adrenalectomized rats maintained on 
1% NaCI alone, cf. Table 68. 

Selye P ROT. 29958: In adrenalectomized 
rats maintained on 1% NaCl alone, the Iethai 
effect of indomethacin is increased and 
intestinal ulcers develop just as frequently as 
in intact controls. Small doses of spironolac
tone (0.3 mg) protect the rats only partially 
against the mortality and ulcerogenesis induced 
by indomethacin, whereas concurrent adminis
tration of cortisol, DOC or cortisol + DOC 
appears to improve the protective effect of 
8pironolactone, cf. Table 69. 

Selye PROT. 32221,32230,32255: In adre
nalectomized rats maintained on DOC, cortisol 
or DOC + cortisol, threshold doses of spiro
nolactone still offer protection against morta
lity. In the absence of corticoid maintenance 

Table 68. EUect of adrenalectomy and corticoid substitution thera'JYIJ upon the protection by 
spironolactone against indomethacin 

Group Treatmenta Intestinal ulcersb Mortalityb 
frequency (DeadfTotal) 
(Positive/Total) 

1 None 4/18 18/18 
2 Spironolactone 0/11 2/11 
3 Spironolactone + Cortisol 0/15 0/15 
4 Spironolactone + DOC 0/14 3/15 
5 Spironolactone + DOC + Cortisol 0/16 Of16 

a Allrats were adrenalectomized on 1st day and given 1% NaCI as drinking fluid. They 
all received indomethacin 1 mg in 0.2 ml water, s.c.fday, 4th day ff. The groups so designated 
were given spironolactone 10 mg in 1 ml water, p.o., x2fday, cortisol acetate 0.5 mg and DOC 
acetate 1 mg in 0.2 ml water, s.c.fday, 1st day ff. 

b Intestinal ulcers on day of death; mortality up to 9th day when experiment was 
terminated. 
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therapy, however these doses of spironolac
tone failed to diminish the Iethai effect of 
indomethacin significantly. The ulcerogenic 
effect is difficult to interpret in these series 
because of the high mortality and the post
mortal decomposition. In any event it is clear 
that cortisol + DOC increase resistance to 
the Iethai effect of indomethacin but have little 
or no influence upon the ulcerogenic action, cf. 
Tables 70, 71. 

Selye PROT. 34038,34405: In rats of 
different age groups, the anti-indomethacin 
effect of PCN is essentially the same if 

administered at dose Ievels adjnsted to body 
weight, cf. Table 72, p. 254. 

Selye P ROT. 42269: In rats chronically 
poisoned with digitoxin (0.5-1.0 mg, p.o.jday) 
or indomethacin (0.75 mg, s.c.jday), the ad
ministration of PCN (1 mg x2/day, p.o., be
ginning on the 3rd or 4th day of treatment 
with the toxicants), when clinical signs of poi
soning were already evident, caused these to 
disappear and permitted survival, whereas the 
controls receiving no PCN invariably died. 
These experiments show that, although pre
snmably the protective effect of PCN against 

Table 69. Effect of adrenalectomy and corticoid Substitution therapy upon the protection by 
spironolactone against indomethacin 

Group Treatmenta Intestinal ulcersb Mortalityb 
frequency (DeadjTotal) 
(PositivefTotal) 

1 None (Indomethacin + NaCI only) 7/15 0(15 
2 None (Indomethacin + NaCI + 11/14 15(17 

Adrenalectomy only) 
3 Spironolactone 1(16 9(17 
4 Spironolactone + Cortisol 0/16 0(16 
5 Spironolactone + DOC 0/15 1(15 
6 Spironolactone + DOC + Cortisol 0(14 0(14 

a Groups 2-6 were adrenalectomized on 1st day. The rats of all groups received indomethacin 
0.5 mg in 0.2 ml water, s.c.fday, 4th day ff. and 1% NaCI as drinking fluid, 1st day ff. 
Spironolactone 0.3 mg in 1 ml water, p.o., x2fday, cortisol acetate 0.5 mg and DOC acetate 
1 mg in 0.2 ml water, s.c.fday, 1st day ff. 

b Intestinal ulcers and mortality on 9th day. 

Table 70. Effect of corticoids on indomethacin intoxication in intact and adrenalectomized rats 

Treatmenta Intestinal ulcersb Mortalityb 
(Positive/Total) (DeadfTotal) 
Control Adrenal- Control Adrenal-

ectomy ectomy 

None 9/9 3/4 9(10 11/11 
Spironolactone 6(10 NS 5/8 NS 0(10 *** 8/11 N.S. 
Spironolactone + DOC-Ac 8(10 NS 10/12 NS 4/10 * 3(12 *** 
Spironolactone + Cortisol-Ac 8(10 NS 9/12 NS 4/10 * 7(12 * 
.Spironolactone + Cortisol-Ac + 9/10 NS 6(12 NS 2(10 *** 3(12 *** 

DOC-Ac 

a All animals received indomethacin 1 mg the 4th and the 5th day, 0.5 mg the 6th day in 
.0.2 ml water, s.c.fday ff. The gronps so designated were adrenalectomized on 1st day and given 
1% NaCl as drinking fluid; spironolactone 0.3 mg in 1 ml water, p.o. x2fday, cortisol acetate 
.0.5 mg and DOC-acetate 1 mg in 0.2 ml water, s.c.fday, 1st day ff. 

b Intestinal ulcers on day of death; mortality up to 10th day when experiment was 
ierminated (Fisher & Yates test). 

For further details on technique of tabulation cf. p. VIIL 
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Table 71. Etfect of corticoids on indomethacin intoxication in intact and adrenalectomized rats 

Treatmenta Intestinal ulcersb Mortalityb 
(Positive/Total) (DeadfTotal) 

None 
DOC-Ac 
Cortisol-Ac 
Cortisol-Ac + DOC-Ac 
Spironolactone 
Spironolactone + DOC-Ac 
Spironolactone + Cortisol-Ac 
Spironolactone + Cortisol-Ac + 

DOC-Ac 

Control 

10/10 
10/10 NS 
10/10 NS 
10/10 NS 

7/10 NS 
9/10 NS 
8/10 NS 
9/10 NS 

Adrenal-
ectomy 

3/4 
9/10 NS 

12/12 NS 
12/12 NS 
6/9 NS 
7/11 NS 

11/12 NS 
10/12 NS 

Control Adrenal-
ectomy 

7/10 11/11 
5/10 NS 12/12 NS 
7/10 NS 11/12 NS 
9/10 NS 10/12 NS 
4/10 NS 12/12 NS 
3/10 NS 7/11 * 
4/10 NS 7J12 * 
6/10 NS 6/12 ** 

a All animals received indomethacin 1 mg the 4th and the 5th day, 0.5 mg the 6th day in 
0.2 ml water, s.c.Jday ff. The groups so designated were adrenalectomized on 1st day and given 
1% NaCl as drinking fluid; spironolactone 0.2 mg in 1 ml water, p.o. x2fday, cortisol acetate 
0.5 mg and DOC-acetate 1 mg in 0.2 ml water, s.c.fday, 1st day ff. 

b Intestinal ulcers on day of death; mortality up to 10th day when experiment was terminated 
(Fisher & Yates test). 

For further details on technique of tabulation cf. p. VIII. 

Table 72. Oomparison of the anti-indomethacin 
etfect of PON in rats of various ages 

Body 
weighta 
(g) 

50 
100 
200 
300 

Intestinal ulcersb 
(Positive/Total) 
Con- PCN 
trol 

8/8 
10(10 
10/10 
10/10 

0/10 *** 
0/10 *** 
0/10 *** 
3/10 *** 

Mortalityb 
(DeadJTotal) 
Con- PCN 
trol 

6/8 
8/10 
8/10 
7/10 

0/10 *** 
0/10 *** 
0/10 *** 
0/10 *** 

a The rats ('i') of all groups were given 
indomethacin 1 mg in 0.2 ml water, s.c.fday, 
4th day ff. The groups so designated received 
PCN 0.2 mg in 1 ml water, p.o. x2fday, 1st 
day ff. Doses per 100 g body weight. 

b Intestinal ulcers and mortality on 9th 
day (Statistics Fisher & Yates). 

For further details on techniqne of tabu
lation cf. p. VIII. 

digitoxin and indomethacin depends upon the 
induction of drug-metabolizing enzymes, the 
steroid can act not only prophylactically but 
also curatively, if the intoxication is sufficiently 
slow to permit effective enzyme induction in 
time. 

In interpreting all these data on indo
methacin. it must be kept in mind that al
thongh this componnd (like digitoxin) acted as 
a standard in our studies on the detoxication 
of substrates by catatoxic steroids, the mecha
nism ofits accelerated bio-degradation has not 
yet been established. 

lodoacetate <f-

Laszt & Verzar 34,843/35: The cessation of 
growth induced by chronic iodoacetate feeding 
in the rat is counteracted by an andreno
cortical extract, "eucorton," s.c. A similar 
inhibition was obtained by feeding yeast or 
flavine phosphate. 

Olark & Barnes A33,441f40: Adrenocorti
cal extract offers no protection agairrst iodoace
tate intoxication in the rat. 

lsoniazid <f-

Ferraris 027,552/54; 030,097/56: In rats, 
ovariectomy increases resistance to lethal 
doses of isoniazid. 

Mrozikiewicz & Strzyzewski G68,152f66; 
H7,524f67: In the mouse, isoniazid-induced 
convulsions are facilitated, not only by gluco
corticoids (cortisol, prednisolone) and ACTH, 
but also by DOC. 

Isoniazid +- Prednisone, Man: Levi 
et al. F99,523f68* 
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lsoproterenol +- cf. also Selye 092,918/61, 
p. 117; G60,083j70, p. 493. 

Ohappel et al. 076,910/59: In rats, the 
production of myocardial necrosis by iso· 
proterenol is facilitated by pretreatment with 
mineralocorticoids (DOC, F-COL) but not 
influenced by glucocorticoids ( cortisone, tri
amcinolone). 

Moudgil G65,314j69: In rats, variom 
antimineralocorticoids inhibited the produc
tion of cardiac necroses by isoproterenol in the 
following order: SC 5233 > SC 9420 (spirono
lactone) > CS-1 and SC 8109. The reported 
relative effectiveness of these compounds as 
aldosterone antagonists is CS-1 > SC 9420, 
SC 8109 > SC 5233. 

K +- cf. Potassiurn 

KMn04 +- cf. Permanganate 

Lathyrogens +- corticoids cf. also Selye 
092,918/61, p. 137; G60,083j70, p. 357. 
Lathyrogens +- folliculoids, testoids cf. also 
Selye G60,083j70, pp. 369, 378, 379. 

RAT 

Ponseti D49,845J54: In rats fed Lathyrus 
odoratus seeds, testosterone does not signifi
cantly affect the development of osteo- and 
angiolathyric lesions. 

Bean & Ponseti 029,403J55: In rats 
chronically fed a sweet pea diet, dissecting 
aneurysms of the aorta were commonly found 
in combination with scoliosis and other 
lathyric skeletal lesions. Attention is called to 
the occasional occurrence of dissecting aneu
rysms in connection with scoliosis and other 
hone lesions in man (e.g., in Marfan's syndrome 
and related collagen diseases). Since, in rats, 
lathyrism was accompanied by testicular 
atrophy, it was attempted to prevent the 
lathyric aneurysms by testosterone, but the 
results were negative. 

Dasler 015,943 J 56: Cortisone added to the 
diet allegedly affered no protection agairrst 
osteolathyrism in rats given APN p.o. 

Hamre & Yaeger D76,147j56: In rats fed 
sweet peas, the development of osteolathy
rism is inhibited by cortisone. 

Selye & Bois 018,280/56: In rats, the 
osteolathyrism produced by Lathyrus odoratus 
seeds is aggravated by STH and inhibited by 
cortisol. Combined treatment with DOC + 
uninephrectomy + NaCl resulted in dissect
ing aneurysms of the aorta. V ery small doses 
of thyroxine or estradiol were without effect 
upon this form of lathyrism. 

Dasler 036,068!57: Brief mention of un
published observations indicating that in rats, 
osteolathyrism produced by APN is not 
inhibited by cortisone or thyroxine, but 
aggravated by STH. 

Diaz et al. 050,497j57: Thyroxine inhibits 
the osteolathyrism produced in rats by me
thyleneaminoacetonitrile (MAAN). Estrogens 
allegedly have a similar, though somewhat 
less pronounced, effect. [The authors actually 
tested only estrone in combination with pro
gesterone (H.S.).] 

Meyer & Vos 041,429(57: In rats kept on a 
Lathyrus odoratus meal, estradiol raised the 
resistance of males but decreased that of 
females. Cortisone moderately diminished the 
severity of scoliosis and of the exostoses 
whereas testosterone was without effect. 

Selye & Bois 022,712(57: In rats, osteola
thyrism (produced by AAN) is inhibited by 
cortisol and augmented by STH. The com
bination of STH and AAN enhances the 
development of polyarthritis in the small 
joints of the extremities. DOC facilitates the 
production of aortic aneurysms by AAN. 

Selye & Bois 023,298(57: In rats, the 
osteolathyrism produced by AAN is sup
pressed by cortisol and uninfluenced by DOC, 
although the associated aortic aneurysm for
mation is aggravated by the mineralocorti
coid. Combined treatment with DOC + COL 
so modifies the action of AAN that aortic 
aneurysms are produced in the virtual 
absence of hone lesions. "It is noteworthy that 
the individual morbid changes, characteristic 
of the malady, can be totally dissociated from 
each other by merely changing the mineralo
or glucocorticoid level of the milieu in which 
an experimental disease develops." 

Selye 031,369(57: In the rat, the osteola
thyrism produced by AAN is aggravated by 
STH, LTH and partial hepatectomy but it is 
inhibited by ACTH, cortisol or estradiol. 

Selye 0 31,790(57: In rats, osteolathyrism 
produced by AAN is inhibited by thyroxine, 
cortisol and estradiol but aggravated by STH 
even after adrenalectomy. 

Diaz et al. D99,329f58: In rats, the osteo
lathyrism produced by methyleneaminoace
tonitrile (MAAN) is mildly inhibited by pro
gesterone and estrone, completely prevented 
by thyroxine and aggravated by thyroid
ectomy. 

Selye 028,810(58: In rats, osteolathyrism 
was produced by high doses of AAN. This 
treatment was discontinued when administra
tion of various hormones began. Under these 
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Fig. 9. Elfect of various hormones upon osteolathyrism. Allrats were treated with the same amount 
of aminoacetonitrile (AAN). Top to hottom: Otherwise untreated controls, animals treated with 
ethylestrenol, prednisolone and thyroxine, respectively. Note strong lathyric changes: A: femurs, 
B: mandihles (especially at tendon insertion sites) in the control and ethylestrenol-treated rat, 

whereas the hones of the animals receiving prednisolone or thyroxine are essentially normal 

conditions, the healing of estahlished osteo· 
lathyrism was accelerated hy thyroxine and 
to a lesser extent hy cortisol and estradiol. 
STH delayed healing, whereas methyltestoste· 
rone and DOC did not influence it significantly. 

Wajda et al. 048,618/58: Lathyrism was 
produced in immature rats hy feeding Lathyrus 
odoratus seeds, "whereas testosterone short
ened the life span and increased the incidence 
of aortic rupture in female rats, estradiol 
increased survival time of hoth sexes and bad 
no influence on aortic rupture." 

Kawalewski et al. 063,273!59: In rats, 
osteolathyrism produced hy a sweet pea diet 
inhihits the uptake of :J!;S into fractured hones. 
Norethandrolone diminishes this inhihition. 

Panseti 068,050/59: In rats, the lathyric 
hone lesions produced hy AAN were strongly 
suppressed hy triiodothyronine and thyroxine, 
whereas those elicited by APN were much less 
evidently inhibited by these hormones. " Corti
costerone and cortisone suppressed only slightly 
the lesions produced by aminoacetonitrile in 
rats." 

Pyörälii et al. 067,833/59: Dissecting aneu
rysms of the aorta developed in 40% of imma
ture rats fed Lathyrus odoratus. The media 
was remarkahly thickened and the ground 
suhstance showed increased metachromasia 
and PAS reaction. This response was suppres
sed by cortisone and thyroxine but not hy 
ACTH, TSH or DOC at the doses employed. 

Aschkenasy 091,685/60: In male rats, the 
osteolathyrism produced hy AAN is inhihited 
by a diet containing 18-30% casein. This 
protective effect is not seen in females or in 
orchidectomized males. 

Kawalewski & Emery 086,516!60: In rats 
with osteolathyrism produced hy APN, 
norethandrolone promotes the healing of hone 
fractures as judged hy 35S uptake into the 
mucopolysaccharides of the callus. 

Gabay et al. D98,867j61: In rats, the 
osteolathyrism produced by methyleneamino
acetonitrile (MAAN) is associated with a 
considerahle increase in hone hexosamine. 
This change is more effectively inhihited hy 
thyroxine than by cortisone. Both hormones 
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are virtually ineffective in protecting against 
osteolathyrism produced by the feeding of 
Lathyrus odoratus seeds. 

Selye & Cantin 088,878!61: In rats, the 
osteolathyrism produced by AAN is inhibited 
by thyroxine and cortisol but aggravated by 
STH. The cardiac infarcts elicited in rats by 
ligature of the descending brauch of the left 
coronary artery are often transformed into 
rupturing cardiac aneurysms under the in
fluence of AAN. The incidence of these 
cardiac ruptures is augmented by cortisol 
and DOC, but not significantly influenced by 
thyroxine and STH. Evidently, there is no 
direct relationship between the skeletal and 
the cardiac lesions under these circum
stances. 

Wiancko & Kawalewski D270f61: In APN
treated rats, the healing of a humerus fracture 
(tensile strength of callus) is significantly 
decreased. This decrease was less pronounced 
in animals pretreated with cortisone, whereas 
fluoxymesterone (predominantly testoid) and 
methandrostenolone (predominantly anabolic) 
actually increase the tensile strength of the 
lathyric callus above the control (nonlathyric) 
Ievel. 

Aschkenasy D30,892f62: In rats, lathyrism 
produced by AAN is aggravated by adrenal
ectomy and, in the absence of the adrenals, the 
usual antilathyric effect of cortisone is no 
Ionger dernonstrahle; in fact the glucocorticoid 
facilitates the production of hernias. STH 
aggravates the osteolathyrism but not the 
induction of hemorrhages by AAN. 

Holzmann et al. F56,165f65: In rats ren
dered osteolathyric by APN, severe histologic 
changes occur also in the skeletal musculature 
accompanied by corresponding variations in 
the serum Ievel of muscle-specific enzymes, 
particularly creatinekinase and myokinase 
(adenylatekinase). These lesions can be par
tially suppressed by prednisone. 

Holzmann et al. G33,879f65: In rats, 
treatment with APN increases the serum 
transaminase activity. This effect is inhibited 
by prednisone but other blood enzyme 
changes are less markedly affected. 

Trnavsky et al. F49,077f65: In rats kept 
on a diet of Lathyrus odoratus, cortisol inhi
bited the increase in the hydroxyproline con
tent of the skin. 

Korting et al. F63,363f66: In rats made 
lathyric by APN, the GPT and the GOT 
activities of the serum are increased. Pred
nisone prevents this change. 

17 Selye, Hormones and Resistance 

Trnavskd & Trnavsky G54,556f68: In rats, 
the collagen changes induced by feeding 
Lathyrus odoratus seeds are more effectively 
inhibited by salicylates, phenylbutazone and 
chloroq uine than by cortisol. 

Henneman H 12,251/69: Estradiol protects 
the rat against the skeletal and cutaneous 
changes produced by APN. "The data suggest 
estrogens induce the synthesis of a collagen 
which is resistant to lathyrogenic agents; this 
same collagen might be more resistant to the 
vicissitudes of age and hormonal imbalance." 

Selye G70,480f71: In rats, the osteolathy
rism produced by aminoacetonitrile is readily 
prevented by prednisolone, triamcinolone and 
thyroxine, but not, or only doubtfully, affec
ted by the other conditioners of our series. 
Large doses of glucocorticoids cause morta
lity in aminoacetonitrile treated animals, but 
much smaller doses suffice to prevent skeletal 
lesions, cf. Fig. 9, p. 256 and Table 73. 

Table 73. Conditioning for aminoacetonitrile 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Prednisolone-Ac 

(1 mg) 
Triamcinolone 
Triamcinolone 

(0.5mg) 
Progesterone 
Estradiol (1 mg) 
Estradiol (1 mg s.c.) 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Osteo-
lathyrismb 
(Positive/ 
Total) 

10/10 
8/10 NS 
7/10 NS 
7/10 NS 
7/10 NS 
6/9 NS 
6/9 NS 
0/13 *** 
0/8 *** 

Of9 *** 
0/10 *** 

6/10 * 
5/10 * 
2/5 * 
5/9 * 
8/9 NS 
0/10 *** 

10/10 NS 

Mortalityb 
(Deadf 
Total) 

0/10 
5/10.:!: 
0/10 NS 
Of10 NS 
0/10 NS 
Of9 NS 
0/9 NS 
8n3 *** 
0/8 NS 

10/10~ 

0/10 NS 

3/10 NS 
1/10 NS 
0/5 NS 

.0/.9 NS 
4/9 .:!: 
Of10 NS 
0/10 NS 

a The rats all of groups were given amino
acetonitrile, "AAN" (20 mg/100 g body weight 
in 1 ml water, p.o., twice daily from 4th 
day ff.). 

b Osteolathyrism was assessed and mor
tality listed on 16th day ("Exact Probability 
Test"). 

For further details on technique of tabu· 
lation cf. p. VIII. 
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VARIA 

Cameron et al. D38,527f62: In ehicks, the 
osteolathyrism produced by semicarbazide 
and acetone semicarbazone is only doubtfully 
inhibited by cortisone, prednisolone or DOC. 

Simmons et al. G 28,592/65: Detailed descrip· 
tion of the hone lesions produced by AAN in 
the mouse and of their inhibition by estradiol. 

Lead+--

Benkö 95,966/42: In rabbits, the porphy· 
rinuria induced by lead intoxication could be 
prevented by nicotinamide given in combina· 
tion with adrenocortical extracts, whereas 
neither of these agents exhibited prophylactic 
potency when given by itself. 

Chiodi & Sammartino B52,225f50: In rats, 
the nephrotoxic effect of chronic lead feeding 
is inhibited by testosterone. 

Lithium +--

Radomski et al. B63,492f50: In dogs, 
neither DOC nor adrenocortical extract 
affects the manifestations of lithium intoxi
cation. 

LSD +--

Pierre C55,459f57: In the rabbit,the EEG 
changes produced by LSD are prevented by 
hydroxydione. 

Pierre et al. C46,326f57: Both methyl· 
androstanolone and hydroxydione protect 
agairrst chronic LSD intoxication. [Species nc,t 
stated (H.S.).] 

Pierre C52,727f58: In rabbits, the EEG 
changes characteristic of LSD intoxication 
are completely prevented by hydroxydione 
and androstanolone. 19-Nortestosterone and 
methylandrostanolone are somewhat less effec· 
tive. 

Bergen & Pincus C82,720f60: In rats, the 
behavioral changes induced by LSD can be 
suppressed by DOC, corticosterone, 17 -dehy
drocortisone, 11-dehydrocortisol, dehydroiso
androsterone, testosterone, androsterone, Ll 5• 

pregnenolone, etiocholanolone and progeste
ronc. Other naturally occurring steroids 
tested were ineffective. 

Bergen et al. C97,55lf60: Earlier unpub
lished experiments had shown that the effect 
of LSD on smooth muscle contraction can be 
inhibited by various steroids added to the 
bathing medium in vitro. The authors reexa
mined this antagonism in vivo. The time 
required by a rat to climb a rope for a food 
reward is prolonged by LSD but this behavior 

change is counteracted by pretreatment during 
3 days with i.p. injections of 1 mg quantities 
of dehydroisoandrosterone, Ll'-androstenedi
one, cortisol, progesterone, testosterone, preg
nenolone, DOC, dehydrocorticosterone, andro
sterone, etiocholanolone, corticosterone and 
11-desoxycortisol approximately in decreasing 
order of activity. Of all steroids tested only 
estradiol was inactive in this respect. 

Krus et al. G78,688f61: In normal man, 
"the magnitude of changes found to occur 
under LSD-25 in behavior representing sensori
motor, perceptual and conceptual Ievels of 
organization, was reduced when LSD ingestion 
was preceded by progesterone inge&tion." 

Bergen et al. E5,492f65: In the rat, pro
gesterone, dehydroepiandrosterone and DOC, 
reduce the severity of LSD-induced "confu. 
sion." In rabbits, both LSD and progesterone 
alter the characteristics of optically evoked 
cOitical potentials. "From the foregoing 
experimental results and the additional 
information that progesterone inhibits LSD 
metabolism in an in vitro system, it may be 
postulated that both drugs act on common 
cellular sites. It is suggested that progesterone 
may block the action of LSD by irrterlering 
with the LSD-receptor relationship of the cell." 

Table 74. Conditioning for LSD 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Dyskinesia b 

11/15 
0/14 *** 
0/10 *** 
2/15 *** 
6/15 NS 
1/10 *** 
5/10 NS 
0/10 *** 
0/15 *** 
3/10* 
0/10 *** 
4/8 NS 
4/10 NS 

11/15 NS 
3/10 * 

a The rats of all groups were given D-lys
ergic acid diethylamid 100 f-l.g/100 g body weight 
in 1 ml water i.v. once on the 4th day. 

b Dyskinesia was estimated 30 min after 
injection ("Exact Probability Test"). 

For further details on technique of tabula
tion cf. p. VIII. 
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Selye P ROT. 40258: In rats, the dyskinesia 
elicited by severe, but usually not fatal, LSD 
intoxication was weil prevented by PCN, CS-1, 
ethylestrenol, norbolethone, prednisolone, tri
amcinolone and estradiol but only just signifi
cantly by progesterone and phenobarbital. The 
other standard conditioning agents remained 
without effect, cf. Table 74, p. 258. 

Magnesium +- cf. also Selye 092,918/61, 
pp. 87, 257; G60,083f70, pp. 348, 357, 358. 

Störtebecker A 1,993/37: In rabbits and mice, 
the depth of MgS04 anesthesia is influenced 
by sex hormones, as judged by observations 
in different phases of the estrous cycle as weil 
as after injection of folliculin or androsterone. 
[In view of the wide individual variations and 
the small number of animals, the significance of 
the data is in doubt (H.S.).] 

Störtebecker 76,398/39: In gonadectomized 
male and female mice, the anesthetic effect of 
MgS04 is increased, but it can be restored to 
about normal by both estrogenic and andro
genic hormones. 

Farnell H 15,528/68: In mice, cortisone 
inhibits the convulsions but aggravates the 
organ changes induced by Mg-deficiency. 

Jasmin E7,631f68: In rats, certain mani
festations of the Mg-deficiency syndrome 
are inhibited by cortisol, hypophysectomy or 
thyroparathyroidectomy. 

Whitfield & Tidball H 549/68: Rats ova
riectomized and maintained on an Mg-defi
cient diet were either otherwise untreated or 
given 1 [Lg of estradiol per day. "The 
results indicate that estrogen given to an 
ovariectomized rat will significantly retard 
the rate and extent of development of dietary 
magnesium deficiency." 

Selye et al. G60,020f69: In the rat, pre
treatment with norbolethone protects against 
the anesthetic effect of progesterone, DOC, 
pregnanedione, dehydroepiandrosterone, tes
tosterone, diethylstilbestrol, pentobarbital and 
methyprylon. It does not significantly alter 
the corresponding actions of urethan, diazepam, 
chlorpromazine, reserpine, phenoxybenzamine, 
chioral hydrate, potassium bromide or magne
sium chloride. 

Selye et al. G60,016f70: In rats, spirono
lactone protects against anesthesia produced 
by progesterone, DOC, hydroxydione, preg
nanedione, dehydroepiandrosterone, testoster
one, diethylstilbestrol, methyprylon, pento
barbital and ethanol. It does not significantly 

17. 

alter the corresponding actions of morphine, 
codeine, urethan, diazepam, chlorpromazine, 
reserpine, phenoxybenzamine, chioral hydrate, 
potassium bromide or MgCl2 • 

MgS0 4 +- Gonadectomy + Tes
toids, Folliculoids, Mouse: Störtehecker 
76,398/39* 

MAG-Inhibitors +-

Blackham & Spencer G76,301f69: In female 
mice, pretreatment with lynestrenol (a luteoid) 
reduced the hyperthermia induced by dexam
phetamine, whereas mestranol (a folliculoid) 
increased it. Fencamfamine (also a CNS-sti
mulant) failed to induce hyperthermia in 
control or lynestrenol-pretreated mice but did 
raise the temperature after mestranol pre
treatment. The potentiating effect of mestranol 
could be mimicked by pretreatment with 
nialamide (a MAO-inhibitor) but not by 
SKF 525-A. Increased locomotor activity 
induced by dexamphetamine and fencamfa
mine was enhanced by mestranol and reduced 
by lynestrenol. Dopamine, norepinephrine 
and 5-HT Ievels in the brain were reduced by 
lynestrenol and 5-HT was increased by mestra
nol. "If the actions of dexamphetamine (and 
fencamfamin) are due predominantly to the 
release of endogenaus amines, then an increase 
( with lynestrenol) or a decrease ( with mestranol) 
of tissue MAO activity should change the 
potency of these two stimulant drugs." 

Mecamylamine +- cf. Ganglioplegics 

Mechlorethamine +-

Selye G70,480f71: In rats, mechlorethamine 
intoxication was not prevented by any of the 
standard conditioning agents of our series. 
Indeed, prednisolone, triamcinolone, hydroxy
dione, thyroxine and, to a lesser extent, 
possibly also oxandrolone aggravated the 
toxicity of this compound, cf. Table 75, p. 260. 

Mechlorethamine +- Cortisone: Hut
ehinsou et al. B84,257f55* 

Meperidine +-

Axelrod D28,544f56: Hepatic microsomal
enzyme systems are described which can N
demethylate several narcotic drugs, including 
morphine and its congeners, methadone and 
meperidine. "There are marked sex differences 
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Table 75. Conditioning for mechlorethamine 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Mortalityb 
(DeadfTotal) 

4/15 
0/10NS 
4/10NS 
5/15 NS 
4/15NS 
5/10NS 
8/10! 

1 o 110 .!.!.! 
14/15 *** 
4/10NS 
6/10 NS 
5/10NS 
9/10.!.!.! 

15/15 *** 
3f10NS 

a The rats of all groups were given me
chlorethamine hydrochloride (100 11-g per rat 
in 0.2 ml water, s.c., daily from 4th to 6th 
day). 

b Mortality listed on 8th day ("Exact 
Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

in the enzymatic demethylation of narcotic 
drugs in the rat. Administration of estradiol 
to male rats results in a decrease in enzyme 
activity while treatment of female rats with 
testosterone enhances enzyme activity." 

Remmer D86,728f58: Mention of un
published experiments indicating that corti
sone and prednisolone aceeierate the detoxi
cation of meperidine in the rat exclusively 
through demethylation, not through hydro
lysis. 

Crawford & RudofskyG42,454f66: In women 
taking various oral contraceptives, as weil as 
in pregnant women and in neonates, the 
urinary excretion of pethidine and promazine 
is increased, suggesting interference with the 
detoxication of these drugs. 

Rudofsky & Crawford E58,989f66: Follow
ing administration of meperidine or proma
zine "pregnant women, women on oral con
traceptives and neonates excreted signifi
cantly more unchanged meperidine than nor
meperidine, whereas the reverse held for the 
male 'controls' and other female groups. 
Pregnant women, women on oral contracep
tives and neonates excreted more unchanged 

and degraded promazine than non-pregnant 
women. Stilbestrol and progesterone each 
changed the pattem of excertion by male 
subjects toward that associated with preg
nancy." Apparently, pregnancy diminishes 
the capacity to metabolize meperidine and 
promazine, a change reflected in neonates and 
subjects taking oral contraceptives. 

Meperidine <- Chloromethyltestos
terone, 19-N ortestosterone + Chlor
promazine: Clouet et al. F 14,837!64 

Mephenesin +- cf. al8o Selye G60,083f70, 
p. 385. 

Selye G60,086f70: In rats, mephenesin 
paralysis was very effectively prevented by all 
classic catatoxic steroids, except oxandrolone. 
Prednisolone and DOC offered barely signifi
cant protection, cf. Table 76. 

Table 76. Conditioning for mephenesin 

Treatmenta Paralysisb 
(Positive/ 
Total) 

None 9/10 
PCN 2/10 *** 
CS-1 0/15 *** 
Ethylestrenol 0/10 *** 
Spironolactone 0/10 *** 
Norbolethcne 0/10 *** 
Oxandrolone 8/15 NS 
Prednisolone-Ac 7/15 * 
Triamcinolone(2mg) 15/15 NS 
Progesterone 8/15 NS 
Estradiol 8/10 NS 
DOC-Ac 7/15 * 
Hydroxydione 8/15 NS 
Thyroxine 9/10 NS 
Phenobarbital 5/10 NS 

Mortalityb 
(Deadf 
Total) 

3/10 
0/10NS 
Of15NS 
Of10NS 
0/10NS 
Of10NS 
1/15 NS 
Of15NS 
6/15 NS 
4/15 NS 
0/10NS 
2f15NS 
2/15 NS 
1/10 NS 
0/10NS 

a The rats of all groups were given mephe
nesin (30 mg on 4th day and 60 mg on 5th 
day, /100 g body weight in 0.2 ml propylene 
glycol s.c.). 

b Paralysis was estimated on 5th day 
2 Yz hrs after injection and mortality listed 
on 5th day p.m. ("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Meprobamate +-

Kato & Vassanelli D40,237f62: "Rats 
pretreated with phenobarbital, phenaglycodol, 
glutethimide, nikethamide, chlorpromazine 
triflupromazine, meprobamate, carisoprodol, 
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pentobarbital, thiopental, primidone, chlore
tone, dyphenylhydantoine and urethan show
ed an accelerated metabolism of mepro
bamate and, at the same time, a diminished 
duration of sleeping time and paralysis due to 
meprobamate." SKF 525-A counteracted these 
actions of the enzyme inducers. In hypophys
ectomized or adrenalectomized rats, pheno
barbital still increased meprobamate meta
bolism in vitro. 

Bousquet et al. F 35,073/65: In rats with 
stress produced by applying a tourniquet 
araund one hind limb for 2.5 hrs, the toxicity 
of hexobarbital, pentobarbital, meprobamate 
and zoxazolamine was significantly diminished, 
whereas that of barbital and phenobarbital 
remairred unaffected. Pretreatment with ACTH 
or corticosterone simulated the effect of stress. 
After hypophysectomy or adrenalectomy, 
stress failed to offer the usual protection. 
[The barbiturates and zoxazolamine appear 
to have been administered immediately after 
release of the tourniquet but this is not 
specifically stated. Allegedly a single injection 
of corticosterone (50 [-lg per animal) sufficed 
to offer protection (H.S.).] 

Selye G70,402j70: In rats, meprobamate 
intoxication is inhibited by ethylestrenol, 
CS-1, spironolactone, norbolethone, oxandro
lone and prednisolone. No protection is ob
tained by progesterone, triamcinolone, DOC, 
hydroxydione or estradiol. 

Selye G70,428j70: In rats, ethylestrenol 
powerfully inhibits the toxicity of digitoxin, 
nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
cyclopental, thiopental, DOC (anesthesia), 
meprobamate and picrotoxin. Thyroxine 
increases the toxicity of many among these 
drugs and inhibits the protective effect of 
ethylestrenol. 

Szeberenyi & Fekete H29,579j70: Brief ab
stract stating that after four days of pretreat
ment (species not mentioned), spironolactone 
decreased the action and accelerated the me
tabolism of hexobarbital, chlorzoxazone, me
probamate, esterone, testosterone, acenocou
marol and BSP, whereas after short treatment 
it had an inverse effect. It is concluded that 
spironolactone is a microsomal enzyme inducer. 

Selye G70,480j71: In rats, the motor 
disturbances produced by meprobamate in
toxication are readily prevented by all classic 
catatoxic steroids, as well as by prednisolone 
and phenobarbital, cf. Table 77. 

Meprobamate ~ Adrenalectomy: 
Kato et al. D40,237j62 

Table 77. Conditioning for meprobamate 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone (2 mg) 
Progesterone 
Estradiol ( 1 mg) 
Estradiol(1 mgs.c.) 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Dyskine3iab 
(Positive/ 
Total) 

9/10 
Oj10 *** 
Oj10 *** 
1/10 *** 
0/10 *** 
0/10 *** 
0/10 *** 
3/15 *** 
8/10 NS 
5/10 NS 

10/10 NS 
10/10 NS 
8/10 NS 
6/10 NS 
9/10 NS 
1/10 *** 

Mortalityb 
(Deadj 
Total) 

Oj10 
Oj10 NS 
0/10 NS 
Oj10 NS 
Oj10 NS 
0/10 NS 
0/10 NS 
1/15 NS 
0/10 NS 
0/10 NS 
0/10 NS 
5/10 .'1: 
1/10 NS 
0/10 NS 
5/10 .'1: 
0/10 NS 

a The rats of all groups were given mepro
bamate (50 mg/100 g body weight in 0.2 ml 
D.MSO, s.c., once on 4th day). 

b Dyskinesia was estimated 3 hrs after 
injection and mortality registered 24 hrs 
later ("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

MER-25 +--

Abdul-Karim et al. G55,510j68: The off
spring of rabbits treated with MER-25 
[1- (p-2-diethylamino-ethoxyphenyl) -1-phenyl-
2-methoxyphenylethanol] during gestation ex
hibit defects in endochondral ossification 
which can be prevented by concomitant 
administration of estradiol. 

Mercury +--

~ Testoids cf. also Selye B40,000j50, p. 631. 
Selye A31,128j40; A31,126j40: The renal 
and hepatic lesions produced by Hg012 in 
the mouse are prevented by testosterone, 
methyltestosterone, androstenediol, dehydro
iso-androsterone and androstenedione. 

Longley A37,552j42: "Treatment with 
testosterone propionate apparently increases 
the survival rate of rats poisoned with small 
doses of mercuric chloride, but is without 
effect when !arger doses of poison are used." 

Feyel 99,416/43: In mice, testosterone 
pretreatment does not protect either agairrst 
Hg012 or uranium nitrate intoxication. 
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Fig. 10. Prevention of mersalyl-induced nephrocalcinosis by ethylestrenol. Kidneys of two rats, 
both of which were given 3 rng/100 g of rnersalyl i.v. A: Control rat. B: Ethylestrenol given at the 

dose of 10 rng X 2/day - 4th day ff. cornpletely prevents nephrocalcinosis (von K6ssa X 30) 

de Olivcira et al. B43,032j47: In dogs, 
fatal renal darnage produced by HgCI2 can be 
prevented by pretreatrnent with testosterone. 

Donatelli B38,554f47: Warnen are rnnch 
rnore sensitive to HgCh intoxication than rnen. 
Testosterone pretreatment gives appreciable 
protection agairrst HgCI2 poisoning in mice 
and guinea pigs. 

Vargas B44,689j48: In parrots, testoster
one pretreatment protects the kidney agairrst 
darnage indnced by HgCI 2 • 

Cournot & Halpern B54,669f50: In mice, 
testosterone failed to protect the kidney 
agairrst HgCI2 . 

Levy et al. B47,634f50: Testosterone affered 
no protection agairrst the renal darnage caused 
by HgC12 in the rat. 

Sarre B99,950j54: In rabbits, both the 
Masugi nephritis and sublimate nephrosis are 
inhibited by testosterone and even more ac
tively by estradiol. 

Kadas & Zsambeky C26,265f56: The renal 
darnage produced by HgC12 in the rat is most 
effectively prevented by testosterone but, 
to a lesser extent, also by cortisone, parti
cularly when the latter is given in combination 
with ACTH. 

Derot & Tutin C67,130f57: In patients 
with mercury intoxication, treatment with 
testosterone is beneficial. 

Kadas & Zsambeky C49,522f57: In rats 
poisoned with HgC12, both testosterone and 
combined treatment with ACTH + cortisone 
inhibit renal darnage and improve survival. 

J elinek et aL E 32,261 f63: In rnice, 2-bromo
androstene-3,17 -oione, which is neither testoid 
nor anabolic, hastens the regeneration of the 
renal epithelium damaged by HgCI2• Methyl
testosterone actually aggravates the changes, 
whereas methandrostsnolone and nandrolone 
phenpropionate had no effect. 

Jelinek et al. F20,543f64: In rnice and rats, 
regeneration following HgC12-induced renal 
darnage is stimulated by 2-brorno-1-andro
stene-3,17 -dione but not by rnethyltestosterone 
or 1,17 -dimethylandrostan-17 -ol-3-one. 

Klinkmann & Hübel F 19,820!64: Testoste
rone allegedly protected the kidneys of a pa
tient from severe sublimate-overdosage. 

Wüstenberg et al. G38,225f65: In female 
rats given sublethal doses of HgC12, the 
protective effect of testosterone upon the 
resulting renal darnage was doubtful although 
the rise in blood NPN was significantly inhi-
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Fig. 11. Protection by spironolactone against mercury. Both rats received the same dose of HgCh 
i.v. A + C: Heavy calcification ofthe renal cortex in the otherwise-untreated control rat. B + D: 
Complete prevention of calcification by prior treatment with spironolactone. Top: Externat sur

face. [Selye G70,426/70. Courtesy of Science] 
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c 

Fig. 12 (A-D). Prevention of HgCb-induced nephrocalcinosis by spironolactone. All animals re
ceived the same HgCI2-treatment. A: Left kidney of otherwise-untreated control in its natural 
position with part of the right kidney just visible across the mesentery of the rectum. The tubular 
localization of the calcific ation in the cortex is clearly visible. B: Pretreatment with spironolactone 
prevents this change. C: Cross section through the kidney shown above. Note strictly cortical 
localization of calcification. D: Cross section through the kidney shown above. No calcification is 

visible 
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E 

H 

Fig. 12 (E - H). E: Macroscopic aspect of the control kidney after staining with von K6ssa tech
nique. The calcified tubules (now black) are especially clearly visible. F: Similarly-prepared kidney 
of the rat pretreated with spironolactone. G, H: Cross sections through the kidneys shown above 
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f 

Fig. 12 (I - L). I: Histologie appearance of the control kidney showing cortical calcification. J: 
Prevention of calcification by spironolactone. K, L: Higher magnification of the kidneys shown 
above. All sections stained with von K6ssa technique: top X 9, bottom X 27. [Selye et al. 

G70,440f70. Courtesy of Urol. and Nephrol.] 



-<- Steraids 267 

bited. In males, no definite protective action 
could be shown. 

Tessmann G65,320j68: In the mouse and 
rat, regeneration of the renal epithelium follow
ing HgCl2-intoxication was not significantly 
enhanced by testosterone. 

Mercury -<- Testaids cf. also Tables 78-80 
<-- Other Steroids cf. also Selye G60,083J70, 

p. 353. Clark & Barnes A 33,441/40: Pretreat
ment with DOC failed to protect intact 
rats against HgCl2 • 

Kadas & Zsambeky C26,265j56: The renal 
darnage produced by HgCl2 in the rat is most 
effectively prevented by testosterone but, to a 
lesser extent, also by cortisone, particularly 
when the latter is given in combination with 
ACTH. 

Selye & Bois C 14,441/57: The calcification 
and foreign-body granuloma formation in the 
kidneys of rats poisoned with HgCl2 is pre· 
vented by cortisol but not by DOC. The 
necrotizing ulcers in the cecum of the rat 
which develop under the influence of HgCl2 

were actually aggravated by cortisol but not 
influenced by DOC. 

Heimburg & Schmidt C69,587j59: Fernale 
rats are more resistant than males to chronic 
intoxication with HgCl2• Ovariectomy abo
lishes this difference. Neither estradiol nor 
progesterone caused any significant change 
in resistance to mercurial intoxication. 

Miller et al. G77,153f69: In chicks, cortisol 
and several other glucocorticoids increase 
mercury retention in the kidney and, at least 
in certain strains, also in the liver. [The expe
riments were terminated after four days and 
no mention is made of mortality (H.S.).] 

Selye G 70,426/70: In the rat, spironolactone 
is highly efficacious in preventing renal 
tubular necrosis and calcification as weil as 
the mortality induced by HgCl2• Possibly this 
protective effect is due to the sulfur in the 
thioacetyl substituent of the steroid, cf. Fig. 
11, p. 263. 

Szab6 & Selye G70,478f70: In rats, 
hypophysectomy greatly diminishes the ne
phrocalcinosis produced by HgCl2• This effect 
of HgCl2 is completely abolished in hypo
physectomized rats treated with triamcinolone. 

Garg et al. G60,078f71: In rats, given 
HgCl2, spironolactone decreases the mercury 
content of the kidney, blood, urine, liver, 
spieen and Jung by about 40-50%. This 
decrease is accompanied by an increased fecal 
elimination of Hg. However, the protection by 
spironolactone against nephrocalcinosis cannot 
be due exclusively to a diminished mercury 

content since the kidneys of animals receiving 
spironolactone contain more mercury than 
those of rats showing renal calcification after 
treatment with lower doses of HgCl2 given 
alone. 

Selye G70,480f71: In rats, fatal intoxica
tion with HgCl2 was readily prevented by spi
ronolactone. Among the other standard condi
tioning agents, only ethylestrenol, prednisolone, 
progesterone and e&tradiol affered moderate pro
tection, cf. Fig. 12, p. 264-266 and Table 78. 

Table 78. Conditioning for mercuric chloride 
Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesteraue 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Nephro
calcinosisb 
(Positive/ 
Total) 

15/15 
10/10 NS 
10/10 NS 
11/15 * 
Of20 *** 
8/10 NS 
8/10 NS 
6/10 * 

15/15 NS 
7/20 *** 
9/15 ** 
8/10 NS 
8/10 NS 

14/15 NS 
8/10 NS 

Mortalityb 
(Deadf 
Total) 

10/15 
7/10 NS 
5/10 NS 

10/15 NS 
Of20 *** 
6/10 NS 
7/10 NS 
9/10 NS 

12/15 NS 
6/20 * 
6/15 NS 
5/10 NS 
5/10 NS 

15/15 _'I<_ 

10/10 NS 
a The rats of all groups were given mercuric 

chloride (400 (J.g/100 g body weight in 1 ml 
water, i.v., on 4th day). 

b Nephrocalcinosis was estimated on day 
of death from 5th day and mortality registered 
on 7th day ("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Selye G70,480f71: In rats, fatal mersalyl 
(s.c.) intoxication was readily prevented by 
ethylestrenol, spironolactone, prednisolone and 
phenobarbital, cf. Table 79, p.268 . 

Selye G70,480f71: In rats, fatal intoxica
tion with mersalyl i.v. is readily prevented by 
spironolactone and prednisolone. Ethylestre· 
nol is somewhat less effective, whereas tri· 
amcinolone and progesterone exhibit a barely 
significant prophylactic action, cf. Fig. 10, p. 
262 and Table 80, p. 268. 

Selye PRO'l.'. 31585, 31716: In 20 4! mice, 
5-20 mg/100 g of spironolactone or equimo
lecular amounts of spiroxasone given p.o. 
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Table 79. Conditioning for mersalyl (s.c.) 

Treatmenta 

None 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Nephro
calcinosisb 
(Positive/ 
Total) 

9/15 
2/10 NS 
0/10 *** 
0/10 *** 
2/10 NS 
1/10 * 
0/10 *** 
4/10 NS 
4/10 NS 
4/10 NS 
3/10 NS 
4/10 NS 
6/10 NS 
0/10 *** 

Mortalityb 
(Deadj 
Total) 

8/15 
3/10 NS 
0/10 *** 
0/10 ** 
1/10 * 
2/10 NS 
1/10 * 
3j10 NS 
5/10 NS 
0/10 ** 
5/10 NS 
1/10 * 
8/10 NS 
0/10 ** 

a The rats of all groups were given mer
salyl (10 mgj100 g body weight in 0.2 ml 
water, s.c., on 4th day). 

b Nephrocalcinosis was estimated on day of 
death in animals that lived at least 5 days and 
mortality listed on 7th day ("Exact Proba
bility Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

1 hr before the i.v. injection of 1 or 1.5 mg 
HgCl2/100 g body weight offer little, if any, 
protection agairrst the resulting nephro
calcinosis. 

Selye PROT. 32109,33047: In rats, corti
sol, cortisone, triamcinolone, dexamethasone, 
betamethasone, prednisolone and prednisone 
given daily at high dosages for 4 days failed 
to protect agairrst the nephrocalcinosis and 
mortality produced by HgC12 i.v., cf. Table 81. 

Methadone +-

March et al. B58,376j50: In rats, neither 
castration nor testosterone pretreatment af
fects sensitivity to methadone i.p. signifi
cantly. The renal concentration of methadone 
is increased by castration but restored to 
normal by testosterone. 

Winter & Flataker B62,935j51: In rats, 
cortisone inhibits the toxic effects of metha
done and the hyperactivity caused by mor
phine. Cortisone also increases the excitatory 
effect of morphirre in cats. On the other hand, 
cortisone synergizes the analgesic antagonist 

Table 80. Conditioning for mersalyl (i.v.) 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

.Nephro
calcinosisb 
(Positive/ 
Total) 

13/15 
14/15 NS 
11/14 NS 
6/14 * 
0/15 *** 

12/14 NS 
12/13 NS 
3/15 *** 
6/15 * 
6/15 * 

13/14 NS 
14/15 NS 
15/15 NS 
12/13 NS 
12/15 NS 

Mortalityb 
(Dead/ 
Total) 

13/15 
13/15 NS 
12/15 NS 
1/15 **"' 
0/15 *** 
5/15 *** 
7/15 * 
3/15 *** 
6/15 * 
9/15 NS 

13/15 NS 
11/15 NS 
9/15 NS 

15/15 NS 
9/15 NS 

a The rats of all groups were given mer
salyl (4 mg/100 g body weight in 1 ml water, 
i.v., once on 4th day). 

b Nephrocalcinosis was estimated on day 
of death of animals that lived at least 5 days 
and mortality listed on 7th day ("Exact 
Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

N-allylnormorphine. After spinal cord section, 
cortisone and ACTH reduce the effect of 
morphine on the spinal reflex (tail-flick 
response), whereas DOC enhances it. 

Axelrod D28,544j56: Hepatic microso
mal-enzyme systems are described which can 
N-demethylate several narcotic drugs, in
cludmg morphirre and its congeners, metha
done and meperidine. "There are marked sex 
differences in the enzymatic demethylation 
of narcotic drugs in the rat. Administration of 
estradiol to male rats results in a decrease in 
enzyme activity while treatment of female rats 
with testosterone enhances enzyme activity." 

Selye G70,480j71: In rats, methadone 
intoxication was most effectively prevented 
by ethylestrenol. Triamcinolone affered barely 
significant protection, whereas progesterone 
and thyroxine appeared to increase mortality, 
cf. Table 82. 

Methadone ~ Estradiol, Testoster
one: Axelrod D28,544J56 
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Table 81. Lack of protection by glucocorticoids Table 82. Conditioning for methadone 
against acute HgCl2 intoxication 

Treatmenta 

None 

Cortisol-Ac 
10mg 

Cortisone-Ac 
10mg 

Triamcinolone 
10mg 

Dexamethasone-Ac 
2mg 

Betamethasone-Ac 
2mg 

Prednisolone-Ac 
10mg 

Prednisone-Ac 
10mg 

Solu-Cortef 
10mg 

Nephro-
calcinosisb 
(Positive/ 
Total) 

9/10 

9/10 NS 

7(10 NS 

8(10 NS 

6(10 NS 

8/10 NS 

10/10 NS 

9/10 NS 

7(10 NS 

Mortalityb 
(Deadf 
Total) 

5/10 

4/10 NS 

4(10 NS 

9/10 NS 

10(10.:!: 

10/10 :!'_ 

9(10 NS 

6(10 NS 

5(10 NS 

a The rats (100 g Cf') of all groups received 
HgCl2 300 [Lg in 1 ml water, i.v. once, on the 
4th day. Solu-Cortef was injected at the dose 
indicated in 1 ml water, i.v. once, 4th day, 
30 min before HgCl2; the other glucocorticoids 
were given at the doses indicated in 1 ml water, 
p.o. x2fday, 1st day ff, on the 4th day 1 hr 
before HgCl2 administration. 

b Nephrocalcinosis on day of death; 
mortality up to 7th day when experiment 
was terminated (Statistics Fisher & Yates). 

For further details on technique of tabu
lation cf. p. VIII. 

Methanol~ 

Severin & Bashkurov 049,801(67: In pa
tients with acute methanol poisoning, com
bined treatment with norepinephrine, corti
sone and various other agents facilitated re
covery. [In view of the complex treatment 
given, it is impossible to ascertain the relative 
value of each component of the therapeutic 
regimen (H.S.).] 

Gilger et al. B73,737f52: In mice, cortisone 
had no significant effect upon methanol 
intoxication. 

Methanol ~ Cortisone, Mouse: 
Gilger et al. B73,737f52* 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Deadf 
Total) Total) 

None 15/15 5(15 
PCN 9/10 NS 2/10 NS 
CS-1 10/10 NS 4/10 NS 
Ethylestrenol 3/10 *** 0/10 NS 
Spironolactone 9/10 NS 7/10 NS 
Norbolethone 10(10 NS 5(10 NS 
Oxandrolone 10/10 NS 3/10 NS 
Prednisolone-Ac 10(10 NS 1/10 NS 
Triamcinolone 6/10 * 1/10 NS 
Progesterone 10/10 NS 9/10 ** 
Estradiol 9(10 NS 2/10 NS 
DOC-Ac 10/10 NS 6/10 NS 
Hydroxydione 10/10 NS 3/10 NS 
Thyroxine 10(10 NS 8(10.:!: 
Phenobarbital 8/10 NS 5/10 NS 

a The rats of all groups were given me
thadone, 1.5 mg/100 g body weight in 1 ml 
water, i.p., once on 4th day. 

b Dyskinesia was estimated 2 hrs after 
injection and mortality registered 24 hrs 
later ("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Methionine ~ cf. Diet (Choline) 

Methylaminoantipyrine ~ Adrenal
ectomy + Prednisolone: Remmer 
C73,857j58 

Methylaniline ~ 

Selye P ROT. 39519: In rats, the dyskinesia 
and mortality induced by heavy methylaniline 
intoxication is counteracted by PCN and pheno
barbital. Triamcinolone, progesterone and thy
roxine aggravate this intoxication, whereas the 
other standard conditioners cause little or no 
change in methylaniline resistance, cf. Table 
83, p. 270. 

N-Methylaniline ~ Gonadectomy 
+ Methyltestosterone: Kato et al. 
F76,403f66 

Methylphenidate ~ 

Selye P ROT. 35844: In rats, methyl
phenidate (10 mg/100 g body weight in 
0.2 ml water) was administered s.c. once on 
4th day of conditioning. Dyskinesia was listed 
2 hrs, paralysis 3 hrs, and mortality 24 hrs, 
after this injection. Under these circumstances 
none of the "Standard Conditioners" (p. VIII) 
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Table 83. Conditioning for methylaniline 

Treatmenta Dyskinesia b Mortalityb 
(Positive/ (Dead/ 
Total) Total) 

None 14/20 11/20 
PCN 2/5NS 2/5NS 
PCN 1 mg 3/15 *** 3/15 * 
CS-1 5/15 * 8/15 NS 
Ethylestrenol 6/20* 4/20* 
Spironolactone 13/20 NS 8/20 NS 
Norbolethone 4/15 * 3/15 * 
Oxandrolone 9/15 NS 9/15 NS 
Prednisolone-Ac 11/15 NS 13/152t 
Triamcinolone 20/20jt 20/20.:".!.! 
Progesterone 15/15jt 15/15* ** 
Progesterone 5 mg 4/5 NS 1/5 NS 
Estradiol 9/15 NS 3/15 * 
DOC-Ac 12/15 NS 11/15 NS 
Hydroxydione 11/15 NS 5/15 NS 
Thyroxine 20/20~ 20/20.:!:!..! 
Phenobarbital 5/15 * 1/15 *** 

a The rats of all groups were given N-me
thylaniline (40 mg/100 g body weight in 0.2 ml 
water, s.c., once daily from the 4th to the 7th 
day). 

b Dyskinesia was estimated on 6th day 
6 hrs after injection and mortality listed on 
8th day ("Exact Probability Test"). 

For further details on technique of tabula
tion cf. p. VIII. 

or cholesterol caused any noteworthy change 
in the resulting intoxication, only thyroxine 
exhibited an aggravating effect. 

Methyprylon +-

Selye et al. G60,020j69: In the rat, pre
treatment with norbolethone protects agairrst 
the anesthetic effect of progesterone, DOC, 
pregnanedione, dehydroepiandrosterone, testos
terone, diethylstilbestrol, pentobarbital and 
methyprylon. It does not significantly alter 
the corresponding actions of urethan, dia
zepam, chlorpromazine, reserpine, phenoxy
benzamine, chioral hydrate, potassium bro
mide or magnesium chloride. 

Selye et al. G60,016f70: In rats, spirono
lactone protects agairrst anesthesia produced 
by progesterone, DOC, hydroxydione, preg
nanedione, dehydroepiandrosterone, testoste
rone, diethylstilbestrol, methyprylon, pento
barbital and ethanol. It does not significantly 
alter the corresponding actions of morphine, 
codeine, urethan, diazepam, chlorpromazine, 

reserpine, phenoxybenzamine, chioral hydrate, 
KBr or MgCl2• 

Selye G60,097j70; G70,480f71: Methypry
lon (a hypnotic piperidine derivative) is unu
sual in its behavior in that its effect is 
diminished by all standard conditioning 
agents except DOC and thyroxine. The 
inhibition by estradiol is not very marked and 
hydroxydione pretreatment gives a barely 
significant shortening of the sleeping time but 
the potent classical conditioners and parti
cularly PCN are extremelyeffective, cf. Table84. 

Metrazol +- cf. Pentylenetetrazol 

Metyrapone +-

Szeberenyi et al. G64,752f69: In rats given 
metyrapone i.p., the disappearance of the drug 
from the plasma is accelerated by pretreatment 
with cortisol and numerous other drugs that 
induce hepatic-microsomal enzymes. 

Mitornycin +-

Lutzmann & Schmidt F57,784f65: In rats, 
Ll'-17a-methyltestosterone failed to prevent 
the antimitotic effect of cyclophosphamide or 
mitomycin upon Jensen sarcomas. 

Table 84. Conditioning for methyprylon 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Triamcinolone (2 mg) 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Sleeping timeb 
(min) 

485 ± 10 
2 ± 1 *** 

35 ± 6 *** 
28 ± 5 *** 

158 ± 17 *** 
90 ± 10 *** 

149 ± 17 *** 
11 ± 4 *** 

234 ± 27 *** 
321 ± 21 *** 
335 ± 18 *** 
356 ± 34 ** 
479 ± 22 NS 
411 ± 28 * 
416 ± 32 NS 
50± 14 *** 

a The rats of all groups were given methy
prylon (20 mg/100 g body weight in 0.2 ml 
water, s.c., once on 4th day). 

b Student's t-test. 

For further details on technique of tabu
lation cf. p. VIII. 
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Monocrotaline +-

RatrwU & Mirick B48,154f49: Monocro
taline i.p. produces necrosis of the liver and of 
the renal tubules, as weil as pulmonary edema 
in rats. Males are somewhat more susceptible 
than females, especially if kept on protein
deficient diets. Testosterone increases mono
crotaline susceptibility in both sexes, but nei
ther castration nor estradiol influences sur
vival time. 

Goldenthal et al. G 18,384/64: "The oral and 
intravenous LD50's were determined for mono
crotaline. The LD50 was essentially the same 
for males and females and for oral and intra
venous administration for a 90-day observa
tion period. There was a marked sex diffe
rence with respect to the median survival time, 
females living significantly Ionger than males. 
Castration of either male or female rats had 
no significant effect on the median survival 
time. Pretreatment of males with estradiol 
cyclopentyl propionate caused the median 
survival time to correspond tothat of females. 
Pretreatment of females with testosterone 
propionate caused the median survival time to 
approximate that of male animals. Pretreat
ment of female rats with methandrostenolone 
(Dianabol), an anabolic agent, caused the 
median survival time to correspond to that 
of males." 

Monocrotaline ~ Orchidectomy + 
Estradiol + Diet: Ratnoff et al. 
B48,154/49* 

Monomethyl-4-aminoantipyrine ~ 
Testoids: Booth et al. D34,656f62 

Morphine +- cf. also Ethylmorphine 

Benetato et al. 33,773/35: In rats, neither 
adrenocortical extract nor an adrenotrophic 
anterior pituitary preparation altered resist
ance to morphine or to typhoid-paratyphoid 
vaccine. 

Michalek et al. B91,619f51: In dogs, 
cortisone "modifies" the addiction syndrome 
induced by chronic morphine treatment. 
[Brief abstract without details (H.S.).] 

Winter & Flataker B62,935f51: In rats, 
cortisone inhibits the toxic effects of metha
done and the hyperactivity caused by morphine. 
Cortisone also increases the excitatory 
effect of morphine in cats. On the other hand, 
cortisone synergizes the analgesic antagonist 
N -allylnormorphine. After spinal cord section, 
cortisone and ACTH reduce the effect of 
morphine on the spinal reflex (tail-flick 
response), whereas DOC enhances it. 

Paroli G 14,277 f54: In rats of either sex, 
stilbestrol, hexestrol, and estradiol pretreat
ment reduce morphine tolerance. Orchidec
tomy does not influence it. 

Miller et al. 073,877/55: Review of earlier 
Iiterature suggesting that morphine analgesia 
is mediated through the release of epinephrine 
from the adrenal medulla. It had been claimed 
that adrenalectomy decreases the pain reaction 
threshold to morphine and that morphine itself 
has an analgesic effect. However, in the au
thors' experiments on rats these observations 
could not be confirmed and TEA failed to re
verse the effect of morphine on pain. In mim•, 
near Iethai doses of epinephrine or norepine
phrine were required to raise the pain thresh
old. 

Axelrod D28,544f56: Hepatic microsomal
enzyme systems are described which can N
demethylate several narcotic drugs, including 
morphine and its congeners, methadone and 
meperidine. "There are marked sex differences 
in the enzymatic demethylation of narcotic 
drugs in the rat. Administration of estradiol 
to male rats results in a decrease in enzyme 
activity while treatment of female rats with 
testosterone enhances enzyme activity." 

Adler et al. G 79,852/57: In Sprague-Dawley 
rats, given 14C-labeled morphine, the ratio of 
bound to free morphine is 2-3 times greater 
in the urine and plasma than in Long-Evans 
rats. The tissues of adrenalectomized rats of 
both strains contain higher concentrations of 
14C-labeled morphine than do control rats. 
Plasma bound morphine Ievels indicate no im
pairment ofmorphine conjugation. Vasopressin 
increases, whereas ACTH decreases morphine 
sensitivity. Yet both after ACTH and after 
vasopressin, tissue concentrations of morphine 
are either reduced or unaffected in marked con
trast to the increased values after adrenal
ectomy. Apparently, the decreased morphine 
sensitivity induced by ACTH is not reflected 
by lower brain morphine concentrations. 

Paroli & de Arcangelis 063,937!57: In rats, 
progesterone enhanced the anesthetic effect of 
morphine; pregnanediol and pregnanedione 
had little effect upon it, whereas pregnenolone 
shortened its duration. 

Paroli 062,998!57: In rats, estradiol, 
stilbestrol and hexestrol increase sensitivity 
to the lethal effects of morphine overdosage. 
Androsterone and orchidectomy are without 
effect upon it. 

Paroli 063,938!57; 063,939/57: Estradiol, 
stilbestrol and hexestrol decrease the morphine 
resistance of the rat. 
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Cochin & Axelrod G67,795f59: Chronic 
treatment with morphine and morphine
nalorphine mixtures caused profound diminu
tion of the analgesic response to a test dose of 
morphine. This was associated with a severe 
reduction in the ability of the liver enzymes 
to N-dealkylate morphine and nalorphine. 
Testo~terone failed to affect the development 
of morphine tolerance or to modify enzymic 
activity. 

Sobel et al. 090,836/60: Morphine increases 
the mortality of guinea pigs exposed to reduced 
oxygen tension. Prior treatment with cortisone 
or ACTH protects against this combined 
treatment. 

Markova D47,081f62: Pretreatment with 
ACTH or cortisone increases the morphine 
resistance oi newborn rats, although not 
quite to the adult level. DOC does not share 
this effect. 

Paroli G12,543f63: In the rat, cortisol 
and ACTH inhibit the analgesic effect of mor
phine, whereas dexamethasone and predniso
lone (though more active glucocorticoids) 
do not. 

Franklin G32,826f65: The demethylation 
of morphine by rat hepatic microsomes was 
greatly diminished by pretreatment with 
cortisone, although, simultaneou.sly, the G-6-
P-ase activity of the liver increased. Pretreat
ment with morphine exhibited essentially si
milar effects upon these two enzymes. 

Lecannelier & Quevedo H8,759f67: In rab
bits, the analgesic effect of morphine is redu
ced by ACTH or cortisol. 

DobreBcu et al. H26,899f70: In rats, the 
establishment of tolerance to morphine is 
delayed by prednisolone and accelerated by 
testosterone. 

Selye et al. G60,016f70: In rats, spirono
lactone protects against anesthesia produced 
by progesterone, DOC, hydroxydione, preg
nanedione, dehydroepiandrosterone, testoste
rone, diethylstilbestrol, methyprylon, pento
barbital and ethanol. It does not significantly 
alter the corresponding actions of morphine, 
codeine, urethan, diazepam, chlorpromazine, 
reserpine, phenoxybenzamine, chioral hydrate, 
potassium bromide or MgC~. 

Stripp et al. H22,743f70: In female rats, 
spironolactone pretreatment shortened hexo
barbital sleeping time. "Moreover, treatment 
of female rats with spironolactone doubled the 
rate of the in vitro metabolism of hexobarbital 
and benzpyrene by liver microsomes and 
quadrupled that of ethylmorphine. The induc
ing effects of ~pironolactone were very 

different from those of phenobarbital and 
3-methylcholanthrene. 'fh9 amount of cyto
chrome P-450 was either unaltered or decrea
sed, but the NADPH cytochrome c reductase 
activity was increased 2-fold. Although the 
endogenaus rate of cytochrome P-450 reduction 
by NADPH was not altered, the stimulatory 
effects of ethylmorphine or hexobarbital on 
the rate of cytochrome P-450 reduction were 
significantly greater with microsomes from 
spironolactone-treated animals. By contrast, 
treatment of male rats with spironolactone 
caused no change in hexobarbital sleeping 
time and no change or a slight decrease in 
hexobarbital and benzpyrene metabolism by 
liver microsomes." 

Selye P ROT. 36205: In rats, morphine 
sulfate (20 mg/100 g body weight in 0.2 ml 
water) was administered s.c. once on the 4th 
day of conditioning. Dyskinesia was listed 
2 hrs, mortality 24 hrs, after this injection. 
Under these circumstances none of the "Stan
dard Conditioners" (p. VIII) caused any 
noteworthy change in the resulting intoxi
cation. 

Morphine ~ Adrenalectomy: Rogoff 
et al. 63,527 /25*; Zauder G 7 5,347/52 

Morphine ~ Testosterone: Cochin 
et al. G67,795f59* 

Morphine ~ Estradiol: Axelrod 
D28,544f56 

Morphine ~ Cyclopentyltestoster
one: March et al. G77,519f54* 

Mustard Gas +-

K uchdrik & TelbiBz 96,165/45: Certain 
adrenocortical extracts offer protection against 
mustard gas in the mouse. 

Mustard Powder +- cf. Selye B58,650f51, 
p. 248. 

Na+- cf. Sodium 

Nalorphine ~ Testosterone: Cochin 
et al. G67,795f59 

Naphthalene +-

Booth & Gillette D34,656f62: Testosterone 
propionate, 19-nortestosterone, 4-androstene-3, 
17-dione and 4-chloro-19-nortestosterone ace
tate (SKF 6611) were tested for their ability 
to induce hepatic microsomal enzymes in 
female rats. "All of the steroids produced 2-
to 3-fold increases in the activity of the 
enzyme systems that metabolize hexobarbital, 
demethylate monomethyl-4-aminoantipyrine 
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and hydroxylate naphthalene, but only 
19-nortestosterone, testosterone propionate 
and methyltestosterone increased the activity 
of microsomal TPNH oxidase .... The in
crease in microsomal enzyme activity is more 
closely related to the anabolic activity than 
to the androgenic activity of the steroid." 

2-Naphthylamine +- 3ß-Methoxyan
drost-5-ene-17 -one, Gp, Rat: RoyD5,284/ 
61 

a.-Naphthylisothiocyanate +- cf. also Bili· 
rubin 

Roberts & Plaa G39,694f66: In mice, 
a-naphthylisothiocyanate-induced hyperbiliru
binemia and cholestasis are aggravated by 
norethandrolone and norethynodrel but not by 
mestranol. 

Roberts & Plaa G69,070f69: In mice and 
rats, the hyperbilirubinemia induced by 
a-naphthylisothiocyanate (.ANIT) is enhanced 
by various drugs and steroids presumably 
because of an increased rate of bilirubin 
production and not as a consequence of 
decreased biliary bilirubin excretion. "Studies 
of the rate of endogenous bile bilirubin excre
tion and the incorporation of ~-aminolevulinic 
acid-14C (ALA-14C) into bilirubin in rats 
revealed that phenobarbital and chlorproma
zine significantly increased the rate of bile 
bilirubin production ((.Lg/100gfhr) and that 
phenobarbital, chlorpromazine, and norethan
drolone significantly increased the percent 
incorporation of ALA-14C into bilirubin. 
Acetohexamide and Enovid both produced an 
increased, but irregular, response in bile 
bilirubin excretion and.ALA-14C incorporation." 

Selye PROT. 42722: In rats, acute ANIT 
intoxication is markedly inhibited by pretreat
ment with PCN, CS-1, ethylestrenol and pheno
barbital and barely significantly by norbol
ethone, cf. Table 85. 

a-Naphthylisothiocyanate ~ Nor
ethandrolone, Mouse: Roberts et al. 
G39,694f66* 

1-(1-Naphthyl)-2-thiourea (ANTU) +- cf. 
Thioureas 

Navadel +- cf. Dioxathion under Pesticides 

Nembutal +- cf. Pentabarbital under 
• Barbiturates 

Neoprontosil ~ Progesterone, Nor
ethynodrel: Juchau et al. G40,275f66 

18 Selye, Hormones and Resistance 

Table 85. Oonditioning for a.-naphthylisothio
cyanate 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Dyskinesia b 
(Positive/ 
Total) 

15/15 
2/10*** 
4/10*** 
3/10*** 
7/10NS 
6/10* 
7/10NS 

10/10NS 
10/10 NS 
10/10NS 
10/10NS 
7f10NS 
7f10NS 

10/10 NS 
1/10*** 

Mortalityb 
(Dead/ 
Total) 

14/15 
3/10*** 
4/10** 
3/10*** 
9/10NS 
7f10NS 
7/10NS 

10/10NS 
10/10NS 
10/10NS 
10/10NS 
7/10NS 
7j10NS 

10/10NS 
2/10*** 

a The rats of all groups were given rx.-naph
thylisothiocyanate (40 mg/100 g body weight 
in 1 ml oil, p.o., on 4th day). 

b Dyskinesia was estimated on 8th day and 
mortality listed on 9th day ("Exact Proba
bility Test"). 

For further details on technique of tabula
tion cf. p. VIII. 

Nickel Sulfide +-

Jasmin et al. D68,263f63: In rats, a single 
i.m. injection of nicke! sulfide produces 
metastatic rhabdomyosarcomas whose inci
dence is increased by methylandrostenolone 
but is uninfluenced by sex, ovariectomy or 
orchidectomy. 

Nicotinamide +- cf. Vitamin B 

Nicotine +- cf. also Selye G60,083f70, p.385. 
Yun & Lee 34,178/35: Female mice and 

rabbits are more resistant to nicotine than 
males. Ovariectomy diminishes nicotine re
sistance, whereas orchidectomy does not 
change it. Treatment with "luteohormone" 
increases nicotine resistance, whereas "folli
cular hormone" has no effect. 

Holck et al. A8,01lf37: Female rats are 
more sensitive than males to various barbitu
rates and nicotine. Orchidectomy abolishes 
this increased resistance to barbiturates. 
Pretreatment with a testoid urinary extract 
shortens the anesthesia produced by hexo-
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barbital in intact or spayed females. Andros
terone is ineffective. 

Hueper 91,722/43: In rats, the cardio
vascular lesions produced by chronic nicotine 
intoxication are aggravated both by epine
phrine and by DOC. 

Selye G60,069j70: In rats, both the motor 
disturbances and the mortality produced by 
heavy nicotine intoxication were readily 
prevented by the standard catatoxic steroids 
and by phenobarbital. Curiously, even DOC 
appeared to offer some degree of pro
tection, cf. Table 86. 

Selye G70,428j70: In rats, ethylestrenol 
powerfully inhibits the toxicity of digitoxin, 
nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
cyclopental, thiopental, DOC (anesthesia), 
meprobamate and picrotoxin. Thyroxine 
increases the toxicity of many among these 
drugs and inhibits the protective effect of 
ethylestrenol. 

Table 86. Conditioning for nicotine 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Deadj 
Total) Total) 

None 15/15 
PCN 3/10 *** 
CS-1 3/15 *** 
Ethylestrenol 1/15 *** 
Spironolactone 6/15 *** 
Norbolethone 0/15 *** 
Oxandrolone 7/15 *** 
Prednisolone-Ac 10/15 * 
Triamcinolone 10/10 NS 
Triamcinolone(2mg) 15/15 NS 
Progesterone 9/15 ** 
Estradiol 10/10 NS 
DOC-Ac 8/15 *** 
Hydroxydione 11/15 * 
Thyroxine 10/10 NS 
Phenobarbital 0/10 *** 

14/15 
2/10 *** 
1/15 *** 
1/15 *** 
5/15 *** 
0/15 *** 
6/15 *** 

12/15 NS 
10/10 NS 
15/15 NS 
11/15 NS 
10/10 NS 
9/15 * 

12/15 NS 
10/10 NS 
0/10 *** 

a The rats of all groups were given nicotine 
(1 ml/100 g body weight of a 1% aqueous 
solution, p.o., daily from 4th day ff.). 

b Dyskinesia was estimated on 6th day 
30 min after injection and mortality listed on 
9th day ("Exact Probability Test"). 

For additional pertinent data cf. also 
Table 135. 

For further details on technique of tabu
lation cf. p. VIII. 

Selye G70,480f71: In the rat, nicotine 
intoxication is inhibited by PCN, CS-1, 
cyproterone, ethylestrenol, spironolactone, nor
bolethone, oxandrolone, fluoxymesterone, pro
gesterone and DOC. It is not significantly 
altered by TMACN, 6a-methylprednisolone, 
spiroxasone, 16ß-methyl-16,17 -epoxy-3ß,11a
dihydroxy -5a-pregnan-20-one, prednisolone, 
dexamethasone, betamethasone, MAD, emda
bol, 17 a-acetoxyprogesterone, testosterone, 
corticosterone, dehydroisoandrosterone, preg
nanedione, triamcinolone, 11a-hydroxypro
gesterone, hydroxydione, fluorocortisol, cor
tisol, cortisone or estradiol. 

Nicotinic Acid ~ 

Jelinek & Zikmund B52,661j49: In male 
rabbits, nicotinic acid i.v. causes less pro
nounced dilatation of the ear vessels than in 
females. Castration doubles this effect of nico
tinic acid in males but does not change it in 
females. Testosterone propionate reduces this 
action of nicotine in orchidectomized males. 

Table 87. Conditioning for nikethamide 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Dyskinesia b 
(Positive/ 
Total) 

13/15 
3/10** 
2/10*** 
2/10*** 
4/10* 
1/10 *** 
6/10 NS 
5/10NS 
9/10NS 
0/10*** 
2/10*** 
2/10*** 
3/10** 
8/10NS 
0/10*** 

Mortalityb 
(Dead/ 
Total) 

3/15 
2/10NS 
2/10NS 
1/10NS 
2/10NS 
2/10NS 
5/10 NS 
4/10NS 
8/10!..!..! 
Of10NS 
2/10NS 
0/10NS 
1/10 NS 
7/10! 
0/10NS 

a The rats of all groups were given niketh
amide (35 mg/100 g body weight in 0.2 ml wa
ter, s.c., on 4th day). 

b Dyskinesia was estimated on 4th day, 
4 hrs after injection, and mortality listed on 
5th day ("Exact Probability Test"). 

For further details on technique of tabula
tion cj. p. VIII. 
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Nikethomide +-

Selye PROT. 42379: In rats, nikethamide 
(the diethylamide of nicotinic acid) is effec
tively detoxified by PCN, CS-1, ethylestrenol, 
norbolethone, progesterone, estradiol, DOC, 
phenobarbital and apparently even by hydroxy
dione. Spironolactone exhibits a just significant 
protective effect, whereas triamcinolone and, 
to a lasser extent, thyroxine aggravate niketh
amide mortality. The amenability of niketh
amide to detoxication by steroids is somewhat 
unusual in that progesterone, estradiol, DOC 
and hydroxydione, which are endowed with 
Iittle or no protective effect against most toxi
cants, appear to be equally, or even more, 
potent than spironolactone in affering protec
tion against this drug, cf. Table 87, p. 274. 

p-Nitroanisole +-

Radzialowaki & BO'UBf}'Uet G53,591f67: In 
rats of both sexes, the diurnal variation in the 
aminopyrine-, p-nitroanisole- and hexobarbi
tal-metabolizing activity of hepatic microsomes 
is abolished by adrenalectomy. 

Selye PROT. 40471: In rats, severe intoxi
cation with p-nitroanisole is readily prevented 
by PCN and triamcinolone but the other stan
dard conditioning agents were found to have 
Iittle, if any, effect, cf. Table 88. 

o-Nitroanisole +- Estradiol: Mitoma 
et al. G72,113/68 

p-Nitrobenzoic Acid +- Progester
one: Juchau et al. G40,275f66 

p-Nitrobenzoic Acid +- Ovariec
tomy: Kato et al. F76,403f66 

p-Nitrobenzoic Acid 
ectomy + Pesticides 
Hart et al. G27,102/65 

+- Adrenal
(Chlordane): 

Nitrogen Mustard +-

Hutehinsan et al. B84,257f53: In rats, 
cortisone failed to protect against the Iethai 
effect of nitrogen mustard. 

Field et al. F33,399f65; F78,812f67: In 
mice, the leukopenia and mortality induced by 
nitrogen mustard (HN2) or 5-fluorouracil (FU) 
are ditninisbed by pretreatment with testoste
rone. "Pretreatment with androgens may be a 
useful device for reducing the toxic and lethal 
effects of some anti-cancer drugs but the 
effects have not been as substantial as pre
viously reported with anti-serotonins and anti
histamines." 

18° 

Table 88. Oonditioning for p-nitroaniaole 

Treatment& Dyskinesia b Mortalityb 
(Positive/ (Deadf 
Total) Total) 

None 9/15 7/15 
PCN (1mg) 0/5* 0/5NS 
PCN 1/10*** 1/10* 
CS-1 2/10NS 2/10NS 
Etylestrenol 1/10* 1/10NS 
Spironolactone 3/10NS 3/10NS 
Norbolethone 1j10* 1/10NS 
Oxandrolone 2/10NS 2/10NS 
Prednisolone-Ac 5/10NS 3/10NS 
Triamcinolone 0/10*** 0/10* 
Progesterone 7/10NS 3f10NS 
Estradiol 3/10NS 0/10* 
DOC-Ac 4/10NS 2/10NS 
Hydroxydione 5/9 NS 4/9 NS 
Thyroxine 3/10NS 1/10 NS 
Phenobarbital 6/10NS 1f10NS 

a The rats of all groups were given p-nitro
anisole, 15 mg/100 g body weight in 0.1 ml 
DMSO i.v. once on the 4th day. 

b Dyskinesia was estimated 30 min after 
injection and mortality Iisted on the 5th day 
("Exact Probability Test"). 

For further details on technique of tabula
tion cf. p. VITI. 

Nitrose Gas +- cf. 0111one 

Nitrous Oxide +-

Rummel 079,429/59: In guinea pigs and 
rats thyroxine increases whereas thyroidec
tomy decreases the threshold for N20 anesthe
sia. Dinitrophenol is ineffective. DOC lowers, 
whereas cortisone raises, this anesthesia 
threshold. 

Rummel et al. 080,035{59: In rats, pre
treatment with cortisone increases, DOC 
decreases, whereas progesterone, testosterone 
and hydroxydione do not alter the N20 
anesthesia threshold. 

Nortript;yline +-

Bahr et al. H21,089{70: In dogs given 
nortriptyline and, 6-10 hrs' Iater, various 
doses of cortisol, the rate of plasma clearance 
of the drug was delayed. Similarly, in rats, 
both cortisone and testosterone markedly 
decreased the rate of nortriptyline disappear
ance from isolated perfused liver preparations. 
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These changes may be due to a competition 
for the hepatic microsomal enzymes which 
metabolize both nortriptyline and the steroids. 

Octamethyl Pyrophosphoramide +- cf. 
Pesticides 

Ornithine cf. OKT under lnfluence of 
Steroids upon En111ymes 

Orotic Acid +-

Sidra'Mky D64,556f63,· Sidra'Mky et al. 
G4,364f63: The periportal fatty degeneration 
of the liver produced by chronic orotic acid 
feeding is more pronounced in female than in 
male rats. Orchidectomized males developed 
more severe fatty changes than intact males, 
or castrate males treated with testosterone. 
Ovariectomized females developed marked 
fatty liver changes similar to those of intact 
females, but this response was diminished by 
testosterone or estradiol. 

0111one+-

Matzen 039,985!57: Neither cortisol nor 
prednisolone protects the mouse against the 
production of pulmonary edema by ozone. 

HeMchler &: Jacob 056,126/58: In rats, 
the pulmonary edema induced by ozone 
("Nitrose gas") is inhibited by prednisolone. 

Fairchild G71,531f63: Review (6 pp., 
26 refs.) on the effect of thyroidectomy, 
thioureas, thyroid hormones, glucocorticoids 
and hypophysectomy upon the resistance of 
various species to inhaled irritants especially 
ozone. 

Papain+- cf. also Selye 050,810f58, p.105; 
092,918/61, p. 102; G60,083j70, pp. 348, 357. 

Thomaa 020,800/56: "Cortisone prevents 
the return of papain-collapsed ears to their 
normal shape and rigidity. Possibly this 
reßects a capacity of cortisone to impede 
the synthesis of deposition of sulfated muco
polysaccharidAs in tissues." 

McOluskey &: Thomas 071,485/59: In 
rabbits "the restoration of the normal rigidity 
of cartilage and the reaccumulation of baso
philic substance in cartilage matrix following 
its in vivo depletion by papain were largely 
prevented by cortisone, hydrocortisone or 
prednisolone. Recovery of cartilage could be 
prevented locally in joint surfaces by the 
intra-articular injection of cortisone, hydro
cortisone or prednisolone." Studies with 368 
sulfate suggest that the glucocorticoids inhibit 

the synthesis of chondroitin suHate in cartilage 
as a result of a topical action. 

Potter D23,805j61: Review of the inßuence 
of glucocorticoids upon the cartilage lesions 
produced by papain. 

Lack D54,382j62: The softening of the ear 
cartilages produced by papain i.v. in rabbits 
can be prevented by pretreatment with corti
sone i.m. 

Hulth &: W esterborn D56,601f63: In rabbits, 
the lesions produced by cortisone in the growth 
cartilages are not significantly inßuenced by 
vitamin A, but recovery from the papain
induced cartilaginous darnage is delayed by 
cortisone. 

Thomaa E37,875j64: Review on the effects 
of papain, vitamin A and cortisone on carti
lage matrix in vivo. 

W eiamann &: Thomaa E 4,216/64: Review of 
the Iiterature showing that the reconstitution 
of cartilages in rabbits treated with papain can 
be prevented by subsequent administration of 
glucocorticoids for as long as these are 
administered. In the event of topical applica
tion of cortisone to certain cartilages damaged 
by papain, the delay in reconstitution of 
cartilage matrix is limited to the treated area. 

Lieberman H34,495J71: In hamsters, the 
emphysema produced by a papain aerosol is 
inhibited by progesterone and to a lesser ex
tent, by stilbestrol. 

Parabromdylamine +-

Selye G70,480f71: In rats, bromphenira
mine maleate (30 mg/100 g body weight in 
0.5 ml DMSO) was administered p.o. twice 
daily from the 4th to the last day of the 
experiment. Dyskinesia was estimated on the 
5th day 3 hrs after injection, mortality 24 hrs 
later. Under these circumstances none of the 
"Standard Conditioners" (p. VIII) caused any 
noteworthy change in the resulting intoxica
tion. PCN and phenobarbital were not tested. 

Pb +- cf. Lead 

Pentylenetetra111ol +-

Selye A36,443j42: In rats, the anesthesia 
produced by progesterone or DOC can be 
interrupted by pentylenetetrazol. Conversely, 
these anesthetic steroids protect the rat 
against otherwise fatal doses of pentylene
tetrazol. 

Oicardo B964j45: In guinea pigs, pretreat
ment with !arge doses of DOC does not modify 
sensitivity to pentylenetetrazol convulsions. 
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Torda & Wolf! B57,149j51: In rats, the 
convulsions and EEG changes produced by 
pentylenetetrazol are inhibited by ACTH or 
cortisone. 

Leonard et al. B 86,814/53: In mice, pre
treatment with cortisone or DOC does not 
affect pentylenetetrazol-induced convulsions. 

Swinyard et al. 017,213!55: In mice, DOC 
decreases pentylenetetrazol seizure threshold, 
whereas it increases EST. The effect upon 
pentylenetetrazol sensitivity is ascribed to 
DOC-induced hypernatremia. 

Boeri 078,610/58: In guinea pigs, corti
sone, ACTH and vasopressin aggravate pentyl
enetetrazol convulsions. 

Vacek 063,230/58: DOC anesthesia pro
tects the mouse against the convulsive and 
lethal effects of strychnine, pentylenetetrazol 
and caffeine. 

Rosadini & Bernardini D58,047j62: In the 
mouse, pentylenetetrazol convulsions are inhi
bited by progesterone (given in anesthetic 
doses) and facilitated by large amounts of 
estrone suHate. 

Seller & Spector D36,979f62: Pretreatment 
with single nonanesthetic doses of cortisol 
enhances the production of pentylenetetrazol 
convulsions in the rat. Aldosterone has no 
such effect. 

Dashputra et al. F 19,871!64: Cortisone and 
prednisolone aggravated pentylenetetrazol con
vulsions in rats. Prednisone and dexametha
sone were much less active, cortisol, triamcino
lone, and DOC virtually inactive in this 
respect. 

Hewett et al. D19,834j64: In mice, various 
amino-steroids possess "loss-of-righting-re
flex activity" and prevent tremorine-induced 
tremor as weil as pentylenetetrazol convul
sions. Their effect is ascribed to interneuronal 
blockade and not to general anesthesia. 

Oraig F69,385f66: In mice, progesterone, 
DOC, a series of 3ß-(aminoalkyl) esters of 
pregnenolone and various other steroids proved 
to inhibit pentylenetetrazol convulsions and 
electroshock seizures. 

Oraig & Deason F99,058f68: The anti
convulsant activity (metrazole test) "of a 
series of 4-pregnene and 5ß-pregnane steroids 
has been studied after oral administration to 
mice. With a few exceptions it was noted that 
in general the addition of functional groups 
to the steroid nucleus resulted in compounds 
with diminished anticonvulsant activity." 

Jelinek H 1,518j68: Pretreatment with 
methyltestosterone does not influence pen
tylenetetrazol convulsions in the mouse. 

Kalyanpur et al. G66,147j69: In mice, 
various anabolic steroids (methandienone, 
4-chlorotestosterone acetate, nandrolone phen
propionate) given i.p. 90 min before pentylene
tetrazol, inhibit convulsions. The protective 
effect is compared to that produced by various 
anesthetic steroids. [A relationship to enzyme 
induction is not suggested nor is it probable 
in view of the shortness of the necessary 
pretreatment (H.S.).] 

Selye G70,480j71: In rats, both the motor 
disturbances and the mortality caused by severe 
pentylenetetrazol intoxication were markedly 
inhibited by PCN, norbolethone and progeste
rone. Phenobarbital appeared to have a less 
pronounced effect whereas the other standard 
conditioners were essentially ineffective, cf. 
Table 89. 

Pentylenetetrazol <-- Adrenalecto
my + ACTH: Torda et al. B69,986f52* 

Table 89. Oonditioning for pentylenetetrazol 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Deadf 
Total) Total) 

None 13/15 10/15 
PCN 1/15 *** 1/15 *** 
CS-1 5f10NS 5/10NS 
Ethylestrenol 6/10NS 6f10NS 
Spironolactone 7/10 NS 6/10 NS 
Norbolethone 2/10 *** 1/10 ** 
Oxandrolone 8f10NS 8/10NS 
Prednisolone-Ac 5/10 NS 5/10 NS 
Triamcinolone 10/10 NS 9f10NS 
Progesterone 1/10 *** 1/10 ** 
Estradiol 6/10 NS 6j10NS 
DOC-Ac 6/10NS 6f10NS 
Hydroxydione 6/10NS 5j10NS 
Thyroxine 13/15 NS 13/15 NS 
Phenobarbital 3/10 ** 3/10 NS 

a The rats of all groups were given pen
tylenetetrazol (8.5 mg/100 g body weight in 
0.2 ml water, s.c., once on 4th day). 

b Dyskinesia was estimated 2 hrs after 
injection and mortality listed 24 hrs later 
("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Peptone+--

Ingle 85,588/44: Adrenocortical extract 
slightly improved the survival of intact rats 
following peptone shock. Since the adrenals 
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Table 90. Oonditioning for NaCZO, 

Treatment& 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone (2 mg) 
Progesterone 
Estradiol (1 mg) 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Dyskinesiab Mortalityb 
(Por.itivef (Dea.d/ 
Total) Total) 

8/10 
6/10NS 

10/10NS 
10f10NS 
5f10NS 
6/10NS 
8f10NS 
2/10 * 
1/10 *** 
4/10NS 
4f10NS 
4/10NS 
4/9 NS 
0/10 *** 
6/10NS 

0/10 
1/10 NS 
Of10NS 
Of10NS 
1/10NS 
Of10NS 
2/10NS 

10/10 *** 
9/10 *** 
0/10NS 
Of10NS 
1/10NS 
1/9 NS 
Of10NS 
1/10 NS 

a The rats of all groups were given NaC104 

(1 mM/100 g body weight in 1 ml water, p.o., 
twice on 4th day and 2 mM/100 g body weight 
twice daily, from the 5th day ff.). 

b Dyskinesia was measured by the "Flick
test" on 6th day 1 hr after the first perchlorate 
administration and mortality listed on 11th day 
("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

were grossly hemorrhagic, "it may be reason
able to aBBume that a damaged gland is un
able to meet its requirements for secretory 
activity as effectively as does an undamaged 
gland" and that the extract acted as a 
substitution therapy. 

Perchlorates+- cf. aZ8o Selye 092,918/61, 
'P· 277. 

Baj'U8Z &: Selye 064,511/59; 057,180/59,· 
Selye 061,814/59: The spastic muscular con
tractions (with positive "Flick-test") produced 
by Na.CIO, in the rat can be inhibited by 
cortisol or triamcinolone, and aggravated by 
DOC or methylchlorocortisol (Me-Cl-COL). 
Thyroparathyroidectomy or parathyroidec
tomy likewise exert a sensitizing effect. 
Triamcinolone also protects the dog against 
the syndrome produced by heavy overdosage 
with NaCIO,. Methyltestosterone, estradiol 
and progesterone did not significantly affect 
the response of the rat to NaCIO,. 

Selye G70,480f71: In rats, intoxication 
with NaCIO, (manifested by the "Flick-test") 

was most effectively prevented by thyroxine. 
Prednisolone and triamcinolone also dimin
ished the motor disturbances but greatly 
increased mortality under the conditions of 
our test, cf. Table 90. 

Permanganate+- cf. al8o Selye D15,540f 
62, 'P· 302. 

Selye et al. D8,010f62: Topical calciphy
laxis produced by KMnO, s.o. in the rat is not 
prevented by systemic treatment with large 
doses of triamcinolone. 

Pesticides +-

Durkam et al. 027,425/56; 014,264!56: 
In rats, DDT raised the liver weight/body 
weight ratio. Diethylstilbestrol increased the 
storage of DDT and of its metaballte DDE in 
the fat of male rats, whereas testosterone 
propionate decreased these values in females. 
"An endocrine mechanism may account for 
the sex differences in this regard." 

Murplvg &: Du Bois D28,546f58: The acti
vity of the microsomal-enzyme system which 
oxidizes thiophosphates to potent anticholin
esterase agents is considerably higher in male 
than in female rats (incubation ot liver homo
genates with Guthion or ethyl p-nitrophenyl 
thionobenzenephosphonate or "EPN"). Yet, 
in vivo, adult males are more resistant to EPN 
than females perhaps because the accelerated 
formation of toxic oxidation products is over
compensated by a more efficient detoxication 
of the latter. The low enzyme activity of female 
livers is enhanced by pretreatment with 
testosterone in vivo, whereas the high activity 
of male livers is diminisbed by previous 
castration, partial hepatectomy or treatment 
with progesterone or diethylstilbestrol. SK.F 
525-A inhibits, whereas pretreatment with 
carcinogene or a protein-deficient diet enhances 
the activity of the thiophosphate-oxidizing 
enzyme. 

Swann et al. 073,379/58: Male rats are 
more resistant than females to parathion 
poisoning. Testosterone increases the resistance 
of females, whereas estrone diminishes that 
of the males. Curiously, testosterone decreases 
the resistance of intact males although it 
increases that of castrated males. After orchi
dectomy estrone slightly decreases resistance 
over that of untreated male castrates. 

Kato et al. G64,325f62: Adult male rats 
are more resistant than females to pento
barbital anesthesia, carisoprodol paralysis and 
strychnine convulsions. Conversely, the Iethai 
effect of OMP A is greater in the male. The sex 
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difierence is ascribed to the increased produc
tion of anabolic testoids which enhance the 
decomposition of these substrates, the first 
three of which are inactivated, the last 
activated in the process. The diHerences were 
also demonstrated in vitro using liver slices 
or microsomal fractions. The high microsomal 
activity of the male could be abolished by 
castration and restored by several anabolic 
testoids. 

Brodeur &: DuBois F40,590j65: Immature 
rats are more sensitive to malathion than 
adults and their livers detoxify the insecticide 
at a slower rate. Orchidectomy decreases, 
whereas testosterone increases, malathion 
detoxication. Allofthis suggests that testoids 
play an important role in the maintenance 
of the malathion-hydroxylating enzyme system. 

D'liboiB &: KirwBkita G66,247j65: Utilizing 
the anticholinesterase action of 0,0-diethyl 
0-(4-methylthio-m-tolyl) phosphorothioate 
(DMP) as an indicator, it was found that in 
female rats, "administration of phenobarbital, 
nikethamide, 3,4-benzpyrene, testosterone, es
tradiol, cortisone and a number of other 
steroids induce resistance to the anticholin
esterase action of DMP." 

Brodeur &: DuBois F85,072j67: Immature 
rats are highly susceptible to the organophos
phate insecticide malathion. In vitro, their 
livers show low malathionase activity. Prolong
ed pretreatment with testosterone signifi
cantly increases the enzymic activity of the 
livers of castrated young male and adult 
female rats. Conversely, castration interferes 
with the maintenance of normal Ievels of 
malathionase in adult males and inhibits its 
development in weanlings. Estradiol decreases 
malathionase activity in adult males. 

Brook8 &: HarriBon G65,297j69: Studies on 
the kinetics of the inhibition by norethynodrel 
of epinephrine metabolism by pig liver 
microsomes in vitro. 

Oarlson &: DuBois H24,653j70: Male rats 
are much more susceptible to the insecticide 
6-methyl-2,3-quinoxalinedithiol cyclic carbo
nate (Morestan) than females. "The toxicity 
to rats could not be altered by castration, 
administration of testosterone to females 
and estradiol to males. Pretreatment with 
phenobarbital decreased the toxicity to adult 
males and increased the toxicity to adult 
females." Chronic Morestan feeding caused 
hepatic enlargement and inhibition of micro
somal enzymes. 

Selye G70,428j70: In rats, ethylestrenol 
powerfully inhibits the toxicity of digitoxin, 

nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
cyclopental, thiopental, DOC (anesthesia), 
meprobamate and picrotoxin. Thyroxine 
increases the toxicity of many among these 
drugs and inhibits the protective effect of 
ethylestrenol. 

Selye et al. G70,457j70: In rats, ethyl
estrenol, CS-1, spironolactone and norbole
thone fall to alter sensitivity to OMPA al
though these typical catatoxic steroids have 
previously been shown to induce hepatic 
microsomal enzymes and to detoxify numerous 
other pesticides. This is of interest because 
catatoxic barbiturates greatly increase the 
toxicity of OMPA, presumably by tran&form· 
ing it into a more toxic metabolite. On the 
other hand, estradiol, estrone and stilbestrol, 
which have no typical catatoxic actions, 
considerably increase OMP A toxicity in 
ovariectomized rats. "The protective effect 
of catatoxic steroids is presumably due to 
their structural characteristics and is inde
pendent of other pharmacologic actions. 
Conversely, sensitization to OMPA depends 
more upon the estrogenic action of compounds 
than upon their chemical structure, since 
stllbestrol, a nonsteroidal estrogen, is also 
highly effective in this respect." Predniso
lone, triamcinolone, progesterone, DOC, hy
droxydione and thyroxine fall to influence 
OMP A toxicity. 

Selye G70,435J70: In rats, ethylestrenol, 
CS-1, spironolactone, and norbolethone coun
teract the Iethai effects of ethion, dioxathion, 
EPN, Guthion and parathion. To a. lesser 
extent, this is also true of oxandrolone, 
prednisolone and progesterone. Triamcinolone, 
DOC, hydroxydione, estradiol, and thyroxine 
offer no consistent protection aga.inst these 
pesticides. DDT is much more resistant against 
detoxica.tion by even the most powerful 
cata.toxic steroids. 

Szabo &: SeZye G70,497j70: In rats, various 
catatoxic steroids, and particularly PCN, 
offer protection against intoxication with 
pa.rathion and dioxathion. This protective effect 
is not prevented by hypophysectomy. 

Selye G70,480j71: In rats, DDT [1,1,1-Tri
chloro-2,2-bis (p-chlorophenyl) ethane] (25 mg/ 
100 g body weight in 1 ml corn oll) was 
administered p.o. once on the 4th day of 
conditioning. Dyskinesia. was measured 24 hrs, 
mortality 48 hrs, after this injection. Under 
these circumstances the "Standard Conditio
ners" (p. VIIT) caused no noteworthy change 
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in the resulting intoxication, only phenobar
bital exhibited an inhibiting effect. 

Selye G70,480f71: In rats, parathion 
intoxication is prevented by PCN, CS-1, 
cyproterone, ethylestrenol, spironolactone, nor
bolethone, TMACN, 16ß-methyl-16,17-epoxy-
3ß,11a-dihydroxy-5a-pregnan-20-one, spiroxa
sone, dehydroisoandrosterone and pregnane
dione. It is not significantly ameliorated by 
oxandrolone, 6a-methylprednisolone, fiuoxy
mesterone, prednisolone, dexamethasone, 
MAD, cortisol, emdabol, 17a-acetoxyprogeste
rone, testosterone, corticosterone, cortisone, 
progesterone, triamcinolone, 11a-hydroxypro
gesterone, hydroxydione, DOC and fiuorocor
tisol. Its toxicity is actually aggravated by 
betamethasone and estradiol. Dioxathion 
intoxication is prevented by PCN, CS-1, 
cyproterone, ethylestrenol, spironolactone, nor
bolethone, TMACN, oxandrolone, 6a-methyl
prednisolone, fiuoxymesterone, spiroxasone, 
16ß-methyl-16,17 -epoxy-3ß,11a-dihydroxy-5a
pregnan-20-one, prednisolone, dexamethasone, 
betamethasone, hydroxydione, MAD, emda
bol, 17 a-acetoxyprogesterone, testosterone, 
pregnanedione, desoxycorticosterone and es
tradiol. It is not significantly prevented by 
corticosterone, cortisone, dehydroisoandros
terone, progesterone, cortisol, 11a-hydroxy
progesterone or fiuorocortisol but aggravated 
by triamcinolone. 

Selye PROT. 31563,31612: In mice, the 
Iethai effect of dioxathion is powerfully 
inhibited by ethylestrenol, norbolethone, pred
nisolone and estradiol, moderately by CS-1 
and oxandrolone, but not infiuenced by spiro
nolactone, progesterone, triamcinolone, DOC, 
hydroxydione and thyroxine. 

Selye G70,480f71: In rats, the Iethai 
effect of heavy dioxathion intoxication could 
be completely prevented only by the standard 
catatoxic steroids and by phenobarbital. 
However, prednisolone, estradiol, DOC, and 
to a much lesser extent perhaps, progesterone 
likewise offered some protection against 
mortality. Triamcinolone and thyroxine dimin
ished resistance to dioxathion. lt is especially 
noteworthy that here as in many other 
experiments the conditioning effect of the two 
glucocorticoids in our series differs essentially 
in that prednisolone protects, whereas triam
cinolone aggravates the toxicity of this 
pesticide, cf. Table 91. 

Selye G70,480f71: In rats, heavy intoxica
tion with ethion is readily prevented by all 
standard conditioners, prednisolone, progeste
rone and phenobarbital. Estradiol given p.o. 

Table 91. Oonditioning for dioxathion 

Treatment& Dyskinesiab Mortalityb 
(Positive/ (Dead/ 
Total) Total) 

None 3/10 
PCN 0/10NS 
CS-1 Of10NS 
Ethylestrenol 0/10 NS 
Spironolactone 0/10 NS 
Norbolethone 0/10 NS 
Oxandrolone 0/10 NS 
Prednisolone-Ac 0/9 NS 
Triamcinolone(2mg) 10/10 *** 
Progesterone 5/10 NS 
Estradiol (1 mg) 5/15 NS 
Estradiol(1mgs.c.) 4/10 NS 
DOC-Ao 4/9 NS 
Hydroxydione 2/5 NS 
Thyroxine 10/10 *** 
Phenobarbital 0/10 NS 

9/10 
0/10 *** 
0/10 *** 
0/10 *** 
0/10 *** 
0/10 *** 
0/10 *** 
1/9 *** 

10f10NS 
4/10 * 
4/15*** 
6f10NS 
1/9 *** 
2/5 NS 

10f10NS 
0/10 *** 

a The rats of all groups were given dioxa
thion (4 mg/100 g body weight in 1 ml corn oil, 
p.o., on 4th day). 

b Dyskinesia was estimated 5 hrs after 
injection and mortality listed 48 hrs later 
("Exact Probability Test"). 

For additional pertinent data cf. also 
Table 135. 

For further details on technique of tabu
lation cf. p. VIII. 

appears to have a slight protective effect against 
the motor disturbances but the same dose given 
s.c. is ineffective and hence, the apparent effect 
of the folliculoid may be due to chance. Inter
estingly, among the two glucocorticoids pred
nisolone did, whereas triamcinolone did not 
offer protection, cf. Table 92. 

Selye G70,480f71: In rats, heavy intoxica
tion with Guthion is readily prevented by the 
standard catatoxic steroids and by phenobar
bital. Prednisolone appears to have a just 
significant protecting, and thyroxine a barely 
significant aggravating effect. The other 
standard conditioners are inactive, cf. Table 93. 

Selye G70,480f71: In rats, the motor 
disturbances of heavy OMPA intoxication 
are prevented by DOC-Ac and thyroxine but 
not by the standard catatoxic steroids. The 
mortality is aggravated by norbolethone and 
estradiol but since mortality is also very high 
among the controls receiving !arge doses of 
this insecticide, the enhancement of the 
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Table 92. Conditioning for ethion Table 93. Conditioning for Guthion 

Treatmenta Dyskinesiab Mortalityb 
(Positive{ (Dead/ 
Total) Total) 

None 10/10 7{10 
PCN 0{10 *** 0{10 *** 
CS-1 0{10 *** 0{10 *** 
Ethylestrenol 0/9 *** 0{9 *** 
Spironolactone 0{10 *** 0{10 *** 
Norbolethone 0/10 *** 0{10 *** 
Oxandrolone 1/9 *** 0/9 *** 
Prednisolone-Ac 0/10 *** 1/10 ** 
Triamcinolone(2mg) 10/10 NS 10/10 NS 
Progesterone 3/10 *** 0/10 *** 
Estradiol ( 1 mg) 4/10 ** 6f10NS 
Estradiol(1mgs.c.) 10{10 NS 9{10NS 
DOC-Ac 9/10NS 7/10 NS 
Hydroxydione 7{10NS 6{10NS 
Thyroxine 10{10 NS 10{10NS 
Phenobarbital 0{10 *** 0{10 *** 

a The rats of all groups were given ethion 
(0.5 ml of a 1.2% com oil solution by 100 g 
body weight, p.o., once on 4th day). 

b Dyskinesia was estimated 4 hrs aft.er 
injection and mortality listed 24 hrs later 
("Exact Probability Test"). 

For further details on technique of tabu-
lation cf. p. VIII. 

toxicity is only just significant. It will be 
recalled however, that in an earlier experi
ment in which a smaller dose of OMPA (1 mg) 
was given (Selye G70,457{70) mortality was 
greatly augmented by estradiol, estrone and 
stilbestrol, cf. Table 94, p. 282. 

Selye P ROT. 31704: In 100 g ~ rats, 
pretreatment with cyproterone acetate 
(10 mgfd., p.o.) protects against otherwise 
fatal intoxication with parathion (1 mg in 
0.5 ml DMSO{d., i.p.) but fails to protect 
against OMPA (1 mg in 0.2 ml com oilfd., s.o.). 

Selye G70,480{71: In rats, heavy intoxi
cation with parathion could be prevented by 
PCN, CS-1, ethylestrenol, spironolactone, 
norbolethone and phenobarbital but not by 
oxandrolone. Prednisolone appeared to slightly 
combat the motor disturbances while aggravat
ing the mortality. Estradiol and thyroxine 
markedly diminished resistance to the lethal 
effect of this pesticide, cf. Table 95, p. 282. 

Selye PROT. 31935: In ovariectomized 
rats, the toxicity of OMP A is considerably 
increased by pretreatment with natural 

Treatmenta Dyskinesiab Mortalityb 
(Positive{ (Deadf 
Total) Total) 

None 8{10 0{10 
PCN 0{10 *** 0{10NS 
CS-1 0{10 *** 0{10 NS 
Ethylestrenol 0{10 *** 0{10NS 
Spironolactone 0{10 *** 0{10NS 
Norbolethone 0{10 *** 0{10NS 
Oxandrolone 0/10 *** 0{10NS 
Prednisolone-Ac 3/10 * 0{10NS 
Triamcinolone(2mg) 10{10 NS 1/10 NS 
Progesterone 8/10 NS Of10NS 
Estradiol(1 mg) 5/10NS Of10NS 
Estradiol ( 1 mg s.o.) 7{10 NS Of10NS 
DOC-Ac 8{10 NS 0{10 NS 
Hydroxydione 9{10NS 0{10NS 
Cholesterol 8{10NS 0{10NS 
Thyroxine 10{10 NS 5{10.! 
Phenobarbital 0{10 *** 0{10NS 

a The rats of all groups were given Guthion 
(1 mg/100 g body weight in 0.2 ml propylene 
glycol, s.o., once on 4th day). 

b Dyskinesia was estimated 2 hrs after 
injection and mortality listed 24 hrs later 
("Exact Probability Test"). 

For further details on technique of tabu-
lation cf. p. VIII. 

folliculoids such as estradiol and estrone. 
Stilbestrol is even more effective in this 
respect, cf. Table 96, p. 283. 

Selye P ROT. 32307: In ovariectomized 
rats, the toxicity of OMP A is slightly 
aggravated by mestranol given as a pre
treatment for four days, cf. Table 97, p. 283. 

Selye PROT. 33905: In rats, OMPA 
(octamethyl pyrophosphoramide) (1 mg/100 g 
body weight in 0.2 ml com oil) was administer
ed s.o. once on the 4th day of conditioning. 
Dyskinesia was listed 3 hrs, mortality 24 hrs 
after this injection. Under these circumstances, 
the "Standard Conditioners" (p. VIII) caused 
no noteworthy change in the resulting intoxi
cation, only estradiol exhibited an aggravating 
effect. 

Selye P ROT. 40387: U nlike most pesticides, 
heptachlor is comparatively insensitive to toxi
cation or detoxication by various steroids, cf. 
Table 98, p. 283. 

Selye PR OT. 35804: In rats, heavy intoxi
cation with EPN ie. readily prevented by the 
standard catatoxic steroids and by pheno-
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barbital. Several other conditioning agents 
appear to have some protective effect against 
this pesticide whereas thyroxine aggravates its 
toxicity, cf. Table 99, p. 284. 

Selye PROT. 31639,31649: Inrats (100g ~), 
pretreatment with triamtereue (1 mg in 1 ml 
water p.o. x2fday) or amiloride (300 {Lg in 
1 ml water p.o. x2fday) falls to protect against 
hexobarbital, progesterone, parathion or dio
xathion. 

0, 0- Diethy 1-0- ( 4- methy I thio- m
tolylphosphorothioate) ~ Steraids: 
DuBois et al. D43,878f61 *, G66,247f65* 

Fenthion +- Cortisone + X-irradia
tion(head) + Age: DuBois G77,578j67 

Guthion ~ Steraids: Murphy et al. 
D28,546f58 

Morestau ~ Steraids: Carlson et al. 
H24,653f70* 

Naphthalene ~ Testaids (anabo
lic): Booth et al. D34,656f62 

Paraaxon ~ Adrenalectomy + 
Hexamethonium: Holtz et al. C76,300f58* 

Parathion ~ Testosterone: DuBois 
et al. G66,495/49* 

Table 94. Conditioning for OMPA 

Treatmenta Dyskinesiab Mortalityb 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterene 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

(Positive/ (Deadf 
Total) Total) 

15/15 9/15 
8/10 NS 6/10 NS 

10/10 NS 7/10 NS 
10/10 NS 9/10 NS 
10/10 NS 8/10 NS 
10/10 NS 10/10.! 
10/10 NS 9/10 NS 
9/10 NS 6/10 NS 
8/10 NS 4/10 NS 
8/10 NS 1/10 * 

10/10 NS 10/10 ! 
5/10 *** 2/10 NS 
9/9 NS 4/9 NS 
4/20 *** 4/20 * 

10/10 NS 8/10 NS 

a The rats of all groups were given OMP A, 
octamethyl pyrophosphoramide (1.7 mg/100 g 
body weight in 0.2 ml com oil, s.c., on 4th 
day). 

b Dyskinesia was estimated 2 hrs after 
injection and mortality listed 24 hrs later 
("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Phenfonnin +- cf. Pancreatic Hormones 

Phenindione +- cf. Anticoagulants 

Phenol+-

Samaras & Dietz 056,733f58: In mice, 
pretreatment with "swimming stress" in
creases sensitivity to the production of intense 
convulsions by phenol s.c. Cortisol does not 
modify phenol intoxication. 

Phenol +- Prednisolone: Inscoe et al. 
F70,325f66 

Phenoxyben::samine +-

Selye et al. G60,020f69: In the rat, pre
treatment with norbolethone protects against 
the anesthetic effect of progesterone, desoxy
corticosterone, pregnanedione, dehydroepian
drosterone, testosterone, diethylstilbestrol, 
pentobarbital and methyprylon. It does not 
significantly alter the corresponding actions 
of urethan, diazepam, chlorpromazine, reser
pine, phenoxybenzamine, chioral hydrate, 
potassium bromide or magnesium chloride. 

Selye et al. G60,016f69: In rats, spirono
lactone protects against anesthesia produced 

Table 95. Conditioning for parathion 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ 
Total) 

None 11/15 
PCN Of10 *** 
CS-1 0/10 *** 
Ethylestrenol 1/15 *** 
Spironolactone 0/15 *** 
Narbelethone 1/10 *** 
Oxandrolone 7/10 NS 
Prednisolone-Ac 3/10 * 
Triamcinolone(2mg) 11/15 NS 
Progesterene 4/10 NS 
Estradiol(1mg) 10/10 NS 
Estradiol(1mgs.c.) 9/10 NS 
DOC-Ac 7/10 NS 
Hydroxydione 3/10 * 
Thyroxine 15/15 .! 
Phenobarbital 1/10 *** 

(Deadf 
Total) 
4/15 
Of10NS 
Of10NS 
0/15 * 
0/15 * 
Of10NS 
3/10NS 
7/10.! 

10/15! 
3/10NS 

10/10..!.!! 
9/10.!!! 
4/10NS 
1/10 NS 

15/15 *** 
Of10NS 

a The rats of all groups were given para
thion (1 mg/100 g body weight in 0.5 ml 
DMSO, i.p., daily, from 4th day ff.). 

b Dyskinesia was estimated on the 5th 
day, 3 hrs after injection, and mortality 
listed on 6th day ("Exact Probability Test"). 

For additional pertinent data cj. also 
Table 135. 

For further details on technique of tabu
lation cf. p. VIII. 
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Table 96. Aggravation of OM PA toxicity by various foUiculoidB 

Pretreat- Prostrationb Mortalityb 
menta (Positive/Total) (DeadfTotal) 

Estradiol Estrone Stilbestrot Estradiol Estrone Stilbestrot 

None 0/10 1/10 1/10 0/10 1/10 1/10 
10 (Lg s.c. 1/10NS 2/10NS 2/9 NS 1/10NS Of10NS 1/9 NS 
10 (Lg p.o. 2/10NS 0/10NS 2/10NS Of10NS 0/10NS Of10NS 

100 (Lg s.c. 2/10NS 0/10NS 9/10 *** 0/10NS 0/10NS 5/10NS 
100 (Lg p.o. 0/10NS 1/10NS 9/10 *** 0/10NS 0/10NS 4/10NS 
1 mgs.c. 8/10 ..!.!.!. 8/10..!.!.!. 10/10.!.!..!. 3/10NS 1/10NS 8/10.!..!.!. 
1 mgp.o. 5/9 !: 7/10 ** 8/10.!.!..!. 2/9 NS 1f10NS 7/10 ** 

10mgs.c. 7/10:!.!..! 7/10 ** 10/10.!.!! 3/10NS Of10NS 8/10 *** 
10mgp.o. 8/10.!.!..!. 9/10 *** 10/10 *** 8/10 *** 4/10NS 9/10 *** 

a Allrats (100 g !f) were ovariectomized on 1st day and then treated with the folliculoids. 
The doses indicated in 0.2 ml (in the case of stilbestrot in 0.4 ml) of water s.c. or in 1 ml water 
p.o. ,daily. They were given OMP A 1 mg/100 g body weight in 0.2 ml oil once s.c. on 4th day. 

b The severity of the prostration was estimated 4 hrs after OMP A injection and mortality was 
listed 44 hrs later (Statistics Fisher & Yates). 

For further details on technique of tabulation ef. p. VIII. 

by progesterone, DOC, hydroxydione, preg
nanedione, dehydroepiandrosterone, testoste
rone, diethylstilbestrol, methyprylon, pento
barbital and ethanol. lt does not significantly 
alter the corresponding actions of morphine, 
codeine, urethan, diazepam, chlorpromazine, 
reserpine, phenoxybenzamine, chioral hydrate, 
potassium bromide or MgCis. 

Table 97. DO'Uhtful aggravation of OMPA 
to:r;icity by pretreatment witk mestranol 

Treatmenta Prostrationb Mortalityb 
(Positive/ (Dead/ 
Total) Total) 

None 1/5 0/5 
Mestranol s.c. 5/5 ! 2/5 NS 
Mestranol p.o. 4/5 NS 2/5 NS 

a The rats (100 g !f) of all groups were 
ovariectomized on the 1st day and then 
received mestranol 10 mg s.c. in 0.2 ml water 
or p.o. in 1 ml waterfday. All animals were 
given OMP A 1 mg per 100 g body weight 
in 0.2 ml oil, s.c. once, 4th day, 1 hr after 
mestranol administration. 

b The severity of the prostration was 
estimated 3 hrs after OMP A injection and 
mortality was listed 48 hrs la.ter (Fisher & 
Yates test). 

For further details on technique of tabu
lation ef. p. VIII. 

Table 98. Oonditioning for keptaeklor 

Treatment8 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Dyskinesia b 
(Positive/ 
Total) 

9/15 
6/10NS 
7/10NS 
6/10NS 
6/10NS 
10/10~ 
6f10NS 
1/10~ 
9/10NS 

10/10! 
10/10~ 
9/10NS 
4/10NS 

10/10* 
5/10NS 

Mortalityb 
(Deadf 
Total) 

15/15 
10/10NS 
10/10NS 
10f10NS 
10f10NS 
10/10NS 
10f10NS 
10f10NS 
10/10NS 
10/10NS 
10j10NS 
10f10NS 
10/10NS 
10f10NS 
10f10NS 

a The rats of all groups were given hepta
chlor (10mgf100g bodyweightin0.2ml DMSO 
p.o., once on 4th and 5th day). 

b Dyskinesia was estimated on 5th day, 
2 hrs after the last injection. Mortality was 
listedon9th day ("Exact Probability Test"). 

For further details on technique of tabula
tion ef. p. VIII. 
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Table 99. Oonditioning for EPN 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Deadf 
Total) Total) 

None 14/15 9/15 
PCN 1/10 *** 0/10 *** 
CS-1 0/15 *** 0/15 *** 
Ethylestrenol 0/15 *** 0/15 *** 
Spironolactone 1/15 *** 0/15 *** 
Norbolethone 0/15 *** 0/15 *** 
Oxandrolone 0/15 *** 0/15 *** 
Prednisolone-Ac 8/15 * 6f15NS 
Triamcinolone(2mg) 12/15 NS 7/15 NS 
Progesterone 9/15 * 4/15 NS 
Estradiol ( 1 mg) 8/15 * 0/15 *** 
DOC-Ac 12/15 NS 1/15 *** 
Hydroxydione 4/15 *** 2/15 * 
Cholesterol 14/15 NS 6/15NS 
Thyroxine 15/15 NS 15/15 ** 
Phenobarbital Of10 *** 0/10 *** 

a The rats of all groups were given EPN, 
phenylphosphonothioic acid 0-ethyl 0-p-nitro
phenyl ester (0.7 mg/100 g body weight in 
0.2 ml DMSO, i.p., on 4th day). 

b Dyskinesia was estimated 1 hr after 
injection and mortality listed 24 hrs later 
("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Phenylalanine +-

Reiss et al. F81,632f66: In rabbits given 
!arge amounts of phenylalanine the blood and 
tissue concentration of this compound could 
be reduced by pretreatment with norbolethone 
decanoate or STH. 

Phenylbutazone ~ Prednisone, 
Man: Levi et al. F99,523/68* 

Phenytoin ~ Lynestrenol, Mouse: 
Rümke et al. H14,039f69* 

Phenyramidol +-

Selye P ROT. 42329: In rats, phenyramidol 
sleeping time is significantly shortened by PCN, 
CS-1, ethylestrenol, spironolactone, norbole
thone, oxandrolone, prednisolone and pheno
barbital but, somewhat unexpectedly, estra
diol also shares this effect, cf. Table 100. 

Table 100. Oonditioning for phenyramidol 

Treatmenta Sleeping Time b 

(min) 

None 100± 8 
PCN 17 ± 8*** 
CS-1 15± 8*** 
Ethylestrenol 15 ± 9*** 
Spironolactone 34 ± 12*** 
Norbolethone 31 ± 13*** 
Oxandrolone 45 ± 14** 
Prednisolone-Ac 55±12** 
Triamcinolone 76 ± 10NS 
Progesterone 83 ± 11 NS 
Estradiol 40 ± 13*** 
DOC-Ac 103 ± 19 NS 
Hydroxydione 91 ± 6NS 
Thyroxine 108 ± 13 NS 
Phenobarbital 30 ± 12*** 

a The rats of all groups were given phenyr
amidol (50 mg/100 g body weight in 0.2 ml 
water, s.c., on 4th day). 

b Sleeping time (Student's t-test). 
For further details on technique of tabula

tion cf. p. VIII. 

Phlorhizin +-

Winter & Belanger A36,751f41: In the rat, 
pretreatment with testosterone inhibits phlor
hizin glycosuria and the associated renal 
lesions. 

Phosgene+-

English F399f64: Description of a single 
patient who recovered from phosgene poison
ing after treatment with cortisol. 

Phosphate +- cf. also Selye B40,000f50, 
p. 613; 092,918/61, p. 205. 

Selye & Bois 012,616/56: The nephrocal
cinosis which develops in rats treated with 
DOC + NaH2P04 is inhibited by cortisol. 

Selye & Bois 0 13,168!56: Selective cortico
medullary nephrocalcinosis can be obtained 
in uninephrectomized rats by NaH2P04 p.o. 
even after adrenalectomy. This effect is aggra
vated by DOC and virtually absent if the 
animals are maintained exclusively with 
cortisol. The action of DOC is counteracted by 
concurrent treatment with cortisol. "It appears 
that the corticoids exert an important regulat
ing influence upon the ability of the kidney 
to handle an excess of phosphate." 

Selye 038,401!57: In the rat, estradiol 
facilitates the production of cortico-medullary 
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nephrocalcinosis by NaH2P04• A similar effect 
is produced by DOC. "Since oestradiol is 
completely devoid of mineralocorticoid, and 
deoxycorticosterone of folliculoid actions, the 
enhancement of nephrocalcinosis appears to be 
an 'independent steroid hormone action'." 

Selye 038,768/58: The cortico-medullary 
nephrocalcinosis produced in rats by an 
excessive intake of NaH2P04 is largely inhi
bited by ovariectomy and enhanced even in 
the ovariectomized animal by comparatively 
small doses of estradiol or stilbestrot The 
nephrocalcinotic effect of estradiol is not 
signüicantly influenced under these conditions 
by large doses of progesterone but greatly 
aggravated by methyltestosterone, although 
luteoids and testoids counteract many of the 
other actions of folliculoids. 

Selye 039,319/58: In rats, nephrocalcinosis 
produced by excess NaH2P04 p.o. is aggra
vated by estradiol, but even the severe 
calcification induced by this combined treat
ment is prevented by hypophysectomy. 

Oantin D36,815f62: In the rat, the nephro
calcinosis produced by Na2HP04 is aggravated 
by DOC or estradiol. Parathyroidectomy pre
vents this change, even following combined 
hormone and phosphate treatment. 

Oorneli'U8 D58,739f63: In sheep, large 
amounts of urinary calculi were regularly 
produced by a high phosphate diet after or
chidectomy. [The author gives no evidence 
that the orchidectomy was essential (H.S.).] 

Oantin F 5,681/64: The nephrocalcinosis 
produced in rats by combined treatment with 
NaH2P04 + either estradiol or DOC is pre
vented by parathyroidectomy or thyropara
thyroidectomy, and in either case additional 
treatment with thyroxine prevents nephro
calcinosis. 

PhosphorrUJ +-

Berdjis F79,528f67: The hepatotoxic effect 
of CC14, phosphorus and ethionine could be 
diminished by cortisone and survival pro
longed. 

Allegri & Ferrari B53,060f49: In rats, 
testosterone offers moderate protection against 
the hepatic darnage produced by phosphorus 
poisoning. 

Selye G70,480f71: In rats, elementary 
yellow phosphorus (150 !Lg/100 g body weight 
in 0.4 ml com oil) was administered p.o. 
once daily, from the 4th day of conditioning 
to the end o{ the experiment. Osteosclerc..sis 
and hepatic steatosis were listed on the day of 
death, and the mean survival was computed. 

Under these circumstances, none of the 
"Standard Conditioners" (p. VIII) or choleste
rol caused any noteworthy change in the 
resulting intoxication. Hydroxydione, PCN and 
phenobarbital were not tested. 

Physostigmine +-

Selye G70,428f70: In rats, ethylestrenol 
powerfully inhibits the toxicity of digitoxin, 
nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, cy
clopental, thiopental, DOC (anesthesia), mepro
bamate and picrotoxin. Thyroxine increases 
the toxicity of many among these drugs and 
inhibits the protective effect of ethylestrenol. 

Selye G70,435f70: In rats, intoxication with 
physostigmine was diminished by ethylestre
nol, CS-1, spironolactone, and prednisolone, 
but aggravated by estradiol and thyroxine. 
Norbolethone, oxandrolone, progesterone, tri
amcinolone, DOC, and hydroxydione had no 
significant effect. 

Selye G70,480f71: In rats, the toxicity of 
physostigmine (unlike that of the anticholines-

Table 101. Oonditioning for physostigmine 

Treatments. Dyskinesiab Mortalityb 
(Positive/ (Deadf 
Total) Total) 

None 6/10 2/10 
PCN 1/10 * Of10NS 
CS-1 0/10 ** 0/10NS 
Ethylestrenol 0/10 ** Of10NS 
Spironolactone 1/10 * 0/10NS 
Norbolethone 3f10NS 1/10NS 
Oxandrolone 4/10NS 1/10 NS 
Prednisolone-Ac 1/10 * 1/10 NS 
Triamcinolone (2 mg) 5f10NS 3/10NS 
Progesterone 5f10NS 1/10NS 
Estradiol (1 mg) 10/10!. 8/10!. 
Estradiol(1mgs.c.) 10/10!. 4/10NS 
DOC-Ac 3f10NS 2/10NS 
Hydroxydione 5/9 NS 1/9 NS 
Thyroxine 10/10! 9/10 *** 
Phenobarbital 2/10NS Of10NS 

a. The rats of all groups were given phy
sostigmine suHate (1 mg/100 g body weight 
in 1 ml water, p.o., once on 4th day). 

b Dyskinesia was estimated 1 hr after 
injection and mortality listed 24 hrs later 
("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 
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Table 102. Conditioning for picrotoxin 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Dead/ 
Total) Total) 

None 15/15 
PCN 3/10 *** 
CS-1 2/15 *** 
Ethylestrenol 0/15 *** 
Spironolactone 4/15 *** 
Norbolethone 0/15 *** 
Oxandrolone 4/15 *** 
Prednisolone-Ac 2J15 *** 
Triamcinolone(2mg) 13/15 NS 
Progesterone 1/15 *** 
Estradiol(1mg) 10/10 NS 
Estradiol(1mgs.c.) 10/10 NS 
DOC-Ac 11/15 * 
Hydroxydione 11/15 * 
Thyroxine 10/10 NS 
Phenobarbital 0/10 *** 
ß-Sitosterol 14/15 NS 

13/15 
Of10 *** 
1/15 *** 
0/15 *** 
2/15 *** 
0/15 *** 
0/15 *** 
0/15 *** 
6/15 * 
0/15 *** 
5j10NS 
5/10 NS 
4/15 *** 
6j15 * 

10/10 NS 
0/10 *** 

11/15 NS 

a The rats of all groups were given picro
toxin (350 (J.g/100 g body weight in 0.2 ml 
water, s.c., on 4th day). 

b Dyskinesia was estimated 30 min after 
injection and mortality listed 24 hrs later 
("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

terase pesticides) is only moderately diminished 
by PCN, CS-1, ethylestrenol, spironolactone 
and prednisolone. Estradiol and thyroxine 
diminish physostigmine resistance, whereas 
phenobarbital does not affect it significantly, 
cf. Table 101, p. 285. 

Picrotoxin ~ cf. also Selye G60,083f70, 
p. 385. 

Clarke A36,747j41: Rats can be protected 
against otherwise fatal doses of picrotoxin by 
the administration of anesthetic doses of DOC. 

Holck D28,543j49: Adult male rats are 
more resistant than females to toxic doses of 
picrotoxin. Such a sex difference is absent in 
one-month-old rats. Castration lowers picro
toxin resistance in rats of either sex. Testoste
rone raises picrotoxin resistance in normal and 
especially in spayed females, but not in males. 
Blockade of the RES abolished the sex 
difference but corticosterone failed to in
fiuence it. 

Selye G60,070f70: In rats, picrotoxin 
poisoning can be prevented by ethylestrenol, 

CS-1, spironolactone, norbolethone, oxandro
lone, prednisolone and progesterone. Triam
cinolone, DOC, hydroxydione, cholesterol and 
ß-sitosterol have no such protective effect. 

Selye G60,087j70: In rats, fatal intoxica
tion with picrotoxin is readily combated by 
the classic catatoxic steroids, prednisolone, 
progesterone and phenobarbital. To a lesser 
extent DOC, and hydroxydione may also be 
effective. ß-Sitosterol (a pharmacologically 
inert steroid included in this series as an 
additional control) is quite ineffective in 
protecting against picrotoxin, cf. Table 102. 

Selye G70,428f70: In rats, ethylestrenol 
powerfully inhibits the toxicity of digitoxin, 
nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
cyclopental, thiopental, DOC (anesthesia), 
meprobamate and picrotoxin. Thyroxine in
creases the toxicity of many among these 
drugs and inhibits the protective effect of 
ethylestrenol. 

Selye PR OT. 27 594: In mice, pretrea tment 
with spironolactone, ethylestrenol, triamcino
lone or thyroxine had little, if any, effect upon 
the toxicity of picrotoxin under our experi
mental conditions. 

Picrotoxin ~ Corticosterone: Holck 
D28,543j49* 

Picrotoxin ~ Ovariectomy + Tes
tosterone: Holck D28,543j49* 

Piperidine ~ 

Selye G70,480j71: In rats, moderate 
intoxication with piperidine did not cause 
sufficient mortality among the controls to 
identify the possible protective effect of our 
standard conditioning agents but in any 
event, none of them increased susceptibility 
to this toxicant. On the other hand, the motor 
disturbances were most significantly inhi
bited by CS-1, ethylestrenol, norbolethone, 
oxandrolone, triamcinolone, progesterone, hy
droxydione and phenobarbital. Even DOC 
and thyroxine appeared to have offered some 
protection. This rather nonspecific protective 
effect of so many among our conditioners is 
reminiscent of their effect upon intoxication 
with methyprylon (a piperidine derivative). 
One noteworthy difference is that methy
prylon intoxication is completely prevented 
by PCN whereas piperidine is singularly 
resistant to prophylaxis by this highly potent 
catatoxic steroid, cf. Table 103. 
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Table 103. Oorulitioni111J for piperidine 

Treatment& Dyskinesiab Mortalityb 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

(Positive/ (Dea.d/ 
Total) Total) 

12/15 2/15 
10/10 NS 0/10 NS 
1/10 *** 0/10 NS 
1/15 *** 0/15 NS 
7/15 NS 1/15 NS 
1/10 *** 0/10 NS 
2/10 *** 0/10 NS 
5/10 NS 0/10 NS 
2/15 *** 1/15 NS 
1/10 *** 0/10 NS 
8/10 NS 0/10 NS 
3/10 * 1/10 NS 
0/10 *** 0/10 NS 
5/15 * 2/15 NS 
0/10 *** 0/10 NS 

a The rats of all groups were given pipe
ridine (50 mg/100 g body weight in 1 ml water, 
p.o., once on 4th day). 

b Dyskinesia was estimated 5 hrs after 
injection and mortality listed on the 5th day 
("Exact Probability Test"). This experiment 
was subsequently repeated several times and 
the results were too variable for reliable evalua
tion. Depending upon uncontrollable factors, 
the same conditioners, which provided good 
protection in certain instances, were ineffective 
when the experiments were repeated. 

For further details on technique of tabu
lation cf. p. VIIT. 

Pipradol+-

Selye G70,480f71: In rats, pipradol hydro
chloride (30 mg/100 g body weight in 1 ml 
com oll) was administered p.o. once on the 
4th day of conditioning. Dyskinesia was listed 
3 hrs, mortality 24 hrs after this injection. 
Under these circumstances, the "Standard 
Conditioners" (p. VIII) caused no noteworthy 
change in the resulting intoxication, only 
PCN exhibited an inhibitory effect. Pheno
barbital was not tested. 

Plant Extracts +-

OampbeU 038,327!57: In cockerels, the 
hepatic damage produced by the pyrrolizidine 
alkaloids of ragwort (Senecio jacoboea L.) 
disappears very slowly if at all, whereas hens 
recover. In both sexes, but particularly in 

cockerels, stilbestrol accelerates hepatic rege
neration. 

Plasmaeid +- cf. Selye 050,810/58, p. 110; 
092,918/61, p. 95. 

Polyvinyl Alcohol +- cf. Selye G60,083j70, 
p. 358. 

Potassium +-

Zwemer &: Tru~Jzkowski A2,330j37: Adre
nocortical extract protects intact mice and 
guinea pigs against otherwise fatal amounts 
of KCl i.p. 

LauJenstein et al. A 74,481/43: In rats, 
pretreatment with DOC increased, whereas 
thyroid feeding decreased resistance to KCl i.p. 

MuUinB et al. 83,885/43: In rabbits, both 
adrenocortical extract and DOC can protect 
against acute potassium intoxication, but only 
under cert&in experimental conditions. 

Thatcker &: Radike B4,515j47: In rats, 
resistance to KCl intoxication was increased 
by DOC or adrenocortical extract. 

Robertson B32,963j49: In mice and rats, 
DOC increases resistance to multiple injections 
of KCl, both in the absence and in the presence 
of the adrenals. Potassium tolerance may be 
used as a test for adrenocortical function. 

OoUinB 07,486/55: In rats, the resistance 
to KCl i.p. is diminished by pretreatment 
with glucocorticoids perhaps as a consequence 
of adrenal atrophy. 

OollinB 012,721/56: In rats, prolonged 
pretreatment with cortisol decreases tolerance 
to the i.p. injection of KCl. This "is probably 
due to hypofunction of the adrenal-pituit&ry 
axis rather than to steroid-induced alterations 
of electrolyte balance." 

OoUinB 017,662/56: Survival after KCl i.p. 
(referred to as "potassium stress") is diminished 
after the induction of adrenocortical atrophy 
by cortisol. Concurrent administration of 
DOC, aldosterone, adrenocortical extract, 
corticosterone or ACTH counteracts this 
effect of cortisol upon K-tolerance. 

Wallon &: Browaeys 078,322/59: Addition 
of KCI to the drinking water prolongs the 
survival of rats given !arge doses of cortisone. 

Spremolla &: Grassi G68,941f63: Renal 
lesions produced in rats by a K-deficient diet 
can be corrected by 4-chlorotestosterone. 

Grassi &: SpremoUa F28,126j64: 4-Chloro
testosterone prevents the drop in K, glycogen, 
and nitrogen as weil as the morphologic changes 
produced in the liver of rats kept on a K-defi
cient diet. 
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Pralidoxime +-

Selye G70,431ij70: In rats, pralidoxime 
intoxication was counteracted by predni
solone and, to a lesser extent, by ethylestrenol 
and estradiol, CS-1, spironolactone, norbo
lethone, oxandrolone, progesterone, triamcino
lone, DOC, hydroxydione, and thyroxine had 
no significant effect. 

Selye G70,480f71: In rats, intoxication with 
pralidoxime (an anticholinesterase inhibitor 
and cholinesterase reactivator) was readily 
prevented by triamcinolone and predniso
lone, the two glucooorticoids of our series, 
whereas the other conditioning agents had 
little if any effect upon this toxicant, cf. Ta
ble 104. 

Table 104. Conditioning for pralidoxime 

Treatment& Dyskinesiab Mortalityb 
(Positive/ (Dead/ 
Total) Total) 

None 11/13 7/13 
PCN 10j10NS 7j10NS 
CS-1 7/9 NS 5/9 NS 
Ethylestrenol 3/8 * 0/8 * 
Spironolactone 8j10NS 6j10NS 
Norbolethone 6j10NS 2j10NS 
Oxandrolone 6j10NS 3/10NS 
Prednisolone-Ac 0/10 *** 0/10 ** 
Triamcinolone 0/10 *** 1/10 * 
Progesterone 8/10NS 4j10NS 
Estradiol 3/9 * 0/9 * 
DOC-Ac 8/10NS 1/10 * 
Hydroxydione 8/10NS 6j10NS 
Cholesterol 4/9 NS 2/9 NS 
Thyroxine 4/9 NS 1/9 NS 
Phenobarbital 3/10 * 4/10NS 

a The rats of all groups were given prali
doxime Cl (16 mg/100 g body weight in 0.2 ml 
water, s.c., on 4th and 5th day). 

b Dyskinesia was estimated on 4th day 
30 min after injection and mortality listed on 
6th day ("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Primaquine +-

el-Denshary et al. G77,356f69: In rabbits, 
the hepatic darnage produced by primaquine 
is most effectively prevented by choline but, 
to a lesser extent, also by dexamethasone. 

Procaine+-

Munoz et al. G68,223j61: Male rats are 
more resistant than females to the convulsant 
action of procaine i.p. Gonadectomy decreased 
resistance in males but not in females. Testoste
rone did not significantly alter resistance in 
either sex. 

Paeile et al. Fli2,633f64: Adult male rats 
are more resistant to procaine than adult 
females. Chronic CCl, poisoning, pretreatment 
with SKF 525-A and orchidectomy diminish the 
resistance of the males approximately to the 
female Ievel. The plasma procainesterase 
activity is approximately the same in both 
sexes and not affected by orchidectomy or 
CCJ. intoxication. 

Brodeur et al. F99,98lf67: The procaineste
rase activity of the liver is higher in adult 
male rats than in adult females or immature 
rats of either sex. Ovariectomy and chronic 
treatment with testosterone or norethandrolo
ne increase hepatic procainesterase activity 
in adult females. Conversely, orchidectomy 
and chronic treatment with estradiol or pro
gesterone decrease this enzyme activity in 
the livers of adult males. However, immature 
rats are more resistant to procaine in vivo 
than could be expected from the reduced 
ability of their livers to hydrolyze procaine 
in vitro. "Factors other than drug metabo
liBm appear to govem the ultimate toxicity 
of procaine in immature rats." 

Promazine +-

Rudofsky & Crawford Eli8,989f66: Follow
ing administration of meperidine or proma
zine "pregnant women, women on oral contra
ceptives and neonates excreted significantly 
more unchanged meperidine than norme
peridine, whereas the reverse held for the 
male 'controls' and other female groups. 
Pregnant women, women on oral contra
ceptives and neonates excreted more unchan
ged and minimally degraded promazine 
than non-pregnant women. Stilbestrol and 
progesterone each changed the pattem of 
excretion by male subjects toward that 
associated with pregnancy." Apparently, preg
nancy diminishes the capacity to metabolize 
meperidine and promazine, a change reflected 
in neonates and subjects taking oral oontra
ceptives. 

Crawford & RudofskyG42,454j66: In women 
taking various oral contraceptives, as well as 
in pregnant women and in neonates, the 
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urinary excretion of pethidine and promazine 
is increased, suggesting interference with the 
detoxication of these drugs. 

Propionitrile +--

Gelllwrn 16,839/23: In mice, resistance 
against acetonitrile can be increased not only 
by thyroid extract but, to a lesser extent, also 
by extracts of various other tissues. These 
preparations also augment resistance to KCN 
and propionitrile, whereas thyroidectomy 
and orchidectomy have an opposite effect. 

Selye G70,480f71: In rats, propionitrile 
poisoning was aggravated by PCN, predniso
lone, triamcinolone and thyroxine but not 
strikingly affected by the other conditioners 
involved in this series, although estradiol and 
hydroxydione may have offered barely signi
ficant protection, cf. Table 105. 

Table 105. Oonditioning for propionitrile 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Dead/ 
Tot11J) Total) 

None 7/15 1/15 
PCN 10/10 ** 9/10 *** 
CS-1 4/10NS 4/10NS 
Ethylestrenol 6/15 NS 3/15 NS 
Spironolactone 3/15 NS 3/15 NS 
Norbolethone 2/10NS 4/10NS 
Oxandrolone 3/10 NS 2/10 NS 
Prednisolone-Ac 10/10~ 10/10~ 
Triamcinolone 15/15 *** 14/15~ 
Progesterone 3/10 NS 3/10 NS 
Estradiol 0/10 * 0/10NS 
DOC-Ac 1/10 NS 1/10 NS 
Hydroxydione 0/10 * 0/10 NS 
Thyroxine 15/15~ 15/15 *** 
Phenobarbital 5/10 NS 0/10 NS 

a The rats of all groups were given pro
pionitrile (15 mg by 100 g body weight in 
0.2 ml water, s.c., once on 4th day). 

b Dyskinesia was estimated 4 hrs after 
injection and mortality listed 24 hrs later 
("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Puromycin Aminonucleotide (PAN)+-

Selye 038,594/57: The nephrosis and 
osteitis fibrosa produced by PAN in the rat 

19 Selye, Hormones and Resistance 

is inhibited by cortisol and aggravated by 
DOC. 

Fiegelson et al. D96,580f57: In the rat, 
PAN-nephrosis is adversely influenced by 
cortisol, whereas anti-kidney-serum nephritis 
is largely inhibited by it. 

WilBon et al. 045,755/57: In rats, PAN 
nephrosis is not prevented by cortisone or 
ACTH. 

Gupta & Giroud 073,800/59: In rats, the 
production of nephrosis by PAN is inhibited 
by spironolactone. Apparently "in amino
nucleoside nephrosis the increased rate of 
secretion of aldosterone is one of the main 
factors operating in fluid retention." 

Borowsky et al. D2,508f61: The course of 
an already-established PAN nephrosis was 
not altered by treatment with 0.4 mg/day of 
prednisolone after cessation of PAN-treat
ment. From this, it was concluded that 
"steroids do not modify this lesion." 

Fisher & Gruhn D12,898f61: The histologic 
and electron microscopic alterations produced 
by PAN (6-dimethyl-aminopurine-3-amino-d
ribose) in the rat are not affected by corti
sone, adrenalectomy or hypophysectomy. 

Herken et al. G 15,041/63: In rats, both the 
functional and the ultrastructural kidney 
lesions produced by PAN are counteracted by 
triamcinolone, dexamethasone and 6-methyl
prednisolone. 

Lannigan D69,709f63: Chronic treatment 
with low doses of hydrocortisol (3 mgfkg in the 
drinking water) moderately diminished the 
severity of PAN-nephrosis in rats. 

Pyribenzamine +--

Mayer et al. B3,674f46: Maleratsare much 
more resistant to pyribenzamine than females. 
Castration of females rendered them almost 
as resistant as males but treatment of 
ovariectomized rats with "estrogen" did not 
give consistent results in a small series of 
preliminary experiments. 

Pyritamine +--

Selye G70,480f71: In rats, pyrilamine 
maleate (8 mg/100 g body weight in 0.2 ml 
water) was administered s.c. once on the 4th 
day of conditioning. Dyskinesia was listed 
30 min, mortality 24 hrs after this injection. 
Under these circumstances, the "Standard 
Conditioners" (p. VIII) caused no noteworthy 
change in the resulting intoxication. PCN and 
phenobarbital were not tested. 
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Pyruvate +-

Lecoq B79,754f51: In rabbits, injection 
of disulfiram + ethanol or of Na-pyruvate 
produces essentially the same syndrome of 
intoxication, since pyruvic acid i.s the principal 
metabolite of ethanol after pretreatment with 
disulfiram. In either case, ACTH and cortisone 
offer little, if any, protective effect. 

Lecoq et al. B66,406f51: In rats, the toxic 
effects of ethanol and its metabolites, pyruvate 
and acetaldehyde (which accumulate in the 
body under the influence of disulfiram) are 
inhibited by ACTH, cortisone, and hepatic 
extracts. Conversely, thyroxine, DOC, and 
testosterone appcar to aggravate ethanol 
intoxication. [Statistically evaluated data are 
not presented (H.S.).] 

Red Squill +-- Gonadectomy + 
Testosterone: Crabtree et al. A19,999/39* 

Reserpine +-

Efron D59,758f62: In rats, adrenalectomy 
greatly decreases resistance to reserpine, 
whereas hypophysectomy leaves it almost 
unchanged. It is assumed therefore, "that the 
increased toxicity of reserpine in adrenalecto
mized rats is related to the absolute lack of 
eertain adrenal steroids, which in some way 
may condition the nervous system to the effects 
of the drugs, rather than to the inability of the 
pituitary-adrenal system to respond to so
called 'nonspecific stress' caused by the drug." 

Agostini & Giagheddu 014,490!63: Reser
pine catalepsy in guinea pigs is inhibited by 
various folliculoid, testoid and corticoid 
hormones as well as by epinephrine. 

Räsänen & Taskinen 051,026!67: Dexa
methasone protects the gastric mucosa of the 
rat against the production of ulcers by 
reserpinization. The effect is ascribed to the 
degranulation of the gastric mast cells induced 
by the glucocorticoid. 

Selye et al. 060,016/69: In rats, spironolac
tone protects against anesthesia produced by 
progesterone, DOC, hydroxydione, pregnane
dione, dehydroepiandrosterone, testosterone, 
diethylstilbestrol, methyprylon, pentobarbital 
and ethanol. It does not significantly alter the 
corresponding actions of morphine, codeine, 
urethan, diazepam, chlorpromazine, reserpine, 
phenoxybenzamine, chioral hydrate, potassium 
bromide or MgCl2• 

Selye et al. 060,020/69: In the rat, pre
treatment with norbolethone protects against 
the anesthetic effect of progesterone, DOC 
pregnanedione, dehydroepiandrosterone, tes-

tosterone, diethylstilbestrol, pentobarbital and 
methyprylon. It does not significantly alter the 
corresponding actions of urethan, diazepam, 
chlorpromazine, reserpine, phenoxybenzamine, 
chioral hydrate, potassium bromide or mag
nesium chloride. 

RES-Blocking Agents +-

Selye B39,702f49: In rats in which an 
arthritis was produced by intrapedal injection 
of formalin and India ink, phagocytosis and 
transport of the carbon particles to the 
regional lymph nodes are accelerated by 
ACTH. This is ascribed to glucocorticoid 
formation and the resulting diminution of the 
inflammatory barrier at the formalin injection 
site. 

Heller et al. 040,073!57: In rats, the 
phagocytosis of India ink i.v. by the RES is 
stimulated by various folliculoids but not by 
testoids. 

Selye et al. 070,942/59: Topical injection 
of cortisol acetate microcrystals into a hind 
paw of a rat selectively protects the surrounding 
region against the angiotactic sequestration 
of i.v. injected carbon (India ink) particles 
during a dextran-induced anaphylactoid edema. 

Nicol et al. 092,079/60: In male mice, 
various diethylstilbestrol derivatives increase 
the blood clearance of i.v.-injected carbon 
owing to stimulation of the RES. There is 
corresponding enlargement of the spieen and 
liver. 

Kelly et al. D32,495f62: "In livers of mice 
whose reticulo-endothelial system was stimu
lated by estradiol, it was established that the 
cells preparing for division and those which 
had recently divided were actively phago
cytic." 

Oahbiani et al. 019,450/65: In rats pre
treated with ACTH, F-COL or restraint, 
a single i.v. injection of thorium dextrin (an 
RES-blocking agent) produces thrombohe
morrhagic lesions with necrosis in the adrenals, 
liver and kidneys. The changes are reminiscent 
of the Shwartzman-Sanarelli phenomenon. 

Göthe H20,084f70: In rats, cortisol p.o. 
does not significantly alter the accumulation 
of intratracheally-administered quartz dust, 
although it delays its transfer from the lung to 
the regional lymph nodes. 

Oöthe H20,085f70: In rats, ACTH accele
rates, whereas preduisolone retards, the trans
port of intratracheally-administered quartz 
dust from the lung to the regionallymphatics. 
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Salicylates +-

Montuori G60,88lf54: In mice, cortisone 
s.c. raises resistance to sodium salicylate 
given 6 hrs later i.p. 

Barnett & Teague C56,641f58: In rats, 
stilbestrol antagonizes the hepatic glycogeno· 
lytic action of sodium salicylate. 

Abbott & Harrisson F 36,510/65: In rats, 
cancellous bone formation is stimulated by 
various salicylates. This effect is blocked by 
parathyroid extract and vitamin D but not 
influenced by cortisone. 

Klingenberg & Miller F 54,504/65: In rheu
matic patients, prednisone given conjointly 
with salicylates increases the glomerular filtra
tion and decreases the plasma concentration of 
the latter. "The ability of corticosteroids to in
crease glomerular filtration rate and diminish 
tubular reabsorption of water might partially 
explain their ability to increase the clearance 
of salicylate." 

Seleniurn +--

Romeo et al. F91,552f67; H7,930f68: In 
the rat, the hepatic cirrhosis produced by 
chronic intoxication with Na2Se03 is inhibited 
by 19-norandrostenolone and 4-chlorotestoste
rone. 

Serine +-- cf. SDH under lnfluence of 
Steraids upon Enzymes 

SKF525-A +--

Selye G70,480f71: In rats, acute and severe 
intoxication with SKF 525-A was significantly 
diminished by pretreatment with PCN, CS-1, 
spironolactone, oxandrolone, prednisolone, tri
amcinolone and progesterone. The other con
ditioners of our series were not or only very 
slightly effective, cf. Table 106. 

Silicon+-- cf. RES 

Sodiurn +-- cf. also Selye C50,810f58, p.107. 
Baisset et al. C84,788f58: In rats and dogs, 

the effects of NaCl-overdosage are ameliorated 
by posterior pituitary extracts and aggravated 
by NaCl. 

Scheer et al. D3,935f61: Exposure of frogs 
to high concentrations of NaCl decreases 
Na-uptake and increases electrical resistance 
in the skin, as does destruction of the inter
renal bodies. These effects are reversed in 
both cases by aldosterone but treatment of 
frogs, in tap water or saline, with spironolac
tone has no effect on the skin. Aldosterone 

19• 

and spironolactone have no significant effect 
on either the urine or the plasma Na. "We 
conclude that the inter-renals of frogs are 
involved in control of the regulatory functions 
of the skin but not of the kidneys. The absence 
of effect of aldactone may mean that this 
agent is not an aldosterone antagonist in frogs, 
or that aldosterone is not an indispensable 
participant insalt regulation in these animals." 

Table 106. Conditioning for SKF 525-A 

Treatmenta Dyskinesiab Mortalityb 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone (2 mg) 
Progesterone 
Estradiol (1 mg) 
Estradiol ( 1 mg s. c.) 
DOC-Ac 
Hydroxydione 
Cholebterol 
Thyroxine 
Phenobarbital 

(Positive/ (Dead/ 
Total) Total) 

25/28 4/28 
4/10 ** 0/10 NS 
9/20 *** 0/20 NS 

12/20 * 1/20 NS 
9/20 *** 3/20 NS 

11/20 * 0/20 NS 
7/20 *** 0/20 NS 
3/20 *** 1/20 NS 
7/20 *** 3/20 NS 
9/19 *** 1/19 NS 

15/20 NS 0/20 NS 
16/18 NS 3/18 NS 
14/19 NS 1/19 NS 
10/19 * 2/19 NS 
5/10 * 0/10 NS 

16/20 NS 9/20.:!:. 
5/10 * 1/10 NS 

a The rats of all groups were given SKF 
525-A, ß-diethylaminoethyl diphenylpropyl-ace
tate (15 mg/100 g body weight in 1 ml water, 
i.p., once on 4th day). 

b Dyskinesia was estimated 2 hrs after 
injection and mortality listed 24 hrs later 
("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Squill +-

Crabtree et al. A19,999f39: Male rats are 
twice as resistant as females to the fatal action 
of powdered red squill (Urginea maritima). 
Castration has no effect in females but 
abolishes the increased squill resistance of the 
male. 

Strychnine +-

Parhon & Urechia A23,732f11; 62,361f13: 
In dogs and rabbits, orchidectomy and 
thyroidectomy do not influence resistance to 
strychnine consistently, but thyroid feeding 
appears to aggravate the characteristic con
vulsions. 
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Vacek 063,230{58: DOC anesthesia pro
tects the mouse against the convulsive and 
Iethai effects of strychnine, pentylenetet:::azol 
and caffeine. 

Kato et al. D38,983f62: Male rats are more 
resistant than females to strychnine intoxica
tion especially if the drug is given s.c. whereby 
its activity is delayed. The greater strychnine
metabolizing potency of hepatic microsomes 
from male rats than from females has also been 
demonstrated in vitro. SKF 525-A increases 
strychnine toxicity and renders both sexes 
equally sensitive. Castration diminishes the 
high strychnine resistance of the male rat 
but has no effect in females. Pretreatment 
with testosterone or 4-chlorotestosterone aug
ments the strychnine-metabolizing ability of 
liver slices or isolated hepatic microsomes 
from both male and female castrates, whereas 
estradiol has no effect. 

Kato et al. G64,325f62: Adult male rats 
are more resistant than females to pento
barbital anesthesia, carisoprodol paralysis and 
strychnine convulsions. Conversely, the Iethai 
effect of OMP A is greater in the male. The 
sex difference is ascribed to the increased 
production of anabolic testoids which enhance 
the decomposition of these substrates, the first 
three of which are inactivated, the last 
activated in the process. The differences were 
also demonstrated in vitro using liver slices 
or microsomal fractions. The high microsomal 
activity of the male could be abolished by 
castration and restored by several anabolic 
testoids. 

Bonta & Overbeek E5,494f65: In mice, 
several water-soluble esters of cortisol and 
prednisolone decreased sensitivity to the 
induction of convulsions by strychnine, but 
testosterone 17 -glycinate offered the best 
protection. 16ß-N-piperidino-3ß-hydroxy -an
drost-5-en-17-one and 16ß-N-piperidino-17ß
hydroxy-5a-androstan-3-one actually increased 
strychnine sensitivity and the latter produced 
convulsions by itself. 

Selye G70,480f71: In rats, acute fatal 
strychnine intoxication is readily and comple
tely prevented by prednisolone, triamcinolone, 
estradiol and phenobarbital. Here, the classic 
catatoxic steroids have little if any prophy
lactic effect, cf. Table 107. 

Strychnine 
Folliculoids, 
D38,983f62* 

+-- Gonadectomy + 
Testoids: Kato et al. 

Strychnine +-- Adrenalectomy: Kato 
et al. G74,030f62 

Table 107. Oonditioning for strychnine 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Dead/ 
Total) Total) 

None 13/15 10/15 
PCN 6/10 NS 2/10 * 
CS-1 11/15 NS 10/15 NS 
Ethylestrenol 7/15 * 5/15 NS 
Spironolactone 11/15 NS 3/15 * 
Norbolethone 10/15 NS 8/15 NS 
Oxandrolone 8/15NS 7/15 NS 
Prednisolone-Ac 0/15 *** 0/15 *** 
Triamcinolone 0/10 *** 0{10 *** 
Triamcinolone (2 mg) 0/5 *** 0/5 * 
Progesterone 8/15NS 7/15 NS 
Estradiol 0/10 *** 0/10 *** 
Estradiol ( 1 mg) 0/5 *** 0/5 * 
Estradiol ( 1 mg s.c.) 0/5 *** 0/5 * 
DOC-Ac 9/15 NS 5/15NS 
Hydroxydione 10{10 NS 8/10 NS 
Cholesterol 10/10 NS 5/10NS 
Thyroxine 15/15 NS 15/15 * 
Phenobarbital 0{10 *** 0/10 *** 

a The rats of all groups were given strych
nine hydrochloride, 150 {Lg/100 g body weight 
in 0.2 ml water, s.c., once on 4th day. 

b Dyskinesia was estimated 15 min after 
injection and mortality listed on same day 
p.m. ("Exact Probability Test"). 

For further details on technique of tabu
Jation cf. p. VIII. 

Sulfa Drugs +-

Sacra & McOoll 073,654{59: Fernale rats 
are less resistant than males to chronic 
intoxication with hypoglycemic thiadiazoles 
but no such sex difference was observed in 
acute tests. Testosterone increased, whereas 
stilbestrol decreased, the resistance of female 
rats to these drugs. 

Sulfonamide+- cf. Selye 092,918{61, 
p. 219. 

Tannic Acid+-

Patrick 012,967!55: In rats and mice, 
cortisone or ACTH inhibited the mesenchymal 
reaction and delayed repair following produc
tion of hepatic darnage by taunie acid or CCI •. 

Korpassy et al. B74,333f52: In rats given 
toxic doses of taunie acid, DOC has no pro
tective effect. 

Taunie acid +-- DOC: Korpassy et al. 
B74,333/52* 
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TEM ~ cf. Carcinolytic Agents 

Tetracaine ~ 

Zykov H21,879f69: In mice, ACTH, cortl
sol and DOC failed to influence tetracaine 
intoxication. 

Tetraethylammonium ~ cf. Ganglioplegics 

Tetrahydronaphthylamine ~ 

Borchardt 23,683/28: In cats, neither 
thyroparathyroidectomy nor adrenalectomy 
prevents the production of fever by tetra
hydronaphthylamine, whereas denervation of 
the liver inhibits it almost completely. 

Thalidomide ~ 

Leone & Rinaldi G44,123f65: In pigeons, 
the medullary hone formation produced by 
estradiol is inhibited by Thalidomide. 

Thallium~ 

Stavinoha et al. 094,628/59: In mice, 
testosterone (0.6 mgfkg) i.m. failed to protect 
against the Iethai effect of thallium sulfate 
intoxication. 

Selye G70,480f71: In rats, thallium chloride 
(16 mg/100 g body weight in 0.5 ml corn oil) 
was administered s.c. once on the 4th day of 
conditioning. Nephrocalcinosis was estimated 
on day of death, and mortality listed on the 
7th day. Under these circumstances, the 
"Standard Conditioners" (p. VIII) caused no 
noteworthy change in the resulting intoxica
tion, only estradiol exhibited an inhibitory 
effect. Phenobarbital was not tested. 

Theobromine ~ 

Selye P ROT. 40890: In rats, severe intoxi
cation with theobromine is weil prevented by 
PCN, CS-1 and phenobarbital, less conspicu
ously by progesterone, whereas the other stan
dard conditioning agents are ineffective, cf. 
Table 108. 

Theophylline ~ 

Selye P ROT. 42044: In rats, theophylline 
intoxication is considerably inhibited by pre
treatment with PCN, CS-1, ethylestrenol, nor
bolethone, oxandrolone, prednisolone, proges
terone and phenobarbital. Spironolactone, DOC 
and hydroxydione offer barely significant pro
tection, cf. Table 109. 

Table 108. Oonditioning for theobromine 

Treatmenta Dyskinesia b Mortalityb 
(Positive/ (Dead/ 
Total) Total) 

None 13/15 13/15 
PCN 0/15 *** 0/15 *** 
CS-1 1/10 *** 1/10 *** 
Ethylestrenol 12/15 NS 12/15 NS 
Spironolactone 9/15 NS 9/15 NS 
Norbolethone 8/10 NS 8/10NS 
Oxandrolone 9/10 NS 9/10 NS 
Prednisolone-Ac 10/10 NS 10/10 NS 
Triamcinolone 14/15 NS 14/15 NS 
Progesterone 3/10** 2/9 *** 
Estradiol 10/10 NS 10/10 NS 
DOC-Ac 6/9 NS 6/9 NS 
Hydroxydione 8/10 NS 8/10 NS 
Thyroxine 8/15 NS 8/15 NS 
Phenobarbital 1/10 *** 1/10*** 

a The rats of all groups were given theobro-
mine, 50 mg/100 g body weight in 1 ml water 
p.o. twice daily on the 4th and the 5th day. 

b Dyskinesia was estimated on the 9th day 
and mortality listed on the same day p.m. 
("Exact Probability Test"). 

For further details on technique of tabula-
tion cf. p. VITI. 

Table 109. Oonditioning for theophylline 

Treatmenta Dyskinesia b Mortalityb 
(Positive/ (Dead/ 
Total) Total) 

None 16/20 14/20 
PCN 2/15 *** 2/15 *** 
CS-1 0/15 *** 0/15 *** 
Ethylestrenol 2/15 *** 2/15 *** 
Spironolactonc 6/15 * 6/15 NS 
Norbolethone 4/15 *** 4/15 * 
Oxandrolone 4/15 *** 4/15 * 
Prednisolone-Ac 0/15 *** 0/15 *** 
Triamcinolone 13/15 NS 13/15 NS 
Progesterone 2/15 *** 2/15 *** 
Estradiol 12/15 NS 12/15 NS 
DOC-Ac 7/15 * 7/15 NS 
Hydroxydione 7/15 * 7/15 NS 
Thyroxine 15/15 NS 15/15 NS 
Phenobarbital 0/15 *** 0/15 *** 

a The rats of all groups were given theophyl
line (20 mg/100 g body weight in 2 ml water, 
s.c., on 4th day). 

b Dyskinesia was estimated on 5th day and 
mortality Iisted on the same day. 

For further details on technique of tabula
tion cf. p. VIII. 
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Thiadiazoles +-- cf. Sulfa Drugs 

Thimerosal +--

Selye P ROT. 38080: In rats, thimerosal 
intoxication is inhibited by all catatoxic 
steroids, prednisolone, and estradiol. The 
apparent protection by hydroxydione requires 
confirmation, cf. Table 110. 

Table 110. Oonditioning for thimerosal 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Deadf 
Total) Total) 

None 7{10 9/10 
PCN 0/10 *** 10/10 NS 
CS-1 1/10 ** 6/10 NS 
Ethylestrenol 2/10 * 3/10 ** 
Spironolactone 1/10 ** 5/10 NS 
Norbolethone 0/10 *** 4/10 * 
Oxandrolone 2/10 * 6/10 NS 
Prednisolone-Ac 1/10 ** 7/10 NS 
Triamcinolone 6/10 NS 10/10 NS 
Progesterone 3/10 NS 10/10 NS 
Estradiol 2/10 * 1/10 *** 
DOC-Ac 6{10 NS 10{10 NS 
Hydroxydione 2/10 * 10/10 NS 
Thyroxine 7{10 NS 10{10 NS 
Phenobarbital 7/10 NS 10/10 NS 

a The rats of all groups were given thime
rosal, 5 mg/100 g body weight in 0.2 ml water 
s.c. once on 4th and on 5th day. 

b Dyskinesia was estimated on 5th day 
3 hrs after injection and mortality listed on 
7th day ("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Thioacetamide +--

Eger et al. E58,108f59: In rats, predniso· 
lone does not prevent hepatic cirrhosis induced 
by allyl alcohol or thioacetamide. 

Arnold et al. E27,627f63: Chemical in
vestigations suggest that collagen formation 
in rats with hepatic cirrhosis induced by 
thioacetamide is inhibited by cortisone. 

Prellwitz & Bässler E 36,762{63: Detailed 
biochemical studies on the effect of LP-corti
sone and nandrolone phenpropionate upon 
the hepatic cirrhosis produced by thioaceta
mide in the rat. 

Röttger et al. D64,427f63: In the rat, the 
hepatic cirrhosis produced by chronic treat-

ment with thioacetamide is not influenced by 
prednisolone or testosterone, although morta
lity from acute intoxication with thioaceta
mide is diminished by prednisolone. 

Becker H22,47lf68: In rats, the hepatic 
cirrhosis produced by chronic treatment with 
thioacetamide cannot be prevented by simul
taneaus cortisone administration. 

Becker H 17,711{69: In rats, the hepatic 
cirrhosis produced by thioacetamide or CCI4 

is not inhibited by cortisone and damage to 
the parenchymal cells is actually increased. 

Petzold et al. H20,651f69: In rats, the 
hepatic cirrhosis produced by thioacetamide 
can be prevented by concurrent treatment 
with Turinabol (the latter is described as 
4-chloro-1-dehydro-methy 1-testosterone, al
though in the Merck Index it is listed as 
4-chlorotestosterone). Turinabol administered 
after the induction of thioacetamide darnage 
enhances the regeneration of the liver. 

Thiophosphamide +-- cf. Carcinolytic 
Agents 

Thiourea +--

Glock B23,056f45: In rats given normally 
fatal doses of thiourea, treatment with 
adrenocortical extract plus NaCl offers greater 
protection than NaCl alone. Thyroxine is a 
still more effective prophylactic even when 
given without NaCl. 

DuBois et al. B3,103f46: In dogs, adrenal 
cortical extract offers moderate protection 
against ANTU poisoning. 

Threonine +-- cf. TDH under lnfluence of 
Steraids upon Enzymes 

Tolbutamide +-- cf. Pancreatic Hormones 

Tremorine +--

Hewett et al. D19,834f64: Various amino
steroids possess "loss-of-righting-reflex acti
vity" and prevent tremorine-induced tremor 
as weil as pentylenetetrazol convulsions. Their 
effect is ascribed to interneuronal blockade and 
not to general anesthesia. 

Selye G70,480f71: In rats, tremorine 
dihydrochloride (5 mg/100 g body weight in 
1 ml water) was administered p.o. once on the 
4th day of conditioning. Dyskinesia was listed 
5 hrs, mortality 24 hrs after this injection. 
Under these circumstances, the "Standard 
Conditioners" (p. VIII) caused no noteworthy 
change in the resulting intoxication. PCN was 
not tested. 
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Tribromoethanol +--

Eichholtz A27,018f27: In rabbits, "destruc
tion of the liver" by ethylene chlorhydrin 
does not significantly affect the length of 
tribromoethanol anesthesia. After bilateral 
nephrectomy, sleeping time is somewhat pro
longed but still variable. On the other hand, 
bilateral adrenalectomy prolongs the sleeping 
time very considerably. 

Eichloltz et al. B45,516f49: Adrenalec
tomy greatly prolongs the tribromoethanol 
and thiopental sleeping time in rats. In both 
instances the sleeping time could be shortened 
again if adrenalectomized rats were treated 
with DOC or adrenocortical extract. 

Nicol et al. F58,460f65: In the mouse, re
sistance to partially decomposed solutions of 
tribromoethanol is increased by estradiol. 

Selye P ROT. 41492: In rats, ß-tribromo
ethanol sleeping time is considerably shortened 
by pretreatment with PCN, CS-1, ethylestrenol, 
spironolactone, norbolethone and prednisolone. 
Progesterone and DOC tend to prolong tri
bromoethanol anesthesia, perhaps because 
these steroids possess an anesthetic effect of 
their own, cf. Table 111. 

Tribromoethanol ~ Adrenalectomy 
+ DOC: Eichholtz et al. B45,516/49* 

Trichloroethanol +--

Selye G70,480f71: In rats, ß-trichloro
ethanol is subject to detoxication by essenti
ally the same conditioners as ß-tribromoetha
nol. Its hypnotic effect is strongly counteracted 
by all catatoxic stemids (except oxandrolone) 
as weil as by prednisolone and phenobarbital. 
Thyroxine exerts a barely significant inhibitory 
action whereas estradiol actually prolongs 
ß-trichloroethanol anesthesia, cf. Table 112. 

Trichloroethylene +-

de Dominicis B3,412f42: Combined treat
ment with adrenocortical extracts + vitamin C 
raises the resistance of guinea pigs to trichloro
ethylene. 

Triorthocresyl Phosphate +-

Glees D7,966f61; Dl4,872f61: Triortho
cresyl phosphate (TOCP) is an anticholineste
rase compound which induces widespread 
neurologic symptoms with demyelination of 
the central nervous system in the chick. 
These changes can be prevented by pretreat
ment with cortisone. 

Table 111. Oonditioning for ß-tribromoethanol 

Treatmenta Sleeping Time b 

(min) 

None 44±3 
PCN 19± 3 *** 
CS-1 25± 3 *** 
Ethylestrenol 23 ±5 *** 
Spironolactone 20±4 *** 
Norbolethone 25 ±4 *** 
Oxandrolone 33 ± 6 NS 
Prednisolone-Ac 23 ±4 *** 
Triamcinolone 44±3 NS 
Triamcinolone (2 mg) 40±3 NS 
Progesterone 63 ±9 :!'_ 

Estradiol 46 ±2 NS 
Estradiol (1 mg) 37 ±3 NS 
DOC-Ac 60± 6 :!'_ 

Hydroxydione 58 ±9 NS 
Thyroxine 38 ± 3 NS 
Phenobarbital 58± 12NS 

a The rats of groups were given ß-tribromo
ethanol (25 mg/100 g body weight in 1 ml water 
+ amylene hydrate, s.c., on 4th day). 

b (Student's t-test.) 

For further details on technique of tabula
tion cf. p. VIII. 

Table 112. Oonditioning for ß-trichloroethanol 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Sleeping timeb 
(min) 

174 ± 19 
20 ± 13 *** 
63 ± 33 ** 
53± 20 *** 
32 ± 14 *** 
86 ± 25 ** 

203 ± 32 NS 
44± 25~ 

107 ± 29 NS 
123 ± 31 NS 
261 ± 22 .:t:.!. 
193 ± 18 NS 
137 ± 17 NS 
99±25* 
44±17*** 

a The rats of all groups were given ß-tri
chloroethanol (1 ml/100 g body weight of a 5% 
aqueous solution, p.o., once on 4th day). 

b Student's t-test. 

For further details on technique of tabu
lation cf. p. VIII. 
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Selye G70,480f71: In rats, intoxication 
with tri-o-cresyl phosphate could not be 
counteracted by any of the standard conditio
ners except for an inhibition of borderline 
significance by thyroxine. PCN, norbolethone, 
prednisolone, triamcinolone, and phenobarbi
tal slightly aggravated the toxicity of this 
compound, whereas T3 and propylthiouracil 
did not affect it, cf. Table 113. 

Table 113. Conditioning for tri-o-cresyl phosphate 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Dead/ 
Total) Total) 

None 5/10 5/10 
PCN 10/10.! 10/10.! 
CS-1 7/10 NS 7/10 NS 
Ethylestrenol 9/10 NS 9/10 NS 
Spironolactone 8/10NS 8/10 NS 
Norbolethone 10/10! 9/10 NS 
Oxandrolone 5/10 NS 6/10 NS 
Prenisolone-Ac 9/10 NS 10/10! 
Triamcinolone 10/10! 10/10! 
Progesterone 7/10 NS 8/10 NS 
Estradiol 8/10NS 8/10 NS 
DOC-Ac 5/10 NS 5/10NS 
Hydroxydione 6/10 NS 7/10 NS 
Thyroxine 0/10 * 0/10 * 
Phenobarbital 10/10! 10/10! 
Ts 50 [Lg s.c. x2fday 6/10 NS 8/10 NS 
PTU 1/10 NS 2/10 NS 
3mg<0.1mli.p. 
(DMSO) x2fday 

a The rats of all groups were given tri-o
cresyl phosphate (50 mg/100 g body weight in 
1 ml corn oil, p.o., daily from 4th day ff.). 

b Dyskinesia was estimated on 7th day 
3 hrs after tri-o-cresyl phosphate administra
tion and mortality listed on 8th day ("Exact 
Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Trypsin+-

Bein & Jaques D41,862f60: Aldosterone 
protects the cat against Iethai shock produced 
by trypsin i.v. Prednisone and prednisolone 
are much less effective in this respect. 

Tryptophan +- cf. TPO under lnfluence of 
Steraids upon Enzymes 

Tubocurarine Chloride +-

Selye G70,480f71: In rats, the motor 
disturbances produced by D-tubocurarine 
were completely or almost completely prevent
ed by all typical catatoxic steroids (except 
oxandrolone) as weil as by prednisolone, 
triamcinolone and progesterone. Phenobarbital 
provided no significant protection, cf. Table 114. 

Table 114. Conditioning for D-tubocurarine 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Dyskinesiab Mortalityb 
(Positive/ (Dead/ 
Total) Total) 

10/15 
0/10 *** 
0/10 *** 
1/15 *** 
2/15 *** 
1/10 ** 
5/10NS 
0/10 *** 
1/15 *** 
1/10 ** 
7/10 NS 
7/10 NS 
5/10 NS 
9/15 NS 
5/15 NS 

3/15 
0/10 NS 
0/10 NS 
1/15 NS 
0/15 NS 
1/10 NS 
4/10 NS 
0/10 NS 
1/15 NS 
1/10 NS 
1/10 NS 
4/10NS 
4/10 NS 
6/15 NS 
0/15 NS 

a The rats of all groups were given D-tubo
curarine chloride (20 [Lg/100 g body weight in 
0.2 ml water, s.c., once on 4th day). 

b Dyskinesia was estimated 30 min after 
injection and mortality listed 24 hrs later 
("Exact Probability Test"). 

For further details on technique of tabu
ation cf. p. VIII. 

Tyramine+-

Selye G70,480f71: In rats, tyramine intoxi
cation appears to have been only slightly 
counteracted by ethylestrenol, spironolactone, 
norbolethone, prednisolone and DOC, whereas 
triamcinolone offered excellent protection. 
The other standard, conditioners, including 
phenobarbital, were ineffective, cf. Table 115. 

Tyramine ~ Prednisolone: Inscoe 
et al. F70,325f66 
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Table 115. Corulitioning for tyramine 

Treatmenta Dyskinesiab Mortalityb 
(Positive/ (Deadf 
Total) Total) 

None 8/15 8/15 
PCN 1/5 NS 1/5 NS 
CS-1 2/9 NS 2/9 NS 
Ethylestrenol 1/10 * 2/10 NS 
Spironolactone 1/10 * 1/10 * 
Norbolethone 1/10 * 1/10 * 
Oxandrolone 2/10 NS 2/10 NS 
Prednisolone· .Ac 1/10 * 1/10 * 
Triamcinolone 0/10 ** 0/10 ** 
Progesterone 5/10 NS 5/10 NS 
Estradiol 4/10 NS 4/10NS 
DOC-.Ac 1/10 * 1/10 * 
Hydroxydione 4/10 NS 4/10 NS 
Thyroxine 4/10NS 4/10 NS 
Phenobarbital 6/9 NS 6/9 NS 

a The rats of all groups were given tyra· 
mine (20 mg/100 g body weight in 1 ml 
water, i.v., on 4th day). 

b Dyskinesia was estimated 2 hrs after 
injection and mortality listed on 5th day 
("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

Tyrosine +- cf. also TKT uruler Enzymes 
lnfluenced by Steraids 

.Alam et al. G53,636f67: In rats fed low
protein diets, excessive tyrosine intake da
presses growth and causes characteristic lesions 
in the paws and eyes. Injections of cortisol 
or stress caused by infusorial earth i.p. pre
vented the manifestations of tyrosine intoxi
cation, presumably as a consequence of he
patic microsomal TPO induction. The effect 
of infusorial earth i. p. is ascribed to the 
resulting stress-induced incrE>ases in corticoid 
secretion. 

Fuller G75,131f70: In rats, exposure to 
cold, as weil as treatment with cortisol or 
glucagon after adrenalectomy induced TKT 
activity in the liver but not in the brain. 
Apparently, the TKT "of brain differed from 
the enzyme in liver since it did not exhibit 
diurnal variations of ac:tivity and was not 
affected by hormones, drugs, or stress." 

Rose & Cramp G75,215f70: In women 
using folliculoid-luteoid contraceptives, the 
plasma tyrosine level is significantly decrea
sed. Two women treated with ethinylestradiol 

alone showed a similar decrease of plasma 
tyrosine. "It is suggested that increased 
Ievels of glucocorticoids, due to the action of 
oestrogen, induce elevated Ievels of tyrosine 
aminotransferase, and that as a consequence 
there is an enhanced rate of degradation of the 
amino acid in the liver." 

Selye G70,468f70: In rats, dietary tyro
sine intoxication results in inflammation of 
the eyes, pancreas, paws and snout. These 
changes can be prevented not only by gluco
corticoids (triamcinolone, prednisolone) but 
also by catatoxic steroids devoid of gluco
corticoid potency, such as PCN, ethylestre
nol, CS-1 and, to a lesser extent, by spirono
lactone and norbolethone. Estradiol is like
wise effective in protecting against tyrosinc 
intoxication although it is devoid of both 
glucocorticoid and catatoxic potencies. Pro
gesterone, oxandrolone, DOC, hydroxydione 
and cholesterol are ineffective. Thyroxine 
actually aggravates tyrosine intoxication, cf. 
Fig. 13, p.298 

Selye G70,480f71: Rats given a great 
dietary excess of L-tyrosine have developed a 
syndrome characterized by dermatitis on the 
paws and around the eyes, panophthalmia, 
pancreatic lesions, loss of body weight and 
high mortality. These signs of tyrosinosis were 
suppressed, or at least diminished, by pheno
barbital, PCN and to a lesser extent by 
various other catatoxic steroids. Prednisolone, 
triamcinolone, and thyroxine decreased the 
resistance to tyrosinosis. The mean food intake 
was actually increased by the steroids that 
offered protection, hence the beneficial effect 
of the Iatter could not have been the result 
of a diminished L-tyrosine intake consequent 
upon decreased food consumption,cf. Table 116, 
p. 299. 

Tyrosine <-- Prednisone + Mathern
albumin: Marver et al. G76,839f68 

Uranium +- cf. also Selye G60,083f70, 
p. 353. 

Feyel 99,416f43: In mice, testosterone pre
treatment does not protect either against 
HgC~ or uranium nitrate intoxication. 

Urethan+-

Sirulram 52,504/35: In rats, pretreatment 
with adrenocortical extract ("Cortin") in
creases resistance to urethan anesthesia. 
Adrenalectomy has an inverse effect but 
Cortin shortened urethan anesthesia even 
in the absence oi the adrenals. Tribromoetha
nol sleeping time is likewise shortened by 
adrenocortical extract in intact rats. 



Fig. 13. Protection by PCN against tyrosinosis. Both rats received the same tyrosine treatment. 
A: Infiammatory lesions affecting the eyes, snout, and paws of the otherwise-untreated control. 
B: No such changes are observed in the rat pretreated with PCN. C: In the pancreas of the rat 
shown above, there are extensive necroses of parenchymal cells and edema in the stroma, charac
teristic of tyrosine intoxication. D: The pancreas of the PCN-pretreated rat shows no obvious 

anomaly. [Selye G70,468/70. Courtesy of J. Nutr.] 
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Table 116. Conditioning for L-tyrosine 

Treatmenta Eye lesionsb Final Food intake Mortalityd 
(%) body weightc perrate (%) 

(g) (g) 

None 50 90 ± 4 10 ± 0.5 so 
PCN 0 * 116 ± 3 *** 15 ± 0.6 *** 0 *** 
CS-1 20NS 88 ± 2NS 12 ± 1.0 NS 0 *** 
Ethylestrenol 10NS 92 ± 2 NS 13 ± 0.6 ** 10 *** 
Spironolactone 20NS 89 ± 2NS 14 ± 1.0 ** 20 * 
Norbolethone 30NS 87 ± 5NS 14 ± 0.7 *** 30 * 
Oxandrolone 40NS 84 ± 2 NS 10 ± 0.9 NS 40NS 
Prednisolone· Ac 0 * 70 ± 4 !._'~: 15 ± 1.2 ** SONS 
Triamcinolone (2 mg) 0 * 74± 4~ 11 ± 1.7 NS 40NS 
Progesterone 0/3 NS 98 ± 16 NS 13 ± 0.5 *** 90NS 
Estradiol 0 * 70 ± 1 * ** 9 ± 0.6NS 40NS 
DOC-Ac 70NS 86 ± 4NS 11 ± 0.8 NS 50NS 
Hydroxydione 70NS 76 ± 3± 11 ± 1.0NS 50NS 
Cholesterol 60NS 78 ± 6NS 10 ± 0.9 NS 60NS 
Thyroxine SONS _d 10 ± 1.3 NS 100NS 
Phenobarbital 0 * 118 ± 2 *** 16 ± 0.4 *** 0 *** 

a The rats of all groups were given a diet containing 10% L-tyrosine (from 2nd day until 
end of the experiment). 

b Eye lesions were estimated from 8th day to time of death and mortality registered on 15th 
day ("Exact Probability Test"). 

c Student's t-test. 
d Premature mortality. 

For further details on technique of tabulation cf. p. VIII. 

Ito et al. G42,670f66: In mice, the develop
ment of urethan-induced thymic Iymphomas 
was enhanced by orchidectomy but not signi
ficantly affected by ovariectomy. In the early 
latent period, adrenalectomy accelerated the 
development of thymic Iymphomas, especially 
in females. 

Vesselinovitch & Mihailovich F91,584j67: 
In male mice, urethan induced a higher 
incidence of hepatomas than in females. 
Gonadectomy decreased the incidence in 
males and increased it in females, thus prac
tically eliminating the sex difference. 

Selye et al. G60,016j69: In rats, spirono
lactone protects agairrst anesthesia produced 
by progesterone, DOC, hydroxydione, preg
nanedione, dehydroepiandrosterone, testoste
rone, diethylstilbestrol, methyprylon, pento
barbital and ethanol. It does not significantly 
alter the corresponding actions of morphine, 
codeine, urethan, diazepam, chlorpromazine, 
reserpine, phenoxybenzamine, chioral hydrate, 
KBr or Mg012• 

Selye et al. G60,0:20j69: In the rat, pie
treatment with norbolethone protects agairrst 

the anesthetic e ffect of progesterone, DOC 
pregnanedione, dehydroepiandrosterone, testo
sterone, diethylstilbestrol, pentobarbital and 
methyprylon. It does not significantly alter 
the corresponding actions of urethan, dia
zepam, chlorpromazine, reserpine, phenoxy
benzamine, chioral hydrate, potassium bromide 
or magnesium chloride. 

Vitmnin A +--

Mayer & Truant B43,456j49: Both in 
intact and in castrate male rats kept on a 
vitamin-A cleficient diet, testosterone exerts 
its normal stimulating effect upon the seminal 
vesicles. The atrophy of the accessory sex 
organs induced by vitamin-A deficiency is 
presumably due to interference with the 
synthesis or release of testoids, not to a taiget 
organ insensitivity. 

Walbach et al. 014,796/55: The skeletal 
lesions procluced by vitamin-A overdosage in 
weanling rats are aggravated by adrenalec
tomy but not influenced by cortisone. 
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Millen &: Woollam 038,328/57: In rats, 
vitamin-A overdosage during pregnancy pro
duces gross malformations of the brain and 
calvarium in the young. This teratogenic 
effect is considerably aggravated by cortisone. 

Selye 037,276/57: Estradiol increases, 
whereas methyltestosterone counteracts the 
hone absorption and catabolism produced by 
hypervitaminosis A in the rat. 

Selye 036,386/58: Cortisol aggravates the 
hone absorption produced by vitamin-A 
overdosage in the rat. In this respect the 
effect of cortisol is opposite tothat of STH. 

Grangaud &: Oonquy 071,751!58; G71,675f 
58: In rats kept on a vitamin-A deficient diet, 
progesterone induces an increase in body weight 
and reestablishes a normal estrus cycle. 

Grangaud et al. 0 97,508/59; 0 88,406/60; 
089,715/60: Progesterone s.c. protects the 
male rat against the manifestations of vita
min-A deficiency. 

Fell &: Thomas D10,358f61: In tissue 
culture, chick and mouse hone and cartilage 
implants rapidly disintegrate in the presence 
of excess vitamin A and this response was 
prevented by cortisol. Earlier observations 
had shown that, in vivo, cortisol sensitizes 
the rat for the production of skeletal lesions 
by vitamin A. "It is suggested that this dis
crepancy between the results obtained in vitro 
and in vivo is probably due to systemic 
factors that operate in the body but are 
eliminated in organ cultures." 

Nicol &: Grangaud D20,176f61: In rats, 
thiouracil ameliorates the manifestations of 
vitamin-A deficiency. Progesterone has a 
similar effect. 

Weissmann D10,768f61: In larvae of Xeno
pus Iaevis, hone absorption and other mani
festations of vitamin-A overdosage were 
accelerated by cortisol. "This was held to be 
due to Iiberation of vitamin A from hepatic 
stores by the steroid, and is in cantrast to the 
retardation of hypervitaminosis A by hydro
cortisone in vitro." Presumably an excess 
of vitamin A causes release of cathepsins from 
Iysosomes. 

Thomas et al. D23,234f62: In ubbits, 
!arge doses of vitamin A produce cartilage 
changes resulting in the collapse of the ears, 
and loss of basophilic and metachromatic 
staining of their cartilage. Pretreatment with 
cortisone prevents these changes. 

Hulth &: Westerborn D56,601f63: In rabbits, 
the lesions produced by cortisone in the 
growth cartilages are not significantly influ
enced by vitamin A but recovery from the 

papain-induced cartilaginous darnage is delayed 
by cortisone. 

Thomas et al. D57,729f63: In rabbits, 
acute overdosage with vitamin-A palmitate 
or vitamin-A acid produced loss of hair and 
collapse of the ear cartilage. Histologically, 
depletion of cartilage matrix was seen also in 
the articular and epiphyseal cartilages. All 
these changes were largely prevented by 
simultaneaus administration of cortisone, and 
a local protective effect was demonstrated by 
intra-articular injection of cortisol in hyper
vitaminotic rabbits. The protective effect of 
cortisol may be due to lysosome stabilization. 
Earlier observations which showed a syner
gism between cortisone and vitamin A after 
chronic steroid treatment may have been due 
to excessive increases in the blood Ievels of 
vitamin A occasioned by glucocorticoids. 

Weissmann et al. D64,001f63: Earlier 
experiments have shown that cortisone protects 
the cartilage of rabbits from dissolution by an 
excess of vitamin A. This was ascribed to the 
stabilizing action of cortisone upon Iysosomes 
whose proteases may be responsible for the 
degradation of chondromucoprotein. Unex
pectedly, the osseous and other types of lesions 
produced by vitamin-A alcohol overdosage 
in Xenopus laevis larvae is aggravated by 
cortisol, whereas similar hypervitaminosis 
induced by vitamin-A acid is prevented by 
this glucocorticoid. The difference is ascribed 
to the fact that vitamin-A acid is not stored 
in the liver to any degree, whereas the alcohol 
is stored as the ester and can then be released 
from the hepatic store by cortisol. The inhibi
tory effect of cortisol is attributed to lysosomal 
stabilization. 

Fell F48,679f64: The degenerative changes 
developing in cartilaginous limb-bone rudi
ments of mice, when excess vitamin A is added 
in tissue culture, can be diminished by cortisol 
in vitro, perhaps owing to antagonistic 
effects upon lysosomal membranes. 

Thomas E37,875f64: Review on the effects 
of papain, vitamin A and cortisone on cartilage 
matrix in vivo. 

Goldhaber E5,596f65: Description of the 
optimum conditions for the inhibition of vita
min-A-induced hone resorption by cortisol on 
explants of murine bones. 

Soriano G44,574f67: Fragments of murine 
esophagus cultured in vitro show inhibition 
of keratinization and differentiation into 
multistratified epithelium under the influence 
of vitamin A. Cortisol has the same effect and 
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Fig. 14. Protection by spironolactone against hypervitaminosis-A. Both rats received the same ex
cessive amount of vitamin A. A: In the control rat, the bones are very thin, the femur is narrow 
and the scapula even shows perf::lrations. B: Spironolactone prevents these changes. [Tuch weher 

et al. G70,477f70. Courtesy of Int. Ztschr. Vitaminforschg.] 

when given conjointly the two compounds 
synergize each other. 

Ehrlich & Hunt 055,237/68: In rats, 
vitamin A has no effect upon wound healing 
but it overcomes the inhibitory effect of corti
sone. 

Janoski et al. E7,896j68 (p. 281) : Review 
suggesting that many of the actions of glu
cocorticoids, particularly their inhibition of 
ultraviolet ray injury, vitamin-A overdosage 
and endotoxin shock are due to the stabili
zation of lysosomal membranes which prevents 
the escape of toxic lysosomal enzymes. 

Tuchweber & Oarg 070,434!70: In rats, 
the hone lesions characteristic of vitamin-A 
overdosage are inhibited by spironolactone, 
norbolethone and ethylestrenol; the hepatic 
and serum vitamin-A concentrations are 
simultaneously decreased. 

Tuchweber et al. 070,477!70: In rats, pre
treatment with spironolactone, norbolethone, 
ethylestrenol and oxandrolone inhibits the 
hone absorption and catabolism induced by 
hypervitaminosis A. On the other hand, 
estradiol, prednisolone and triamcinolone 
actually aggravate vitamin-A intoxication. 
Progesterone, DOC and thyroxine do not 
significantly alter this intoxication. In spirono
lactone and norbolethone pretreated animals, 
the serum clearance of vitamin A is acce
lerated; triamcinolone has an opposite effect, 
especially in chronic experiments. The hepatic 
vitamin-A concentration is significantly de
creased by spironolactone or norbolethone, cf. 
Fig. 14. 

Vitamin B ."_ cf. also Aminopterin 

Hertz B 18,379!48: In chickens, the respon
siveness of the genital tract to folliculoids 
depends upon the availability of folic acid and 
can be suppressed by folic acid antagonists. 

Weintraubet al. B49,800j50: Malemiceare 
more sensitive than females to intoxication 
with the folic acid antagonist aminopterin. The 
low tolerance of the males was abolished by 
castration, but not influenced by estradiol. 
Testosterone failed to affect the tolerance of 
the female. 

Meites et al. C39,753j57: Review on the 
effect of cortisone upon various components of 
the vitamin-B complex with personal Observa
tions on the guinea pig and rat. 

Paroli C63,940j57: In pigeons, vitamin-B1 

deficiency is beneficially influenced by DOC. 

Oreengard et al. F74,42lj66: Prevention by 
various corticoids of nicotinamide-deficiency 
disorders and of 6-aminonicotinamide toxicity 
in rats and dogs. 

Oreengard et al. 063,690/68: In rats, tri
amcinolone, dexamethasone, corticosterone 
and DOC protect against the syndrome of 
nicotinamide deficiency. "Moreover, in animals 
in which liver NAD and NADH had been 
depleted by feeding the deficient diet, the Ievels 
of these coenzymes could be restored to nor
mal, or above normal, by steroid administra
tion. Administration of steroids also increased 
the amount of NADP and NADPH. Evidence 
is presented that the ability of the steroids to 
increase the levels of the pyridine nucleotides 
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is mediated hy increasing the availahility of 
tryptophan." 

Luhby et al. H 32,376/70: In warnen tak
ing ethinylestradiol-containing contraceptives, 
there develops a derangement in tryptophan 
metaholism associated with "functional" vita
min-B6 deficiency. 

Vitam.in C ~ 

Lockwood & Hartman 15,573!33: An adre
nocortical extract protects guinea pigs against 
scurvy when given i.p., hut is ineffective p.o. 

Svirbely 33,140/35: In scorhutic guinea pigs, 
adrenocortical extract does not prolang 
survival. 

Hyman et al. B53,374j50: "Cortisone and 
ACTH prolang life and reduce the hemorrha
gic manifestations of scurvy in guinea pigs." 
[In an addendum the authors state that the 
!arge doses of ACTH and cortisone used may 
produce severe toxic effects which overshadow 
their heneficial actions (H.S.).] 

Hyman et al. B57,989f51: In guinea pigs 
on a vitamin-C deficient diet, ACTH and corti
sone ameliorate the manifestations of scurvy. 

Pirani et al. B57,272j51: In guinea pigs 
kept on a vitamin-C deficient diet, cortisone 
aholishes some hut not all the manifestations 
of scurvy. 

Herrick et al. B69,259f52: In vitamin-C 
deficient guinea pigs, cortisone diminished the 
manifestations of scurvy and prolonged survi
val. 

McGraw 068,484/59; 080,136/59: Doctor's 
thesis descrihing numerous experiments on the 
effect of adrenalectomy, cortisone, thyroxine, 
thyroidectomy, thioureas and STH upon 
scorhutic guinea pigs, with special emphasis 
upon changes in capillary resistance and 
cold tolerance. 

Rona D26,276j62; Rona & Ohappel D48, 
101j63; Hajdu et al. G32,889f65; Conjugated 
equine estrogens (Premarin) protect the gui
nea pig against the production of hone lesions 
hy vitamin-C deficiency. Estriol sodium 
succinate affered no such protection. 

Klinger et al. F62,929j65: The normal 
excretion of ascorhic acid and the increase in 
its elimination induced hy harhital are higher 
in male than in female rats. Orchidectomy 
reduced hoth normal excretion and its en
hancement hy harhital, whereas ovariectomy 
increased them. Thus, the sex specific differ
ences decreased hut did not disappear com
pletely. One week's treatment of males with 
stilhestrol or females with testosterone dimin-

ished ascorhic acid excretion. In mice, no sex 
specific differences of this kind were ohserved. 
[The authors prohahly used hexoharhital 
although sometimes they speak of harhital 
(H.S.).] 

Vitam.in D, DHT ~ Glucocorticoids cf. 
also Selye 050,810f58, p. 92; 092,918/61, p. 
174; D15,540f62, pp. 278, 281; G60,083j70, pp. 
347, 354, 385, 494. 

Polemann & Froitzheim B87,589f53: In 
mice, severe vitamin-D2 intoxication could 
not he prevented hy cortisone. 

Gillman & Gilbert 031,076/56: The arterial 
lesions produced hy heavy vitamin-D overdos
age in the rat are aggravated hy thyroxine 
or DOC, whereas cortisone and thyroidectomy 
affered considerahle protection. 

Hanssler 018,293/56: In rats on a vitamin-D 
deficient rachitogenic diet, cortisone decreases 
inorganic serum phosphorus hut does not 
affect the calcemia or raises it slightly. 

Kodicek 032,412/56: Although in patients 
cortisone tends to antagonize vitamin-D over
dosage "cortisone treatment did not ameliorate 
the weight loss, clinical appearance, histologi
callesions or the increased urinary phosphate 
excretion of the hypervitaminotic rats." 

Laron et al. 0 12,833f56: In rats first kept 
on a vitamin-D deficient diet, cortisone in
creases serum calcium and depresses alkaline 
phosphatase hut retards the process of dental 
calcification during suhsequent healing of the 
rickets induced hy vitamin-D Supplements. 

Winberg & Zetterström 012,829/56: In a 
child with severe vitamin-D intoxication, 
cortisone hrought ahout rapid recovery. 

Harrison et al. 045,829/57: In rats kept on 
a vitamin-D and phosphorus deficient diet, 
cortisol p.o. reduced the serum citrate and 
prevented vitamin-D from increasing serum 
and hone citrate Ievels. On the other hand, 
the antirachitic effect of vitamin D (as 
measured hy the rise in serum phosphorus 
and histologic evidence of rachitic cartilage 
and osteoid calcification) was not suppressed 
hy cortisol. "The antirachitic action of Vit. D 
and its effect upon citrate metaholism can, 
therefore, he separated. The tihias of Vit. D 
deficient cortisol fed rats show evidences of 
increased calcification in comparison with 
rachitic controls which might in part he due 
to inhihition of hone resorption as weil as 
retardation of cartilage growth hy cortisol." 

Selye & Bois 016,506!57: In rats given 
daily s.c. injections of ergocalciferol, which 
in themselves caused no pathologic calcifi
cation, calcium deposition was produced in the 
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gastric mucosa by concurrent treatment with 
cortisol, whereas DOC had so such effect. 

Selye 027,735!57: The cardiovascular cal
cification and nephrocalcinosis produced by 
DHT in rats are aggravated by estradiol, 
cortisol, DOC, ACTH and thyroxine. Conver
sely, methyltestosterone and STH exert a 
protective effect. 

Wilson et al. 033,679!57: In rats, the 
nephrocalcinosis produced by overdosage with 
vitamin-D2 could not be prevented by con
current treatment with large doses of corti
sone p.o. 

Oruickshank & Kodicek 053,881/58: Certi
sone did not prevent intoxication with vita
min-D2 in rats. 

Laron et al. 050,634!58: In rats kept on a 
vitamin-D deficient diet until rickets developed 
and then given dietary supplements of vitamin 
D, concurrent treatment with cortisone did not 
prevent healing, as shown by newly formed 
trabeculae and osteablast proliferatiou although 
the extent of these changes was reduced. 
Qualitatively, the changes produced by 
cortisone and vitamin D are essentially diffe
rent. "The findings suggest that the two 
steroids, vitamin D and cortisone, have diffe
rent sites of action." 

Thoenes & Schröter 0 56,987!58: In rats 
kept on a vitamin-D deficient diet, cortisone 
tends to inhibit the development of rickets, 
whereas ACTH does not. DOC actually 
aggravates vitamin-D deficiency. 

Thomas & Morgan 055,688/58: In rats, 
chronic treatment with vitamin-D2 or cortisone 
causes sclerosis of the metaphyses in long 
bones owing to proliferation of trabeculae. 
Combined administration of vitamin-D2 and 
cortisone did not !essen the hypercalcemia 
induced by vitamin D and further intensified 
osteosclerosis. "These results suggest that in 
rats cortisone and vitamin D act independently 
rather than competitively on hone." 

Skanse et al. 069,514/59: In a woman with 
vitamin-D intoxication, symptoms of psychosis 
and EEG manifestations developed, which 
disappeared togetherwith the associated hyper
calcemia under treatment with cortisone. 

Belanger & Migicovsky 095,269/60: In 
vitamin-D deficient chicks, norethandrolone 
promotes the maturation of cartilage matrix, 
whereas cortisone and cortisol inhibit it. 

Vanha-Perttula & Näätänen 090,637/60: 
In rats, the calcifying mediasclerosis produced 
by overdosage with vitamin-D3 is aggravated 
by cortisone. 

Bekemeier & Leiser D76,994f61: Cortisol 
(unlike folliculoids) fails to cause a shift of 
the vitamin-D-induced nephrocalcinosis from 
the cortex to the cortico-medullary junction 
in the rat. 

Kleinbaum E23,570f62: Several earlier 
reports and personal observations suggest that, 
in children heavily overdosed with vitamin-D2, 
prednisone diminishes the blood calcium and 
in the event of interruption of vitamin-D2 the
rapy may even Iead to severe tetanic attacks. 

Stroder et al. D36,990f62: Both in infants 
and in rats, the skeletal changes produced by 
vitamin-D deficiency are inhibited by corti
sone, prednisone and prednisolone. 

Schottek & Bekemeier E 39,551/63: The renal 
calcification produced by an excess of vitamin
D2 in the rat was not significantly influenced by 
DOC, cortisol, estrone, testosterone or methyl
testosterone. 

Strebelet al. F34,734f65: After calciphylac
tic sensitization with DHT, neonatal rats 
respond with severe thymus calcification to a 
challenging dose of triamcinolone. 

Oalandi et al. F75,662f66: Review of data 
suggesting that glucocorticoids counteract 
vitamin-D intoxication in animals and man. 
~ Mineralocorticoids cf. also Selye 

050,810/58, p. 92. Selye et al. G60,055f70: In 
the rat, the calcinosis produced by a singlehigh 
dose of DHT p.o. can be markedly inhibited 
by various testoids and antimineralocorticoids, 
but DOC has no protective effect. 
~ Adrenalectomy. Bekemeier & Leiser 

D65,289f63: Vitamin-D2 overdosage produces 
predominantly cortical nephrocalcinosis in 
intact, adrenalectomized, or hypophysecto
mized rats. Additional treatment with dienes
trol (an artificial folliculoid) shifts calcium 
deposition predominantly to the cortico
medullary junction, irrespective of the pre
sence or absence of the hypophysis or adrenals. 
~ Gonsdectomy. Selye 027,682!57: In rats, 

the production of cardiovascular calcification 
by DHT is facilitated and the loss of weight 
increased by orchidectomy. Presumably, "some 
testicular factor exerts a protective effect 
against this type of intoxication." cf. Fig. 15, 
p. 304. 

Ohury & Kasparek H29,730f69: Fernale 
rats are more sensitive than males to the 
production of a progeria-like syndrome by 
chronic treatment with DHT. Castration 
increases the sensitivity of the males. 

Ohury & Nevrtal H33,801f70: Rats, orchid
ectomized immediately after birth, are more 
sensitive to the production of the "progeria-
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Fig. 15. Enhancement of DHT intoxication by orchidectomy. Both rats received the same threshold 
amount of DHT. In the intact male, the aorta is normal (left), whereas in the orchidectomized 
animal, intense calcifying arteriosclerosis has developed. [Selye 027,682/57. Courtesy of Lab. 

Invest.] 

like syndrome" by DHT than are females or 
males castrated after puberty. The ECG altera
tions in all these groups run roughly parallel 
with the morphologic changes. 

<-- Folliculoids cf. also Selye D15,540f62, 
p. 281; G60,083f70, pp. 364, 369, 370. Koren
chevsky 14,032/23: In rats kept on a vitamin-D 
deficient diet, the development of rickets is 
not influenced by gonadectomy in either sex. 

Saviano 60,155!35: Estradiol has a bene
ficial effect upon the vitamin-D deficiency 
rickets of the rat. 

Norman & Mittler B18,001f48: On the 
basis of chemical and X-ray studies of the 
bones in rats kept on diets with varying 
vitamin-D content, the authors conclude that 
testosterone is "rachitogenic," whereas estra
diol is "antirachitic." 

Schottek & Bekemeier E39,551f63: The renal 
calcification produced by an excess of vita
min-D2 in the rat was not significantly in
fluenced by DOC, cortisol, estrone, testoster
one or methyltestosterone. 

Bekemeier F80,690f67: In rats, vitamin-D2 

overdosage causes predominantly cortical 
nephrocalcinosis which shifts to the cortico
medullary junction upon treatment with 
estrone. This effect is not evident in the mouse, 
rabbit and dog. 

Chang & McGinnis F83,363f67: Male 
quail remain in good physical condition with 
vitamin-D deficient diets for at least a year, 
whereas females die. "Injections of testoste
rone and estradiol into vitamin-D deficient hens 
did not influence egg production, but signifi
cantly improved hone ash of tibia, sternum, 
and femur. Alleviation of debility caused by 
vitamin-D deficiency was observed in laying 
hens when testosterone was injected." 

Pohle & Bekemeier F91,972f67: In rats 
overdosed with vitamin D or DHT, calcifi
cation occurs especially in the interstitial 
tissue of the renal cortex, whereas after simul
taneous treatment with dienestrol, calcium 
deposition occurs intracanalicularly at the 
cortico-medullary junction. 

Orimo et al. H20,265f70: In female Wistar
Imamichi rats, a progeria-like syndrome can 
be produced by chronic DHT administration, 
but in this strain, the emaciation, muscular 
weakness, kyphosis, cutaneous wrinkle for
mation, and nephrocalcinosis were unaccom
panied by calcification of the aorta. The latter 
was atrophic but showed no trace of metastatic 
calcinosis. Also characteristic of this strain is 
that it reacts with osteoporosis instead of the 
usual osteosclerosis of DHT progeria_ Treat
ment with "conjugated estrogens" (Premarin) 
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Fig. 16 (A-D). Effeet of various steroids upon DHT intoxieation. All rats were treated with the 
same toxic dose of DHT. A: Distal femoral growth-cartilage of otherwise-untreated controls. 
Atrophy of the distal layers of the cartilage plate and osteoclastic hone absorption (X 80). B: 
Methyltestosterone protects the hone against these changes ( x 80). C: Periostemu of a rat simul
taneously-treated with ACTH. The dark tissue near the left edge of the field is the femoral shaft. 
In the periosteum, numerous "basophilic hone globules" are visible, but there is no transformation 
of the periosteum into hone (X 320). D: Treatment with DHT + STH. Here only very few "baso
philic hone granules" are visible, but the periosteal connective tissue is in the process of osseous 
metaplasia ( x 320). Thus, ACTH aggravates, whereas STH slightly protects, against DHT in-

toxication 

20 Selye, Hormonesand Resistance 
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F 

Fig. 16 (E-G). E: At the dosage used, DHT causes only mild calcification in the aorta. F: Me· 
thyltestosterone prevents this effect of DHT. G: Estradiol aggravates this effect of DHT (von 

K6ssax95) 

Fig. 16 (H, I). H: DHT + methyltestosterone results in the formation of only a few calcified 
cylinders in the cortico·medullary junction of the kidney. I: DHT + estradiol results in massive 
calcification of this region. The intensity of the calcification in rats treated with DHT alone was 
intermediate between that seen in Figs. Hand I (von K6ssa x 80). [Selye C27,735f57. Courtesy of 

Acta endocr.] 
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affered virtually complete protection agairrst 
all these changes. 

Selye G70,467j70: In rats, the catabolism 
and calcinosis induced by chronic DHT 
intoxication is counteracted by: norbolethone 
> ethylestrenol > CS-1 > PCN. Spironolac
tone, though previously shown to antagonize 
acute DHT intoxication does not protect 
agairrst chronic poisoning with this same com
pound, in fact it totally abolishes the high 
anti-DHT potency of norbolethone and ethyl
estrenol. 
~ Testoids cf. also Selye Dl5,540f62, p. 281; 

Gl9,425j65, p. 142; G60,083j70, pp. 374, 376, 
385. Selye C 27,735!57: The cardiovascular 
calcification and nephrocalcinosis produced 
by DHT in rats are aggravated by estradiol, 
cortisol, ACTH and thyroxine. Conversely, 
methyltestostcrone and STH exert a protective 
effect, cf. Fig. 16, p, 305, 306. 

Selye & Mishra C38,201j.58: In the ra\ 
methyltestosterone prevents the loss of body 
weight produced by overdosage with DHT, 
vitamin-D2 , partial fasting, AAN and estra
diol. The catabolism elicited by IDPN :1: 
cortisol is not influenced. 

Selye & Renaud C40,.518j.58: In the rat, 
norethandrolone is highly efficacious in inhi
biting the cardiovascular calcinosis and cata
bolism produced by DHT. In these respects, 
it is approximately as effective as methyltesto
sterone. 

Belanger & Migicovsky C95,269jGO: In 
vitamin-D deficient chicks, norethandrolone 
promotes the maturation of cartilage matrix, 
whereas cortisone and cortisol inhibit it. 

Suchowsky & Junkmann D2,674jG1: 1-Me
thyl-Ll1-androsten-17 ß-ol-3-one-17ß-acetate i3 
more potent than testosterone propionate i 1 

preventing the DHT-induced catabolism a:d 
soft-tissue calcification in the rat. 

Bekemeier et al. E97,156j62: In the rat, 
overdosage with vitamin-D2 produces predo
minantly cortical nephrocalcinosis, whereas 
simultaneaus treatment with testosterone 
shifts the calcium deposits to the cortico
medullary junction. 

Gabbiani D32,379j62: In the rat, calci
phylaxis produced by DHT + egg-white or 
Thorotrast is inhibited by pretreatment with 
methyltestosterone. 

Bertolotti & Giordano D57,171jG2: 19-Nor
androstenolone phenylpropionate inhibits the 
soft-tissue calcification produced by vitamin-D 
overdosage in rats. [The type of vitamin-D 
preparation used is not indicated (H.S.).] 

20* 

Mosbach & Bevans D6.5,3G2j63: In rabbits, 
the production of gallstones and cholecystitis 
by DHT is inhibited by methyltestosterone 
and, to a lesser extent, by testosterone. At the 
same time, the serum concentration of DHT 
falls under the influence of methyltestosterone, 
presumably owing to diminished intestinal 
absorption of the latter. 

Selye et al. D28,648jG3; D30,.544jG3: The 
progeria-like syndrome produced in the rat by 
chronic intoxication with DHT can be pre
vented by methyltestosterone. 

Tuchweber et al. D65,261f63: Both methyl
testosterone and vitamin E prevent the pro
duction of a progeria-like syndrome by DHT 
in the rat. 

Selye et al. E24,117jG4: The progeria-like 
syndrome produced by DHT, vitamin-D2 or 
vitamin-Da can be prevented by ferric dextran, 
methyltestosterone or vitamin E in the rat. 

Selye et al. G11,109jG4: Methyltestosterone 
prevents not only the soft-tissue calcification 
and catabolism but also the cystic transfor
mation of the parathyroids normally elicited 
by combined treatment with DHT + calcium 
acetate in the rat. 

Baldratti E 5,460/6.5: In rats, the catabolism 
and tissue calcification produced by DHT over
dosage are prevented by 4-hydroxy-17a-methyl
testosterone. 

Bekemeier F .53, 77 4j65: In rats, folliculoids 
are much more active than testoids in shifting 
nephrocalcinosis from the cortex to the 
cortico-medullary junction after vitamin-D2 

intoxication. 

Bekemeier G31,719jG.5: Ethynyltestoste
rone shifts calcium deposition from the renal 
cortex to the cortico-medullary junction in 
vitamin-D2 treated rats, whe~eas progesteraue 
has no such effect. 

Friedrich et al. F 39,223/65: Nandrolone 
phenpropionate does not significantly influence 
vitamin-D deficiency rickets in the rat, but it 
increases the antirachitic effect of sub
threshold doses of vitamin-Da· 

Selye et al. G 19,426/6.5: Among 36 steroids 
examined for their ability to protect the rat 
agairrst the catabolism and soft-tissue calci
fication induced by DHT, the strongest anato
lic steroids (e.g., norbolethone, SC-7294 and 
fluoxymesterone) proved to be most effi
cacious. 

Selye et al. G60,055f70: In the rat, the 
calcinosis produced by a single high dose of 
DHT p.o. can be inhibited by pretreatment 
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Fig. 17. Profeetion by CS-1 against DHT. Both rats received the same treatment with DHT + 
Na2HP04. A, C: Heavy calcification of the heart and kidney in the control rat. B, D : Normal 
heart and kidney in the animal pretreated with CS-1 (manufacturer's code number SC-11927). 

[Selye et al. 093,872/60. Courtesy of Lancet] 

with CS-1, norbolethone, oxandrolone, ethyl
estrenol, methylandrostenediol (MAD), me
thyltestosterone, prednisone and spironolac
tone approximately in decreasing order of 
activity. A trace of inhibition was apparently 
also obtained with progesterone, prednisolone 
and triamcinolone, but with these compounds 
the mortality was so high that the low degree 
of calcification may have been caused by the 
premature death of the animals. DOC had no 
protective effect. 

<- Other Steroids cf. also Selye 092,918/61, 
p. 179; G60,083f70, pp. 331, 333, 372, 373, 385. 
Selye et al. 093,872/60: The myocarditis with 
calcification of the cardiac muscle and coro
nary arteries as weil as the nephrocalcinosis 
produced in rats by combined treatment with 
DHT + Na2HP04 are prevented by CS-1 s.c. 
It is assumed that CS-1 may act by blocking 
the effect of endogenous mineralocorticoids ne
cessary for the production of lesions by DHT. 
However, the possibility is also considered that 
CS-1 may block the actions of DHT-type ste
roids directly as it is assumed to inhibit the 
actions of mineralocorticoids, cf. Fig. 17. 

Selye 092,918/61: Both spironolactone and 
CS-1 protect the rat agairrst DHT-intoxication. 
Notall actions of these antagonists are due to 
their mineralocorticoids, blocking effect. 

Selye G60,055f70: In rats, the cardiovas
cular calcinosis and mortality induced by 
acute overdosage with DHT is inhibited by all 
catatoxic steroids as weil as by both glucocorti
coids of our standard series of conditioners and 
by phenobarbital, cf. Table 117. 

Selye G70,480f71: In rats, the fatal calci
nosis induced by acute DHT intoxication is 
inhibited by PCN, CS-1, cyproterone, ethyl
estrenol, spironolactone, norbolethone, 
TMACN, oxandrolone, 6a-methylprednisolone, 
fluoxymesterone, spiroxasone, prednisolone, 
dexamethasone, betamethasone, MAD, emda
bol, 17a-acetoxyprogesterone, testosterone, 
corticosterone, progesterone, 16ß-methyl-16, 
17 -epoxy-3ß,11a-dihydroxy-5a-pregnan-20-one, 
cortisone, cortisol, and triamcinolone. It is not 
significantly affected by dehydroisoandro
sterone, pregnanedione, 11a-hydroxyprogeste
rone, hydroxydione, DOC, fluorocortisol or 
estradiol. 
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Table 117. Conditioning for DHT 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 

Cardio· 
vascular 
calcinosisb 
(Positive/ 
Total) 

20/30 
0/15 *** 
5/15 *** 
1/9 *** 
4/10 *** 
Of10 *** 
0/10 *** 
0/10 *** 
2/8 *** 

Triamcinolone(2mg) 10/18 *** 
Progesterone 3/8 *** 
Estradiol 7/9 NS 
DOC-Ac 7/10 * 
Hydroxydione 8/10 NS 
Thyroxine 8/10 NS 
Phenobarbital 0/10 *** 

Mortalityb 
(Deadf 
Total) 

16/20 
6/15 * 
0/15 *** 
1/10 *** 
3/10 * 
0/10 *** 
0/10 *** 
5/10 NS 
9/10 NS 

14/20 NS 
4/9 NS 
5/10 NS 
6/10 NS 
5/10 NS 
6/10 NS 
0/10 *** 

a The rats of all groups were given dihy
drotachysterol "DHT" (3 mg per rat in 0.5 ml 
com oil, p.o., once on 4th day). 

b Cardiovascular calcinosis was estimated 
on day of death (but only in animals that 
survived at least 7 days). Mortality was listed 
on 9th day ("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

VitaminE+-

Aterman 035,275!57: The fatal hepatic 
necrosis which develops in weanling rats fed a 
diet deficient in sulfur-containing amino 
acids and vitamin Eis inhibited by ACTH and 
cortisone, but aggravated by thyroid powder 
feeding. In the case of simultaneous treat
ment with thyroid and cortisone, the two 
types of hormones antagonize each other. 

VitaminK +-

MeZlette D7,939f61: Fernale rats are more 
resistant to dietary vitamin-K deficiency 
than males. Castration increases the suscep
tibility of the female rat and decreases that of 
the male. In males, estradiol decreases, where
as testosterone increases, mortality on such 
diets. 

W-1372+-

W·1372 

Selye G70,480f71: In rats, W-1372 is weil 
tolerated when administered p.o. in water or 
mineral oil whereas, in com oil solution, it 
causes severe hepatic lipidosis, sometimes with 
necrosis and high mortality. These toxic 
manifestations are very weil prevented by 
PCN, CS-1, spironolactone and to a lesser ex
tent by ethylestrenol, norbolethone, oxandro
lone, progesterone, estradiol and phenobarbital 
cf. Table 118. 

Table 118. Conditioning for W-1372 

Treatmenta 

W-1372 
in water 

W-1372 
in mineral oil 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Hepatic 
lipidosisb 
(Positive/ 
Total) 

0/10 

3f10 

10/10 
0/10 *** 
1/10 *** 
8/10 NS 
3f10 *** 
7/10 NS 
9/10 NS 

10/10 NS 
9/10 NS 
8/10 NS 
3/9 *** 
9/10 NS 
9/10 NS 
8/10 NS 
5/9 * 

Mortalityb 
(Deadf 
Total) 

Of10 

2/10 

10/10 
Of10 *** 
0/10 *** 
2/10 *** 
1/10 *** 
0/10 *** 
4/10 ** 

10/10 NS 
10/10 NS 
0/10 *** 
5/10 * 
4/10 ** 
5/10 * 
9/10 NS 
2/10 *** 

a The rats of all groups were given W-1372 
[(N-y-phenylpropyl-N-benzyloxy acetamide), 
40 mg/100 g body weight in 1 ml corn oil 
(except for the first two groups), p.o., twice 
daily, on 4th and 5th day]. 

b Hepatic lipidosis was estimated on day 
of death and mortality listed on the 7th day 
("Exact Probability Test"). 

No statistics for the two first groups, but 
in water and mineral oil W-1372 was mani
festly less toxic than in oil ( compare with 
3rd group). 

For further details on technique of tabu
lation cf. p. VIII. 
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A 

Fig. 18. Left hepatic lobe after treatment with W-1372 (40 mg). A: Untreated control. B: W-1372 in 
water. Liver hypertrophy. C: W-1372 in minerat oil. Liver hypertrophy. D: W-1372 in vegetable 
oil. Lipidinfiltration and hypertrophy of the Iiver. E: W-1372 in vegetable oil + progesterone 
treatment. Hypertrophy, Iipid infiltration and necrotic foci. F: W-1372 in vegetable oil + PCN 
treatment. Liver is hypertrophic but Iipid infiltration and necrosis are prevented. [Selye & 

Lefebvre 079,005/71. Courtesy of Arch. Anat. path.] 

Selye & Lefebvre G79,005f71: "Partial he
patectomy increases the intoxication produced 
by W-1372. Catatoxic steroids (PCN, spirono
lactone) inhibit, whereas glucocorticoids (pred
nisolone acetate, triamcinolone) aggravate, 
these effects." cf. Figs. 18 and 19. 

Warfarin +- cf. Anticoagulants 

Water +-

Gaunt A63,323f43: Large doses of adreno
cortical extract or DOC protect the rat 
against otherwise fatal water intoxication. 



..,_ Steroids 311 

Fig. 19. Rat liver after treatment with W-1372 
(40 mg) in vegetable oil. A: W-1372 alone. Diffuse 
Iipid infiltration. Hepatocytes contain multiple 
Iipid droplets. B: W -1372 + phenobarbital treat
ment. Inflammatory infilt ration in a necrotic 
focus. C: W -1372 + PCN trcatment. Hepatocytes 
are hypertrophied and show few Iipid droplets 
(PAS x90). [Selye & Lefebvre G79,005/71. Cour
tesy of Arch. Anat. path.] 
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Yohirnbine +--

Sturtevant C9,089f55; Sturte~:ant C21,59lf 
56: In rats with metacorticoid hypertension 
(produced by temporary overdosage with 
DOC + NaCl), the pressor effect of epine
phrine, norepinephrine, vasopressin and renin 
was increased but the effect of histamine, 
5-HT, yohimbine and TEA on the blood 
pressure was not consistently altered. 

Zoxazolarnine +--

Conney et al. D52,543f6l: Pretreatment of 
male rats with chlorcyclizine shortens the 
duration of action and increases the hepatic 
microsomal metabolism of hexobarbital, pen
tobarbital and zoxazolamine. These effects 
were not prevented by hypophysectomy or 
adrenalectomy combined with castration. 

Bousquet et al. F 35,073/65: In rats with 
stress produced by applying a tourniquet 
around one hind limb for 2.5 hrs, the toxicity 
of hexobarbital, pentobarbital, meprobamate 
and zoxazolamine was significantly diminished, 
whereas that of barbital and phenobarbital 
remairred unaffected. Pretreatment with ACTH 
or corticosterone simulated the effect of stress. 
After hypophysectomy or adrenalectomy, 
stress failed to offer the usual protection. 
[The barbiturates and zoxazolamine appear 
to have been administered immediately after 
release of the tourniquet, but this is not 
specifically stated. Allegedly a single injection 
of corticosterone (50 [lg per animal) sufficed 
to offer protection (H.S.).] 

Kato & Gillette F57,816f65: The ability of 
rat liver microsomal enzymes to inactivate 
various substrates is greater in males than in 
females, but the sex difference varies with the 
substrate. There is a more than 3-fold sex 
difference with aminopyrine and hexobarbital 
but virtually none with hydroxylation of 
aniline and zoxazolamine. In male rats, 
starvation impairs sex-dependent enzymes 
which metabolize aminopyrine and hexobar
bital but enhances those that hydroxylate 
aniline. On the other hand, in female rats, 
starvation increases the specific activity 
of the aminopyrine and hexobarbital-meta
bolizing enzymes as well as aniline hydroxy
lase. Starvation does not alter the metabolism 
of hexobarbital and enhances that of amino
pyrine by microsomes of castrated rats but 
impairs the metabolism of these compounds 
by microsomes of methyltestosterone-treated 
castrates. 

Kato & Gillette F 57,817 f65: The meta
bolism of aminopyrine and hexobarbital by 
hepatic microsomes of male rats is impaired 
by adrenalectomy, castration, hypoxia, ACTH, 
formaldehyde, epinephrine, morphine, alloxan 
or thyroxine. The metabolism of aniline and 
zoxazolamine is not appreciably decreased by 
any of these agents; in fact, hydroxylation of 
aniline is enhanced by thyroxine or alloxan. 
Apparently, the treatments impair mainly 
the sex-dependent enzymes. Accordingly, the 
corresponding enzymic functions of the hepatic 
microsomes of female rats arenot significantly 
impaired by the agents which do have an inhi
bitory effect in males. 

Novick Jr. et al. F63,768f66: In mice, the 
zoxazolamine prostration time is shortened by 
pretreatment with several 19-nortestosterone 
derivatives. 

Buu-Hoi & Hien G66,135f69: Studies on 
the induction of zoxazolamine-hydroxylase 
activity in the liver of the rat by treatment 
with various polycyclic aromatic hydrocarbons 
with the purpose of determining pharmaco
chemical interrelations.It is incidentally mentio
ned that estradiol induces this enzyme and 
thereby shortens zoxazolamine paralysis in 
the rat. 

Gordon et al. H24,106f70: In rats, medroxy
progesterone had no effect upon zoxazolamine 
"sleeping time." In weanling rats, medroxy
progesterone did not affect the growth-pro
moting action of testosterone upon the semi
nal vesicles but it inhibited the stimulation 
of the ventral prostate. In several patients the 
steroid accelerated the metabolic clearance of 
testosterone. 

Selye G70,480f71: In rats, zoxazolamine 
paralysis is inhibited by PCN, CS-1, cypro
terone, ethylestrenol, spironolactone, TMACN, 
6a-methylprednisolone, fluoxymesterone, 16ß
methyl-16, 17 -epoxy -3ß,11a-dihydroxy -5a-preg
nan-20-one, MAD, cortisone, cortisol and 
testosterone. It is not significantly affected by 
norbolethone, oxandrolone, spiroxasone, pred
nisolone, dexamethasone, betamethasone, em
dabol, 17 a-acetoxyprogesterone, corticosterone, 
dehydroisoandrosterone, pregnanedione, pro
gesterone, triamcinolone, 11a-hydroxyprogeste
rone, hydroxydione, DOC, F -COL and estradiol. 

Selye G70,480f71: In rats, the duration of 
the muscular paralysis produced by zoxazola
mine was greatly shortened by PCN, CS-1, 
ethylestrenol, and to a lesser extent by spiro
nolactone, and phenobarbital. The other 
standard conditioners were ineffective, cf. 
Table 119. 
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Table 119. Canditioning for zoxazolamine 

Treatmenta 

None 
PCN 
CS-1 
Ethylestrenol 
Spironolactone 
Norbolethone 
Oxandrolone 
Prednisolone-Ac 
Triamcinolone 
Progesterone 
Estradiol 
DOC-Ac 
Hydroxydione 
Thyroxine 
Phenobarbital 

Paralysis timeb 
min 

225 ±50 
38 ± 7 ** 
63 ± 16 ** 
57± 20 ** 

105 ± 2'3 * 
151 ± 34NS 
155 ± 42 NS 
106 ± 40 NS 
201 ± 30NS 
144 ± 23NS 
342 ± 32 NS 
209 ± 34NS 
247 ± 35NS 
268 ± 27 NS 
103 ± 25 * 

a The rats of all groups were given zoxa
zolamine (10 mg/100 g body weight in 1 ml 
water, i.p., once on 4th day). 

b Student's t-test. 
For additional pertinent data cf. also 

Table 135. 
For further details on technique of tabu

lation cf. p. VIII. 

Szabo et al. G79,024j71: In rats, PCN in
creases resistance to indomethacin, hexobar
bital, progesterone, zoxazolamine and digitoxin, 
both in the presence and in the absence of the 
pituitary. Hypophysectomy also fails to pre
vent the induction of SER proliferation in the 
hepatocytes. 

Zoxazolamine ~ Adrenalectomy: 
Kato et al. F57,817f65 

Zoxazolamine ~ N orethynodrel: 
Juchau et al. G40,275f66 

Zoxazolamine ~ Ovariectomy + 
Methyltestosterone + Phenobarbital: 
Kato et al. F76,403f66 

Zoxazolamine ~ Testaids: Novick 
et al. F63,768/66* 

DIET + 
(Chemically well-characterized factors, e.g., cholesterol, electrolytes, vitamins, 

choline, are listed conjointly with drugs.) 
Among the complex diets to be discussed here, those containing large amounts of 

yeast are especially noteworthy because, in rats, they can produce fatal hepatic 
necroses. This toxic effect of the yeast is prevented by glucocorticoids and ACTH but 
not by progesterone, folliculoids, testoids or DOC. Aldosterone allegedly prolongs 
survival, but this effect cannot be ascribed to its mineralocorticoid potency since 
DOC is inactive in this respect. There is also some contradiction in the Iiterature con
cerning the effect of folliculoids; in ovariectomized rats, the yeast-induced hepatic 
necroses are said to be inhibited by estradiol but aggravated by estriol. 

In orchidectomized rats kept on protein-deficient diets, testoids still promote the 
growth of the levator ani muscle, although the animals lose much body weight; 
hence it was concluded that the hormone-induced growth of this muscle is not an 
appropriate index for the general "myotrophic" activity of testoid anabolics. 

The hepatic necroses seenon certain high-fat low-protein diets are prevented by 
4-chlorotestosterone. 

In ovariectomized rats kept on low protein rations, folliculoid pellets implanted 
into the mesenteric circulation maintain estrus, whereas this is not the case on normal 
diets. Apparently, the folliculoid-inactivating system of the liver depends upon an 
adequate protein intake. 

The weight loss and eventual death of fasting rats are somewhat delayed by 
testosterone but the effect upon the final carcass weight is minimal. On the other 
hand, the weight of the testicles is maintained and that of the accessory sex organs 
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actually increased by testoids despite starvation. The renotrophic effect of 
testoids, though comparatively mild, continues tobe dernonstrahle during fasting. 

Among other complex dietary deficiencies the "stiffness syndrome" deserves 
special mention. It develops in guinea pigs kept on a skim milk powder diet and is 
said to be prevented by dietary supplements of a hitherto unidentified steroid 
compound isolated from cane juice. 

Several investigators examined the effect of steroids upon voluntary food 
consumption but these studies arenot strictly relevant to our subject. A few pertinent 
key references will be found in the Abstract Section. 

Yeast +-

Schu·artz B57,985f51: The fatal hepatic 
necrosis produced in rats by feeding a diet 
containing 30% yeast can be inhibited by 
cortisone. 

Aterman 061,786/58: The hepatic necrosis 
produced in rats by feeding a diet containing 
yeast as the only source of protein is inhibited 
by cortisone, cortisol or ACTH, but not 
influenced by progesterone, "estrogen," testos
terone or DOC. Aldosterone prolongs sur
vival time providing 50 (J.g or more is admin
istered daily. Althongh the author did not 
report any observations on the effect of aldo
sterone upon carbohydrate metabolism, he 
arrived at the conclusion that "these results, 
therefore, suggest that in the system examined 
here aldosterone has some 'glncocorticoid' 
activity and differs significantly from deoxy
cortone acetate which in doses of 0.5 and 
2.5 mgm. daily has been completelyincffective." 

Brenner et al. D24,411f62: In ovariecto
mized rats, the hepatic necrosis produced by 
a yeast diet is inhibited by estradiol but 
aggravated by estrioL 

Protein Deficiency +-

Shipley & György B2U,418f44: "Liver 
darnage produced in rats by diets low in pro
tein and high in fat was consistently reflected 
in the living animal by impairment in ability 
to inactivate estrone." 

Vanderlinde & Westerfeld B51,537f50: 
"The estrogen draining throngh the liver from 
mesenterically implanted pellets of estrone in 
castrate rats was inactivated when the rats 
were maintained on: 1) chow ad libitum, 2) nor
mal or 50% restricted intake of a 21% purified 
casein diet. The liver estrogen inactivating 
system was not maintained by: 1) an 8% 
purified casein diet ad libitum, or 2) 50% of 
the usual intake of chow. The results are 

consistent with the concept that protein intake 
is the critical dietary factor involved in main
taining the estrogen inactivating system in 
the liver." 

Nimni & Geiger 031,438/57: Testosterone 
and norethandrolone promote the growth of the 
levator ani muscle in normal and castrated 
male rats on protein-free diets. Under these 
circumstances the animals lose weight despite 
steroid treatment. "It is, therefore, concluded 
that the hormone-induced growth of this 
muscle is not an appropriate index for the 
general 'myotropic,' i.e. anabolic effects of 
steroid compounds." 

Oicchini et al. 057,934/58: In rats kept on 
the high-fat low-protein diet of Handler, 
4-chlorotestosterone inhibits the development 
of hepatic steatosis. 

Fasting +-

Usuelli et al. B34,756f49: The daily weight 
loss and eventual death of fasting rats are 
somewhat delayed by testosterone but the 
effect upon total carcass weight is minimaL 
Conversely, the weight of the testicles is per
fectly maintained and that of the seminal 
vesicles actually increased by the hormone 
despite complete food deprivation. 

Quimby B62,481f51: In rats recovering 
from prolonged inanition, large doses of testos
terone actually delayed subsequent weight 
gain_ 

Hamburger & Pettengill 08,310/55: In 
rats of different strains given testosterone on 
normal or restricted diets, "renotropism, 
virilization, and adrenal depressor effect occur
red to almost the same degree under all 
experimental conditions, whether or not the 
animals were growing at an increased rate. 
Conversely, the growth stimulation of testoste
rone propionate in the mice on a normal diet 
depended on the source of the animals and did 
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not occur either on a restricted intake nor on a 
high-protein diet." 

Tillotson & Kochakian 014,153/56: In 
orchidectomized guinea pigs, testosterone was 
unable to prevent the loss of body and organ 
weight induced by fasting. 

Kawalewski 068,938/59: Cortisone pro
longs the survival of rats during fasting; 
testosterone enanthate and norethandrolone 
do not share this effect. 

Jöchle & Langecker D22,258f62: In the rat 
and mouse, methenolone-enanthate counteracts 
the weight loss produced by cortisone or a re
duction of food intake. 

Rubino & Giacalone E36,677f63: In starv
ing rats, 17a-methyl-17ß-hydroxy-androsta-
1,4-dien-3-one does not influence weight loss 
during starvation. 

Selye G70,480f71: In rats, the mean survi
val after total fasting (with drinking water ad 
lib.) beginning on 4th day of conditioning was 
listed and the body weight measured on the 6th 
day. Under these circumstances none of the 
"Standard Conditioners" (p.VIII) or cholesterol 
caused any noteworthy change in the resulting 
intoxication. PCN, CS-1, thyroxine and pheno
barbital were not tested. 

Various Other Camplex Dietary Defi· 
ciencies ~ cf. also Selye 050,810/58, p. 109; 
G60,083f70, p. 364. 

Rosset al. B37,268f49_· In guinea pigs kept 
on a deficient regime of skim milk powder, the 

"stiffness syndrome" can be prevented by a 
steroid compound (probable formula C28H 460) 
isolated from cane juice, but not further 
characterized. 

Larizza & Ventura B38,397f49: In rats, 
the hepatic steatosis produced by high fat diets 
can be partially inhibited by moderate doses of 
diethylstilbestrol, whereas large doses actually 
aggravate it. 

Kalter 08,008/55: In pregnant mice, cor
tisone increased food consumption but de
creased body weight. 

Dewar G9,079f64: From experiments on 
free-fed mice bearing progesterone tablet 
implants "it is concluded that progesterone 
fundamentally affects body weight by pro
moting water and nitrogen retention and, at 
the same time, increasing energy expenditure. 
The increase in food intake usually observed is, 
at least in part, a secondary response to the 
demands created by the latter two effects and 
fat deposition occurs also if this response is 
overadjusted." 

Leung et al. G60,800f68: Observations on 
the food intake and growth of rats on amino 
acid imbalanced diets as influenced by cortisol. 

Borgman & Haselden H29,947f70: In 
rabbits kept on a gallstone producing ration, 
ACTH, thyroid hormones or cortisone did 
not inhibit the production of biliary calculi, 
but several of these hormones inhibited usually 
associated hepatic steatosis. 

MICROORGANISMS AND PARABITES + 

Ever since the discovery of the nonspecific adaptive properties of glucocorticoids, 
numerous investigators examined the effect of these and other steroids upon the 
course of infections. Much of the pertinent Iiterature has been described in our earlier 
monographs (Selye B40,000f50, p. 67; 092,918/61, p. 241; G60,083f70, pp. 347 -354), 
but in view of the great importance of this topic in relation to the hormonal regula
tion of resistance in general, weshall have to reconsider and update these data here. 

In general, the antiphlogistic effect of glucocorticoids diminishes resistance to 
infection, primarily because it interferes with the formation of an effective 
granulomatous barricade between the invader and the host, but in partalso because 
of the immunosuppressive properlies of glucocorticoids. Usually these effects are 
unfavorable for the host; but the glucocorticoids may also exert beneficial actions by 
suppressing excessive inflammatory responses to comparatively mild pathogens or 
their toxins. None of these actions are catatoxic, since they are not directed 
against the invader but merely alter the tissue reactivity of the host. The suppression 
of inflammatory reactions is a typical syntoxic effect in that it inhibits the 
development of a morbid lesion- here inflammation- without destroying the 
pathogen; thereby it facilitates the coexistence of host and invader. 
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On the other hand, certain steroids, especially testoid anabolics, have been shown 
to stimulate defensive reactions against some microorganisms through mechanisms 
which are not yet fully understood. In the final analysis, this effect may be catatoxic 
if it depends upon the stimulation of systematic or local immunologic and inflamma
tory response which facilitate the destruction of the invader. 

In the following pages we shall discuss the actions of steroids upon both living 
and dead microorganisms and parasites in this order: 

1. Bacteria and V accines 
2. Viruses 
3. Fungi and Y easts 
4. Parasites 

A. Protozoa 
B. Worms 

In the immediately following pages we shall summarize only some of the most 
salient facts; additional detail will be found in the Abstract Section. The effects 
of hormones upon bacterial toxinswill be discussed separately in the next section. 

Bacteria and Vaccines +--

In rats, cortisone has been found to increase the pathogenicity of inherently 
virulent actinomycetes, without affecting normally avirulent strains. 

The resistance of mice against B. anthracis does not appear to be significantly 
affected by testosterone, progesterone or folliculoids. 

The development of Tyzzer's disease, induced in mice by inoculation with 
B. piliformis or with liver tissue from severely infected animals, is enhanced by corti
sone, cortisol, and prednisolone but not by DOC or testosterone. 

It is well-known that mice can be sensitized to histamine, 5-HT and anaphylaxis 
by pretreatment with B. pertussis vaccine. This hypersensitivity has been tentatively 
ascribed to a blockade of part of the adrenergic sympathetic nervaus system. 
Even after adrenalectomy, cortisone and cortisol protect the pertussis-sensitized mouse 
against histamine, cold and anaphylaxis. This protection is dose-dependent and has 
been recommended as a basis for the bioassay of antiphlogistic and anti-endotoxic 
activity. 

After injection of B. pertussis, intact mice become even more sensitive to cold 
than otherwise untreated adrenalectomized animals. Cortisone and cortisol protect 
the pertussis-treated mice from cold but not to the same extent as they protect 
adrenalectomized ones. 

In mice, guinea pigs and rabbits, cortisone greatly aggravates the course of infec
tion with various types of Brucella organisms. In cows, the progress of experimental 
brucellosis is allegedly inhibited by pregnancy but not by progesterone. 

Neither cortisone nor DOC appears to affect the response of the mouse to tetanus 
toxin or to infection with tetanus spores. 

In guinea pigs infected with Cl. welchii, survival can allegedly be prolonged by 
adrenocortical extract. 
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The resistance of mice to various types of unidentified Corynebacteria is dimin
ished by cortisone and to a lesser extent by corticosterone. Furthermore, guinea pigs 
could not be protected by cortisone against inoculation with diphtheriae and cortisol 
activates a latent kutscheri infection in mice. 

In rabbits, cortisone is said to inhibit the local reaction to inoculation with 
pneumococci at the same time accelerating the spread of the infection and death. 
DOC has no such effect. 

The resistance of mice to various types of pneumococci can be raised by estrone. 
According to some investigators diethylstilbestrol has the same effect but others 
claim that this artificial folliculoid (like progesterone) is ineffective. 

Cortisol increases the susceptibility of chickens to E. rhusiopathiae. 
Various glucocorticoids reduce resistance to E. coli infection in different species. 
In the rat, hematogenous pyelonephritis produced by i.v. inoculation of E. coli is 

allegedly facilitated by diethylstilbestrol. 
Neither cortisone nor ACTH exerts any favorable effect upon Leptospira infection; 

no mention is made of possible detrimental effects. 
In mice intracorneally inoculated with M. lepraemurium, cortisone inhibits both 

the topical and the systemic inflammatory lesions, although the liver and spieen 
are filled with bacilli. 

In mice and rats infected with M. paratuberculosis (johnei), cortisone inhibits the 
inflammatory lesions; yet the natural resistance of the mouse tothistype of infection 
is diminished by pretreatment with cortisone. 

Especially extensive investigations have been performed on the effect of steroids 
upon infection with M. tuberculosis. The natural resistance of rats to this infection 
is overcome by cortisone pretreatment, and this induced susceptibility is in turn 
abolished by concurrent administration of STH or norethandrolone. 

In mice, cortisone greatly aggravates the course of experimental tuberculosis and 
overcomes the beneficial effect of vaccination. It does not impair the chemothera
peutic effect of isoniazid but reduces that of streptomycin. In this species, STH alle
gedly does not prevent the detrimental influence of cortisone upon tuberculosis. 
There is some reason tothinkthat the decrease in tuberculosis resistance induced by 
glucocorticoids is not merely the consequence of an antiphlogistic action since 
indomethacin (which is also antiphlogistic) fails to diminish the resistance of the 
mouse to tuberculosis. 

In guinea pigs, glucocorticoids, folliculoids and allegedly even testosterone 
diminish resistance to virulent strains of tuberculosis. However, cortisone does not 
aggravate the lesions produced by low-virulence strains (e.g., BCG). The proliferation 
of tubercle bacilli in macrophages isolated from cortisone-treated and control guinea 
pigs is virtually identical. From this it has been concluded that the increased suscep
tibility of cortisone-treated animals is not caused by an altered rate of intracellular 
multiplication of bacilli but by an enhanced susceptibility of the host cells to toxic 
bacterial products. 

In rabbits, cortisone facilitates and estradiol retards the progress of tuberculosis. 
Ovariectomy and progesterone do not influence it. 

In mice, infection with Nocardia asteroides is enhanced by cortisone, but this 
effect can be blocked by concurrent administration of 4-chlorotestosterone. 
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Cortisone allegedly protects the rabbit against the toxic effects of typhoid vaccine; 
in patients with typhoid fever, cortisol may have a beneficial effect upon the toxe
mia. However, these actions appear to be directed against the bacterial products, 
not the bacteria themselves, since in rabbits, infection by small numbers of 
typhoid bacilli is facilitated by cortisone. 

Curiously, although cortisone aggravates the course of many infections in different 
species it gives definite protection against otherwise lethal infection with S. typhi in 
mice. It was concluded that here again, the corticoid does not attack the germs but 
induces resistance to their toxins. 

In patients with typhoid the bactericidal effect of the blood is increased by pre
treatment with certain testoid anabolics. 

Resistance to S. typhimurium is decreased by cortisone in mice; progesterone and 
DOC fail to affect it. 

Some of the first observations on the effect of glucocorticoids upon infections were 
made in connection with the so-called "saprophytosis" syndrome. The latter occurs 
in rats, mice and other species following heavy overdosage with glucocorticoids, as 
a consequence of the proliferation of normally saprophytic organisms (usually 
Corynebacteria) which in many of the earlier experiments have not been further 
identified. STH offers indubitable protection against this form of endogenaus 
infection. 

Data on the effect of cortisone upon staphylococcal infection are contradictory. 
Most investigators found that this and other glucocorticoids diminish resistance to 
various strains of staphylococci; yet, some data in the Iiterature suggested that, 
under certain conditions, cortisone can protect both the rabbit and the mouse against 
staphylococcal infection. 

Various folliculoids aggravate staphylococcal infection in mice but this effect is 
not directly proportional to their folliculoid potency. Progesterone is ineffective in 
this respect. 

Streptococcal infections are likewise aggravated by glucocorticoids in rats, mice 
and rabbits. On the other hand, if rabbits are immunized with streptococci, prior to 
cortisone treatment and infection, little or no bacteremia occurs "indicating that 
enhancement of infection by cortisone is probably not caused by interference with 
the immune mechanism." Furthermore, chlortetracycline and oxytetracycline are 
ineffective against streptococcus infection in nonimmunized mice if these are 
treated with large doses of cortisone. Immunized mice similarly treated with corti
sone are protected by these antibiotics. Only one team of investigators claimed 
that cortisone or ACTH actually increases survival following streptococcal infection 
in rats and further enhances the protective effect of penicillin. 

"Conjugated equine estrogens" (Premarin) allegedly protect mice against strep
tococcal infection, perhaps owing to an increase in the acid mucopolysaccharide 
content of the ground substance which diminishes the spread of germs. 

The spread of Treponema pallidum is enhanced by cortisone in the rabbit and if 
syphilomas arealready developed they become soft and spongy. The production of 
Wassermann reagin is inhibited. Mter interruption of cortisone treatment there is a 
"rebound phenomenon" in that the lesions become unusually large. 
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Actinmnycetes +-

Piantoni 038,895/55: In rats, cortisone 
increases the pathogenicity of inherently 
virulent actinomycetes, but does not affect 
the activity of normally avirulent strains. 

Bacillus Anthracis +-

Weinstein B15,029f39: In mice, various 
anterior pituitary preparations protect against 
infection with B. anthracis. Parathyroid 
extract was also very effective, whereas 
thyroxine and testosterone offered little 
protection and progesterone, insulin, "estrin" 
and posterior lobe extract were virtually 
ineffectivc. 

Bacillus Piliformis (Tyzzer's disease) +-

Fujiwara et al. E 34,642/63: Tyzzer's 
disease with hepatic necroses can be produced 
in various species by inoculation with liver 
tissue of severely infected animals, with or 
without cortisone treatment, although the 
glucocorticoid facilitates infection. 

Takagaki et al. D69,101f63: In the mouse, 
the production of Tyzzer's disease by infection 
with B. piliformis or hepatic emulsion of 
spontaneously-affected mice (in which the 
bacilli parasitize the hepatic cells), is possible 
only after pretreatment with cortisone or 
cortisol. 

Fujiwara et al. F 17,247 f64: In mice, 
Tyzzer's disease produced by inoculation of B. 
piliformis is enhanced by cortisone, cortisol 
and prednisolone, but not affected by DOC or 
testosterone. 

Bordetella Pertussis +- cf. also Histamine 
+Vaccine 

Kind B 81,943/53: In B. pertussis inoculated 
mice, cortisone inhibits the Iethai effect of 
both histarnirre and B. pertussis vaccine. 
Cortisone also protects uninoculated mice 
against Iethai intoxication with this vaccine. 

Munoz & Schuchardt 028,986/57: After an 
injection of B. pertussis cells, intact mice 
become even more sensitive to "cold stress" 
than are otherwise untreated adrenalectomized 
mice. Cortisone and cortisol protect pertussis
treated and, to a lesser degree, adrenalectomi
zed mice from cold. Cortisol also increases the 
cold resistance of normal mice. "It is suggested 
that while pertussis possibly affects adrenal 
function, it must in addition affect other 

functions in the mouse which are also con
cerned with the protection against stress." 

M unoz E 8,47 3 f64: Cortisone and cortisol 
protect the pertussis-sensitized mouse against 
histamine, cold and anaphylaxis even after 
adrenalectomy. 

Parfentjev F 10,707/64: Review on the uEe 
of mice hypersensitized by pertussis vaccine 
in testing corticoids for antiphlogistic and anti
endotoxic activity. 

Brucella +-

Abernathy B57,911f51: In mice, guinea pigs 
and rabbits infected with Brucella abortus, 
Br. mellitensis or Br. suis, cortisone increased 
the dissemination of the lesions and the death 
rate. The agglutinin responsewas not affected. 

Abernathy & Spink B75,468f52: In mice, 
cortisone greatly aggravates the course of 
acute infection with Br. >mis. Observations on 
the effect of cortisone upon other forms of 
brucellosis in various species are also reviewed. 

Payne 089,814/60: In cows, the progress 
of experimental brucellosis is inhibited by 
pregnancy but not by progesterone. 

Clostridium Tetani +-

Greene et al. B94,257f53: In mice, cortisone 
or DOC did not significantly affect the response 
to tetanus toxin or tetanus spore infection. 

Clostridium Welchii +-

Kepl et al. A 56,633/43: In guinea pigs 
infected with Cl. welchii, treatment with 
adrenocortical extract prolonged survival. 

Corynebacteria +- cf. also Selye 092,918/ 
61, p. 233. 

Mason et al. 014,288/56: Corticosterone is 
approximately half as active as cortisone in 
suppressing the resistance of mice to Coryne
bacterium pseudotuberculosis murium. The 
relative pro-infectious potency of the two 
steroids roughly parallels their glucocorticoid 
activity. 

Speirs 034,744/56: In BBF1 mice, cortisone 
s.c. produces pseudotuberculosis owing to 
proliferation of C. pseudotuberculosis murium. 
Oxytetracycline p.o. reduces the incidence of 
these lesions. 

di Nola et al. 033,308/57: In guinea pigs, 
cortisone pretreatment failed to protect 
against inoculation of live diphtheria organisms 
or diphtheria toxin. 
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Garen & Rosenberg G41,288f66: "When 
mice harboring latent C. kutscheri are adminis
tered hydrocortisone, which depresses mause 
serum C' levels, pseudotuberculosis is acti
vated with equal frequency in mice of both 
C' types." 

Diplococcus Pneurnoniae -<-

Magara 35,283/36: Brief description 
(without experimental details) stating that 
both "male and female hormone extracts" 
increase resistance of the mause to pneumo
coccal infection. 

von Haam & Rosenfeld A44,924f42: In 
mice, estrone i.p. increases resistance to expe
rimental pneumococcus infection. Stilbestrol 
and progesterone are ineffective. Testosterone 
protects both males and females to a moderate 
degree. 

Tobian & Strauss B28,613f48: In mice 
surviving from pneumococcal infection owing 
to penicillin treatment, no further improvement 
was abtairred by adrenocortical extract. 

Glaser et al. B57,933f51: In mice and rats 
with streptococcal and pneumococcal infec
tions, cortisone depresses cellular exudation 
and increases mortality. 

Kass et al. B69,98lf51: In mice, the final 
mortality rate after infection with influenza 
virus or pneumococci is not significantly altered 
by ACTH or cortisone, although the course 
of the disease may be modified. 

Robinson B57,249f51: The local lesions, 
bacteremia and mortality following intrader
mal injection of virulent Type I pneumococci 
were aggravated by cortisone pretreatment 
and larger than ordinary doses of penicillin 
were required to control the infection. 

Germuth et al. D77,106f52: In rabbits, 
cortisone increases susceptibility to pneumo
coccal infection as manifested by greater 
mortality, increased bacterial growth in the 
locally infected sites and enhanced bacteremia. 
The decreased resistance is ascribed to inter
ference with the migration of phagocytic cells 
to the infected sites. On the other hand, 
cortisone increases the resistance of the 
rabbit to hemolytic Staphylococcus aureus. 

Kass et al. B95,353f54: In mice, resistance 
to pneumococcal and influenza virus infec
tions is depressed by pretreatment with 
cortisone or cortisol, but not by ACTH. STH 
failed to overcome the effect of cortisone and 
did not increase resistance to infection when 
given alone. 

Ertuganova C97,404f60: In rabbits, corti
sone inhibits the local response to inoculation 

with pneumococci but accelerates the spread 
of infection and death. DOC does not influence 
this infection. 

Nicol et al. F70,028f66: The survival time 
of intact or ovariectomized mice infected with 
Pneumococcus Type 1 is increased by pre
treatment with diethylstilbestrol. 

Erysipelothrix Rhusiopathiae -<-

Malik D34,70lf62: "Hydrocortisone in
creased the susceptibility of chicken to E. 
rhusiopathiae, shortened the course of infec
tion, increased the percentage of deaths and 
resulted in septicaemia even with poorly viru
lent strains." 

Escherichia Coli -<-

Moll D38,927f56: Review of the literature 
on reduction of resistance by glucocorticoids 
agairrst bacterial infections. Personal Obser
vations on mice showing that cortisone pre
disposes to the production of fatal septicemia 
by E. coli. 

Andriole & Cohn G807f63: In the rat, 
hematogenous pyelonephritis produced by 
E. coli infection i.v. is facilitated by diethyl
stilbestrol. 

Gonococci -<- cf. Neisseria Gonorrhoeae 

Klebsiella Pneurnoniae +--

da Rocha Lagoa B49,008f47: In rabbits, an 
otherwise fatal infection with Klebsiella pneu
moniae can be combated by adrenocortical 
extracts and at the same time the otherwise 
considerable hyperkalemia is prevented. 

Leptospira -<-

Derom & van Hoydonck 017,095/55: 
"ACTH and cortisone have not been found to 
have any favorable effects on the infection of 
guinea pigs with Leptospira ictero-haemorra
giae, strain 'Afsnee'." 

Mycobacterium Leprae -<-

Naguib & Robson 023,199/56: In mice, 
intracorneally inoculated with M. lepraemu
rium, cortisone decreased the development of 
both corneal and systemic lesions; neverthe
less, the liver and spleen usually cantairred 
large numbers of lepra cells filled with 
bacilli. Cortisone did not appreciably modify 
the beneficial action of isoniazid. 
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Mycobacterium Paratuberculosis 
(johnei) +-

Ford, G67,455f57: Mice are normally 
resistant to infection by M. johnei but they 
beoome sensitive following pretreatment with 
cortisone. 

OkandZer D5,239f61: In mice infected with 
M. johnei, cortisone reduced the hepatic and 
spienie infection but had no definite effect upon 
the intestinallesions. 

OkandZer D5,240f61: In the rat, cortisone 
did not enhance infection with M. johnei and 
may have actually reduced it. 

Mycobacterium Tuberculosis +-

RAT 

Michael Jr. et aZ. B53,378f50: Rats infected 
with virulent M. tuberculosis (H37Rv) do not 
die of tuberculosis unless they are pretreated 
with cortisone. 

Oummings &: Hudgins B66,423f51: Corti
sone increases susceptibility to tuberculosis 
in the rat and rabbit although it diminishes 
the allergic manifestations of the disease. 

Lemonde et aZ. B70,248f52; B69,349f52: 
The rat, which is naturally resistant to human 
tuberculosis, can be made sensitive to this 
infection by pretreatment with cortisone. 
This sensitivity is in turn abolished by con
current treatment with STH. Mice which are 
naturally sensitive to tuberculosis can also be 
protected by STH. 

Lemonde et aZ. 095,984/60: Norethandro
lone inhibits the development of tuberculous 
Iesions in the rat and counteracts the opposite 
effect of cortisol. 

MousE 

D'Arcy-Hart &: Rees B50,249f50: Cortisone 
greatly aggravates the oourse of tuberculosis 
in mice following inoculation of human-type 
tubercle bacilli. 

Solotorooslcy et aZ. B56,305f51: "Cortisone 
overcame the beneficial effect of Vaccination 
in mice infected with a highly virulent strain 
of M. tuberculosis, human type, but did not 
significantly enhance the lethality in non
vaccinated mice." 

IZavslcy &: FoZey 07,577/54: In mice -~
fected with massive doses of tubercle bacilli, 
"the chemotherapeutic effect of isoniazid was 
not impaired by concomitant treatment with 
!arge doses of cortisone. The effectiveness of 
streptomycin was reduced, and the weak 
effect of PAS was not significantly altered." 

21 Selye, Hormones and Reslstance 

Youmans &: Youmans B95,169f54: In 
mice cortisone markedly reduced the survival 
time,after infection with human tubercle bacilli 
and this effect could not be prevented by 
STH. Given alone, ACTH, STH and TTH 
likewise failed to influence the oourse of the 
infection. 

Batten &: MeOune 053,554/57: ACTH, 
cortisol and cortisone greatly reduce the re
sistance of mice to infection with human 
M. tuberculosis. 

Wagner&: Lammers 083,426/58: The oourse 
of experimental tuberculosis is aggravated by 
oortisone and prednisolone in the mouse. The 
glucocortiooids also largely counteract the 
beneficial effect of streptomycin. 

Robinson et aZ. G53,271f68: Unlike cortisol, 
indomethacin does not reduce the resistance 
of mice to virulent human strain of M. tuber
culosis. A striking difference between the two 
drugs was also noted in respect to the high 
incidence of activated latent infection by oorti
sol, but not by indomethacin. "lt would app~ar 
that indomethacin, like other nonstero1d, 
anti-inflammatory agents, has no influence on 
resistance to infection in spite of its anti
inflammatory action." 

RABBIT 

Lurie et aZ. B31,931f49; B31,932f49: In 
highly inbred, sexually mature rabbits, estra
diol retarded the prograse of tuberculosis 
following i.c. inoculation. In immature rabbits, 
estradiol was Iees effective. LH accelerated the 
progress of the disease, whereas ovariectomy or 
progesterone remained without effect. 

Lurie et aZ. B31,933f49: In rabbits, estradiol 
retards the progress of experimental tubercu
losis at the portal of entry in the skin and 
diminishes its dissemination to intemal 
organs, presumably by reducing the permea
bility of connective tissue. Chorionic gonado
tropin has an inverse effect. 

Lurie et aZ. B55,625f51: In rabbits infected 
with M. tuberculosis, the number of bacilli 
in the pulmonary lesions as weil as the number 
of tubercles are increased by cortisone; yet, 
dissemination to the tracheobronchial lymph 
nodes appears to be inhibited by the 
hormone. 

Jjurie et aZ. B68,457f52: In rabbits geneti
cally resistant to tuberculosis, cortisone 
facilitated the infection. 

Lepri &: Fornaro D91,865f54: In rabbits 
randered allergic to tuberculosis, the ocular 
manifestations of topical challenge by tubercle 
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bacilli were variably influenced by ACTH 
and cortisone. 

Bodaiji & Mori 035,586!57: In rabbits, 
cortisone facilitates the development of 
pulmonary Iasions after inoculation with 
tubercle bacillus, H37Rv. 

GUINEA PIG 

Ayoock & Foley B773f45: In guinea pigs, 
pretreatment with estradiol, diethylstilbestrol 
or testosterone dhninishes resistance against 
tuberculosis. 

Spain & Malmnut B80,256f50; B60,878f50: 
Cortisone greatly aggravates the course of 
tuberculosis in guinea pigs and renders them 
very refractory to streptomycin treatment. 

Spain B69,019f51: Cortisone diminishes 
the resistance of guinea pigs to tuberculosis. 

Swedberg B59,988f51: Thyroxine diminishes 
the resistance of guinea pigs to tuberculosis. 
"Estrogen" has the same effect, whereas 
testosterone does not significantly change the 
course of the infection. 

Okada et al. 018,328/55: In guinea pigs 
inoculated with B.C.G. or Vole bacillus, corti
sone did not aggravate the Iasions or increase 
the bacterial count. 

Greuel & Schäfer E54,589f56: In guinea 
pigs treated with ACTH, DOC or cortisone, the 
progress of tuberculosis was proportional to 
the size of the adrenals, and least severe in 
animals given cortisol. 

Kracht & Meissner 021,867/56: Cortisone 
aggravates tuberculosis in guinea pigs but 
infection with low virulence strains (e.g., 
B.C.G.) are not activated. 

Tao et al. 082,168/59: Bovine type RM 
strain mycobacteria grew much more vigo
rously in the organs of rabbits and guinea pigs 
after treatment with cortisone; but no such 
enhancement of virulence was observed in 
hamsters and rats. 

Vakilzadeh & Vandiviere E32,626f63: In 
guinea pigs, the beneficial effect of vaccina
tion against tuberculosis was greatly increased 
by thyroxine and T3, but not by cortisone, 
cortisol or ACTH. None of the hormonesaltered 
natural host resistance in nonimmunized 
guinea pigs. 

Hsu G70,576f69: The proliferation of tu
bercle bacilli in macrophages isolated from 
cortisone-treated and nontreated guinea pigs 
is virtually identical. Cytologic studies re
vealed that intracellular infection is toxic to 
the host cells derived from cortisone-treated 
animals. This toxicity is combated by serum 
from B.C.G.-vaccinated animals although the 

serum does not alter the rate of intracellular 
bacterial multiplication. "Hence, the increased 
susceptibility of cortisone-treated animals to 
tuberculous infection is not likely to be caused 
by an altered rate of intracellular multiplica
tion of tubercle bacilli but the enhanced suscep
tibility of the host cells to toxic injury imposed 
by the intracellular multiplication of the 
pathogen." 

VARIA 

Lemonde 0310/54: Doctor's thesis (186 pp., 
564 refs.) on humoral factors influencing 
infections with special reference to the effect 
of STH and cortisone upon experimental 
tuberculosis. 

Schäfer B99,955f54: Monograph (127 pp., 
numerous refs.) on the role of endocrine factors 
in tuberculosis. Special sections are devoted to 
the hormones of the thyroid, parathyroid, 
thymus, adrenals, pancreas and gonads. 

Lurie 014,768/55: Review (30 pp., 128 refs.) 
on the effect of hormones in experimental 
tuberculosis. Special emphasis is placed upon 
the retardation of tuberculosis by folliculoids 
and its aggravation by cortisone. 

Mycoplasm.a -

Muftie & Redmann G58,918f68: In vitro 
tests on the effect of about 200 steroids upon 
cultures of Mycoplasma gallisepticum. No 
definite pharmaco-chemical correlations could 
be established. 

Neisseria Gonorrhoeae -

Rupp & Knaekstedt 042,998!57: Cortisone 
increases the susceptibility of mice to both 
living and heat-killed gonococci. 

Nocardia Asteroides -
Ghione D87,868f57: 4-Chlorotestosterone 

enhances anaphylactic shock in guinea pigs, 
prolongs survival in systemic nocardiosis of 
mice and improves healing in cutaneous 
nocardiosis of rabbits. 

Ghione 051,954/58: 4-Chlorotestosterone 
prolongs the survival time of mice infected 
with Nocardia asteroides or Staphylococcus 
aureus. Thus it counteracts the pro-infectious 
effect of cortisone. 

Pasteurella Pestis -
Girard 022,665/56: Infection with a com

paratively avirulent strain of P. pestis is 
facilitated by cortisone pretreatment in the 
mouse. 
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Pasteurella Tularenais ~ 

Pinchot et al. B39,038f49: In rats infected 
with P. tularensis, survival time was not 
influenced by potent adrenocortical extract. 

Pneumococci~ef.Diplococcus.Pneumoniae 

Psittacosi• - Ornithosis ~ 

MoritBeh 015,606/56: Observations on the 
treatment of psittacosis by cortisone + anti
biotics in the mouse. 

Stewart 059,979/58: Administration of 
cortisone with psittacosis virus to embryonated. 
hens' eggs prolonged the survival of the 
embryos. 

Richettsia ~ 

JaekBon &: Smadel E52,720f51: Intact mice 
pretreated with cortisone or ACTH, "were 
given lethal amounts of the toxins of R. 
tsutsugamushi, R. prowazeki, or S. typhosa. 
Such animals were as susceptible to the toxins 
as normal controls. Neither hormone had any 
therapeutic effect in mice infected with 
R. tsutsugamushi. Furthermore, treated. and 
untreated mice in a terminal phase of infection 
with R. tsutsugamushi were equally suscep
tible to the toxin of this rickettsia when 
injected intravenously. In the current experi
ments the adrenal cortex of normal or infected 
animals apparently contributed as effectively 
as possible in the host's response to rickettsial 
or bacterial toxins and further Stimulation was 
without advantage." 

Salmonella Enteritidis ~ 

Oheilid et al. B91,161f52: Infection with 
S. enteritidis p.o. causes an intestinal infection 
in intact rats but is rarely fatal. Mter 
adrenalectomy mortality is greatly increased 
although blood cultures are usually negative. 
"Death is not due to invasion by the organism 
but to an increase in the sensitivity to its toxic 
product after ablation of the adrenals." 

Ohedid et al. B99,547f54: In rats, pretreat
ment with cortisone diminishes survival 
following oral inoculation with S. enteritidis. 

Salmonella Typhi ~ 

Benetato et al. 33,773/35: In rats, neither 
adrenocortical extract nor an adrenotrophic 
anterior pituitary preparation altered resistance 
to morphine or to typhoid-paratyphoid 
vaccine. 

21° 

Ohedid et al. B91,160f51: Although corti
sone aggravates the course of various infections, 
it gives definite protection against otherwise 
Iethai infections with S. typhi in mice. 

Ohedid et al. B91,161f52: Intact mice can 
be protected against otherwise fatal infections 
with S. typhi by a single dose of cortisone 
given one hour before infection. The corticoid 
does not appear to attack the germs but 
induces resistance to their toxin. 

Germtdh et al. D77,106f52: Rahbits are 
protected against the toxic effects of typhoid 
vaccine by cortisone pretreatment. 

Mody et al. 045,962/56: Two patients with 
toxemia of typhoid fever resistant to chlor
amphenicol responded weil to cortisol i.v. 

Beyman &: Jarul.l 094,285/60: In rabbits, 
infection by small numbers of typhoid bacilli 
is facilitated by cortisone. 

LoBehiavo G28,338f65: In patients with 
typhoid, the bactericidal property of the blood 
is increased by treatment with 19-nortestoste
rone-17 -cyclopentylpropionate. 

Salmonella Typhimurium ~ 

Bowen et al. 031,414/57: In mice, cortisone 
decreased resistance to S. typhimurium. Pro
gesterone and DOC were without effect. 

Bowen et al. 031,415!57: Cortisone reduces 
the survival time following infection with S. 
typhimurium especially in mice kept at a 
warm environmental temperature. 

Bowen et al. 031,416/57: Cortisone given 
one day before infection with S. typhimurium 
reduces survival in various strains of mice 
selected for a wide range in their natural 
resistance to this germ. 

"Saprophytosi•" ~ 

Selye B40,000f50: Large doses of cortisone 
predispose the rat to the development of 
septicemia with abscess formation especially 
in the lungs (but also in other organs) as a 
consequence of diminished resistance against 
normally saprophytic organisms. 

Selye B57,451f51: In rats, "saprophytosis" 
due to proliferation of normally nonpathogenic 
microorganisms, such as develops after heavy 
overdosage with cortisone or ACTH, can be 
completely prevented by concurrent adminis
tration of STH. 

!J?.roornmun &: !J?.roornmun B70,251f53: 
In rats, saprophytosis produced by heavy 
overdosage with cortisone is inhibited by 
concurrent administration of STH. This 
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"anti-infectious effect of STH" is much less 
evident after adrenalectomy_ DOC, testoste
rone, and estradiol alone or in combination 
failed to duplicate the anti-infectious action of 
STH in cortisone-treated rats. 

von Wasielewski & Knick G68,292f58: In 
mice, cortisone decreases resistance to inocu
lation with various pathogenic, but not to 
saprophytic, organisms. 

Staphylococcus +- cf. also Selye G60,083J 
70, p. 378. 

Kligman et al. G64,164f51: In guinea pigs, 
infection with Trichophyton mentagrophytes, 
vaccinia virus and S. aureus is adversely 
influenced by cortisone. 

Germuth et al. D77,106f52: In rabbits 
cortisone increases susceptibility to pneu
mococcal infection as manifested by greater 
mortality, increased bacterial growth in the 
locally infected sites and enhanced bacter
emia. The decreased resistance is ascribed to 
interference with the migration of phagocytic 
cells to the infected sites. On the other hand 
cortisone increases the resistance of the rabbit 
to hemolytic S. aureus. 

Dehry 030,870!56: Doctor's thesis (176 pp. 
578 refs.) on the influence of hormones upon 
infection. Personal observations on guinea pigs 
and rats indicate that ACTH, STH and DOC 
do not significantly affect the course of acute 
staphylococcus infection, whereas cortisone 
aggravates it. 

Herbeuval et al. 055,674/58: Testosterone 
does not significantly influence staphylococcus 
septicemia in the rabbit. Earlier Iiterature on 
the effect of testoids upon infection is reviewed. 

Herbeuvaletal. 055,676/58: In rabbits, DOC 
does not influence the development of septi
cemia following infection with S. aureus, 
whereas cortisone aggravates its course. 

Smith et al. F68,892f66: Testosterone, 
cortisone, as well as various organ extracts, 
partially protect the mouse against staphylo
coccal infection. 

Toivanen G49,847f67; G59,609f66: Sta
phylococcal infection in mice is enhanced by 
estradiol benzoate given once or several 
times immediately before infection. "The 
enhancement of the infection was also demon
strated by the use of estrone, estriol, 17a
estradiol, 17 ß-estradiol, estradiol sulphate, es
tradiol phosphate, ethynylestradiol, diethyl
stilbestrol, methallenestril and chlorotriani
sene. The effect was not directly correlated to 
the estrogenic potency of the drug. Progeste
rone was found tobe inert." 

Toivanen G49,848J67: In mice, estradiol 
pretreatment enhanced infection with sta
phylococci, but the degree of this activity 
depended upon the time interval between 
infection and the initiation of hormone 
treatment as well as upon the magnitude of the 
microbial inoculum. 

Streptococcus +-

Glaser et al. B58,299f50: In mice, neither 
ACTH nor cortisone exerted a beneficial effect 
upon streptococcal or pneumococcal infec
tions; indeed they may have aggravated them. 

Glaser et al. B57,933J51: In mice and rats 
with streptococcal and pneumococcal infec
tions, cortisone depresses cellular exudation 
and increases mortality. 

Glaser et al. B65,298f51: "Cortisone shor
tens the survival time of mice with cervical 
adenitis due to group A streptococci. Rats 
with streptococcal pneumonia were similarly 
affected by cortisone therapy." 

Thomas et al. B67,977f51: "When the rab
bits are immunized with streptococci prior 
to cortisone treatment and infection, bacter
emia occurs briefly or not at all and the 
animals survive, indicating that enhance
ment of infection by cortisone is probably not 
caused by interference with the immune 
mechanism." 

Mogabgab & Thomas B72,457J52: In 
rabbits, pretreatment with ACTH or cortisone 
greatly aggravated streptococcal septicemia. 
DOC had no such effect. 

Foley 013,263/55: "Chlortetracycline and 
oxytetracycline are ineffective against strep
tococcus infections in nonimmunized t11 ce 
which are treated with !arge doses of cortisone. 
Immunized mice similarly treated with corti
sone are effectively protected by these anti
biotics.' 

Fazio et al. 034,111/56: In rats, cortisone 
or ACTH increases survival following strep
tococcal infection and further enhances the 
protective effect of penicillin. 

Foley et al. 031,073/57: Prednisone, pred
nisolone, cortisone and cortisol aggravate 
streptococcus infections in mice and interfere 
with the efficacy of chlortetracycline. 

Kuck 069,754!59: Comparative studies on 
the increase in tetracycline requirements for 
the control of streptococcal infections caused 
by triamcinolone, prednisolone and cortisol, 
in mice. 

WeiBskopf et al. D35,320f61: Review of the 
protective action of folliculoids against viruses 
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and bacteria, with personal observations on the 
increase in the resistance of mice that can be 
induced by Premarin against virulent strep
tococcal infection. Fernales are more resistant 
than males, and castration increases resistance 
in males. The effect of folliculoids is tentati
vely ascribed to an increase in the acid muco
polysaccharide content of the ground substance 
which decreases the subcutaneous spread of 
germs. 

Treponema Pallidum +-

Turner&: HolZander B55,488f50: In rabbits, 
syphilomas induced by intradermal or intra
testicular injection of Treponema pallidum 
become soft and spongy under the influence of 
cortisone, and the production of Wassermann 
reagin is inhibited. Upon withdrawal of corti
sone, there is a rebound phenomenon in which 
the lesions become unusually large. 

Gastinel et al. D8,309f60: In rabbits, 
infected with syphilis by various routes, 
cortisone accelerates the generalization of the 
lesions. 

Wieher &: JakUbovski G26,810f64: In guinea 
pigs, cortisone prolongs the incubation period, 
shortens the duration and alters the character 
of the changes elicited by i.c. inoculation with 
T. pallidum. Serologie tests and the infectivity 
of the organisms are not affected. 

Varia+-

Kass &: Finland B59,076f51: Review on 
the effect of ACTH and corticoids upon various 
types of infections in animals and man. 

Kay et al. B60,579f51: In dogs, cortisone 
offered no protection against the lethal effect 
of an experimental appendical peritonitis. 

Ohedid et al. B91,161f52: Review (21 pp., 
75 refs.) on the relationship between the adre
nals and inlection. 

Kass &: Finland 080,582/53: Review 
(27 pp., 313 refs.) on the role of corticoids in 
infection and immunity. 

Oavallero 0829/54: Review on the effect of 
STH, ACTH and cortisone upon various 
infections, especially in the rat. 

Maral &: Oosar 014,760/55: Review of the 
Iiterature and personal observations on the 
effect of cortisone upon various types ol inlec
tion in the mouse, rabbit and rat. 

Kass &: Finland E56,566f57: Review 
(18 pp., 181 refs.) on the effect of corticoids 
upon various infections. 

Kass &: Finland D87,314f58: Review 
(35 pp., 151 refs.) on "Corticosteroids and 
infections." 

Spink 091,027/60: Review on the patho
genesis of shock due to infection and its 
treatment by glucocorticoid. 

Ghione &: Turolla G18,525f64: Review of 
investigations on mice, guinea pigs and rats 
showing that the infection facilitating effect of 
glucocorticoids (cortisone, preduisone) is 
counteracted by anabolic steroids such as 
4-hydroxymethyltestosterone or 4-chlorotesto
sterone. 

Nicol et al. F25,320f64: Review of the 
Iiterature and personal observations suggest 
that folliculoids increase resistance against 
various infections, but the sex-stimulating and 
anti-infectious effects of diverse natural or 
synthetic folliculoids do not run parallel. 

Viruses +-

The tumorigenic effect of adenovirus-12 is greater in female than in male hamsters. 
Ovariectomy diminishes this effect. Estradiol increases it in males but not in 
females. 

The susceptibility of mice to the lethal effect of various arboviruses is increased 
by cortisone but uninfluenced by DOC, testosterone, progesterone or estradiol. 

Pretreatment with cortisone aggravates the course of Coxsackie infection in 
guinea pigs and mice. In mice, gonadectomy diminishes mortality from Coxsackie 
infection but only during the first 10 days after operation. Testosterone does not alter 
this beneficial effect. 

In mice, cortisone increases mortality following inoculation with Japanese 
encephalomyelitis virus. Allegedly concurrent treatment with spienie extract blocks 
this action. DOC has no adverse effect. 
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In dogs, cortisone, ACTH, estradiol, stilbestrol and thyroxine all stimulate the 
growth of equine encephalomyelitis virus, whereas testosterone and progesterone do not. 
The hormones which aggravate the infection also counteract the prophylactic effect of 
mepacrine and abolish the normally greater resistance of females as compared to males. 

In rats, cortisone offers partial protection against the paralysis induced by 
encephalomyocarditis virus. 

Susceptibility to virus hepatitis is greatly increased by glucocorticoids in the 
mouse. The associated severe lymphoid necrosis is prevented although the hepatic 
lesions are aggravated. Infected animals pretreated with cortisol may show up to a 
1000-fold increase in the hepatic virus concentration as compared with similarly 
infected but untreated animals. Suppression of immune phenomena and of RES 
activity may be responsible for this sensitization. STH counteracts the glucocorticoid
induced increase in virus susceptibility. In weanling mice and in rats, which are 
normally resistant to virus hepatitis, susceptibility can be induced by cortisone. 

Pretreatment with estradiol allegedly facilitates the production of murine virus 
hepatitis. 

In man, 4-chlorotestosterone and several other anabolic testoids allegedly protect 
the liver against the damaging effect of viral hepatitis. 

In mice, resistance to various strains of influenza virus and Newcastle-disease 
viruses is reduced by cortisone given 24 hrs before challenge. However, under 
certain conditions various glucocorticoids can also increase the survival of mice 
infected with influenza virus and diminish the severity of the pulmonary changes. 

In chick embryos, infected with influenza B., pretreatment with cortisone prolongs 
survival although virus proliferation is enhanced. 

Various testoid anabolics have also been said to exert a protective effect against 
the damaging action of influenza virus upon embryonated chicken eggs; yet, in mice, 
testosterone allegedly accelerates the proliferation of influenza virus, presumably 
because of its protein anabolic effect. 

Cortisone accelerates the course of poliomyelitis infection in mice and hamsters; 
DOC, progesterone and stilbestrol are ineffective. Y et, earlier investigators claimed 
that estradiol can protect various species against poliomyelitis, but only in the event 
of intranasal and not following i.p. or intracerebral inoculation. 

In monkeys, cortisone did not increase susceptibility to poliomyelitis under the 
conditions in which the tests were performed. 

Cortisone allegedly increases susceptibility of mice to rabies virus perhaps because 
of its immunosuppressive effect. Prednisolone has been claimed to protect against 
the paralytic complications of antirabies vaccines. 

Cortisone definitely enhances vaccinia infection in rabbits; estradiol, estrone and 
pseudopregnancy have an opposite effect in this species. In guinea pigs, cortisone 
also exerts an adverse influence upon vaccinia infection. In mice, it depresses inter
feron formation but fails to inhibit the protection offered by N-ethylisatin-ß-thiosemi
carbazone. 

Aldosterone is said to inhibit the reproduction of vaccinia virus in vitro. 
Rahbits are allegedly protected against variola by aldosterone. 
In sheep, ACTH and dexamethasone aggravate the lesions produced by the 

smallpox virus; STH has an opposite effect, presumably because its prophlogistic 
action helps to delimit the lesions. 
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Adenoviruses ~ 

Yohn et al. G57,790f68: In hamsters given 
adenovirus-12, strain Huie, s.c. at birth, thym
ectomy at one week of age increased tumor 
incidence in both sexes, although it remained 
higher in females as is usually the case. Cor
tisone treatment, begun at one week of age, 
increased tumor incidence but, again, this re
mained higher in females. Antibody responses 
to adenovirus-12 T-antigen were depressed in 
thymectomized and cortisone-treated animals. 

Yohn & Funk G68,339f69: Adenovirus-12 
produced a higher incidence of tumors in 
female than in male Syrian hamsters. Ova
riectomy lowered tumor incidence, whereas 
estradiol increased it but only in males. 

Arboviruses ~ 

Southam & Bahcock B63,662f51: "Large 
doses of cortisone greatly increased the sus
ceptibility of mice to Iethai infection by West 
Nile, Ilheus, and Bunyamwere viruses. ACTH 
in massive dosage produced the same effect 
with West Nile virus. Desoxycorticosterone, 
testosterone, progesterone, and estradiol in 
massive doses had no significant effect on these 
virus infections in mice." 

Colurnbia-SK Virus~ 

Siegel et al. D13,002f61: "Cortisone in
creased the mortality and nullified the pro
tection afforded by trypan red in mice inocu
lated intraperitoneally with Columbia-SK 
virus." 

Coxsackie~ 

Kilbourne & Hor8fall Tr. B65,487f51: 
Adult mice normally resistant to Coxsackie 
virus can be lethally infected following pre
treatment with cortisone. 

Graham et al. B68,455f52: Cortisone in
creases the susceptibility of the mouse to 
Coxsackie virus infection. 

Angela & di Nola 012,561/54: In guinea 
pigs, pretreatment with cortisone aggravates 
the course of the subsequent Coxsackie 
infection. 

Berkovich & Ressel F46,105f65: In mice, 
mortality after Coxsackie B1 virus infection 
was diminished by gonadectomy in both sexes 
but only during the first ten days after opera
tion. Testosterone did not significantly in
ßuence this beneficial effect. 

Encephalamyelitis ~ 

Vollmer & Hurlbut B66,973f51: In mice, 
moderate doses of cortical extract or cortisone 
had no effect on Japanese B encephalitis 
virus infection, although in doses that inhibit 
growth, cortisone did increase the mortality 
rate. Testosterone had no adverse effect. 

Kudo et al. 011,417!54: In mice, cortisone 
increases mortality following inoculation with 
Japanese encephalomyelitis virus, whereas 
DOC has no adverse effect. 

Nakagawa & Kanda 09,941/55; 08,165/55: 
Cortisone increases the susceptibility of mice 
to infection with encephalomyelitis virus but 
concurrent administration of a spienie extract 
blocks this action of the glucocorticoid. 

Hurst et al. 094,089/60: Cortisone, ACTH, 
estradiol, stilbestrol and thyroxine all stimu
late the growth of the virus of equine ence
phalomyelitis in the dog, whereas testosterone 
and progesterone do not. The hormones which 
aggravate the infection also counteract the 
prophylactic effect of mepacrine and abolish 
the normally greater resistance of the females. 

Olivier & Oheever G 15,789!63: Cortisone 
diminishes the susceptibility of rats to the 
development of paralysis following inoculation 
of encephalomyocarditis virus. 

Hepatitis~ 

MeZeher Jr. et al. B69,381f52: Rats nor
mally resistant to viral hepatitis become 
susceptible after pretreatment with cortisone. 

Starr & Pollard 060,012/58: Cortisone 
induced susceptibility of comparatively re
sistant weanling Swiss mice to infection with 
the Gledhill strain of mouse hepatitis virus. 

Pecori et al. 089,121/59: In mice, virus 
hepatitis is aggravated by prednisolone and 
beneficially influenced by STH. 

Pecori et al. 0 89,118/59: Prednisone, 
triamcinolone and dexamethasone increase 
sensitivity of the mouse to infection with the 
MHV-3 hepatitis virus. This pro-infectious 
effect is largely counteracted by STH. 

Man&o et al. 068,152f59: In mice infected 
with hepatitis virus, the Ievels of GOT, GPT, 
lactic dehydrogenase, and glutathione reduc
tase increased under the influence of cortisol, 
whereas in intact mice the hormone did not 
influence these enzyme activities. It is as
sumed that cortisol "may exert an adverse 
effect on the natural course of the experimen
tally-induced infection." 
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Jone11 eh Oohen D55,380j63: Pretreatment 
with estradiol valerate facilitates the produc
tion of murine virus hepatitis. 

Terragna et al. G25,811j64: In man, 
4-chlorotestosterone ameliorates the course 
of viral hepatitis. 

Terragna et al. G36,590j65: In patients 
with viral hepatitis, various anabolic testoids 
protect the liver (needle biopsy) against 
damage. 

Hirano eh Ruehner G38,763j66: In mice, 
the severe lymphoid necrosis produced by 
murine hepatitis virus (MHV 3) was prevented 
by cortisone whereas the liver lesions were 
aggravated. Essentially the same results were 
obtained with puromycin although it failed to 
aggravate the hepatic lesions. Presumably 
suppression of protein synthesis was the com
mon underlying mechanism. "It is concluded 
that multiplication of the virus alone did not 
produce the lymphoid necrosis but that 
protein synthesis induced by the infection, 
presumably an immune reaction, was prima
rily responsible for this lesion." 

Ruehner et al. G48,873j67: In the mouse, 
cortisone not only increases the number and 
size of necrotic foci produced by MHV3-virus 
but also alters the light-microscopic and ultra
structural appearance of the hepatocytes. 

Datta eh Isselbacher G68,822j69: Cortisol 
and methylprednisolone greatly increase the 
susceptibility of the mouse to virus hepatitis. 
"Infected animals pretreated with hydrocorti
sone showed from 50·fold to a more than 
1.000-fold increase of virus in the liver com
pared with untreated infected animals." 

Lavelle eh Starr H18,566j69: In mice, 
cortisone increases susceptibility to virus 
hepatitis and depresses RES activity. 

Nelson eh Lanza G80,151f70: In nine pa
tients with massive hepatic necrosis due to 
viral hepatitis, prednisone proved to be a 
valuable adjunct to treatment. 

lnfluen•a-

Kalter et al. B49,656j50: In mice, the 
proliferation of influenza virus is accelerated 
by STH and testosterone, presumably because 
of an enhanced protein synthesis in general. 

Kass et al. B69,981j51: In mice, the final 
mortality rate after infection with influenza 
virus or pneumococci is not significantly 
altered by ACTH or cortisone, although the 
course of the disease may be modified. 

KübCYUrne B69,376j52: Pretreatment with 
cortisone prolongs the survival of chick 

embryos infected with influenza B although 
virus proliferation is enhanced. 

Khoobvarian eh Walker 030,210j57: In 
mice, resistance to i.v. inoculation of PR8 
influenza A, Lee influenza B, and Newcastle 
disaase viruses was reduced by cortisone given 
at least 24 hrs before challenge. 

Lag8a D58,191j62: Cortisol and predni
solone, unlike dexamethasone and cortisone, 
increase the survival of mice infected with 
influenza PRS virus. 

Mima G68,101j62: Glucocorticoids did not 
protect mice from the Iethai action of ectro
melia virus but increased survival and delayed 
death after inoculation with influenza virus. 

Terragna G36,765J63: In tests on embryo
nated chicken eggs and in mice infected with 
influenza virus A·PR8, treatment with 
anabolic hormones ( dehydroisoandrosterone, 
4·chlorotestosterone) exerts a certain protec
tive effect, but the results are variable. 

Sobis G29,127j64: In mice, the pulmonary 
changes induced by influenza virus are 
diminisbed by cortisol. 

Measles-

Ooraggio et al. D58,058j62: In rabbits 
immunized with measles virus, 19-norandro
stenolone raises antibody formation. 

Mum.ps-

KilbCYUrne eh HorsfaU Jr. B55,005f51: In 
chicken eggs, the concentration in the allantoic 
fluid of Lee, PRS or mumps virus is increased 
by cortisone. 

Pneum.onia -

Smith et al. B64,635j51: In mice, suscep
tibility to pneumonia virus (PVM) is not 
influenced by ACTH but is enhanced by 
cortisone. 

Poliomyelitis -

Levaditi eh Haher 33,069/35: In Macacus 
cynomolgus monkeys, resistance to polio
myelitis virus, acquired by prior infection, is 
not influenced by thyroidectomy, orchidec
tomy or thyroxine administration. 

Foley eh Aycock B764f45: Review of the 
Iiterature and personal observations on the 
protective effect of estradiol against polio
myelitis infection in various species. In general, 
the folliculoids are etfective against intranasal 
infection, but not against i.p. or intracerebral 
inoculation. 

Shwartzman B54,248f50: "ACTH and cor
tisone in combination or cortisone alone 
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produce a marked acceleration of poliomye
litis infection (strain MEFI) in mice and an 
extraordinary enhancement of susceptibility 
to this infection in hamsters giving rise to a 
violent and uniformly fatal disease. ACTH 
alone falls to produce this effect possibly due 
to elaboration of an unknown factor capable 
of reversing the enhancing effect of cortisone." 

Shwartzman B66,955f51: ACTH and corti
sone aceeierate poliomyelitis (strain MEF) in 
mice and hamsters. DOC, progesterone and 
diethylstilbestrol are ineffective. 

Findlay & Howard B81,142f52: In mice 
and hamsters, cortisone and ACTH increase 
susceptibility to poliomyelitis and other 
virus infections. 

Shwartzman B69,778f52: Cortisone, unlike 
ACTH, greatly increases the susceptibility of 
Syrian hamsters to i.p. inoculation with strain 
MEFI poliomyelitis virus. 

Shwartzman & Fisher B69,580f52: In 
Syrian hamsters, cortisone enhances infection 
with MEFl and Lansing strains of polio
myelitis virus. ACTH, DOC, progesterone and 
stilbestrol are without effect. Earlier Iiterature 
on the influence of various hormones upon 
poliomyelitis is reviewed. 

Shwartzman & Aronson B84,833f53: In the 
hamster, pretreatment with cortisone facili
tates infection with poliomyelitis. 

Hoosier et al. D12,216f61: "In several 
comparative experiments with and without 
cortisone, no enhancing effect of this compound 
on the susceptibility of monkeys to infection 
with polioviruswas found." 

Rabies+-

Yaoi et al. 034,360/56: Cortisone increases 
the susceptibility of mice to rabies virus. 

Finger E26,273f62: Prednisolone protects 
the rabbit agairrst the paralytic complications 
elicited by antirabies vaccines, presumably 
because it depresses allergic reactions to the 
contaminating foreign brain tissue. 

Vaccinia+-

Sprunt & McDearman A33,321f40: Treat
ment with estradiol or estrone, as weil as pseu-

dopregnancy, increased the resistance of the 
rabbit to vaccinia virus. 

Kligman et al. G64,164f51: In guinea pigs, 
infection with Trichophyton mentagrophytes, 
vaccinia virus and Staphylococcus aureus is 
adversely influenced by cortisone. 

Bugbee et al. 084,115/60: "Cortisone has a 
definite enhancing effect on vaccinia infection 
in rabbits." 

Ooraggio et al. D 12,550/61: Aldosterone 
inhibits the reproduction of vaccinia virus 
in vitro. 

Lieberman et al. F67,288f66: In mice, 
cortisone did not inhibit the protection offered 
by N-ethylisatin-ß-thiosemicarbazone agairrst 
neurovaccinia virus. However, it did depress 
interferon formation. 

Variola+-

Oilli et al. D12,192f61: In sheep, SrH, 
owirrg to its prophlogistic effect, delimits the 
lesions produced by variola virus. ACTH and 
dexamethasone exert an opposite effect. 

Pecori et al. D12,549f61: Aldosterone pro
tects the rabbit agairrst irroculation with 
smallpox virus. 

Varia+-

Altucci et al. D65,818f62: Review and 
personal observations on the effect of various 
glucocorticoids upon viral infections in vivo 
and in vitro. 

Smart & Kilbourne G33,810f66: In chick 
embryos infected with various viruses, corti
sol diminishes interferon formation but its 
effect upon survival depends upon experi
mental circumstances. 

Poel H23,662f68: Review of the literature 
with personal observations on the co-carcino
genic effect of folliculoids and luteoids. Neither 
of these groups of steroids are truly carcino
genic in themselves but they enhance mammary 
cancer development under the influence of 
viral and chemical carcirrogens. [The possible 
mechanism of these interactions is not dis
cussed (H.S.).] 

Fungi and Yeasts +-

Resistance to Candida albicans infection is decreased by cortisone in the mouse 
and rabbit. Testosterone allegedly enhances, whereas STH counteracts, this dele
terious effect of cortisone in mice. 

Cortisone also aggravates infection with Trichophyton mentagrophytes, Risto
plasma capsulatum and various other fungi in several species of animals. 
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Bronchopulmonary Aspergillosis +

Sandhu et al. G75,603j70: In mice, bron
chopulmonary aspergillosis produced by inha
lation of various species of these fungi was 
greatly enhanced by cortisone. 

Candida Albicans (monilia) +-

Roth et al. C32,916j56: Pretreatment with 
cortisone or X-rays, singly or in combination, 
reduces the inherent resistance of mice to 
infection with Candida albicans. 

Scherr C39,263j57: In mice infected with 
Candida albicans, the development of moni
liasis may either be increased or decreased by 
cortisone depending upon various factors, 
particularly sex, pregnancy, or the severity of 
the infection. Testosterone enhanced and STH 
counteracted the deleterious effect of corti
sone. Gonadotrophin (pregnant mare's serum) 
was without effect. 

Henry & Fahlberg 081,623/60: Repeated 
i.p. injections of cortisol (unlike a single dose) 
aggravate monilial infection in mice. 

Louria et al. C91,764j60: "Monilial infec
tions in mice were enhanced to a far greater 
degree by cortisone than were infections due 
to Histoplasma capsulatum or Cryptococcus 
neoformans." 

de Mitri et al. D64,042j63: In rabbits 
intrabronchially inoculated with Candida 
albicans, cortisone treatment causes: "1. a 
quicker onset of necrosis; 2. a !arger extension 

of tissue alterations with a tendency to 
haematic diffusion (which could never be 
established in animals not treated with corti
sone); 3. late occurrence of a reduced defense 
reaction of the mesenchyma." 

Nishikawa G73,894j69: In germ-free mice, 
cortisone decreases hast resistance so that oral 
inoculation with Candida albicans results in 
starnach ulcers in which the organisms pro
liferate. 

Histoplasma Capsulatum +-

Vogel et al. Cl0,597j55: In guinea pigs, 
cortisone failed to cause significant aggrava
tion of the infection following inoculation with 
Histoplasma capsulatum. 

Grunherg & Titsworth D67,985j63: Certi
sone i.m. enhances the susceptibility of mice 
to infection with Histoplasma capsulatum. 

Trichophyton Mentagrophytes +-

Kligman et al. G64,164j51: In guinea pigs, 
infection with Trichophyton mentagrophytes, 
vaccinia virus and Staphylococcus aureus is 
adversely influenced by cortisone. 

Varia+-

Piantoni C38,892j55: .An extensive review 
of the Iiterature and personal Observations on 
rabbits and rats lead to the conclusion that 
cortisone does not cause normally apathogenic 
fungi to become virulent, but greatly enhances 
the virulence of normally pathogenic fungi. 

Parasites-

Protozoa +. As judged by observations on different animal species many proto
zoan infections are adversely influenced by glucocorticoids. Among these are infec
tions with various strains of Ameba, Besnoitia, Eimeria mivati and meleagrimitis, 
various forms of Plasmodia, Trypanosomes and Toxoplasma. 

Steroids devoid of glucocorticoid activity have only rarely been noted to exert 
any pronounced influence on protozoan infections. Y et, it has been claimed that 
orchidectomy increases the severity of Trypanosoma lewisi infection in rats, although 
not to the same extent as adrenalectomy. 

Worms +· Glucocorticoids also diminish resistance against infestation with various 
worms such as Ancylostoma caninum, Fasciola hepatica, Hymenoiepis nana, Schisto
soma mansoni (Bilharzia), Trichinella spiralis and Trichuris muris. On the other hand, 
allegedly, under certain conditions progesterone may beneficially affect bilharziosis 
in the mouse, although among 30 steroids tested all folliculoids and testoids were 
ineffective in this respect. 
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Proto111oa-

Ameba +-. Teodorooie et al. D52,087f63: 
In the guinea. pig, amebiasis is aggra.vated by 
cortisone or cortisol. 

Besnoitia +-. Frenkel 013,371/56: The 
adrenal necrosis produced by Besnoitia jelli· 
soni (an obligate intra.cellular protozoan or
ganism) is inhibited by cortisol, corticosterone, 
11-dehydrocorticosterone and possibly by 
DOC. This is associated with a depression of 
general immunity. The organisms do not 
proliferate around sites of corticosterone, DOC, 
testosterone or epinephrine injections. "lt is 
postulated that certain glucocorticoids can so 
modify immunity mechanisms locally, that 
general immunity becomes ineffective." 

Frenkel 052,043/58: Hamsters inocula.ted 
s.c. with the intracellula.r protozoan Besnoitia 
jellisoni recovered owing to sulfadiazine 
treatment. However, latent infection persisted 
and rela.pses could be precipitated by a. sub
sequent treatment with cortisone, cortisol, 
prednisone or prednisolone. The rela.pse 
phenomenon is recommended for the assay of 
the immuno-depressing activity of corticoids. 

Frenkel 084,036/60: Chronic latent Bes
noitia infection in Golden hamsters is greatly 
enhanced by glucocorticoids (22 modified 
luteoids and corticoids have been tested). 
The procedure is suitable for the routine assay 
of pro-infectious activity. 

Eimeria +-. Melnughlin G73,149f69: In 
chickens, dexamethasone permits Eimeria 
meleagrimitis to complete its development, 
whereas this is not the case in untreated 
chickens or in either dexamethasone treated or 
untreated turkeys. 

Rose G73,104f70; Long &: ROBe G72,642f70: 
In partially immunized chickens, betametha
sone increases oocyst production and extends 
the patent period of Eimeria mivati infection. 
In fully susceptible chickens, betamethasone 
had a similar but less pronounced effect, pre
sumably because the major action of the 
steroid is to reduce acquired immunity to this 
form of coccidiosis. 

Plasmodia (malaria) +-. Bennison &: Ooat
ney B17,600f48: Following inoculation with 
P. gallinaceum, the parasite counts are much 
higher in females than in males. This difference 
in parasite count was not significantly influ -
enced by testosterone or estradiol. 

Overman et al. B49,805f49: An adrenocor
tical extra.ct prolongs surviva.l of monkeys 
infected with P. knowlesi. 

Redmond B67,882f52: Cortisone increases 
susceptibility to malaria in pigeons infected 
with P. relictum. 

Jaekaon 011,604!55: Cortisone delays the 
course of Plasmodium berghei malaria in rats 
but increases mortality. 

Ooz G64,797f68: In mice, betamethasone 
suppresses the acquisition of immunity to 
infection with Plasmodium vinckei but has no 
effect once immunity is established. 

Trypanosoma Cruzi +-. Pizzi &: Okemke 
034,555/55: In rats, cortisone aggravates the 
course of infection with Trypanosoma cruzi. 
The mechanism of this resistance and its 
histopathologic characteristics are extensively 
discussed. 

R'llhio 034,556/55: In mice, cortisone 
aggravates the course of Trypanosoma cruzi 
infection. 

Sommer 09,937!55: The cortisone-induced 
increase in the susceptibility of mice to 
Trypanosoma cruzi infection is not abolished 
by STH. 

R'llhio 041,052/56: In mice, cortisone 
treatment during the first days after Trypa
nosoma cruzi inoculation did not signifi
cantly affect the course of the infection. 

Trypanosoma Equiperdum +-. Seott et al. 
15,446/33: The resistance of intact guinea. pigs 
to diphtheria toxin or that of rats to 
Trypanosoma equiperdum or mice to infection 
with Pneumoeoeeus Type I was not influenced 
by pretreatment with large amounts of a life
maintaining adrenocortical extract ("cortin"). 
It does not appear to be possible to raise 
resistance above normal in intact animals but 
there is considerable evidence to show that 
various types of intoxication and infection 
cause structural damage to the adrenal and 
interfere with its function. 

OantrelZ 064,728!59: Cortisone does not 
significantly influence infection with Trypano
soma equiperdum in the rat. 

Trypanosoma Lewisi +-. PerZa &: Marmor
Bton·Gotte81TIQ,n 810/30: In young rats, thymec
tomy diminishes, whereas orchidectomy in
creases, the severity of T. lewisi infection. 

PerZa &: Marmorston-Gotte81TIQ,n, 10,865/31: 
Intact rats infected with T. lewisi rarely 
succumb, whereas in adrenalectomized ani
mals the infection is usually fatal, although 
the bacterial growth is not modified. The 
authors attributed this mortality to the 
toxicity of the ßagellate. 

Herbert &: Beeker G63,454f61: In rats, 
cortisone does not cause inhibition of the pro
duction of Taliaferro's antibody, albastin, or 
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of its maintenance after infection with T. 
lewisi. Cortisone does not appear to exert a 
deleterious effect on antibody production or 
maintenance and, if anything, it diminishes 
the duration of the infection. 

Sherman & Ruble G49,628f67: In rats, 
pretreatment with cortisone diminishes re
sistance to T. lewisi, presumably as a con
sequence of impaired host immune responses. 

Patton & Clark G73,195f68: In rats in
fected with T. lewisi, dexamethasone resulted 
in the development of exceedingly large 
populations of trypanosomes which were fatal 
to their hosts. This effect of dexamethasone 
is ascribed to the inhibition of the production 
of ablastin and trypanocidal antibodies. 

Toxoplasma ~. Frenkel 034,875/57: Com
bined treatment with cortisone and X-rays 
diminished the resistance of Golden hamsters 
with the RH strain of toxoplasma and signi
ficantly depressed acquired immunity. 

Giroud et al. D68,563f62: Various strains 
of toxoplasma, harmless for untreated rats, 
become virulent following treatment of the 
animals with glucocorticoids. 

Worms+-

Aneylostoma Caninum ~. Sen et al. 
F76,261f65: Pretreatment with cortisone in
creased the susceptibility of mice to infection 
with Ancylostoma caninum perhaps by Sup
pression of immunity. The effect of glucocorti
coids upon infestation with other worms is 
reviewed. 

Bilharzia ~ cf. Sehistosomiasis. 
Fasciola Hepatiea ~. Sinclair G65,622f68: 

In sheep infected with Fasciola hepatica, the 
growth of the flukes and the development of 
extensive hepatic hemorrhages with severe 
clinical signs was aggravated by dexametha
sone but the usual splenomegaly and hepatio 
fibrosis were prevented by this glucocorticoid. 

Hymenoiepis Nana ~. Pinto D23,719f60: 
Hymenoiepis nana type "M" is a natural 
parasite of the mouse; the rat is resistant to 
it, unless it is pretreated with cortisone. 

Schistosomiasis~. Nagata etal. D26,285f56: 
Cortisone increases the susceptibility of the 
mouse to infection with S. japonicum. 

Coker 042,296!57: Cortisone does not 
significantly alter the susceptibility to infesta
tion with S. mansoni in the mouse, as judged by 
the nurober of worms recovered from the 
portal circulation. 

Lagrange D57,434f62: Combined treat
ment with ultrasound + progesterone + 

estradiol protects the mouse against bilhar
ziosis following infection with S. mansoni. 
None of these agents alone nor testosterone + 
ultrasound were effective. 

Lagrange D69,093f63: In mice, a protective 
effect against S. mansoni has been obtained 
by progesterone, dexamethasone and its 
16ß-isomer (celestone), as weil as by the hor
monally inactive 21-acetoxy-nor-12-predui
sone (Win 1303) . .Among 30 steroids tested, 
all folliculoids and testoids were negative, 
pregnan-derivatives appeared to show anti
bilharziosis activity irrespective of their 
steroid hormone actions. The mechanism of 
this protection is not known, but bilharziosis 
in the mouse Ieads to a transformation of the 
liver "into a veritable sponge loaded with eggs 
surrounded by tubercles. The circulation of 
the liver and intestine is greatly disturbed at 
the same time by the accumulation of the 
eggs in the mesenteric venules and the resul
ting phlebitis." Mortality is ordinarily 100% 
within 1-15 months. Even in mice killed after 
6-10 months in apparently good health, adult 
worms are eliminated but are atrophic and 
sterile. It is assumed that the protective 
steroids act upon the parasites themselves. 

Triehinella Spiralis ~. Coker 048,693/56: 
In mice immunized against Trichinella spi
ralis, cortisone abolishes established immu
nity as judged by adult worm counts in the 
small intestine and suppression of the charac
teristic cellular response following a challeng
ing infection of immune controls. 

Rittersan 078,122!59: Chinese hamsters 
which possess an innate resistance to Trichi
nella spiralis can be infected with this organiBm 
following pretreatment with cortisone. 

Howard et al. D22,789f62: In rats, "the 
anti-inflammatory effect of cortisone appears 
to inhibit the cellular reaction seen in trichi
nous myocarditis and this may impair the 
destruction and removal of the migrating 
larvae." 

Pawlowski G65,301f68: In the rat, the 
development of trichinella infestation is not 
influenced by DOC, but enhanced by noran
drostenolone (Durabolin). [The brief abstract 
gives no experimental details (H.S.).] 

Triehuris Muris ~. Campbell & Goilette 
D61,500f62: Cortisone enhances infection 
with the whipworm Triohuris muris in the 
mouse. Perhaps "the normal refractoriness of 
albino mice to this infection may be the 
result of inflammation of the gut evoked by 
parasitic invasion or associated immunologic 
phenomena." 
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BAOTERIAL TOXINS+ 

~ Corticoids 

In chick embryos, hemorrhages and mortality occur after inoculation of various 
endoto:xins into the chorio-allantoic membrane. These effects are inhibited by 
cortisone, cortisol, fluorocortisol and aldosterone; DOC, prednisolone and cholesterol 
are inactive in this respect. Thus, there does not appear tobe any close relationship 
between this protective action and the classic, glucocorticoid and mineralocorticoid, 
effects of steroids. 

Cats can be protected against fatal endoto:xin shock by aldosterone given i.v. 
30 min after endoto:xin, but no such protection is observed if the aldosterone is 
administered 30 min before or simultaneously with the endotoxin. 3ß,16a-Dihydroxy
allopregnan-20-one competitively antagonizes this protective action. Although cor
tisol and prednisolone also afford some protection against endotoxin shock, aldo
sterone is about 100 times more active than these glucocorticoids. When 
aldosterone is incubated with E. coli endoto:xin, it allegedly diminishes the toxicity 
of the latteras judged by in vivo tests on cats. It has been suggested "that aldosterone 
combines with, or otherwise alters the chemical structure of the endotoxin." 

In dogs, cortisone failed to modify the circulatory failure produced by meningo
coccus toxin. As regards E. coli endoto:xin shock, the results reported are contra
dictory. Most investigators stated that glucocorticoids, particularly cortisol and 
prednisolone, do improve survival and counteract circulatory shock to some extent 
but the best results are obtained if glucocorticoids are given in combination with 
some vasoactive drugs such as metaraminol, hydralazine or isoproterenol. In 6-9 day 
old beagles, cortisol sodium succinate given i.v. one hour before a lethal dose of E. coli 
endotoxin increased the survival rate, whereas it offered no protection if given 
immediately after endotoxin. 

According to one team of investigators, aldosterone does not prevent endoto:xin 
shock in the dog as it does in the cat; however, since the assay technique was not the 
same, this difference cannot be ascribed entirely to an essentially distinct reaction 
form of the two species. 

Early investigations on the effect of adrenocortical extracts upon diphtheria 
intoxication in guinea pigs have yielded Contradietory results. More recently it was 
found that neither ACTH nor cortisone improves the resistance of the guinea pig to 
diphtheria to:xin (or of mice to Shiga and meningococcus toxin). However, the 
subnormal diphtheria-toxin resistance of the hypophysectomized guinea pigs is 
restored to normal by cortisone. 

Allegedly the bronchoconstriction induced by S. typhosa endoto:xin in guinea pigs 
can be prevented by prednisolone, but this observation requires confirmation. 

In monkeys both cortisol and aldosterone (the latter especially when given in 
combination with angiotensin) offer some protection against the vascular collapse 
of endoto:xin shock. 

The Iiterature on the effect of corticoids upon endoto:xin shock in mice is extre
mely voluminous and contradictory. Apparently the results depend not only upon the 
type of corticoid given but also upon numerous other technical details (e.g., dose, 
timing, route of administration of the to:xin and corticoid, age and strain of the 
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mice). Hence, it is virtually impossible to arrive at meaningful generalizations beyond 
the conclusion that under most experimental conditions, glucocorticoids offer definite 
protection against various endotoxins. 

Curiously, pertussis vaccine abolishes the ability of cortisone to protect mice 
against endotoxin. 

In most respects the endotoxins of various bacteria exhibit essentially similar 
toxic effects; yet, considerable differences appear to exist between various prepara
tions as regards the ability of corticoids to inhibit their toxicity. It is noteworthy that 
mice protected by cortisone against an initiallethal challenge with Brucella endotoxin, 
still develop resistance to subsequent challenge by a second injection of the same 
endotoxin. Apparently, the manifestations of shock are not necessary for the 
acquisition of resistance. 

Pregnancy diminishes resistance of mice to S. enteritidis endotoxin; at the same 
time the protective effect of cortisone is also inhibited. 5-HT is said to protect 
against endotoxin and to augment the prophylactic effect of cortisol at otherwise 
ineffective dose Ievels. 

There appears to be some relationship between the induction of resistance and the 
hepatic glycogen stores; the latter are depleted by endotoxin and increased by 
cortisone. 

The toxicity of staphylococcal a-toxin was prevented by pretreatment with either 
cortisol or alloxan, whereas tolbutamide increased sensitivity to a-toxin. Again the 
protective action of cortisol was ascribed to its gluconeogenic effect which antago
nizes the hypoglycemia induced by the a-toxin. 

The amyloidosis produced by chronic treatment with endotoxins is also prevented 
by cortisone. The hepatic glycogen-depleting effect of endotoxin is inhibited by 
cortisone. Aminoglutethimide (an inhibitor of corticoid biosynthesis) increases 
susceptibility to endotoxin as weil as the associated hepatic glycogen depletion but 
cortisone combats even the glycogen-depleting effect of this combined treatment. 
Similarly, methylprednisolone increases resistance to endotoxin even if the toxicity 
of the latter is enhanced by concurrent treatment with certain antitumor antibiotics. 

The increased endotoxin susceptibility induced by zymosan is abolished by 
cortisone, perhaps as a result of an antagonistic interaction at the Ievel of the RES. 
On the other hand, cortisone falls to alter the clearance of radioactive endotoxin from 
the blood or tissues. 

Reserpine inhibits the protection against endotoxin that is induced in intact mice 
by cortisone. (The same is true in adrenalectomized but not in hypophysectomized 
rats. Apparently reserpine interferes with the cortisone effect only in the presence 
of the pituitary.) 

Stress (cold) decreases the resistance of the mouse to endotoxin (perha ps owing to a 
"depletion of corticoid reserves") but cortisone protects even against the combined 
effect of stress + endotoxin. 

Aldosterone exhibited no protective value against the Iethai effect of Clostridium 
welchii a-toxin in the mouse, perhaps because corticoids are effective only against 
endotoxins, not against exotoxins. 

Aldosterone admixture to tetanus toxin in vitro protects the mouse against the 

shock. 
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In rabbits, the febrile response to diphtheria endotoxin is dim.inished by 48 hrs 
pretreatment with repeated large doses of cortisone or ACTH; pretreatment during 
24 hrs with smailer doses of these hormones exerts an opposite effect. This depend
ence upon dosage and timing may explain the discrepancies in earlier reports on the 
effect of glucocorticoids upon endotoxin reactions. 

Cortisone also prevents the early reaction of prostration and death produced 
by endotoxin i.v. but in some rabbits pretreated for three days with this hormone, a 
generalized Shwartzman response-like renal cortical necrosis occurred within 24 hrs 
after endotoxin administration. When a single injection of cortisone was given 6 hrs 
before the endotoxin, prostration and death were prevented without subsequent 
development of renal cortical necrosis. 

In the rabbit, endotoxin shock is associated with arelease of hepatic lysosomal acid 
hydrolases. This effect is likewise prevented by glucocorticoids but not by DOC, 
presumably because only the former stabilize lysosomal membranes. 

The topical response to intradermal or intraconjunctival injection of endotoxin is 
also inhibited by cortisone in rabbits, but this may weil be merely a manifestation of 
the antiphlogistic effect. 

Observations on rats gave Contradietory results; whereas some authors state 
that this species can be protected against endotoxin shock by glucocorticoids, others 
reported negative results, apparently owing to differences in timing and dosage. 
However, there appears tobe little doubt that, under optimal experimental conditions, 
glucocorticoids can protect the rat against endotoxin shock. DOC is devoid of this 
effect. 

A dose of meningococcus toxin, weil tolerated by normal nonpregnant rats, 
produces eclampsia-like hemorrhagic lesions in the liver of pregnant or cortisone 
pretreated animals. On the other hand, in rats kept on hyperlipemic diets, the 
induction of hepatic vein thromboses by S. typhosa endotoxin is inhibited by cortisol 
and prednisolone. 

The ability of glucocorticoids to protect against various types of endotoxin may 
differ but there is no definite proof of this. The great variability of the results appears 
to depend not upon the kind of endotoxin used but upon other hitherto unidentified 
factors. We found considerable variation in the prophylactic effect of glucocorticoids 
even in experiments in which ail controilable factors (steroid, endotoxin, timing, 
strain, age and sex of rats) were identical. In our laboratory, the most reliable results 
were obtained in rats heavily overdosed by cortisol, cortisone, triamcinolone, dexa
methasone, betamethasone, prednisolone or cortisol 21-sodium succinate 1-4 days 
before the i.v. injection of a near lethal dose of E. coli endotoxin. 

In man, endotoxin shock appears tobe particularly weil prevented by combined 
treatment with glucocorticoids and vasoactive agents, especiaily metaraminol. 

In summary, it may be said that under suitable experimental conditions gluco
corticoids undoubtedly offer considerable protection against shock produced by diverse 
endotoxins in various species. Since the clearance of radioactive E. coli endotoxin 
is not significantly altered by cortisone, it was concluded that the corticoids act 
"by their physical presence," presumably through a syntoxic effect upon the host's 
tissues. The protection is not merely a "nonspecific anti-stress effect" as no similar 
protection is offered under identical conditions against many other stressors. 
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There appears to be no clear-cut relationship between the glucocorticoid and anti
endotoxic activity of steroids. For example, prednisone and prednisolone are 
considerably more potent antiphlogistics than cortisol, yet they exhibit essentially 
the same anti-endotoxic effect as the latter. However, to some extent, the two 
pharmacologic actions tend to run parallel. The singularly strong anti-endotoxic 
effect of aldosterone is exhibited only in certain species and appears to depend 
mainly on the immediate effect of this hormone upon the circulation. 

+- Adrenalectomy 

It has been known, even before the description of the stress syndrome, that adrenal
ectomized rats are particularly sensitive to bacterial endotoxins. Subsequently, the 
important role played by the adrenal in this connection has been confirmed in various 
species both by the decrease in endotoxin resistance induced by adrenalectomy and 
by the efficacy of corticoid substitution therapy. 

In adrenalectomized mice, the Iethai effect of Brucella endotoxin could be inhibited 
by cortisone, cortisol, fluorocortisol, and aldosterone, in decreasing order of activity. 
Indeed, the protective effect of corticoids against the Iethai action of endotoxin in 
adrenalectomized rats has been recommended as the basis for the bioassay of these 
hormones, although it was recognized that the anti-endotoxin and antiphlogistic 
effects do not run strictly parallel. 

In mice, endotoxin resistance is greatly decreased a few hours after adrenalectomy 
or hypophysectomy; however, while cortisone protects normal, adrenalectomized or 
hypophysectomized animals against high doses of endotoxin, chlorpromazine is 
effective only in the presence of both the adrenals and the pituitary. 

It is particularly important to note that following total sympathetic blockade 
(adrenal demedullation combined with blockade or depletion of catecholamines), 
mortality from both histamine and endotoxin is as markedly increased in rats as by 
complete adrenalectomy. Pretreatment with epinephrine alone suffices to counteract 
the lethality of endotoxin and histamine after sympathetic blockade. Cortisone alone 
only partially corrects the sensitization by adrenalectomy, whereas cortisone + 
epinephrine offers complete protection. Presumably, sympathetic stimulation is the 
first line of defense against the vasomotor disturbance induced by endotoxin or 
histamine. By contrast, the Iethai effects of other stressors (formalin, tourniquet 
shock) though likewise increased by adrenalectomy cannot be aggravated by mere 
sympathetic blockade. On the other band, cortisone alone counteracts the toxicity 
of these latter stressors after adrenalectomy. Apparently, "formalin and tourniquet 
shock is initiated by a mechanism which differs from that elicited by histamine and 
endotoxin and does not primarily involve the sympathetic system." 

+-Luteoids 

The resistance of the mouse to S. enteritidis endotoxin is allegedly diminished by 
progesterone, whereas in the cat, progesterone given conjointly with, or 30 min after, 
endotoxin stabilizes the blood pressure and prolongs survival. These observations 
require confirmation. 
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+- Testoids 

Comparatively few sturlies have been carried out concerning the effect of testoids 
upon endotoxin resistance and even these yielded Contradietory results. It appears, 
however, that 4-chlorotestosterone may increase the resistance of the guinea pig to 
diphtheria endotoxin under certain experimental conditions. 

+- Folliculoids 

Even before pure folliculoids were available, it had been reported by several 
investigators that follicular fluid of cow's ovaries or crude folliculoid extracts can 
protect the mouse against tetanus toxin or the guinea pig against diphtheria toxin. 

In rats, considerable protection against the Iethai effect of endotoxin was allegedly 
obtained by conjugated estrogens given 30-60 min before endotoxin. 

This protection, which lasts only a few hours, has been ascribed to the Iiberation 
of corticoids by the adrenal cortex under the influence of folliculoids. However, this 
interpretation must take into account that under identical conditions, the folliculoids 
are even more active than cortisol. Furthermore, if folliculoids are administered 24 hrs 
before the endotoxin they actually reduce resistance to the latter and predispose to 
the production of hepatic necroses. 

+- Other Steroids 

That there is no close parallelism between glucocorticoid and anti-endotoxio 
activity among steroids is weil illustrated by the observation that 19-oxoprogesterone 
and aldosterone are highly effective in preventing endotoxin shock in the cat, although 
they have no glucocorticoid potency. In fact, 19-oxoprogesterone is also devoid of 
anti-inflammatory and salt-retaining properties. 

Bacterial Toxins+- ef. also Selye B40,000f 
50, p. 68; E 5,986j66, pp.14, 75, 81, 82; G60,083j 
70, pp. 347, 354. 

+-- Corticoids. 
CHIOKEN 

Smith &: Tlwma8 05,334/55: In chick 
embryos, the hemorrhages and death caused 
by inoculation of endotoxins into the chorio
allantoic membrane, were inhibited by corti
sone or cortisol administered simultaneously 
in the same manner. 

Smith &: Tlwma8 097,047/56: In chick 
embryos, the lethal effect of various endo
toxins is prevented by cortisone, cortisol and 
F -COL but not by DOC, prednisone or 
cholesterol. 

Dooley &: Holtman 084,689/59: In chicks, 
the hypoglycemia and fever produced by 

22 Selye, Hormones and Resistance 

Salmonella pullorum endotoxin are inhibited 
by cortisone. However, both endotoxin and 
cortisone produce similar patterns of non
protein nitrogen excretion. 

Wyler et al. D5,696j60: In the chick 
embryo, dexamethasone is 1000 times more 
active than cortisone in preventing fatal 
endotoxin poisoning. Aldosterone is about as 
active as cortisone, whereas prednisolone is 
somewhat more so. DOC is inactive. "Since 
aldosterone, like the anti-inflammatory ste
roids, influences the carbohydrate metabolism, 
this property is discussed as an underlying 
common denominator for the observed effect." 

CAT 

Bein &: Jaques D41,862j60: Cats can be 
protected against fatal endotoxin shock by 
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aldosterone i.v. However, 3ß,16a-dihydroxy
allopregnan-20-one exerts a competitively 
antagonistic effect on this protective action 
of aldoaterone. To a lesser extent, cortisol 
and prednisolone also afford protection, 
whereas corticosterone and DOC are inactive. 
Aldosterone was 100 times more active than 
cortisol or prednisolone, but in contrast to the 
Iatter, it also offered protection in advanced 
stages of endotoxin poisoning. In guinea pigs, 
all the corticoids tested offered protection. 
Furthermore, pretreatment with aldosterone 
"protects mice against the Iethai action of 
E. coli or S. typhimurium toxin as weil as 
against that of hemorrhagic snake venoms 
(Vipera aspis, Crotalus adamenteus), but not 
against the neurotoxic venom of Naja tri
pudians. Prednisolone, which is effective to 
roughly the same degree in the mouse as in 
the rat, has to be administered in doses some 
10-30 times !arger, whereas hydrocortisone 
and cortexone [DOC] display no protective 
action, even in high dosage." 

Bondoc et al. D69,984f62: In cats, aldoste
rone given 30 min after endotoxin prolonged 
survival, and frequently even prevented 
death. No such protection was observed when 
aldosterone was given 30 min before, or si
multaneously with, endotoxin. 

Hayasaka & Howard G 10,112/63: In the 
cat, aldosterone administered 30 min after an 
otherwise fatal dose of E. coli endotoxin 
increased survival. On the other hand, when 
aldosterone was incubated with diphtheria 
toxin it did not prevent the development of a 
positive Schick test when the mixture was 
injected into non-immunized guinea pigs. 
Furthermore, aldosterone given to immunized 
guinea pigs did not prevent the antigen
antibody reaction upon subsequent injection 
of diphtheria toxin. 

Hayasaka & Howard D31,136f63: "d-Aldo
sterone, when incubated for 30 minutes at 
37° C. with the lipopolysaccharide derived 
from E. coli, appears to reduce the resulting 
toxicity of the endotoxin as measured by the 
survival rate in cats. The possibility that 
aldosterone combines with, or otherwise 
alters, the chemical structure of the endo
toxin is suggested." 

Hayasaka et al. E31,522f63: Aldosterone 
and, to a lesser extent, cortisol given 30 min 
after endotoxin, protect the cat against Iethai 
shock. Earlier Iiterature on the prevention of 
endotoxin shock by various corticoids is 
reviewed. 

DoG 
Ebert et al. E56,239f55: In dogs, cortisone 

failed to modify the effect of meningococcus 
toxin on the circulation. Apparently "adrenal 
insufficiency was not playing an important 
role in the production of circulatory failure 
following the administration of meningococcus 
toxin." 

Lillehei & McLeanD59,725f58; D84,873f59: 
In dogs, cortisol treatment increased survival 
from endotoxin shock. 

Melby et al. 065,221/59: In dogs, E. coli 
endotoxin i.v. raises SGOT presumably as a 
consequence of cellular injury and this effect 
can be prevented by cortisol. 

Vick 084,708/60: In dogs, survival from 
shock due to E. coli endotoxin is prolonged 
by cortisol, especially if given in combination 
with metaraminol. 

Weil & Miller D97,273f60; Weil 091,305/60: 
In dogs, both metaraminol and prednisolone 
increased survival after treatment with E. coli 
entotoxin. The best results were obtained by 
combined treatment with prednisolone and 
metaraminol. 

Longerbeam & Lillehei D3,868f61: In dogs, 
pretreatment with cortisone did not appre
ciably alter the disturbances in intestinal 
hemodynamics caused by endotoxin shock. 
However dibenzyline did ameliorate them, and 
catecholamines aggravated them. Apparently 
"the protective action of cortisone is not 
mediated through a hemodynamic mechanism." 

Spink & Vick 098,717!61: In the dog, 
endotoxin shock could not be prevented by 
cortisol unless metaraminol was simultaneously 
administered. 

Viek & Spink D43,929f61: Canine endotoxin 
shock is effectively combated by cortisol + a 
pressor drug. Addition of hydralazine to this 
combination further augments its beneficial 
effect. 

Smith et al. D18,862f64: Large doses of 
cortisol improved blood pressure, cardiac 
output and survival in canine endotoxin shock. 

Vick F48,509f65: In the dog, cortisol 
andfor isoproterenol cause temporary impro
vement in endotoxin shock but no increase in 
survival time. 

Viek et al. F58,531f65: In dogs, survival 
from endotoxin shock was not significantly 
altered by cortisol. 

Hinshaw et al. F65,403f66: Observations 
on perfused organ preparations of dogs 
"suggest that prednisolone exerts significant 
vascular effects on both hepatic and forelimb 
vascular beds in endotoxin shock." 
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Thoma8 & Brackman F82,789f66: In dogs, 
survival in lethal endotoxin shock was pro
longed by pretreatment with methylpredni
solone or cortisol but post treatment with the 
same glucocorticoids hastened death. Aldo
sterone was without effect. "These studies do 
not support the use of steroids in endotoxin 
shock." 

Lillehei et al. G45,335f67: CortiBol given 
30--60 min after endotoxin greatly reduces 
mortality from shock in the dog. 

Loggie et al. F99,839f68: In 6-9 day old 
beagles, cortisol sodium succinate i.v. one 
hour before i.v. injection of lethal doses of 
E. coli endotoxin increased the survival rate, 
whereas given immediately after endotoxin, 
the glucocorticoid offered no protection. 

Motsay et al. H 32,852/70: In dogs, massive 
doses of glucocorticoids (e.g., methylpredniso
Jone) can offer protection against circulatory 
shock produced by overdosage with epinephrine 
or endotoxin. The prophylactic effect is ascrib
ed primarily to a protection of the microcircu
Iation. 

GUINEA Pm 

Scott et al. 15,446/33: The resistance of 
intact guinea pigs to diphtheria toxin or that 
of rats to Trypanosoma equiperdum or mice to 
infection with Pneumococcus Type I was not 
influenced by pretreatment with large amounts 
of a life-maintaining adrenocortical extract 
("cortin"). It does not appear to be 
possible to raise resistance above normal in 
intact animals but there iB considerable evid
ence to show that various types of intoxica
tion and infection cause structural darnage to 
the adrenal and interfere with its function. 

Zwemer & Jungeblut 53,287/35: Pretreat
ment with an adrenocortical extract containing 
the "life maintaining principle" protects 
guinea pigs against the cutaneous necrosis 
elicited by i.c. injection of diphtheria toxin. 
The lethal effect of s.c. injected diphtheria 
toxin in guinea pigs is diminished upon incu
bation with the adrenocortical extract in vitro 
at room temperature. 

Berger 95,075!37: Contrary to earlier 
claims, it has not been possible to combat 
diphtheria intoxication in guinea pigs by adre
nocortical extracts in combination with 
vitaminC. 

Schmidt 94,670!37: In guinea pigs, infection 
with diphtheria bacilli or intoxication with 
diphtheria toxin can be combated by adreno
cortical extracts in combination with vitamin C. 

22• 

de Marchi A30,837f38: In guinea pigs, 
adrenocortical extract offers partial protection 
against diphtheria toxin. 

Murray & Branham B65,414f51: Neither 
ACTH nor cortisone improved the resistance 
of guinea pigs to diphtheria toxin or of mice to 
Shiga and meningococcus toxin. 

Tonutti B69,136f52: Although cortisone 
normalizes the low diphtheria toxin resistance 
of hypophysectomized guinea pigs, it does not 
raise the resistance of intact guinea pigs above 
normal. 

Brainerd & Scaparone B87,957f53: In 
guinea pigs, cortisone failed to influence the 
Iethai effect of diphtheria toxin or to prevent 
its neutralization by diphtheria antitoxin in 
vivo. 

Boquet et al. E52,759f56: In guinea pigs, 
cortiBone may either increase or decrease 
resistance to typhoid endotoxin, depending 
upon dosage. 

Nola et al. 033,308/57: In guinea pigs, 
cortisone pretreatment failed to protect against 
inoculation of live diphtheria organisms or 
diphtheria toxin. 

Farrar & Magnani F6,647f64: Homoge
nates of normal guinea pig liver rapidly de
toxify endotoxins in vitro, whereas homo
genates of livers damaged by CCI, do not. 
Adrenalectomized animals are notoriously 
sensitive to endotoxin, but pretreatment of 
guinea pigs with testosterone or cortisone does 
not influence their resistance to toxic doses of 
endotoxin and hence the detoxifying ability 
of the liver does not appear tobe under steroid 
control. 

Batliwalla & Deshpande G43,844f66: In 
guinea pigs, cortisone can protect the myocar
dium, liver, kidney and suprarenals against 
darnage induced by diphtheria toxin. 

Kovdcs & Görög H2,570f68: Salmonella 
typhosa endotoxin i.v. induces a broncho
constriction in guinea pigs; thiB can be pre
vented both by antihistamine and by predni
solone. 

MONKEY 

Spink et al. D61,007j63: In Mangabey 
monkeys, E. coli endotoxin produces hypo· 
tension, oliguria, hyperkalemia and death. 
These effects are counteracted by aldosterone, 
especially in combination with angiotensin. 

Vick et al. E20,146f63: In the dog and 
monkey, cortisol helped to maintain the arte
rial blood pressure during endotoxin shock. 
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MousE 

Singer B316f40: Miceare protected against 
Clostridium welchii toxin i.p. by pretreatment 
with DOC s.c. 

Beck & Voloshin B58,271f50: In mice, 
tolerance for Serratia marcescens tumor
necrotizing polysaccharide is increased by 
cortisone. 

Jackson & Smadel B77,408f51: In intact 
mice, neither ACTH nor cortisone pretreat
ment raised resistance to the toxins of R. 
tsutsugamushi, R. prowazeki or S. typhosa. 

Jackson & Smadel E52,720f51: Intact 
mice pretreated with cortisone or ACTH "were 
given lethal amounts of the toxins of R. 
tsutsugamushi, R. prowazeki, or S. typhosa. 
Such animals were as susceptible to the toxins 
as normal controls. Neither hormone had any 
therapeutic effect in mice infected with 
R. tsutsugamushi. Furthermore, treated and 
untreated mice in a terminal phase of infection 
with R. tsutsugamushi were equally suscept
ible to the toxin of this rickettsia when in
jected intravenously. In the current experi
ments the adrenal cortex of normal or infected 
animals apparently contributed as effectively 
as possible in the host's response to rickettsial 
or bacterial toxins and further stimulation was 
without advantage." 

Ohedid et al. B91,161f52: DOC does not 
alter the resistance of the intact or adrenal
ectomized mouse to S. enteritidis endotoxin 
but progesterone diminishes it considerably. 

Bayer & Ohedid 0624/53: Cortisone pro
tects the mouse against lipopolysaccharide 
antigens or infections with germs possessing 
such antigens, such as S. typhi, Neisseria 
meningitidis. Cortisone does not protect 
against the infection with E. coli, Shigella 
dysenteria, although they also possess lipo
polysaccharide antigens, nor against Staphy
lococcus aureus, Streptococcus pyogenes, Pseu
domonas aeruginosa, Klebsiella pneumoniae, 
which do not possess such antigens. Cortisone 
is also ineffective against the exotoxins of 
diphtheria, tetanus or dysentery organisms. 

Greene et al. B94,257f53: In mice, cortisone 
or DOC did not significantly affect the res
ponse to tetanus toxin or tetanus spore in
fection. 

Maral 017,604/53: Cortisone is highly 
effective in combating endotoxin poisoning 
in the mouse but comparatively less potent 
against tetanus toxin. It has no effect upon 
diphtheria intoxication in the guinea pig or 
Cl. histolyticum-toxin poisoning in mice. The 

effect of cortisone is compared with that of 
chlorpromazine in all these tests. 

Parker et al. D77,476f53: In mice and 
guinea pigs, cortisone failed to alter the effect 
of diphtheria tetanus and botulinum toxins. 

OhrJdid 01,930/54: Pertussis vaccine aboli
shes the ability of cortisone to protect the 
mouse against endotoxin. The protective 
effect of chlorpromazine is also abolished. 

Ohedid 0622/54: Pertussisvaccine sensitizes 
the intact mouse both to histamine and to 
typhoid endotoxin. Under these conditions, 
both promethazine and cortisone protect the 
animals against fatal doses of histamine but 
not against endotoxin. In adrenalectomized 
mice, cortisone does protect against endotoxin. 

Geller et al. B98,147f54: Cortisone offers 
definite protection in mice given otherwise 
lethal doses of Escherichia intermedium 
endotoxin. In order to be effective, cortisone 
must be injected simultaneously with or before 
the endotoxin. Complicating transient bacter
emia, presumably of intestinal origin, can be 
suppressed by antibiotics. Interference by 
antibiotics with cortisone protection was 
dernonstrahle only when the antibiotics were 
given after cortisone. 

Spink & Anderson B95,168f54: Cortisone 
protects mice against the lethal effect of 
Brucella endotoxin. 

Gallut 014,519/55: Mice can be protected 
against fatal intoxication with cholera Vibrio 
endotoxin by cortisone or ACTH but the 
degree of protection depends upon dosage and 
timing. 

Barbazza 013,021/55: Pretreatment with 
cortisol protects the mouse against fatal 
intoxication with typhoid endotoxin. [In the 
Italian text, the animals are described as 
"topi" which may mean rat or mouse; they 
are said to have weighed 20 g which would 
suggest mice, but in the foreign langnage 
summaries, they are consistently referred to 
as rats, which makes interpretation difficult 
(H.S.).] 

Biozzi et al. E22,483f55: In mice multiple 
i.v. injections of killed S. typhi or of its 
endotoxin greatly stimulate the phagocytic 
activity of the RES. Cortisone inhibits this 
effect, "in this way it impairs the defences of 
the animal against invading bacteria." 

Ohedid & Bayer 010,098/55: In mice, 
resistance to S. enteritidis endotoxin is 
greatly diminished during pregnancy and the 
protective effect of cortisone is also inhibited. 

Moll D38,913f56: "The resistance of wean
ed mice to the effects of Escherichia coli 
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and Salmonella typhimurium endotoxins was 
increased during the administration of corti
sone and markedly decreased subsequent to 
its abrupt withdrawal." 

A.bernathy & Spink G68,366f57: "Mice 
protected against an initial Iethai challenge 
with brucella. endotoxin by treatment with 
oortisone acetate, 9-alpha-fluorohydrocorti
sone acetate, o.r chlorpromazine develop 
resistance to subsequent challenge to endo
toxin." 

Gordon & Lipton 033,200/57: Certain 
strains of mice can be protected against 
endotoxin shock by 5-HT. While cortisol has 
no effect in itself, it increases the prophylactic 
action of 5-HT. 

Tauber & Garsan 051,966/58: "Cortisone 
significantly protected mice from the lethality 
of Neisseria gonorrhseae endotoxin." 

Benaceraff et al. 067,852/59: Zymosan 
renderB mice highly susceptible to Iethai 
effects of endotoxin at a time when the RES is 
greatly stimulated but this sensitization is 
abolished by cortisone. 

Berry et al. 073,198/59: Mice of different 
strains were protected by cortisone against the 
Iethai effect of various bacterial endotoxins. 
The effect may be related in some way to the 
hepatic glycogen stores which are depleted by 
endotoxin and increased by cortisone. 

Ribble et al. 092,576!59: "Doses of corti
sone that prevented death did not materially 
influence the rate of removal or organ 
distribution of Iethai amounts of radioactive 
E. coli endotoxin in normal mice." Cortisone 
did not alter the resistance of mice made 
tolerant to E. coli endotoxin or their ability 
to clear radioactive endotoxin from the blood 
and tissue. 

Gordon & Lipton 094,649/60: 5-HT reduces 
endotoxin mortality in mice. This effect is 
greater in females than in males and is poten
tiated by cortisol. Thyroxine aggravates the 
toxicity of endotoxin. 

Ohedid & Parant D6,761f61: The protec
tion of intact mice against endotoxin shock 
by cortisone is inhibited by reserpine. The 
same is true in adrenalectomized rats, whereas 
after hypophysectomy oortisone is even more 
effective in offering protection against endo
toxin but reserpine no Ionger blocks this 
effect. Apparently the drug interferes with the 
cortisone effect only in the presence of the 
pituitary. 

Liashenko D51,368f60; D50,402f61: A 
single dose of cortisone can protect mice from 
intoxication with dysenteric endotoxin. The 

hormone also offers resistance against infec
tions with Bacterium dysenteriae Flexneri 
and Staphylococcus aureus and increases the 
therapeutic efficacy of levomycetin. 

Berry & Smythe E28,203f63: Review of the 
Iiterature and personal observations on the 
protection of intact mice by oortisone against 
fatal endotoxin poisoning. Cortisone increases 
hepatic TPO activity and both nicotinamide 
and DPN (compounds involved in TPO 
induction}, hence the protective effect of corti
sone may be mediated through these com
pounds. 

Previte & Berry E89,101f63: In mice, 
exposure to the stress of cold decreases resist
ance to endotoxin perhaps becauseof an initial 
"depletion of corticoid reserves." Cortisone 
protects even against the combined effect of 
endotoxin + cold. 

Turner & Berry E36,911f63: In mice, 
various bacterial endotoxins prolong gastric 
emptying time while cortisone reduces this 
inhibition. 

Berry F24,603f64: The glyooneogenetic 
effect of a single cortisone injection is about 
the same in mice whether they are kept in the 
cold or at room temperature. However, 
endotoxin causes a much more pronounced fall 
in hepatic glycogen in the cold and this effect 
cannot be readily prevented by cortisone. 
In cold-exposed mice, cortisone also falls to 
induce an increase in hepatic TPO. 

Berry G68,858f64: In mice, injection of 
endotoxin causes a drop in TPO as weil as in 
oxidized pyridine nucleotides in the liver, 
presumably DPN and TPN. (This is not un
expected since TPO catalyzes a key reaction 
in the conversion of tryptophan into nicotin
amide, a portion of the pyridine nucleotide 
molecule.) Possibly, the decline in DPN andfor 
TPN "is one of the significant metabolic lesions 
avoided or corrected by the administration 
of corticoid to the endotoxin-poisoned animals. 
This suggestion is supported by the finding 
that either nicotinamide or DPN, when given 
at the same time as endotoxin, protects 
against lethality to about the same extent as 
cortisone." 

Berry & Smythe D19,640f64: In mice, 
S. typhimurium endotoxin lowers hepatic 
TPO, whereas cortisone raises it; when the two 
are administered simultaneously a normal 
enzyme Ievel is maintained and mortality 
greatly diminished. H cortisone injection is 
delayed for a few hours it fails to induce TPO 
or protect against the Iethai effect of endotoxin. 
Inhibitors of enzyme protein synthesis (acti-
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nomycin D, ethionine, 2-thiouracil and 8-aza
guanine) potentiate the lethal effect of endo
toxin and abolish cortisone protection. 

Chedid et al. E8,476f64: In mice, moderate 
doses of cortisone increase resistance to endo
toxin without accelerating its blood clearance 
and detoxication. Heavy prolonged cortisone 
overdosage increases susceptibility to endo
toxin. 

Kostrubiak & Howard G57,804{64: In mice, 
aldosterone exhibited no protective value 
against the lethal effect of Clostridium welchi 
alpha-toxin. Apparently corticoids are effec
tive only against endotoxins, not against 
exotoxins. 

Kostrubiak & Howard F43,646f65: Aldo
sterone, admixture to tetanus toxin, protects 
the mouse against shock. 

B6br & Ptak G47,053f66: Four-day pre
treatment with cortisol i.p. increases the 
resistance of intact male or female mice to 
fatal doses of staphylococcal a-toxin i.v. Since 
alloxan had a similar effect, whereas tolbut
amide increased sensitivity to a-toxin, the 
protective action of cortisol is ascribed to its 
gluconeogenic effect. "It should also be noted 
that a-toxin in rabbits produces disturbances 
in carbohydrate metabolism, leading to 
hypoglycaemia. Present findings of hypo
glycaemia following the a-toxin inoculation in 
mice confirm these earlier observations." 

Berry et al. H2,124f68: Studies on the 
influence of hypoxia, glucocorticoids and 
endotoxin on hepatic enzyme induction and 
survival in mice. "Endotoxin inhibited the 
induction of tryptophan oxygenase, prevented 
the increase in liver glycogen, induced the 
transaminase, and increased the lethality of 
simulated altitude. Cortisone increased survival 
at all altitudes except the highest. These obser
vations emphasize the importance of these 
metabolic adjustments for the survival of 
animals subjected to hypoxic stress." 

Lauf er et al. H 13,434{68: The amyloidosis 
produced in mice by tubercle bacilli in 
Freund's adjuvant, or by mixtures of endo
toxins can be prevented by pretreatment with 
cortisone, but once the amyloid is deposited 
cortisone had no effect. 

Agarwal & Berry G65,866f69: In mice, 
cortisone induced liver TPO and increased 
liver pyridine nucleotide Ievels after pretreat
ment with zymozan or glucan. It also protect
ed such animals against the lethal effects of 
endotoxin. The observations are "consistent 
with the view that a cause and effect relation
ship may exist between hormone induction of 

selected hepatic enzymes and survival against 
stress." 

Jetfries H 19,361{69: In mice the liver 
glycogen-depleting effect of endotoxin is inhi
bited by cortisone. Aminoglutethimide (an 
inhibitor of corticosteroid synthesis) increases 
the susceptibility to endotoxin and the asso
ciated liver glycogen depletion but cortisone 
is able to combat even the glycogen depleting 
effect of this combination treatment to some 
extent. 

Rose & Bradley H 19,375{69: In mice, 
endotoxin resistance is greatly decreased by 
concurrent treatment with the antitumor anti
biotics, sparsomycin or pactamycin. Even this 
enhanced toxicity is inhibited by methyl
prednisolone. 

Rose & Bradley G79,576f70: In mice, endo
toxin resistance is greatly decreased by simul
taneous treatment with sparsomycin. Aldoster
one fails to protect against the toxicity of the 
combined treatment. 

RABBIT 

Katabuchi 44,803{29: In rabbits injected 
with typhoid toxin, the production of an anti
scrum is enhanced by adrenocortical extract but 
to a lesser degree also by extracts of various 
other organs. 

DutfyJr. & Morgan B65,399f51: In rabbits, 
the febrile response to Shigella dysenteriae 
endotoxin is diminished following pretreat
ment during 48 hrs with repeated large doses 
of ACTH or cortisone. Pretreatment during 
24 hrs with smaller doses of these hormones 
exerts an opposite effect. "This appears to 
account for the discrepancies in the results 
previously reported." 

Thomas et al. B57,977f51: The topical 
response to an intradermal or intraconjunctival 
injection of endotoxin is inhibited by corti
sonein rabbits. On the other hand, endotoxin 
i.v. causes bilateral cortical necroses in rabbits 
and hamsters pretreated with cortisone. 

Bennett Jr. & Beeson B95,351f53: In 
rabbits, the febrile response to a single injec
tion of various endotoxins may be decreased, 
increased or unchanged by treatment with 
ACTH or cortisone. Acquired resistance to 
pyrogen fever is abolished by Thorotrast but 
not by cortisone although both these agents 
prevent the Shwartzman reaction. 

Thomas B92,009f54: In mature rabbits, 
the early lethal effects of endotoxin can be 
prevented by cortisone pretreatment, although 
renal necrosis does occur. 
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Thomas &: Smith E23,202f54: In rabbits, 
cortisone prevented the early reaction of pros
tration and death produced by endotoxin i.v. 
but in some of the rabbits pretreated for three 
days bilateral renal cortical necrosis occurred 
within 24 hrs after endotoxin. When a single 
injection of cortisone was given 6 hrs before 
endotoxin, protection against prostration and 
death was dernonstrahle without subsequent 
development of renal cortical necrosis. The 
early Iethai reaction caused by smail amounts 
of endotoxin foilowing coiloidal iron Saccha
rate i.v. was prevented by cortisone. 

JanoU et al. D35,553f62: Studies on the 
hepatic lysosomal enzymes of rats and rabbits 
after traumatic or endotoxin shock, adrenal
ectomy, or treatment with cortisone suggested 
that "a) disruption of Iysosomes and release 
of their contained enzymes in free, active 
form may occur in liver and intestine of 
shocked animals. b) The activation of lyso
somal hydrolases within cells and their release 
into the circulation may play an important 
role in exacerbating tissue injury and accelerat
ing the development of irreversibility during 
shock. c) The increased stability of Iysosomes 
of tolerant and of cortisone-treated animals 
may constitute an important component of the 
resistance of these animals to shock." 

Weis817ULnn &: Thomas D23,630f62: Foilow
ing endotoxin treatment in vivo, the hepatic 
Iysosomes of the rabbit release their enzymes 
readily upon ultraviolet irradiation. This 
increased lability is in turn prevented by 
pretreatment of the animals with cortisone 
for three days before endotoxin administra
tion. Apparently "one action of endotoxin is 
to release acid hydrolases from particulate 
form within cells, and that glucocorticoids serve 
to stabilize such partielas against injury by 
several agents." 

Weissmann &: Thomas D35,555f62: In 
rabbits, endotoxin shock is associated with the 
release of hepatic lysosomal acid hydrolases 
(ß-glucuronidase, cathepsin). This effect is 
prevented by glucocorticoids, but not by DOC. 
"Thus, glucocorticoids, in a variety of experi
mental situations, appear to decrease the 
Iiberation of potentially harmful enzymes from 
Iysosomes, and may in fact function physiologi
cally to stabilize the boundaries of these sub
ceilular particles." 

Gonzalez et al. F88,028f67: In rabbits, 
neither corticosterone nor cortisol affered any 
significant protection against shock produced 
by E. coli endotoxin. 

DieckhoU et al. H 1,991/68: Prednisolone 
diminished endotoxin shock and prolonged 
survival foilowing production of a generalized 
Shwartzman-Sanarelli phenomenon in the 
rabbit, without significantly altering the 
characteristic vascular lesions. 

Fine et al. G53,608f68: General review on 
the beneficial effect of treatment with various 
glucocorticoids upon hemorrhagic, endotoxin 
and traumatic shock in rabbits. 

RAT 

Ingle B42,751f47: Neither adrenocortical 
extract nor DOC protects the rat against 
diphtheria toxin. 

Jasmin B80,596f53: A dose of meningo
coccus toxin i.v. weil tolerated by nonpregnant 
rats produces eclampsia-like hemorrhagic 
lesions in the liver of pregnant or cortisone 
pretreated animals. 

Ganley et al. 07,489/55: Rats cannot be 
protected against the Iethai effect of Cl. 
perlringans toxin by ACTH, adrenocortical 
extract, cortisol, cortisone or DOC. 

Levitin et al. 026,683/56: Cortisol, corti
costerone, and cortisone, as weil as ACTH 
protect the rat against endotoxin, whereas 
DOC does not. 

Weil et al. F 4,907/64; Weil &: .Allen 
F 14,091/64: Experiments on the protection 
by various glucocorticoids against endotoxin 
shock in the mouse and rat. "The demonstra
tion of significantly higher survival rates with 
prednisolone, and especiaily with dexametha
sone in pharmacological doses indicates that a 
drug actionrather than hormonal replacement 
accounts for therapeutic effectiveness." 

Renaud et al. F74,449f66: In rats, kept on a 
hyperlipemic diet, ACTH, cortisol or predni
solone protected against the production of 
shock and hepatic vein thromboses by S. ty
phosa lipopolysaccharide. DOC increased mor
tality and did not protect these thromboses. 

Nolan &: .Ali G55,490f68; Nolan et al. 
H 5,204/68: In rats, pretreatment with corti
sol, corticosterone, ACTH, Thorotrast (to 
block the RES) or endotoxin 24 hrs before 
endotoxin chailenge did not increase the mor
tality rate. 

Renaud &: Latour F99,806f68: In rats kept 
on a hyperlipemic diet, the production of 
phlebothromboses by S. typhosa lipopolysac
charide is inhibited by triamcinolone. 

Selye P ROT. 32990: In rats, pretreatment 
for 4 days, or even for only one day, with large 
doses of cortisol, cortisone, triamcinolone, 
dexamethasone, betamethasone, prednisolone, 
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Table 120. Protection by glucocorticoids against endotoxin poisoning 

Treatmenta 

None 
Cortisol-Ac 10 mg 
Cortisone-Ac 10 mg 
Triamcinolone 10 mg 
Dexamethasone-Ac 2 mg 
Betamethasone-Ac 2 mg 
Prednisolone-Ac 10 mg 
Prednisone-Ac 10 mg 
Solu-Cortef 10 mgb 

Prostrationc 
(Positive/Total) 
Pretreatment 
1 day ff. 

5/5 
0/5 *** 
Oj5 *** 
Oj5 *** 
Oj5 *** 
OJ5 *** 
Oj5 *** 
0/5 *** 

3 days ff. 

2/10 
0/10 NS 
Oj10 NS 
0/10 NS 
Oj10 NS 
Oj10NS 
Oj10NS 
0/10 NS 
Oj10NS 

Mortalityc 
(DeadjTotal) 
Pretreatment 
1 dayff. 3 days ff. 

5/5 9/10 
2/5NS 2/10 *** 
2j5NS 2/10 *** 
0/5 *** 1/10 *** 
1/5 * 0/10 *** 
Oj5 *** 0/10 *** 
OJ5 *** 0/10 *** 
1/5 * 1/10 *** 

0/10 *** 
a The rats (100 g ~) of all groups received E. coli 026:B6 1.5 mg per 100 g body weight, 

in 1 ml water, i.v. once, 4th day. The glucocorticoids were given at the doses indicated in 
1 ml water, p.o. x2jday, 1st day or 3rd day ff. and on the 4th day 1 hr before E.coli injection, 
except Solu-Cortef ( cortisol-21-Na-succinate). 

b Solu-Cortef was given in 1 ml water, i.v. once, 30 min before E.coli endotoxin administration. 
c The severity of the prostration was estimated for the 1 day pretreated groups: 3 hrs after 

endotoxin injection and for the 3 days pretreated groups: 2 hrs later. Mortality was listed 24 hrs 
later (Fisher & Yates test). 

For further details on technique of tabulation cf. p. VIII. 

prednisone or Solu-Cortef offered considerable 
protection against the lethal effects of E. coli 
endotoxin i.v. cf. Table 120 

Selye P ROT. 41632: In rats, the inhibition 
of E. coli toxicity by cortisol is abolished follow
ing pretreatment with dactinomycin or cyclo
heximide at dose levels at which these anta
onists arenot demonstrably toxic by themselv
es. On the other hand, metyrapone, puromycin 
aminonucleoside (PAN) and ethionin do not 
block cortisol protection; indeed, metyrapone 
may slightly enhance it cf. Table 121. 

SHEEP 

Halmagyi et al. D68,121j63: In sheep, the 
cardiovascular manifestations of endotoxin 
shock could not be prevented by 0.2 mgjkg of 
d-aldosterone i.v. 30 min before the injection 
of E. coli endotoxin. 

MAN 
Abernathy & Spink 048,635/58: In man, 

cortisol or ACTH suppressed or ameliorated 
reactions to Brucella endotoxin. 

Weil et al. G68,706j62: In man, endotoxin 
shock is very effectively prevented by combi
ned treatment with glucocorticoids (cortisol, 
prednisone, dexamethasone) and vasoactive 
agents (especially metaraminol). 

Cherry G74,846j70: Review of the use of 
glucocorticoids in the treatment of endotoxin 
shock in man. 

VARIA 

Chedid & Boyer 017,612/55: Review of the 
literature and personal observations on the 
effect of cortisone upon resistance to bacterial 
toxins in comparison with similar effects of 
chlorpromazine. 

Weil & Spink D96,274j57: Review on the 
prevention of endotoxin shock by glucocorti
coids in various species. 

Kass D35,079j60: "In only two situations 
have adrenocortical hormones been shown to 
be protective to the host: the replacement of 
hormone in hypoadrenalism, and the protec
tive action against the lethal toxicity of bac
terial lipopolysaccharides." There appears to 
be no clear-cut relationship between the gluco
corticoid and anti-endotoxic activity of ste
roids, as judged by Table 122. 

Weil G68,214j61: Review of the literature 
on the prevention of endotoxin shock by 
glucocorticoids in the dog, mouse and rat. 
Personal observations on mice demonstrated 
the efficacy of cortisol, prednisolone, dexa
methasone and methylprednisolone in increas
ing survival after E. coli endotoxin i.p. 



+-- Steroids 345 

Table 121. Effect of dactinomycin, metyrapone, puromycin aminonucleoside and cycloheximide upon 
the prevention of endotoxin shock by cortisol 

Group Treatments Dyskinesia b Mortalityb 
(Positive/Total) (DeadjTotal) 

1 E. coli 20/21 20/21 
2 Cortisol ac. + E. coli 9/20 *** 7/20 *** 
3 Dactinomycin 0/10 0/10 
4 Dactinomycin + E. coli 10/10 10/10 
5 Cortisol ac. + Dactinomycin + E. coli 10/10 *** 10/10 *** 
6 Metyrapone 0/10 0/10 
7 Metyrapone + E. coli 10/10 10/10 
8 Cortisol ac. + Metyrapone + E. coli 0/10 * 0/10 * 
9 PAN 0/10 0/10 

10 PAN+ E. coli 9/10 9/10 
11 Cortisol ac. + PAN + E. coli 3/10NS 3j10NS 
12 Cycloheximide 0/10 0/10 
13 Cycloheximide + E. coli 10/10 10/10 
14 Cortisol ac. + Cycloheximide + E. coli 10/10 *** 10/10 *** 
15 Ethionin 0/10 0/10 
16 Ethionin + E. coli 10/10 10/10 
17 Cortisol ac. + Ethionin + E. coli 2j10NS 2/10NS 

a The rats received E. coli 0.26: B6 (1.5 mg in 1 ml water, i.v.) at 0 hr after cortisol acetate 
(2 mg in 1 ml water, p.o.) was admirristered at -1 hr. In addition, at -30 min, certain groups 
received dactirromycin (70 !Lg in 0.2 ml water, i.v.), metyrapone (12 mg in 0.1 ml corn oil, i.p.) 
puromycin aminonucleoside "PAN" (10 mg in 0.2 ml water, i.p.), cycloheximide (25 !Lg in 0.2 ml 
NaCl, s.c.), or ethionin (50 mg in 2 ml 0.9% NaCl, i.p.). 

b Dyskinesia was estimated 24 hrs after injection of E. coli, and mortality listed 24 hrs later. 
For statistical purposes, group 2 was compared with group 1, and groups 5, 8, 11, 14, and 17 with 
group 2 ("Exact Probality Test"). For further details on technique of tabulation cf. p. VIII. 

Weil & Allen D7,883j61: A review on the 
protection offered by various glucocorticoids 
agairrst endotoxin shock in the mouse, rat and 
dog. The rate of removal and organ distribu
tion of radioactive E. coli endotoxirr is unal
tered by cortisone, and the steroids are as
sumed to protect the tissues "by their physical 

Table 122. Relative anti-inflammatory ( gluco
corticoid) and anti-endotoxic effects of steroids 

Steroid 

Cortisol 
Corticosterone 
Prednisone 
Prednisolone 
6-a-Methylprednisone 
11-Deoxycorticosterone 
11-a-OH-progesterone 

Anti- Anti-
inflam- endo
matory toxic 

1.0 1.0 
0.5 0.7 
3.5 0.7 
4.0 1.3 
5.0 30.0 

<0.1 0.1 
<0.1 0.03 

presence." This view is allegedly supported by 
the suppression of increased serum trans
aminase by hydrocortisone. In any event, the 
corticoids do not protect in a "nonspecific 
manner" agairrst irrjuries, sirrce prednisolone 
phosphate i.p. protects agairrst the Iethai 
effect of endotoxin but not agairrst that of 
mecamylamine, chlorpromazirre, metaramirrol 
or dibenzyline as judged by experiments on 
intact, mice. The protective effect of glucocor
ticoids admirristered i.p. at 15 min and again 
at 4 hrs after E. coli endotoxin i.p. decreases 
in the followirrg order: cortisol sodium succi
nate, prednisolone phosphate, methylpredni
solone sodium succinate, and dexamethasone 
phosphate. 

Spink D39,028j62: Review on the protec
tive effect of glucocorticoids in endotoxin 
shock. "Although endotoxin shock does not 
appear to be associated with adrenal insuffi
ciency except on rare occasions, this does not 
preclude the possibility that under severa 
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stress physiologic amounts of adrenal hormone 
are inadequate, and pharmacologic doses of 
exogenous adrenal steroid are desirable." 
Protection has also been obtained with 
aldosterone. 

Lillehei et al. E31,273f63: Review on the 
beneficial action of cortisol in canine endo
toxin shock. 

Fukui E8,467J64: Review of the Iiterature 
on the increased endotoxin resistance induced 
by cortisone with a discussion of possible 
underlying mechanisms. 

Janoff &: Kaley E8,484J64: Review of the 
Iiterature supporting the concept that endo
toxins act by disruption of Iysosomes with 
release of their contained enzymes and that 
cortisone protects against the resulting shock 
by stabilizing lysosomal membranes. 

Samhhi et al. G68,985J64: Review on the 
action of glucocorticoids and aldosterone in 
traumatic and endotoxin shock in animals 
and men. 

Weissmann &: Thomas E8,482f64: Review 
of the Iiterature showing that cortisone, 
unlike DOC, stabilizes hepatic lysosomal 
membranes against the permeability-increas
ing effect of endotoxin. 

Janoski et al. E7,896f68 (p. 282): Review 
suggesting that many of the actions of gluco
corticoids particularly the inhibition of ultra
violet ray injury, vitamin-A overdosage and 
endotoxin shock are due to the stabilization of 
Iysosomal membranes which prevents the es
cape of toxic Iysosomal enzymes. 

+- Adrenaleetomy. Belding &: Wyman 
3,915/26: Adrenalectomized rats are parti
cularly sensitive to diphtheria toxin. 

Halberg et al. G68,353f56: Adrenalectomized 
mice are protected against the hypothermic 
and Iethai effects of Brucella endotoxin by cor
tisone, cortisol, fluorocortisol and aldosterone 
in decreasing order of activity. 

Brooke et al. D11,627f61: In adrenalecto
mized rats protection against the Iethai 
effects of endotoxin can serve as the basis of 
an assay of corticoids. However, this effect does 
not parallel antiphlogistic activity. 

Yokoi et al. D8,839f61: In rabbits, a bi
phasic fever pattem is elicited by Sh. ßexneri 
type 6 pyrogen. The biphasic nature of the 
response was maintained after thyroidectomy 
but largely abolished by adrenal demedulla
tion. 

Higginbotham D21,395f62: In mice, re
sistance to 5-HT, endotoxin and anaphylactic 
shock is markedly decreased by adrenalec
tomy. Cortisol readily restored resistance to 

5-HT but was less effective with regard to 
endotoxin and anaphylactic shock. Resistance 
to histamine and histamine releasers is less 
markedly diminished by adrenalectomy in the 
mouse, and large doses of cortisol are 
required to induce a measurable increase in 
resistance to histamine. 

Parant D82,116f62: In mice, resistance to 
endotoxin is greatly decreased a few hours 
after adrenalectomy or hypophysectomy. 
Cortisone protects normal, adrenalectomized, 
and hypophysectomized animals against high 
doses of endotoxin, whereas chlorpromazine is 
effective only in the presence of both the 
adrenals and the pituitary. ACTH also 
protects the hypophysectomized mouse, but 
only if slow absorption is assured. 

Krawczak &: Brodie H25,296f70: In rats, 
complete blockade of sympathetic function can 
be achieved by demedullation combined with 
reserpine-like agents (depleting catecholamine 
stores), bretylium-like agents (preventing nerve 
impulse from releasing catecholamines) or 
ganglioplegics. Following such total sympa
thetic blockade, mortality from histamine or 
endotoxin is as markedly increased as by 
adrenalectomy. Pretreatment with epine
phrine alone counteracts the increased letha
lity of endotoxin and histamine after sym
pathetic blockade. Cortisone pretreatment 
only partially corrects the sensitization by 
adrenalectomy, whereas cortisone + epine
phrine offers complete protection against 
these agents. Presumably, sympathetic sti
mulation is "the first line of defense against 
the vasomotor disturbance elicited by endo
toxin and histamine." The Iethai effect of 
formalin or tourniquet shock is likewise 
greatly increased by adrenalectomy but, in 
contrast to that of endotoxin and histamine, 
it cannot be increased by sympathetic block
ade. Furthermore, cortisone alone counteracts 
the toxicity of these stressors in adrenalecto
mized rats. Apparently "formalin and tour
niquet shock is initiated by a mechanism 
which differs from that elicited by histamine 
and endotoxin and does not primarily involve 
the sympathetic system." 

+- Luteoids. Chedid et al. B91,161f52: 
DOC does not alter the resistance of the intact 
or adrenalectomized mouse to S. enteritidis 
endotoxin but progesterone diminishes it 
considerably. 

Silk F95,477f67: In the cat, progesterone 
given with-or 30 min after-endotoxin sta
bilizes the blood pressure and markedly pro
longs survival. 
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~ Testoids. Dutz et al. 031,646/56: In rats, 
gonadectomy did not significantly change the 
course of Masugi nephritis, whereas a folli
culoid preparation (Östrasid) and testosterone 
ameliorated it. STH considerably aggravated 
the glomerular lesions and the hypertension. 

Herrmann D34,026f62: In guinea pigs, fol
lowing interruption of corticoid administration, 
the adrenocortical hypofunction and atrophy 
as weil as the irresponsiveness to the production 
of adrenocortical necrosis by diphtheria toxin 
reappear much more rapidly ü the animals are 
simultaneously treated with testosterone. 

Herrmann & Winkler D20,550f62: Inguinea 
pigs, methandrostenolone accelerates the resti
tution of the adrenal cortex after interruption 
of cortisone therapy as judged by the more 
rapid reappearance of sensitivity to diphtheria 
toxin and histologic criteria. 

Farrar & Magnani F6,647f64: Homoge
nates of normal guinea pig liver rapidly 
detoxify endotoxins in vitro, whereas homoge
nates of livers damaged by CC14 do not. 
Adrenalectomized animals are notoriously 
sensitive to endotoxin but pretreatment of 
guinea pigs with testosterone or cortisone 
does not influence their resistance to toxic 
doses of endotoxin and hence the detoxifying 
ability of the liver does not appear to be 
under steroid control. 

Terragna et al. E66,11lf66: In guinea pigs, 
pretreatment with 4-chlorotestosterone in
creases resistance to diphtheria toxin. 

Terragna et al. F86,979f66: In the mouse, 
4-chlorotestosterone administered simultane
ously or soon after E. coli endotoxin protects 
against the Iethai action of the latter but the 
anabolic steroid fails to protect if adminis
tered before the endotoxin. [The statistical 
significance of these data has not been ana
lyzed (H.S.).] 

EvangeliBta et al. H 16,824/69: Neither 
ACTH nor stanozolol gave any significant 
protection against endotoxin shock in dogs. 
~ Folliculoids. Imamura 14,567/29: In 

mice, resistance to tetanus toxin is increased 
by the injection of follicular fluid from cows' 
ovaries. 

Crainiceanu & Copelman 67,918/35: A 
folliculoid extract "folliculine" prolongs the 
survival of guinea pigs which have received 
fatal doses of diphtheria toxin. [Brief abstract 
containing no details (H.S.).] 

Herrmann & WinkZer D27,922f62: lnguinea 
pigs, the adrenocortical atrophy and hypofunc
tion produced by chronic cortisone treatment 
is prevented by simultaneaus administration of 

estradiol. The responsiveness of the adrenal 
cortex to the induction of hemorrhagic necrosis 
by diphtheria toxin returns much more rapidly 
after interruption of cortisone treatment ü 
estradiol is simultaneously administered. 

Nolan F75,232f67: In rats, a significant 
protection against the fatal effect of endo
toxin was obtained by giving "equine estro
gens" 30--60 min before the endotoxin. 
Protection is short·lived and does not occur 
when endotoxin is given 2-8 hrs after folli
culoid treatment. Since earlier workers had 
shown that cortisol offers a similar protection, 
it is possible that the effect of the folliculoids is 
mediated through the adrenal cortex. 

Nolan & Ali F79,610f67: In rats, "conju· 
gated estrogens administered from 0 to 2 hours 
before endotoxin afforded greater protection 
on a weight basis than hydrocortisone succi· 
nate. No protection was noted when estrogen 
pretreatment was 3 to 8 hours prior to 
challenge. In contrast, however, if conjugated 
estrogens or estriol was given 24 hours prior 
to the endotoxin, the L.D. 50 in female rats 
was reduced ten-fold, from 2.0 mg to 
0.25 mg." 

Nolan et al. H5,204f68: In intact rats, 
conjugated "equine estrogens" antagonize the 
Iethai effects of E. coli endotoxin. In this 
respect, the folliculoid preparation is even 
more active than cortisol succinate. A parallel 
type of blockade to the vasoconstrictive effect 
of endotoxin was also noted both for the 
folliculoid and the corticoid preparations in 
the isolated rat liver. 

Nolan & Ali G55,490f68: Various follicu
loids administered up to one hour before an 
injection of E. coli endotoxin reduce the Iethai 
effect of the latter, but when estrogens are 
administered 18-48 hrs before the endotoxin, 
the mortality rate is increased. Pretreatment 
with cortisol, corticosterone, ACTH, Thoro
trast (to block the RES) or endotoxin 24 hrs 
before endotoxin challenge did not increase the 
mortality rate. Endotoxin doses that normally 
cause no hepatic darnage elicited liver necrosis 
in rats pretreated with folliculoids. 

+- Other Steroids. Bein D37,982f62: 
Whereas earlier work suggested that protec
tion by steroids against endotoxin shock 
depends upon glucocorticoid activity, it has 
now been demonstrated in acute experiments 
on anesthetized cats that the sharp drop in 
blood pressure produced by endotoxin, and the 
Iack of pressor response to epinephrine are 
prevented by aldosterone i.v. given just before 
the endotoxin. It is incidentally mentioned 
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that 19-oxoprogesterone with the following 
formula: 

is active in this respect, although it has neither 
anti-inflammatory nor salt-retaining proper
ties. It is concluded that the anti-endotoxin 
effect is independent of corticoid activities. 
[The experimental conditions of the 19-oxo
progesterone tests (experimental anim.al, dose, 
route of administration) are not given 
(H.S.).] 

Koesar et al. G69,983J69: In rats, incuba
tion of tritium-labeled endotoxin with bile or 
Na-deoxycholate reduces its absorption when 
subsequently injected i.p. In ratsrandered bile
deficient by cannulation of the choledochus, 
unlike in normal rats, endotoxin is absorbed 
after administration p.o. "Our experimental 
findings suggest that bile acids play an im
portant role in the defense mechanism of the 
macroorganism against bacterial endotoxins.'' 

Selye G70,480f71: In rats, the prostration 
and mortality produced by i.v. injection of 
E. coli endotoxin could be prevented by 
prednisolone, triamcinolone and cortisone. 
Conversely, PCN, CS-1, norbolethone, and 
thyroxine tended to aggravate endotoxin 
shock and mortality. The other members of 
our standard series of conditioners were in
effective, as was aldosterone even at the high 
dose of 1 mg p.o., twice daily, cf. Table 123. 

Table 123. Oonditioning for E. coli endotoxin 
No. 08 

Treatment& Dyskinesiab Mortalityb 
(Positive/ (Deadf 
Total) Total) 

None 7/12 8/13 
PCN 10/10! 10/10! 
CS-1 10/10! 4f10NS 
Ethylestrenol 3/8 NS 4/8 NS 
Spironolactone 9f10NS 4f10NS 
Norbolethone 9/10NS 10/10! 
Oxandrolone 7f10NS 3f10NS 
Prednisolone-Ac 0/9 ** 1/9 * 
Triamcinolone (2 mg) 0/10 *** 0/10 *** 
Progesterone 8/10NS 4/10NS 
Estradiol (1 mg) 8/lONS 9f10NS 
DOC-Ac 6/9 NS 3/9 NS 
Hydroxydione 9/10NS 6f10NS 
Cortisone-Ac 0/10 *** 4/10NS 
Cholesterol 5/5 NS 3/5 NS 
Thyroxine 10/10! 10/10! 
Phenobarbital 8/10NS 5/10 NS 
Aldosterone ( 1 mg) 5/5 NS 3/5 NS 

a The rats of all groups were given E.coli 
endotoxin No. 08 (800 (.Lg/100 g body weight 
in 0.8 ml water, i.v., once on 4th day). 

b Dyskinesia was measured 3 hrs after 
injection of the endotoxin and mortality listed 
on 7th day ("Exact Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 

VENOMS AND PLANT POISONS + 

Cortisone, cortisol and other glucocorticoids have been shown to protect various 
mammals, including man, against venoms of snakes, spiders and wasps. 

The claim that the resistance of rats against a poisonous extract of Amanita 
phalloides can be raised by adrenocortical extract requires confirmation. However, 
estradiol offers striking protection against the peliosis-like hepatic necrosis indu
ced by pure phalloidin in the rat. 

Snakes +-

Doasena B47,510f49: Fernale guinea pigs 
appear to be more sensitive than males to 
Cape cobra venom but pretreatment with 
testosterone, estradiol or progesterone failed 
to affect their resistance. 

Maral 017,604/53: In mice, cortisone 
exerts a favorable influence upon intoxication 
with viper venom. 

Schöttler 010,890/54: In mice and guinea 
pigs injected with the venom of Bothrops 
jararaca or Crotalus terrificus s.o., ACTH, 
cortisone and cortisol failed to offer protection. 
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Deichmann et al. 033,188!57: Cortisol 
largely protects the dog against the lethal, 
but not against the local, effect of Crotalus 
adamanteus venom i.m. 

Deichmann et al. 073,854/58: In dogs, 
cortisol i.v. protects against the Iethai but not 
against the local effects of rattlesnake (Cro
talus adamanteus) venom i.m. 

Bein & Jaques D41,862f60: Pretreatment 
with aldosterone "protects mice against the 
Iethai action of E. coli or S. typhimurium 
toxin as weil as against that of hemorrhagic 
snake venoms (Vipera aspis, Crotalus ada
manteus), but not against the neurotoxic 
venom of Na ja tripudians. Prednisolone, which 
is effective to roughly the same degree in the 
mouse as in the rat, has tobe administered in 
doses some 10-30 times larger, whereas hydro
cortisone and cortexone display no protective 
action, even in high dosage." 

Russell & Emery D2,497f61: Review of the 
Iiterature on the protective effect of ACTH 
and glucocorticoids against snake venom with 
personal observations on the lethality of 
Ancistrodon contortrix venom in mice . 

.Arora et al. D27,786f62: Cortisol given 
within an hour after s.o. injection of Echis 
carinatus venom protects the rat against fatal 
intoxication. It also greatly augments the 
therapeutic efficacy of the specific antivenom. 

Bonta et al. F28,544f65: Estriol-16,17-
disodium succinate inhibits the local hemor
rhages induced by snake venom in canine 
heart-lung preparations. 

Halmagyi et al. G31,584f65: In sheep, 
Crotalus venom shock was moderately Counter
acted by concurrent treatment with cortisol, 
aldosterone or ß-methasone. 

Ogawa F54,550f65: In adrenalectomized, 
as in intact rats, the toxicity of Habu snake 
venom is reduced by dexamethasone and 
F-COL, whereas DOC shortens the survival 
period. 

Baas G38,758f66: Extensive review on the 
use of corticoids and ACTH in the treatment 
of snake bites in man and in animals. 

Bonta et al. G69,044f69: Topical treatment 
with estriol prevents the hemorrhagic action 
of cobra venom placed directly upon the dog's 
lung. The comparable effect of Agkistrodon 
piscivorus venom is not prevented. The former 
venom does, whereas the latter does not, 
contain the "heparin precipitable factor." 

Clark & Higginbotham G77,169f70: In 
mice, the Iethai effect of moccaein venom i. v. 
is aggravated by adrenalectomy or vaccina. 
tion; cortisol offers protection in both intact 
and adrenalectomized or vaccinated animals. 

Spiders+-

Mohammed et al. 07,579/54: Rats can be 
protected against fatal doses of scorpion toxin 
by pretreatment with cortisone or ACTH. 

Bettini & Cantare 021,801/55: Comparative 
studies on the protective effect of ACTH, 
cortisone and chlorpromazine against Iethai 
poisoning with the venom of the spider 
Latrodectus tredecimguttatus. 

Wasp+-

Jaques H 13,146/69: Cortisol protects the 
guinea pig against Iethai wasp-venom shock. 

Mushroorns +-

Cheymol & Pfeiffer B54,350f49: The 
resistance of intact rats to intoxication with a 
highly poisonous extract of Amanita phalloides 
rises considerably following treatment with 
adrenocortical extract or NaCI, whereas DOC 
has little. if any, prophylactic potency. 

Tuchweber et al. (in preparation): In rats, 
mortality and peliosis-like hemorrhagic necrosis 
of the liver induced by phalloidin i.p. are pre
vented by pretreatment with estradiol. PCN, 
ethylestrenol, spironolactone, triamcinolone, 
betamethasone, cortisol, progesterone and 
phenobarbital were ineffective in this respect. 

IMMUNE REAOTIONS + 
+- Corticoids 

The immunosuppressive effect of corticoids is so weil known that it need not be 
discussed here in detail. Besides, this topic has been dealt with at length in our 
earlier monographs. Here, we shalllimit ourselves to a few points of special theoretic 
interest. 
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In guinea pigs, allegedly neither cortisone nor ACTH can suppress passive or active 
anaphylaxis, or a positive Schick test. Yet, apparently, under suitable conditions, 
both cortisone and ACTH diminish tuberculin sensitivity. Curiously, two weeks 
after interruption of cortisone or ACTH administration, the hormone-treated animals 
become even more sensitive than the controls. 

There appears to exist a singular interaction between corticoids and thyroid 
hormones. Thyroxine increases hypersensitivity to tuberculin in guinea pigs but, 
here again, 14 days after stopping the treatment the effect is reversed and the 
pretreated animals surpass the unpretreated controls in the degree of their tuberculin 
resistance. Since propylthiouracil diminishes the immunosuppressive effect of corti
sone, it was postulated that thyroxine is necessary for the desensitizing action of 
these hormones. This assumption is not contradicted by the fact that thyroxine 
increases tuberculin hypersensitivity because it fails to block desensitization by 
ACTH or cortisone. 

Much has been written about a "cabbage factor" (possibly an SH-compound) 
which on ingestion inhibits the desensitization to tuberculin produced by the 
metabolism of ascorbic acid in the tissues of allergic guinea pigs. The desensitizing ac
tion of cortisone or ACTH in cabbage-fed animals has therefore been thought tobe 
indirect, depending upon the reversalof the cabbage effect bythe hormone.Apparent
ly, ATP prevents the desensitizing effect of cortisone upon tuberculin, whereas STH 
depresses tuberculin sensitivity and synergizes the action of cortisone. 

Certain hypothalamic lesions can suppress anaphylactic reactivity in guinea pigs. 
This inhibitory effect can be partially blocked in turn by chronic treatment with 
thyroid hormones, adrenalectomy or adrenal inactivation by metyrapone. It has been 
concluded that the sharp, inhibiting effect of hypothalamic lesions may be partly due 
to hypothyroidism and partly to hypercorticoidism. 

In hyperimmunized rabbits, the development of nephritis is inhibited by corti
sone. Some investigators claimed that various luteoids can prolong skin homograft 
survival in rabbits. Curiously, combined treatment with cortisone and luteoids 
actually interferes with the beneficial effect of the latter. 

In mice, pretreatment with cortisone suppresses the amyloidosis normally produ
ced by repeated injections of killed tubercle bacilli. Also, in the mouse (unlike in the 
rat), triamcinolone reduces anaphylactic mortality, but various glucocorticoids act 
differently in this respect: betamethasone and depersolon are effective in the rat but 
not in the mouse; dexamethasone is active, whereas cortisol is inactive, in both 
species. 

In rats hemolysin formation following i.p. injection of sheep erythrocytes is 
inhibited by pretreatment with cortisone, but only if the hormone is administered 
before the antigen. Hemolysin formation is also inhibited in rats by dexamethasone, 
but not by prednisolone or norandrostenolone. 

Rats whose thymus is partly destroyed by calciphylaxis (DHT + triamcinolone), 
allegedly accept skin homografts, although the thymic medulla is usually weil pre
served. This finding requires confirmation. 

Certain experiments on dogs suggest that aldosterone may prolong the life of renal 
homografts, but here also confirmatory evidence would be welcome. 
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+- A.drenalectorny 

For the extensive literature on the effect of adrenalectomy the reader must 
again be referred to our earlier monographs. Suffice it to pointout here, merely for its 
historic interest, an observation made over 40 years ago which shows that hemolysin 
formation is inhibited in rats by adrenalectomy. 

+- Folliculoids and Luteoids 

It has been claimed that medroxyprogesterone increases survival of renal allografts 
in dogs and of skin allografts in rabbits by immunosuppression. Melengestrol, another 
primarily progestational steroid with less pronounced glucocorticoid activity, is more 
effective than cortisol in suppressing allergic encephalomyelitis in rats. These 
observations have led to the supposition that both luteoid and glucocorticoid activity 
is somehow related to immunosuppression. 

+- Testaids 

Several investigators presented evidence to show a regulating effect of testoids 
upon immune phenomena. 

In rats, gonadectomy did not significantly change the course of Masugi nephritis 
but testosterone inhibited its development. In rats, immunized by sheep erythro
cytes, various anabolic steroids enhance antibody formation. These compounds also 
stimulate antibody formation in infants vaccinated against diphtheria. 

+- Gonadectorny 

In guinea pigs, allegedly gonadectomy diminishes anaphylactic shock in both 
sexes, whereas in rats this is not the case. Gonadectomy also falls to influence the 
development of allergic nephritis in the rat. 

Immune Reactions-<-- ef. also Selye B40, 
000/ 50, p. 69; G60,083f70, pp. 347, 355. 

+-- Cortieoids. Wolfram & Zwemer 30,809/35: 
In sensitized guinea. pigs, anaphylactic shock 
caused by reinjection of crystalline ovalbumin 
is inhibited by "cortin." 

Dworetzky et al. B52,246f50: In guinea pigs, 
anaphylactic shock was not significantly 
influenced by cortisone or ACTH. 

Lang & Miles D41,973f50: In guinea pigs, 
moderate thyrotoxicosis produced by two 
weeks' trea.tment with thyroxine increases 
hypersensitivity to tuberculin whereas mode
rate doses of propylthiouracil do not affect it. 
ACTH and cortisone diminish tuberculin 
sensitivity. Fourteen days after stopping thy
roxine injections, the animals became actually 
less hypersensitive than the controls. A simi-

lar reversal of effect was noted two weeks 
after interruption of cortisone or ACTH 
treatment in that the animals became more 
hypersensitive than the controls. 

Lang et al. B60,189f51: In B.C.G.-infected 
guinea pigs, hypersensitivity to tuberculin is 
considerably diminished by cortisone or ACTH. 
This diminution is abolished by pretreatment 
with propylthiouracil, which alone has no 
effect upon hypersensitivity. Pretreatment 
with thyroxine increases tuberculin hyper
sensitivity but does not block desensitization 
by ACTH or cortisone. Apparently, thyroxine 
is necessary for the desensitizing action of 
ACTH and cortisone. 

Lang et al. D85,907f51: In guinea pigs, 
single injections of cortisone or ACTH diminish 
allergic hypersensitivity on a cabbage diet, but 
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not on a basal diet deficient in the "cabbage 
factor." The authors conclude "that there is 
in cabbage a factor which on ingestion leads 
to the inhibition of the desensitisation produced 
by the metaboliBm of ascorbic acid in the 
tissues of the allergic guinea pig; and that the 
desensitising action of cortisone or of ACTH 
in cabbage-fed animals is indirect, depend
ing on the reversal of the cabbage effect by 
the hormones. The cabbage factor may 
possibly be an SH-compound." 

Long et al. B63,843f51: In guinea pigs, 
dihydroascorbic acid-unlike ascorbic acid
inhibits the tuberculin reaction after infection 
with B.C.G. vaccine. The desensitizing effect 
of dihydroascorbic acid is not inhibited by 
thiouracil. Alloxan, like ACTH or cortisone, 
does not modify desensitization by ascorbic 
acid on diets deprived of the "cabbage factor;" 
it desensitizes guinea pigs on a cabbage diet and 
this desensitization is inhibited by propyl
thiouracil. 

Malkiel G71,451{51: In guinea pigs, ACTH 
and cortisone are without effect on the end 
results of histamine shock, or of passive or 
active anaphylaxis. 

Teilum et al. B62,687f51: In hyperimmu
nized rabbits, the development ofnephritis is 
inhibited by cortisone. 

Cornforth & Long B77,176{53: In guinea 
pigs sensitized to tuberculin, single s.c. in
jections of ATP prevent desensitization by 
alloxan, cortisone and dihydroascorbic acid. 
Single s.c. injections of insulin do not in 
themselves influence sensitivity but prevent 
desensitization by alloxan and oortisone. 
Single s.c. injections of STH depress tuberculin 
sensitivity and synergize the action of oortisone 
or alloxan. 

Roaenhaum & Obrinaky B85,352{53: In 
guinea pigs, cortisone did not affect the devel
opment of a positive Schick reaction nor did 
it prevent death and adrenal hemorrhage 
after treatment with diphtheria toxin. 

Lepri & Fornaro D91,865f54: In rabbits, 
randered allergic to tuberculosis, the ocular 
manifestations of topical challenge by tubercle 
bacilli were variably influenced by ACTH and 
cortisone. 

Berglund 016,832{56: In rats, hemolysin 
formation following i.p. injection of sheep 
erythrocytes is inhibited by pretreatment with 
cortisone. No significant effect is obtained by 
cortisone administration after antigen injec
tion. 

Tolentino et al. D16,593f61: In rats, 
hemolysin formation against sheep erythro
cytes is decreased by dexamethasone but 
uninfluenced by prednisolone, norandrosteno
lone. Under similar conditions, testosterone 
and dihydroisoandrosterone increase hemo
lysin formation. 

Todd et al. G10,342f63: Experiments on 
dogs "suggest that in certain circumstances 
aldosterone is capable of proionging the Iife 
of renal homografts in dogs." 

Vakilzadeh & Vandiviere E32,626f63: In 
guinea pigs, the beneficial effect of vaccina
tion against tuberculosis was greatly increased 
by thyroxine and T3, but not by oortisone, 
cortisol or ACTH. None of the hormones 
altered natural host resistance in nonimmu
nized guinea pigs. 

W ebater & Gentille E 30,434{63: Rats 
"chemically thymectomized" by calciphylaxis 
of the thymus owing to combined treatment 
with triamcinolone and DHT accept skin 
homografts, although the thymic medulla is 
usually well preserved. 

Hulka & Mohr G44,272{67: Although 
earlier observations showed that various 
luteoids can prolong skin-homograft survival 
in the rabbit, combined treatment with 
cortisone + medroxyprogesterone, progeste
rone, norethynodrel or norethindrone, actu
ally interfered with the homograft survival
prolonging effect obtained by cortisone alone. 

Laddu & Sanyal G60,298f68: Triamcino
lone reduced mortality from anaphylaxis in 
the mouse but not in the rat. Betamethasone 
and depersolon were effective in the rat but 
not in the mouse. Dexamethasone was effec
tive in both species and cortisol ineffective in 
either species. 

Laufer et al. H 13,434{68: Pretreatment 
with cortisone suppressed amyloidosis in mice 
injected with killed Mycobacterium tuber
culosis. 

Patton & Clark G73,195f68: In rats in
fected with Trypanosoma lewisi, dexametha
sone resulted in the development of exceedingly 
large populations of trypanosomes which 
were fatal to their hosts. This effect of dexa
methasone is ascribed to the inhibition of the 
production of ablastin and trypanocidal 
antibodies. 

Filipp & Meaa G71,129f69: In guinea pigs, 
suppression of anaphylactic reactivity by 
anterior hypothalamic lesions can be parti
ally blocked by chronic treatment with 
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thyroid hormones as weil as by adrenalec
tomy or adrenal inactivation by metyrapone 
(Metopirone). "Combined treatment of guinea 
gips bearing hypothalamic lesions with Meto
pirone and thyroxine completely eliminated 
the bloclring effect of the tuberal lesion on 
anaphylactic reactions." Apparently the shock
inhibiting effect of hypothalamic lesions is 
partly due to hypothyroidism and partly to 
hypercorticoidism. 

Nyfors G76,097f70: In grass pollen-allergic 
patients, the skin wheal reaction was not 
significantly influenced by a large dose of 
prednisone, whereas the tuberculin test 
(Mantoux) was considerably diminished. 
~ Adrenaleetomy. Perla & Marmorston

Gottesman 16,042/29: In rats, epinephrine 
raises the capacity for hemolysin formation 
after adrenalectomy. 

Higginbotham D21,395f62: In mice, resis
tance to 5-HT, endotoxin and anaphylactic 
shock is markedly decreased by adrenalecto
my. Cortisol readily restored resistance to 
5-RT, but was less effective with regard to 
endotoxin and anaphylactic shock. Resistance 
to histarnirre and histarnirre releasers is less 
markedly diminished by adrenalectomy in the 
mouse, and large doses of cortisol are 
required to induce a measurable increase in 
resistance to histamine. 

,._ Follieuloids and Luteoids. Dutz et al. 
031,646/56: In rats, gonadectomy did not 
significantly change the course of Masugi 
nephritis, whereas a folliculoid preparation 
(Östrasid) and testosterone ameliorated it. 

Turcotte et al. G56,529f68: Medroxypro
gesterone acetate (a potent synthetic luteoid) 
increases survival of renal allografts in dogs 
and of skin allografts in rabbits by immuno
suppression. Earlier Iiterature on immuno
suppression by luteoids is reviewed. 

Greig et al. H24,654f70: In rats, melen
gestrol acetate (MGA; 6a-methyl-6-dehydro-
16-methylene-17 -acetoxyprogesterone) -a pri
marily progestational steroid with less pro
nounced glucoccrticoid actiYity than that of 
cortisol- is more effective than the latter in 
suppressing allergic encephalomyelitis. Melen
gestrol is even effective in reversing the esta
blished disease. 

~ Testoids. Sarre B99,950f54: In rabbits, 
both the Masugi nephritis and sublimate 
nephrosis are inhibited by testosterone and 
even more actively by estradiol. 

Dutzetal. 031,646/56: In rats, gonadectomy 
did not significantly change the course of 
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Masugi nephritis, whereas a folliculoid pre
paration (Östrasid) and testosterone amelic
rated it. STH considerably aggravated the 
glomerular lesions and the hypertension. 

Ghione D87,868f57: 4-Chlorotestosterone 
enhances anaphylactic shock in guinea pigs, 
prolongs survival in systemic nocardiosis of 
mice and improves healing in cutaneous 
nocardiosis of rabbits. 

Heboyan & Messeri G69,057f62: In rats 
vaccinated with S. typhi and maintained on 
the high-fat low-protein diet of Handler, the 
anabolic steroid 4-hydroxy-19 nortestosterone-
17 cyclopentyl propionate increases the forma
tion of agglutinins, y-globulins, and com
plement. 

Jannuzzi & Bassi G68,895f62: In infants 
vaccinated agairrst diphtheria, serum antitoxin 
Ievels were raised by 4-chlorotestosterone and 
methandrostenolone. 

Tolentino D34,052f62: In rats, immunized 
by sheep erythrocytes, various anabolic 
testoids enhance antibody formation. Such 
steroids also raise the titer c.f antitoxin in 
infants vaccinated against diphtheria. 

Terragna & Jannuzzi G2,778f63: In rats, 
hemolysin formation following i.p. injection 
of sheep erythrocytes is greatly increased by 
various anabolic steroids such as 4-chloro-19-
nortestosterone, norandrostenolone, phenyl
propionate, methandrostenolone, 4-chlorotes
tosterone and dehydroisoandrosterone. 

Ghione & Turolla G 18,525/64: Review of the 
effect of various anabolics upon immune 
reactions. 

Tolentino et al. G70,136f64: In rats, 
methandrostenolone, administered several days 
before or after immunization by sheep erythro
cytes, failed to affect antibody formation, 
whereas concurrent treatment stimulated it. 

Lupulescu et al. F77,999J66: In rabbits, the 
formation of antibodies agairrst Brucella 86 is 
stimulated by thyroxine and 4-chlorotestos
terone but decreased by thiourea. The effect 
of 4-chlorotestosterone is evident even after 
destruction of the thyroid and hence is not 
mediated through the latter gland. 

~ Gonadeetomy. Kemeny et al. B66,729f51: 
In guinea pigs, both ovariectomy and orchi
dectomy diminish anaphylactic shock, whereas 
thymectomy has no effect upon it. 

Dutz et al. 031,646/56: In rats, gonadec
tomy did not significantly change the course 
of Masugi nephritis, whereas a folliculoid 
preparation (Östrasid) and testosterone amelio
rated it. 
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HEPATIC LESIONS + 

(cf. also Section on "Drugs" for lesions produced by hepatotoxic compounds and 
"Histology" for the effect of steroids on the normalliver). 

+ Corticoids. Probably the first definite proof of some interaction between the 
liver and the adrenal, in the maintenance or resistance to various damaging agents, 
was given by the observation that although adrenocortical extracts (rich in 
glucocorticoid potency) have little influence upon the resistance of intact animals to 
stress, they do exhibit a marked anti-shock effect in rats subjected to very extensive 
partial hepatectomy. In these they prevent the characteristic hypovolemia, hypo
chloremia, and hypoglycemia that normally develop afterremoval of almost the en
tire hepatic tissue. 

The regeneration of the liveras well as the accumulation of protein and free fatty 
acids in hepatic tissue are enhanced by moderate doses of adrenocortical extract or 
ACTH. On the other hand, heavy overdosage with glucocorticoids may interfere 
with hepatic regeneration as part of the general catabolic effect exerted bythese hormo
nes. Allegedly, supplements of vitamin-B12 counteract the inhibitory action of heavy 
cortisone overdosage upon hepatic regeneration in partially hepatectomized rats. 

After complete hepatectomy "cortin" does not prevent hypoglycemia, pre
sumably because glucocorticoids act upon the blood sugar largely through the liver. 
However, after total hepatectomy or total evisceration (with intact kidneys and 
adrenals), rats can maintain a high blood sugar if they receive adrenocortical 
extract in combination with glucose and insulin. These observations show that glu
cocorticoids are also capable of affecting the blood sugar through extrahepatic 
mechanisms. On the other hand, in rats with irreversible hypovolemic shock pro
duced by complete occlusion of the portal vein, neither cortisol nor adrenalectomy 
influenced the survival time significantly. 

There is good reason to believe that glucocorticoids increase bile secretion; this 
may be of considerable importance in some of the protective effects of steroids against 
agents eliminated through the bile. Following complete occlusion of the choledochus, 
cortisol enhances the accumulation of bile in the duct stump; it also favors the 
formation of perforating choledochus ulcers and hepatic necroses, both in intact and 
in adrenalectomized rats. Allthese effects are counteracted by concurrent administra
tion of STH. In dogs, with choledochus ligature, cortisone raises the Ievel of total 
serum bilirubin, suggesting increased bile pigment synthesis. 

+ Adrenalectomy. In partially hepatectomized rats, adrenalectomy inhibits 
hepatic regeneration, and decreases the deposition of fat and protein in the liver 
remnant. Glucocorticoid adrenal extracts, unlike DOC, restore these responses to 
normal. Yet, some degree of hepatic regeneration is possible even in the absence of 
the adrenals. 

+ Folliculoids. In partially hepatectomized rats, stilbestrol or hexestrol does not 
markedly affect the mitotic proliferation of the hepatocytes. In rats with chole
dochus ligature, estradiol is said to shorten survival. 

+ Testoids. In the rat, testosterone prolongs survival and inhibits the body-weight 
loss normally observed after choledochus ligature. This steroid also inhibits hepatic 
steatosis during the first days following partial hepatectomy in rats, but it has no 
significant effect upon hepatic GPT concentration. 
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+- Corticoids 

Selye et al. A32,768f40: Review of the 
earlier Iiterature on the ability of epinephrine 
and "cortin" to raise resistance against various 
stressors. Attention is called to the fact that 
whereas cortin is very effective in this respect 
in adrenalectomized animals, it rarely increases 
resistance above normal in the presence of the 
adrenals. The slight effect that cortical 
extracts do possess during severe shock is 
presumably due to the fact that "a condition 
of 'relative adrenal insufficiency' exists in 
organisms exposed to nonspecific damage." 
Following extensive partial hepatectomy in 
rats, "suitable cortin therapy prevents the 
hypochloraemia, and the decrease in blood 
volume and in blood sugar which are usually 
elicited by this intervention." In rats damaged 
by repeated s.c. injections of formaldehyde, 
cortical extract prevented the hypoglycemia 
and hypochloremia of severe shock, whereas 
DOC was virtually ineffective, and in fact it 
aggravated the s.c. edema caused by formal
dehyde. Chronic pretreatment with cortical 
hormones causes adrenal atrophy which 
counteracts their beneficial effect in protecting 
against stress. "These experiments should be 
interpreted as a warning against prolonged 
pretreatment with this substance in prepara
tion for a surgical intervention." The best 
protective effect was obtained in rats with 
surgical shock produced by crushing of the 
intestines, if given repeated injections of corti
cal extract s.c. during the subsequent 24 hrs. 
An "Addendum" reports on similar experi
ments performed with corticosterone pre
pared for this purpose by E. C. Kendall. This 
compound, which differs from DOC only in 
that it possesses an 11ß-hydroxyl group, pro
ved to be especially effective in protecting the 
rat against traumatic shock caused by crush
ing of the intestines. [This was the first 
observation showing that 11-oxygenation of 
corticoids is required to endow them with anti
stress activity (H.S.).] 

Selye &: D08ne A30,702f40: In the rat, 
"the decrease in blood sugar produced by 
complete hepatectomy is not significantly 
influenced even by large doses of cortin. This 
finding makes it probable that the cortical 
hormone does not inhibit the utilization of 
circulating sugar. It seems more likely that it 
prevents the hypoglycemic action of insulin 
or the decrease in blood sugar following the 
removal of a large part of the hepatic glycogen 
stores by stimulating gluconeogenesis in the 
liver." 

23• 

Berman et al. 97,700!47: DOC stimulates 
liver regeneration in partially hepatectomized 
rats as judged by the weight and protein 
content of the liver remnant. 

Ingle et al. B2,737f47: In completely 
hepatectomized and eviscerated rats (with 
intact kidneys and adrenals) receiving conti
nuous i.v. infusions of glucose + insulin, 
adrenocortical extract caused a rise in blood 
sugar. 

Roberts B97,023f53: In rats, the enhanced 
repair on the liver after treatment with ACTH 
or adrenocortical extract is characterized 
mainly by an increased protein deposition in 
the liver remnant. The usual decline of serum 
proteins occurring afterpartialhepatectomywas 
completely prevented by this treatment. 

Einhorn et al. E55,369f54: In rats, "the 
restoration of the weight of the liver after 
partial hepatectomy was not markedly affec
ted by cortisone, the multiplication of cells 
was reduced to a significant degree after the 
first 2 days of regeneration. Liver restoration 
in terms of nucleic acids was similarly inhibited 
by cortisone." 

Selye B90,556J54: In rats with jaundice 
caused by bile duct ligature, minute doses of 
cortisone exert a strong antiphlogistic action 
(granuloma-pouch and topical irritation arthri
tis techniques), presumably because jaundice 
conditions for the anti-inflammatory effect of 
glucocorticoids. 

Selye &: Bois B97,074j54: Following occlu
sion of the choledochus, cortisol enhances 
accumulation of bile in the duct stump and 
favors the development of perforating chole
dochus ulcers and hepatic necroses both in 
intact and in the adrenalectomized rats. All 
these manifestations of cortisol overdosage 
are inhibited by STH, cf. Fig. 20, p. 356. 

Chandler et al. 039,998/57: In dogs with 
bile duct ligature, cortisone raised the Ievel of 
total serum bilirubin, indicating increased 
synthesis of bile pigments. At the same time, 
proliferation of bile ducts was inhibited. 

Maros et al. D12,784j61: In rats, inhibition 
of hepatic regeneration after partial hepatec
tomy by cortisone can be blocked by con
current administration of vitamin-B12 Sup
plements. 

Miti &: Memeo D27,223f62: Aldosterone 
increases hepatic regeneration after partial 
hepatectomy in the rat. Earlier Iiterature on 
this subject, including Observations on hepatic 
regeneration after simultaneous partial hepa
tectomy and adrenalectomy, is reviewed. 
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Fig. 20. Effect of corticoids upon bile secretion and the choledochus. In all animals, the choledochus 
was ligated. A: Treatment with )arge doses of cortisol. Macroscopic aspect of the Ii ver (seen from 
its caudal aspect). To visualize the duodenum, a wooden stick is introduced into its Iumen. The 
bile-duct, though greatly dilated, is collapsed because of a perforation near the duoden um. There 
are also several other very thin, ulcerated parts where perforation is imminent. B: Treatment 
with small doses of cortisol. Here, the bile-duct is greatly dilated and a few thin points are distin
guishable, but perforation did not occur. C: Treatment with DOC. Bile-duct is only slightly dilated 
and of dense structure. D: Histologie section through the bile-duct shown avobe. Note the inter
ruption of the dark epithelial Iining and the !arge ulcer, filled with necrotic tissue (lower right 
quadrant). Many of the bile-duct branches within the adjacent hepatic tissue were proliferating 
and greatly dilated. E: Histologie section through the bile-duct shown above. Here, the wall of 
the choledochus is thin and the surrounding connective tissue very edematous, but actual ulcera
tion has not occurred. The adjacent Ii ver tissue contains several patches of focal necrosis. F: Histo
logie section through the bile-duct shown above. Note the dense connective tissue underneath the 
epithelium of the choledochus and the absence of ulcers. Though not shown here, this effect of 
cortisol is counteracted by concurrent administration of STH. [Selye and Bois B97,074/54. Cour-

tesy of Gastroenterologia (Basel)] 
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Souda D62,846f62: In the rat, cortisone 
pretreatment inhibits mitotic proliferation in 
the regenerating liver afterpartial hepatectomy. 

Bucher G68,62lf63: Review on the influence 
of adrenalectomy and corticoids upon hepatic 
regeneration. 

Zimel & Macrineanu F 35,084/64: In rats, 
hepatic regeneration following partial hepatec
tomy is moderately influenced by cytostatic 
derivatives of hexestrol and cortisol. 

Hyde & Davis F82,46lf66: Both cortisol 
and the diuretic drug chlorazanil depress 
mitotic division in the regenerating liver of the 
mouse, after partial hepatectomy. 

Petzold & Ziegler F92,832f67: The fat and 
phosphatase accumulation in the liver rem
nant of partially hepatectomized rats is 
enhanced by prednisone. 4-Chlorotestosterone 
does not significantly affect the tissue phospha
tase, but delays the removal of fats from the 
Ii ver. 

Deplano H23,483f68; Deplano & Farnara 
H23,484f68: In rats, the effect of cortisone 
upon hepatic regeneration following partial 
hepatectomy is examined with special refer
ence to DNA and RNA synthesis and alkaline 
phosphatase activity. 

Mejia et al. G60,637f68: In rats with 
irreversible hypovolemic shock produced by 
complete ucclusion of the portal vein, neither 
cortisol pretreatment nor adrenalectomy in
fluenced the survival time, whereas selective 
extirpation of the adrenal medulla, or conti
nuous infusion of norepinephrine increased it. 
Similar infusion of epinephrine decreased 
survival time. 

Simek et al. G71,089f68: In intact, and 
even more markedly in adrenalectomized 
rats, the accumulation of free fatty acids in the 
liver is enhanced by cortisol during the early 
period after partial hepatectomy. ACTH has 
the same effect, but only in the presence of the 
adrenals. 

Simek et al. H 13,837/68: Comparative 
studies on DNA synthesis, fatty acid content, 
and the weight of the regenerating liver in 
partially hepatectomized rats after treatment 
with cortisol, ACTH, and various stressor 
agents. 

Bucher et al. G72,546f69: Review of the 
humoral factors responsible for hepatic rege
neration following partial hepatectomy. He
patio DNA synthesis is stimulated in intact 
rats by parabiosis or cross-circulation with 
partially hepatectomized partners. Further-

more, tiny liver grafts implanted outside of the 
portal area proliferate in response to partial 
ablation of the parent organ. Various stressors 
inhibit hepatic regeneration in partially hepa
tectomized rats, but this effect is not repro
duced by ACTH or cortisol. On the other hand, 
adrenalectomy increases hepatic regeneration. 

Raab & Webb H20,502f69: In rats, the 
biosynthesis of DNA is maximally inhibited by 
cortisol17-19 hrs after partial hepatectomy. 

Skigei H27,112f69: In rats, adrenalectomy 
changed the ultrastructure of hepatocytes by 
reducing the glycogen areas, increasing the 
nurober of mitochondria and Iysosomes, and 
inducing vesicular forms of endoplasmic 
reticulum around the Golgi complexes. All 
these changes are prevented by cortisol. In 
partial hepatectomized rats, adrenalectomy 
and cortisol also exert antagonistic effects upon 
hepatocyte ultrastructure. 

Wimberly et al. G65,769f69: In dogs and 
cats, methylprednisolone alone or in combina
tion with antibiotics failed to increase survival 
following temporary occlusion ofthe portal vein 
and hepatic artery. 

~ Adrenalectomy 

MacKay & Garne AU,767f38: In rats, the 
hepatic steatosis normally occurring during 
24 hrs of fasting after partial hepatectomy is 
more pronounced in femaleR than in males, 
and can be largely prevented by adrenalectomy. 

Berman et al. 97,700!47: Adrenalectomy 
decreases the deposition of fat and protein as 
weil as the increase in cell size and nurober 
normally seen in the liver remnant of rats 
24 hrs afterpartial hepatectomy. A glucocorti
coid adrenal extract unlike DOC restores these 
responses to normal. 

Canzanelli et al. B37,729f49: In rats, 
hypophysectomy delays liver regeneration 
after partial hepatectomy but "neither adre
nalectomy nor the administration of adrenal
cortex extract has any effect on the amount 
of liver .regeneration." 

Drabkin B53,844f50: In partially hepatec
tomized and adrenalectomized rats, active 
hepatic regeneration occurred despite depletion 
of cytochrome c. 

Friedgood et al. B52,238f50: In rats, after 
partial hepatectomy, regeneration and protein 
accumulation in the liver are inhibited by 
adrenalectomy, but restored to a certain degree 
by adrenocortical extract. 11-Dehydrocorti
costerone and 17-hydroxy, 11-dehydrocorti-
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costerone share this effect, yet DOC is even 
more active. 

Uyldert G76,358f50: In rats, the inhibition 
of hepatic regeneration following partial 
hepatectomy (about 1/3 of the liver removed) 
is inhibited by adrenalectomy and' restored 
both by adrenocortical extract and by DOC. 

Bucher G68,621f63: Review on the influence 
of adrenalectomy and corticoids upon hepatic 
regeneration. 

Camargo et al. F72,052f66: After partial 
hepatectomy, Iipid infiltration of the rat liver 
depends upon the proportion of hepatic tissue 
removed, and not upon surgical stress, post
operative fasting, simultaneous adrenalec
tomy, or hypophysectomy. The Iipid infiltra
tion reaches a maximum 6-12 hrs after the 
operation, and then declines. 

Simek et al. H22,183f68: In rats, the initial 
increase in liver triglyceride content induced by 
partial hepatectomy is decreased after adrenal
ectomy. However, within 24 hrs after the 
operation, this difference disappears. The effect 
of adrenalectomy upon the liver triglyceride 
changes induced by partial hepatectomy can 
be annulled by epinephrine or cortisone. ACTH 
augments the immediate rise in liver triglyce
ride but only in the presence of the adrenals. 

Skigei H27,112f69: In rats, adrenalectomy 
changed the ultrastructure of hepatocytes by 
reducing the glucogen areas, increasing the 
nurober of mitochondria and Iysosomes, and 
inducing vesicular forms of endoplasmic 
reticulum around the Golgi complexes. All 
these changes are prevented by cortisol. In 
hepatectomized rats, adrenalectomy and corti
sol also exert antagonistic effects upon hepa
tocyte ultrastructure. 

+-- Folliculoids 

Cristensen & Jacobsen A 49,204/49: In rats 
subjected to partial hepatectomy, neither 
hypophysectomy nor thyroidectomy impairs 
the rate of regeneration. No significant change 
in mitotic rate was observed after pretreatment 
with stilbestrol or STH. 

Giuliani C 15,153/55: In rats with bile duct 
ligature, testosterone prolongs survival and 
inhibits body weight loss, but its action upon 
the prostate is diminished. Estradiol exerts 
inverse effects in all these respectg. 

Zimel & Macrineanu F35,084f64: In rats, 
hepatic regeneration following partial hepatec
tomy is moderately influenced by cytostatic 
derivatives of hexestrol and cortisol. 

Kappas G43,772f67: Review (4 p., 42 refs.) 
on the hepatotoxic effect of folliculoids in 
animals and man. 

Martinez-Manautou et al. H 30,302/70: 
Women were treated for several years with oral 
contraceptives containing a luteoid (chlor
madinone acetate) with or without folliculoids. 
There was "a moderate dilatation and vesicu
lation of the rough and smooth surfaced endo
plasmic reticulum both in the women treated 
with microdoses of progestogens, and in those 
treated with a combination of progestogens 
and oestrogens. A more marked vesiculation 
of this organeile was present in those women 
under sequential medication. Elongation of 
mitochondria with crystalloid inclusions in 
their matrices was found in 5 to 10% of the 
whole population of mitochondria per cell 
examined in the chlormadinone treated 
women.'' 

+-- Testoids 

Giuliani C 15,153/55: In rats with bile 
duct ligature, testosterone prolongs survival 
and inhibits body weight loss, but its action 
upon the prostate is diminished. Estradiol 
exerts inverse effects in all these respects. 

Bengmark & Olsson D6,135f64: In rats, 
testosterone inhibits fatty infiltration of the 
liver during the first days after partial hepa
tectomy but has no significant effect upon Ii ver 
weight or hepatic glutamic pyruvic trans
aminase concentration. 

Petzold & Ziegler F92,832f67: The fat and 
phosphatase accumulation in the Ii ver remnant 
of partially hepatectomized rats is enhanced by 
prednisone. 4-Chlorotestosterone does not 
significantly affect the tissue phosphatase, 
but delays the removal of fats from the liver. 

Porto & Donato H 34,703/69: In guinea pigs, 
hepatic regenerationafterpartial hepatectomy 
is enhanced by testosterone. 

+-- Other Steroids 

Selye G70,480f71: In rats, the bile duct was 
ligated on the 4th day of conditioning. Final 
eviscerated body weight was measured, and 
mortality listed on the 10th day. Under these 
circumstances none of the "Standard Condi
tioners" (p. VIII) or cortisone caused any note
worthy change in the resulting intoxication. 
CS-1, PCN and phenobarbital were not tested. 
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RENAL LESIONS + 

(cf. also Renal Darnage Induced by Mercury and Other Taxicants under "Drugs") 

+ Corticoids. In mice and rats, pretreatment with DOC prolongs survival and de
lays the rise in blood NPN following complete nephrectomy. This effect is particu
larly obvious in rats maintained on high carbohydrate diets. It is possible that deple
tion of the potassium stores by the mineralocorticoid participates in this protective 
effect. 

In dogs maintained on a standard high-fat diet, arterial lesions develop upon 
subsequent total nephrectomy. These are prevented by cortisone as well as by ACTH 
and pregnancy. Cortisol also prolongs survival of dogs after bilateralligature of the 
ureters andin rats, the renal darnage produced by obstruction of the ureters is di
minished by cortisone. 

On the other hand, the calcification of the kidney induced in rats by complete 
ligature of the renal blood vessels is increased by cortisone, whereas the cardio
vascular calcification elicited by bilateral nephrectomy, especially in old rats, is not 
significantly influenced by glucocorticoids (e.g., prednisolone, triamcinolone) or 
DOC. 

+ Testoids. The most extensive studies on the effect of steroids upon the conse
quences of renal darnage have been performed with testoids. The first pertinent 
observation was the demonstration that testosterone pretreatment prolongs the 
survival of miceafterbilateral nephrectomy, and protects the kidney against atrophy 
following the production of hydronephrosis by unilateralligature of the ureter. MAD 
also exerts a potent renotrophic effect upon the hydronephrotic mouse kidney. 

Furthermore, testosterone alone or in combination with DOC delays the develop
ment of azotemia in rats, especially if they are kept on a high carbohydrate diet. 
However, data on the ability of testoids to maintain life after complete 
nephrectomy are contradictory, presumably because the diet, species, age and other 
factors may modify the response. It has been claimed that both MAD and 
nandrolone prolong the survival time of bilaterally nephrectomized rats. Similar 
results have been obtained with several other anabolic testoids, in various species 
including man, but these data have not remained unchallenged. 

+ Folliculoids and Luteoids. The arteriallesions that develop following complete 
nephrectomy in dogs kept on a standard high-fat diet are prevented not only by corti
coids but also by diethylstilbestrol. 

The cardiovascular calcification elicited by bilateral nephrectomy in aged rats is 
not significantly affected either by estradiol or by progesterone. 

+ Gonadectomy. Male rats are more sensitive than females to the production of 
hypertension by unilateral renal artery constriction. Gonadectomy does not signifi
cantly alter this change in males, although it appears to aggravate it in females. 

+ Other Steroids. Spironolactone has been claimed to protect the rat against 
mortality and some of the cardiovascular and renal changes normally produced by an 
"endocrine kidney" or by a renal encapsulation. On the other hand, the cardiovascular 
calcification elicited by bilateral nephrectomy in aged rats is not influenced by 
ethylestrenol, CS-1, spironolactone, norbolethone or oxandrolone. 
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+- Corticoids 

Selye A34,190f40: "Experiments in mice 
and rats indicate that pretreatment with 
desoxycorticosterone acetate prolongs the 
survival time of animals in which acute 
uraemia is produced by bilateral nephrectomy." 

Selye & Nielsen A35,723f41; Dosne 
A35,924f41: In the rat, prctreatment with 
DOC "not only prolongs the survival time and 
delays clinical signs of uremia, but actually 
inhibits the rise in the non-protein nitrogen 
content of the blood after complete nephrec
tomy." 

Masson et al. B40,204f49: DOC and 
testosterone, alone or in combination, delayed 
the development of azotemia only in rats fed 
a high carbohydrate diet. 

Holman & Jones B93,771f53: The arterial 
lesions that occur in dogs kept on a standard 
high fat diet upon subsequent nephrectomy 
are prevented by pregnancy, cortisone, ACTH, 
or diethylstilbestrol. 

Guze & Beeson 043,020!57: In rats with 
ureteral ligation, darnage to the renal tissue 
is inhibited by cortisone. 

Berman 074,922/59: Survival in uremia, 
produced by bilateral ureteralligation in dogs, 
is prolonged by cortisol, but not by testoste
rone. 

Desi et al. 069,045/59: In rats, survival 
after bilateral nephrectomy is prolonged by 
STH and DOC, alone or in combination, but 
the effect of STH is diminished by concurrent 
administration of MAD. 

Laron & Laufer D20f687f62: In rats, 
cortisone increases calcium deposition in the 
kidney following ligature of its vessels, but 
prevents ectopic bone formation. 

Gardell et al. G70,430f70: In rats, the 
cardiovascular calcification produced by bila
teral nephrectomy is not significantly influ
enced by ethylestrenol, CS-1, spironolactone, 
norbolethone, oxandrolone, prednisolone, pro
gesterone, triamcinolone, DOC, estradiol, or 
thyroxine. 

+- Testaids 

Selye A30,863f40: Testosterone pretreat
ment prolongs the survival of mice after bilate
ral nephrectomy. Cholesterol does not share 
this effect. 

Selye & Friedman A35,722f41: "Experi
ments on the mouse indicate that the renal 
atrophy, which usually develops subsequent 
to the hydronephrosis caused by unilateral 

ligature of the ureter, may be inhibited and 
delayed by testosterone administration." 

Masson et al. B40,204f49: DOC and 
testosterone, alone or in combination, delayed 
the development of azotemia only in rats fed 
a high carbohydrate diet. 

Romburger et al. B47,878f50: MAD exerts 
"a potent renotropic effect upon the experi
mental hydronephrotic mouse kidney." 

Berman 074,922/59: Survival in uremia 
produced by bilateral ureteralligation in dogs, 
is prolonged by cortisol, but not by testoste
rone. 

Desi et al. 069,045!59: In rats, survival 
after bilateral nephrectomy is prolonged by 
STH and DOC, alone or in combination, but 
the effect of STH is diminished by concurrent 
administration of MAD. 

Szold et al. 064,498/59; 079,889!59: 
Nandrolone prolongs the survival time of 
bilaterally nephrectomized rats. 

Desi et al. D11,138f61: 19-Norandrosteno
lone-decanoate (Durabolin) significantly pro
longs the survival time in nephrectomized 
rats. 

Gerber & Oottier D12,775f61: "The 3 tested 
testosterone derivatives with anabolic proper
ties (19-Nortestosteronphenylpropionate, 17-
Ethyl-19-nortestosterone, 1-Dehydro-17-methyl
testosterone) did not lower the daily incre
ment of urea concentration in the blood of 
rats following bilateral nephrectomy, even 
when the hormones were given prophylacti
cally." [The hormones were tested at a dose of 
3 mg/kg body weight (H.S.).] 

Köhnlein & Rehn D44,607f62: The kidney 
darnage produced by temporary renal artery 
obstruction in the rat is effectively combated 
by testosterone, but not by norandrostenolone 
phenylpropionate (Durabolin). From this, it is 
concluded that the nephrotrophic effect de
pends upon testoid and not upon anabolic 
activity. 

Börner et al. E85,972f66: Review and 
personal observations on the effect of testoids 
upon various clinical and experimental uremic 
conditions. 

Schimmelpfennig et al. F74,978f66: In 
castrate rats, 4-chlorotestosterone did not 
significantly improve the renal insufficiency 
caused by 30 min ligature of the left renal 
artery. 

Tessmann H 5,695!67: Pretreatment with 
testosterone exerted no protective effect 
against the tubular darnage elicited by tem
porary obstruction of the renal vessels in the 
mouse and rat. 



+- Steraids 361 

+- Folliculoids and Luteoids 

Holman & Jones B93,771j53: The arterial 
lesions that develop in dogs kept on a standard 
high fat diet, upon subsequent nephrectomy 
are prevented by pregnancy, cortisone, ACTH, 
or diethylstilbestrol. 

Gardell et al. G70,430j70: In rats, the 
cardiovascular calcification produced by bila
teral nephrectomy is not significantly in
fluenced by ethylestrenol, CS-1, spironolac
tone, norbolethone, oxandrolone, prednisolone, 
progesterone, triamcinolone, DOC, estradiol, 
or thyroxine. 

+- Gonadecto1ny 

Bein et al. 057,714!58: In male rats, with 
hypertension produced by unilateral renal 
artery constriction, vascular lesions are more 
common than in females. Gonadectomy does 
not significantly alter these changes in males, 
but aggravates them in females. Parathyroid
ectomy has no significant effect upon them. 

+- Other Steroids 

Fregly D15,796j61: In the rat, the anti
mineralocorticoid spirolactone SC-8109 dimin
ished the hypertension produced by renal 
encapsulation. 

Nadasdi D9,288f61: "Spironolactone signi
ficantly protects against the mortality and some 
of the cardiovascular-renal changes normally 
produced by the presence of an ischemic ( or 
'endocrine') kidney in rats." 

Gardell et al. G70,430f70: In rats, the 
cardiovascular calcification produced by bila
teral nephrectomy is not significantly influ
enced by ethylestrenol, CS-1, spironolactone, 
norbolethone, oxandrolone, prednisolone, pro
gesterone, triamcinolone, DOC, estradiol, or 
thyroxine. 

Selye G70,480j71: In rats nephrectomized 
on the 8th day of conditioning, none of the 
"Standard Conditioners" (p. VIII) or choleste
rol caused any noteworthy change in mean 
survival. CS-1, PCN and phenobarbital were 
not tested. 

OTHER SURGICAL PROCEDURES + 
(cf. also "Stress") 

After parathyroidectomy, the mortality is approximately the same in male and 
spayed female rats, whereas intact females are said to be more resistant. In 
orchidectomized rats, estradiol allegedly prolongs survival after thyroparathyroid
ectomy, the comparatively high resistance of intact females is ascribed to 
folliculoids. 

Extensive partial pancreatectomy causes diabetes more readily in male than in 
female rats. Postnatal orchidectomy abolishes this sex difference. 

Rowinski & Manunta B64,144f51: Morta
lity after parathyroidectomy is equal in male 
and in spayed female rats, whereas intact 
females are more resistant. 

Foglia & Penhos B79,957f52: In male rats, 
extensive partial pancreatectomy causes se
vere diabetes more frequently than in females. 

Postnatal orchidectomy abolishes this diffe
rence. 

Manunta B73,160j52: In orchidectomized 
rats, estradiol prolongs survival after thyro
parathyroidectomy. A comparatively high 
resistance of intact females to parathyroidec
tomy is attributed to folliculoid hormones. 

IONIZING RAYS + 
+ Corticoids. It has been claimed that in the mouse, pretreatment with DOC 

offers some protection against total body X-irradiation, but subsequent studies have 
shown that the resistance so induced, if at all significant, is very moderate. Gluco
corticoids have likewise little, if any, prophylactic action against ionizing rays. 

On the other hand, cortisone may enhance the protective effect of heterologous 
bone marrow transplants by suppressing immune reactions against the grafted cells. 
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Severe X-irradiation greatly increases the sensitivity of the mouse to bacterial 
endotoxins and this effect is counteracted by shielding the adrenals or treatment 
with cortisone. 

In the rat, the recovery of hemopoietic tissue after total body X-irradiation is 
impaired by cortisone. Furthermore, the protection against such irradiation that 
may be obtained by reduction of oxygen tension is counteracted by cortisone. The 
renallesion induced by topical X-irradiation of the kidneys is aggravated, whereas 

the pulmonary fibrosis produced by X-irradiation of the lungs is diminished by 

cortisone. 
In rabbits, cortisone allegedly increases topical X-ray resistance of the skin. 

Betamethasone partially inhibits X-ray darnage to the nervous system in rabbits. 
In guinea pigs, cortisone is said to offer some protection against total body 

X-irradiation. 
It has also been claimed that in man, radiation sickness can be prevented by DOC 

or by glucocorticoids, andin a few patients, prednisolone appeared to have a benefi
cial effect upon radiation pneumonitis. The topical X-ray resistance of the skin is 
allegedly also increased by cortisone. 

+ Testoids. Several investigators claimed that testosterone and other testoids 
offer some protection to the mouse against total body X-irradiation, but others 

found this type of treatment ineffective or even harmful. These differences may be 
due to variations in dosage and timing. Pretreatment with testosterone is allegedly 

much more efficacious in this respect than treatment after exposure. 
Similarly variable protective effects have been observed in the rat, rabbit, and 

several other species. Various testoid anabolics are not equally potent in this respect, 

but none appears to have been conspicuously efficacious in counteracting the 
radiation syndrome. 

+ Luteoids. Virtually all the published data are in agreement stating that 
progesterone and other luteoids do not offer protection against X-irradiation in any 
animal species. 

+ Adrenalectomy. In the mouse, the polydipsia, polyuria, and hepatic steatosis 
seen during the first days after total body X-irradiation tend to be inhibited by 
adrenalectomy, but these apparent improvements are actually due to the lack of 

defensive adrenocortical responses. Survival after X-irradiation is undoubtedly 
shortened by adrenalectomy. 

+ Folliculoids. Many publications deal with the effect of various folliculoids upon 
X-ray resistance in the mouse, but the results are very contradictory. It appears that, 
in general, pretreatment with folliculoids increases X-ray resistance, whereas treat
ment after irradiation has an inverse effect; however, the outcome of such 

experiments depends upon too many hitherto unidentified factors to permit precise 

evaluation. Among these modifying influences, the type of folliculoid used, the 

dosage, timing, intensity of irradiation, genetic predisposition and many others may 

be important. 
Similarly contradictoryresultsha ve been o btained in the rat and various other species. 

+ Gonadectomy. Several investigators agree that male mice are less resistant than 

females to total body X-irradiation, although after gonadectomy, the females are 

even more sensitive than the males. Male, unlike female rats, fed X-irradiated beef, 

die of internal hemorrhages, the severity of which is aggravated by testosterone. 
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+- Corticoids 

MousE 

Ellinger 93,367!46: Pretreatment with 
DOC lessened fatty degeneration of the liver 
normally induced in mice by X-irradiation 
but only slightly decreased mortality, and 
failed to protect the hone marrow and spieen. 

Ellinger 93,953!47: DOC reduces mortality 
in mice exposed to X-rays. 

Ellinger B24,015f48: DOC offers some 
protection against total body X-irradiation in 
mice. Pregnenolone is ineffective in this 
respect. 

Ellinger B57,402f48: In mice, DOC in
creases resistance to X-irradiation. 

Graham & Graham A49,307j49: In mice, 
testosterone, estradiol, stilbestrol, and DOC 
did not significantly alter resistance to 
X-radiation whereas horse serum i.p. offers 
considerable protection. 

Straube et al. B39,082f49: Neither DOC nor 
adrenocortical extract altered the X-ray 
resistance of intact or adrenalectomized mice. 

Graham & Graham B58,164f50: Review of 
the literature, and personal observations on 
the effect of folliculoids, luteoids, testoids, 
adrenocortical extract, and DOC upon the 
resistance of the mouse to total body X-irra
diation. 

Graham et al. B48,335j50: Survival time is 
increased in mice given adrenocortical extract 
immediately after total body X-irradiation, 
whereas DOC, 11-dehydrocorticosterone (Ken
dall's Compound A), stilbestrol, and testoste
rone are inactive in this respect. 

Smith et al. B47,642f50: In mice, neither 
ACTH nor cortisone increased survival follow
ing X-irradiation. 

Mirand et al. B76,197j52: In mice exposed 
to X-irradiation of the head, both cortisone 
and DOC diminish mortality. 

Ellinger B95,888j54: Review (8 pp., 
54 refs.) on the effect of hormones upon 
X-ray sensitivity. In mice, DOC increases, 
whereas cortisone diminishes tolerance to 
ionizing rays. 

Kaplan et al. B98,601f54: Review (40 pp., 
107 refs.) on the role of folliculoids, corticoids, 
luteoids, and testoids in the development of 
radiation-induced lymphoid tumors of mice. 

Betz 013,907/55: Pretreatment with DOC 
enhances the resistance of the mouse to 
X-irradiation, but treatment after exposure is 
ineffective. Cortisone does not protect, even if 
administered before X-irradiation. There is no 
obvious sex difference in X-ray resistance 

among mice. Pretreatment with testosterone 
offers definite protection, especially to females, 
but here again, its administration after expo
sure is without effect. Curiously, estradiol 
pretreatment also offers protection, whereas 
given after exposure, it actually decreases 
resistance. 

Oole et al. 014,411/55: "The administration 
of cortisone may enhance the protective effect 
of rat hone marrow in X-irradiated mice." 

Brenk 0 57,624/58: Cortisone failed to 
influence acute radiation lethality in mice, 
but delayed the appearance of diarrhea. 

Skalka 071,368/59: In mice, the hepatic 
steatosis induced by X-irradiation is prevented 
by adrenalectomy, but restored by cortisone. 
DOC is ineffective in this respect. 

Smith et al. E21,486f63: Exposure to severe 
X-irradiation greatly increases the sensitivity 
of mice to S. typhosa endotoxin, especially on 
the third day after irradiation. Shielding the 
adrenals, or treatment with cortisone Counter
acted the effect of X-irradiation. Shielding the 
abdominal cavity, but not the adrenals, was 
even more effective. Possibly, the protection 
of the intestines plays a decisive role here. 
"It might be conjectured that absorption of 
bacterial endotoxins from the intestinal 
Iumen influences the time of the so-called 
intestinal death following high doses of 
radiation." 

Oittadini et al. G76,028f70: In X-irradiated 
mice, the formation of hemopoietic islets in 
the spieen is inhibited by dexamethasone, 
ACTH, or the stress of exposure to cold. 

Mistry et al. H 33,481/70: In certain strains 
of mice, cortisol inhibits the induction of leu
kemia by X-rays. 

RAT 

Thiersch et al. B76,313f52: In rats, the 
recovery of hemopoietic tissues following 
total body X-irradiation is impaired by 
cortisone. 

Stender & Hornykiewytsch 037,079/55: In 
rats, thelethaleffect oftotal body X-irradiation 
is diminished by a reduction in the oxygen 
tension of the surrounding air. This protective 
action is counteracted by cortisone, adrenal
ectomy, and thyroxine. 

Berdjis & Brown 045,470!57: In rats, 
the pulmonary fibrosis produced by local 
X-irradiation is diminished by cortisone. 

Haley et al. 051,851/58: In rats, adreno
cortical extract did not improve the decreased 
muscular efficiency induced by whole body 
X-irradiation. 
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Berdjis 083,954/60: In rats, the renal 
lesions produced by X-irradiation of both 
kidneys are aggravated by cortisone. "While 
the control kidneys showed no alterations, the 
cortisone-treated animals developed glomeru
losclerosis with intercapillary thickening, ca
pillary thrombosis, hyaline masses, and cystic 
formations. These lesions were more marked 
in the irradiated groups." 

Bargon et al. G78,255f70: In rats, the renal 
damage, particularly the sclerosis produced by 
topical X-irradiation, is diminished by predni
solone. 

RABBIT 

Lekmann et al. 046,970!56: Both in the 
rabbit and in man, systemic treatment with 
cortisone increases the topical X-ray resistance 
of the skin. 

Giordano & Invernizzi H 5,873/68: In 
rabbits, X-ray darnage to the nervous system 
can be partially inhibited by betamethasone. 

GuiNEA Pm 

Oervini & Longo 09,357/55: Cortisone 
appears to have offered some protection 
against total body X-irradiation in guinea pigs. 

MAN 

Ellinger et al. B44,439f49: In patients, 
radiation sickness can be prevented by DOC. 

Painter & Brues B39,627f49: Discussion 
on the use of corticoids in combating the 
radiation syndrome. 

Douglas 078,775/59: In a few patients 
with radiation pneumonitis, prednisolone had 
a beneficial effect. 

+- Testaids 
MousE 

Graham & Graham A49,307f49: In mice, 
testosterone, estradiol, stilbestrol, and DOC 
did not significantly alter resistance to 
X-irradiation, whereas horse serum i.p. offers 
considerable protection. 

Patt et al. B32,806f49: In mice, estradiol 
benzoate greatly enhances resistance to total 
body X-irradiation. Progesterone and testos
terone are ineffectual. The protective action 
of folliculoids may be mediated through the 
adrenals. 

Patt et al. B43,570f49: In mice, estradiol, 
unlike testosterone or progesterone, offers 
significant protection against total body 
X-irradiation. 

Ellinger B49,654f50: Mortality following 
total body X-irradiation was greatly increased 

in mice by daily treatment with testosterone 
begun after exposure. 

Graham et al. B48,335f50: Survival time 
is increased in mice given adrenocortical extract 
immediately after total body X-irradiation, 
whereas DOC, 11-dehydrocorticosterone (Ken
dall's Compound A), stilbestrol, and testoste
rone are inactive in this respect. 

Langendorff & Koch B98,043f54: Male 
mice aremoresensitive than females to X-irra
diation but after gonadectomy, females are 
more sensitive than males. Castration increases 
radiosensitivity in females and decreases it in 
males. Estradiol causes no further increase in 
the radioresistance of the castrate male. 
Unexpectedly, after administration of testos
terone, the radioresistance of females increases 
far beyond the norm. 

Betz 013,907/55: Pretreatment with DOC 
enhances the resistance of the mouse to 
X-irradiation, but treatment after exposure 
is ineffective. Cortisone does not protect, even 
if administered before X-irradiation. There 
is no obvious sex difference in X-ray resistance 
among mice. Pretreatment with testosterone 
offers definite protection especially to females, 
but here again, its administration after exposure 
is without effect. Curiously, estradiol pretreat
ment also offers protection, whereas given 
after exposure it actually decreases resistance. 

Loewit G23,765f64: In mice, pretreatment 
with decadurabolin (19-nortestosterone-deca
noate) offers considerable protection against 
total body X-irradiation. 

Ogandzhanyan et al. F7,045f64: In the 
mouse, survival aftertotal body X-irradiation 
is diminished by pretreatment with stilbestrol, 
and uninfluenced by testosterone. 

RAT 

Darcis & Brisbois 050,953!57: In the rat, 
the sensitivity of the small intestine to topical 
X-irradiation (unlike that of the vagina) is 
not influenced by thyroxine or testosterone. 

Oliva & Valli 050,803/58: In rats exposed 
to severe total body X-irradiation, the sur
vival time was only slightly prolonged by 
pretreatment with estrone, stilbestrol, or 
testosterone. Progesterone was ineffective. 

Hotterbeex & Darcis 075,318/59: In rats, 
the topical darnage produced in the rectum 
or vagina by local X-irradiation is aggravated 
following testosterone pretreatment. 

Ghys & Laiselle 083,564/60: Testosterone 
protects female rats against total body 
X-irradiation, rapid neutron rays, or radio-



+-- Steraids 365 

active phosphorus. In males, this effect is 
actually reversed. 

Malhotra & Reber 083,177!60: A high 
percentage of rats fed X-irradiated meat 
developed a hemorrhagic syndrome with 
prolonged prothrombin time. Testosterone 
mcreases, whereas stilbestrol decreases the 
severity of the syndrome in both intact and 
gonadectomized males. 

Szold 0 80,607 f60: 19-N orandrostenolone 
offers moderate protection against X-irra
diation in the rat. 

Ghys D70,483f62: In hypophysectomized 
rats, sensitivity to cobalt irradiation is greatly 
increased by testosterone and estradiol. 

Oaprino & Gallina G10,521f63: In the rat, 
norandrostenolone phenylpropionate enhances 
anabolism and recovery after total body 
X-irradiation. 

Ghys D54,640f63: Review of the Iiterature 
on the effect of ovariectomy, orchidectomy, 
estradiol, and testosterone upon resistance of 
the rat to total body X-irradiation. 

Malhotra & Reber E36,906f63: Male, 
unlike female rats, fed X-irradiated beef, die of 
internal hemorrhage, the severity and lethality 
of which can be aggravated by testosterone. 
The Iiterature on the effect of sex, castration, 
and stilbestrol upon the lethality of irradiated 
beef feeding is discussed. 

Danysz & Panek F61,858f65: Methyl
androstenolone prc.tects young rats against 
total body X-irradiation. 

Danysz et al. G38,389f65: "A radioprotec
tive effect in rats, resulting in an increase in 
the LD50 was found after a continuous appli
cation of methandrostenolone (1 mg/kg)." 

Danysz & Panek G57,847f68: Methan
drostenolone (Dianabol) protects the rat 
against X-irradiation. 

Vodicka & Dostril G69,171f68: Nandrolone 
reduces the polyuria in female X-irradiated 
rats during the first day, but has no effect on 
the negative nitrogen balance or the loss of 
body weight. 

Picha G70,118f69: In rats and mice, 
methenolone reduces body weight loss and 
mcreases survival following X-irradiation. 
These anabolics also abet the radio-protective 
effect in man. 

RABBIT 

Mairease & Darcis D27,579f62: Testoste
rone increases, whereas ovariectomy decreases 
the resistance of the buccal mucosa to X-irra
diation in rabbits. 

Horvath & Horvath G55,076f68: The delay 
in the effect of X-irradiation upon the healing 
of hone fractures in rabbits is counteracted by 
nandrolone phenpropionate. 

+-- Luteoids 

Straube et al. B33,113f48: In mice, pre
treatment with estradiol benzoate increases 
resistance to total body X-irradiation, whereas 
treatment on the day of irradiation has an 
opposite effect. Progesteroneis ineffectual. 

Patt et al. B32,806f49: In mice, estradiol 
benzoate greatly enhances resistance to total 
body X-irradiation. Progesterone and testoste
rone are ineffectual. The protective action of 
folliculoids may be mediated through the 
adrenals. 

Patt et al. B43,570f49: In mice, estradiol, 
unlike testosterone or progesterone, offers 
significant protection against total body 
X-irradiation. 

Graham & Graham B58,164f50: Review of 
the literature, and personal observations on 
the effect of folliculoids, luteoids, testoids, 
adrenocortical extract, and DOC upon the 
resistance of the mouse to total body 
X-irradiation. 

Kaplan et al. B98,601f54: Review (40 pp., 
107 refs.) on the role of folliculoids, corti
coids, luteoids, and testoids in the develop
ment of radiation-induced lymphoid tumors 
of mice. 

Rigat 010,747/55: Review (46 pp., 67 refs.) 
on the literature concerning the effect of 
hormones upon X-irradiation with special 
reference to ACTH, STH, vasopressin, epine
phrine, cortisone, DOC, testosterone, estra
diol, progesterone, and thyroxine. 

Oliva & Valli 050,803/58: In rats exposed 
to severe total body X-irradiation, the survi
val time was only slightly prolonged by pre
treatment with estrone, stilbestrol, or testoste
rone. Progesterone was ineffective. 

Rooks E4,589f64: Review (10 pp., 46 refs.) 
on protection by hormones against X-irradia
tion in mammals. In general, folliculoids 
(particularly estradiol), and DOC exhibit a 
good radio-protective effect whereas gluco
corticoids, testoids and luteoids, do not. 

+- Adrenalectomy 

Smith & Tyree 012,045/56: In rats, the 
polydipsia and polyuria seen during the first 
days after X-irradiation tend to be inhibited 
by adrenalectomy or hypophysectomy. 
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Skalka 071,368/59: In mice, the hepatic 
steatosis induced by X-irradiation is prevented 
by adrenalectomy, but restored by cortisone. 
DOC is ineffective in this respect. 

Etoh & Egami G 11,664J63: In goldfish, 
resistance to X-irradiation is greatly diminished 
both by adrenalectomy and by hypophysec
tomy. 

+-- Folliculoids 

MousE 

Treadwell et al. A 56,593/43: In mice, 
pretreatment with estradiol diminished morta
lity following total body X-irradiation, whereas 
administration of the hormone after irradia
tion had a contrary result. 

Straube et al. B33,113J48: In mice, pre
treatment with estradiol benzoate increases 
resistance to total body X-irradiation, whereas 
treatment on the day of irradiation has an 
opposite effect. Progesteroneis ineffectual. 

Graham & Graham A49,307j49: In mice, 
testosterone, estradiol, stilbestrol, and DOC 
did not significantly alter resistance to X-ra
diation, whereas horse serum i.p. offers 
considerable protection. 

Patt et al. B32,806j49: In mice, estradiol 
benzoate greatly enhances resistance to total 
body X-irradiation. Progesterone and testoste
rone are ineffectual. The protective action of 
folliculoids may be mediated through the 
adrenals. 

Patt et al. B43,570j49: In mice, estradiol, 
unlike testosterone or progesterone, offers 
significant protection against total body 
X-irradiation. 

Graham et al. B48,335J50: Survival time 
is increased in mice given adrenocortical 
extract immediately after total body X-irra
diation, whereas DOC, 11-dehydrocorticoste
rone (Kendall's Compound A), stilbestrol, and 
testosterone are inactive in this respect. 

Langendorff & Koch B98,043J54: Male 
mice aremoresensitive than females to X-irra
diation but after gonadectomy, females are 
more sensitive than males. Castration increases 
radiosensitivity in females and decreases it in 
males. Estradiol causes no further increase in 
the radioresistance of the castrate male. 
Unexpectedly, after administration of testoste
rone, the radioresistance of females increases 
far beyond the norm. 

Betz 013,907!55: Pretreatment with DOC 
enhances the resistance of the mouse to 
X-irradiation, but treatment after exposure is 
ineffective. Cortisone does not protect, even if 
administered before X-irradiation. There is 

no obvious sex difference in X-ray resistance 
among mice. Pretreatment with testosterone 
offers definite protection especially to females, 
but here again, its administration after expo
sure is without effect. Curiously, estradiol 
pretreatment also offers protection, whereas 
given after exposure it actually decreases 
resistance. 

Rugh & Wolf] 019,209/56: Fernale mice 
are more resistant to total body X-irradiation 
than are males. Orchidectomy augments 
resistance, and this is further increased by 
treatment with estradiol. In intact males, 
estradiol raises X-ray resistance to the same 
Ievel as in castrates. 

Nuzhdin et al. D5,866f60: In mice, diethyl
stilbestrol offered practically no protection 
agairrst the induction of gonadal atrophy by 
X-irradiation. 

Kahn et al. D9,831j61: In the mouse, even 
minute doses of estradiol valerianate increase 
the mortality caused by total body X-irra
diation. 

Kahn et al. D42,858J62: Pretreatment with 
estradiol-17ß-n-valerianate increases the mor
tality of mice exposed to X-irradiation. 

Ogandzhanyan et al. F7,045j64: In the 
mouse, survival after total body X-irradia
tion is diminished by pretreatment with stil
bestrol and uninfluenced by testosterone. 

Rugh et al. F21,653j64: In ICR and CF1 
mice, post-irradiation orchidectomy increased 
survival time, and estradiol caused a further 
prolongation of it; yet, the effects depended 
upon the time Japse between treatment and 
irradiation. 

Flemming & Langendorff G38,381j65; Lan
gendorff & Langendorff G42,80lj66: In female 
mice, resistance to total body X-irradiation is 
greater than in males, and it can be increased in 
both sexes by natural and synthetic folliculoids. 

Thompson et al. G44,654J67: In mice, 
estradiol or estriol administered two weeks 
after sublethal X-irradiation induced excessive 
mortality. 

Jenkins et al. H27,688j69: In mice, treat
ment with estradiol during repopulation of the 
spieen after X-irradiation reduced the number 
of myelocytic colonies and increased the 
numbers of erythropoietic and undifferentiated 
colonies. 

Thompson et al. G70,145j69: In mice, 
comparative studies were performed on the 
protection agairrst total body X-irradiation 
offered by pretreatment with various folli-
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culoids (esters of estradiol, estriol and estrone) 
in relation to their effect upon hemopoietic 
tissues. Earlier Iiterature indicates a decreased 
X-ray resistance due to folliculoids given 
after X-irradiation, and an enhanced resistance 
induced by pretreatment with them. 

RAT 

Oliva & Valli 050,803/58: In rats exposed 
to severe total body X-irradiation the survival 
time was only slightly prolonged by pretreat
ment with estrone, stilbestrol, or testosterone. 
Progesterone was ineffective. 

Malhotra & Reher 083,177/60: A high 
percentage of rats fed X-irradiated meat 
developed a hemorrhagic syndrome with 
prolonged prothrombin time. Testosterone 
increases, whereas stilbestrol decreases the 
severity of the syndrome, both in intact and 
in gonadectomized males. 

Ghya D70,483f62: In hypophysectomized 
rats, sensitivity to cobalt irradiation is greatly 
increased by testosterone and estradiol. 

ShellalJarger et al. D39,218f62: In female 
rats, the production of mammary cancers by 
X-irradiation is inhibited by diethylstilbestrol 
in doses which in themselves are not carcino
genic. T 3 did not influence carcinogenesis under 
these circumstances. 

Malhotra & Reber E36,906f63: Male, un!ike 
female rats, fed X-irradiated beef, die of 
intemal hemorrhage, the severity and lethality 
of which can be aggravated by testosterone. 
The Iiterature on the effect of sex, castration, 
and stilbestrol upon the lethality of irradiated 
beef feeding is discussed. 

Akoev et al. F73,202f66: Both stilbestrol 
and thyroid extract affered some protection 
against 6°Co y-radiation in rats. 

Mitznegg et al. G77,075f70: In rats, preg
nancy protects against X-irradiation, presum
ably through the increased production of 
endogenaus folliculoids. Combined treatment 
with clomiphene blocks the protective effect 
of pregnancy perhaps because it counteracts 
the action of folliculoids. 

Segaloff & Maxfield H 36,188/71: In rats, 
combined treatment with X-irradiation and 
diethylstilbestrol causes a higher incidence of 
mammary carcinoma than either of these 
agents alone. 

+- Gonadectomy 

Langendorff & Koch B98,043f54: Male 
mice are more sensitive than females to 
X-irradiation but after gonadectomy, females 
are more sensitive than males. Castration 

increases radiosensitivity in females and de
creases it in males. Estradiol causes no further 
increase in the radioresistance of the castrate 
male. Unexpectedly, after administration of 
testosterone, the radioresistance of females 
increases far beyond the norm. 

Rugh & Wolff 019,209/56: Fernale mice 
are more resistant to total body X-irradiation 
than are males. Orchidectomy augments 
resistance, and this is further increased by 
treatment with estradiol. In intact males, 
estradiol raises X-ray resistance to the same 
Ievel as in castrates. 

Langendorff et al. 036,885!57: Male mice 
are much more sensitive to X-irradiation than 
females. Orchidectomy increases resistance. 

Kepp & Hofmann 065,530/59: In rats, 
resistance to whole body X-irradiation is 
increased by ovariectomy. 

Oronkite et al. 081,609/60: In female rats, 
total body X-irradiation caused a high 
percentage of mammary carcinomas. Shielding 
the ovaries, or transplanting nonexposed 
ovaries into ovariectomized irradiated rats, 
did not significantly reduce the incidence of 
mammary neoplasms. 

Maireaae & Darcia D27,579f62: Testoste
rone increases, whereas ovariectomy decreases 
the resistance of the buccal mucosa to X-irra
diation in rabbits. 

Ghya D54,640f63: Review of the Iiterature 
on the effect of ovariectomy, orchidectomy, 
estradiol, and testosterone upon resistance of 
the rat to total body X-irradiation. 

Hamilton et al. D64,060f63: Male mice 
survived y-irradiation somewhat Ionger than 
females. Orchidectomy has no effect upon the 
survival time, but ovariectomy slightly pro
longs it. 

Huggina & Fukuniahi E35,442f63: In rats, 
mammary tumors induced by DMBA or by 
X-irradiation regress following ovariectomy. 
"Tumors of this sort are, by definition, hor
mone-dependent.'' 

Malhotra & Reber E36,906f63: Male, 
unlike female rats, fed X-irradiated beef, die of 
intemal hemorrhage, the severity and lethality 
of which can be aggravated by testosterone. 
The Iiterature on the effect of sex, castration, 
and stilbestrol upon the lethality of irradiated 
beef feeding is discussed. 

Rugh et al. F21,653f64: In ICR and CF1 
mice, post-irradiation orchidectomy increased 
survival time and estradiol caused a further 
prolongation ofit but the effects depended upon 
the time lapse between treatment and irra
diation. 
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+- Other Steraids 

Ellinger B24,015f48: DOC offers some 
protection agairrst total body irradiation in 
mice. Pregnenolone is ineffective in this 
respect. 

Ghys D30,012f62: Review of the literature, 
and personal observations on the effect of 
various steroid hormones on the survival of 
rats exposed to total body X·irradiation. 

REVIEWS 

Graham & Graham B58,164f50: Review of 
the literature, and personal observations on 
the effect of folliculoids, luteoids, testoids, 
adrenocortical extract, and DOC upon the 
resistance of the mouse to total body 
X·irradiation. 

Kaplan et al. B98,601f54: Review (40 pp., 
107 refs.) on the role of folliculoids, corticoids, 
luteoids and testoids in the development of 
the radiation-induced lymphoid tumors of 
mice. 

Rigat 010,747!55: Review (46 pp., 67 refs.) 
on the Iiterature concerning the effect of 
hormones upon X-irradiation, with special 
reference to ACTH, STH, vasopressin, epine-

phrine, cortisone, DOC, testosterone, estra
diol, progesterone, and thyroxine. 

Ghys & Loiselle 083,564/60: Review on the 
radio-protective effect of DOC. 

Ghys D54,640f63: Review of the Iiterature 
on the effect of ovariectomy, orchidectomy, 
estradiol, and testosterone upon resistance 
of the rat to total body X-irradiation. 

Kandror E27,416f63: Review of the 
Iiterature on the effect of corticoids and 
ACTH upon total body X-irradiation, especi
ally in connection with the physiopathology 
of stress. 

Davydova F23,736f64: Review and perso
nal observations on the effect of folliculoids 
and testoids upon radiation injury. 

Rooks E4,589f64: Review (10 pp., 46 refs.) 
on protection by hormonesagairrst X-irradia
tion in mammals. In general, folliculoids 
(particularly estradiol), and DOC exhibit a 
good radio-protective effect, whereas gluco
corticoids, testoids, and luteoids, do not. 

Danysz & Kocmierska-Grodzka F84,845f67: 
Review of the Iiterature on the radio-protective 
action of folliculoids and testoids with personal 
observations on a prophylactic effect of me
thandrostenolone (Dianabol). 

ULTRAVIOLET RAYS + 

The hepatic lysosomal proteases of the rat are released by ultraviolet irradiation 
in vitro, and this effect is diminished by glucocorticoid pretreatment of the animals 
in vivo. 

Endotoxin treatment in vivo facilitates the subsequent release of hepatic lysosomal 
enzymes by ultraviolet irradiation in rabbits, and here again, cortisone exerts a 
stabilizing effect. 

The darnage caused to fetal rat skin explants by ultraviolet irradiation can be 
inhibited by the addition of cortisol to the culture medium. This protection has also 
been ascribed to the stabilization of lysosomes by the glucocorticoid. 

Graham A61,343f43: In dogs, the hypoten
sion produced by carbon arc irradiation 
(about 6% ultraviolet, 30% luminous and 64% 
infrared rays) could be prevented by DOC or 
adrenocortical extract, both in the presence 
and in the absence of the adrenals. 

Weissmann & Dingle D14,268f61: The he
patic lysosomal proteases of the rat are re
leased by ultraviolet irradiation in vitro, and 
this effect is greatly diminished by pretreat
ment of the animals with cortisol in vivo. 

W eissmann & Fell D46,242 f62: The darnage 
caused to fetal -rat skin explants by ultraviolet 
irradiation can be inhibited by the addition 

of cortisol to the culture medium. This pro
tection "might be due, at least in part, to a 
reduced proteolytic activity in the damaged 
tissue through a stabilising action of the 
hormone on the Iysosomes." 

Weissmann & Thomas D23,630f62: Follow
ing endotoxin treatment in vivo, the hepatic 
Iysosomes of the rabbit release their enzymes 
readily upon ultraviolet irradiation. This 
increased lability is in turn prevented by a 
three day pretreatment of the animals with 
cortisone before endotoxin administration. 
Apparently "one action of endotoxin is to 
release acid hydrolases from particulate form 
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within cells, and that glucocorticcids serve 
to stabilize such partieleB against injury by 
several agents." 

Janoski et al. E7,896f68 (p. 280): Review 
suggesting that many of the actions of gluco-

corticcids, particularly their inhibition of 
ultraviolet ray injury, vitamin-A overdosage, 
and endotoxin shock are due to the stabiliza
tion of lysosomal membranes which prevents 
the escape of toxic lysosomal enzymes. 

HEMORRHAGE + 
In the dog, early experiments with adrenocortical extracts revealed no 

significant protection against hemorrhagic shock, but infusion of cortisol ( especially 
in the form of its water soluble sodium hemisuccinate) 30 min after bloodletting 
prevented the hypotension. H aldosterone is added to the shed blood before rein
fusing it, resistance to the production of hemorrhagic shock is likewise greatly 
increased. 

In the cat, large doses of cortisone and dexamethll.sone given i.v. prior to the 
induction of hemorrhagic shock also prolonged survival after reinfusion of all shed 
blood. Aldosterone was apparently ineffective here. 

In rats with hemorrhagic shock induced by maintaining the arterial blood 
pressure at 35 mm Hg for 4 hrs, large amounts of dexamethasone, cortisol, aldosterone 
and methylprednisolone prolonged survival, allegedly in decreasing order of activity, 
but since each hormone was given in different amounts, it is difficult to make com
parisons between them. 

Even in rats submitted to "irreversible" hemorrhagic shock followed 4 hrs later 
by reinfusion of the shed blood, survival time is prolonged if glucocorticoids are 
added to the blood transfusate. 

Under special circumstances, resistance to hemorrhagic shock could also be 
improved by glucocorticoids in the rabbit and monkey. 

DoG 

Fine et al. A56,268f42: In intact dogs, 
adrenoccrtical extract is moderately effective, 
and DOC completely ineffective, in combating 
hemorrhagic shock. 

Huizenga et al. A54,816f43; A59,447f43: 
Adrenocortical extract falls to protect intact 
dogs against death from hemorrhagic shock. 

Oonnolly et al. D57,333f58,· OonnoUy 
078,861/59: In dogs, cortisol given i.v. 
within 30 min after induction of hemorrhagic 
shock is highly effective in preventing the 
drop of blood pressure. 

Kuhn et al. 067,681/59: Exposure to cold 
increases the resistance of the dog to 
hemorrhagic shock, and this resistance is not 
affected by concurrent treatment with cor
tisone. 

Hakstian et al. D10,396f61: Review of the 
literature, and personal observations on the 
control of hemorrhagic shock in dogs, by 
ccrtisol alone or in association with pressor 
amines. 

Zapata-Ortiz &: de la Mata D37,373f62: In 
dogs, mortality from hemorrhagic shock is 

24 Selye, Hormones and Reslstance 

greatly reduced when aldosterone is added to 
the reinfused blood. "Natural secretion of 
aldosterone probably plays an important role 
in the evolution of shock." 

Lillehei et al. E37,842f64: Review, and 
personal observations on the beneficial effect 
of cortisol in hemorrhagic and endotoxin 
shock, mainly based on experiments in the dog. 

C.A.T 

Lefer &: Martin H7,806f69: In cats, "phar
macologic doses of cortiaol or dexamethasone 
given intravenously prior to induction of 
hemorrhagic shock prolonged survival signi
ficantly after reinfusion of all shed blood. 
High doses of aldosterone were ineffective in 
proionging survival, as was cortisol when 
administered at the time of reinfusion. . .. 
Glucocorticoids may prevent the disruption of 
lysosomes andfor prevent proteases from 
being released into the blood." 

Glenn &: Lefer H 34,576/71: In cats sub
jected to hemorrhagic shock methylpredni
solone increased survival time in proportion to 
a diminution of plasma levels of a myocardial 
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depressant factor (MDF) and of the lysosomal 
enzymes, ß-glucuronidase and plasma cathep
sin-like activity (PCLA). Presumably, "methyl
prednisolone exerts a protective effect in hem
orrhagic shock by preventing the release of 
lysosomal enzymes which may be responsible 
for the formation ofMDF, a peptide implicated 
in the reduction of myocardial contractility 
during postoligemic shock." 

RAT 

Weil & Whigkam F13,600f64: Various 
corticoids differ in their potency to combat 
hemorrhagic shock in the rat. "Significantly 
better results were obtained with dexametha
sone than with hydrocortisone in terms of 
early alertness and survival at the end of 
seven days (p < 0.01). Ten of 20 animals 
treated with methylprednisolone survived 
(p < 0.001). The largest of the three doses of 
d-aldosterone gave the best results with survi
val of six of ten rats (p < 0.03)." 

Weil et al. F48,510f65; F61,024f65: In 
rats hemorrhagic shock was produced by main
taining the blood pressure at 30 mm Hg for 
4 hrs followed by reinfusion of the withdrawn 
blood. Dexamethasone (8 mgfkg) given at the 
completion of the bleeding period kept all 
animals alive, whereas all untreated controls 
died. Cortisol and methylprednisolone were 
less effective, but even aldosterone offered some 
protection, though only over a narrow dose 
range. 

Bauyard & Klein G41,843f66: In rats sub
mitted to "irreversible" hemorrhagic shock, 
followed 4 hrs later by reinfusion of the 
removed blood, the addition of various 

glucocorticoids (methylprednisolone, triam
cinolone, dexamethasone or betamethasone) 
to the blood transfusate increases the survival 
rate. 

Weil & Whigkam F52,838f65; Whigkam 
F75,787f67: In rats with intact adrenals, 
hemorrhagic shock was produced by maintain
ing the arterial pressure at 35 mm Hg for 
4 hrs. When large amounts of corticoids were 
administered after blood reinfusion, survival 
was prolonged by dexamethasone, cortisol, 
d-aldosterone, and methylprednisolone in 
decreasing order of activity. [However, since 
each hormone was given in different amounts, 
comparisons are difficult. Aldosterone was 
effective only within a narrow dose range of 
around 0.4 mgfkg, both lower and higher 
doses being ineffective (H.S.).] 

RABBIT 

Telivuo & Louhimo G39,506f66: In rabbits, 
mortality from hemorrhagic shock was only 
moderately diminished by concurrent treat
ment with cortisol i.v. 

Palmerio & Fine G66,810f69: Rahbits 
"that recover from an otherwise lethal degree 
of hemorrhagic shock with the help of special 
therapy (dexamethasone plus antibiotic) tole
rate a subsequent exposure to the same degree 
of hemorrhagic shock without the need for 
such therapy." 

MONKEY 

Schumer G64,570f69: In Rhesus monkeys, 
survival from hemorrhagic shock is prolonged 
by dexamethasone i. v. 

HYPOXIA AND HYPEROXYGENATION + 
+ Corticoids. In the rat, several early investigators succeeded in proionging 

survival under anoxic cond.itions by treatment with adrenocortical extract. Death 
from lack of oxygen in closed vessels is accelerated by T3 and retarded by cortisone. 
Furthermore, the decreased altitude tolerance of thyroxine treated rats is Counter
acted by cortisol. 

In guinea pigs, small doses of cortisone increase, whereas large doses decrease 
resistance to oxygen deficiency. The enhanced susceptibility to hypoxia induced by 
morphine is counteracted by pretreatment with ACTH or cortisone. 

Early investigators claimed that in the mouse, adrenocortical extracts, unlike pure 
glucocorticoids or DOC, increase resistance to hypoxia, but more recent observations 
suggest that cortisone also improves survival at all but the very highest simulated 
altitudes tested. 

In man, cortisone likewise raises resistance to various manifestations of anoxemia. 
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+ Adrenalectomy. In rats, adrenalectomy greatly increases sensitivity to ano:xia, 
and cortisol restores it towards normal. On the other hand, it has been claimed that 
adrenalectomy can give definite protection against the central nervous system 
manifestations and the lung edema characteristic of oxygen poisoning. Adrenocorti
cal extract and cortisol- unlike cortisone and DOC- allegedly augment the suscep
tibility of adrenalectomized animals to hyperoxygenation. 

+ Folliculoids, Testoids, Gonadectomy. Estradiol and stilbestrot are ineffective in 
altering the resistance of the rat to anoxia. Fernales are allegedly more resistant than 
males, but this difference is ascribed to the larger size of the female adrenal, and not 
to any specific activity of the ovaries; indeed, ovariectomy is said to increase resistance 
to ano:xia in the rat. 

In hens, tolerance to acute hypoxia is allegedly enhanced by testosterone, and 
decreased by stilbestrol. 

+- Corticoids cf. also Selye B40,000j50, 
p. 67. 

RAT 

Dorrance et al. A38,460j42: Neither a 
potent adrenocortical extract nor DOC altered 
the work performance of intact rats under 
anoxic conditions. 

Johnson et al. 96,626/43: The altitude 
tolerance is increased by adrenocortical 
extract in adrenalectomized, but not in intact 
rats. 

Britton &: Kline 93,980/45: Adult female 
rats are much more resistant to anoxia than 
males, perhaps because their adrenals are 
larger. Adrenocortical extract raises resistance 
to anoxia, whereas DOC does not. 

Thorn et al. B335j45: Adrenocortical 
extract increased the survival of normal rats 
exposed to reduced barometric pressure. 

Keminger G42,501f66: In rats, death from 
lack of oxygen in closed vessels is accelerated by 
T3, and retarded after thyroidectomy or 
cortisone treatment. Epinephrine further acce· 
lerates mortality in hyperthyroid animals. 

Debias F69,410j66: The decreased altitude 
tolerance of thyroxine-treated rats is counter
acted by cortisol. 

GUINEA PIG 

Arnould et al. 012,257/55: The resistance 
of guinea pigs to reduced oxygen pressure is 
raised by pretreatment with cortisone i.p. 

Volterrani 064,384/57: In guinea pigs, 
tolerance to hypoxia is decreased by cortisone, 
but increased by ACTH pretreatment. 

Volterrani 064,385/57: In guinea pigs, 
small doses of cortisone enhanced whereas 
large doses diminished, resistance to reduced 
oxygen tension. 

24* 

Sobel et al. 090,836/60: Morphine increases 
the mortality of guinea pigs exposed to reduced 
oxygen tension. Prior administration of corti
sone or ACTH protects against this combined 
treatment. 

MousE 

Kottke et al. B25,989J48: Resistance to 
hypoxia is increased in mice by adrenocortical 
extract, but not by DOC. The effect of the 
extract is not ascribed to glucocorticoids, 
since other investigators found cortisone to be 
inactive. 

Berry et al. H2,124j68: Studies on the 
influence of hypoxia, glucocorticoids, and 
endotoxin on hepatic enzyme induction and 
survival in mice. "Endotoxin inhibited the 
induction of tryptophan oxygenase, prevented 
the increase in liver glycogen, induced the 
transaminase, and increased the lethality of 
simulated altitude. Cortisone increased survi
val at all altitudes except the highest. These 
observations emphasize the importance of 
these metabolic adjustments for the survival 
of animals subjected to hypoxic stress." 

MAN 
Frawley et al. B57,930f51: In man both 

cortisone and ACTH improve high altitude 
tolerance. 

TabusBe et al. 010,563/54: Cortisone in
creases resistance to various manifestations 
of anoxemia {inhalation of 7.5% nitrogen in 
air) as seen in human volunteers, but simul
taneously aggravates the characteristic EEG 
changes. 

+- Adrenalectomy 

Taylor 047,861j58: In rats "adrenalec
tomy gave very definite protection against the 
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central nervous system manifestations of 
oxygen poisoning, and gave some protection 
against lung damage." Adrenocortical extract 
and cortisol enhanced the susceptibility of 
adrenalectomized animals to oxygen poison
ing, whereas cortisone, DOC, and thyroid 
powder had no such effect. 

DeBias & Wang-Yen D22,848f62: In rats, 
adrenalectomy greatly increases sensitivity to 
hypobaric oxygenation, but cortisol treatment 
restores it towards normal. 

+- Folliculoids, Testoids, Gonadectomy 

Britton & Kline 93,980/45: Adult female 
rats are much more resistant to anoxia than 
males, perhaps because their adrenals are !ar
ger. Adrenocortical extract raises resistance to 

anoxia, whereas DOC does not. Ovariectomy 
increases resistance to anoxia. 

Goldsmith et al. B333f45: Thiouracil and 
thiourea enhance the resistance of rats to 
lowered barometrio pressure. Estradiol and 
stilbestrol are ineffective in themselves and 
fall to influence the action of the antithyroid 
compounds. 

Kline & Britton 85,856/45: At 16° C, female 
rats withstand anoxia Ionger than males. At 
higher temperatures, the difference is less 
pronounced. "Estrous conditions and estrogens, 
castration, eto., do not appear related to the 
different responses. '' 

Burton et al. G67,617f69: In hens, toler
ance to acute hypoxia of high altitude is 
inoreased by testosterone, and decreased by 
diethylstilbestrol. 

TEMPERATURE VARIATIONS + 
A very large number of publications deals with the effects of steroids upon 

resistance to heat or cold environments, or to local burning and freezing. These 
findings will be discussed together. 

+- Corticoids 

Heat +. The earllest observations suggested that, in rabbits, treatment with 
adrenocortical extract increases resistance to high surrounding temperatures. 

In mice, neither adrenocortical extract nor DOC offered significant protection 
against fatal bums, and in fact, cortisone enhanced mortality after scalding. 

In the rat, it is likewise impossible to obtain any significant protection against 
burn shock by pretreatment with adrenocortical extracts or DOC, although some 
investigators asserted that, if applied before the burn, DOC is effective in this respect. 
The action of cortisone and cortisol upon the rat's ability to withstand "heat stress" 
has not been clearly established, some investigators claiming to have obtained posi
tive, others negative results. 

In dogs, adrenocortical extract offered no protection against burn shock. 
In a small group of men, acclimatization to heat was not significantly improved 

byDOC. 
Cold +. In intact rats, neither DOC nor adrenocortical extract raised resistance 

to burn shock significantly. Cold tolerance was likewise not considerably altered by 
adrenocortical extract, cortisone or DOC, but the improvement of survival obtained 
by thyroxine was further ameliorated by conjoint treatment with cortisone or 
corticosterone. 

Some increase in cold tolerance has also been obtained in rats by intermittent or 
prolonged pretreatment with cortisone, prednisone or prednisolone. 

In the mouse, injection of H. pertussis enhanced sensitivity to "cold stress" 
even more than does adrenalectomy. Cortisone and cortisol protect the pertussis
treated mouse against cold, and to some extent, cortisol also raises the cold resistance 
of normal mice. 
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+- Folliculoids, Testoids, Gonadectomy 

Contrary to earlier claims, neither ovariectomy nor orchidectomy changes the 
heat resistance of the rabbit significantly. 

In rats, orchidectomy has been said to raise resistance to cold, yet, testosterone 
does not alter it in either intact or castrate males. In intact or spayed rats, restrained 
in a cold environment, the development of gastric ulcers is allegedly reduced by 
ovariectomy, but not influenced by estradiol. 

+- Adrenalectomy 

Adrenalectomy greatly diminishes the resistance of various species against cold 
or heat, whereas treatment with adrenocortical extract, glucocorticoids and, to a 
lesser extent, mineralocorticoids, restore temperature resistance towards normal. 

+- Other Steroids 

The acquisition of adaptation to heat is allegedly inhibited by spironolactone 
pretreatment in the rat, but once resistance is established, the compound does not 
counteract it. It has been concluded that hyperaldosteronism is necessary only for 
the acquisition, not for the maintenance of heat resistance. 

+- Corticoids 

Beat ~. Maddaloni A18,244f38: Treat
ment with adrenocortical extract increases 
the resistance of the rabbit to a high surround
ing temperature. 

RosentluLl B26,228f43: Neither adrenocorti
cal extract nor DOC protected mice against 
fatal bums. 

Bergman et al. B2,009f45: In the mouse and 
rat, neither adrenocortical extracts nor DOC 
offered protection against shock caused by a 
standardized skin bum. 

lngle &: Kuisenga 96,155/45: In intact rats, 
neither DOC nor adrenocortical extract 
raised the resistance to bum shock. 

Cape et al. B52,084f49: In dogs, adreno
cortical extracts offered no protection against 
bum shock. 

Robinson et al. B56,828f50: In four men, 
acclimatization to heat was not significantly 
improved by DOC. 

Y ou &: Sellers B 46,218/50: The resistance 
of intact rats to severe bums was increased by 
DOC, but not by adrenocortical extract. 

Neal et al. B80,371f52: The survival time 
of severely bumed rats is not influenced by 
cortisone or ACTH, whereas DOC adminis
tered before the bum offers considerable pro
tection. 

Kar & De 072,791/55: Cortisone and corti
sol failed to affect the ability of rats to with-

stand "heat stress" upon exposure to extremely 
warm surrounding temperatures. 

Schöttler 08,455/55: Neither ACTH nor 
cortisone protects the mouse against the fatal 
effects of severe scalding; in fact, cortisone 
increases mortality. 

Agarkov et al. D40,496f62: In intact rats, 
cortisone raises resistance to heat, whereas 
ACTH does not. 

Cold~. Adolph B35,581f48: Adrenocorti
cal extract failed to increase the resistance of 
rats to cold exposure. 

Sellers et al. B65,310f51: The survival of 
clipped rats exposed to cold is considerably 
prolonged by combined treatment with 
thyroxine + cortisone. Each of these agents 
alone has much less protective value, and 
DOC is inactive. 

Kirsteins 041,958/56: Short-term adminis
tration of cortisone or ACTH to rats did not 
significantly influence cold tolerance, whereas 
long-term intermittent cortisone administra
tion prior to cold exposure definitely raised 
tolerance in this respect. 

Dufour & Dugal 026,092!57: In rats, 
resistance to cold is diminished by STH or 
DOC given in combination with vitamin C. 

Munoz & SchucluLrdt 028,986!57: After an 
injection of H. pertussis cells, intact mice 
become even more sensitive to "cold stress" 
than untreated adrenalectomized mice. Corti-
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sone and cortisol protect pertussis-treated 
mice against cold, but to a lesser degree than 
the adrenalectomized mice. Cortisol also 
increases the cold resistance of normal mice. 
"It is suggested that while pertussis possibly 
affects adrenal function, it must in addition 
affect other functions in the mouse which are 
also concerned with the protection against 
stress." 

Garrido 077,562/59: In intact rats, predni
sone and ACTH enhanced resistance to cold. 

Garrido D8,112f60: In rats, resistance to 
cold is increased by thyroxine and T3, and 
decreased by thyroidectomy or destruction of 
the thyroid with radio-iodine. Prednisolone 
exerted only a moderate protective effect. 

Araki G11,847f63: Pretreatment with 
ACTH or cortisol raises the resistance of intact 
mice to cold exposure. Nicotinamide has a 
similar effect which is ascribed to the stimu
lation of the pituitary-adrenal system. 

Bauman & Turner F81,331f67: Pretreat
ment of rats with thyroxine enhanced their 
resistance to cold. Additional administration 
of corticosterone greatly increases this effect 
although, in itself, corticosterone possesses 
only a slight protective action. 

~ Folliculoids, Testoids, Gonadectomy 

Barella B3,397f40: In rabbits, resistance 
to heat stroke is diminished by orchidectomy. 

Gigante & Scopinaro B67,617f46: In man, 
testosterone improves the circulation of skin 
areas affected by frostbite. 

Berdr. & Takacs B31,943f48: In rabbits, 
ovariectomy does not change heat resistance 
(in contradiction to earlier claims by others). 

Berde & Takacs B38,366f48: In rabbits, 
orchidectomy does not alter heat tolerance. 

Dugal & Saueier 053,333/58: In rats, 
orchidectomy raises resistance to cold. 

Dugal & Saueier 077,621/58: Testosterone 
does not alter the resistance of intact or cas
trate male rats to cold. 

Luther et al. G70,681f69: In rats restrained 
in a cold environment, the development of 
gastric ulcers is reduced by ovariectomy. 
Estradiol has no effect upon the induction of 
these ulcers in either intact or ovariectomized 
rats. 

~ Adrenalectomy 

Selye & Schenker A15,353f38: Adrenal
ectomized rats are particularly sensitive to 
exposure to cold but their resistance is greatly 
(and dose-dependently) increased by pretreat
ment with adrenocortical extract. This fact is 
used as the basis of a sensitive test for corticoid 
activity. 

Tyslowitz & Astwood 80,678/41: In hypo
physectomized rats, the decreased resistance 
to cold is largely corrected by ACTH and 
adrenocortical extract. In adrenalectomized 
rats, adrenocortical extract is also effective in 
this respect, whereas ACTH is not. 

Dufour et al. 012,151/55: In adrenalecto
mized rats, both STH and DOC improve sur
vival following exposure to cold. 

~ Other Steroids 

Henane & Laurent F71,731f66: The acqui
sition of adaptation to heat (swimming in 
hot baths) is inhibited by spironolactone pre
treatment in the rat; but once adaptation is 
established, the anti-aldosterone does not 
counteract it. It is concluded that hyperaldo
steronism is necessary only for the induction, 
not for the maintenance of heat adaptation. 

ELEOTRIO STIMULI+ 
+ Corticoids. In rats, DOC (like progesterone and several testoids) increases the 

EST, whereas glucocorticoids (e.g., cortisone, cortisol) have an opposite effect. 
In mice, progesterone, DOC, and a series of related steroids inhibit electroshock 

seizures (as well as pentylenetetrazol convulsions). 
In cats, DOC allegedly protects against cocaine convulsions, but has no effect 

upon the EST. On the other hand, cortisone increases the amplitude and maintenance 
of muscular responses to the electrical stimulation of the corresponding nerves in the 
cat. From experiments in which different types of macropotentials are recorded on 
singlenerve cell discharges of the decerebrate cats, it was concluded that prednisolone 
increases the excitability of each nerve cell, but the effect is potentiated by 
multiple neuronal Connectionsmediated through the reticular activating system. 
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+ Adrenalectomy. In rats, the EST is lowered by adrenalectomy. 
+ Folliculoids, Lnteoids, Testoids, Gonadectomy. The earllest observations suggested 

that in gninea pigs, orchidectomy does not influence the convulsions produced by 
electric irritation of peripheral nerves. 

In rats, progesterone (like DOC and testosterone) increases the EST, whereas 
gonadectomy decreases it in both sexes. 

In mice, progesterone (like DOC and various derivatives of pregnenolone) inhibits 
electroshock seizures. Lynestrenol reduces the anticonvulsive effect (tested by the 
EST) of varions drugs. 

+- Corticoids 

Spiegel 83,892!43: In rats DOC, progeste
rone and testosterone i.p. increase the EST. 

Aird B683f44: DOC i.p. protected mice 
agairrst cocaine induced convulsions but had 
no effect upon the EST of cats. 

Spiegel & Wycis 93,925/45: Among 29 
steroids tested,DOC, progesterone, testosterone, 
acetoxypregnenolone, androstenedione, and 
dehydroandrosterone increased the EST signi
ficantly in the rat. 

Davenport B36,663f49: Adrenalectomized 
rats maintained on plain water show a de
creased EST, which can be restored by NaCl or 
DOC, but not by KCl or MgCia. From plasma 
electrolyte determinations "it is concluded 
that the electroshock seizure threshold of the 
adrenalectomized rat is directly correlated with 
the plasma sodium level." 

Woodbury & Davenport B37,243f49: In 
rats, DOC (like NaCl or CaCl2 solutions) 
elevates the EST. 

Woodbury et al. B46,344f50: In rats, DOC 
elevates the EST and its effect is counteracted 
by ACTH or adrenocortical extracts, possibly 
because of some antagonism between gluco
and mineralocorticoids. 

Fingl et al. D38,09lf52: In rats, chronic 
administration of phenobarbital or diphenyl
hydantoin diminishes the brain hyperexcitabi
lity induced by cortisone, as judged by EST 
measurements. 

Pozo & Negrete B68,183f52: In cats, corti
sone increases the amplitude and mainte
nance of muscular responses to electrical 
stimulation of the corresponding nerves. 

Minz & Damino B81,852f53: In rats, 
small doses of epinephrine or norepinephrine 
prolong the duration of electrically-induced 
seizures. Since glucose, ACTH, and cortisone 
failed to prolong seizure duration, it is unlike
ly that epinephrine acts by release of these 
substances. Histamine depresses the cortical 
response to electroshock. 

Woodbury B98,594f54: Review (42 pp., 
90 refs.) on the "Effect of Hormones on Brain 
Excitability and Electrolytes." In the rat, the 
EST is increased by DOC and decreased by 
cortisone and cortisol. ACTH and 11-dehydro
corticosterone, given chronically, antagonize 
partially the effect of cortisone. 

W oodbury et al. 0 34,538 f57: Review (33 pp., 
25 refs.) on the effect of corticoids upon the 
EST in the rat. Cortisone and cortisol decrease 
it (increased excitability), whereas DOC and, 
to a lesser extent, aldosterone increase it. 
Corticosterone and other corticoids have less 
pronounced effects. 

Valleealle et al. 093,280/60: The EST is 
decreased by gonadectomy both in male and 
in female rats. "Folliculin" lowers the EST, 
whereas testosterone raises it in both sexes. 
The increased CNS excitability induced by ova
riectomy is corrected by cortisol, but not by 
"folliculin." 

Schulte & ten Bruggencate D32,457f62: 
From experiments in which different types of 
macropotentials are recorded on single nerve 
cell discharges of deoarebrate cats "it is con
cluded that Prednisolone increases the excita
bility of each single nerve cell but the effect is 
potentiated by multiple neuronal connections 
from nerve centers, in our experiments for 
example, from the reticular activating system." 

Oraig F69,385f66: In mice, progesterone, 
DOC, a series of 3ß-(aminoalkyl) esters of 
pregnenolone, and various other steroids 
proved to inhibit pentylenetetrazol convulsions 
and electroshock seizures. 

+- Adrenalectomy 

Davenport B36,663f49: Adrenalectomized 
rats maintained on plain water show a de
creased EST, which can be restored by NaCl or 
DOC, but not by KOl or MgCl2• From plasma 
electrolyte determinations "it is concluded that 
the electroshock seizure threshold of the 



376 Effect of Steraids Upon Resistance 

adrenalectomized rat is directly correlated 
with the plasma sodium Ievel." 

de Salva et al. 051,842/58: In rats, the 
EST was lowered by hypophysectomy and 
adrenalectomy, but only insignificantly by 
thyroidectomy. 5-HT elevated the EST. 

de Salva D66,176f63: In rats, the EST is 
reduced in descending order of magnitude by 
adrenalectomy, hypophysectomy, and thyroid
ectomy. The effect of these endocrine defi
ciencies upon various depressant drugs is also 
described. 

+- Folliculoids, Luteoids, Testoids, 
Gonadectom.y 

Specht 13,475!23: In guinea pigs, neither 
thyroidectomy nor orchidectomy influences 
the course of the convulsions produced by 
amyl nitrate inhalation or the electric irritation 
of peripheral nerves. 

Spiegel 83,892/43: In rats DOC, progeste
rone, and testosterone i.p. increase the EST. 

Spiegel & WyeiB 93,925/ß: Among 29 
steroids tested, DOC, progesterone, testoster
one,acetoxypregnenolone, androstenedione, and 
dehydroandrosterone increased the EST signi
ficantly in the rat. 

Valleealle et al. 093,280/60: The EST is 
decreased by gonadectomy both in male and 
in female rats. "Folliculin" lowers the EST, 
whereas testosterone raises it in both sexes. 

The increased CNS excitability induced by 
ovariectomy is corrected by cortisol, but not 
by "folliculin." 

Oraig F69,385f66: In mice, progesterone, 
DOC, a series of 3ß-(aminoalkyl) esters of 
pregnenolone and various other steroids 
proved to inhibit pentylenetetrazol convul
sions and electroshock seizures. 

Blackham & Spencer G73,813f70: In mice, 
lynestrenol reduced, whereas mestranol or 
SKF 525-A increased the anticonvulsive 
effect (tested with electroshock) of diphenyl
hydantoin, phenobarbital, chlordiazepoxide, 
and diazepam administered i.p. after five days 
of pretreatment. This may be due to an altered 
microsomal drug metabolism, but since 
mestranol and lynestrenol have opposite 
effects upon brain 5-HT concentrations, the 
latter mechanism must also be considered. 

+- Other Steraids 

Spiegel & WyeiB 93,925!45: Among 29 
steroids tested,DOC, progesterone, testosterone, 
acetoxypregnenolone, androstenedione, and 
dehydroandrosterone increased the EST signi
ficantly in the rat. 

Oraig F69,385f66: In mice, progesterone, 
DOC, a series of 3ß-(aminoalkyl) esters of 
pregnenolone, and various other steroids 
proved to inhibit pentylenetetrazol convul
sions and electroshock seizures. 

SYSTEMIO TRAUMA + 
+ Corticoids. In the rat, adrenocortical extract (Cortin) raises resistance to 

various forms of systemic trauma (intestinal crushing, formaldehyde injections, 
extensive partial hepatectomies), but its effect is not as pronounced in the presence as 
in the absence of the adrenals. The increased nonspecific stress resistance characte
ristic of the countershock phase in the G.A.S. is largely ascribed to an enhanced corti
coid production. DOC is ineffective in this respect, whereas corticosterone (which 
differs from DOC only in the presence of an 11ß-hydroxyl group) is highly effective. 
Apparently, 11-oxygenation of corticoids, with the associated induction of gluco
corticoid potency, is an essential prerequisite for antistress activity. 

Pretreatment with DOC inhibits adrenocortical enlargement during the alarm 
reaction produced by various stressors. This mineralocorticoid-induced "compensa
tory adrenal atrophy" d.iminishes resistance and particularly interferes with the 
hyperglycemic response to cold, formalin, atropine, surgical trauma or forced muscu
lar exercise. It is concluded that "overdosage with one of the compounds produced 
by an endocrine cell can interfere with the production by the same cell of other 
hormonal compounds (in this case corticoids, such as corticosterone, active in carbo
hydrate metabolism)." On the other hand, pretreatment of rats with adrenocortical 
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extract can increase their performance during forced muscular exercise, without 
previous training. Here, the adrenal hypertrophy is also prevented, but since a gluco
corticoid preparation is administered, the protective effect agairrst stress is nevertheless 
obvious. 

However, adrenocortical extract, cortisone, corticosterone, and DOC proved tobe 
singularly ineffective in protecting the rat agairrst tourniquet shock. Resistance to 
the trauma of the Noble-Collip drum is considerably increased by adrenocortical 
extract or DOC in adrenalectomized, but only slightly in intact rats. In fact, some 
investigators claimed that in the presence of the adrenals, large doses of cortisone 
or prednisone actually diminish resistance to the trauma of the Noble-Collip drum. 
The catabolic effect of hone fractures is further aggravated by betamethasone. 

Under suitable conditions of dosage, the gastric ulcers produced in rats by forced 
muscular exercise can be prevented by pretreatment with prednisolone, but not by 
DOC. This is remarkable because heavy overdosage with glucocorticoids is in itself 
conducive to gastric ulcer formation. 

In dogs, both adrenocortical extract and DOC offer only a moderate protection if 
any agairrst shock produced by tourniquet or muscle trauma. On the other hand, 
ischemic shock elicited by temporary occlusion of the thoracic aorta appears tobe 
favorably influenced by cortisol, methylprednisolone and methylfluorocortisol 
(Me-F-COL). 

In the eat, both ACTH and cortisone have been claimed to prolong survival 
following traumatic shock. 

In the goat, cortisone had no influence upon survival after trauma, nor did it 
counteract the sensitizing effect of thyroxine. 

In the rabbit, combined treatment with adrenocortical extract and DOC (unlike 
DOC alone) allegedly reduces mortality from the shock of intestinal manipulation. 

The extensive literature on the effect of corticoids on traumatic shock in man has 
been discussed in our previous monographs. Let us add here only that recent observa
tions in patients with cardiopulmonary bypass suggest that dexamethasone pretreat
ment improved the clinical condition as well as diminished serum ß-glucuronidase 
and LDH levels. It was assumed that the postoperative complications of cardiopul
monary bypass may be related in part to disruption of lysosomal membranes which 
can be stabilized by the glucocorticoid during "circulatory stress." 

+ Adrenaleetomy. The fact that adrenalectomy diminishes stress resistance in all 
species and that corticoid therapy restores it towards normal is well known and has 
been covered extensively in our earlier monographs. However, the interactions 
between adrenal catecholamines and corticoids in the restoration of systemic stress 
resistance have been considerably clarified by recent experiments from Brodie's labo
ratory. Here, complete blockade of sympathetic function, with maintenance of the 
adrenal cortex, has been compared with complete adrenalectomy, with or without 
substitution therapy by catecholamines or corticoids. From these observations, it 
was concluded that sympathetic stimulation is the first line of defense against the 
vasomotor disturbance elicited by endotoxin or histamine, whereas the lethal effect 
of formalin or tourniquet shock, which is also increased by adrenalectomy, is not 
increased by mere sympathetic blockade. Cortisone alone suffices to counteract the 
toxicity of these stressors in adrenalectomized rats. Apparently, "formalin and 
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tourniquet shock is initiated by a mechanism which diliers from that elicited by 
histamine and endotoxin and does not primarily involve the sympathetic system." 

The gastric ulcers produced by forced muscular exercise are not considerably 
modified by adrenalectomy in the rat, although they can be prevented by 
prednisolone. 

+ Testoids. Much work has been donein an effort to combat the catabolism of 
nonspecific stress by anabolic steroids. It is true that postoperative recovery of body 
weight may be accelerated by such steroids; for example, in cholecystectomized 
women, methandrostenolone enhanced the weight increase. Y et, animal experiments 
suggest that the anticatabolic effect of anabolics is not wholly nonspecific. Methyl
testosterone is very efficient in preventing the severe catabolism produced by over
dosage with DHT or vitamin-D2, but it is much less efficacious in protecting against 
body-weight loss due to undernutrition, estradiol or the osteolathyrism induced by 
AAN. The catabolism elicited by cortisol or by the neurolathyric compound IDPN 
was not influenced by this testoid. 

In guinea pigs, the alkaline phosphatase changes characteristic of fatigue, after 
exhausting exercise, are not prevented by 4-chlorotestosterone, but their return to 
normal is accelerated. 

Anabolics also influence local stress reactions. For example, in rats, 17-ethyl-19-
nortestosterone promotes, whereas cortisone inhibits, repair in hone fractures (mea
sured by 35S uptake). The regeneration of crushed murine skeletal muscle is likewise 
delayed by cortisone and accelerated by methandienone or methandrostenolone. 
Anabolics arealso said to inhibit the myopathy produced in rats by ligature of the 
aorta and subsequent cooling of the distal part of the body. 

+ Folliculoids, Luteoids, Gonadectomy. Pretreatment with estradiol allegedly 
decreases the resistance of the mouse against various stressors (formalin, cold) and 
facilitates the development of changes characteristic of the alarm reaction. In rats, 
audiogenic seizures are not significantly influenced by ovariectomy. However, 
testosterone, progesterone, and estradiol appear to increase the seizure incidence in 
naturally seizure-resistant rats, whereas in seizure-prone animals, they have an oppo
site effect. 

The development of gastric ulcers in rats restrained in a cold environment is 
claimed tobe reduced by ovariectomy, but uninfluenced by estradiol. 

+ Other Steroids. Spironolactone diminishes the performance of rats adapted to 
swim in warm surroundings, allegedly because of its anti-aldosterone effect. 

+- Corticoids cf. also Selye B40,000f50, 
pp. 64-72, 108; B58,650f51, p. 54; G60,083f70, 
p. 358. 

RAT 

Selye et al. A32,768f40: Review of the 
earlier Iiterature on the ability of epinephrine 
and "cortin" to raise resistance against various 
stressors. Attention is called to the fact that 
whereas cortin is very effective in this respect 
in adrenalectomized animals, it rarely increa
ses resistance above normal in the presence 

of the adrenals. The slight effect that cortical 
extracts do possess during severe shock is 
presumably due to the fact that "a condition 
of 'relative adrenal insufficiency' exists in 
organisms exposed to nonspecific damage." 
Following extensive partial hepatectomy in 
rats, "suitable cortin therapy prevents the 
hypochloraemia, and the decrease in blood 
volume and in blood sugar which are usually 
elicited by this intervention." In rats damaged 
by repeated s.c. injections of formaldehyde, 
cortical extract prevented the hypoglycemia 
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and hypochloremia of severe shock, whereas 
DOC was virtually ineffective, in fact it 
aggravated the s.c. edema caused by formal
dehyde. Chronic pretreatment with cortical 
hormones caused adrenal atrophy which 
counteracted their beneficial effect in protecting 
against stress. "These experiments should be 
interpreted as a warning against prolonged 
pretreatment with this substance in prepara
tion for a surgical intervention." The best 
protective effect was obtained in rats with 
surgical shock produced by crushing of the 
intestines, if given repeated injections of corti
cal extract s.c. during the subsequent 24 hrs. 
An" Addendum" reports on similar experiments 
performed with corticosterone prepared for 
this purpose by E. C. Kendall. This compound, 
which differs from DOC only in that it posses
ses an 11ß-hydroxyl group, proved to be espe
cially effective in protecting the rat against 
traumatic shock caused by crushing of the 
intestines. [This was the first observation 
showing that 11-oxygenation of corticoids is 
required to endow them with antistress acti
vity (H.S.).] 

Selye & Doane A33,299f40: "Experiments 
in the rat indicate that pure corticosterone 
administered in aqueous solution is very 
effective in combating shock caused by surgical 
trauma and other means. Desoxycorticoste
rone is ineffective when tested under similar 
conditions. From this it appears that the 
hydroxyl group on carbon atom 11 is impor
tant for the shock-combating action of cortical 
steroids." 

Korenyi & Hajdu A56,945f42: In rats, 
adrenocortical extract increases performance 
during forced muscular exercise without 
previous training. Simultaneously, the asso
ciated adrenal hypertrophy is prevented. 

Noble & Oollip A56,107f42: Adrenocortical 
extract and DOC greatly raise the resistance 
of adrenalectomized rats to the trauma of the 
Noble-Collip drum. In intact rats, "cortin" 
and DOC as weil as ACTH induce only a 
slight increase in resistance, under similar 
circumstances. "From a practical viewpoint the 
effects of adrenal preparations on this type 
of shock have been disappointing." 

Root & Mann A57,542f42: Adrenocortical 
extract did not significantly prolong survival 
of rats in tourniquet shock. 

Selye & Doane A37,249f42: Pretreatment 
with DOC inhibits, but does not completely 
prevent the adrenocortical enlargement during 
the alarm reaction. Under these conditions, 
the mineralocorticoid-induced "compensatory 

adrenal atrophy" diminishes the resistance 
and particularly the hyperglycemic response 
to cold, formalin, atropine, trauma or forced 
muscular exercise. It is concluded that "over
dosage with one of the compounds produced 
by an endocrine cell can interfere with the 
production by the same cell of other hormonal 
compounds (in this case corticoids, such as 
corticosterone, active in carbohydrate meta
bolism). As a result of this interference 
symptoms of overdosage with hormones 
produced by a certain endocrine cell type may 
coexist with signs of deficiency in the hormone 
production ofthat same cell." 

Ingle A59,854f43: In intact rats, survival 
from tourniquet shock was not improved by 
adrenocortical extract, cortisone, corticoste
rone or DOC. 

McKenna & Zweifach 027,414/56: Large 
doses of cortisone or prednisone, far from 
increasing, actually diminish the resistance of 
rats to the trauma of the Noble-Collip drum. 
This effect is ascribed to a depression of the 
RES function. 

Schachter et al. 063,544/59: In rats, pre
treatment with cortisone, thyroxine or both 
these agents shortened survival after tourniquet 
shock. 

Kulagin D236f60: In rats with a crush 
syndrome produced by clamping a thigh, 
survival was enhanced by ACTH, cortisone 
and cortisol, whereas DOC aggravated the 
condition by increasing edema in the injured 
area. 

Vennet & Schneewind D23,294f62: In rats, 
mortality induced by trauma in the Noble
Collip drum was significantly reduced by treat
ment with cortisol, prednisolone, and 6a-me
thylprednisolone given i.p. immediately after 
removal from the drum. 

Campbell et al. G9,081f64: In the rat, the 
catabolic effect of a bone fracture is further 
increased by betamethasone. 

da Vanzo F 19,865/64: Pretreatment with 
F-COL protects the rat against tourniquet 
shock. 

SerkeiJ et al. F 92,105/67: Cortisol administe
red to tourniquet traumatized rats in infusion 
fluid, lowered serum ß-glucuronidase but did 
not prolong survival time. "Serum levels of 
beta-glucuronidase, presumed to reßect lyso
somal enzyme release, did not correlate with 
survival." 

Robert et al. G74,748f70: In rats, the gastric 
ulcers produced by forced muscular exercise 
can be prevented by pretreatment with 
prednisolone, but neither adrenalectomy nor 
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DOC affects their development. The ulcers 
were more common in females than in males, 
and could be totally prevented by fasting. 

DoG 
Shleser &: Asher A56,711f42: In dogs, both 

adrenocortical extract and DOC exert a mildly 
protective effect against shock following liga
ture of one common internal iliac vein. 

Bourque et al. A57,912f43: Tourniquet 
shock is effectively combated in dogs by com
bined treatment with adrenocortical extract 
i.v. + NaCI s.o. Neither agent alone is 
effective. 

Swingle et al. A61,337f43: In nonadrenal
ectomized dogs, shock produced by tourniquet 
or trauma is not alleviated either by DOC or 
by adrenocortical extract. 

Oleghorn B2,57lf47: In dogs, shock pro
duced by muscle trauma is not alleviated by 
!arge amounts of adrenocortical extract unless 
treatment is initiated at an early stage. 

Pisanty &: Toscano 030,049/56: In dogs, 
DOC, 17-hydroxyoorticosterone, and ACTH 
injected before surgery reduced mortality but 
had no effect upon the onset of shock. Corti
costerone was more effective. 

Levin et al. 082,785/60: In dogs, ischemic 
shock produced by temporary occlusion of the 
thoracic aorta is favorably influenced by 
cortisol, methylprednisolone and Me-F-COL. 

Satori &: Szabo E21,902f63: Dexametha
sone administered to dogs just before applica
tion, and again before the removal of a 
tourniquet, increases resistance to shock. 

CAT 

Kkrahrova D33,557f62: Both ACTH and 
oortisone prolong survival following traumatic 
shock in the cat. 

GoAT 

Oppenkeimer et al. 050,563!58: In goats, 
traumatic shock reduces the capacity of the 
thyroid to concentrate iodine, but recently 
thyroidectomized animals showed no change 
in survival times, although pretreatment with 
thyroxine greatly sensitized them to traumatic 
shock. Cortisone had no effect upon survival 
following trauma nor did it oounteract the 
aggravating effect of thyroxine. 

RABBIT 

Weil et al. 78,692/40: "Adrenal oortical 
extract and desoxycorticosterone acetate given 
together both before and after trauma without 
other therapy reduce the mortality from 

experimental shock after intestinal manipula
tion in normal (non-adrenalectomized) rabbits." 
DOC alone is ineffective. 

MousE 

Perla et al. A31,863f40: In mice and rats, 
pretreatment with NaCI in combination with 
DOC or adrenocortical extract increased 
resistance to histamine. Favorable results 
have also been obtained by DOC + NaCI in a 
few patients suffering from surgical shock. 

MAN 

Replogle et al. G40,447f66: In patients with 
cardiopulmonary bypass, dexamethasone pre
treatment appeared to improve the clinical 
condition, and diminished the serum ß-glucu
ronidase and LDH Ievels. It is assumed that 
postoperative complications following cardio
pulmonary bypass may be related in part to 
darnage of lysosome membranes and that 
"massive doses of dexamethasone may stabi
lize the lysosome membrane during periods of 
circulatory stress." 

VARIA 

SamJJki et al. G68,985f64: Review on the 
action of glucocorticoids and aldosterone in 
traumatic and endotoxin shock in animals 
andmen. 

+- Adrenalectomy 

Krawczak &: BrQ(Ue H25,296f70: In rats, 
complete blockade of sympathetic function 
can be achieved by demedullation combined 
with reserpine-like agents (depleting catechol
amine stores), bretylium-like agents (prevent
ing nerve impulse from releasing catecholami
nes), or ganglioplegics. Following such total 
sympathetic blockade, mortality from hista
mine or endotoxin is as markedly increased as 
by adrenalectomy. Pretreatment with epine
phrine alone oounteracts the increased letha
lity of endotoxin and histamine after sympathe
tic blockade. Cortisone pretreatment only 
partially corrects the sensitization by adrenal
ectomy, whereas oortisone + epinephrine 
offer complete protection against these agents. 
Presumably, sympathetic stimulation is "the 
first line of defense against the vasomotor 
disturbance elicited by endotoxin and hista
mine." The Iethai effect of formalin or tour
niquet shock is likewise greatly enhanced by 
adrenalectomy but, in contrast to that of 
endotoxin and histamine, it cannot be in-
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creased by sympathetic blockade. Furthermore, 
cortisone alone counteracts the toxicity of 
these stressors in adrenalectomized rats. 
Apparently "formalin and tourniquet shock is 
initiated by a mechanism which differs from 
that elicited by histamine and endotoxin 
and does not primarily involve the sympa
thetic system." 

Robert et al. G74,748f70: In rats, the 
gastric ulcers produced by forced muscular 
exercise can be prevented by pretreatment 
with prednisolone, but neither adrenalectomy 
nor DOC affects their development. The ulcers 
were more common in females than in males, 
and could be totally prevented by fasting. 

+- Testoids 

Kawalewski 050,864/58: Experiments on 
rats with fractures of the humerus show "that 
cortisone inhibits and 17 -ethyl-19-nortestoste
rone promotes those processes of repair which 
may be measured by 835 uptake method, and 
that 17 -ethyl-19-nortestosterone may protect 
connective tissue against the catabolic effect 
of cortisone." 

Selye &: Mishra 038,201/58: In the rat, 
methyltestosterone prevents the loss of body 
weight produced by overdosage with DHT, 
vitamin-D2, partial fasting, AAN and estra
diol. The catabolism elicited by IDPN or 
cortisol is not influenced. 

Gandini &: Gandini-Collodel D58,657 f62: 
In guinea pigs, the alkaline phosphatase 
changes characteristic of fatigue that occur 
following prolonged running in revolving cages 
are not prevented by pretreatment with 
4-chlorotestosterone but the restoration to 
normal is greatly accelerated. 

Klug G 19,783!64: In cholecystectomized 
women postoperative weight increase was 
enhanced by methandrostenolone. 

Werboff et al. F10,255f64: In rats, audio
genic seizures are not significantly influenced 

by ovariectomy. Testosterone, progesterone 
and estradiol significantly increased seizure 
incidence in naturally seizure-resistant ani
mals, whereas they had an opposite effect in 
seizure-sensitive rats. 

Sloper &: Pegrum G49,073f67: The regene
ration of crushed murine skeletal muscle is 
inhibited by cortisone and accelerated by 
methandienone (17ß-hydroxy-17a-methyl-LJ1. 
testosterone) or methandrostenolone. 

Igic et al. H 13,355/69: 1\'Iethenol (an ana
bolic steroid possibly identical with metheno
lone, but here not characterized) inhibits 
the myopathy produced in rats by ligature of 
the aorta and subsequent cooling of the distal 
half of the animal. 

+- Folliculoids, Luteoids, Gonadectomy 

Campbell et al. 023,145/56: Pretreatment 
with estradiol decreases the resistance of the 
mouse to various stressors (formalin, cold) and 
facilitates the development of organ changes 
characteristic of the alarm reaction. 

Werboff et al. F 10,255/64: In rats, audio
genic seizures are not significantly influenced 
by ovariectomy. Testosterone, progesterone 
and estradiol significantly increased seizure 
incidence in naturally seizure-resistant ani
mals, whereas they had an opposite effect in 
seizure-sensitive rats. 

Luther et al. G70,681f69: In rats restrained 
in a cold environment, the development of 
gastric ulcers is reduced by ovariectomy. 
Estradiol has no effect upon the induction of 
these ulcers either in intact or in ovariectomi
zed rats. 

+- Other Steroids 

Henane F52,022f65: Spironolactone dimi
nishes the performance of rats which adapted 
themselves to swim in warm surroundings. The 
effect is ascribed to a suppression of adapti
vely secreted aldosterone. 

LOCAL TRAUMA+ 

The voluminous literature on the effect of steroids upon inflammation, wound 
healing and other forms of local trauma should be consulted in our earlier mono
graphs on stress (Selye B40,000f50; B58,650f51; B87,000f52; B90,100f53; 
01,001/54; C9,000f55-56). 

Even large doses of adrenocortical extract failed to increase the work capacity 
(swim test) of intact rats, suggesting that in this respect the corticoids arenot very 
efficacious in combating the topical results of fatigue upon muscle cells. 
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In rats with bone fractures, 17 -ethyl-19-nortestosterone promotes repair (358 up
take), whereas cortisone exerts an opposite effect. Apparently, the two types of steroids 
antagonize each other's actions on connective tissue. 

The regeneration of crushed murine skeletal muscle is inhibited by cortisone and 
accelerated by several anabolic testoids, the two types of steroids thus opposing each 
other in this respect also. 

Ratsimamanga B48,447f50: Even very 
large doses of adrenocortical extract failed to 
increase the work capacity (swim test) of 
intact rats. 

Kawalewski 050,864/58: Experiments on 
rats with fractures of the humerus show "that 
cortisone inhibits and 17 -ethyl-19-nortestoste
rone promotes those processes of repair which 
may be measured by S35 uptake method, and 

that 17-ethyl-19-nortestosterone may protect 
connective tissue against the catabolic effect 
of cortisone." 

Sloper & Pegrum G49,073f67: The regenera
tion of crushed murine skeletal muscle is inhi
bited by cortisone and accelerated by methan
dienone (17ß-hydroxy-17a-methyl-L'P-testoste
rone) or methandrostenolone. 

VARIA+ 

In general, anabolics counteract body-weight loss and tend to prolong survival in 
animals with transplanted or spontaneous neoplasms, but this is not invariably the 
case. 

The effect of steroids upon the toxicity of carcinogens (including their ability to 
induce tumors) is discussed in the section on "Drugs." 

In mice with hereditary muscular dystrophy, survival is prolonged and catabolism 
lessened by various anabolic steroids. 

The role of hepatic drug-metabolizing enzymes in the maintenance of the sexual 
cycle is discussed at length in the sections on "History" and "Theories." Ovarian 
homotransplants placed into the portal circulation fail to maintain the sexual cycle 
in spayed rats, whereas retransplantation of the gonads into the systemic circula
tion reinitiates estrus. This finding furnished one of the first proofs showing the 
importance of hepatic detoxifying mechanisms for the physiology of steroid hormones. 

It was also of considerable importance for the development of modern ideas con
cerning metabolic effects of steroids, that folliculoids inhibit somatic growth, whereas 
testosterone actually enhances it. 

Also to be mentioned in this connection is- the production of adrenocortical 
hyperplasia with sexual anomalies by the 2a-cyano compound, TMAON, as weH as the 
abortifacient and Iactation inhibiting effect of various catatoxic steroids (ethyl
estrenol, spironolactone}, which is now under study in our Institute. 

Tumors+- cf. also Carcinogens 

Beatsan A50,749f1896: Ovariectomy + 
thyroid extract administration is recommended 
for the treatment of inoperable mammary car
cinomas in women. 

Reid B93,930f54: Review (18 pp., 181 refs.) 
on the effect of STH and corticoids upon car
cinogen-induced and transplantable neoplasms. 

Glenn et al. G70,204f60: Review (48 pp., 
11 refs.) on the effect of various steroids, 
ACTH, GTH, ovariectomy, and adrenalecto
my upon the development of C3H mammary 
carcinoma transplants in mice and fibro
adenomas in rats. 

Marmo & MieZe D27,478f61: 4-Chloro
testosterone acetate and 19-nortestosterone 
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phenpropionate prolong the survival of mice 
with Ehrlich ascites tumors, and of rats with 
Walker tumors. 

Krake & Beinen D35,677f62: In rats, 
bearing Y oshida·sarcoma transplants, methan
drostenolone caused a loss of body weight, 
whereas in those bearing Walker sarcomas, 
it exerted an opposite effect. 

Rooks & Dorfman F62,099f66: 2a-Methyl-
17ß-hydroxy-5a-androstan-3-one increases the 
survival time of rats bearing mammary fibro
adenomas. 

Bonmassar et al. F85,891f67: Pretreatment 
with the anabolic steroid dimetazine increases 
the resistance of the rat to subsequent inocu
lations of Ehrlich ascites tumor. The prophy
lactic effect presumably depends upon the 
activation of immune mechanisms. 

Muscular Dystrophy +-

Dowben 079,563/59: The survival of mice 
with hereditary muscular dystrophy is pro
longed by treatment with 17a-ethyl-19-nor
testosterone and, to a lesser extent, by 
17a-ethyl-Ll4-19-norandrostenediol-3a,17 ß-3-
propionate, but not by testosterone propionate. 

Dowben & Gordon D4,188f61: The median 
survival time (ST50) of mice suffering from 
hereditary muscular dystrophy is about 
17 weeks. This can be prolonged to about 
40 weeks by anabolic steroids such as 17a-ethyl-
19-nortestosterone, 9a-fluoro-11ß-hydroxy-17a
methyltestosterone, methylandrostandiol, Ll 1-

17a-methyltestosterone or 17a-methyl-19-nor
testosterone. Some prolongation of the life 
span was also obtained by cortisone, "spiro
lactone" (presumably spironolactone), and 
SU-4885. Testosterone propionate did not 
prolong survival. DOC, aldosterone, and estra
diol actually shortened it. 

Borgman D62,710f63: "Treatment of mice 
with hereditary muscular dystrophy by an 
anabolic steroid, methylandrostenediol dien
anthoylacetate, lengthened survival time but 
did not otherwise alter the disease syndrome." 

Dowben et al. F 10,902/64: The life span of 
mice with hereditary muscular dystrophy is 
prolonged by various anabolic-testoid com-

pounds, but shortened by folliculoids, DOC, 
or aldosterone. 

Dowben E80f65: Review on the effect of 
anabolic steroids in experimental and clinical 
muscular dystrophies. 

Miscellaneous Effects of Protective 
Steroids +-

McEuen et al. 39,157!37: First communica
tion on the "Effect of Testosterone on Somatic 
Growth." Unlike folliculoids, testosterone does 
not inhibit somatic growth in the rat. Indeed, 
although only small amounts of the compound 
were available, they appeared to stimulate 
growth, at least in females. 

Golden & Sevringhaus A37,808f38: In 
ovariectomized rats, ovarian homotransplants 
placed into the mesenteries failed to maintain 
the sexual cycle, whereas retransplantation of 
the gonads into the axillary region reinitiated 
estrus. Apparently, folliculoids are detoxified 
during their passage through the liver. 

Golfer A47,355f47: In rats, audiogenic 
convulsions cause a loss of K and a gain of Na 
in the brain. DOC protects against audiogenic 
convulsions, and produces changes in the 
microincineration pattem of the cerebral 
11ortex opposite to those associated with 
convulsive influences. A low K diet also 
protects against audiogenic convulsions. 

Smith 046,496/56: In brown trout, thy
roxine raises, whereas thiourea and thiouracil 
reduce salinity tolerance. Anterior pituitary 
extracts and STH likewise raise salinity tole
rance, whereas posterior lobe extracts, testoste
rone, gonadotrophin, TTH, and ACTH have 
no effect. 

Aschkenasy-Lelu G9,425f64: Review of the 
various damaging agents against which females 
are more resistant than males, and of the re
sistance-increasing effect of folliculoids. 

Goldman et al. G73,456f66: In rats given 
2a-cyano-4,4,17a-trimethylandrost-5-en,17 ß-ol, 
3-one (TMACN), the fetuses at term exhibit a 
syndrome of adrenocortical hyperplasia with 
sexual anomalies, presumably due to persistent 
inhibition of fetal 3ß-hydroxysteroid dehy
drogenase. 

ENZYMES+ 

Most of the catatoxic actions of steroids, that have been adequately analyzed, 
were found to depend upon the stimulation of drug-metabolizing enzyme systems; 
hence, our selection of the data to be specifically classified under "Enzymes" is 
necessarily somewhat arbitrary. In the choice of pertinent facts we were guided by 
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the principle that this section should be as concise as possible, and limited to 
enzymologic findings which could not be listed under any other heading. Since the 
purpose of this monograph is to review our knowledge on the hormonal regulation 
of resistance, all observations having a direct bearing upon susceptibility to morbid 
changes have been reserved for more detailed consideration in the section dealing 
with particular pathogens (cf. Enzymologie References). 

The following pages are intended merely as a classüied guide to the literature on 
the effect of steroids upon the enzymic activities that may play a part in 
resistance, although they have not been clearly related to defense against any 
particular pathogen. Enzyme activities totally unrelated to defense (e.g., those 
concerned specüically with reproduction) have been completely disregarded; how
ever, borderline observations on enzymes which participate in the regulation of 
general metabolism but may assume a special role in certain intoxications are 
listed. 

For convenient access, the data are classüied according to substrates, but they 
have not been subjected to personal analysis and critical evaluation, since any effort 
to do so would have exceeded the scope of this monograph- as well as the competence 
of its author. 

The arrangement of the material is as follows: 
All enzyme activities specifically directed against a toxic agent are not considered 

here but under Drugs, together with the corresponding toxicant itself (e.g. "zoxa
zolaminase" with zoxazolamine). 

Only enzyme activities directed against substrates not usually administered as 
toxicants [e.g., TKT (tyrosine), TPO (tryptophan), SDH (serine), DNA-polymerase] 
are listed here and arranged according to the pharmacologic action of the inducing 
steroid (e.g., corticoid, folliculoid, antimineralocorticoid). 

Within the large sections "Corticoids" and "Adrenalectomy" a further subdivi
sion is made, the first section being devoted to "TKT and TPO," the second to 
"Other Amino Acid Enzymes" (including GOT, TDH, GPT, SDH, OKT, methionine 
adenosyl transferase, etc.), and the third to "Other Enzymes." Here the material is 
classüied according to the regulating steroid. 

Separate sections deal with "All Enzymes" as influenced by steroids other than 
the corticoids. Here, the first criterium for classification is the steroid activity, and 
data on its effect upon all enzyme systems are discussed conjointly, since even so the 
corresponding subsections aresmall in comparison with the extensive accumulations 
of data on corticoids and adrenalectomy. 

In accordance with this plan, the data in the following pages will be classüied as 
follows: 

TKT and TPO ~ Corticoids 
Other Amino Acid Enzymesa ~ Corticoids 
Other Enzymesb ~ Corticoids 
TKT and TPO ~ Adrenalectomy 
Other Amino Acid Enzymes~ Adrenalectomy 
Other Enzymes ~ Adrenalectomy 
All Enzymes ~ Folliculoids 

All Enzymes ~ Luteoids 
All Enzymes ~ Testoids 
All Enzymes ~ Gonadectomy 
All Enzymes ~ Antifolliculoids 
All Enzymes ~ Antitestaids 
All Enzymes ~ Antimineralocorticoids 
All Enzymes ~ V arious Steroids 

a GOT, GPT, TDH, SDH, OKT. b G-6-P-ase, UDP-ase, urea-cycle enzymes, DNA- and 
RNA-polymerase, NAD-ase, phosphatases, etc. 
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+- Corticoids 

REVIEWS 

Drewa H 12,100/69: Review of the hepatic 
enzymes that can be induced by cortisol. 

Hahn &: Koldovaky E8,164f69: Brief 
summary of the effect of corticoids upon 
hepatic enzymes. 

TKT (Tyrosine) and TPO (Tryptophan)+--. 

RAT 

Thomaon &: Mikuta B90,975f54: Cortisol 
increases the hepatic TPO activity of the rat 
liver. 

Knox &: Auerbach E76,825f55: The TPO 
activity of rat liver is lowered by adrenalecto
my and increased in both normal and adrenal
ectomized animals by cortisone. The increase 
in TPO activity caused by histidine and other 
pharmacologically active amines is prevented 
by adrenalectomy, unless the animals receive 
glucocorticoids. Hormone-induced and sub
strate-induced enzyme adaptation must be 
distinguished. 

Oiven &: Knox E53,175f57: In rats, an 
increase in the hepatic TPO activity can be 
obtained by treatment with tryptophan, 
cortisone or cortisol. 

Lin &: Knox E63,521f57: The hepatic 
TKT activity of the rat increases after in
jections of tyrosine or cortisol. A 4-fold in
crease was observed within 5 hrs. Tyrosine 
was an effective inducing stimulus only if the 
adrenal glands were present, or if cortisol was 
injected after adrenalectomy. 

Lin &: Knox 073,824/58: In rats, the 
hepatic TKT activity increased after treatment 
with cortisone, cortisol or corticosterone and 
L-tyrosine. This effect was observed also follow
ing adrenalectomy. On the other hand, a 
comparable action of other amino acids was 
probably due to stress. "That a nonspecific 
stress-producing agent could actually increase 
the level of tyrosine-a-ketoglutarate trans
aminase was further supported by the results 
obtained with a compound which is unrelated 
to tyrosine metabolism. Injections of propy
lene glycol in doses of 0.5 ml. per 100 mg. of 
body weight caused the level of this enzyme 
to increase to an average of 1390 units in 
three intact rats." Adrenalectomized rats did 
not support this dose of propylene glycol. 

Schor &: Frieden 0 57,994/58: In the rat, 
insulin can induce hepatic TPO activity, and 
this is only partly inhibited by adrenalec
tomy. In the intact rat, the effect of insulin 
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and tryptophan, or insulin and cortisone, are 
additive. Possibly, "hormonal induction may 
be a form of substrate induction in that certain 
hormones might affect the availability of 
tryptophan for the enzyme-forming system." 

Oiven &: Knox E64,178f59: In the adrenal
ectomized rat, the cortisol-induced increase in 
hepatic TPO activity is not associated with a 
higher level of tryptophan in the liver of 
normal rats, nor with an increased tryptophan 
metabolite excretion by pyridoxine-deficient 
rats. Tryptophan induction of the enzyme is 
associated with a rise in hepatic tryptophan 
and the excretion of metabolites by the 
deficient rats. The inducing effect of trypto
phan and cortisol given tagether was the sum 
of their separate actions. In vitro TPO is 
induced by addition of tryptophan, but not 
of cortisol, to the medium. It is concluded that 
cortisol is a primary inducer of enzyme and 
acts differently from, and independently of, the 
substrate. 

Feigelaon et al. G67,768f59: Studies on the 
half-life of cortisone-induced TPO in rat liver. 

Ginoulhiac G67,780f59: Studies on the 
TPO-induction by various corticoids in ii.dre
nalectomized rats suggest that "the TPO test 
is suitable for the biological evaluation of 
corticoids." 

Borton &: Franz 063,790/59: In the rat, 
the cortisone-induced increase in TPO activity 
is reduced by ethionine and restored again by 
methionine. 

Lin et al. 096,929/59: TKT activity is 
higher in the livers of male than of female 
rats. This enzyme activity is diminished by 
castration in males, and increased by testos
terone in females. Cortisol enhances this 
transaminase activity in males much more 
than in females, both in the presence and in 
the absence of the adrenals. 

Maiekel &: Brodie 083,071/60: TPO in rat 
liver is increased by ACTH, cortisone, or corti
sol, as weil as by various stressor agents and 
barbiturates. Hypophysectomy prevents the 
effect of stressors and barbiturates, suggesting 
that the latter act through the pituitary
adrenal system. 

Feigelaon D4,122f6l: In the rat, hepatic 
TPO activity can be induced both by trypto
phan and by cortisone. 

Kenney &: Flora.D12,237f61: Tryptophan 
and i.p. injections of diatomaceous earth 
(Celite) were as effective as tyrosine in induc
ing increases of hepatic TKT activity in 
intact, but not in adrealectomized rats. 
Cortisol was an efficacious inducer at low doses 
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in both intact and adrenalectomized animals. 
In the latter, the effect of a small dose of 
cortisol was potentiated by simultaneaus 
administration of tyrosine, methionine or 
diatomaceous earth. "It is concluded that 
induction of tyrosine transaminase is entirely 
mediated by adrenal hormone." In adrenal
ectomized rats, diatomaceous earth i.p. is 
believed to act as a stressor through adreno
cortical stimulation. 

Nicolis & Ginoulhiac D27,485f61: Hepatic 
TPO induction is so characteristic of gluco
corticoid activity in the rat that it may be 
used as the basis of a bioassay procedure. 

Feigelson et al. D25,364f62: In the rat, the 
induction of hepatic TPO by tryptophan or 
cortisone is used as a model for the study of 
interrelations between hormonal- and substrata
dependent enzyme induction processes. Follow
ing i.p. administration of either inducer, 
there is a rise in liver TPO activity, reaching 
a maximum after 4--5 hrs, the peak being 
higher for tryptophan than for cortisone. 
Judged by 140-glycine and 32P-orthophosphate 
incorporation experiments, both the trypto
phan and cortisone-induced stimulation of 
protein metabolism follow the same time 
course, but their effects on RNA metabolism 
do not coincide. Tryptophan causes no increase 
in RNA turnover while the enzyme Ievel is 
rising. When the enzyme activity has returned 
to normal, precursor incorporation into RNA 
is stimulated. Oortisone, on the other hand, 
markedly stimulates RNA turnover with 
maximal effects at 4 hrs corresponding to 
peak enzyme Ievels. The pattern of incorpora
tion of the purine precursor, glycine-2-140, 
into the RNA of various hepatic subcellular 
fractions showed that cortisone increases pre
cursor incorporation into the proteins of all 
liver cell constituents, but much less than into 
RNA. On the basis of these and many other 
experiments concerning the mechanism of 
enzyme induction, a hypothesis is proposed 
according to which the difference between 
substrate and hormone induction might be 
explained. 

Feigelson & Greengard D46,319f62: In the 
rat, a single i.p. injection of cortisone causes 
a 3-fold increase in the amount of TPO 
enzyme protein (immunologic assay). When 
assayed in the presence of saturation Ievels of 
its hematin cofactor, a proportionate rise in 
the catalytic activity of the enzyme is also 
obtained. Adrenalectomized rats react the 
same way. "Thus, the increase in liver tryp
tophan pyrrolase activity during hormonal 

induction and during the second phase of 
substrate induction are due to increased tryp
tophan pyrrolase protein Ievels." 

Goldstein et al. D70,93lf62: Oortisol enhan
ced both TKT and TPO activities in the 
isolated, perfused rat liver. This effect was 
prevented by puromycin, an inhibitor of pro
tein synthesis. Oortisol "may exert some of 
its physiological effects directly on liver cells 
by altering the Ievel of enzyme activities." 

Greengard & Feigelson G67,329f62: Immu
nochemical evidence showing that an increased 
amount of TPO is found in the liver of adrenal
ectomized rats after treatment with L-tryp
tophan. A similar increase is obtained by corti
sone. [The brief abstract does not state whe
ther cortisone was also tested in adrenal
ectomized rats (H.S.).] 

Kenney E89,716f62: In the rat, the 
induction of hepatic TKT by cortisol is asso
ciated with an equivalent increase in enzyme 
antigen. A cross-reactive precursor could not 
be detected in any of the subcellular liver 
fractions. Induction in the presence of 140-la
beled amino acids results in extensive labeling 
of transaminase, with or without induction. 

Knox G51,969j62: Review on the effect 
of stress upon hepatic TPO production. In 
adrenalectomized animals, only tryptophan 
of a series of analogues induces this enzyme, 
whereas, in intact rats, various stressors, 
AOTH, cortisone, cortisol and corticosterone 
(but not DOO) do so. "The recognition of the 
adrenal hormone-induced adaptation of the 
tryptophan pyrrolase has provided the uni
fied explanation for a large nurober of diffe
rent stressful stimuli which increase the enzyme 
level." Tryptophan pyrrolase is absent from 
the liver of newborn rabbits andin them, this 
enzyme cannot be induced by cortisol. Tyro
sine transaminase induction is regulated in a 
very similar manner. 

Davis D92,322f63: The decarboxylation 
of o-tyrosine and 5-hydroxytryptophan by 
livers of adrenalectomized rats, given water, 
was significantly lower than in controls. No 
significant effects on decarboxylation of these 
substrates were observed in adrenalectomized 
animals given N aOI, or in intact animals 
treated with DOO or exposed to cold. On the 
other hand, cortisone increased the inherent 
hepatic decarboxylating activity for both 
substrates, in normal as weil as in pyridoxine
deficient rats. 

Greengard et al. D63,145f63: In adrenal
ectomized rats, "the administration of puro
mycin inhibited the cortisone-induced eleva-
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tion of tryptophan pyrrolase and tyrosine-a
ketoglutarate transaminase activity as weil as 
the substrate-induced elevation of the latter. 
Actinomycin abolished the cortisone-mediated 
rise in the Ievel of both enzymes but did not 
influence the tryptophan-mediated increase 
in the Ievel of tryptophan pyrrolase." In 
newbom rats, the development of hepatic 
TKT was inhibited by actinomycin, but 
neither adrenalectomy nor actinomycin D 
interfered with the postnatal development of 
hepatic TPO. Apparently, accumulation of 
TPO (unlike that of TKT) is not under adrenal 
control and can proceed despite inhibited 
RNA synthesis. 

Greengard et al. E20,258j63: In starved 
rats, hepatic glycogen deposition foilowing 
cortisone treatment is inhibited by puromycin 
and actinomycin D. The former interferes with 
enzyme induction in general, the latter with 
cortisone-induced rise in hepatic enzyme, 
including TKT. "The regulatory effect of 
cortisone on carbohydrate metabolism may be 
brought about by its action on the ceilular 
concentration of certain enzyme proteins." 

Knox D66,995J63: In intact rats, hepatic 
TPO or TKT can be induced by pretreatment 
either with the corresponding substrates or 
with cortisol. However, after adrenalectomy 
TKT, unlike TPO, can no Iongerbe induced 
by the substrate. Cortisol induces both enzymes 
even after adrenalectomy, and the increase is 
particularly pronounced if the hormone is 
given conjointly with these substrates. 

Pitot G65,475J63: In the Morris hepatoma 
5123, TPO activity is normaily low and cannot 
be significantly altered by either tryptophan or 
cortisone, whereas both these substances 
induce the enzyme in the normal Iiver tissue. 
In adrenalectomized rats, TPO induction by 
tryptophan is lower than in intact animals, 
though cortisone induction in the host liver is 
actuaily increased. A slight enzyme induction 
appears to be possible even in the hepatoma 
when cortisone is administereo. to the adrenal
ectomized rat. Essentially similar but not 
quite identical results have been obtained with 
rats bearing Morris hepatoma 7800 or 7316. 
TKT, TDH and G-6-P-ase activities were 
either minimaily or not affected by cortisone 
in various transplantable hepatic tumors. 

Rosen et aZ. E32,653j63: "A period of about 
48 hours is required to attain maximal activity 
of alanine-a-ketoglutarate transaminase in 
liver after subcutaneous treatment of rats 
with a single injection of cortisol. In contrast, 
tyrosine-a-ketoglutarate transaminase reaches 
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a maximal value in liver between 4 and 5 hours 
after an intraperitoneal dose of cortisol." The 
same dose of cortisol causes even greater in
creases of hepatic TKT in adrenalectomized 
rats, but GPT or TPO induction by cortisol ia 
not influenced by adrenalectomy. 

GelZer et aZ. G22,722j64: In rats, hepatic 
TKT tryptophan-a-ketoglutarate transami
nase and TPO activities are increased 3.5 hrs 
after i.p. injection of cortisol, but no such 
activation was seen after stress (animals 
placed in a mechanical shaker) causing an 
increase in adrenal and plasma glucocorti
coids as weil as a depletion of adrenal ascorbic 
acid. Possibly, the amount of glucocorticoid 
secreted was not equivalent to that injected. 

Pitot et al. G37,125j64: In intact rats 
bearing Reuber H-35 hepatomas, TKT acti
vity is much greater in the tumor than in the 
normal hepatic tissue. Cortisone i.p. induces 
enzymein the liver, but not in the tumor. In 
adrenalectomized hosts, however, the enzyme 
in the tumor is in the range of the host liver, 
and cortisone induces enzyme in both liver and 
tumor. If cortisone is added to cultures 
24 hrs before the enzyme assay, a significant 
induction occurs in vitro, reaching a maxi
mum in 6 hrs. Actinomycin D added to the 
medium delays enzyme induction without 
inhibiting it completely. 

Schapiro et aZ. G21,848j64: In the rat, 
cortisol greatly increases hepatic TPO, TKT, 
and tryptophan transaminase activity, whereas 
stress (reciprocating shaker) stimulates corti
coid secretion without any change in hepatic 
transaminase or pyrrolase activity. Appa
rently, stress not only activates the adrenal 
cortex, but also the mechanisms which block 
the induction of these enzymes by corticoids, 
because shaker stress inhibited the elevation 
of hepatic transaminase that occurred foilow
ing cortisol, although it did not block the 
elevation of TPO in the rat. 

Shiba et aZ. G31,114j65: The addition of 
cortisol to the blood perfused through a rat 
liver in vitro induced hepatic TPO, whereas 
this was not the case with livers of rats bearing 
!arge Walker tumors. The inhibitory effect 
upon enzyme induction is ascribed to "toxo
hormone" (an extract of Walker tumors), 
since addition of a toxohormone preparation 
to the perfusion fluid also prevented enzyme 
induction by cortisol. 

Peraino et aZ. G40,083J66: In rats pretreat
ed with cortisone, the dietary induction of 
SDH, OKT and TKT was not much affected, 
but carbohydrate repression was largely 
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eliminated. Protreatment with phenobarbital 
alone had little effect on the induction of SDH 
and OKT but, given with cortisone, it consider
ably enhanced the response of these enzymes 
to induction by casein hydrolysate feeding. 
Neither cortisone nor phenobarbital acted as 
inducers when given alone or in combination. 
They were active only in the presence of a 
dietary inducer. 

Southren et al. F66,647f66: Clinical im
provement has been observed in Cushing's 
syndrome after treatment with o,p'-DDD. This 
effect might have been due to a direct inter
ference by o,p'-DDD with the biologic action 
of cortisol, or by its giving rise to cortisol 
metabolites which inhibit cortisol competiti
vely at the effector site. In the rat, o,p'-DDD 
had no effect upon the induction of TPO in 
the liver, whereas 6ß-hydroxycortisol was 
found to be a potent inhibitor of cortisol 
action in this test system. Since o,p'-DDD 
induces the production of 6ß-hydroxycortisol, 
the protective effect may have been due to the 
latter. 

Tomkins et al. G49,588f66: Glucocorticoids 
stimulate TKT induction in rat hepatoma 
cells in vitro. Inhibitor and immunochemical 
experiments indicate that the corticoids do 
not activate a precursor, but increase the 
nurober of enzyme protein molecules. Appa
rently, the hormones exert some control at the 
Ievel of translation of the transaminase 
messengar by antagonizing a repressor of mes
sengar function. "It cannot yet be determined 
whether the presumed increase in messe~.tger 
concentration occurs as a secondary response 
to the stimulation of translation, or whether 
there is a direct effect of the hormone on gene 
transcription." 

Gelehrter & Tomkins G51,315f67: Dexa
methasone induced a 3--15-fold increase of 
TKT activity in a tissue culture of rat hepa
toma cells, but no rise in total RNA nor its 
synthesis as measured by the rate of incorpora
tion of labeled precursors. Various experiments 
also failed to demonstrate gross stimulation of 
RNA synthesis associated with enzyme induc
tion by steroid hormones in vivo, "suggesting 
that these changes are not an essential part of 
the mechanism of enzyme induction by gluco
corticoids." 

Peterkofsky & Tomkins G52,839f67: TKT 
can be induced by dexamethasone in tissue 
cultures from Morris hepatoma 72880. Cyto
sine arabinose completely inhibits DNA syn
thesis in these cells, but does not affect RNA 
synthesis or enzyme induction. Conversely, 

mitomycin C and actinomycin D preferentially 
inhibit RNA synthesis, and completely block 
induction. Kinetic experiments in which 
actinomycin D was added at increasing inter
vals after dexamethasone suggest that messen
gar RNA accumulates during the early phase 
of induction. From these and other Observa
tions, it is concluded "that messengar RNA 
for both tyrosine aminotransferase and general 
cell protein are relatively stable. After inhibi
tion of protein synthesis by cycloheximide, 
tyrosine aminotransferase activity decreased 
exponentially with a half-life of seven hours, 
and this rate was not affected by either steroid 
or actinomycin." 

Seidman et al. F88,452f67: The induction 
of TPO has been studied in the liver remnant 
of partially hepatectomized rats after treat
ment with cortisol, and subsequent adrenal
ectomy. "It seems possible, therefore that the 
lessened response to hydrocortisone in hepatic 
cells preparing to divide is related to repression 
of transcriptional rather than translational 
mechanisms and that the duplicating genome 
itself may be unable to participate simultane
ously in other functions." 

Granner et al. H 11,721/68: Dexamethasone 
stimulates TKT synthesis when added in vitro 
to tissue cultures derived from a rat hepatoma. 

Hager & Kenney G58,950f68: Cortisol, 
insulin and glucagon induced TKT in the 
isolated, perfused rat liver. The hormonal 
induction of all these enzymes was sensitive 
to actinomycin D, but STH (which represses 
TKT induction in vivo) apparently acts 
indirectly, since it loses this effect in vitro. 
Cortisol acts as long as it is present in the 
perfusion fluid, whereas enzyme synthesis 
induced by the pancreatic hormones ceases 
after two or three hours, regardless of the 
continued presence of the protein hormones. 
It is assumed that cortisol is a "primary in
ducer," whereas the pancreatic hormones 
probably act indirectly, as a consequence of 
their initial hepatic effect, and are therefore 
"secondary inducers." Both the primary and 
the secondary induction mechanisms are 
blocked by actinomycin D. 

Schapiro H2,360f68: Stress (30 min rough 
agitation in a noisy laboratory shaker) had no 
effect upon the corticoid sensitive enzyme 
TKT in the liver of the intact rat, but it 
increased TPO activity, which is likewise 
corticoid inducible. Adrenalectomized rats, 
similarly stressed, exhibited a decreased 
transaminase activity with no change in TPO. 
This inhibitory effect was abolished by hypo-
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physectomy. STH inhibited induction of 
transaminase by cortisol, but had no effect 
upon cortisol-induced TPO activity. The 
opposing actions of STH and glucocorticoids 
may be involved in adaptive reactions to 
stress. 

Agarwal et al. 065,716/69: In the rat, both 
S. typhimurium endotoxin and Thorotrast 
lowered hepatic TPO activity, and prevented 
cortisol from inducing this enzyme in the iso· 
lated, perfused liver. Under these conditions, 
the TKT activity of the liver remained 
unaffected. Partial purification of hepatic 
TPO induced by endotoxin or Thorotrast 
indicated the presence of some inhibitory 
substance. "Since histological studies revealed 
that thorotrast is localized in Kupffer cells, it 
is suggested that the reticuloendothelial system 
contributes to the control of enzyme induction 
in rat liver." 

Benes &: Zicha 067,159/69: Exposure to 
1400 R does not inhibit the TPO activity of 
rat liver. In fact, substrate induction of TPO 
is stimulated by X-irradiation applied 24 hrs 
earlier. Induction by cortisol is initiaily stimu· 
lated, and then inhibited by X-irradiation. 
X-irradiation before partial hepatectomy in
hibits the increase in TPO normally observed 
12 hrs after the operation. Similar results are 
obtained by actinomycin D applied one hour 
after partial hepatectomy. "The diminished 
synthesis of tryptophan oxygenase in irra
diated regenerating rat liver tissue, as weil as 
the decrease of hormonal induction after the 
irradiation can be explained by the inhibition 
of the specific messengar RNA's synthesis." 

Valeriote et al. 067,621/69: Purification and 
properties of rat liver TKT induced by 
triamcinolone. 

Yuwiler et al. H9,994j69: Comparative 
observations on fasted and cortisol-injected 
rats led to the conclusion that "the natural 
stress of fasting is accompanied by alterations 
in some corticoid-inducible enzymes, but that 
these changes are not analogous to those 
obtained foilowing glucocorticoid administra
tion." 

Levitan &: Webb H20,594j70: In rats, the 
purine analogue azaguanine does not inhibit 
the initial induction of hepatic TKT by corti
sol. However, the continued induced synthesis 
of the enzyme elicited by repeated doses of 
cortisol is inhibited by azaguanine. "This 
suggests that the induction cycle involves the 
activation and renewal of a pool of preexisting 
messengar RNA.'' 

Nakano et al. 076,247/70: "In adrenalecto
mized rats, hepatic TPO which can be increased 
in amount in intact rats by feeding either 
tryptophan or methionine, was activated and 
increased in amount by feeding tryptophan but 
not methionine. The feeding of tryptophan 
resulted in a significant increase in the Ievel of 
arginase and threonine dehydratase. Methio
nine produced a similar increase in both threo
nine dehydratase and arginase activities. 
Administration of cortisone acetate produced 
a significant increase in the Ievel of all three 
enzyme activities." 

MousE 

Agarwal &: Berry 066,479/66: In the mouse, 
stress produced by i.p. injection of infusorial 
earth or bentonite causes no significant change 
in hepatic TPO activity at the time when 
sensitization to endotoxin is already devel
oped. The inducibility of TPO is delayed by 
injections of cortisone at a time when the 
hormone protects against endotoxin. Still, the 
results are considered to be "in agreement with 
the concept that maintenance of liver TP is 
necessary for continued survival of endotoxin 
poisoned mice. The absence of change in this 
enzyme seen in celite- and bentonite-injected 
mice sensitized to endotoxin is an apparent 
exception." Presumably, "suppression of TP
activity is not the only way in which mice 
may be sensitized to endotoxin." 

Berry et al. 067,237/66: S. typhimurium 
endotoxin lowers liver TPO in mice and 
prevents the induction of the enzyme by 
concurrent injection of cortisone. It lowers, 
but does not prevent, substrate induction. 
Actinomycin D has a similar effect on TPO. 
In the intact but not adrenalectomized mouse, 
endotoxin induces TKT almost as weil as 
cortisone. Actinomycin D, on the other hand, 
has an effect on this transaminase similar to 
that of TPO. 

Agarwal &: Berry 066,480/67: "Four 
hours after zymosan administration, cortisone 
was able to induce mouse liver tryptophan 
pyrrolase production almost at a normal rate 
and, under these conditions, protected mice 
against a concurrent injection of endotoxin. 
Administration of zymosan, at either 2 or 4 hrs 
after cortiscne administration, resulted in little 
change in tryptophan pyrrolase activity while 
endotoxin, when similarly administered, caused 
a rapid decline in liver tryptophan pyrrolase 
activity. . . . Glucan and zymosan, like endo
toxin, increased tyrosine-a-ketoglutarate trans
aminase activity in intact but not in adrenal-
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ectomized mice. Zymosan and thorotrast, 
unlike endotoxin, neither lowered liver car
bohydrate levels nor influenced cortisone 
induced neosynthesis of liver glycogen. These 
results suggest a cause and effect relationship 
between inducibility of key liver enzymes 
and survival against stress." 

Berry et al. E7,069f67: In mice, endotoxin, 
zymosan, glucan and saccharated iron oxide 
(all RES-blocking agents) lower hepatic TPO 
and increase TKT in vivo, but not in vitro. 
Endotoxin also prevents the induction of 
TPO by cortisone, especially when the latter 
is given 2-4 hrs after endotoxin. The trans
aminase responds normally. Zymosan and 
glucan do not prevent the induction of TPO 
by cortisone. "Perhaps one might relate these 
effects to the dose of colloid used in relation 
to its toxicity, but even large doses of saccha
rated iron oxide capable of killing mice fail 
to prevent the induction of tryptophan pyrro
lase by cortisone." 

Rapapart et al. G/53,334{68: Pneumococcal 
infection raises the hepatic TPO activity in 
intact, but not in adrenalectomized, mice. 
Cortisol increased TPO activity bothin control 
and in pneumococcus-infected mice, but only 
if administered early after inoculation. Later 
during the course of infection, some inhibitory 
factor develops which counteracts the induction 
of TPO by cortisol. 

Agarwal & Berry G65,866{69: In mice, 
cortisone induced liver TPO and increased liver 
pyridine nucleotide levels after pretreatment 
with zymosan or glucan. It also protected such 
animals against the lethal effects of endotoxin. 
The observations are "consistent with the view 
that a cause and effect relationship may exist 
between hormone induction of selected hepatic 
enzymes and survival against stress." 

Finch et al. G71,208f69: In senescent mice, 
the induction of hepatic TKT by exposure to 
cold is delayed in comparison with young 
mice. Corticosterone and insulin are equally 
effective in this respect in mice of both age 
groups. 

VARIA 

Chan & Gohen D18,552{64: Verlebrates 
above the evolutionary level of amphibians 
respond to cortisol with an increased hepatic 
TKT activity. "Animals showing this response 
include the rat, guinea pig, chick, pigeon, 
horned toad (Phrynosoma cornatum), and 
painted turtle (Chrysemys picta). In contrast, 
vertebrates at the amphibian level or below 
failed to show this response. Animals failing to 

show this response include the bull frog (Rana 
catesbeiana), grass frog (Rana pipiens), marine 
toad (Bufo marinus), tiger salamander (Ambys
toma tigrinum), mud puppy (Necturus), 
white bass (Roccus chrysops), and black 
crappie (Promoxis nigromaculatus)." 

Litwack & Nemeth G26,050{65: In the rab
bit, hepatic TKT activity rises 2-4-fold at 
birth. A similar increase is obtained precociously 
in the event of premature delivery by cesarian 
section, whereas proionging gestation delays 
the rise in enzymic activity. Under all these 
conditions, the ability of cortisol to cause a 
further rise in enzymic activity coincides 
with delivery. In the guinea pig, TKT is 
absent during fetal life and increases to adult 
values within 24 hrs after birth. The enzyme 
activity in the newborn is stimulated by corti
sol, though a single injection is without effect 
in the fetus or adult. In chickens, enzymic 
activity is relatively constant during the 
embryonie period, but rises 2-3-fold after 
hatching. 

Other Amino Acid Enzymes: GOT (Aspar
tate), TDH (Threonine), GPT (Alanine), SDH 
(Serine), Methionine, OKT (Ornithine) <--, 

Beaton et al. D 83,636 {57: Following STH treat
ment, there is a significant depression in the 
GPT activity of rat liver tissue, whereas 
cortisone has an inverse effect. 

Gavosto et al. 034,243{57: In partially 
hepatectomized rats, cortisone does not 
significantly influence the rate of hepatic 
regeneration, but it increases the GOT and 
GPT activities, in both normal and regenerat
ing liver tissue. 

Rosen et al. 047,568{58: Cortisol increases 
the GPT activity of the rat liver. Similar 
results have been obtained with cortisone and 
prednisone. GOT activity is not similarly 
influenced. "These facts, added to the Observa
tion that a substantial rise in hepatio GPT 
occurs in rats treated with hydrocortisone, in 
contrast to treatment with deoxycorticosterone, 
strongly suggest that the control of hepatic 
levels of GPT by glucocorticosteroids is im
portantly related to the mechanism whereby 
these compounds exert their gluconeogenic 
activity." 

Rosen et al. 050,741{58: In rats treated with 
cortisol, cortisone or prednisone for 1 week, 
there was an increase in hepatic GPT but not 
in GOT. DOC had no such effect. Hypophysec
tomy or adrenalectomy did not prevent this 
action of cortisone. STH, testosterone or 
insulin failed to alter GPT activity, nor did 
they influence its stimulation by cortisol. 
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Rosen et al. 071,414/59: Marked increases 
in GPT activity were observed in the livers 
of rats given cortisol, cortisone, 9a-fluorocorti
sol, prednisone, 6a-methylprednisolone, 9a
fluoro-21-desoxy-6a-methylprednisolone or 
ACTH, whereas two nonglucocorticoid cortisol 
derivatives, 11-epicortisol and 9a-methoxy
cortisol, were inactive. STH, testosterone, and 
insulin caused no significant change in GPT 
by themselves, nor did they modify the action 
of cortisol. On the other hand, large doses of 
estradiol and thyroxine caused a moderate 
increase in GPT activity, but when injected 
simultaneously with cortisol, they appeared 
to interfere with its action as did progeste
rone. Adrenalectomy slightly diminished or 
failed to affect the GPT inducing activity 
of cortisol whereas hypophysectomy caused a 
rise in GPT activity and augmented the effect 
of cortisol. 

Rosen et al. G66,496f59: In the rat, cortisol, 
cortisone, and prednisone cause a 6-13-fold 
increase in hepatic GPT activity. This effect 
was directly related to the protein content of 
the ration. In alloxan diabetic rats, the rise 
in this enzyme activity was equivalent to 
that obtained by cortisol or high-protein diets, 
and could be inhibited by insulin. Adrenal
ectomy diminished but did not abolish the 
rise in GPT activity obtained by feeding high
protein diets. Thus, the initiation of enzyme 
synthesis by dietary protein is not mediated 
exclusively through the adrenals. 

Barding et al. Dl4,355f61: In the rat, 
pretreatment with DOC depresses the hepatic 
GPT activity. A similar depression is obtained 
by adrenalectomy, but this is not further 
aggravated by concurrent treatment with 
DOC. ACTH increases GPT activity in hypo
physectomized, but not in adrenalectomized, 
animals. In hypophysectomized rats, DOC 
fails to lower GPT nor does it alter the 
response of this enzyme to ACTH. "The 
inhibitory effect of DOC on alanine transami
nase activity appears to be due to suppression 
of ACTH release by the pituitary." 

Segal et al. D45,899f62: In the rat, predni
solone treatment increases the GPT activity 
and immunologic evidence suggests that this 
is due to an actual rise of enzyme protein. 

Segal et al. G67,774f62: Purification and 
properlies of hepatic GPT from normal rats 
or from those in which this enzyme was 
induced by cortisone or prednisolone. 

Davis D92,322f63: The decarboxylation of 
o-tyrosine and 5-hydroxytryptophan by livers 
of adrenalectomized rats, given water, was 

significantly lower than in controls. No signi
ficant effects on decarboxylation of these 
substrates were observed in adrenalectomized 
animals given NaCl, or in intact animals 
treated with DOC, or exposed to cold. On the 
other hand, cortisone increased the inherent 
hepatic decarboxylating activity for both 
substrates, in normal as weil as in pyridoxine
deficient rats. 

Pitot G65,475f63: In the Morris hepatoma 
5123, TPO activity is normally low and 
cannot be significantly altered by either 
tryptophan or cortisone, whereas both these 
substances induce the enzyme in the normal 
liver tissue. In adrenalectomized rats, TPO 
induction by tryptophan is lower than in 
intact animals, although cortisone induction 
in the host liver is actually increased. A slight 
enzyme induction appears to be possible even 
in the hepatoma when cortisone is administer
ed to the adrenalectomized rat. Essentially 
similar but not quite identical results have been 
obtained with rats bearing Morris hepatoma 
7800 or 7316. TKT, TDH and G-6-P-ase 
activities were either minimally or not affect
ed by cortisone in various transplantable 
hepatic tumors. 

Segal &: Kim G67,769f63: Studies on the 
half-life of prednisolone-induced GPT in rat 
Ii ver. 

Freedland &: Avery G67,766f64: In the rat, 
the TDH and SDH activity of liver homo
genates was increased by high protein diets, 
alloxan diabetes, or cortisol. Factors affecting 
the activity of TDH caused a proportional 
change in SDH, suggesting that both of these 
activities may be due to a single protein. The 
SDH activity was decreased by adrenalectomy 
or hypophysectomy. Adrenalectomy had no 
effect upon the response of this enzyme to 
protein feeding, whereas after hypophysec
tomy, this responsewas diminished. 

Peraino et al. G40,083f66: In rats pretreated 
with cortisone, the dietary induction of 
SDH, OKT and TKT was not much affected, 
but carbohydrate repression was largely 
eliminated. Pretreatment with phenobarbital 
alone had little effect on the induction of SDH 
and OKT, but given with cortisone, it consi
derably enhanced the response of these enzy
mes to induction by casein hydrolysate feeding. 
Neither cortisone nor phenobarbital acted as 
inducers when given alone or in combination. 
They were active only in the presence of a 
dietary inducer. 

Moscona &: Piddington F90,487f67: In 
retinal explants of 12-day chick embryos, 
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glutamine synthetase activity can be induced by 
the addition of various oorticoids to the culture 
medium. Oortisol, cortioosterone, and aldo
sterone are particularly active in this respect, 
whereas pregnenolone, progesterone, DOO, 
11-desoxycortisol, 17a-hydroxyprogesterone, 
and 11a-hydroxyprogesterone had little acti
vity. 11ß-Hydroprogesterone and 11ß,17a-di
hydroxyprogesterone exhibited intermediate 
degrees of activity. Apparently, "the 11ß-po
sition is of primary significance in the activity 
of these molecules in inducing retinal glutamine 
synthetase in this system. This conclusion is 
further supported by the fact that cortisone, 
which has a ketone group in the 11-position, 
had no effect under these oonditions." 

Schmidinger &: Kröger F92,031f67: The 
increase in hepatic SDH induced by protein
deficient diets and starvation in intact rats is 
prevented by actinomycin D, puromycin or 
glucose, but aggravated after adrenalectomy. 
Oortisone administered during the starvation 
period increases SDH activity, perhaps owing 
to utilization of inhibitors of this enzyme 
during gluconeogenesis. 

Räihä &: Kekomäki G68,114f68: In the rat, 
the OKT activity of the liver is very low in the 
fetus, exhibits a small transient elevation 
around term, then drops, and evet>tually 
reaches the high adult activity Ievel during 
the third postnatal week. Triamcinolone given 
postnatally causes a pronounced elevation of 
OKT, but has no such effect in fetal or adult 
rats. Puromycin prevents the rise in OKT 
activity after triamcinolone administration. 
In adult rats fed a protein-or arginine-free diet, 
OKT activity decreases and falls to rise under 
the influence of triamcinolone. Partial hepa
tectomy or STH depresses OKT-activity in the 
livers of adult rats. 

Shou et al. H15,277f69: In the rat, the 
hepatic methionine adenosyl transferase acti
vity was not much influenced by glncagon, 
but during alloxan diabetes it increased con
siderably. Oombined treatment with alloxan 
and triamcinolone resulted in an additive 
effect. The response to alloxan could be pre
vented and even reversed by insulin or adrenal
ectomy. In normal rats, insulin caused no 
consistent increase. 

Uete H 15,157!69: Triamcinolone impairs 
the capacity of a special thymus microsome 
fraction system to incorporate amino acids into 
proteins in the rat. Detailed studies using 
labeled amino acids led to the conclusion "that 
both the soluble fraction and the ribosomes of 
thymus cells are involved in the inhibition of 

protein synthesis in thymus microsomes 
following the administration of adrenal cor
tical hormones." 

Yuwiler et al. H9,994f69: Oomparative 
observations on fasted and cortisol-injected 
rats led to the oonclusion that "the natural 
stress of fasting is accompanied by alterations 
in some corticoid-inducible enzymes, but 
that these changes arenot analogous to those 
obtained following glucocorticoid administra
tion." 

Other Enzymes (G-6-P-ase, UDP-ase, Urea
Cycle Enzymes, DNA- and RNA-polymerase, 
Phosphatases, etc.) +--. Weber et al. 011,010/56: 
In the liver of the rat, "cortisone caused a mark
ed increase in the G-6-P-ase activity of the ho
mogenate, nuclear, mitochondrial and micro
somal fractions per unit weight, nitrogen and 
average cell." 

Feigelson et al. G68,042f62: In partially 
hepatectomized rats, cortisone causes a tran
sient stimulation and subsequent depression 
in the incorporation of precursors into the 
DNA of the regenerating liver. 

Willmer &: Foster D28,163f62: Studies on 
the effect of various diets upon carbohydrate
metabolizing hepatic enzymes in intact and 
adrenalectomized rats, and on the effect of 
Substitution therapy with various corticoids 
after adrenalectomy. 

FeigelBon &: Feigel8on D59,123f63: In rat 
liver tissue, "cortisone rapidly elevates incor
poration of glycine-2-140 into acid-soluble 
adenine nucleotides as weil as into RNA. 
Intraperitoneal administration of a variety of 
L-and D-amino acids, NH4+, and glutamine 
into adrenalectomized rats imitated cortisone 
by stimulating glycine-2-140 incorporation into 
acid-soluble and RNA purines. Although liver 
adenosine triphosphate Ievels rise after corti
sone administration, such alterations in ATP 
per se do not influence the rate of precursor 
incorporation into RNA or protein. On the 
basis of these findings, it is proposed that 
increased amino acid deamination, implicit in 
the gluconeogenic action of the glucooorti
ooids, results in the liberation of a-amino 
nitrogen moieties that mediate the cortisone
induced increases inhepatic purine biosynthetic 
rates." 

Schimke D39,880f63: Studies on the 
induction of urea-cycle enzymes ( carbamyl 
phosphate synthetase, ornithine transcarbamy
lase, argininosuccinate synthetase, arginino
succinase, and arginase) in the liver of intact 
and adrenalectomized animals given cortisone 
or cortisol. 
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Dietrich & Yero G26,959f65: Cortisol 
markedly lowered the nicotinamide deamidase 
activity of the Hver in intact, hypophysecto
mized, and adrenalectomized rats. Under these 
conditions, cortisol failed to inhibit hepatic 
synthesis of NAD significantly after nicotin
amide challenge. Hexestrol markedly lowered 
hepatic deamidase activity in intact, thyroid
ectomized, and adrenalectomized rats. A 
lowering of the hepatic NAD-levels after 
nicotinamide challenge occurred upon hexestrol 
treatment in intact, but not in adrenalectomi
zed, rats. Hypophysectomy markedly stimu
lated nicotinamide deamidase activity and 
NAD-biosynthesis afternicotinamide challenge. 

Dietrich G28,103f65: In the mouse, hepatic 
nicotinamide deamidase, and the capacity to 
synthesize NAD are lowered by dienestrol, 
diethylstilbestrol, estradiol-17 ß, estrone, estriol, 
cortisone and cortisol. Pretreatment with large 
amounts of hexestrol also lowered the capacity 
of hepatic tissue to synthesize NAD upon 
nicotinamide challenge. 

Franklin G32,826f65: The demethylation 
of morphirre by rat hepatic microsomes was 
greatly diminished by pretreatment with 
cortisone, although, simultaneously, the 
G-6-P-ase activity of the liver increased. Pre
treatment with morphirre exhibited essentially 
similar effects upon these two enzymes. 

Gritfin & Cox F86,85lf66: "The induction 
of alkaHne phosphatase by prednisolone in 
HeLa cell cultures appears to occur at the level 
of protein synthesis (translation) as a result 
of a steroid-induced change in the conforma
tional state of the enzyme during its 
synthesis." 

Moses et al. G40,253f66: In a patient with 
glycogen storage disease, triamcinolone caused 
a 4-fold increase in hepatic G-6-P-ase. 

Terayama & Takata F69,475f66: "Admin
istration of cortisone had no significant effect 
on the N-demethylating activity of normal 
liver but partially prevented the decrease in 
enzymatic activity caused by adrenalin or 
partial hepatectomy." 

Drews & Brawerman G52,150f67: Studies 
on changes in RNA-synthesis in the rat Hver 
during regeneration and after cortisol adminis
tration. The relationship between enzyme 
induction and RNA-synthesis is discussed. 

Wulf & Hers G53,099f67: In N.M.R.I. 
mice, prednisolone stimulates not only gly
cogen synthesis, but also the formation of 
glycogen synthetase in the Hver. 

Freedland et al. G55,808f68: Extensive 
studies on the effect of adrenalectomy, hypo-

physectomy and cortisol treatment upon a 
great variety of rat liver enzymes, with obser
vations on the effect of thyroxine upon these 
enzymes in intact, adrenalectomized or hypo
physectomized rats. The extensive data do not 
lend themselves to aueeinet presentation in the 
form of a summary and must be consulted in 
the original. 

Gresham & Pover G58,354f68: In the rat, 
alkaHne RNAse levels increase in the mucosa 
of the small intestine after total body or selec
tive head X-irradiation as well as after treat
ment with such radiomimetic drugs as Chlor
ambucH or Myleran but not after treatment 
with ACTH, cortisol or various stressors. 
Still, a relationship to the G.A.S. is suspected 
because blockade of the normal neuroendocrine 
responses to stress by combined treatment 
with morphirre + pentobarbital blocked the 
intestinal RNA response to X-irradiation, and 
the latter was also lacking in newborn rats in 
which hypothalamic control of anterior 
pituitary function has not yet developed. 

+- Adrenalectomy 

TKT, TPO <-, Knox B71,418f51: Trypto
phan induces hepatic TPO both in intact and 
in adrenalectomized animals. V arious other 
compounds, including epinephrine and hista
mine which (to a lesser extent) have the same 
effect in intact animals, fail to act after adre
nalectomy. "The first mechanism has been 
identified as that of enzyme adaptation, 
previously known only in microorganism, and 
the second has been identified as the stress 
reaction, acting through the adrenal glands." 

Geschwind & Li B93,277f54: In the rat, 
the induction of the TPO enzyme system is 
diminished by hypophysectomy and adrenal
ectomy, but increased by thyroidectomy. 

Thomson & Mikuta B96,579f54: In adre
nalectomized rats, maintained on 1% NaCl, 
the activation of the hepatic TPO system is so 
specific for glucocorticoids ( e.g., cortisone, 
cortisol) and so accurately dose-dependent that 
it is recommended as a bioassay method. 
DOC is ineffective. 

Thomson & Mikuta B90,975f54: "Total
body X-irradiation produces within a few hours 
a dose-dependent increase in the tryptophan 
peroxidase-oxidase system of rat Hver. The 
increase does not occur in adrenalectomized 
rats, and hence cannot be construed as a 
direct effect of X-irradiation." After hypophy
sectomy, enzyme induction became progres
sively less pronounced as adrenal atrophy 
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developed. ACTH restored the ability of the 
hypophysectomized rat to respond with 
enzyme induction. 

Knox & Auerbach E76,825f55: The TPO 
activity of rat liver is lowered by adrenal
ectomy and increased in both normal and 
adrenalectomized animals by cortisone. The 
increase in TPO activity caused by histidine 
and other pharmacologically active amines is 
prevented by adrenalectomy, unless the animals 
receive glucocorticoids. Hormone-induced and 
substrate-induced enzyme adaptation must be 
distinguished. 

Lin & Knox E63,52lf57: The hepatic TKT 
activity of the rat increases following injec
tions of tyrosine or cortisol. A 10-fold increase 
was observed within 5 hrs. Tyrosine was an 
effective inducing stimulus only if the adrenal 
glands were present, or if cortisol was injected 
after adrenalectomy. 

Lin & Knox 073,824/58: In rats, the 
hepatic TKT activity increased following 
treatment with cortisone, cortisol or corti
costerone and L-tyrosine. This effect was ob
served also after adrenalectomy. On the 
other hand, a comparable effect of other 
amino acids was probably due to stress. "That 
a nonspecific stress-producing agent could 
actually increase the Ievel of tyrosine-a-keto
glutarate transaminase was further supported 
by the results obtained with a compound which 
is unrelated to tyrosine metabolism. Injec
tions of propylene glycol in doses of 0.5 ml 
per 100 gm of body weight caused the Ievel of 
this enzyme to increase to an average of 1390 
units in three intact rats." Adrenalectomized 
rats did not support this dose of propylene 
glycol. 

Schor & Frieden 057,994/58: In the rat, 
insulin can induce hepatic TPO activity, and 
its effect is only partly inhibited by adrenal
ectomy. In the intact rat, the effect of insulin 
and tryptophan, or insulin and cortisone, are 
additive. Possibly, "hormonal induction may be 
a form of substrate induction in that certain 
hormones might affect the availability of 
tryptophan for the enzyme-forming system.'' 

Oanal & Maffei-Faccioli G66,306f59: Re
serpine is a more potent inducer of TPO in the 
liver of adrenalectomized than in that of 
intact rats. Hence, the effect of reserpine is 
not due to stress-induced increased corticoid 
production; it may be due to the Iiberation not 
only of 5-HT but also of its precursor tryp
tophan. 

Oiven & Knox E64,178f59: In the adrenal
ectomized rat, the cortisol-induced increase in 

hepatic TPO activity is not associated with a 
higher Ievel of tryptophan in the liver of nor
mal rats, nor with an increased tryptophan 
metabolite excretion by pyridoxine-deficient 
rats. Tryptophan induction of the enzyme is 
associated with a rise in hepatic tryptophan 
and the excretion of metabolites by the defi
cient rats. The inducing effect of tryptophan 
and cortisol given together was the sum of 
their separate actions. In vitro TPO is induced 
by addition of tryptophan, but not of cortisol, 
to the medium. It is concluded that cortisol 
is a primary inducer of enzyme and acts 
differently from, and independently of, the 
substrate. 

Ginoulhiac G67,780f59: Studies on the 
TPO-induction byvarious corticoids in adrenal
ectomized rats suggest that "the TPO test is 
suitable for the biological evaluation of corti
coids." 

Lin et al. 096,929/59: TKT activity is 
higher in the liver of male than of female rats. 
This enzyme activity is diminished by castra
tion in males, and increased by testosterone in 
females. Cortisol increases this transaminase 
activity in males much more than in females, 
both in the presence and in the absence of the 
adrenals. 

Sereni et al. 080,562/59: Activity of TKT 
is very low in the livers of fetal rats, but 
rapidly increases beginning 2 hrs after birth, 
reaching a maximum at 12 hrs. Injection of 
amphenone or adrenalectomy at birth delays 
the development of this enzyme, whereas 
cortisol reverses the effect of adrenalectomy. 

Kenney D98,193f60: In the rat, hepatic 
TKT activity increases sharply after birth. 
This increase is prevented by adrenalectomy; 
tyrosine cannot substitute for cortisolinrestor
ing transaminase development. Methionine is 
as active as tyrosine in increasing the response 
to cortisol after adrenalectomy and this 
process does not depend upon the specific 
substrate as such, but apparently upon the 
presence of certain amino acids. Immuno
chemical assays "are clearly incompatible with 
a mechanism of induction involving de novo 
synthesis of enzyme protein and suggest that 
adrenal steroids promote either the activation 
of an antigenically similar but enzymically 
inactive precursor protein, or the release of 
an inhibitor.'' 

Kenney & Flora D 12,237 f61: Tryptophan 
and i.p. injections of diatomaceous earth 
(Celite) were as effective as tyrosine in induc
ing increases in hepatic TKT in intact, but 
not in adrenalectomized rats. Cortisol was an 
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effective inducer at low doses in both intact 
and adrenalectomized animals. In the latter, 
the effect of a small dose of cortisol was 
potentiated by simultaneous administration of 
tyrosine, methionine or diatomaceous earth. 
"It is concluded that induction of tyrosine 
transaminase is entirely mediated by adrenal 
hormone." In adrenalectomized rats, diato
maceous earth i.p. is believed to act as a 
stressor through adrenocortical stimulation. 

Feiyelson & Greenyard D46,319f62: In the 
rat, a single i.p. injection of cortisone causes a 
3-fold increase in the amount of TPO enzyme 
protein (immunologic assay). When assayed in 
the presence of saturation levels of its hematin 
cofactor, a proportionate increase in the 
catalytic activity of the enzyme is also ob
tained. Adrenalectomized rats react the same 
way. "Thus, the increase in liver tryptophan 
pyrrolase activity during hormonal induction 
and during the second phase of substrate 
induction are due to increased tryptophan 
pyrrolase protein levels." 

Greenyard & Feiyelson G67,329f62: Immu
nochemical evidence showing that an increased 
amount of TPO is found in the liver of adrenal
ectomized rats following treatment with 
L-tryptophan. A similar increase is obtained by 
cortisone. [The brief abstract does not state 
whether cortisone was also tested in adrenal
ectomized rats (H.S.).] 

Kenney E98,787f62: Labeling of TKT in 
the livers of cortisol-pretreated and not pre
treated adrenalectomized rats was followed 
after a single injection of L-leucine-140. The 
results suggest "that the rate of enzyme 
synthesis is increased on induction, and that 
alterations in the rate of enzyme degradation 
play little or no role in the induced increase in 
enzyme." 

Lee & Balts D16,649f62: In rats, adrenal
ectomy diminishes the ability of the liver to 
form TPO following tryptophan injection. 
"Under dosage and time conditions in which 
hydrocortisone and the adrenocortical extract 
did not act as inducers, it was demonstrated 
that they permitted the quantitative response 
to substrate administration to return to nor
mal; desoxycorticosterone was found to be 
ineffective. The results have been interpreted 
as an example of the 'permissive' action of the 
adrenocortical secretory products." 

Rosen & Milholland D23,053f62: Admi
nistration of L-tryptophan, but not of tyrosine, 
stimulated hepatic TKT activity in adrenal
ectomized rats. No such induction was obtain
ed by tryptophan in vitro. Adrenalectomized 

rats treated with tyrosine, methionine or 
histidine had slightly subnormal TKT levels. 
Tryptophan analogues (D-tryptophan, acetyl
L-tryptophan, indole, D,L-5-0H-tryptophan 
and 5-HT), increase both TKT and TPO 
activity in the livers of adrenalectomized rats. 
In hypophysectomized rats, tryptophan, 5-HT 
or 5-0H-tryptophan caused only a slight rise 
in the hepatic activity of TPO or TKT. 

Davis D92,322f63: The decarboxylation of 
o-tyrosine and 5-hydroxytryptophan by livers 
of adrenalectomized rats, given water, was 
significantly lower than in controls. No 
significant effects on decarboxylation of these 
substrates were observed in adrenalectomized 
animals given NaCl, or in intact animals 
treated with DOC or exposed to cold. On the 
other hand, cortisone increased the inherent 
hepatic decarboxylating activity for both 
substrates, in normal as weil as in pyridoxine
deficient rats. 

Greenyard & Gordon G 15,572!63: "The 
tyrosine-a-ketoglutarate transaminase activity 
of liver extracts, assayed in the presence of 
excess pyridoxal phosphate, was increased by 
the parenteral administration of pyridoxine 
to adrenalectomized rats. A 3-fold rise can 
occur in 4 hrs. The administration of puro
mycin, an inhibitor of protein synthesis, 
prevents the pyridoxine-induced rise in the 
amount of tyrosine-a-ketoglutarate transami
nase. The results suggest that coenzyme levels, 
in addition to regulating the activity of existing 
enzyme, may influence, in vivo, the amount of 
the protein moiety of appropriate enzyme 
systems." 

Greenyard et al. D63,145f63: In adrenal
ectomized rats, "the administration of puro
mycin inhibited the cortisone-induced eleva
tion of tryptophan pyrrolase and tyrosine-a
ketoglutarate transaminase activity as weil as 
the substrate-induced elevation of the latter. 
Actinomycin D abolished the cortisone-mediat
ed rise in the level of both enzymes but did 
not influence the tryptophan-mediated in
crease in the level of tryptophan pyrrolase." In 
newborn rats, the development of hepatic 
TKT was inhibited by actinomycin D, but 
neither adrenalectomy nor actinomycin inter
fered with the postnatal development of 
hepatic TPO. Apparently, accumulation of 
TPO (unlike that of TKT) is not under adrenal 
control and can proceed despite inhibited 
RNA synthesis. 

Kenney & Kull G22,373f63: In adrenal
ectomized rats treated with cortisol, the 
synthesis of nuclear RNA precedes increased 
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cytoplasmic TKT-synthesis after about 30 min. 
Enzyme induction is therefore ascribed to the 
stimulation of messengar RNA. 

Knox D66,995f63: In intact rats, TPO or 
TKT can be induced by pretreatment either 
with the corresponding substrates or with 
cortisol. However, after adrenalectomy, TKT, 
unlike TPO can no Ionger be induced by the 
substrate. Cortisol induces both enzymes even 
after adrenalectomy, and the increase is parti
cularly pronounced if the hormone is given 
conjointly with these substrates. 

Pitot G65,475j63: In the Morris hepatoma 
5123, TPO activity is normally low and 
cannot be significantly altered either by 
tryptophan or by cortisone, whereas both these 
substances induce the enzyme in the normal 
liver tissue. In adrenalectomized rats, TPO 
induction by tryptophan is lower than in 
intact animals, although cortisone induction 
in the host liver is actually increased. A slight 
enzyme induction appears to be possible even 
in the hepatoma when cortisone is administered 
to the adrenalectomized rat. Essentially 
similar but not quite identical results have been 
obtained with rats bearing Morris hepatoma 
7800 or 7316. TKT, TDH and G-6-P-ase 
activities were either minimally or not affected 
by cortisone in various transplantable hepatic 
tumors. 

Roaen et al. E32,653j63: "A period of 
about 48 hours is required to attain maximal 
activity of alanine-a-ketoglutarate transami
nase in liver after subcutaneous treatment of 
rats with a single injection of cortisol. In 
contrast, tyrosine-a-ketoglutarate transami
nase reaches a maximal value in liver between 
4 and 5 hours after an intraperitoneal dose of 
cortisol." The same dose of cortisol causes even 
greater increases in hepatic TKT in adrenal
ectomized rats, but GPT or TPO induction 
by cortisol is not influenced by adrenalectomy. 

Rosen &: MilhoUand E32,652j63: Tryp
tophan induced significant increases in hepatic 
TKT activity in intact and in adrenalecto
mized (NaCl-maintained) rats. Tyrosine, histi
dine, and methionine slightly depressed the 
hepatic TKT activity of the adrenalectomized 
rats. Analogues of tryptophan (including 
D-tryptophan, acetyl-L-tryptophan, indole, 
DL-5-hydroxytryptophan and 5-HT i.p.) in
crease both TKT and TPO activity by 
50--300% in the livers of intact or adrenal
ectomized rats. 5-HT and DL-5-hydroxytryp
tophan were most active. After hypophysec
tomy, the response of each of these enzymes 
to tryptophan gradually diminished. After 

6 months, tryptophan, 5-hydroxytryptophan 
and 5-HT failed to cause significant increases 
in the hepatic activity of these enzymes, but 
cortisol remained highly effective, causing 
increases in both enzyme activities comparable 
to those seen in intact or adrenalectomized 
rats. "Experiments with two known inhibitors 
of protein synthesis, DL-ethionine and puro
mycin, indicate that a major fraction of the 
induced activity of tryptophan pyrrolase seen 
in adrenalectomized or hypophysectomized 
rats treated by injection with tryptophan is 
due to activation rather than synthesis of 
new enzyme protein. The responses of 
tryptophan pyrrolase and tyrosine transami
nase in liver following cortisol administration 
appear to be mainly the result of the syn
thesis of each of these enzymes." 

Garren et al. G28,021f64: In adrenalecto
mized rats, a single i.p. injection of cortisol 
produces an increase in hepatic TPO and TKT 
activity. Actinomycin D did not inhibit 
synthesis of these enzymes, but blocked their 
induction when injected early after cortisol 
administration. Actinomycin D and fluoroura
cil stimulated TPO and TKT synthesis when 
injected 5 hrs or later after cortisol. "It is 
proposed that repression of the synthesis of 
these enzymes occurs at the Ievel of messengar 
RNA translation." 

Knox G65,171j64: Observations on adre
nalectomized rats lead to the distinction 
between two types of TPO induction. One is 
called the "hormone type" because glucocorti
coids act this way. Thus, in adrenalectomized 
rats, cortisol increased the amount of some 
limiting RNA moiety, thereby augmenting 
enzyme synthesis. This action is prevented by 
actinomycin D through the inhibition of RNA 
synthesis as weil as by puromycin, which 
inhibits protein synthesis. The second form or 
"substrate type" of induction is obtained by 
tryptophan which increases the amount of 
TPO without stimulating RNA synthesis. 
This increase is not prevented by actinomycin 
D although it is, of course, blocked by puromy
cin, which inhibits protein synthesis. 

Pitot et al. G37,125j64: In intact rats 
bearing Reuber H-35 hepatomas, TKT activity 
is much greater in the tumor than in the 
normal hepatic tissue. Cortisone i.p. induces 
enzymein the liver, but not in the tumor. In 
adrenalectomized hosts, however, the enzyme 
in the tumor is in the range of the host liver 
and cortisone induces enzyme in both liver 
and tumor. If cortisone is added to cultures 
24 hrs before the enzyme assay, a significant 
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induction occurs in vitro, reaching a maximum 
in 6 hrs. Actinomycin D added to the medium 
delays enzyme induction without inhibiting it 
completely. 

Schimke et al. G 11,062/64: In adrenalecto
mized rats, tryptophan i.p. alone causes a 
linear increase in hepatic TPO reaching a 
Ievel six times that of the controls within 
16 hrs. Cortisol s.c. causes an exponential 
increase reaching a maximum of 7-8 times the 
control Ievels. Simultaneaus treatment with 
cortisol and tryptophan produces a linear 
increases in TPO at a rate 7 times that 
produced by tryptophan alone, resulting in a 
40-50-fold increase. Analysis of the enzyme 
kinetics led to the conclusion that "the greatest 
increase in TPO, then, result from both an 
increased rate of enzyme formation and a 
decreased rate of enzyme degradation." 

Berlin & Schimke G37,616f65: In adrenal
ectomized rats, 4 days of pretreatment with 
cortisone increased the activity of hepatic 
TPO, TKT, GPT and arginase. Differences in 
the tumover rate of enzymes thus induced 
may simulate differential selective-inducing 
effects upon one or the other enzyme. 

Kenney & Albritton G64,557f65: Review of 
the Iiterature suggesting that transaminase 
induction in response to stressors can be due 
to corticoid secretion during the stress reaction. 
Cortisol increases enzyme synthesis following 
an increased rate of synthesis of ribosomal 
transfer and "DNA-like" RNA's. The present 
experiments confirm the view that repressor(s) 
can inhibit enzyme synthesis at the translatio
nallevel because inhibition of RNA synthesis 
can prolong the corticoid-induced increase in 
enzyme synthesis under suitable conditions. 
"Administration of stressing agents (tyrosine, 
Celite) to adrenalectomized rats initiates a 
highly selective repression of the synthesis of 
hepatic TKT. The enzyme Ievel falls with a t Yz 
of about 2.5 hr. lmmunochemical measure
ment of the rate of enzyme synthesis indicates 
that it is reduced essentially to zero in 
stressed, adrenalectomized rats, whereas label
ing of totalliver soluble proteins is unaffected. 
Actinomycin-D does not itself influence the 
enzyme Ievel, but it blocks the stress-initiated 
repression of enzyme synthesis, indicating that 
repression acts at the translational Ievel, 
whereas initiation of repression involves 
transcriptional processes." In hypophysecto
mized rats, stressors are ineffective and pre
liminary data suggest that STH is respon
sible for transaminase repression. 

Nomura et al. G33,405f65: Various forms of 
stress (forced exercise, immobilization, cold), 
as weil as the administration of chlorproma
zine, increased the TPO activity of the liver 
both in intact and in adrenalectomized, but 
not in hypophysectomized, rats. 

Schimke et al. G24,293f65: In adrenal
ectomized rats, both cortisol and tryptophan 
increase hepatic TPO, but a particularly 
pronounced rise is obtained by combined 
treatment with both these agents. An analysis 
of the time course of changing enzyme Ievels 
and results of isotope incorporation studies 
indicate that cortisol increases the rate of 
enzyme synthesis, whereas tryptophan de
creases the rate of enzyme degradation. 

Binger & Mason G66,500f65: Na-benzoate 
increased hepatic TKT activity both in intact 
and in NaCI-maintained adrenalectomized 
rats. Among 31 cyclic compounds tested for 
this inducing ability after adrenalectomy, 
only cortisol, its hemisuccinate and diethyl
stilbestrol disulfate were more effective than 
benzoate. Curiously, enzyme induction by 
cortisol was actually enhanced after adrenal
ectomy. "Strong inhibition of the increase by 
injected puromycin and actinomycin D, 
compounds which inhibit protein and RNA 
synthesis respectively, suggests that the 
benzoate-mediated effect occurred by a mecha
nism involving increases in protein and RNA 
synthesis. In this respect, the effect of benzoate 
resembles that of the glucocorticoids." 

Tomkins et al. G35,353f65: Following a 
single injection of cortisol into adrenalecto
mized rats, the hepatic TPO and TKT Ievels 
rise. "Although actinomycin D blocks the 
initial steroid-induced increase, later admi
nistration of the antibiotic (or of 5-fluorour
acil) causes an increase in the Ievels of these 
enzymes." 

Berry et al. G67,237f66: S. typhimurium 
endotoxin lowers liver TPO in mice and pre
vents the induction of the enzyme by con
current injection of cortisone. It lowers, but 
does not prevent, substrate induction. Acti
nomycin D has a similar effect on TPO. In the 
intact mouse, the endotoxin induces TKT 
almost as weil as cortisone, but not in the 
adrenalectomized animal. Actinomycin D, 
on the other hand, has an effect on this trans
aminase similar tothat on TPO. 

Fiala & Fiala F65,983f66: In the rat, 
actidione i.p. inhibits the induction of hepatic 
TPO assayed 4 hrs after administration of the 
substrate, or of cortisol. By contrast, cyclo
heximide did not abolish the induction of 
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TKT by cortisol and, in fact, actidione 
increased the Ievel of TKT even in the ab
sence of cortisol treatment. A similar, though 
smaller, effect occurred in hypophysectomized 
or adrenalectomized rats, suggesting a direct 
induction of TKT by actidione. Puromycin 
inhibited the induction of TKT. Apparently, 
an inhibitor of protein synthesis, such as 
actidione, may also act as an inducer for the 
synthesis of TKT, thus simulating the action 
of cortisol. "This 'pseudohormonal' action of 
actidione may explain the toxicity of acti
dione in certain mammalian species and also 
the fact that hydrocortisone may act as an 
antidote in actidione poisoning. It does not 
explain why a similar effect of 'pseudohormonal' 
induction is not observed in the case of TPO, 
but only the inhibition of enzyme induction." 

Schapiro et al. F67,227f66: Hepatic TKT 
activity increased in immature, stressed 
(reciprocating shaker) rats, but not in the 
intact, stressed adults. In the stressed adrenal
ectomized adults, TKT activity markedly 
decreased, while adrenalectomized immature 
rats showed no change. Hypophysectomy 
largely abolished inhibition in the adults. 
TPO activity, when present, was increased by 
stress in old-age groups, but the increase was 
abolished by adrenalectomy and hypophysec
tomy. "The results suggest stress-activation of 
a pituitary mechanism that inhibits or re
presses activation of tyrosine transaminase 
and that may not function during early 
postnatallife." 

Agarwal &: Berry G66,480f67: "Four hours 
after zymosan administration, cortisone was 
able to induce mouse liver tryptophan pyrro
lase production almost at a normal rate and, 
under these conditions, protected mice agairrst 
a concurrent injection of endotoxin. Adminis
tration of zymosan, at either 2 or 4 hours after 
cortisone administration, resulted in little 
change in tryptophan pyrrolase activity while 
endotoxin, when similarly administered, caused 
a rapid decline in liver tryptophan pyrrolase 
activity .... Glucan and zymosan, like endo
toxin, increased tyrosine-a-ketoglutarate trans
aminase activity in intact but not in adrenal
ectomized mice. Zymosan and thorotrast, 
unlike endotoxin, neither lowered liver 
carbohydrate Ievels nor influenced cortisone 
induced neosynthesis of liver glycogen. These 
results suggest a cause and effect relationship 
between inducibility of key liver enzymes 
and survival agairrst stress." 

Aitio &: Hänninen G66,417j67: Both in 
intact and in adrenalectomized rats, cincho-

phen increased the hepatic TKT activity, but 
had no effect upon that of GPT and GOT. 

Grassmann &: Mavrides G46,206f67: Studies 
on the kinetics of cortisol-induced hepatic 
TKT activity in adrenalectomized rats. 
"Puromycin inhibited enzyme synthesis when 
it was given during the initial phase of induc
tion. However, it unexpectedly caused a 
rapid reappearance of enzyme activity follow
ing its administration during the inactivation 
phase. This potentiated response is consistent 
with other observations which lead to the idea 
that a repressor is formed about 4 hours after 
hormone administration and that inhibition 
of repressor synthesis allows, at least tempo
rarily, continued synthesis of enzyme." 
The inactivator appears to depend upon 
pituitary function, since adrenalectomized and 
hypophysectomized rats showed little or no 
inactivation phase following cortisol treat
ment. 

Hänninen &: Hartiala F76,119f67: In the 
rat, the stress of restraint causes a linear 
increase in hepatic TKT to 4 times the initial 
Ievel within 12 hrs. This effect was partially 
inhibited by actinomycin D and totally by 
adrenalectomy. 

Kato G54,276f67: In intact, unlike in 
adrenalectomized, ascites-tumor-bearing mice, 
the hepatic TKT activity is elevated. 

Kenney G50,810f67: In intact, hypophysec
tomized or adrenalectomized rats, STH inhibits 
the synthesis of hepatic TKT. The rate of 
enzyme synthesis is reduced nearly to 0 (immu
nochemical-isotopic analyses), whereas label
ing of the bulk of the Ii ver proteins is increased 
by STH. Repression is blocked when RNA 
synthesis is inhibited by actinomycin D. STH 
also appears to play a role in the repression of 
TKT induction by stressors. A hypophysec
tomized and an intact rat were united by para
biosis. When the pituitary-bearing member 
was stressed by tyrosine i.p., repression occur
red in the livers of both treated and untreated 
(hypophysectomized) animals. Transaminase 
Ievels were unchanged in a single experiment 
where the stressing agent was administered to 
the hypophysectomized partner. 

Kupfer &: Peets F85,854J67: Cortisol s.c. 
increases hepatic TKT activity in adrenal
ectomized male rats and this effect is further 
augmented by SKF 525-A which in itself has 
no effect. In intact rats, SKF 525-A raises 
hepatic TKT activity in itself but this effect 
is not further augmented by cortisol. Possibly, 
the potentiation of cortisol induction of TKT 
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by SKF 525-A is due to an inhibition of the 
degradation of cortisol. 

Seidman et al. F 88,452!67: The induction of 
TPO has been studied in the liver remnant of 
partially hepatectomized rats following treat
ment with cortisol, and after adrenalectomy. 
"It seems possible, therefore that the lessened 
response to hydrocortisone in hepatic cells 
preparing to divide is related to repression of 
transcriptional rather than translational me
chanisms and that the duplicating genome 
itself may be unable to participate simultane
ously in other functions." 

Goswami et al. G55,570f68: L-tyrosine fails 
to induce TKT in the liver of the adrenalecto
mized rats unless 8-azaguanine is administered 
simultaneously. Pretreatment with actino
mycin D prevents this response. It is assumed 
that "tyrosine is a potential stimulator 
restrained by an inhibitor whose activity 
is diminished by 8-aG." 

Kenney et al. H 4,503/68: When adrenal
ectomized rats are subjected to severe stress, 
or given STH, the hepatic Ievel of TKT falls 
markedly. No such effect is obtained by addi
tion of STH to the perfusion fluid of an iso
lated liver and, hence, the "repression response" 
is considered secondary to an extrahepatic 
factor. 

Rapoport et al. G53,334f68: Pneumococcal 
infection raised the hepatic TPO activity in 
intact, but not in adrenalectomized, mice. 
Cortisol increased TPO activity both in control 
and in pneumococcus-infected mice, but only 
if administered early after inoculation. Later 
during the course of infection, some inhibitory 
factor develops which counteracts the TPO 
induction by cortisol. 

Schapiro H2,360f68: Stress (30 min rough 
agitation in a noisy Iabaratory shaker) had no 
effect upon the corticoid sensitive enzyme 
TKT in the liver of the intact rat, but it 
increased TPO activity, which is likewise 
corticoid inducible. Adrenalectomized rats, 
similarly stressed, exhibited a decreased trans
aminase activity with no change in TPO. 
This inhibitory effect was abolished by hypo
physectomy. STH inhibited induction of trans
aminase by cortisol, but had no effect upon 
cortisol-induced TPO activity. The opposing 
actions of STH and glucocorticoids may be 
involved in adaptive reactions to stress. 

Fincl" et al. G71,207f69: In mice, various 
stressors (cold, shaking) cause a rapid and 
transient increase in hepatic TKT activity 
during fasting. Recent feeding or adrenal
ectomy inhibits TKT induction by cold. 

Geller et al. H 8,414!69: The stress of lapa
rotomy increases hepatic TKT activity in the 
intact, but not in the adrenalectomized rat, 
which actually responds in an inverse manner. 
Hypophysectomy eliminates some, but not all 
of these laparotomy-induced repressions. Un
der these conditions, the TPO- and the TKT
responses are somewhat different. 

Govier & Lovenherg G70,841f69: In rats, 
the increase in hepatic TKT produced by 
phentolamine is almost completely abolished 
by adrenalectomy or hypophysectomy. If 
small doses of cortisol are given to adrenal
ectomized rats, phentolamine again increases 
enzyme activity. Aminoglutethimide comple
tely eliminates both the increase in plasma 
corticosterone and the enzyme induction by 
phentolamine. "lt is concluded that at least 
two factors are operative in the induction of 
tyrosine aminotransferase by phentolamine
(1) a response to an increased plasma corti
costerone concentration, and (2) an additional 
effect which may be a direct substrate type 
of induction." 

Kröger et al. G66,240f69: In adrenalecto
mized rats, the induction of hepatic TKT and 
TPO is possible only if, in addition to the 
substrate, small amounts of cortisone are 
administered. 

Lane & Mavrides H12,953f69: Cortisol 
caused a greater increase of hepatic TKT in 
hypophysectomized than in adrenalectomized 
rats. In general, elevation of enzyme activity 
after cortisol was inversely proportional to the 
initial enzyme Ievel, and the latter was in turn 
higher on protein-rich than on protein-poor 
diets. 

Levitan & Webb G64,051f69: Six hours 
after administering cortisol to adrenalectomi
zed rats, the increased hepatic TKT Ievel 
begins to fall. Upon concurrent treatment 
with 8-azaguanine, the increase is greater and 
much more prolonged. lt is assumed that 
8-azaguanine affects the degradation of TKT 
but does not significantly inhibit its synthesis. 

NicoliB & Ginoulhiac H14,045f69: In 
adrenalectomized rats, the hepatic TPO acti
vity turns roughly parallel to the glucocorti
coid potency of prednisone, prednisolone, 
16a-methylprednisone, 16ß-methylpredniso
ne, dexamethasone and betamethasone. 

Nakano et al. G76,247f70: "In adrenal
ectomized rats, hepatic TPO which can be 
increased in amount in intact rats by feeding 
either tryptophan or methionine, was activated 
and increased in amount by feeding trypto
phan but not methionine. The feeding of 
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tryptophan resulted in a significant increase in 
the level of arginase and threonine dehydra
tase. Methionine produced a similar increase in 
both threonine dehydratase and arginase 
activities. Administration of cortisone acetate 
produced a significant increase in the level of 
all three enzyme activities." 

Other Amino Acid Enzymes ~. Brin & 
McKee 031,261/56: In the rat, various 
stressors (total body X-irradiation, nitrogen 
mustard, starvation) as weil as cortisone in
crease GOT and GPT activities in the liver. 
Adrenalectomy decreases the activity of these 
enzymes. GPT is more sensitive to stress than 
GOT. 

Rosen et al. 050,741/58: In rats treated with 
cortisol, cortisone or prednisone for one week, 
there was an increase in hepatic GPT but not 
in GOT activity. DOC had no such effect. 
Hypophysectomy or adrenalectomy did not 
prevent this action of cortisone. STH, testoste
rone or insulin failed to alter GPT activity nor 
did any of them influence GPT stimulation by 
cortisol. 

Rosen et al. 071,414/59: Marked increases 
in GPT activity were observed in the livers 
of rats given cortisol, cortisone, 9a-fluorocorti
sol, 6a-methylprednisolone, prednisone, 9a
fluoro-21-desoxy-6a-methylprednisolone or 
ACTH, whereas two nonglucocorticoid corti
sol derivatives, 11-epicortisol and 9a-methoxy
cortisol, were inactive. STH, testosterone and 
insulin caused no significant change in GPT by 
themselves nor did they modify the action of 
cortisol. On the other hand, !arge doses of 
estradiol and thyroxine caused a moderate 
increase in GPT activity, but when injected 
simultaneously with cortisol they appeared to 
interfere with its action as did progesterone. 
Adrenalectomy slightly diminished or failed to 
affect the GPT inducing activity of cortisol, 
whereas hypophysectomy caused a rise in 
GPT activity and augmented the effect of 
cortisol. 

Rosen et al. G66,496f59: In the rat, cortisol, 
cortisone and prednisone cause a 6-13 fold 
increase in hepatic GPT activity. This effect 
was directly related to the protein content of 
the ration. In alloxan diabetic rats, the rise 
in this enzyme activity was equivalent to that 
obtained by cortisol or high-protein diets and 
could be inhibited by insulin. Adrenalectomy 
diminished but did not abolish the rise in GPT 
activity obtained by feeding high-protein diets. 
Thus, the initiation of enzyme synthesis by 
dietary protein is not mediated exclusively 
through the adrenals. 

Barding et al. Dl4,355f61: In the rat, 
pretreatment with DOC depresses the hepatic 
GPT activity. A similar depression is obtained 
by adrenalectomy, but this is not further 
aggravated by concurrent treatment with 
DOC. ACTH increases GPT activity in hypo
physectomized, but not in adrenalectomized, 
animals. In hypophysectomized rats, DOC 
fails to lower GPT nor does it alter the 
response of this enzyme to ACTH. "The inhi
bitory effect of DOC on alanine transamiuase 
activity appears to be due to suppression of 
ACTH release by the pituitary." 

Freedland F 17,044/64: In the rat, adrenal
ectomy considerably decreases the arginase and 
arginine synthetase activity of liver homoge
nates, but has no effect on lactic acid dehy
drogenase activity. V arious dietary measures, 
which alter the activities of arginine synthe
tase, arginase, and lactic acid dehydrogenase 
in intact rats, are also effective after adrenal
ectomy. 

Freedland & Avery G67,766f64: In the rat, 
the TDH and SDH activity of liver homoge
nates was increased by high protein diets, 
alloxan diabetes, or cortisol. Factors affecting 
the activity of TDH caused a proportional 
change in SDH suggesting that both of these 
activities may be due to a single protein. The 
SDH activity was decreased by adrenalec
tomy or hypophysectomy. Adrenalectomy had 
no effect upon the response of this enzyme to 
protein feeding, whereas, after hypophysec
tomy, this response was diminished. 

Ishikawa et al. F41,763f65: In alloxan
diabetic rats, the SDH and TDH levels of the 
hepatic microsomes are greatly enhanced. 
SDH was readily induced by cortisol in the 
diabetic, but not in the normal, rat. The effects 
of actinomycin S, STH, and starvation upon 
SDH have also been studied in intact, hypo
physectomized, adrenalectomized and thyroid
ectomized rats. It is concluded that "serine 
dehydratase activity in the liver plays an im
portant role in the production of pyruvate as a 
starting material for gluconeogenesis." 

Schmidinger & Kröger F92,031f67: The 
increase in hepatic SDH induced by protein
deficient diets and starvation in intact rats 
is prevented by actinomycin D, puromycin or 
glucose, but aggravated after adrenalectomy. 
Cortisone administered during the starvation 
period increases SDH activity, perhaps owing 
to utilization of inhibitors of this enzyme 
during gluconeogenesis. 

Jost et al. H 11,724/68: Studies on the 
induction and repression of SDH by rat liver 
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microsomes. "Amino acid induction and glucose 
repression as well as hormonal induction by 
both glucagon and hydrocortisone occur in 
adrenalectomized animals. '' 

Pan et al. H 3,934/68: The methionine 
adenosyltransferase activity of hepatic homo
genates is higher in female than in male rats. 
"Ovariectomy decreased the enzyme Ievel, 
whereas the administration of 17 ß-estradiol 
or diethylstilbestrol, but not progesterone, 
reversed the effect of ovariectomy. Estradiol 
also raised the enzyme Ievel in intact male rats 
to that of the female. Adrenalectomy bad no 
effect on the response of the enzyme to estra
diol. Castration of the male resulted in an 
increase in the activity of methionine adeno
syltransferase, and the administration of andro
genic-anabolic hormones brought the elevated 
activity down to the normal Ievel of intact 
males or even lower. Adrenalectomy did not 
abolish the effect of castration. 17a-Ethyl-19-
nortestosterone and 1-methyl-LI1-androsteno
lone were more effective in this respect than 
testosterone, 17a-methyl-LI5-androstene-3ß,17ß
diol and 5a-androstan-17ß-ol-3-one. The effect 
of the steroids in decreasing methionine adeno
syltransferase activity seems to be associated 
with their anabolic rather than their androgenic 
action." 

HOBkino &: Kröger H13,867f69: SDH was 
induced in the livers of adrenalectomized rats 
by fasting and concurrent cortisone treat
ment. The properlies of the purified enzyme 
preparation are described. 

Murphy &: MaUey G68,408j69: Studies on 
hepatic TKT, alkaline phosphatase (.AP), 
GPT and TPO in relation to stress and CCl,
intoxication in the rat. "Liver TKT elevation, 
but not .AP elevation, was prevented by 
adrenalectomy prior to CCl,. Experiments on 
rats subjected to simultaneous acute cold 
stress and CCl, indicated that, during the 
acute phase of CCl, hepatotoxicity, their livers 
bad reduced capacity for induction of TKT and 
TPO by endogenous corticosterone. However, 
chronically injured livers of rats given repeated 
doses of CCI, were fully responsive to the 
TKT- and TPO-inducing effects of exogenous 
corticosterone or acute cold stress." 

Slwu et al. H 15,277!69: In the rat, the 
hepatic methionine adenosyltransferase acti
vity was not much influenced by glucagon, 
but during alloxan diabetes it increased con
siderably. Combined treatment with alloxan 
and triamcinolone resulted in an additive 
effect. The response to alloxan could be pre
vented and even reversed by insulin or adrenal-

26 Selye, Hormones and Resistance 

ectomy. In normal rats, insulin caused no 
consistent increase. 

Other Enzymes +-. Pitot G65,475j63: In 
the Morris hepatoma 5123, TPO activity is 
normally low and cannot be significantly 
altered either by tryptophan or by cortisone, 
whereas both these substances induce the en
zyme in the normal liver tissue. In adrenalec
tomized rats, TPO induction by tryptophan is 
lower than in intact animals although corti
sone induction in the host liver is actually 
increased. A slight enzyme induction appears 
to be possible even in the hepatoma when 
cortisone is administered to the adrenalecto
mized rat. Essentially similar but not quite 
identical results have been obtained with rats 
bearing Morris hepatoma 7800 or 7316. TKT, 
TDH and G-6-P-ase activities were either 
minimally or not affected by cortisone in 
various transplantable hepatic tumors. 

Garren et al. G 19,151/64: Cortisol increased 
the rate of synthesis of nuclear RNA in the 
livers of adrenalectomized rats. 

Dietrich &: Yero G26,959f65: Cortisol 
markedly lowered the nicotinamide deamidase
activity of the liver in intact, hypophysecto
mized, and adrenalectomized rats. Under 
these conditions, cortisol failed to inhibit he
patic synthesis of NAD significantly after 
nicotinamide challenge. Hexestrol markedly 
lowered hepatic deamidase activity in intact, 
thyroidectomized, and adrenalectomized rats. 
A reduction of the hepatic NAD-ase-levels 
after nicotinamide challenge occurred upon 
hexestrol treatment in intact, but not in 
adrenalectomized, rats. Hypophysectomy mar
kedly stimulated nicotinamide deamidase 
activity and NAD-biosynthesis after nicotin
amide challenge. 

Greenman et al. G35,063f65; Wick8 et al. 
G35,046f65: Studies on the stimulation of 
hepatic 32P-RNA synthesis in adrenalectomi
zed rats treated with cortisol. 

Freedland et al. G55,808f68: Extensive 
studies on the effect of adrenalectomy, hypo· 
physectomy and cortisol treatment upon a 
great variety of rat liver enzymes, with 
observations on the influence of thyroxine 
upon these enzymes in intact, adrenalectomized 
or hypophysectomized rats. The extensive data 
do not lend themselves to succinct presentation 
in the form of a summary and must be con
sulted in the original. 

Fazeka8 &: Rengei 064,534/69: Compara
tive studies on the NAD and NADH2 content 
of various tissues in intact and adrenalecto
mized rats treated with ethanol s.c. 
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Jacob et al. G64,812f69: Rat liver nucleoli 
were examined for RNA polymerase activity. 
A single injection of cortisol into adrenalec
tomized rats resulted in a 3-fold increase in 
Mg2+-dependent polymerase while Mn2+-de
pendent polymerase activity was not signifi
cantly altered. 

Murphy & Malley G68,408f69: Studies on 
hepatic TKT, alkaline phosphatase (AP), 
GPT and TPO in relation to stress and CC14-

intoxication in the rat. "Liver TKT elevation, 
but not AP elevation, was prevented by 
adrenalectomy prior to CC14• Experiments on 
rats subjected to simultaneaus acute cold 
stress and CC14 indicated that, during the acute 
phase of CC14 hepatotoxicity, their livers had 
reduced capacity for induction of TKT and 
TPO by endogenaus corticosterone. However, 
chronically injured livers of rats given repeated 
doses of CC14 were fully responsive to the 
TKT- and TPO-inducing effects of exogenaus 
corticosterone or acute cold stress." 

+-- Folliculoids 

Rosen et al. 071,414/59: Marked increases 
in GPT activity were observed in the livers 
of rats given cortisol, cortisone, 9a-fluoro
cortisol, prednisone, 6a-methylprednisolone, 
9a-fluoro-21-desoxy-6a-methylprednisolone or 
ACTH, whereas two nonglucocorticoid corti
sol derivatives, 11-epicortisol and 9a-methoxy
cortisol, were inactive. STH, testosterone and 
insulin caused no significant change in GPT 
by themselves nor did they modify the action 
of cortisol. On the other hand, large doses of 
estradiol and thyroxine caused a moderate in
crease in GPT activity but when injected 
simultaneously with cortisol they appeared 
to interfere with its action as did progesterone. 
Adrenalectomy slightly diminished or failed 
to affect the GPT-inducing activity of cortisol, 
whereas hypophysectomy caused a rise in 
GPT activity and augmented the effect of 
cortisol. 

Dietrich & Yero G26,959f65: Cortisol 
markedly lowered the nicotinamide deamidase
activity of the liver in intact, hypophysecto
mized, and adrenalectomized rats. Under 
these conditions, cortisol failed to inhibit 
hepatic synthesis of NAD significantly after 
nicotinamide challenge. Hexestrol markedly 
lowered hepatic deamidase activity in intact, 
thyroidectomized, and adrenalectomized rats. 
A lowering of the hepatic NAD-ase-levels 
after nicotinamide challenge occurred upon 
hexestrol treatment in intact, but not in 

adrenalectomized, rats. Hypophysectomy mar
kedly stimulated nicotinamide deamidase 
activity and NAD-biosynthesis after nicotin
amide challenge. 

Dietrich G28,103f65: In the mouse, hepatic 
nicotinamide deamidase, and the capacity to 
synthesize NAD are lowered by dienestrol, 
diethylstilbestrol, estradiol-17 ß, estrone, estriol, 
cortisone and cortisol. Pretreatment with 
!arge amounts of hexestrol also lowered the 
capacity of hepatic tissue to synthesize NAD 
upon nicotinamide challenge. 

Dietrich et al. H 19,763!70: In mice, large 
amounts of hexestrol induce marked changes 
in the means whereby nicotinate is converted 
into nicotinamide within the liver. 

Rose & Braidman H25,726f70: In rats, 
estradiol increases hepatic TPO, TKT and 
GPT activity. The depression which develops 
in some women using contraceptive pills may 
be due to increased metabolism of tryptophan 
to nicotinic acid ribonucleotide; raised amino
transferase activity may divert pyridoxal 
phosphate away from other metabolic func
tions including 5-HT synthesis. 

+-- Luteoids 

Rosen et al. 071,414/59: Marked increases 
in GPT activity were observed in the livers 
of rats given cortisol, cortisone, 9a-fluorocorti
sol, prednisone, 6a-methylprednisolone, 9a
fluoro-21-desoxy-6a-methylprednisolone or 
ACTH, whereas two nonglucocorticoid corti
sol derivatives, 11-epicortisol and 9a-methoxy
cortisol were inactive. STH, testosterone and 
insulin caused no significant change in GPT by 
themselves nor did they modify the action of 
cortisol. On the other hand, !arge doses of 
estradiol and thyroxine caused a moderate 
increase in GPT activity but when injected 
simultaneously with cortisol they appeared to 
interfere with its action as did progesterone. 
Adrenalectomy slightly diminished or failed 
to affect the GPT-inducing activity of cortisol, 
whereas hypophysectomy caused a rise in 
GPT activity and augmented the effect of 
cortisol. 

Simon et al. 084,793/59: In the rabbit and 
rat, progesterone, androsterone and testoste
rone stimulate the oxidation of galactose by 
surviving liver slices. The same steroids also 
stimulate the conversion of UDP-galactose 
into UDP-glucose by rabbit liver slices and 
extracts. 

Pesch et al. 079,957/60: Earlier Observa
tions have shown that progesterone, androste-
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rone and testosterone stimulate the oxidation 
of galactose by rabbit liver slices, owing to an 
increase in the enzymic activity of the hepatic 
microsomes. In vivo observations revealed that 
progesterone can also inhibit the formation of 
cataracts in rats maintained on a high galactose 
diet. 

Galactose +-- Progesterone + Ga
lactosemia, Man: Pesch et al. C79,957/60* 

Xylose +-- Progesterone + Age: 
Pesch et al. C79,957/60* 

+- Testaids 

ROBen et al. 050,741/58: In rats treated 
with cortisol, cortisone or prednisone for one 
week, there was an increase in hepatic GPT 
but not in GOT activity. DOC had no such 
effect. Hypophysectomy or adrenalectomy did 
not prevent this action of cortisone. STH, 
testosterone or insulin failed to alter GPT 
activity nor did they influence its stimulation 
by cortisol. 

Lin et al. 096,929/59: TKT activity is 
higher in male than in female rat liver. This 
enzyme activity is diminished by castration in 
males, and increased by testosterone in females. 
Cortisol increases this transaminase activity in 
males much more than in females, both in the 
presence and in the absence of the adrenals. 

ROBen et al. 071,414/59: Marked increases 
in GPT activity were observed in the livers 
of rats given cortisol, cortisone, 9a-fluoro
cortisol, prednisone, 6a-methylprednisolone, 
9a-fluoro-21-desoxy -6 cx-methylprednisolone or 
ACTH, whereas two nonglucocorticoid corti
sol derivatives, 11-epicortisol and 9a-methoxy
cortisol were inactive. STH, testosterone and 
insulin caused no significant change in GPT 
by themselves nor did they modify the action 
of cortisol. On the other hand, large doses of 
estradiol and thyroxine caused a moderate 
increase in GPT activity but when injected 
simultaneously with cortisol they appeared 
to interfere with its action as did progesterone. 
Adrenalectomy slightly diminished or failed 
to affect the GPT-inducing activity of cortisol, 
whereas hypophysectomy caused a rise in 
GPT activity and augmented the effect of 
cortisol. 

Sirnon et al. 084,793/59: In the rabbit and 
rat, progesterone, androsterone and testoste
rone stimulate the oxidation of galactose by 
surviving liver slices. The same steroids also 
stimulate the conversion of UDP-galactose 
into UDP-glucose by rabbit liver slices and 
extracts. 

+- Ganadectarny 

Lin et al. 096,929/59: TKT activity is 
higher in the livers of male than of female 
rats. This enzyme activity is diminished by 
castration in males, and increased by testos
terone in females. Cortisol increases this 
transaminase activity in males much more 
than in females, both in the presence and in the 
absence of the adrenals. 

Wurtman &: Axelrod E36,478f63: Hepatic 
MAO activity is greater in male than in female 
rats. This difference can be reversed by estra
diol in male and by testosterone in female 
gonadectomized rats. 

Pan et al. H 3,934/68: The methionine 
adenosyltransferase activity of hepatic homo
genates is higher in female than in male rats. 
"Ovariectomy decreased the enzyme level, 
whereas the administration of 17ß-estradiol 
or diethylstilbestrol, but not progesterone, 
reversed the effect of ovariectomy. Estradiol 
also raised the enzyme level in intact male rats 
to that of the female. Adrenalectomy had no 
effect on the response of the enzyme to 
estradiol. Castration of the male resulted in an 
increase in the activity of methionine adeno
syltransferase, and the administration of andro
genic-anabolic hormones brought the elevated 
activity down to the normal level of intact 
males or even lower. Adrenalectomy did not 
abolish the effect of castration.17a-Ethyl-19-
nortestosterone and 1-methyl-L11-androsteno
lone were more effective in this respect than 
testosterone, 17a-methyl-LI5-androstene-3ß,17ß
diol and 5a-androstan-17ß-ol-3-one. The effect 
of the steroids in decreasing methionine adeno
syltransferase activity seems to be associated 
with their anabolic rather than their androgenic 
action." 

K ünzel &: M üller-OerlinghauBen G64,17 8f69: 
In vitro glucuronide synthesis is much higher 
in male than female rat liver tissue because of 
a larger UDP-glucuronic acid supply in the 
male liver. Orchidectomy decreases glucuro
nide synthesis and this decrease can be counter
acted by testosterone administration in a 
dosa-dependent manner. However, very large 
doses of testosterone (more than 100 (Lg per 
day) decrease glucuronide formation. Cypro
terone (an antitestoid) does not inhibit the 
increase in glucuronide synthesis induced by 
testosterone. 

+- Variaus Steraids 

ThompBon et al. F81,633f66: "Tyrosine 
a-ketoglutarate transaminase can be induced 
by steroid hormones in a newly established line 
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of tissue culture cells, derived from primary 
culture of the ascites form of an experimental 
rat hepatoma." Dexamethasone, triamcino
lone and cortisol were highly active, DOC and 
aldosterone much less potent, whereas stil
bestrol, estradiol, testosterone and progeste
rone were virtually inactive. The induction by 
dexamethasone was blocked by puromycin, 
cycloheximide, chloramphenicol, progesterone, 
actinomycin D and mitomycin C. Paradoxic
ally, after induction by the steroid had taken 
place, actinomycin D produced a further 
increase in enzyme activity. 

Fareae H27,025f70: In rats, TMACN inhi
bits cholesterol side·chain oleavage during 

incubation of adrenal homogenates or slices 
invitro. 

Leber et al. H 35,676/71: In male rats, pre
treatment with spironolactone stimulated the 
specific activity of isolated hepatic microsomes 
for aminopyrine demethylation and 4-methyl
umbelliferone glucoronidation. Microsomal cy
tochrome P-450 content increased about 66%. 
Under comparable conditions, ethacrynic acid 
increased the specific activity of the micro
somes for the demethylation of aminopyrine 
and the P-450 content but, glucoronidation of 
4-methylumbelliferone was not significantly al
tered. Another nonsteroidal diuretic, furosemid, 
did not infl.uence any of these parameters. 



VI. EFFECT OF OTHER HORMONES UPON 
RESISTANCE 

+AOTH 

Steroids +-

The influence of ACTH upon various actions of mineralocorticoids (Selye 
092,918f61, p.18; G60,083f70, pp. 328-332) and MAD (Selye G60,083f70, pp. 328, 
330) has been discussed elsewhere. Let us add here that in rats ACTH (like adreno
cortical extract) antagonizes many manifestations of overdosage with DOC, such as 
the: hypernatremia, EST-elevation, and insulin hypersensitivity, as weil as the 
hyalinosis syndrome produced after uninephrectomy + NaCl. Conversely, the 
hyalinosis elicited by MAD is actually aggravated by ACTH. This singular "DOC
like" effect is presumably due to the inhibition by MAD of 11ß-hydroxylation in the 
adrenals; in the presence of this enzymic defect the corticotrophic action of ACTH 
shifts towards an excess secretion of DOC which has no 11ß-OH group. 

Nonsteroidal Hormones and Hormone-Like Substances +-

ACTH shares with the glucocorticoids the property of increasing insulin resist
ance. This action is not unexpected in view of the antagonistic effect exerted by 
insulin and glucocorticoids upon the blood sugar. 

In guinea pigs exposed to histamine spray, ACTH has little if any protective 
effect but the gastric ulcers produced in this species by conjoint treatment with hista
mine and antihistamines can be prevented by the concurrent administration of 
ACTH. In newborn rats, fatal histamine intoxication is not significantly influenced 
either by ACTH or by various glucocorticoids. 

The production of renal infarcts by 5-HT in the rat, though diminished by hypo
physectomy, is not significantly influenced by ACTH. 

Steroids+-

Woodbury et al. B47,20lf50: In rats, ACTH 
and adrenooortical extract antagonize the 
following actions of DOC: 1) hypernatremia; 
2) EST threshold elevation; 3) insulin hyper
sensitivity; 4) hyalinosis (after sensitization 
by uninephrectomy plus NaCl). 

MoUeni et al. H 4,919/68: In rats, the 
vascular lesions produced by MAD following 
uninephrectomy plus NaCl are aggravated by 

ACTH, presumably, because MAD interferes 
with ß-hydroxylation in the adrenals, so that 
under the influence of ACTH an excess of 
DOC is secreted. 

Cortisol +- ACTH: Kuipers et al. 
048,349/58*; Kumagai et al. 057,345/58; 
Berliner et al. G75,988/61 *; Moor et al. 
G75,989/61 *; Werket al. F20,780/64* 

Cortisone +- ACTH + Sex: Hagen 
et al. G77,512f60 
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Nonsteroidal Hormones and Hormone· 

Like Substances +-

Insulin +--. JenBen & Grattan 77,887/40: 
In mice, ACTH, glucocorticoids and cortical 
extracts increase insulin resistance, whereas 
other pituitary hormones and thyroxine have 
no such effect. 

Thyroxine+-- cf. Selye G60,083f70, pp. 328, 
330, 347, 355. 

Histamine and 5-HT +--. Andreani B63,732f 
50: In guinea pigs, conjoint treatment with 
large doses of histamine and antihistamines 
had previously been shown to result in gastric 
ulcer formation although the lethal effects of 
histamine are suppressed. These ulcers can be 
prevented by ACTH. 

Friedlaender & Friedlaender B55,467f50: 
In guinea pigs, intoxication with histamine 
(aerosol) and anaphylactic shock (horse serum) 

were not influenced by pretreatment with 
ACTH. 

Buttle & SquiretJ B59,985f51: In guinea 
pigs exposed to histamine spray, the time 
required to induce convulsions is prolonged by 
ACTH i.p. but only during approximately an 
hour after the injection. 

Malkiel G71,45lf51: In guinea pigs, ACTH 
and cortisone are without effect on the end 
results of histamine shock, or of passive or 
active anaphylaxis. 

Jasmin & Bois 092,099/60: Hypophysec
tomy partially protects the rat against the 
production of renal infarcts by 5-HT. ACTH 
does not affect this change, cortisol aggravates 
it, whereas DOC and testosterone offer partial 
protection. 

Schapiro F 31,856/65: In newbom rats, fatal 
intoxication with histamine was not signüi
cantly influenced by ACTH, cortisol, corti
sone or corticosterone. 

Drugs +-

The effect of ACTH upon various intoxications has been the subject of many 
investigations; these could hardly be condensed more than has been done in the 
Abstract Section to which the reader is therefore referred. Here, we shall comment 
only on a few particularly interesting data and on certain observations which can 
be clarified by correlating them with facts not mentioned by the authors of the 
original articles cited. 

Anaphylactoid edema is essentially a special type of serous inflammation, usually 
studied in rats because these are particularly sensitive to this change. The edema is 
more or less selectively localized to the acral regions (snout, paws, ears) and is ascri
bed to the sudden Iiberation of histamine and 5-HT from the mastocytes of the 
affected parts. It is provoked by so-called "anaphylactoidogenic agents," such as 
egg-white, dextran, polymyxin and other typical dischargers of histamine and 5-HT. 
Like most types of inflammation, this response can be prevented by ACTH and 
glucocorticoids but only if very large amounts are given. It is noteworthy however, 
that the specific toxicity of anaphylactoidogenic agents may be uninfluenced or 
actually aggravated by ACTH, even when the hormone suppresses inflammation 
itself. 

Certain anticoagulants such as bishydroxycoumarin (Dicoumarol) and polyanethol 
sulfonate (Liquoid), at doses normally weil tolerated by rabbits, cause death with 
widespread hemorrhages when given conjointly with ACTH. Curiously bishydroxy
coumarin administered with glucocorticoids ( cortisol, cortisone) does not elicit this 
syndrome. 

In mice, ACTH shortens sleeping time after treatment with various barbitnrates, 
including barbital, thiopental and pentobarbital. The induction time of barbital 
anesthesia was not changed but its depth was diminished in mice by cortisone, 
cortisol or ACTH. At the same time the barbital concentration of the brain was de
creased by these hormones, which presumably protect against anesthesia by inhibiting 
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the barbital uptake of the brain. Compound "S" or DOC does not share these 
effects. 

In the ratandin man, ACTH also shortens barbiturate sleeping time. Hexobarbital 
anesthesia is likewise diminished in rats by exposure to stress, presumably as a 
consequence of endogenous ACTH secretion. 

It is highly probable that most of the barbiturates are detoxified by hepatic 
microsomal enzymes and some of the hormones which shorten barbital sleeping time 
may do so by inducing such enzymic activities. However, barbital is not significantly 
degraded within the body and hence, in this case the effect of ACTH is likely to be 
mediated through a different mechanism, perhaps a topical effect upon the cerebral 
barbital uptake. 

In rats with tourniquet stress, the toxicity of hexobarbital, pentobarbital, mepro
bamate and zoxazolamine was significantly diminished, whereas that of barbital and 
phenobarbital remained unaffected. Pretreatment with ACTH or corticosterone 
simulated the effects of stress. 

In rats, the organ changes produced by certain carcinogens are not regularly 
influenced by ACTH. However, hepatoma formation by N-OH-FAA is enhanced 
both by ACTH and by STH. 

Prostatic carcinogenesis after topical20-methylcholanthrene crystal implantation 
is inhibited by ACTH as weil as by several thyroid and steroid hormones. 

In mice, the amyloidosis produced by repeated parenteral administration of casein 
is aggravated by ACTH or glucocorticoids and it may be combined with waxy 
degeneration of the cardiac muscle. 

The typical cholesterol atherosclerosis of the rabbit is diminished by ACTH as 
weil as by several glucocorticoids. It is not clear as yet, however, whether this effect 
is due to increased cholesterol degradation by hepatic microsomal-enzyme systems or 
to some other, possibly local, effect of glucocorticoids upon the vessels. 

In rats, fatal intoxication with certain ganglioplegics (TEA, hexamethonium, 
pentolinium) has been prevented by all glucocorticoids tested (triamcinolone, 
cortisol, prednisolone, etc.) but not by typical catatoxic steroids (ethylestrenol, CS-1, 
spironolactone, norbolethone, oxandrolone) or by progesterone, DOC and hydroxy
dione. Various stressors (hone fractures, fasting, spinal cord transection, formalin) 
gave excellent protection against TEA, whereas others (restraint, cold) did not. 
Since even large doses of ACTH failed to protect against TEA the prophylactic 
effect of stress cannot be ascribed exclusively to increased production of ACTH. 
The protective effect of glucocorticoids is not directed against ganglioplegics as such 
since these steroids offer no protection against trimethaphan, mecamylamine, 
trimethidinium or pempidine. 

Although osteolathyrism produced in rats by lathyrogens (AAN, PNA, or the 
feeding of lathyrus seeds) is readily prevented by small doses of glucocorticoids, very 
large amounts of ACTH are required to obtain even partial protection. The 
dissecting aneurysms of the aorta characteristic of angiolathyrism are likewise 
readily suppressed by cortisone but not by ACTH. 

The toxicity of morphine is diminished by ACTH in various species. 

In guinea pigs, ACTH (like cortisone) ameliorates the manifestations of vitamin-C 
deficiency. 
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In rats, the generalized calcinosis produced by various vitamin-D and DHT 
preparations is aggravated by ACTH (as it is by glucocorticoids) but the develop
ment of rickets on vitamin-D deficient diets is not significantly affected by ACTH. 
These findings should be checked under varying experimental conditions of dosage 
and timing, since it is known that all potent catatoxic steroids prevent acute DHT 
intoxication in the rat, whereas only the anabollos appear to offer protection against 
chronic overdosage with the same compound. Indeed, catatoxic steroids with little 
or no anabolic potency (e.g., PCN, spironolactone) tend to aggravate DHT intoxica
tion and to antagonize the beneficial effect of anabolic catatoxic steroids (e.g., ethyl
estrenol) in long Iasting experiments. 

Acetaldehyde +-

Lecoq et al. B66,406f51: In rats, the toxic 
effects of ethanol and its metabolites, pyruvate 
and acetaldehyde (which accumulate in the 
body under the influence of disulfiram) are 
inhibited by ACTH, cortisone, and hepatic 
extracts. Conversely, thyroxine, DOC, and 
testosterone appeared to aggravate ethanol 
intoxication. [Statistically evaluated data are 
not presented (H.S.).] 

Acrylonitrile +-

Szaho & Selye G79,010f71: In rats, pretreat
ment with ACTH (but not with STH) prevents 
the production of adrenal apoplexy by acrylo
nitrile. Hypophysectomy protects against adre
nal apoplexy, but not against mortality under 
similar conditions. 

Allylformiate +-

Küehmeister et al. B84,244f53: In rats, 
ACTH offers some protection against the he· 
patic damage produced by allylformiate. 

Allylformiate +-- ACTH: Küchmeister 
et al. B84,244f53* 

Aminocaproic Acid+-

Patalci F75,591f67: In rabbits, combined 
treatment with polyanetholsulfonate (Liquoid) 
+ EACA produces thrombohemorrhagic ne
crosis of the adrenal cortex. Simultaneaus 
ACTH treatment significantly reduces the 
nurober of fibrin thrombi and the extent of 
adrenal necrosis but enhances the cortical 
hemorrhages. 

Aminopterin +-

Traina B72,887f51: In mice, ACTH does 
not influence the toxic effects of aminopterin. 

Aminopterin +-- ACTH, Gp., Mouse: 
Traina B72,887/51 * 

Aminopyrine +-- ACTH: Kato et al. 
F57,817f65 

Anaphylactoid Edema +- cf. also Selye 
B40,000f50, p. 756; G46,715f68, pp. 177, 178, 
183. 

Higginbotham & DO'U(lherty G44,529f57: 
In mice, ACTH increased the toxicity of poly
myxin B; STH and TTH had no effect upon it. 

Anticoagulants +-

van Gauwenberge & Jaques G58,521f58: A 
dose of phenindione or bishydroxycoumarin, 
well tolerated by otherwise untreated rabbits, 
causes death with widespread hemorrhages 
when given tagether with ACTH. The hemor
rhagic tendency induced by bishydroxycou
marin was not accentuated by STH, cortisone 
orDOC. 

van Gauwenberge & Jaques G72,748f59: The 
"hemorrhagic death syndrome" produced by 
dicoumarol treatment in rats simultaneously 
exposed to various stressors can be reproduced 
by the administration of ACTH, STH or DOC, 
instead of stressors. Dicoumarol + cortisol or 
cortisone did not reproduce this syndrome. 

Pataki F75,591f67: In rabbits, combined 
treatment with polyanetholsulfonate (Liquoid) 
+ EACA produces thrombohemorrhagic ne
crosis of the adrenal cortex. Simultaneaus 
ACTH treatment significantly reduces the 
nurober of fibrin thrombi and the extent of 
adrenal necrosis but enhances the cortical 
hemorrhages. 

Arsenic+-

Beck & Voloshin B58,271f50: In mice, 
resistance to arsenite and other arsenica.ls is 
increased by cortisone, adrenocortical extra.cts 
andACTH. 

Beclc B64,609f51: "Prior administration of 
beef adrenal extract increased the resistance 
of mice, particularly male mice, to semi·lethal 
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doses of arsenite, oxophenarsine and clorarsen. 
Male mice were protected against arsenite by 
cortisone and ACTH, but not by desoxy
corticosterone." 

Barbiturates +-

Hoyrup &1 Vinten-Johan&en B84,197j52: 
In patients with acute phenobarbital or diphe
nylhydantoin poisoning, the use of ACTH is 
contraindicated as judged by impressions 
gained from a small series of observations. 

Winter &1 Flataker B73,509j52: Cortisone 
or ACTH, unlike DOC, shortens barbiturate 
anesthesia. The markedly prolonged sleeping 
time of mice receiving both barbiturates and 
diphenhydramine is also decreased by corti
sone but the effect of the steroid can be fully 
accounted for by its antagonism to the barbi
turate. 

de Boer &1 Mukomela 05,245/55: In rats, 
ACTH and cortisone shorten thiopental and 
pentobarbital anesthesia, especially in females 
whose sleeping time is normally Ionger than 
that of males. 

Komiya 0 8,533/55: In mice, barbital 
sleeping time is decreased by cortisone, cortisol 
and ACTH but not affected by compound S 
(11-desoxocortisone) or DOC. 

Komiya et al. 021,326/56: In mice, thiopen
tal anesthesia is reduced in depth, but not 
in duration, by epinephrine. Barbital anesthe
sia was slightly reduced by norepinephrine but 
not by epinephrine. Unpublished experiments 
suggest that ACTH and glucocorticoids 
shorten the duration of barbital anesthesia in 
mice. 

Komiya &1 Shibata 016,708/56: In mice, 
the induction time of barbital anesthesia was 
not changed by cortisone, cortisol, 11-desoxy
cortisone or DOC. The duration of anesthesia 
was shortened, the depth of anesthesia dimi
nished, and the barbital concentration of the 
brain decreased by cortisone, cortisol or ACTH, 
but none of these parameters was affected by 
11-desoxycortisone or DOC. Apparently, the 
active hormones protect against anesthesia by 
decreasing the barbital concentration of the 
brain. 

Kubota &1 Bern&tein 052,401/57: In man, 
ACTH ameliorates the symptoms of intoxica
tion with various barbiturates. 

Rupe et al. E26,910f63: Thesedative effect 
of hexobarbital and pentobarbital but not of 
barbital was diminished by tourniquet stress, 
in the intact but not in the hypophysectomized 

or adrenalectomized rat. In intact rats, 
ACTH or cortisone decreases hexobarbital 
sleeping time as does stress, whereas 
SKF 525-A completely blocks the protective 
action of stress. Presumably "the stress effect 
on the duration of drug action is mediated 
through increased drug metabolism." 

Bov,sq:uet et al. E39,107f64: Morphine
pretreated rats sleep Ionger than controls after 
hexobarbital or meprobamate, but not after 
barbital. ACTH-pretreatment overcomes the 
morphine inhibition of drug metabolism 
(verified in vitro). 

Bov,sq:uet et al. F35,073f65: In rats with 
stress produced by applying a tourniquet 
around one hind limb for 2.5 hrs, the 
toxicity of hexobarbital, pentobarbital, mepro
bamate and zoxazolamine was significantly 
diminished, whereas that of barbital and 
phenobarbital remained unaffected. Pretreat
ment with ACTH or corticosterone simulated 
the effect of stress. After hypophysectomy or 
adrenalectomy, stress failed to offer the usual 
protection. [The barbiturates and zoxazol
amine appear to have been administered 
immediately after release of the tourniquet 
but this is not specifically stated. Allegedly 
a single injection of corticosterone (50 (.Lg per 
animal) sufficed to offer protection (H.S.).] 

Hexabarbital +- ACTH + Mor
phine: Rupe et al. E26,910/63*; Bousquet 
etal. E39,107/64*, F35,073f65* 

Pentabarbital +- ACTH + Mor
phine + Stress: Driever et al. G31,872f65* 

Beryllium +-

Ferris et al. B65,475f51: In patients with 
beryllium granulomatosis of the lung, ACTH 
was found to be beneficial. 

Kennedy et al. B59,278f51: In patients, 
ACTH exerted beneficial effects upon beryl
Iium granulomatosis and silicosis, presumably 
as a consequence of its antiphlogistic effect. 

Kline et al. B65,488f51: In patients with 
beryllium granulomatosis, ACTH and corti
sone were found to be beneficial. 

White et al. B74,079j52: In mice, ACTH 
had no appreciable effect on the distribution 
or retention of radioberyllium or on the 
survival rate following acute intoxication with 
beryllium sulfate. 

Beryllium +- ACTH, Mouse: White 
et al. B74,079f52* 

Bilirubin +- ACTH, Mouse: Catz 
et al. H14,471/68 
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Carbon Tetrachloride +-

Patrick 012,967/55: In rats and mice, 
cortisone or ACTH inhibited the mesenchymal 
reaction and delayed repair following produc
tion of hepatic darnage by tannic acid or 
CCl,. 

Carcinogens +-

RobertBon et al. B88,672f53: In rats, hypo
physectomy prevents the production of hepatic 
cirrhosis and hepatomas by 3'-Me-DAB. The 
susceptibility to tumorigenesis is restored by 
ACTH, but not by CON, DOC or testosterone. 
These hormones likewise failed to prevent car
cinogenesis in intact rats. 

Ourrie et al. D48,292f62: In rats, the 
production of adrenal necrosis by DMBA is 
prevented by metyrapone, but not signifi
cantly influenced by ACTH. 

Morii &: HugginB D45,369f62: Immature 
rats are refractory to the production of 
adrenocortical necrosis by DMBA, unless they 
are pretreated with ACTH. On the other hand, 
STH induces no DMBA sensitivity in the 
immature rat. "The status of susceptibility 
of the adrenal cortex is correlated with its 
content of corticosterone." 

Morii &: Kuwahara G33,213J63: Mice, guin
ea pigs, hamsters, rabbits, cats and dogs, un
like rats, are not susceptible to the production 
of adrenal apoplexy by DMBA, and pretreat. 
ment with ACTH did not make the adrenals 
of these species responsive. 

H itachi F 67,866 J65: In mice, ACTH inhibits 
the involution of the adrenal cortex produced 
byMC. 

HugginB &: Sugiama F44,582J65: In rats, 
DMBA produces no adrenocortical necrosis if 
the animals are immature or hypophysec
tomized. ACTH renders the adrenals of im
mature rats susceptible to this type of injury. 

Morri G34,628f65: Pretreatment with small 
amounts of ACTH failed to protect the rat 
against DMBA-induced adrenocortical apo
plexy. However, administration of ACTH to 
young rats or to hypophysectomized adults, 
which normally do not respond to the corti
colytic effect of DMBA, makes them suscep
tible. 

ShiraBu et al. F76,819f67: In the rats, 
hepatoma formation by N-hydroxy-N-2-fluo
renylacetamide (N-OH-FAA) is enhanced by 
ACTH and STH. Studies with 14C-labeled 
N-OH-FAA showed "decreased dehydroxy
lation and deacetylation of N-OH-FAA. The 
radioactivity bound to liver proteins was 

increased, remarkably so in the animals 
treated with growth hormone." 

Ronzoni et al. H 18,409/68: In rats, prostatio 
oaroinogenesis induoed by the implantation of 
20-methyloholanthrene orystals into the prosta
te is inhibited by ACTH, triiodothyronine and, 
to a lesser extent, by progesterone and 19-
nortestosterone phenylpropionate. Estradiol 
and oortisone faoilitate oaroinogenesis, whereas 
testosterone, orohidectomy and methylthioura
oil failed to influenoe it. 

Bird et al. H 30,425/70: In rats less than 
30 days of age, DMBA or 7-0HM-12-MBA 
produoes no adrenal neorosis unless animals are 
pretreated with ACTH. However, a single i.v. 
injeotion of 7 -OHM-12-MBA on the 17th day of 
gestation oauses adrenal neorosis in the em
bryos as weil as in the mothers. Pretreatment 
with SKF 525-A proteoted the adrenals both 
of the embryos and of the mothers. 

7 ,12-Dimethylbenz(a)anthraoene +

ACTH + Age: Morii et al. D45,369/62* 
9,1 0-Dimethyl-1 ,2 · benzanthraoene 

+- ACTH: Currie et al. D48,292f62* 

Carcinolytics +-

Andreani et al. 014,628/55: In rats, the 
different organ ohanges produoed by TEM are 
uneqaally influenoed by oombined treatment 
with ACTH + oortisone. 

Casein+- cf. alBo Selye 092,918/61, p. 250. 
Latvalahti B88,191f53: In mice, the amy

loidosis produoed by repeated s.o. injections 
of oasein is aggravated by ACTH and oortisone 
but not by DOC or testosterone; orohidectomy 
facilitates its development. 

PeräBalo &: Latvalahti 09,661/54: The 
amyloidosis produoed by sodium oaseinate s.o. 
in mice is uninfluenoed by DOC and testoste
rone but aggravated by oortisone, adreno
oortioal extract and ACTH. 

Fanfani &: Dini 048,253/57: In mioe, 
oombined parenteral administration of oasein 
and ACTH oauses neorotio lesions and waxy 
degeneration in the oardiao musole but not 
true amyloidosis. 

Cholesterol +- cf. al8o Selye G60,083j70, 
pp. 328, 329, 346. 

Oppenheim &: Bruger B74,288f52: In rab
bits, oholesterol atheromatosis is diminished by 
cortisone and to a lesser extent by ACTH. 

Tarantino &: Natali B71,460f52: In rabbits, 
ACTH inhibits oholesterol atheromatosis and 
diminishes the assooiated hyperoholesterolemia. 
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Cinchophen +-

Rodriguez-Olleros & Galirulo 017,868/56: 
In dogs, induction of gastric ulcers by cincho
phen is not significantly affected by ACTH or 
cortisone. 

Diphenylhydantoin +-

Hoyrup & Vinten-Johansen B84,197f52: 
In patients with acute phenobarbital or diphe
nylhydantoin poisoning, the use of ACTH is 
contraindicated as judged by impressions 
gained from a small series of observations. 

Disulfirarn +- cf. Ethanol 

Ethanol+-

Lecoq et al. B66,406f51: In rats, the toxic 
effects of ethanol and of its metabolites 
pyruvate and acetaldehyde (which accumulate 
in the body under the influence of disulfi
ram) are inhibited by ACTH, cortisone, and 
hepatic extracts. Conversely, thyroxine, DOC, 
and testosterone appear to aggravate ethanol 
intoxication. [Statistically evaluated data are 
not presented (H.S.).] 

Lecoq B79,754f51: In rabbits, injection of 
disulfiram + ethanol or of Na-pyruvate pro
duces essentially the same syndrome of intoxi
cation, since pyruvic acid is the principal 
metabolite of ethanol after pretreatment with 
disulfiram. In either case, ACTH and cortisone 
offer little, if any, protective effect. 

Ethionine +-

Farber & Segalorr D95,996f55: In ovariec
tomized rats, various testoids and STH pro
tected the liver against fatty infiltration pro
duced by ethionine i.p., whereas cortisone and 
ACTH aggravated it. Estradiol, DOC and 
TSH had no effect. 

Formaldehyde+- cf. Selye B40,000f50, 
pp. 390, 589. 

Ganglioplegics +-

Brust et al. B57,917f51: In man, "admi
nistration of ACTH or cortisone significantly 
alters the blood pressure and 'TEAC floor'. 
The responses are independent of sodium 
retention and indicate that the vascular 
effects of these drugs are mediated by a humo
ral mechanism which is potentiated by auto
nomic blockade." Observations on both normo-

tensive and hypertensive patients showed that 
"the usual depressor effects of TEAC were 
ultimately converted to a pressor rise, suggest
ing that autonomic blockade potentiates the 
vascular effects of ACTH and cortisone." 
DOC exhibited no such action. 

Brust et al. B58,739f51: In man, the 
"TEAC floor" rises within 24 hrs after ACTH 
administration and falls again after disconti
nuation of hormone treatment. The rise in 
"TEAC floor" precedes the increase in uri
nary 17-ketosteroid excretion and precedes or 
parallels eosinopenia. In patients with un
complicated essential hypertension blood pres
sure alterations paralleled the "TEAC floor" 
changes. "The 'TEAC floor' appears to be a 
sensitive ind.icator of the adrenocortical 
activity produced by ACTH." 

Selye G 70,448!70: In rats, intoxication with 
TEA, hexamethonium and pentolinium could 
be prevented by all of seven glucocorticoids 
tested. On the other hand, glucocorticoids 
offered no protection against trimethaphan, 
mecamylamine, trimethidinium or pempidine. 
Typical catatoxic steroids (ethylestrenol, CS-1, 
spironolactone, norbolethone, oxandrolone) 
as weil as progesterone, DOC and hydroxy
dione failed to offer significant protection 
against hexamethonium or TEA. V arious 
stressors (hone fractures, fasting, spinal cord 
transection and formalin) gave excellent pro
tection against TEA, whereas others (restraint, 
cold) did not. "Since even large doses of ACTH 
are ineffective in this respect the anti-TEA 
effect of stressors cannot be ascribed merely 
to increased corticoid secretion." 

Hexadirnethrine +-

Tuchweber et al. D27,884f63: In rats, 
hypophysectomy prevents the nephrocalci
nosis, but aggravates the adrenal necrosis, 
produced by hexadimethrine. ACTH-treat
ment of the hypophysectomized rat facilitates 
the production of nephrocalcinosis, but pro
tects the adrenal. Adrenalectomy prevents 
this form of nephrocalcinosis even in rats 
maintained on NaCl or DOC. On the other 
hand, triamcinolone- treated adrenalectomized 
rats react to hexadimethrine with strong 
nephrocalcinosis. Under similar cond.itions 
in intact rats, the corticoids did not signifi
cantly change the syndrome of hexad.imethrine 
intoxication, except that the anaphylactoid 
reaction to this compound is inhibited by 
triamcinolone. 
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Isonia:~id +-

Mrozikiewicz & Strzyzewski G68,152j66; 
H7,524j67: In the mouse, isoniazid-induced 
convulsions are facilitated not only by gluco
corticoids (cortisol, prednisolone) and ACTH, 
but also by DOC. 

Isoproterenol +- cf. Selye 092,918/61, 
p.117. 

Lathyrogens +- cf. also Selye G60,083j70, 
pp. 331, 357. 

Selye C25,013j57: The osteolathyrism pro
duced in rats by aminoacetonitrile (AAN) is 
slightly aggravated by thyroparathyroidec
tomy, and suppressed by large doses of thy
roxine. "An amount of ACTH that more than 
doubles the weight of the adrenale and causes 
pronounced thymus atrophy also inhibits the 
effect of AAN, but fails to prevent it comple
tely. This is all the more noteworthy because 
comparatively small doses of cortisol can to
tally prevent such bone lesions. Extensive par
tial hepatectomy greatly increases the effect 
of AAN upon the bones." 

Selye 031,369/57: In the rat, the osteo
lathyrism produced by AAN is aggravated by 
STH, LTH and partial hepatectomy but it is 
inhibited by ACTH, cortisol or estradiol. 

Pyörälä et al. G67,833j59: Dissecting aneu
rysms of the aorta developed in 40% of imma
ture rats fed Lathyrus odoratus. The media 
was remarkably thickened and the ground 
substance showed increased metachromasia 
and PAS reaction. This response was suppress
ed by cortisone and thyroxine but not by 
ACTH, TSH or DOC at the doses employed. 

van Gauwenberge et al. 078,726/59: In rats, 
osteolathyrism is inhibited by ACTH and, to a 
lesser extent, by salicylates and butazolidine. 

Glickman et al. E24,104j63: In rats, the 
dental changes produced by AAN are aggra
vated following partial hepatectomy and 
thyroidectomy, reduced by ACTH and almost 
completely abolished by thyroxine. 

Meprobarnate +-

Bousquet et al. F35,073f65: In rats with 
stress produced by applying a tourniquet 
around one hind limb for 2.5 hrs, the toxicity 
of hexobarbital, pentobarbital, meprobamate 
and zoxazolamine was significantly diminished, 
whereas that of barbital and phenobarbital 
remained unaffected. Pretreatment with ACTH 
or corticosterone simulated the effect of stress. 
After hypophysectomy or adrenalectomy, 
stress failed to offer the usual protection. 

[The barbiturates and zoxazolamine appear to 
have been administered immediately after 
release of the tourniquet but this is not 
specifically stateCJ. Allegedly a single injection 
of corticosterone (50 {Lg per animal) sufficed to 
offer protection (H.S.).] 

Mercury+-

Kridas &ZsdmbekyC26,265f56; 049,522!57: 
The renal darnage produced by HgCI2 in the 
rat is most effectively prevented by testoste
rone, but, to a lesser extent, also by cortisone, 
particularly when the latter is given in combi
nation with ACTH. 

Morphine+-

Winter & Flataker B62,935f51: In rats, 
cortisone inhibits the effects of methadone and 
morphine upon the thermal tail-flick response. 
Cortisone also increases the excitatory effect 
of morphine in cats. On the other hand, 
cortisone synergizes the analgesic antagonist 
N -allylnormorphine. After spinal cord section, 
cortisone and ACTH reduce the effect of mor
phine on the spinal reflex activity in rats 
(thermal tail-flick response), whereas DOC 
enhances it. 

Adler et al. G79,852J57: In Sprague-Dawley 
rats given 140-Iabeled morphine, the ratio of 
bound to free morphine is 2-3 times greater 
in the urine and plasma than in Long-Evans 
rats. The tissues of adrenalectomized rats of 
both strains contain higher concentrations of 
14-C-labeled morphine than do control rats. 
Plasma bound morphine Ievels indicate no im
pairment of morphine conjugation. Vasopres
sin increases, whereas ACTH decreases mor
phine sensitivity. Yet both after ACTH and 
after vasopressin, tissue concentrations of mor
phine are either reduced or unaffected in 
marked contrast to the increased values after 
adrenalectomy. Apparently, the decreased mor
phine sensitivity induced by ACTH is not re
flected by lower brain morphine concentrations. 

Sobel et al. 090,836/60: Morphine increases 
the mortality of guinea pigs exposed to 
reduced oxygen tension. Prior treatment with 
cortisone or ACTH protects against this 
combined treatment. 

Markova D47,081f62: Pretreatment with 
ACTH or cortisone increases the morphine 
resistance of newborn rats although not quite 
to the adult Ievel. DOC does not share this 
effect. 
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Paroli G12,543f63: In the rat, cortisol and 
ACTH inhibit the analgesic effect of morphine; 
dexamethasone and prednisolone (though more 
active glucocorticoids) do not share this 
effect. 

Lecannelier &: Quevedo H 8,759/67: In rab
bits, the analgesic effect of morphine is reduced 
by ACTH or cortisol. 

Mustard Powder +- cf. Selye B40,000f50, 
p. 390. 

Pentylenetetra111ol +-

Torda &: Wolff B57,149f51: In rats, the 
convulsions and EEG changes produced by 
pentylenetetrazol are inhibited by ACTH or 
cortisone. 

Torda &: Wolff B69,986f52: In rats, the 
convulsion-threshold of pentylenetetrazol is 
raised by ACTH even after hypophysectomy or 
adrenalectomy. Furthermore, ACTH increases 
the electric activity of the brain "by a mecha
nism that is not dependent on the presence of 
the adrenal cortex." 

Boeri 078,610/58: In guinea pigs, corti
sone, ACTH and Vasopressin aggravate pen
tylenetetrazol convulsions. 

Pentylenetetrazol +-- ACTH: Torda 
et al. B69,986/52* 

Phenyldione +- cf. Anticoagulants 

Plasmocid +- cf. Selye 092,918/61, p. 95. 

Polyanetholsulfonate +- cf. Anticoagulants 

Potassium +-

Oollins 017,662/56: Survival after KCI i.p. 
(referred to as "potassium stress") is diminished 
after the induction of adrenocortical atrophy 
by cortisol. Concurrent administration of 
DOC, aldosterone, adrenocortical extract, 
corticosterone or ACTH counteracts this 
effect of cortisol upon K tolerance. 

Puromycin Aminonucleoside +-

Wilson et al. 045,755/57: In rats, puro
mycin aminonucleoside nephrosis is not 
prevented by cortisone or ACTH. 

Pyruvate+-

Leooq et al. B66,406f51: In rats, the toxic 
effects of ethanol and its metabolites pyruvate 
and acetaldehyde (which accumulate in the 
body under the influence of disulfiram) are 

inhibited by ACTH, cortisone, and hepatic 
extracts. Conversely, thyroxine, DOC, and 
testosterone appear to aggravate ethanol 
intoxication. [Statistically evaluated data are 
not presented (H.S.).] 

Leooq B79,754f51: In rabbits, injection of 
disulfiram + ethanol or of Na-pyruvate pro
duces essentially the same syndrome of intoxi
cation, since pyruvic acid is the principal 
metabolite of ethanol after pretreatment with 
disuHiram. In either case, ACTH and cortisone 
offer little, if any, protective effect. 

RES-Blocldng Agents +-

Selye B39,702f49: In rats in which an 
arthritis was produced by intrapedal injection 
of formalin and India ink, phagocytosis and 
transport of the carbon particles to the re
gional lymph nodes are accelerated by 
ACTH. This is ascribed to glucocorticoid 
formation and the resulting diminution of the 
inflammatory barrier at the formalin injection 
site. 

Kennedy et al. B59,278f51: In patients, 
ACTH exerted beneficial effects upon beryl
lium granulomatosis and silicosis, presumably 
as a consequence of its antiphlogistic effect. 

Michalavd 056,094/58: In rabbits exposed 
to quartz dust, ACTH diminished the severity 
of silicosis, but this effect was not manifest in 
chronic experiments. 

Gahbiani et al. G19,450f65: In rats pre
treated with ACTH, fluorocortisol or restraint, 
a single i.v. injection of thorium dextrin (an 
RES-blocking agent) produces thrombohe
morrhagic lesions with necrosis in the adrenals, 
liver and kidneys. The changes are reminiscent 
of the Shwartzman-Sanarelli phenomenon. 

Göthe H20,085f70: In rats, ACTH accele
rates, whereas prednisolone retards, the 
transport of intratracheally administered 
quartz dust from the lung to the regional 
lymphatics. 

Silica +- cf. RES-Blocking Agents 

Tannic Acid+-

Patrick 012,967/55: In rats and mice, 
cortisone or ACTH inhibited the mesenchymal 
reaction and delayed repair following produc
tion of hepatic darnage by tannic acid or 
CC14• 

Tetracaine +-

Zykov H21,879f69: In mice, ACTH, corti
sol and DOC failed to influence tetracaine 
intoxication. 
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Tetraethylammonium (TEA) +- cf. Gang
lionic-Blocking Agents 

Thorium Dextrin +- cf. RES-Blocking 
Agents 

Vitamin C+-

Hyman et al. B53,374f50: "Cortisone and 
ACTH prolong life and reduce the hemorrhagic 
manifestations of scurvy in guinea pigs." [In 
an addendum the authors state that the large 
doses of ACTH and cortisone used may pro
riuce severe toxic effects which overshadow 
their beneficial actions (H.S.).] 

Hyman et al. B57,989f51: In guinea pigs 
on a vitamin-C deficient diet, ACTH and 
cortisone ameliorate the manifestations of 
scurvy. 

Vitamin D, DHT +- cf. also Selye G60,083f 
70, pp. 329, 331. 

Selye 027,735/57: The cardiovascular calci
fication and nephrocalcinosis produced by 
DHT in rats are aggravated by estradiol, 
cortisol, ACTH and thyroxine. Conversely, 
methyltestosterone and STH exert a protective 
effect. 

Thoenes & Schröter 0 56,987 f58: In rats kept 
on a vitamin-D deficient diet, cortisone tends 
to inhibit the development of rickets, whereas 
ACTH does not. DOC actually aggravates 
vitamin-D deficiency. 

Oampeanu et al. G21,413f63: In rats, 
combined treatment with vitamin-D2 and 
ACTH produces intense generalized calcinosis. 
[No mention of controls receiving vitamin-D2 

alone (H.S.).] 

Zoxazolamine +-

Bousquet et al. F 35,073!65: In rats with 
stress produced by applying a tourniquet 
around one hind limb for 2.5 hrs, the toxicity 
of hexobarbital, pentobarbital, meprobamate 
and zoxazolamine was significantly diminished, 
whereas that of barbital and phenobarbital 
remairred unaffected. Pretreatment with ACTH 
or corticosterone simulated the effect of stress. 
After hypophysectomy or adrenalectomy, 
stress failed to offer the usual protection. 
[The barbiturates and zoxazolamine appear 
to have been administered immediately after 
release of the tourniquet but this is not speci
fically stated. Allegedly a single injection of 
corticosterone (50 flg per animal) sufficed to 
offer protection (H.S.).] 

Selye G70,480f71: In rats, ACTH inhibited 
zoxazolamine paralysis and acute DHT-induced 
soft-tissue calcification but failed to influence 
poisoning with digitoxin, dioxathion, parathion, 
nicotine, hexobarbital, progesterone, indome
thacin or the infarctoid cardiopathy produced 
by fluorocortisol + Na2HP04 + corn oil. 

Camplex Diets +-

ACTH and glucocorticoids inhibit the fatal hepatic necroses which develop in 
young rats fed diets deficient in sulfur-containing amino acids and vitamin E, as well 
as in rats kept on diets containing yeast as the only source of protein. 

Aterman 035,275!57: The fatal hepatic 
necrosis which develops in weanling rats fed a 
diet deficient in sulfur-containing amino 
acids and vitamin E is inhibited by ACTH 
and cortisone, but aggravated by thyroid 
powder feeding. In the case of simultaneaus 
treatment with thyroid and cortisone, the two 
types of hormones antagonize each other. 

Aterman 061,786/58: The hepatic necrosis 
produced in rats by feeding a diet containing 
yeast as the only source of protein is inhibited 
by cortisone, cortisol or ACTH, but not in
fluenced by progesterone, "estrogen," testoste
rone or DOC. Aldosterone prolongs survival 
time providing 50 flg or more is administered 

daily. Although the author did not report any 
observations on the effect of aldosterone upon 
carbohydrate metabolism, he arrived at the 
conclusion that "these results, therefore, 
suggest that in the system examined here 
aldosterone has some 'glucocorticoid' activity 
and differs significantly from deoxycortone 
acetate which in doses of 0.5 and 2.5 mgm. 
daily has been completely ineffective." 

Borgman & Haselden H29,947f70: In rab
bits kept on a gallstone producing ration, 
ACTH, thyroid hormones, or cortisone did not 
inhibit the production of biliary calculi, but 
several of these hormones inhibited the 
usually associated hepatic steatosis. 
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Microorganisms, Parasites and Their Products +--

Bacteria and Vaccines -.E-. ACTH does not significantly influence the course of 
infection with Clostridium tetani in the mouse or with Corynebacterium diphtheriae 
and leptospirosis in the guinea pig. 

Infection with M. tuberculosis is aggravated by ACTH in the mouse, guinea pig, 
rat and rabbit despite a few dissenting claims. In this respect, ACTH imitates the 
effects of glucocorticoids and, like the latter, it is antagonized by concurrent treat
ment with STH. 

In rats infected with P. pestis, ACTH also decreased, whereas STH increased, 
survival. 

Pneumococcal and Rickettsial infections are not very manifestly affected by ACTH 
in the mouse. 

"Saprophytosis," due to proliferation of normally nonpathogenic microorganisms 
(usually Corynebacteria), such as occurs after severe glucocorticoid intoxication, is 
also induced in rats by heavy overdosage with ACTH. It can be prevented by 
concurrent treatment with STH. 

In guinea pigs and rats, ACTH could not be shown to exert a significant influence 
upon infection with staphylococci, although cortisone decreased resistance to these 
organisms. 

The effect of ACTH on streptococcal infections varies greatly depending upon 
experimental conditions. 

Viruses -.E-. ACTH undoubtedly exerts an antipyretic effect in rabbits inoculated 
with influenza virus as it does in various other forms of infection. In mice and 
ferrets, ACTH does not significantly influence resistance to influenza. On the other 
hand, !arge doses of ACTH increase the susceptibility of mice to Iethai infection with 
various arboviruses. Infection with poliomyelitis is likewise facilitated by ACTH in 
mice and hamsters, although with some strains of poliomyelitis no definite increase 
in susceptibility could be obtained by ACTH. In the dog, the growth of equine 
encephalomyelitis is enhanced by ACTH. This hormone also facilitates the spread of 
variola virus in sheep and it can reactivate a latent rabies infection in guinea pigs. 

Parasites -.E-. In guinea pigs, ACTH did not significantly influence the course of 
infestation with Trichinella spiralis. 

Bacterial Toxins --E- cf. also Selye E 5,986/66. In rabbits, pretreatment during 48 hrs 
with !arge doses of ACTH or cortisone diminishes the febrile response to Shigella 
endotoxin, whereas 24 hrs of pretreatment with smaller doses of these hormones 
exerts an opposite effect. 

In the mouse, neither ACTH nor cortisone pretreatment raised resistance against 
the toxins of R. tsutsugamushi, R. prowazeki or S. typhosa. However, under suitable 
conditions of dosage and timing, mice can allegedly be protected by ACTH or corti
sone against fatal intoxication with cholera-vibrio endotoxin, diphtheria toxin and 
various other endotoxins. The effects of tetanus, Shiga, and meningococcus toxin are 
not influenced by ACTH in the mouse. 

In guinea pigs, neither ACTH nor cortisol improved resistance to diphtheria toxin, 
but the production of hemorrhages and adrenal necroses by pertussis toxin was 
enhanced by ACTH. 
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Rats allegedly cannot be protected against the Iethai effects of perfringens to:xin 
by ACTH or glucocorticoids, but the resistance to many endoto:xins is undoubtedly 
increased by these hormones. The hepatic vein thromboses produced in rats on 
hyperlipemic diets by S. typhosa endoto:xin are prevented by ACTH, cortisol or 
prednisolone. 

In dogs, ACTH gave no significant protection against endotoxin shock. 
In man, the febrile response to killed typhoid bacilli and the reactions to 

Brucella endoto:xin are inhibited by ACTH. 
Venoms +. ACTH has been found to protect various species against fatal doses 

of the venoms of scorpions, snakes and spiders. 

Bacteria and Vaccines +-

Clostridium Tetani ~. M aBBalBki & K ule
jewBka 052,338/57: In mice, ACTH does not 
influence experimental tetanus, nor does it 
alter the actions of tetanus toxin and anti
toxin. 

Corynebacterium Diphtheriae ~. di Nola 
et al. 0 43,232{57: In guinea pigs, ACTH offered 
no protection against fatal diphtheria infec
tion. 

Leptospira ~. Derom & van Hoydonok 
017,095{55: "ACTH and cortisone have not 
been found to have any favorable effects on 
the infection of guinea pigs with Leptospira 
ictero-haemorragiae, strain 'Afsnee' ." 

Bacillus Piliformis (Tyzzer's disease) +-. 
Yamada et al. H24,079f69: In mice and rats 
inoculated with B. piliformis, pretreatment 
with ACTH or cortisone greatly enhances sus
ceptibility to Tyzzer's disease. 

Diploeoccus Pneumoniae ~. KaaB et al. 
B69,981{51: In mice, the final mortality rate 
after infection with influenza virus or pneumo
cocci is not significantly altered by ACTH 
or cortisone, although the course of the 
disaase may be modified. 

KaaB et al. B95,353{54: In mice, resistance 
to pneumococcal and influenza virus infections 
is depressed by pretreatment with cortisone 
or cortisol, but not by ACTH. STH failed to 
overcome the effect of cortisone and did not 
increase resistance to infection when given 
alone. 

Mycobacterium Tubercnlosis ~. Reinmuth 
& Smith B60,585{51: In rabbits sensitized by 
tuberculosis bacilli and subsequently challeng
ed with Old Tuberculin introduced into the 
trachea, the resulting pneumonia is decreased 
in severity by pretreatment with ACTH. 

Swedberg et al. B58,412f51: In mice, ACTH 
aggravates the course of experimental tuber
culosis. 

Luoherini et al. B89,088{53: In guinea pigs, 
STH inhibits the progress of tuberculosis and 
counteracts the opposite effect of ACTH. 

Oavallero 0829{54: Review on the effect of 
STH, ACTH and cortisone upon various 
infections, especially in the rat. 

Lepri & Fornaro D91,865{54: In rabbits 
randered allergic to tuberculosis, the ocular 
manifestations of topical challenge by tubercle 
bacilli were variably influenced by ACTH 
and cortisone. 

YoumanB & YoumanB B95,169{54: In 
mice, cortisone markedly reduced the survival 
time after infection with human tubercle 
bacilli and this effect could not be prevented 
by STH. Given alone, ACTH, STH and TTH 
likewise failed to influence the course of the 
infection. 

Donomae et al. 022,935/55: In rabbits 
infected with human tuberculosis bacilli and 
reinoculated with the same germs into the 
lung, ACTH greatly enhances cavity formation. 

Greuel & Schäfer E54,859{56: In guinea 
pigs treated with ACTH, DOC or cortisone, 
the progress of tuberculosis was proportional to 
the size of the adrenals, and least severe in 
animals given cortisol. 

Shmelev & Uvarova 053,553{56: Contrary 
to earlier investigators, the authors found 
that in guinea pigs and rabbits, ACTH actually 
increases resistance to tuberculosis. 

Waaz-Höckert & Backman 030,700/56: In 
guinea pigs, the progress of tuberculosis can 
greatly be enhanced by ACTH, which is useful 
for the diagnosis of tuberculosis. 

Waaz-Höokert & Backman 034,801/56: In 
guinea pigs, ACTH aggravates the course of 
tuberculosis. STH in itself is without conspi
cuous effect, however, "the strongly deterio-
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rating effect on tuberculosis produced by 
ACTH was evidently counteracted by STH 
when given simultaneously with ACTH." 

Batten & McOune 053,554/57: ACTH, 
cortisol and cortisone greatly reduce the 
resistance of mice to infection with human 
tuberculosis. 

Fiorentino D8,379f59: In guinea pigs, 
ACTH greatly accelerates the progress of 
tt1berculosis. A test for the rapid diagnosis of 
tuberculosis is based upon this observation. 

Renovanz 078,772/59: In guinea pigs, the 
course of experimental tuberculosis was not 
markedly influenced by ACTH, tolbutamide 
derivatives or antithyroid treatment with 
perchlora tes. 

Vakilzadeh & Vandiviere E32,626f63: In 
guinea pigs, the beneficial effect of vaccina
tion against tuberculosis was greatly increased 
by thyroxine and T3, but not by cortisone, 
cortisol or ACTH. None of the hormones 
altered natural host resistance in nonimmuni
zed guinea pigs. 

Wasz-Höckert & McOune E31,145f63: In 
mice infected with tuberculosis, STH caused 
an increase in body weight but did not 
inhibit the development of the infection nor 
did it counteract the unfavorable effect of 
ACTH. 

Kampioni G33,098f64: In tuberculous gui
nea pigs, ACTH inhibits the proliferation of 
the pleural stroma but not the thickening of 
the mesothelial cells. 

Pasteurella Pestis <---. Hayashida 037,366/ 
57: In rats infected with P. pestis, ACTH 
decreased, whereas STH increased, survival. 

Rickettsia <---. Jackson & Smadel E52,720J 
51: Intact mice pretreated with cortisone or 
ACTH "were given lethal amounts of the 
toxins of R. tsutsugamushi, R. prowazeki, or 
S. typhosa. Such animals were as susceptible 
to the toxins as normal controls. Neither 
hormone had any therapeutic effect in mice 
infected with R. tsutsugamushi. Furthermore, 
treated and untreated mice in a terminal 
phase of infection with R. tsutsugamushi were 
equally susceptible to the toxin of this 
rickettsia when injected intravenously. In the 
current experiments the adrenal cortex of 
normal or infected animals apparently contri
buted as effectively as possible in the host's 
response to rickettsial or bacterial toxins and 
further stimulation was without advantage." 

"Saprophytosis" <---. Selye B57,45lf51: In 
rats, "saprophytosis" due to proliferation of 
normally nonpathogenic microorganisms, such 
as develop after heavy overdosage with 
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cortisone or ACTH, can be completely 
prevented by concurrent administration of 
STH. 

Staphylococcus <---. Debry 030,870/56: Doc
tor's thesis (176 pp., 578 refs.) on the influence 
of hormones upon infection. Personal Observa
tions on guinea pigs and rats indicate that 
ACTH, STH and DOC do not significantly 
affect the course of acute staphylococcus 
infection, whereas cortisone aggravates it. 

Streptococcus <---.Glaser et al. B58,299f50: 
In mice, neither ACTH nor cortisone exerted a 
beneficial effect upon streptococcal or pneu
mococcal infections, indeed they may have 
aggravated them. 

Magabgab & Thomas B72,457f52: In 
rabbits, pretreatment with ACTH or cortisone 
greatly aggravated streptococcal septicemia. 
DOC had no such effect. 

Fazio et al. 034,111/56: In rats, cortisone 
or ACTH increases survival following strep
tococcal infection and further enhances the 
protective effect of penicillin. 

Viruses +-

Kass & Finland B54,130f50: In man, the 
febrile response to i.v. injection of killed 
typhoid bacilli is reduced by ACTH. A similar 
antipyretic effect against typhoid bacilli and 
influenza virus is exerted by ACTH in rabbits. 

Loosli et al. B58,316f50: In mice and 
ferrets, ACTH did not significantly influence 
air-borne influenza-A infection. 

Shwartzman B54,248f50: "ACTH and cor
tisone in combination or cortisone alone pro
duce a marked acceleration of poliomyelitis 
infection (strain MEFl) in mice and an extra
ordinary enhancement of susceptibility to 
this infection in hamsters giving rise to a 
violent and uniformly fatal disease. ACTH 
alone fails to produce this effect possibly due 
to elaboration of an unknown factor capable 
of reversing the enhancing effect of cortisone." 

Kass et al. B69,98lf51: In mice, the final 
mortality rate after infection with influenza 
virus orpneumococci is not significantly altered 
by ACTH or cortisone, although the course of 
the disease may be modified. 

Shwartzman B66,955f51: ACTH and corti
sone aceeierate poliomyelitis (strain MEF) in 
mice and hamsters. DOC, progesterone and 
diethylstilbestrol are ineffective. 

Smith et al. B64,635f51: In mice, suscep
tibility to pneumonia virus (PVM) is not 
influenced by ACTH but is enhanced by 
cortisone. 
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Sautkam & Babcock B63,662f51: "Large 
doses of cortisone greatly increased the 
susceptibility of mice to Iethai infection by 
West Nile, Ilheus, and Bunyamwere viruses. 
ACTH in massive dosage produced the same 
effect with West Nile virus. Desoxycorti
costerone, testosterone, progesterone, and 
estradiol in massive doses had no significant 
effect on these virus infections in mice." 

Findlay & Howard B81,142f52: In mice 
and hamsters, cortisone and ACTH increase 
susceptibility to polyomyelitis and other 
virus infections. 

Shwartzman B69,778f52: Cortisone, unlike 
ACTH, greatly increases the susceptibility of 
Syrian hamsters to i.p. inoculation with strain 
MEFI poliomyelitis virus. 

Shwartzman & Fisher B69,580f52: In 
Syrian hamsters, cortisone enhances infection 
with MEFI and Lansing strains of poliomye
litis virus. ACTH, DOC, progesterone and 
stilbestrol are without effect. Earlier Iiterature 
on the influence of various hormones upon 
poliomyelitis is reviewed. 

Kass et al. B95,353f54: In mice, resistance 
to pneumococcal and influenza virus infections 
is depressed by pretreatment with cortisone 
or cortisol, but not by ACTH. STH failed to 
overcome the effect of cortisone and did not 
increase resistance to infection when given 
alone. 

Hurst et al. 094,089/60: Cortisone, ACTH, 
estradiol, stilbestrol and thyroxine all stimulate 
the growth of the virus of equine encephalo
myelitis in the dog, whereas testosterone and 
progesterone do not. The hormones which 
aggravate the infection also counteract the 
prophylactic effect of mepacrine and abolish 
the normally greater resistance of the females. 

Oilli et al. D12,192f61: In sheep, STH, 
owing to its prophlogistic effect, delimits the 
lesions produced by variola virus. ACTH and 
dexamethasone exert an opposite effect. 

Soave D22,275f62: In guinea pigs, latent 
rabies virus infection can be reactivated by 
ACTH s.c. 

Parasites +--

Luongo et al. B69,505f51: In guinea pigs, 
ACTH did not significantly influence the course 
of infestation with T. spiralis but appeared 
to reduce the associated toxic effects. 

Sheldon & Bauer D46,962f62: Review on 
the role of predisposing factors, particularly 
alloxan diabetes and ACTH-treatment, upon 
various fungus infections. 

Bacterial Toxins +--

RABBIT 

Duffy & Morgan B65,399f51: In rabbits 
the febrile response to Shigella dysenteriae 
endotoxin is diminished following pretreat
ment during 48 hrs with repeated !arge doses 
of ACTH or cortisone. Pretreatment during 
24 hrs with smaller doses of these hormones 
exerts an opposite effect. "This appears to 
account for the discrepancies in the results 
previously reported." 

Bennett Jr. & Beeson B95,35lf53: In 
rabbits, the febrile response to a single injec
tion of various endotoxins may be decreased, 
increased or unchanged by treatment with 
ACTH or cortisone. Acquired resistance to 
pyrogen fever is abolished by Thorotrast but 
not by cortisone although both these agents 
prevent the Shwartzman reaction. 

MousE 

Jackson & SmadelE52,720f51; B77,408f.51: 
Intact mice pretreated with cortisone or ACTH 
"were given Iethai amounts of the toxins of 
Rickettsiae tsutsugamushi, R. prowazeki, or 
S. typhosa. Such animals were as susceptible 
to the toxins as normal controls. Neither 
hormone had any therapeutic effect in mice 
infected with R. tsutsugamushi. Furthermore, 
treated and untreated mice in a terminal 
phase of infection with R. tsutsugamushi were 
equally susceptible to the toxin of this rickett
sia when injected intravenously. In the current 
experiments the adrenal cortex of normal or 
infected animals apparently contributed as 
effectively as possible in the host's response to 
rickettsial or bacterial toxins and further 
stimulationwas without advantage." 

Gallut 014,519/55: Mice can be protected 
against fatal intoxication with cholera Vibrio 
endotoxin by cortisone or ACTH but the degree 
of protection depends upon dosage and timing. 

Massalski & Kulejewska 052,338!57: In 
mice, ACTH does not influence experimental 
tetanus, nor does it alter the actions of tetanus 
toxin and antitoxin. 

Nadelet al. D12,681f61: In mice, pretreat
ment with ACTH offers no protection against 
endotoxin. Hence, the resistance induced by 
pretreatment with endotoxin itself cannot be 
due to mobilization of the pituitary-adrenal 
axis. 

Parant D82,116f62: In mice, resistance to 
endotoxin is greatly decreased a few hours 
after adrenalectomy or hypophysectomy. 
Cortisone protects normal, adrenalectomized, 
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and hypophysectomized animals against high 
doses of endotoxin, whereas chlorpromazine 
is effective only in the presence of both the 
adrenals and the pituitary. ACTH also pro· 
tects the hypophysectomized mouse but only ü 
alow absorption is assured. 

Skuratova D20,887f62: In mice, resistance 
against the fatal effect of diphtheria toxin is 
more markedly increased by STH than by 
ACTH. 

GUINEA Pm 

Murray & Branham B65,414f51: Neither 
ACTH nor cortisone improved the resistance 
of guinea pigs to diphtheria toxin or of mice to 
Shiga and meningococcus toxin. 

Okonogi et al. 034,465{56: In guinea pigs 
the production by pertussis toxin of subcuta. 
neous hemorrhages, pulmonary lesions and 
adrenal necrosis is enhanced by ACTH. 

RAT 

Ganley et al. 07,489{55: Rats cannot be 
protected against the Iethai effect of Cl. 
perfringens toxin by ACTH, adrenocortical 
extract, cortisol, cortisone or DOC. 

Levitin et al. 026,683{56: Cortisol, corticos
terone, and cortisone, as weil as ACTH 
protect the rat against endotoxin, whereas 
DOC does not. 

Renaud et al. F74,449f66: In rats kept on 
a hyperlipemic diet, ACTH, cortisol or pred
nisolone protected against the production 
~f shock and hepatic vein thromboses by 
S. typhosa lipopolysaccharide. DOC increased 

mortality and did not protect against these 
thromboses. 

DoG 

Evangelista et al. H 16,824{69: Neither 
ACTH nor stanozolol gave any signüicant 
protection against endotoxin shock in dogs. 

MAN 
Kass & Finland B54,130f50: In man, the 

febrile response to i.v. injection of killed 
typhoid bacilli is reduced by ACTH. A similar 
antipyretic effect against typhoid bacilli and 
influenza virus is exerted by ACTH in rabbits. 

Abernathy & Spink 048,635{58: In man, 
cortisol or ACTH suppressed or ameliorated 
reactions to brucella endotoxin. 

Venorns +-

Mohammed et al. 07,579{54: Rats can be 
protected against fatal doses of scorpion toxin 
by pretreatment with cortisone or ACTH. 

Schöttler 0 10,890{54: In mice and guinea 
pigs injected with the venom of Bothrops 
jararaca or Crotalus terrificus s.c., ACTH, 
cortisone and cortisol failed to offer pro
tection. 

Bettini & Oantore 021,801{55: Compara
tive studies on the protective effect of ACTH, 
cortisone and chlorpromazine against Iethai 
poisoning with the venom of the spider 
Latrodectus tredecimguttatus. 

Haas G38,758f66: Extensivereview on the 
use of corticoids and ACTH in the treatment 
of snake bites in man and in animals. 

Immune Reactions +-

The immunosuppressive effects of ACTH have been discussed in our previous 
monographs to which the reader is referred for a more detailed account. 

In guinea pigs, ACTH does not strikingly influence anaphylactic shock under 
usual conditions, yet it may inhibit it if given during 3 days before the challenging 
reinjection. However, ACTH does clearly diminish tuberculine hypersensitivity 
although only on diets containing the "cabbage factor" (presumed to be an SH
compound). 

The beneficial effect of vaccination against tuberculosis is not significantly altered 
by ACTH or cortisone in the guinea pig. 

In rabbits sensitized to tuberculosis, ACTH tends to, but does not regularly, 
inhibit the manifestations of subsequent topical challenge. 

In rats, ACTH decreases, whereas STH increases, antibody formation against 
Pasteurella pestis. The hemolytic icterus produced by appropriate agglutinin treat
ment, and the renal darnage caused by nephrotoxic serum, can also be inhibited by 
ACTH. 
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Hepatic and Renal Lesions +--

Tolerance to temporary hepatic vesselligation is increased by ACTH in the dog. 
In rats, ACTH (like corticoids) enhances repair and fat deposition in the liver 
remnant after partial hepatectomy. Various stressors inhibit hepatic regeneration 
under similar conditions, presumably because the stimulating effect of ACTH and 
corticoids is overcompensated by the stress itself. 

The arterial lesions that develop after bilateral nephrectomy in dogs kept on a 
high-fat diet are prevented by ACTH and cortisone, but also by pregnancy or diethyl
stilbestrol. 

lmnwne Reuetions +-- cf. Selye G60,083f 
70, pp. 328, 329, 347. 

GUINEA PIG 

Leger et al. A 48,766f48: In sensitized guinea 
pigs, ACTH, given prior to a shock dose of 
antigen, failed to influence the course of 
anaphylactic shock. 

Dwaretzky et al. B52,246f50: In guinea 
pigs, anaphylactic shock was not significantly 
influenced by cortisone or ACTH. 

Friedlaender & Friedlaender B55,467 f50: 
In guinea pigs, intoxication with histarnirre 
(aerosol) and anaphylactic shock (horse serum) 
were not influenced by pretreatment with 
ACTH. 

Long & Miles D41,973f50: In guinea pigs, 
moderate thyrotoxicosis produced by two 
week's treatment with thyroxine increases 
hypersensitivity to tuberculin, whereas mode
rate doses of propylthiouracil do not affect it. 
ACTH and cortisone diminished tuberculin 
sensitivity. Fourteen days after stopping 
thyroxine injections, the animals became 
actually less hypersensitive than the controls. 
A similar reversal of this effect was noted two 
weeks after interruption of cortisone or ACTH 
treatment in that the animals became more 
hypersensitive than the controls. 

Malkiel G71,451f51: In guinea pigs, ACTH 
and cortisone are without effect on the end 
results of histarnirre shock, or of passive or 
active anaphylaxis. 

Long et al. D85,907f51: In guinea pigs, 
single injections of cortisone or ACTH diminish 
allergic hypersensitivity on a cabbage diet, but 
not on a basal diet deficient in the "cabbage 
factor." The authors conclude "that there is in 
cabbage a factor which on ingestion leads to 
the inhibition of the desensitization produced 
by the metabolism of ascorbic acid in the tis
sues of the allergic guinea pig; and that the 
desensitizing action of cortisone or of ACTH 

in cabbage-fed animals is indirect, depending 
on the reversal of the cabbage effect by the 
hormones. The cabbage factor may possibly 
be an SH-compound." 

Lang et al. B60,189f51: In B.C.G.-infected 
guinea pigs, hypersensitivity to tuberculin is 
considerably diminished by cortisone or 
ACTH. This diminution is abolished by pre
treatment with propylthiouracil, which alone 
has no effect upon hypersensitivity. Pretreat
ment with thyroxine increases tuberculin 
hypersensitivity but does not block desensiti
zation by ACTH or cortisone. Apparently, 
thyroxine is necessary for the desensitizing 
action of ACTH and cortisone. 

Lang et al. B63,843f51: In guinea pigs, 
dihydro-ascorbic acid-unlike ascorbic acid
inhibits the tuberculin reaction after infection 
with B.C.G. vaccine. The desensitizing effect of 
dihydro-ascorbic acid is not inhibited by 
thiouracil. Alloxan, like ACTH or cortisone, 
does not modify desensitization by ascorbic 
acid on diets deprived of the "cabbage factor;" 
it desensitizes guinea pigs on a cabbage diet 
and this desensitization is inhibited by pro
pylthiouracil. 

Haene et al. B68,152f52: In guinea pigs, 
ACTH given during three days before the 
challenging reinjection inhibits anaphylactic 
shock. 

Vakilzadeh & Vandiviere E32,626f63: In 
guinea pigs, the beneficial effect of vaccina
tionagairrst tuberculosis was greatly increased 
by thyroxine and T3, but not by cortisone, 
cortisol or ACTH. None of the hormonesaltered 
natural hast resistance in nonimmunized guinea 
pigs. 

RABBIT 

Reinmuth & Smith B60,585f51: In rabbits 
sensitized by M. tuberculosis and subsequently 
challenged with Old Tuberculin introduced 
into the trachea, the resulting pneumonia is 



+-ACTH 421 

decreased in severity by pretreatment with 
ACTH. 

Lepri & Farnara D91,865f54: In rabbits 
rendered allergic to tuberculosis, the ocular 
manifestations of topical challenge by tubercle 
bacilli were variably influenced by ACTH and 
cortisone. 

RAT 

Hayashida & Li 029,987!57: In rats, ACTH 
decreases, whereas STH increases, the forma
tion of antibodies agairrst a soluble protein 
envelope antigen extracted from P. pestis. 

Vivan & Braito D22,638f62: In rats, the 
hemolytic icterus produced by appropriate 
agglutinin treatment can be prevented by con
current administration of ACTH and glucu
ronic acid. 

Wakim et al. D39,883f63: In rats and dogs, 
the renal darnage produced by nephrotoxic 
serum can be inhibited by ACTH. 

Hepatic and Renal Lesions +-

Hepatic Lesions <-. Arrigo & Pantremoli 
B54,373f50: In rats, ACTH greatly accelerates 
liver regeneration after partial hepatectomy 
but does not significantly increase hepatic 
steatosis. 

Raffucci B83,148f53: Dogs talerate much 
better repeated temporary rather than conti
nuous occlusion of the hepatic artery and 
portal vein. ACTH in combination with anti
biotics greatly enhances tolerance for noncon
tinued-occlusion of the afferent hepatic vessels. 

Roberts B97,023f53: In rats, the enhanced 
repair of the liver following treatment with 
ACTH or adrenocortical extract is characterized 
mainly by increased protein deposition in the 
liver remnant. The usual decline of serum 
proteins occurring after partial hepatectomy 
was completely prevented by this treatment. 

Hines & Roncoroni 040,870!57: In dogs, 
the hepatic darnage produced by ligature of 

all the afferent vessels of the liver during one 
hour is diminished by ACTH, and survival is 
improved. 

Simek et al. G71,089f68: In intact and even 
more markedly in adrenalectomized rats, the 
hepatic accumulation of free fatty acids is 
increased by cortisol during the early period 
afterpartial hepatectomy. ACTH has the same 
effect but only in the presence of the adrenals. 

Simek et al. H 13,837f68: Comparative 
studies on DNA synthesis, fatty acid content, 
and weight regeneration in the liver remnarrt 
of partially hepatectomized rats after treat
ment with cortisol, ACTH and various stressor 
agents. 

Simek et al. H22,183f68: In rats, the initial 
increase in liver triglyceride content induced by 
partial hepatectomy is decreased after adrenal
ectomy. However, within 24 hrs after the 
operation, this difference disappears. The 
effect of adrenalectomy upon the liver 
triglyceride changes induced by partial hepat
ectomy can be anulled by epinephrine or 
cortisone. ACTH augments the immediate 
rise in liver triglyceride but only in the 
presence of the adrenals. 

Bucher et al. G72,546f69: Review of the 
humoral factors responsible for hepatic regene
ration following partial hepatectomy. Hepatic 
DNA synthesis is stimulated in intact rats by 
parabiosis or cross-circulation with partially 
hepatectomized partners. Furthermore, tiny 
liver grafts implanted outside the portal area 
proliferate in response to partial ablation of 
the parent organ. Various stressors inhibit 
hepatic regeneration in partially hepatecto
mized rats, but this effect is not reproduced 
by ACTH or cortisol. On the other hand, 
adrenalectomy increases hepatic regeneration. 

RenalLesions<-. Holman & .Tones B93,771f 
53: The arterial lesions that develop in dogs 
kept on a standard high-fat diet upon subse
quent nephrectomy are prevented by preg
nancy, cortisone, ACTH or diethylstilbestrol. 

Varia+---

Ionizing Rays *-· Resistance to total body X-irradiation is not significantly influ
enced by ACTH in the mouse, rat or man, although some investigators claim to have 
obtained moderate protection by ACTH at least in rats. 

Hypoxia and Hyperoxygenation *"· In mice and man, resistance to hypoxia is 
increased by ACTH, whereas in guinea pigs, allegedly tolerance to both hypoxia and 
hyperoxygenation is diminished by this hormone. It has been claimed, however, 
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that in guinea pigs, whose resistance to hypoxia is increased by morphine, prior 
treatment with ACTH or cortisone protects against this combined treatment. 

Temperature Variations+· According to some investigators, the survival time of 
severely burned rats is not influenced by ACTH; others claim that the hormone 
prolongs survival. Cold tolerance is allegedly increased by prolonged ACTH pre
treatment in this species. 

In mice, ACTH does not protect against the fatal effects of burns, but allegedly 
pretreatment with ACTH increases resistance to cold. 

Other Stressors +. In rats, ACTH (like STH) and glucocorticoids decrease the 
EST. 

ACTH allegedly aggravates the calcifying arteriosclerosis that tends to develop 
in rats exposed to the stress of repeated breeding. 

An improvement in muscular performance (swimming) could be induced in rats 
by ACTH, but only at a critical temperature. 

The resistance to trauma (Noble-Collip drum, tourniquet shock) is moderately 
enhanced by ACTH pretreatment in the rat. 

In trout, salinity tolerance is not affected by ACTH, although it can be signifi
cantly altered by several other hormones. 

lonizing Rays +-

Smith et al. B47,642f50: In mice, neither 
ACTH nor cortisone increased survival follow
ing X-irradiation. 

Rigat 010,747!55: Review (46pp., 67 refs.) 
of the Iiterature concerning the effect of 
hormones upon X-irradiation, with special 
reference to ACTH, STH, vasopressin, epine
phrine, cortisone, DOC, testosterone, estradiol, 
progesterone, and thyroxine. 

Taber 010,417 f55: In man, ACTH increases 
resistance to radiation sickness. 

Kedrova & Krekhova G71,665j59: In rats, 
ACTH offers some protection against lethal 
X-irradiation. Although cysteine has a similar 
effect by itself, it actually blocks the protective 
effect of ACTH. 

Kandror E27,416f63: Review of the Iitera
ture on the effect of corticoids and ACTH upon 
total body X-irradiation, especially in connec
tion with the physiopathology of stress. 

Orlova et al. G22,562f63: In rats, long
acting ACTH preparations offer protection 
against total body X-irradiation. 

Trinci G45,713f66: In rats, resistance to 
X-irradiation was not markedly affected by 
pretreatment with ACTH. 

Oittadini et al. G76,028f70: In X-irradiated 
mice, the formation of hemopoietic islets in 
the spieen is inhibited by dexamethasone, 
ACTH or the stress of exposure to cold. 

Hypoxia and Hyperoxygenation +-

Frawley et al. B57,930f51: In man, both 
cortisone and ACTH improve high altitude 
tolerance. 

Parkes B63,024f51: In mice, resistance to 
anoxia is increased by posterior lobe extract 
as well as by ACTH preparations containing 
posterior lobe principles. 

Grognot & Senelar 041,294/57: In rats and 
guinea pigs, the pulmonary inflammation 
induced by inhalation of pure oxygen at normal 
barometric pressure is aggravated by ACTH 
or histamine. 

Volterrani 064,384!57: In guinea pigs, 
tolerance to hypoxia is decreased by cortisone 
but increased by ACTH pretreatment. 

Sobel et al. 090,836/60: Morphine increases 
the mortality of guinea pigs exposed to reduced 
oxygen tension. Prior treatment with cortisone 
or ACTH protects against this combined 
treatment. 

Temperature Variations+-

Neal et at. B80,371f52: The survival time 
of severely burned rats is not influenced by 
cortisone or ACTH, whereas DOC administer
ed before the burn offers considerable pro
tection. 

Schöttler 08,455/55: Neither ACTH nor 
cortisone protect the mouse against the fatal 



+-- ACTH 423 

effects of severe scalding; in fact, cortisone 
increases mortality. 

Kirsteins 041,958/56: Short term cortisone 
or ACTH administration to rats did not signi
ficantly influence cold tolerance, whereas long
term intermittent cortisone administration 
prior to exposure to cold definitely raised 
tolerance in this respect. 

Koch et al. 033,922!57: In rats, ACTH, 
unlike STH, prolongs survival following se
vere bums. 

Garrido 077,562/59: In intact rats, predni
sone and ACTH increased resistance to cold. 

Hale & Mefferd Jr. 079,669/59: In rats 
exposed to cold and various other stressors, 
pretreatment with "ACTH had a 'restraining' 
influence on nonspecific metabolic responses. '' 

Yang & Lissak 077,913/59: In rats, the 
improvement of muscular performance (swim
ming) induced by ACTH is fully evident only 
at a critical temperature. 

Knigge 097,819/60: Review on the neuro
endocrirre mechanisms influencing ACTH and 
TTH secretion, particularly during adaptation 
to cold. 

Agarkov et al. D40,496f62: In intact rats, 
cortisone raises resistance to heat, whereas 
ACTH does not. 

Araki G 11,847 f63: Pretreatment with 
ACTH or cortisol raises the resistance of intact 
mice to exposure to cold. Nicotinamide has a 
similar effect which is ascribed to stimulation 
of the pituitary-adrenal system. 

Other Stressors +--

Electric Stimuli <---, Minz & Domino 
B81,852f53: In rats, small doses of epinephrine 
or norepinephrine prolong the duration of 
electrically-induced seizures. Since glucose, 
ACTH and cortisone failed to prolong seizure 
duration, it is unlikely that epinephrine acts 
by release of these substances. Histamine 
depressed the cortical response to electroshock. 

Woodbury B98,594f54: Review (42 pp., 
90 refs.) on the "Effect of Hormones on Brain 
Excitability and Electrolytes." In the rat, the 
EST is increased by DOC and decreased by 
cortisone and cortisol. ACTH and 11-dehydro-

corticosterone, given chronically, partially 
antagonize the effect of cortisone. 

Rosenblum 05,974/55: In rats, "ACTH and 
cortisone acetate in combination with vaso
pressin each produced a greater fall in EST 
than was produced by vasopressin alone. In 
contrast, STH in combination with vasopres
sin prevented the fall induced by vasopressin 
alone and produced its usual elevation in the 
EST." 

Trauma <---, Noble & Oollip A56,107f42: 
Adrenocortical extract and DOC greatly in
crease the resistance of adrenalectomized rats 
to the trauma of the Noble-Collip drum. In 
intact rats, "cortin" and DOC as well as 
ACTH induce only a slight increase in resis
tance under similar circumstances. "From a 
practical viewpoint the effects of adrenal pre
parations on this type of shock have been 
disappointing." 

Ku!agin D236f61: In rats with a crush 
syndrome produced by clamping a thigh, 
survival was increased by ACTH, cortisone 
and cortisol, whereas DOC aggravated the 
condition by increasing edema in the injured 
area. 

Khrabrova D33,557f62: Both ACTH and 
cortisone prolang survival following traumatic 
shock in the cat. 

Muscular Work<-, Yang & Lissak 077,913! 
59: In rats, the improvement of muscular 
performance (swimming) induced by ACTH is 
fully evident only at a critical temperature. 

Osmosis <---, Smith 046,496!56: In brown 
trout, thyroxine raises, whereas thiourea and 
thiouracil reduce, salinity tolerance. Anterior 
pituitary extracts and STH likewise raise 
salinity tolerance, whereas posterior lobe 
extracts, testosterone, gonadotrophin, TTH 
and ACTH have no effect. 

Tumors<---, Glenn et al. G70,204f60: Review 
(48 pp., 11 refs.) on the effect of various 
steroids, ACTH, GTH, ovariectomy, and 
adrenalectomy upon the development of C3H 
mammary carcinoma transplants in mice and 
fibroadenomas in rats. 

Repeated Breeding <--- cf. Selye 050,810/58, 
p. 82; 092,918!61, p. 230; G60, 083f70, pp. 328, 
330. 

Hepatic Enzymes +--

In the rat, AOTH increases the TPO and TKT activity of the liver even without 
concurrent treatment with the corresponding substrates. In this respect, AOTH 
imitates the actions of glucocorticoids and of various stressors which cause AOTH and 
glucocorticoid secretion. 
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ACTH also increases hepatic GPT activity even in hypophysectomized but not in 
adrenalectomized rats. Presumably this effect is likewise mediated through the adre
nal cortex. 

Observations with the use of marked cholesterol in the rat showed that ACTH 
decreases the rate of cholesterol palmitate and oleate synthesis. 

TPO, TKT+--

Geschwind & Li B95,517f53: Hypophysec
tomy does not abolish (and perhaps even 
increases) the resting TPO activity of the rat 
liver. However, in hypophysectomized ani
mals, the ability to induce this enzyme by 
tryptophan injection is gradually diminishing 
during the first 14 post-operative days. Treat
ment with ACTH enhances the formation of 
this adaptive enzyme system (measured by 
kynurenin formation) even without treatment 
with tryptophan. 

Knox & Auerbach E76,825f55: ACTH in
creases TPO activity of the liver in the rat. 

Maiekel & Brodie C83,07lf60: TPO in rat 
liver is increased by ACTH, cortisone, or 
cortisol, as weil as by various stressor agents 
and barbiturates. Hypophysectomy prevents 
the effect of stressors and barbiturates, suggest
ing that the latter act through the pituitary
adrenal system. 

Knox G51,969f62: Review on the effect of 
stress upon hepatic TPO production. In adre
nalectomized animals, only tryptophan of a 
series of analogues induces this enzyme, 
whereas, in intact rats, various stressors, 
ACTH, cortisone, cortisol and corticosterone 
(but not DOC) do so. "The recognition of the 
adrenal hormone-induced adaptation of the 
tryptophan pyrrolase has provided the uni
fied explanation for a large nurober of diffe
rent stressful stimuli which increase the enzyme 
level." Tryptophan pyrrolase is absent from 
the liver of newborn rabbits and in them, this 
enzyme cannot be induced by cortisol. Tyro
sine transaminase induction is regulated in a 
very similar manner. 

GPT+--

Rosen et al. C71,414f59: Marked increases 
in GPT activity were observed in the livers of 
rats given cortisol, cortisone, 9a-fluorocorti-

sol, prednisone, 6a-methylprednisolone, 9a
fluoro-21-desoxy -6a-methy lprednisolone or 
ACTH, whereas two nonglucocorticoid corti-' 
sol derivatives, 11-epicortisol and 9a-methoxy
cortisol were inactive. STH, testosterone and 
insulin caused no significant change in GPT by 
themselves nor did they modify the action of 
cortisol. 

Bardinget al. Dl4,355f61: In the rat, pre
treatment with DOC depresses the hepatic 
GPT activity. A similar depression is obtained 
by adrenalectomy, but this is not further 
aggravated by concurrent treatment with 
DOC. ACTH increases GPT activity in hypo
physectomized, but not in adrenalectomized, 
animals. In hypophysectomized rats, DOC fails 
to lower alanine transaminase, nor does it 
alter the response of this enzyme to ACTH. 
"The inhibitory effect of DOC on alanine 
transaminase activity appears to be due to 
Suppression of ACTH release by the pituitary." 

Cholesterolase +--

Schweppe & Jungmann H 15,978!69: Obser
vations on the metabolism of marked choleste
rol added together with various hormones to 
hepatic microsomes of the rat led to the 
conclusion that "1) cholesterol palmitate and 
oleate were synthesized most rapidly; 2) at 
high concentrations, testosterone decreased 
the formation of all esters but at lower dose 
levels, testosterone increased the synthesis of 
cholesterol oleate and palmitate; 3) estradiol 
caused a two-fold increase in cholesterol oleate 
formation; 4) ACTH decreased the synthesis 
rate of cholesterol palmitate and oleate; 5) 
insulin had a significant inhibitory effect on 
cholesterol linoleate; 6) epinephrine had little 
significant effect at the dose level used; and 
7) L-thyroxine increased the synthesis of all 
cholesterol esters.'' 

+ SOMATOTROPHIC HORMONE (STH) 

Steroids +--

The effects of corticoids can be modified by STH in many respects. In rats 
sensitized by uninephrectomy + N aCI, STH produces a hyalinosis syndrome with 
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malignant hypertension, similar to that elicited by mineralocorticoids. The corres
ponding action of DOC is aggravated by STH. Adrenalectomy or pretreatment with 
cortisone (in doses sufficient to produce adrenocortical atrophy) inhibits the 
production of hyalinosis by STH. It is assumed that STH induces malignant hyper
tension by increasing the production or the effect of mineralocorticoids. 

Glucocorticoid overdosage symptoms (catabolism, spienie and thymic atrophy, 
"saprophytosis") are prevented in rats by simultaneaus administration of STH. On 
the other hand, a synergism between STH and mineralocorticoids (DOC, aldosterone) 
has been demonstrated (in both intact and adrenalectomized rats) as judged by their 
effects upon many target organs. 

The inhibition of growth by folliculoids (e.g., stilbestrol) can be blocked in rats 
by concurrent STH administration, but this conjoint treatment results in particu
larly severe osteosclerosis. 

Corticoids +--

Selye B53,940J51: In uninephrectomized 
NaCI-treated rats, the hyalinosis syndrome 
produced by DOC is aggravated by STH; 
indeed, STH alone can engender malignant 
hypertensive disease. These effects of STH are 
inhibited by cortisone. Apparently STH in
creases mineralocorticoid production by the 
adrenals (unless these are rendered atrophic 
by cortisone) andfor sensitizes the peripheral 
tissue to mineralocorticoids. 

Selye B65,065f52: In rats, !arge doses of 
cortisone permit the proliferation of normally 
saprophytic organisms which cause multiple 
abscesses and hepatic necroses (the "saprophy
tosis syndrome"). All these changes can be 
prevented by simultaneaus treatment with 
STH. 

Horava & Selye B70,249f53: In rats, heavy 
overdosage with cortisol produces intense 
catabolism with atrophy of the adrenals, 
thymus and spieen, as weil as pulmonary 
"saprophytosis." Concurrent administration of 
STH inhibits the body weight loss and the 
saprophytosis, but not adrenal and thymus 
atrophy. The renal glomerular changes induced 
by cortisol intoxication are actually aggra
vated by STH. 

Ducommun & Ducommun B70,251f53: In 
rats, saprophytosis produced by heavy over
dosage with cortisone is inhibited by concurrent 
administration of STH. This "anti-infectious 
effect of STH" is much less evident after 
adrenalectomy. DOC, testosterone, and estra
diol alone or in combination failed to dupli
cate the anti-infectious action of STH in corti
sone-treated rats. 

Selye & Bois 01,718/55: In intact andin 
adrenalectomized rats, a synergism between 
mineralocorticoids (DOC, aldosterone) and 
STH was evident in their effects upon many 
target organs. 

Bavetta et al. D29,064j62: In the rat, 
"growth hormone, methyl testosterone or stil
bestrol, when given alone or in combination 
were not able to counteract the inhibitory 
effects of 6-methyl prednisolone on body weight 
and collagen synthesis at the site of sub
cutaneously implanted polyvinyl sponges." 

Folliculoids +--

Selye B70,245f53: In rats, the inhibition of 
growth produced by a folliculoid substance, 
such as stilbestrol, can be inhibited by STH, 
but this conjoint treatment results in severe 
osteosclerosis. 

Drugs +--

STH conspicuously influences the toxicity of only a few drugs. For example 
in rats, it tends to aggravate the production of hepatic sclerosis by CC14 while dimin
ishing parenchymal injury. 

In rats, hepatoma formation by certain carcinogens is enhanced both by STH and 
by ACTH. Studies with 14C-labeled N-OH-FAA showed decreased dehydroxylation 
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and deacetylation of the carcinogens as well as increased binding of radioactivity 
to liver proteins in animals treated with STH. 

Fernale rats are much more resistant than males to the induction of cardiovascular 
and renallesions by choline deficient diets. However, STH sensitizes the female to 
the production of these changes by choline deficiency, perhaps because the 
increased growth rate accelerates the exhaustion of choline stores. 

The bone changes produced by various lathyrogens are very considerably 
aggravated by STH. Conversely, hypophysectomy prevents these changes, and 
substitution with STH in doses just sufficient to maintain normal growth restores 
the susceptibility of the skeleton to the production of lathyrism. It was concluded 
that the normal STH secretion of the hypophysis decisively influences the develop
ment of this bone disease. The lathyrism-enhancing effect of STH is not mediated 
through the adrenals, since it is evident even after bilateral adrenalectomy. 

The cardiac infarcts produced by coronary artery ligature in the rat tend to 
develop into rupturing cardiac aneurysms under the influence of the lathyrogen, 
AAN. This effect is not significantly altered by STH. Similarly, STH fails to influence 
the hemorrhagic tendency induced by lathyrogens such as AAN. Hence, there does 
not appear tobe any close relationship between the effect of STH upon the skeletal 
and the cardiovascular manifestations of lathyrism. Furthermore, the hormones 
presumably act directly upon the responsiveness of individual target organs, and not 
by altering the metabolism of the lathyrogens. 

In the rat, the catabolism produced by nitrogen mustard is not prevented, and 
even tends to be aggravated, by STH alone; yet, excellent protection is obtained 
by combined treatment with STH and antibiotics. 

On the other hand, the growth stimulating effect of STH is greatly diminished 
in rats given diets deficient in phenylalanine, tryptophan, or tyrosine. 

In rats kept on a vitamin-A deficient diet, STH fails to promote growth, and 
actually precipitates the manifestations of avitaminosis. On the other hand, the 
intense catabolism and bone absorption produced in rats by vitamin-A overdosage 
are prevented by STH. 

The cardiovascular calcification engendered by vitamin-D derivatives, such as 
DHT, is somewhat diminished, but not prevented by STH, although the associated 
catabolism is markedly inhibited. 

Acrylonitrile -<-

Szab6 & Selye G79,010f71: In rats, pretreat
ment with ACTH (but not with STH) prevents 
the production of adrenal apoplexy by acrylo
nitrile. Hypophysectomy protects agairrst adre
nal apoplexy, but not agairrst mortality under 
similar conditions. 

Aminopyrine Barbiturates -<-

Wilson H34,926f71: In rats, implants of 
mammotropic tumor (which secretes STH, 
ACTHandLTH) decreased thehepatic metabo
lism of hexobarbital and aminopyrine. Simi-

lar but much Iess pronounced changes were 
observed in rats bearing very !arge Walker 
tumors. 

Anaphylactoidogenic Agents -<-

Higginbotham & Dougherty 044,529/57: 
In mice, ACTH increased the toxicity of poly
myxin B; STH and TTH had no effect upon it. 

Anticoagulants -<-

van Gauwenberge & Jaques 058,521/58: A 
dose of bishydroxycoumarin (Dicoumarol) 
well tolerated by otherwise untreated rabbits, 
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causes death with widespread hemorrhage 
when given together with ACTH. The hemor
rhagic tendency induced by coumarol was not 
accentuated by STH, cortisone or DOC. 

van Gauwenberge &: Jaques C72,748j59: The 
"hemorrhagic death syndrome" produced by 
Dicoumarol treatment in rats simultaneously 
exposed to various stressors can be reproduced 
by the administration of ACTH, STH, or 
DOC, instead of stressors. Dicoumarol + cor
tisol or cortisone did not reproduce this 
syndrome. 

Carbon Tetrachloride ~ 

Campanacci Jr. et al. 020,086/56: In rats, 
small doses of STH increase the hepatic scle
rosis produced by CCI4, whereas at high dose 
Ievels, the hormone aggravates parenchymal 
degeneration, but inhibits sclerosis. 

Postet al. 040,180/57: In rats, the hepatic 
injury produced by CCI4 is diminished by 
STH. 

Furukawa F71,711j65: In rats, hepatic 
steatosis produced by CCI4 is inhibited by 
adrenalectomy and, to some extent, also by 
hypophysectomy. The effect of CCI4 after 
adrenalectomy is restored by corticoids, but not 
by epinephrine which only increases the action 
of the former. STH does not counteract the 
effect of hypophysectomy. Alloxan diabetes 
inhibits CC14-induced hepatic lipidosis. 

Carcinogens ~ 

Reid B93,930j54: Review (18 pp., 181 refs.) 
on the effect of STH and corticoids upon 
carcinogen-induced and transplantable neo
plasms. 

Shirasu et al. F76,819j67: In the rats, 
hepatoma formation by N-hydroxy-N-2-Fluo
renylacetamide (N-OH-FAA) is enhanced by 
ACTH and STH. Studies with 140-labeled 
N-OH-FAA showed "decreased dehydroxyla
tion and deacetylation of N-OH-FAA. The 
radioactivity bound to liver proteins was 
increased, remarkably so in the animals 
treated with growth hormone." 

7,12-Dimethylbenz(a)anthracene ~ 
STH + Age: Morii et al. D45,369f62* 

Choline~ 

Wilgram &: Harteroft 014,392/55: Fernale 
rats are much more resistant than males to the 
production of cardiovascular lesions by choline 
deficiency. However, simultaneous administra
tion of "androgens" (kind not specified) and 

STH sensitizes the female to the induction of 
these lesions by hypolipotrophic rations. 

Wilgram et al. 015,960/56: Both STH and 
testosterone aggravate the renal and cardio
vascular lesions characteristic of choline defi
ciency in the rat. 

W ilgram 0 84,322/59: In rats, STH increases 
the severity of the cardiovascular lesions pro
duced by choline deficiency. 

Aterman D15,536j61: In male weanling 
rats, the hepatic necrosis induced by feeding 
a diet containing yeast as the sole source of 
protein is greatly accelerated by partial 
hepatectomy or treatment with STH. 

Chlorpronwzine ~ 

Epple et al. F76,569f66: In toads, the hypo
thermic action of chlorpromazine and ethanol 
is diminished by STH. 

Ethanol~ 

Epple et al. F76,569f66: In toads, the hypo
thermic action of chlorpromazine and ethanol 
is diminished by STH. 

Ethionine ~ 

Farber &: Segaloff D95,996j55: In ovariec
tomized rats, various testoids and STH pro
tected the liver against fatty infiltration pro
duced by ethionine i.p., whereas cortisone and 
ACTH aggravated it. Estradiol, DOC, and 
TSH had no effect. 

Lathyrogens ~ cf. also Selye 092,918/61, 
p.137. 

Selye &: Bois 018,280/56: In rats, the 
osteolathyrism produced by lathyrus odoratus 
seeds is aggravated by STH and inhibited by 
cortisol. Combined treatment with DOC + 
uninephrectomy + NaCl resulted in dissecting 
aneurysms of the aorta. Very small doses of 
thyroxine or estradiol were without effect upon 
this form of lathyrism. 

Dasler 036,068/57: Brief mention of 
unpublished observations indicating that in 
rats, osteolathyrism produced by APN is not 
inhibited by cortisone or thyroxine, but 
aggravated by STH. 

Selye 025,910!57: In rats, the osteolathy
rism produced by moderate doses of AAN is 
greatly aggravated by STH. 

Selye 031,369!57: In the rat, the osteo
lathyrism produced by AAN is aggravated by 
STH, LTH, and partial hepatectomy, but it is 
inhibited by ACTH, cortisol, or estradiol. 

Selye 031,790/57: In rats, osteolathyrism 
produced by AAN is inhibited by thyroxine, 
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cortisol, and estradiol, but aggravated by 
STH even after adrenalectomy. 

Selye &: Bois 022,712/57: In rats, osteo
lathyrism (produced by AAN) is inhibited by 
cortisol and augmented by STH. The com
bination of STH and AAN enhances the 
development of polyarthritis in the small 
joints of the extremities. DOC facilitates the 
production of aortic aneurysms by AAN. 

Selye &: Bois 023,297!57: In rats, STH 
greatly aggravates the osteolathyrism produced 
byAAN. 

Selye &: Ventura 027,684!57: In rats, 
hypophysectomy greatly diminished the devel
opment of the osteolathyrism normally pro
duced by AAN, but STH aggravated these 
hone lesions even more in the absence than in 
the presence of the pituitary. It is concluded 
that the normal hormonal secretion of the 
hypophysis exerts a decisive influence on the 
development of osteolathyrism. 

Selye &: Oantin 088,878!61: In rats, the 
osteolathyrism produced by AAN is inhibited 
by thyroxine and cortisol, but aggravated by 
STH. The cardiac infarcts elicited in rats by 
ligature of the descending branch of the left 
coronary artery are often transformed into 
rupturing cardiac aneurysms under the in
fluence of AAN. The incidence of these cardiac 
ruptures is augmented by cortisol and DOC, 
but not significantly influenced by thyroxine 
and STH. Evidently, there is no direct rela
tionship between the skeletal and the cardiac 
lesions under these circumstances. 

Aschkenasy D30,892f62: In rats, lathyrism 
produced by AAN is aggravated by adrenal
ectomy and, in the absence of the adrenals, the 
usual antilathyric effect of cortisone is no 
Ionger dernonstrahle; in fact the glucocorticoid 
facilitates the production of hernias. STH 
aggravates the osteolathyrism, but not the 
induction of hemorrhages by AAN. 

Nitrogen Mustard +-

Mitchell &: Girerd B82,866f53: In rats, the 
catabolism and mortality produced by nitro
gen mustard is actually aggravated by STH 
alone, and only slightly inhibited by antibio
tics; STH + antibiotics offer excellent pro
tection. 

Phenylalanine +-

Scott &: Dynes 053,564/57: In rats on a 
phenylalanine- and tyrosine-deficient diet, 
STH caused less stimulation of the epiphyseal 
growth plate than in pair-fed animals. 

Reiss et al. F81,632f66: In rabbits given 
large amounts of phenylalanine, the blood and 
tissue concentration of this compound could 
be reduced by pretreatment with norbolethone 
decanoate or STH. 

Plasmocid +- cf. Selye 092,918/61, p. 95. 

Tryptophan +-

Bavetta et al. 017,656/56: In rats on a 
tryptophan-deficient diet, STH failed to in
crease body weight, but it did stimulate endo
chondral osteogenesis and dentin formation. 

Tyrosine +-

Scott &: Dynes 0 53,564/57: In rats on a 
phenylalanine- and tyrosine-deficient diet, 
STH caused less stimulation of the epiphyseal 
growth plate than in pair-fed animals. 

VitaminA +-

Ershoff &: Deuel Jr. B14,516f45: In vita
min-A deficient rats, STH fails to promote 
growth, and actually shortens survival by the 
precipitation of acute vitamin-A deficiency 
symptoms. 

Selye 036,050/57: In rats, the intense 
osteoclastic hone absorption produced by 
vitamin-A overdosage can be prevented by 
STH. Although the luteotrophic hormone 
(LTH) shares many of the actions of STH, it 
cannot substitute for the latter in counter
acting vitamin-A intoxication, cf. Fig. 21. 

Ba·vetta 060,277/58: In rats, STH failed to 
increase body weight on a vitamin-A deficient 
diet, but endochondral ossification was en
hanced, and dentin formation stimulated. 
"The suggestion is made that impaired chon
drogenic and osteogenic activity in vitamin A
depleted rats is due, at least in part, to an 
inadequate production or secretion of growth 
hormone." 

Bottiglioni et al. 070,889/59: In rats, the 
atrophy of the skeletal musculature and the 
decreased metachromasia of the aortic wall 
produced by vitamin-A deficiency are aggra
vated by STH. 

Vitamin C+-

McGraw 068,484/59; 080,136/59: Doctor's 
thesis describing numerous experiments on the 
effect of adrenalectomy, cortisone, thyroxine, 
thyroidectomy, thiourea, and STH upon 
scorbutic guinea pigs, with special emphasis 
upon changes in capillary resistance and cold 
tolerance. 

Vitamin D, DHT +- cf. also Selye G60,083f 
70, pp. 331, 333. 
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Fig. 21. Prevention of vitamin-A induced skeletal lesions by STH. A: Mandible of normal (left), 
vitamin-A treated (middle) and vitamin-A + STH-treated rats. Note that hypervitaminosis A 
resulted in several perforations within the flat part of the mandible and in absorption of the 
coronoid and condyloid processes with disappearance of the angle of the jaw. All these changes 
have been completely prevented by STH. B: Scapula of normal (left), vitamin-A treated (mid
dle) and vitamin A+STH-treated rat. Again, the resorption of hone normally produced by vi
tami~ A has been prevented by STH. C: Femur of a normal (left), a vitamin-A treated (middle) 
and vitamin A + STH-treated rat. The antagonism between STH and vitamin-A is clearly vis-

ible. [Selye C36,050/57. Courtesy of J. Endocrin.] 
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Selye 027,735{57: The cardiovascular calci
fication and nephrocalcinosis produced by 
DHT in rats are aggravated by estradiol, corti
sol, ACTH, and thyroxine. Conversely, methyl
testosterone and STH exert a protective effect. 

Zinc +---

Prasad et al. G64,823f69: In rats kept on a 
zinc-deficient diet, STH failed to promote 
growth. 

Varia+---

Selye G70,480f71: In rats, STH offered 
some protection against progesterone anesthe
sia but did not alter the syndrome of intoxi
cation with digitoxin, dioxathion parathion, 
nicotine, hexobarbital, zoxazolamine, indo
methacin, acute DHT intoxication or the 
myocardial necroses produced by fluorocorti
sol + Na2HP04 + corn oil. 

Diet +--- cf. Selye G60,083f70, pp. 331, 333. 

Microorganisms, Parasites and Their Products +-

As previously stated, STH counteracts the facilitating effect of glucocorticoids 
and of ACTH upon the spread of various infections. This has first been demonstrated 
for the "saprophytosis" that develops in rats as a consequence of the proliferation of 
normally saprophytic organisms. STH also exerts a beneficial effect upon resistance 
of mice to pneumococci and typhoid bacilli, and of rats toP. pestis. On the other hand, 
STH does not appear to modify the course of staphylococcus infection in rabbits. 

The most extensive studies on the effect of STH have been conducted in 
connection with experimental tuberculosis. In the rat, there appears to exist a 
definite antagonism between the resistance-decreasing action of ACTH and gluco
corticoids on the one hand and the protection offered by STH on the other. This 
has been confirmed by some investigators in guinea pigs and mice; indeed, it has been 
claimed that STH exerts a favorable effect even in human tuberculosis. However, 
many of the reports are contradictory, probably owing to genetic differences in the 
strains of the bacteria and hosts, as weil as to variations in the potency and immuno
logic compatibility of the STH preparations employed. 

In mice, the proliferation of influenza virus is accelerated by STH, perhaps as a 
consequence of enhanced protein synthesis in general. The detrimental effect of 
ACTH and cortisone upon the course of influenza virus infection in mice is not 
overcome by STH. However, the increase in the sensitivity of the mouse to infection 
with MHV-3 hepatitis virus, induced by different glucocorticoids, is largely counter
acted by STH. In sheep, STH tends to delimit the lesions produced by variola virus, 
but in mice its effect upon vaccinia virus is not very pronounced. 

In mice, STH retards the development of infection with parasites, Plasmodium 
berghei, and in frogs, it inhibits infection with Trypanosoma inopinatum. 

The moniliasis produced by Candida albicans in mice is aggravated by cortisone 
and this deleterious effect is counteracted by STH. 

STH offers no protection against typhoid endotoxin in the mouse, but resistance 
against diphtheria toxin appears to be increased. 

Bacteria and Vaccines +---

Corynebacteria +--- cf. Selye 092,918{61, 
p. 233. 

"Endotheliomyelosis" +--- cf. Selye 092,918/ 
61, p. 241. 

"Saprophytosis" +---. Selye B57,451f51: In 
rats, "saprophytosis" due to proliferation of 
normally nonpathogenic microorganisms, such 
as develops after heavy overdosage with corti
sone or ACTH, can be completely prevented 
by concurrent administration of STH. 
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Selye B65,065f52: In rats, large doses of 
cortisone permit the proliferation of normally 
saprophytic organisms which cause multiple 
abscesses and hepatic necroses (the "sapro
phytosis syndrome"). All these changes can 
be prevented by simultaneaus treatment with 
STH. 

Pneumoeoeeus ~. Kass et al. B95,353f54: 
In mice, resistance to pneumococcal and 
influenza virus infections is depressed by pre
treatment with cortisone or cortisol, but not 
by ACTH. STH failed to overcome the effect 
of cortisone and did not increase resistance to 
infection when given alone. 

Meier & Neipp 037,215/56: In mice, the 
chemotherapeutic action of sulfonamides 
against resistant Type III pneumococci is 
increased by various gonadotrophic and STH 
preparations. However, certain bacterial poly
saccharide fractions possess a similar effect, 
and hence, the latter is presumably not 
dependent upon the specific actions of the 
hormone preparations. 

Staphyloeoeeus ~. Dehry 030,870/56: Doc
tor's thesis (176 pp. 578 refs.) on the influence 
of hormones upon infection. Personal obser
vations on guinea pigs and rats indicate that 
ACTH, STH, and DOC do not significantly 
affect the course of acute staphylococcus 
infection, whereas cortisone aggravates it. 

Herbeuval et al. 055,675!58: In rabbits, 
STH does not modify the course of staphylo
coccus infection. 

Typhoid Baeilli ~.Jude et al. 016,220/55: 
In mice, STH pretreatment protects against 
subsequent infection with typhoid bacilli. The 
protection is ascribed to improved antibody 
formation and phagocytosis. STH offers no 
protection against typhoid endotoxin. 

Pasteurella Pestis ~. Hayashida 037,366/ 
57: In rats infected with P. pestis, ACTH de
creased, whereas STH increased survival. 

Myeobacterium Tuberculosis ~. Lemonde 
et al. B70,248/52: The rat which is naturally 
resistant to human M. tuberculosis can be 
made sensitive to this infection by pretreat
ment with cortisone. This sensitivity is in 
turn abolished by concurrent treatment with 
STH. Mice which are naturally sensitive to 
tuberculosis can also be protected by STH. 

Lucherini et al. B89,088f53: In guinea pigs, 
STH inhibits the progress of tuberculosis and 
counteracts the opposite effect of ACTH. 

Ohirico et al. 05,040/54: In guinea pigs, the 
late pulmonary manifestations of tuberculosis 
are enhanced by STH and the fibrotic healing 
processes are improved. The effects of the 

hormone are ascribed to a stimulation of 
mesenchymal defense reactions. 

Lemonde 0310/54: Doctor's thesis (186 pp., 
564 refs.) on humoral factors influencing in
fections, with special reference to the effect of 
STH and cortisone upon experimental tuber
culosis. 

Youmans & Youmans B95,169f54: In 
mice, cortisone markedly reduced the survival 
time after infection with human tubercle 
bacilli, and this effect could not be prevented 
by STH. Given alone, ACTH, STH, and TTH 
likewise failed to influence the course of the 
infection. 

Oarstensen et al. 012,300/55: In man, STH 
(Somacton) has been found useful in the 
treatment of tuberculosis. 

Guillermand et al. 015,540/55: In man, 
STH [source not indicated (H.S.)] allegedly 
exerts a very favorable effect upon tubercu
losis. 

Lemonde et al. 0526/55: In mice, STH is 
beneficial in combating chronic but not acute 
tuberculous infection. 

Lemonde 06,400/55: In mice and rats, 
STH has a favorable effect upon the course of 
experimental tuberculosis. 

Brauet et al. G72,418f56: Review (47 pp., 
55 refs.) on the effect of STH upon clinical 
and experimental tuberculosis. Personal Ob
servations on guinea pigs showed that the 
hormone has a moderate protective effect. 

Ohirico 024,381/56: Review (32 pp., about 
100 refs.) on the effects of STH, with special 
reference to its influence upon inflammation 
and tuberculosis. 

Wasz-Höckert & Backman 034,801/56: In 
guinea pigs, ACTH aggravates the course of 
tuberculosis. STH in itself is without conspi
cuous effect, however, "the strongly deterio
ratingeffecton tuberculosis produced by ACTH 
was evidently counteracted by STH when given 
simultaneously with ACTH." 

Wasz-Höckert & McOune E31,145f63: In 
mice infected with tuberculosis, STH caused 
an increase in body weight but did not 
inhibit the development of the infection, nor 
did it counteract the unfavorable effect of 
ACTH. 

Varia~. Oavallero 0829/54: Review on the 
effect of STH, ACTH, and cortisone upon 
various infections, especially in the rat. 

Viruses +--

Kalter et al. B49,656f50: In mice, the 
proliferation of influenza virus is accelerated 
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by STH and testosterone, presumably because 
of an enhanced protein synthesis in general. 

Kass et al. B95,353f54: In mice, resistance 
to pneumococcal and influenza virus infections 
is depressed by pretreatment with cortisone 
or cortisol, but not by ACTH. STH failed to 
overcome the effect of cortisone and did not 
increase resistance to infection when given 
alone. 

Pecori et al. 0 89,118!59; 0 89,121/59: 
Prednisone, triamcinolone, and dexamethasone 
increase the sensitivity of the mouse to infec
tion with the MHV-3 hepatitis virus. This 
pro-infectious effect is largely counteracted by 
STH. 

Oilli et al. D 12,192/61: In sheep, STH, owing 
to its prophlogistic effect, delimits the lesions 
produced by variola virus. ACTH and 
dexamethasone exert an opposite effect. 

Altucci et al. D65,819f62: In mice, STH 
alters the tissue reaction to infection by 
vaccinia virus, but has little effect upon 
mortality. 

Parasites +--

Galliard & Lapierre E82,642f53: In mice, 
STH retards the development of infection 
with P. berghei. 

Galliard et al. G70,892f53: In frogs, infec
tion with T. inopinatum is inhibited by STH, 
presumably as a consequence of its phlogistic 

action which favors the phagocytosis of the 
parasites. 

Galliard et al. D89,408f54: In mice, STH 
greatly retards infection with Plasmodium 
berghei. STH has no effect upon either toxo
plasmosis in the mouse or infection with T. bru
cei in the rat or mouse. 

Fungi and Y easts +--

Scherr 039,263/57: In mice infected with 
Candida albicans, the development of monili
asis may be either increased or decreased by 
cortisone, depending upon various factors, 
particularly the severity of the infection, sex 
or pregnancy. Testosterone enhanced, and STH 
counteracted the deleterious effect of corti
sone. Gonadotrophin (pregnant mare serum) 
was without effect. 

Bacterial Toxins +--

Jude et al. 016,220/55: In mice, STH-pre
treatment protects agairrst subsequent infec
tion with typhoid bacilli. The protection is 
ascribed to improved antibody formation and 
phagocytosis. STH offers no protection agairrst 
typhoid endotoxin. 

Skuratova D20,887f62: In mice, resistance 
agairrst the fatal effect of diphtheria toxin is 
more markedly increased by STH than by 
ACTH. 

Immune Reactions +-

In guinea pigs, STH has been claimed to depress tuberculin sensitivity and to 
synergize the desensitizing effect of cortisone. 

In rats, STH aggravates the glomerular lesions characteristic of the Masugi 
nephritis, and increases the formation of antibodies against Pasteurella pestis. It 
also raises hemolysin formation following i.p. injection of sheep erythrocytes in the 
rat. 

Hepatic and Renal Lesions +-

In partially hepatectomized rats, STH failed to further increase the high mitotic 
rate in the liver remnant. 

In completely nephrectomized rats, STH slightly prolonged survival. The renal 
atrophy produced by temporary ligation of one renal pedicle is counteracted, and 
survival following removal of the contralateral kidney is prolonged by STH. 

Various Stressors +-

In guinea pigs and rats, STH diminishes the catabolism, and to a lesser extent the 
mortality, induced by total body X-irradiation. 

In the rat, STH counteracts the loss of body weight induced by chronic exposure 
to cold. Under certain circumstances it also prolongs survival in extreme cold, or 
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after severe bums. It has been claimed that in man, STH likewise counteracts the 
catabolism produced by burns. 

STH is said to increase the EST in the rat and the salinity toleranee in the trout, 
and to offer "moderate protection" against various stressors in guinea pigs. 

Hepatic Ems;ymea +-

In rats, STH decreases hepatic arginase and GPr but not GOT activity. The 
TPO activity of the rat liver increases with age, as well as after STH injection. 

In rats, STH inhibits the synthesis of hepatic TKT and represses TKT 
induction by stressors or cortisol, but it has no effect upon the cortisol-induced TPO 
activity. 

The OKT activity of the rat liver is diminished after treatment with STH, the 
same as afterpartial hepatectomy. 

In rats treated with STH during the postnatal period, the development of various 
drug-metabolizing hepatic microsomal enzymes is suppressed. 

In miee, STH first decreases and then increases hepatic TPO activity. A similar 
biphasic reaction is allegedly produced by exposure to stress; this may explain some 
of the contradictions in the published data. 

Immune Reactions +-

Oornjortk &: Long B77,176f53: In guinea. 
pigs sensitized to tuberoulin, single s.o. in
jections of ATP prevent desensitization by 
alloxan, oortisone, and dihydro-ascorbio aoid. 
Single s.o. injeotions of insulin do not in 
themselves influence sensitivity but prevent 
desensitization by alloxan and cortisone. 
Single s.o. injeotions of STH depress tuber
culin sensitivity and synergize the aotion of 
cortisone or alloxan. 

Dutz et al. 031,646/56: In rats, gonadeo
tomy ilid not significantly ohange the oourse 
of Masugi nephritis, whereas a. folliouloid 
preparation (Östrasid) and testosterone ame
liorated it. STH oonsiderably aggravated the 
glomerular lesions and the hypertension. 

Hayaskida &: Li 0 29,987/57: In rats, ACTH 
deoreases whereas STH inoreases the formation 
of antiboilies against a soluble protein envelope 
antigen extraoted from P. pestis. 

Gkiringkelli 090,609/60: In rabbits, the 
produotion of anti-ovalbumin antiboilies is 
not signifioantly influenced by STH. 

Terragna &: Jannuzzi F62,290f66: Review 
of the literatme on the influence of STH on 
antibody formation. Personal Observations in 
rats show that hemolysin formation following 
i.p. injeotion of sheep erythrooytes was in
oreased by STH, but the ohange was statistio
ally not signifioant. 

28 Selye, Hormones and Resistance 

Hepatic Lesions +-

Oristensen &: Jacobsen A49,204f49: In rats 
subjeoted to partial hepateotomy, neither 
hypophyseotomy nor thyroideotomy impa.irs 
the rate of regeneration. No significant ohange 
in mitotio rate was observed after pretreat
ment with stilbestrol or STH. 

Selye &: Bois B97,074f54: In adrenaleoto
mized rats with oholedoohus ligature, oortisol 
enhances the aooumulation of bile within the 
bile-duot stem and furthers the development 
of perforating oholedoohus ulcers. These aotions 
oan be prevented by conourrent treatment 
with STH. 

Moolten et al. H 30,606/70: In rats, the rise 
in hepatio DNA synthesis after partial hepat
eotomy is aooelerated by surgical interven
tions or STH. Cortisone, cortisol and ACTH 
were ineffeotive. Neither stress nor STH stimu
lated DNA synthesis significantly in non
hepateotomized rats. 

Renal Lesions +-

Desi et al. 069,045/59: In rats, survival 
after bilateral nephreotomy is prolonged by 
STH and DOC, alone or in oombination, but 
the effeot of STH is iliminished by conourrent 
administra.tion of MAD. 

Köknlein et al. D38,96lf62: In rats, the 
renal atrophy produoed by temporary ligation 
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of one renal pedicle is counteracted, and 
survival following subsequent removal of the 
healthy kidney is prolonged by STH. 

Various Stressors+-

Ionizing Rays +--, Lacassagne & Tuchmann
Duplessia E53,832{53: In X-irradiated guinea 
pigs and rats, body-weight loss and to some 
extent even mortality, were diminished by 
STH. 

Hoene et al. B92,374{54: In rats, pretreat
ment with STH inhibits the loss of body 
weight and the involution of the lymph nodes 
following X-irradiation, but it exerts no 
clear-cut effect upon the involution of the spieen 
and thymus or the deficient antibody forma
tion induced by irradiation. 

Rigat 010,747{55: Review (46 pp., 67 refs.) 
on the Iiterature concerning the effect of hor
mones upon X-irradiation, with special refe
rence to ACTH, STH, vasopressin, epine
phrine, cortisone, DOC, testosterone, estradiol, 
progesterone, and thyroxine. 

Barlow & Sellers 021,626{55: In rats, 
STH prevents body-weight loss but does not 
prolong survival following X-irradiation. 

Bloodworth et al. 0 14,328{56: In rats, 
weight loss and mortality following X-irra
diation were diminished by STH. 

Temperature Variations +--. Dugal & Dufour 
08,603{54: In rats, the loss of body weight 
produced by chronic exposure to cold is 
counteracted by STH. 

Dufour & Dugal 015,508{55: In rats, STH 
increases resistance to cold. 

Dufour & Dugal 026,092{57: In rats, 
resistance to cold is diminished by STH or 
DOC given in combination with vitamin C. 

Koch et. al. 033,922{57: In rats, ACTH, 
unlike STH, prolongs survival following 
severe burns. 

Boroff et al. G52,127{67: In man, human 
STH counteracts the catabolism produced by 
burns. 

Varia +--, Rosenblum 05,974/55: In rats 
"ACTH and cortisone acetatein combination 
with vasopressin each produced a greater fall 
in EST than was produced by vasopressin 
alone. In contrast, STH in combination with 
vasopressin prevented the fall induced by 
vasopressin alone and produced its usual 
elevation in the EST." 

Smith 046,496{56: In brown trout, thyro
xine raises, whereas thiourea and thiouracil 

reduce salinity tolerance. Anterior pituitary 
extracts and STH likewise raise salinity 
tolerance, whereas posterior lobe extracts, 
testosterone, gonadotrophin, TTH, and ACTH 
have no such effect. 

Amante 062,537{58: In guinea pigs, STH 
"moderately protects" against the stress of 
burns, tourniquet, or evisceration. 

Vanamee et al. H 32,254/70: In rats, the pro
duction of stress ulcers of the stomach by 
restraint is inhibited by pretreatment with STH. 

Hepatic Enzymes +-

Beaton et al. B86,367f53: In adult male 
rats, a single i.p. injection of STH causes a 
decrease in the rate of urea formation by 
liver slices, as weil as in the hepatic arginase 
and GPT but not GOT activity. No such 
changes were noted in young male rats. 

Wood Jr. & Knox D81,779{54: In mice, 
STH decreases hepatic TPO activity. 

Beaton et al. 0 10,012{55: STH decreases 
the hepatic GPT and d-aminoacid oxidase 
activity in nonpregnant female rats. These 
effects are even more pronounced if the ani
mals receive STH + "equine estrogenic 
substances" + progesterone. This enzyme 
activity also decreases during pregnancy 
both in intact and in hypophysectomized rats. 

Wood et al. 027,721{56: In mice bearing 
SC-sarcoma implants, the hepatic TPO acti
vity was first diminished, but rose above nor
mal as the neoplasms grew. "Changes analogous 
to this biphasic depression and elevation of 
the enzyme Ievel in tumor-bearing animals 
could be produced in control mice by growth 
hormone and by adrenal-stimulating stress, 
respectively." 

Beaton et al. D83,636{57: Following STH 
treatment, there is a significant depression in 
the GPT activity of rat liver tissue, whereas 
cortisone has an inverse effect. 

Zucklewski & Gaebler D91,862{57: Hepatic 
glutamic acid dehydrogenase activity increases 
after hypophysectomy in the rat, and it is 
not altered by STH in either hypophysecto
mized or sham-operated control animals. 
GPT and GOT activities have also been in
vestigated under similar conditions. 

Rosen et al. 050,741{58; 071,414{59: 
Marked increases in GPT activity were ob
served in the livers of rats given cortisol, cor
tisone, 9a-fluorocortisol, prednisone, 6a-me
thylprednisolone, 9a-fluoro-21-desoxy-6a-me
thylprednisolone or ACTH, whereas two 
nonglucocorticoid cortisol derivatives, 11-epi-
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cortisol and 9a-methoxycortisol were inactive. 
STH, testosterone, and insulin caused no signi
ficant change in GPT by themselves, nor did 
they modify the action of cortisol. On the other 
hand, large doses of estradiol and thyroxine 
caused a moderate increase in GPT activity 
but when injected simultaneously with cortisol, 
they appeared to interfere with its action as 
did progesterone. Adrenalectomy slightly 
diminished or failed to affect the GPT inducing 
activity of cortisol, whereas hypophysectomy 
caused a rise in GPT activity and augmented 
the effect of cortisol. 

Rivlin &: K'IWX 071,249/59: The TPO 
activity of rat liver increases with age and 
body weight, as weil as after STH injection. 

Kenney &: Albritton G64,557f65: Review of 
the Iiterature suggesting that transaminase 
induction in response to stressors can be due 
to corticoid secretion during the stress reaction. 
Cortisol enhances enzyme synthesis after an 
increased rate of synthesis of ribosomal 
transfer and "DNA-like" RNA's. The present 
experiments confirm the view that repressor(s) 
can inhibit enzyme synthesis at the transla
tional Ievel because inhibition of RNA syn
thesis can prolong the corticoid-induced in
crease in enzyme synthesis under suitable 
conditions. "Administration of stressing agents 
(tyrosine, Celite) to adrenalectomized rats 
initiates a highly selective repression of the 
synthesis of hepatic TKT. The enzyme Ievel 
falls with a t Yz of about 2.5 hr. Immuno
chemical measurement of the rate of enzyme 
synthesis indicates that it is reduced essenti
ally to zero in stressed, adrenalectomized 
rats, whereas labeling of total liver soluble 
proteins is unaffected. Actinomycin does not 
itself influence the enzyme Ievel, but it blocks 
the stress-initiated repression of enzyme 
synthesis, indicating that repression acts at 
the translational Ievel, whereas initiation of 
repression involves transcriptional processes." 
In hypophysectomized rats, stressors are 
ineffective, and preliminary data suggest that 
STH is responsible for transaminase repression. 

Rirw;udo et al. F95,471f67: Studies on the 
induction of various hepatic enzymes by STH 
and LTH in toad tadpoles. 

Kenney G50,810f67: In intact, hypophy
sectomized or adrenalectomized rats, STH 
inhibits the synthesis of hepatic TKT. The 
rate of enzyme synthesis is reduced nearly to 
zero (immunochemical-isotopic analyses), 
whereas labeling of the bulk of the Ii ver proteins 
is increased by STH. Repression is blocked 
when RNA synthesis is inhibited by actino-
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mycin-D. STH also appears to play a role in 
the repression of TKT induction by stressors. 
A hypophysectomized and an intact rat were 
united by parabiosis. When the pituitary
bearing member was stressed by tyrosine i.p., 
repression occurred in the livers of both 
treated and untreated (hypophysectomized) 
animals. Transaminase Ievels were unchanged 
in one single experiment, where the stressing 
agent was administered to the hypophysecto
mized partner. 

Räihä &: Kelwmäki G68,114f68: In the rat, 
the OKT activity of the liver is very low in the 
fetus; it exhibits a small transient elevation 
around term, then drops, and eventually rea
ches the high adult activity Ievel during the 
third postnatal week. Triamcinolone given 
postnatally causes a pronounced elevation of 
OKT, but has no such effect in fetal or adult 
rats. Puromycin prevents the rise in OKT after 
triamcinolone administration. In adult rats 
fed a protein-or arginine-free diet, OKT acti
vity decreases and falls to rise under the 
influence of triamcinolone. Partial hepatectomy 
or STH depresseu OKT-activity in the livers 
of adult rats. 

Schapiro H2,360f68: Stress (30 min rough 
agitation in a noisy laboratory shaker) had no 
effect upon the corticoid sensitive enzyme 
TKT in the liver of the intact rat, but it 
increased TPO activity, which is likewise 
corticoid inducible. Adrenalectomized rats, 
similarly stressed, exhibited a decreased trans
aminase activity with no change in TPO. 
This inhibitory effect was abolished by hypo
physectomy. STH inhibited induction of 
transaminase by cortisol, but had no effect 
upon cortisol-induced TPO activity. The 
opposing actions of STH and glucocorticoids 
may be involved in adaptive reactions to 
stress. 

Schapiro et al. H 12,411/69: Brief abstract 
stating (without giving experimental details) 
that "the severe stress of laparotomy in the 
intact adult rat induces a ]arge corticoid-de
pendent increase in transaminase activity. 
STH administered simultaneously, or one 
hour before laparotomy will completely inhibit 
this enzyme increase. During the early post
natal period, however, STH will not block 
transaminase induction caused by cortisol or 
laparotomy." 

WilBon G69,098f69: In the rat, in vitro 
studies suggest that STH depresses hexobarbi
tal, aminopyrine and ethylmorphine metabo
lism. ACTH and LTH have no such effect and 
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do not inßuence the corresponding action of 
STH. [The hormones were administered s.c. 
48 hrs before removal of the liver for the me
tabolic studies (H.S.).] 

Wilson H21,345f70: In rats, the develop
ment of various drug-metabolizing hepatic 
microsomal enzymes can be suppressed by 
postnatal treatment with STH. 

+ OTHER ANTERIOR PITUITARY PREPARATIONS 
(LTH, GTH, TTH, GRUDE EXTRAOTS) 

Many of the experiments concerning the protective action of LTH, GTH, TTH 
and other anterior pituitary extracts, were performed with more or less purified 
preparations in which several hormones were present; hence, we shail discuss these 
experiments conjointly. Most of the relevant work is concerned with the effect of 
anterior pituitary extract upon resistance to drugs, infections, hypoxia, and 
various forms of nonspecific stress. 

Drugs +-

Resistance of mice to acetonitrile is considerablyincreased by thyroid preparations, 
and hence, it is not surprising that the thyrotrophic hormone (TTH) has a similar 
effect. However, gonadotrophic urinary extracts and folliculoid preparations also 
increase acetonitrile resistance in the mouse; hence, this phenomenon is not truly 
characteristic for the thyroid hormones. 

Pretreatment of rats with crude lyophilized anterior pituitary preparations makes 
them particularly sensitive to the anesthetic effect of pentobarbital and progesterone. 
However, this effect is also nonspecific, since various tissue extracts and proteins, 
such as egg white, casein, etc., prolong pentobarbital anesthesia. 

The hepatotoxic effect of CC14 is partiaily prevented by crude anterior pituitary 
extracts in the rat. 

Among the carcinogens, AAF is especiaily active in producing neoplastic lesions 
in the rat liver. This effect is intensified by pregnant mare serum, gonadotrophin, but 
also by estradiol and testosterone. The detoxication of N-OH-FAA is inhibited in 
rats bearing functional pituitary-tumor transplants, which also enhance hepatic 
carcinogenesis. 

In rabbits, cholesterol atheromatosis is aggravated by TTH. According to some 
investigators, the severity of the lesions roughly parailels the blood cholesterol 
Ievel, whereas others claim that TTH decreases the hypercholesterolemia. In 
cockerels, neither chorionic gonadotrophin nor TTH has any clear-cut effect upon 
cholesterol atherosclerosis. 

In rats, the production of cardiac lesions by emetine, as weil as of vascular changes 
by ergotamine, are inhibited by various gonadotrophic preparations. 

The action of lathyrogens upon the bones of the rat is aggravated by luteotrophic 
hormone (LTH) as weil as by STH. 

On the other hand, the osteoclastic bone absorption produced by vitamin·A 
overdosage in rats, though prevented by STH, is not influenced by LTH. 

Microorganisrns and Their Products +-

Various anterior pituitary preparations are said to protect mice against bacterial 
infection, (e.g., with B. anthracis, E. coli and Ps. pyocyaneus), but not against 
several other organisms. 
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In rabbits, the progress of tuberculosis is accelerated by LH. In mice, the 
tuberculosis is not significantly affected by TTH, nor is infection with Candida 
albicans demonstrably altered by gonadotrophin. 

Various gonadotrophic preparations have been claimed to counteract the lethal 
effects of diphtheria toxin in guinea pigs. 

Hypoxia +-

In rats and guinea pigs, pretreatment with crude anterior pituitary extracts 
diminishes resistance to decreased oxygen pressure, presumably as a consequence 
of their TTH content, since thyroidectomy abolishes this effect. Resistance to hypoxia 
is also decreased in guinea pigs by purified TTH, an observation which is in agreement 
with the well-known fact that thyroid hormones act in this manner. 

Hormones +-

Masson et al. B48,694f49: In rats sensitized 
by uninephrectomy + NaCl, DOC produced 
more severe hypertension than a crude 
anterior pituitary powder (APP). Combined 
treatment with DOC + APP had no additive 
effect. 

Oester C84,324f59: The calcifying arterio
sclerosis produced by repeated i.v. injections of 
epinephrine in the rabbit is aggravated by 
thyroxine and T3 s.c., but not by TTH or 
dinitrophenol. Thyroidectomy, unlike propyl
thiouracil, inhibits the epinephrine arterio
pathy. 

Blatt et al. H 19,832/69: In frog tadpoles, 
prolactin antagonizes thyroxine-induced tail 
regression in the course of metamorphosis, but 
pancreatic regression and acid phosphatase 
development in the liver are not inhibited. 
Thus, prolactin does not antagonize the entire 
process of metamorphosis some events of which 
may not be directly induced by thyroxine. 

Drugs+-

Acetonitrile +-. Eufinger et al. 22,082/29: 
In mice, acetonitrile resistance is increased by 
pretreatment with human pregnancy serum. 
It remains to be seen whether this is due to an 
increased serum Ievel of GTH, TTH or of 
other metabolites. 

Eufinger & Wiesbader 4,663/30: In mice, 
pretreatment with gonadotrophic urinary 
extracts or folliculoid preparations increases 
acetonitrile resistance and hence this pheno
menon is not characteristic for thyroid hor
mones. 

Neuweiler 43,582/32: In mice, it was not 
possible to increase acetonitrile resistance by a 

variety of gonadotrophic hormone prepara
tions, including the serum of pregnant women. 

Sommer 44,648/34: In mice, acetonitrile 
resistance is increased by a variety of gona
dotrophic preparations, including the serum of 
pregnant women. 

Fellinger & Hochstädt 63,744/35: In mice, 
the protection against acetonitrile offered by 
thyroxine or TTH is blocked by an extract of 
blood which contains the "ether soluble anti
thyroid substances." 

Wiesbader 68,823/36: In mice, acetonitrile 
resistance is increased not only by thyroid 
extract but also by TTH and various gonado
trophic preparations. 

Actinomycin +-. Tuchmann-Duplessis & 
Mercier-Parot H28,876f70: In rats, LTH does 
not prevent the abortifacient and teratogenic 
actions of actinomycin. 

Anaphylactoid Edema +-. Higginbotham & 
Dougherty 044,529/57: In mice, ACTH in
creased the toxicity of polymyxin B; STH and 
TTH had no effect upon it. 

Barbiturates+-. Selye & Masson A97,57lf 
44: Pretreatment of rats with lyophilized 
anterior pituitary (LAP) makes them parti
cularly sensitive to the anesthetic effect of 
progesterone or pentobarbital. 

Masson B275f45: Male rats are more 
resistant to pentobarbital anesthesia than 
females. However, upon treatment with 
LAP s.c., resistance decreased considerably in 
both sexes, and eventually reached the same low 
Ievel in males and females. LAP produced a 
similar increase in sensitivity to amobarbital, 
hexobarbital, cyclobarbital and inbarbital, but 
did not influence barbital or phenobarbital 
anesthesia. 

Masson A95,888f46: In rats, not only 
anterior pituitary preparations, but extracts of 
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various tissues, as weil as egg white, casein, 
and other proteins prolonged pentobarbital 
anesthesia. Presumably, "the assimilation of 
foreign proteins interferes with some important 
mechanism necessary for the detoxification of 
barbiturates." 

Masson B1,217f46: In male rats, pretreat
ment for 6 days with crude pituitary powder 
s.c. "slightly prolonged the duration of 
anesthesia with phanodorn, thioethamyl, neo
nal, delvinal, nostal and amytal, and greatly 
prolonged (2 to 5 times) with pentothal, 
seconal, allyl pental, nembutal, evipal, per
noston and sigmodal." There was no diffe
rence between the pretreated and control rats 
as regards the anesthetic effect of pheno
barbital, probarbital, barbital, aprobarbital, 
diallyl barbituric acid and trichloroacetalde
hyde. "The action of pituitary preparations 
is not specific but can also be obtained with 
preparations from various organs and with 
foreign proteins." Hepatic darnage is considered 
to be a likely cause of the prolongation of 
anesthesia under these conditions. 

Cadmium +-. Pafizek et al. H7,672j68: In 
adult rats in which persistent estrus had been 
induced by a single s.c. injection oftestosterone 
or 19-nortestosterone on the fifth day of life, 
cadmium s.c. elicited particularly severe ovar
ian changes. Pretreatment with pregnant mare 
serum gonadotrophin protected the ovaries of 
such animals. 

Carbon Tetrachloride ~. Masson 96,335!47: 
The hepatotoxic action of CCI4 is aggravated 
by DOC and testosterone but partially 
prevented by anterior-pituitary extracts in 
the rat. 

Arrigo & Trasino 021,687/55: In rats, 
crude alkaHne anterior-pituitary extracts (rich 
in STH) do, whereas acid extracts (rich in 
ACTH and STH) do not protect the liver and 
pancreas agairrst darnage by CCI4• Cortisone 
protects the liver but not the pancreas. 

Julius 29,127 j34: In mice, the production 
of skin cancers by topical application of tar 
was not prevented by a gonadotropic extract 
of pregnancy urine. 

Carcinogens ~. Oantarow et al. B18,774f46: 
In rats given AAF p.o., the development of 
cystic and neoplastic hepatic lesions was acce
lerated and intensified by GTH (pregnant 
mare serum), estradiol, and testosterone, but 
inhibited by thiouracil. "This phenomenon 
may be related on the role of the liver in the 
intermediary metabolism and excretion of the 
sex steroid." In the hyperplastic target organs 
of the sex hormones tumors did not occur, in 

contrast to the high incidence of tumors in 
the thyroids of rats given thiouracil simulta
neously with the carcinogens. 

Stasney et al. B26,653f47: In rats, 2-aceta
minofluorene feeding produces mammary 
carcinoma only in females, and its develop
ment is not significantly accelerated by estra
diol or gonadotrophin. "Malignant lesions of 
the Ii ver occurred in 54.8 per cent of females and 
92.3 per cent of males receiving the carcinogen 
alone. Administration of estradiol and PMS 
gonadotrophin to females and of testosterone 
and chorionic gonadotrophin to males inten
sified the cystic and neoplastic hepatic lesions 
induced by 2-acetaminofluorene." 

Weisburger et al. D18,583f64: In rats fed a 
diet containing N-hydroxy-N-2-fluorenylaceta
mide, implantation of Furth's mammotropic 
tumor MtT/F4, as a source of pituitary hor
mones, accelerated hepatic carcinogenesis. 

Shirasu et al. F65,704f66: In rats, the 
detoxication of N-hydroxy-N-2-fluorenylaceta
mide (N-OH-FAA) is inhibited by the trans
plantation of functional pituitary tumors 
which may account for their enhancing effect 
upon hepatic carcinogenesis. 

Cholesterol ~. Bruger & Fitz A15,324f38: 
In cholesterol-fed rabbits, atheromatosis of 
the aorta is aggravated by chronic treatment 
with TTH. The severity of the lesions roughly 
parallels the blood cholesterollevel. 

Turner & De Lamater A37,602f42: In 
cholesterol-fed rabbits, TTH markedly reduces 
hypercholesterolemia even after thyroidec
tomy. [Vascular changes are not described 
(H.S.).] 

Stamler et al. B91,353f53: In cholesterol
fed chicks, coronary atherosclerosis is preven
ted by estradiol even if the feminizing effects are 
eliminated by concurrent administration of 
testosterone. The protective effect of the folli
culoid is not due to its effect upon blood 
cholesterol, since hypercholesterolemia remains 
uninfluenced by it, but estradiol elevates the 
plasma phospholipid Ievels. In itself, neither 
testosterone nor chorionic gonadotrophin affects 
coronary atherosclerosis under these conditions. 

Stamler et al. 081,655/58: TTH-unlike 
thyroid preparations-failed to influence 
cholesterol atherosclerosis in cockerels. 

Emetine ~. de Gregorio & Armellini 
G64,277f64: In rabbits, the production of car
diac lesions by emetine is inhibited by chorio
nic gonadotrophin and testosterone but not by 
estradiol. 

Scapidi & Arrigo G62,941f68: In rabbits, 
the cardiac lesions produced by emetine are 
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inhibited by various gonadotrophic hormone 
preparations. 

Ergotamine+-. Bolis E50,716f56: In rats, 
various gonadotrophic preparations diminish 
the organ lesions produced by toxic doses of 
ergotamine. 

Messina G18,016f64: In rats, ergotamine 
produces vascular lesions conducive to tail 
necrosis more readily in females than in males. 
Hypophysectomy prevents these toxic mani
festations in both sexes, whereas treatment 
with chorionio gonadotrophin does not affeot 
them. 

Ethionine+-.Farber & Segaloff D95,996f55: 
In ovarieotomized rats, various testoids and 
STH proteoted the liver against fatty infil
tration produoed by ethionine i.p., whereas 
cortisone and ACTH aggravated it. Estradiol, 
DOC, and TTH had no effect. 

Glycine +-. Hay 93,491/47: In rats, the 
hepatotoxio and nephrotoxic actions of glycine
enriched diets are not signifioantly modified by 
orude anterior pituitary extracts. 

Lathyrogens +-. Selye 031,369!57: In the 
rat, the osteolathyrism produced by AAN is 
aggravated by STH, LTH, and partial hepa
teotomy, but it is inhibited by ACTH, oortisol, 
or estradiol. 

Morphine +-. Benetato et al. 33,773/35: In 
rats, neither adrenooortical extraot nor an 
adrenotrophic anterior pituitary preparation 
altered resistance to morphine or to thyphoid
parathyphoid vaccine. 

p-Nitrobenzoic Acid+-. Wilson G63,125f68: 
In young rats, transplante of a pituitary 
mammotropio tumor "did not prevent an 
increase in the liver microsomal metabolism 
of hexobarbital or the formation of formal
dehyde from aminopyrine which followed 
phenobarbital pretreatment. High Ievels of 
somatotropin, oortiootropin, and prolaotin 
in blood, or possibly some other unknown 
factors produced by this tumor, appeared to 
prevent the normal development of the liver 
enzyme system whioh metabolized hexobarbi
tal, aminopyrine, and p-nitrobenzoic aoid in 
the rat." 

Reserpine +-. Wirtheimer D10,158f59: In 
rats, the production of gastrio ulcers by reser
pine is enhanced following pretreatment with 
various impure gonadotrophic hormone pre· 
parations. 

Vitamin A +-. Schneider & Widmann 
33,725/35: In guinea pigs, both thyroideo
tomy and treatment with TTH oonsiderably 
alter vitamin-A metabolism. 

Mayer & Goddard B55,008f51: In rats 
deficient in vitamin A, the atrophy of the 
acoessory sex organs is abolished by chorionio 
gonadotrophin, suggesting that the defect is 
not due to an inability of the gonads to secrate 
testoids but to inadequate pituitary gonado
trophin seoretion. 

Selye 036,050!57: In rats, the intense 
osteoclastio hone absorption produoed by 
vitamin-A overdosage can be prevented by 
STH. Although the luteotrophio hormone 
(LTH) shares many of the actions of STH, it 
oannot substitute for the latter in oounter
aoting vitamin-A intoxication. 

Vitamin C +-. Agnoli 2,633/32: In guinea 
pigs, neither orude pituitary extraots nor 
urinary gonadotrophins ameliorate the course 
of sourvy on vitamin-C deficient diets. 

Varia+-. Störlebecker 76,398/39: Review of 
the early Iiterature (1913-1937) on the effect 
of the pituitary upon drug resistance. 

Microorganisms and Their Products +-

Bacteria +-. Weinstein B15,029f39: In 
mice, various anterior pituitary preparations 
proteot against infeotion with B. anthraois. 
Parathyroid extract was also very effeotive, 
whereas thyroxine and testosterone offered 
little protection while progesterone, insulin, 
"estrin" and posterior lobe extraot were 
virtually ineffective. 

Weinstein A33,940f40: In mioe, neither 
parathyroid extract nor a orude anterior 
pituitary preparation offered protection against 
infeotion with Klebsiella pneumoniae, but they 
did improve survival after inooulation of 
E. coli or Ps. pyocyaneus. 

hurie et al. B31,933f49: In rabbits, estra
diol retards the progress of experimental 
tuberculosis at the portal of entry in the skin 
and diminishes its dissemination to internal 
organs, presumably by reducing the permeabi
lity of conneotive tissue. Chorionic gonado
trophin has an inverse effect. 

hurie et al. B31,931f49; B31,932f49: In 
highly inbred, sexually mature rabbits, estra
diol retarded the progress of tuberculosis 
following i.c. inoculation. In immature rab
bits, estradiol was less effeotive. LH aocele
rated the progress of the disease, whereas 
ovariectomy or progesterone remained without 
effect. 

Schäfer B99,955f54: Monograph (127 pp., 
numerous refs.) on the role of endoorine faotors 
in tuberculosis. Special sections are devoted to 
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the hormones of the thyroid, parathyroid, 
thymus, adrenals, pancreas, and gonads. 

Youmans & Youmans B95,169f54: In 
mice, cortisone markedly reduced the survival 
time a.fter infection with human tubercle bacilli, 
and this effect could not be prevented by STH. 
Given alone, ACTH, STH, and TTH likewise 
failed to influence the course of the infection. 

Meier & Neipp 037,215/56: In mice, the 
chemotherapeutic action of sulfonamides 
against resistant Type III pneumococci is 
increa.sed by various gonadotrophic and STH 
prepa.rations. However, certa.in bacteria.l poly
saccha.ride fractions possess a simila.r effect, 
a.nd hence, the la.tter is presumably not 
dependent upon the specific actions of the 
hormone prepa.rations. 

Sckerr 039,263/57: In mice infected with 
Candida albicans, the development of moni
liasis may be either increased or decreased by 
cortisone, depending upon various factors, 
pa.rticula.rly the severity of the infection, sex 
or pregnancy. Testosterone enha.nced, and STH 
counteracted the deleterious effect of corti
sone. Gonadotrophin (pregnant mare serum) 
was without effect. 

Bacterial Toxins +-. Oiulla & Razzini 
B50,987f39: In guinea pigs, pretreatment 
with pregnancy urine gonadotrophins dimi
nishes the Iethai effect of diphtheria toxin. 

Tonutti B48,892f50: In guinea pigs• 
diphtheria toxin produces marked hemor
rhagic necrosis of the testes and ovaries only 
a.fter pretreatment with gonadotrophic hor
mones. 

Scaffidi & FidecaroG51,129f65; G43,543f66: 
In guinea pigs, the cardiopathy produced by 
diphtheria toxin ca.n be prevented by chorionic 
gonadotrophin and cocarboxylase. 

Hypo:~~:ia ~ 

HousiJ(Ly & Rietti 3,187!32; 3,283/32: In rats 
pretreatment with an impure pituitary extract 
diminishes resistance against hypoxia, but this 
effect is abolished by thyroidectomy, and is 
presumably due to TTH. In untreated rats, 
thyroidectomy actually increases resistance 
to anoxia. 

HousiJ(Ly & Rietti 5,793/32: In guinea pigs, 
resistance to decreased oxygen pressure is 
diminished by anterior pituitary extract, 
presumably through its TTH content since 
the effect is abolished after thyroidectomy. 

Rotter A63,564f42: In guinea pigs, altitude 
tolera.nce is greatly reduced by pretreatment 
with TTH. 

Varia~ 

Henriques et al. B24,140f48: In rats 
sensitized by uninephrectomy, the production 
of hyalinosis and hypertension by crude 
a.nterior pituitary extracts is facilitated if the 
diet is rich either in protein or in amino
acids. 

Smith 046,496/56: In brown trout, thyro
xine raises, whereas thiourea and thiouracil 
reduce salinity tolerance. Anterior pituitary 
extracts and STH likewise raise sa.linity 
tolerance, whereas posterior lobe extracts, 
testosterone, gonadotrophin, TTH, and ACTH 
have no effect. 

OBipovich 058,570/57: In uninephrecto
mized rats, methylthiouracil enha.nces com
pensatory hypertrophy of the remaining kid
ney, presumably as a consequence of increased 
TTH secretion. The acceleration of compen
satory renal hypertrophy by exposure to 
cold is ascribed to a simila.r mechanism. 

Glenn et al. G70,204f60: Review (48 pp., 
11 refs.) on the effect of various steroids, 
ACTH, GTH, ovariectomy and adrenalec
tomy upon the development of C3H mammary 
carcinoma transplants in mice a.nd fibroade
nomas in rats. 

Knigge 097,819/60: Review on the neuro
endocrine mechanisms influencing ACTH and 
TTH secretion particularly during adaptation 
to cold. 

Bucker G68,621f63: Review on the influence 
of hypophysectomy a.nd hypophysial hormones 
upon hepatic regeneration. 

Fisher & Fiaker F74,176f66: In rats, the 
incidence of metastases from Walker tumor 
transplants is not significantly altered by thy
roidectomy, propylthiouracil, thyroxine or 
TTH. 

Preisig et al. F70,515f66: In acromegalic 
patients, biliary BSP excretion is increased. [It 
is not known which, if any, of the hormones 
secreted by the hyperactive pituitary are re
sponsible for this effect (H.S.).] 

Rinatul,o et al. F95,471f67: Studies on the 
induction of various hepatic enzymes by STH 
and LTH in toad tadpoles. 

Sakamato & Prasad F95,441j67: In mice 
a.nd rats, P-MSH offers moderate protection 
against X-irradiation under certain conditions. 
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+ POSTERIOR PITUITARY PREPARATIONS 

In dogs and guinea pigs, vasopressor pituitary extracts offer partial protection 
against histamine intoxication. In rats, the production of renal cortical necrosis by 
vasopressin is greatly facilitated by 5-HT and folliculoids. 

It has been claimed that vasopressor posterior pituitary extracts influence the 
toxicity of various drugs through different mechanisms. They may improve resistance 
to hypotensive drugs because of their vasopressor effect, or aggravate the toxicity 
of substances normally eliminated through the kidney, because of their antidiuretic 
action. However, none of these effects was shown tobe sufficiently striking to have 
deserved extensive investigation, except for the well-known aggravation of water 
intoxication by vasopressin. 

Under certain circumstances, vasopressin has also been claimed to offer protection 
against various infections, X-irradiation, hemorrhage, anoxia, electroshock and 
traumatic shock. On the other hand, vasopressin aggravates or falls to influence the 
damaging effect of various bacterial toxins, hyperoxygenation, and exposure to cold. 

Steraids +- cf. Selye 050,810/58, pp. 83, 
84,· 092,918/61, p.124,· G60,083f70, p. 334. 

Hormones and Hormone-Liire 
Substances +-

But & Solandt A33,635f40: In dogs, shock 
produced by histamine, trauma, or hemorrhage 
is successfully treated by vasopressor pitui
tary extracts. 

KowaleW8ki & Bain 0 3,897/54: In guinea 
pigs, a vasopressor posterior pituitary extract 
given s.c., 10 min before the injection of 
histamine, prevented the induction of gastric 
ulcers, presumably because of an antagonistic 
interaction at the Ievel of the vascular 
system. 

Drugs+-

Acetonitrlle +-. Paal 22,603/30: In mice, 
acetonitrile resistance is not consistently 
influenced by posterior pituitary extract 
(hypophysin), a folliculoid preparation (pro· 
gynon), or epinephrine. 

Barbiturates+-. Werle & Lentzen A28,007f 
38: In dogs and rabbits, various vasoactive 
substances ( epinephrine, histamine, Vaso
pressin, kallikrein) tend to prolong the 
anesthetic effect of pronarcon and hexobarbital. 

Rümke G69,768f63: In mice, small doses of 
vasopressin i.v. failed to prolong hexobarbital 
sleeping time. 

Hexabarbital +- Vasopressin, Gp, 
Mouse: Lamson et al. 014,547/51*; Rümke 
069,768/63* 

Pentobarbital+- Vasopressin+ H20, 
Mouse: Borzelleca et al. 040,953/57* 

Bromoethylamine Hydrobromide +-. Fuwa 
& Waugk F96,546f68: In rats, the renal pa· 
pillary necrosis produced by bromoethyla
mine hydrobromide is inhibited by vasopressin, 
presumably as a consequence of its antidiuretic 
effect. 

Carcinolytic Agents +-. Oonnora et al. 
G17,080f64: In rats, Mannitol Myleran is 
normally excreted unchanged in the urine 
within 5 hrs after i.p. administration. Pretreat
ment with antidiuretic hormone potentiates 
both its lethal and antitumor action, presum
ably because it diminishes excretions. 

Chlorpromazine +-. Kkrabrova D49,985f61: 
In cats, electroshock is effectively antagonized 
by chiorpromazine if the hypotensive action 
of the latter is prevented by vasopressin. 

Chloral Hydrate+-. Faatier et al. 037,038/ 
67: In mice, chioral hydrate sleeping time is 
increased by epinephrine, norepinephrine, 
phenylephrine, methoxamine, 5-HT, histamine, 
ergotamine, yohimbine and atropine. "It is 
suggested that some, at least, of the drugs 
which prolong the effects of hypnotics do so by 
virtue of a hypothermic action." Vasopressin, 
cortisone, and DOO did not prolong chioral 
hydrate sleeping time at the doses tested. 

Cholesterol +- cf. alao Selye G60,083f70, 
p. 335. Oooper & Gutatein F61,290f66: In 
rabbits, calcific aortic atherosclerosis is produ
ced by combined treatment with cholesterol 
and vasopressin. 
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Digitalis~. Ghedini &: Ollino A21,128f14: 
Brief mention of observations on rabbits 
showing that pretreatment with Pituitrin 
modifies the hemodynamic actions of digi
talis "unfavorably" and those of strophantin 
"favorably." [For Iack of details, these find
ings cannot be evaluated (H.S.).] 

NMh et al. G9,641f64: In rats, the toxic 
cardiac effects of ouabain are antagonized by 
synthetic oxytocin and by reserpine. 

Ethanol~. Baisset &: Montastruc D34,473f 
62; D37,918f62: In dogs, the development of 
a polyuria and polydipsia, following adminis
tration of ethanol, as weil as the gradual 
development of a craving for alcohol are pre
vented by vasopressor posterior lobe extract. 

Morphine ~. Gruber et al. 2,199/31: In 
dogs, a vasopressor pituitary extract tempo
rarily lowers the increased general tonus of 
the intestine produced by morphine. 

Adler et al. G79,852f57: In Sprague-Dawley 
rats, given 14C-labeled morphine, the ratio of 
bound to free morphine is 2-3 times greater 
in the urine and plasma than in Long-Evans 
rats. The tissues of adrenalectomized rats of 
both strains contain higher concentrations of 
14C-labeled morphirre than do control rats. 
Plasma bound morphine Ievels indicate no im
pairment ofmorphine conjugation. Vasopressin 
increases, whereas ACTH decreases morphine 
sensitivity. Yet both after ACTH and after 
vasopressin, tissue concentrations of morphine 
are either reduced or unaffected in marked can
trast to the increased values after adrenal
ectomy. Apparently, the decreased morphine 
sensitivity induced by ACTH is not reflected 
by lower brain morphirre concentrations. 

Paraphenylendiamine~. M eissner E 52,567/ 
19: The head and neck edema produced by 
paraphenylendiamine in the rabbit is not 
prevented by epinephrine, posterior pituitary 
extract of thyroid extract. 

Pentylenetetrazol ~. Boeri 078,610/58: 
In guinea pigs, cortisone, ACTH, and vaso
pressin aggravate pentylenetetrazol convul
sions. 

Phosgene~. Rothlin B30,696f47: In rats, 
phosgene (COCI2) intoxication is effectively 
combated by posterior pituitary extract as 
weil as by ergotamine, presumably as a conse
quence of their vasoconstrictor effect. 

Potassium ~ cf. Selye 092,918!61, pp. 83, 
124,188. 

Sodium Chloride~. Baisset et al. 055,475/ 
57: In the rat and dog, posterior pituitary 
extracts favorably influence the manifesta-

tions of chronic NaCl-overdosage and prolong 
survival. 

Baisset et al. 084,788!58: In rats and dogs, 
the effects of NaCI-overdosage are ameliorated 
by posterior pituitary extracts and aggravated 
by NaCI. 

Suxamethonium ~. Keil D27,254f62: In 
rabbits, sheep and pigs, oxytocin did not 
modify resistance to suxamethonium. 

Strychnine~. Mararwn &:Aznar 46,926fll: 
In frogs, the fatal convulsions produced by 
strychnine can be prevented if, prior to injec
tion, the drug is mixed with extracts of the 
posterior pituitary, the thyroid, various other 
tissues, and particularly epinephrine. [The 
possibility of delayed absorption owing to 
local vasoconstriction has not been considered 
(H.S.).] 

Vitamin D ~ cf. Selye 092,918/61, pp. 124, 
188; G60,083f70, pp. 335, 336. 

VitaminE~. Houchin &: Smith B6,967f44: 
Rahbits deprived of vitamin E, show increased 
sensitivity to posterior pituitary extracts. 

Water ~. Liling &: Gaunt 89,147!45: In 
rats, vasopressin aggravates the manifesta
tions of water intoxication, even if the ani
mals are adapted by previous administration 
of water Ioads. 

Waltregny &: Mesdjian F85,818f67: In 
cats, combined treatment with "posterior lobe 
extract" s.c. and !arge amounts of distilled 
water i.p. produces a condition of epilepsy 
with a characteristic EEG as a consequence 
of water intoxication. 

Bacteria +- cf. also Selye G60,083j70, 
p. 335. 

Lauber 9,102/32: Observations on the effect 
of vasopressin, epinephrine, thyroid extract 
and insulin upon streptococcal and staphylo
coccal infections in mice. 

Weinstein B15,029f39: In mice, various 
anterior pituitary preparations protect against 
infection with B. anthracis. Parathyroid 
extract was also very effective, whereas 
thyroxine and testosterone offered little 
protection, while progesterone, insulin, "estrin" 
and posterior lobe extract were virtually 
ineffective. 

Bacterial Toxins+- cf. also Selye G60,083f 
70, p. 335. 

Bailey A1,154f17: In rabbits, vasopressin 
aggravates the vascular lesions produced by 
diphtheria toxin. 

Altura et al. F43,209f65: In rats, nore
pinephrine and angiotensin fail to prolong 
survival after traumatic shock, temporary 
ligature of the superior mesenteric artery, or 
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endotoxin shock. However, vasopressin (PLV-2) 
was significantly effective in traumatic and 
intestinal ischemia shock, but not in endo
toxinemia. 

Ionizing Rays +-

Gray et al. B68,316f52: In rats, pretreat
ment with either epinephrine or vasopressin 
diminishes mortality after total body X-irra
diation. 

Gray et al. B69,100f52: In rats, pretreat
ment with Vasopressin or epinephrine increases 
survival following exposure to Iethai X-irra
diation. 

Herve D78,167f54: In mice, an oxytocic 
posterior lobe preparation increases resistance 
against total body X-irradiation. 

Rigat G10,747f55: Review (46 pp., 67 refs.) 
on the Iiterature concerning the effect of 
hormones upon X-irradiation, with special 
reference to ACTH, STH, vasopressin, epine
phrine, cortisone, DOC, testosterone, estradiol, 
progesterone, and thyroxine. 

Bcu;q & Beaumariage G87,128f60: In mice, 
synthetic oxytocin (Syntocinon) increases 
resistance to total body X-irradiation. 

Hemorrhage +-

Best & Solandt A33,635f40: In dogs, shock 
produced by histamine, trauma, or hemorrhage 
is successfully treated by vasopressor pituitary 
extracts. 

Gort et al. F23,086f64: In dogs, various 
synthetic extended-chain analogues of vaso
pressin and oxytocin exert a beneficial effect 
upon hemorrhagic shock. 

Gort et al. F96,105j68: In dogs, certain 
vasopressin analogues offer protection against 
hemorrhagic shock. 

Hypoxia and Hyperoxygenation +-

Gampbell A14,903f37: In rats exposed to 
six atmospheres of oxygen in a pressure cham
ber, subsequent decompression is better tole
rated at low than at high external tempera-

tures. "Using an external temperature of 
24°0 and white rats of about 80 g, the 
following substances, administered subcuta
neously, are found to enhance oxygen poison
ing: thyroxin (0.4 mg), dinitrophenol (1.5 mg), 
ac-tetrahydro-ß-naphthylamine (0.5 c.c., 1 p.c.), 
adrenaline (0.02 mg), pituitary extract (poste
rior lobe, above 3.5 units), insulin (0.025 u.) 
and eserine (0.045 mg administered with 
atropine 0.075 mg). These doses in themselves 
are harmless." 

Parlees B63,024f51: In mice, resistance to 
anoxia is increased by posterior lobe extract 
as well as by ACTH preparations containing 
posterior lobe principles. 

Electric Stimuli +-

Rosenblum G5,974f55: In rats, "ACTH 
and cortisone acetate in combination with 
vasopressin each produced a greater fall in 
EST than was produced by vasopressin alone. 
In contrast, STH in combination with vaso
pressin prevented the fall induced by Vaso
pressin alone and produced its usual elevation 
in the EST." 

Khrabrova D49,985f61: In cats, electro
shock is effectively antagonized by chlorpro
mazine if the hypotensive action of the latter 
is prevented by vasopressin. 

Varia+-

Best & Solandt A33,635f40: In dogs, shock 
produced by histamine, trauma or hemor
rhage is successfully treated by vasopressor 
pituitary extracts. 

Marino et al. D58,761f63: In guinea pigs, 
the cardiopathy produced by vasopressin in
toxication is aggravated by concurrent expo
sure to a psychologic stress situation (pre
conditioning followed by conflict situation). 

Zilberstein G80,282f60: In rats, 5-HT, 
vasopressin and reserpine lower resistance to 
cold allegedly because they interfere with 
pituitary hormone secretion and cause a state 
of "temporary functional adrenalectomy." 

+ HYPOPHYSEOTOMY AND HYPOTHALAMIO LEBIONS 

The effects of adrenalectomy, orchidectomy and ovariectomy are discussed with 
the steroids, since ablation of these glands acts upon resistance mainly by creating 
a lack of steroid hormones. On the other hand, hypophysectomy will be discussed 
here (immediately following the pituitary hormones) together with hypothalamic 
lesions, since both of these operations act upon resistance prim.arily through their 
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effect upon pituitary hormone secretion. Yet, it must be remernbered that, secondarily, 
several hypophyseal principles (e.g., ACTH and the gonadotrophins) do influence 
susceptibility to damaging agents through their regulating effect upon steroid 
secretion. 

Steroids +-

It has long been noted that the hyalinosis, polyuria and hypertension produced 
by mineralocorticoids in rats ( conditioned by uninephrectomy + N aCl) are prevented, 
or at least greatly diminished by hypophysectomy. STH, ACTH and TTH all play 
important roles in the pathogeneBis of this syndrome (as do various steroids and 
thyroid hormones secreted under pituitary control); hence, it is not clear to what 
extent the prophylactic effect of hypophysectomy is due to the Iack of one or the 
other hypophyseal hormone. 

Phenobarbital increases the estradiol-metabolizing activity of hepatic microsomal 
enzymes in immature female rats. It also diminishes the uterotrophic effect of this 
folliculoid. Neither hypophysectomy nor adrenalectomy prevents this phenobarbital
induced estradiol resistance, indicating that the barbiturate does not act through 
the pituitary-adrenal axis. 

In C3H mice, the females, unlike the males, regularly develop myocardial calcifi
cation following prolonged cortisol treatment; ovariectomy offers no protection but 
testosterone renders females more resistant. In hypophysectomized mice of this 
strain, neither cortisol nor ACTH produces myocardial calcification. 

Nonsteroidal Hormones and Hormone-Lilee Substances +-

In rats, the osteosclerosis produced by small doses of parathyroid extract is 
diminished but not prevented by hypophysectomy. From this it was first concluded 
that STH is not necessary for all types of tissue growth. 

The osteitis fibrosa and soft-tissue calcification produced by acute overdosage 
with parathyroid extract (like that caused by DHT) in the rat is also inhibited by 
hypophysectomy, although the characteristic hypercalcemia is not markedly affected. 
Presumably, the pituitary acts mainly by altering the calcium avidity of the organic 
matrix. 

Hypophysectomy partially protects the rat against the production of renal 
necroses by 5-HT. In hypophysectomized rats, the elevation of the EST, induced by 
5-HT is preceded by hyperexcitability. 

Steroids-

Ventura eh Selye 024,231/57: In rats, the 
hyalinosis (nephrosclerosis, myocarditis, poly
uria, edema, etc.) produced by chlorocortisol 
following conditioning by uninephrectomy + 
NaCl was prevented by hypophysectomy. 
However, at the same time, the production of 
pulmonary saprophytosis by chlorocortisol was 
enhanced. Apparently, in the absence of the 
hypophysis, the mineralocorticoid activities 

are inhibited, whereas the glucocorticoid actions 
of the same steroid molecule are augmented. 

Forckielli et al. D75,874f58: The rate of LJ4 
reduction of 11-desoxycortisol was ~-fold 
greater in female than in male rat liver 
homogenates and in microsomal fractions 
containing the Ll'-5a-hydrogenase. Fernale rat 
liver contains only one Ll'-hydrogenase (5a
microsomal), whereas the male liver contains 
the soluble Ll'·5ß-hydrogenase as weil. Ovari
ectomy caused no marked change in enzyme 
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titer, but hypophysectomy decreased it sharp
ly. Curiously, ACTH, STH, and pregnant mare 
serum partially restored the enzyme Ievel in the 
hypophysectomized rat. In young animals, 
increase in the titer of hepatic Ll4-5a-hydro
genase occurs prior to puberty. This fact (like 
the negative results after ovariectomy) sug
gests an independence of enzyme regulation 
from ovarian hormones. 

Lostroh 054,348/58: Fernale mice of the 
C3H strain regularly develop myocardial cal
cification after prolonged cortisol treatment, 
whereas males are comparatively resistant. 
Ovariectomy offers no protection, but testoste
rone renders females more resistant. In hypo
physectomized mice, neither cortisol nor ACTH 
produces myocardial calcification. 

Selye 039,319/58: In rats, nephrocalcinosis 
produced by excese NaH2PO, p.o. is aggravated 
by estradiol, but even the severe calcification 
induced by this combined treatment ie pre
vented by hypophysectomy. 

Levin et al. F75,365f67: Phenobarbital 
increasee the 17fJ·estradiol-metabolizing acti
vity of hepatic microeomal enzymes in imma
ture female rate. The in vitro activity is pa
ralleled by in vivo blockade of the estradiol· 
induced uterine weight increase. The pheno
barbital-induced resistance to the uterine 
weight-increasing effect of estradiol is not 
prevented by adrenalectomy or hypophysec
tomy, indicating that the barbiturate does not 
act through the pituitary-adrenal axis. 

Salgado & Mulroy 084,321/59: In rats, the 
cardiovascular changes produced by DOC 
following sensitization by uninephrectomy and 
NaCI are inhibited by hypophysectomy or 
thyroidectomy, although not all the lesions 
are blocked to an equal extent. 

Garg et al. G79,002f71: In rats, PCN p.o. 
induces proliferation of SER even after hypo
physectomy. 

Szab6 et al. G79,024J71: In rate, PCN in
creases resistance to indomethacin, hexobarbi-

tal, progesterone, zoxazolamine and digitoxin, 
both in the presence and in the absence of the 
pituitary. Hypophysectomy also fails to pre
vent the induction of SER proliferation in the 
hepatocytes. 

Adrenal Cortical Extract - Hypo
physectomy: Zander B57,611/51 * 

DOC, Progesterone - Hypophysec
tomy: Chamorro A57,215/42* 

Estradiol - Hypophysectomy + 
Phenobarbital: Levin et al. F75,365f67* 

Nonsteroidal Hormones and 
Hormone-Lilee Substances-

Parathyroid Hormone -· Selye et al. 
30,634/34; ThomtJ(Yfl, et al. A.239f34: In rats, 
osteoblast proliferation and new hone forma
tion following treatment with small dosee of 
parathyroid extract and renal regeneration 
after uninephrectomy are diminished, yet not 
completely prevented by hypophysectomy. 
Apparently, STH is not necessary for all types 
of growth. 

Selye et al. D25,666f62: In the rat, hypo
physectomy greatly diminishes both soft tissue 
calcification and osteitis fibrosa produced by 
parathyroid extract or DHT. The hypercalce
mia is not diminished by the absence of the 
hypophysie, and the latter may act by altering 
the metaboliBm of calcifiable organic matrix. 

ACTH, Epinephrine - Hypophy
sectomy: Zander B57,611f51 * 

o·HT -· JaMnin & Boia 092,099/60: 
Hypophysectomy partially protects the rat 
against the production of renal infarcts by 
5-HT. ACTH does not affect this change, 
cortisol aggravates it, whereas DOC and 
testosterone offer partial protection. 

de Salva D27,783f62: The "EST elevating 
effect of serotonin and ephedrine in intact 
rate was preceded by hyperexcitability in 
hypophysectomized rats." 

Drugs +-

Much work has been done on the effect of the hypothalamus-pituitary system on 
barbiturate resistance. 

In rats, thiopental sleeping time is greatly prolonged within two weeks after 
hypophysectomy. This increased sensitivity is restored towards normal by ACTH, 
DOC or testosterone. The depressant effect of phenobarbital and of several other 
muscle relaxants appears tobe dim.inished after hypophysectomy. 

The sedative action of hexobarbital and thiopental is dim.inished by tourniquet 
stress in intact but not in hypophysectomized or adrenalectomized rats. Various 
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observations suggest that "the stress effect on the duration of drug action is mediated 
through increased drug-metabolism." The stimulation of hepatic microsomal hexo
barbital and pentobarbital metabolism by the antihistamine, chlorcyclizine, is not 
prevented in rats by hypophysectomy or by adrenalectomy plus castration; that is, 
removal of both steroid hormone-producing glands. 

X-irradiation of the head considerably enhances the anesthetic effect of thio
pental, barbital and pentobarbital in the rat. The induction by phenobarbital of 
resistance to pentobarbital is not inhibited by cephalic X-irradiation. Irradiation of 
the head is just as effective as total body irradiation or hypophysectomy in inhibiting 
the rapid induction of hexobarbital-metabolizing microsomal oxidases by hexobarbi
tal. Even X-irradiation in utero produces the same result. X-irradiation of pregnant 
rats results in male offspring deficient in hepatic microsomal hexobarbital-meta
bolizing enzymes, but still capable of responding to phenobarbital with increased en
zyme activity. Apparently, "the ontogenic increase in enzyme activity is hormone
dependent, while that following phenobarbital administration is independent of 
hormonal r~gulation as evidenced by the response of hypophysectomized or sexually 
immature animals. ''Bilateral electrolytic lesionsin the posterior hypothalamus inhibit 
hepatic hexobarbital oxidase activity in the same manner as does X-irradiation of 
the head or hypophysectomy. 

The hepatic steatosis produced by CC14 in rats is less completely prevented by 
hypophysectomy than by adrenalectomy. 

The induction of hepatic damage, and even of hepatomas, by certain carcinogens 
is inhibited by hypophysectomy in the rat. As judged by the few published observa
tions, certain carcinogens do, whereas others do not, induce hepatic microsomal 
drug-metabolizing enzymes after hypophysectomy or hypothalamic lesions in the rat. 

In rats, hypophysectomy greatly diminishes the skeletal changes produced by 
lathyrogens, such as AAN. STH restores the ability of the skeleton to react even after 
hypophysectomy. It is concluded that the normal hormonal secretion of the hypophy
sis exerts a decisive influence on the development of osteolathyrism. 

In weanling male rats, total body X-irradiation inhibits the development of hepa
tic microsomal enzymes which catalyze the oxidative desulfuration of the pesticide 
Guthion. Shielding of the liver or testes does not prevent this inhibition, whereas 
shielding of the head area does. Irradiation did not inhibit enzyme development in 
hypophysectomized rats. "Thus, the pituitary is necessary for the radiation effect, 
but involvement of the pituitary is not the result of a radiation-induced deficiency of 
pituitary hormones." 

The nephrocalcinosis produced in rats by oral administration of large amounts of 
phosphates (e.g., Na2HP04 or NaH2P04) or by HgCl2 is inhibited by hypophysectomy. 

The nephrosis elicited by puromycin aminonucleoside in the rat is not completely 
prevented by hypophysectomy, but the associated hypercholesterolemia and hyper
lipemia are diminished. 

Hypophysectomy decreases survival in rats given excessive amounts of vitamin A 
but does not significantly affect the characteristic skeletallesions. 

Hypophysectomy greatly diminishes the soft-tissue calcification and osteitis 
fibrosa produced by DHT in rats, but does not significantly affect the associated 
hypercalcemia. Possibly, the effect of the pituitary is mediated through metabolic 
changes in the calcifiable matrix. The predominantly cortical nephrocalcinosis pro-
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duced by vitamin-D2 overdosage in the rat is not altered by hypophysectomy. The 
calciphylaxis elicited by combined treatment with DHT and CrC13 is prevented by 
hypophysectomy in the rat. 

Chlorcyclizine shortens the duration of action and increases the hepatic micro
somal metaboliBm of zoxazolamine in male rats. These effects arenot prevented by 
hypophysectomy or adrenalectomy + castration. However, the depressant action of 
zoxazolamine is diminished after hypophysectomy. 

Acrylonitrile 

Szaho &: Selye G79,010f71: In rats, pretreat
ment with ACTH (but not with STH) prevents 
the produetion of adrenal apoplexy by aerylo
nitrile. Hypophyseetomy proteets against adre
nal apoplexy, but not against mortality under 
similar conditions. 

Aminopyrine +-- Hypophyseetomy 
+ Pestieides: Hart et al. G27,102f65 

Atropine -<-

de Salva D27,783f62: "Atropine and di
phenhydramine had no effeet in intaet rats but 
produced lowered EST in hypophyseetomized 
rats." 

Barbiturates -<-

Waltz etal. 011,847/55: In rats, thiopental 
sleeping time is greatly prolonged within 
about two weeks after hypophyseetomy. This 
inereased sensitivity is restored towards 
normal by ACTH, DOC, or testosterone. 

de Salva D27,783f62: "Drugs with skeletal 
muscle relaxant properlies (phenobarbital, 
meprobamate, phenaglyeodol, mephenesin, and 
zoxazolamine) were less effeetive as depres
sants after hypophyseetomy than they were 
in intaet rats." 

Rupe et al. E26,910j63: Thesedative effeet 
of hexobarbital and thiopental, but not of 
barbital, was diminished by tourniquet stress, 
in the intaet, but not in the hypophyseetomized 
or adrenaleetomized rat. In intaet rats, ACTH 
or eortisone deereases hexobarbital sleeping 
time, as does stress, whereas SKF 525-A 
eompletely bloeks the proteetive aetion of 
stress. Presumably "the stress effeet on the 
duration of drug aetion is mediated through 
inereased drug metabolism." 

Oonney et al. D52,543f61: Pretreatment of 
male rats with ehloreyelizine shortens the 
duration of aetion and inereases the hepatie 
mierosoma.l metaboliBm of hexobarbital, pento-

barbital and zoxazolamine. These effeets were 
not prevented by hypophyseetomy or adrenal
eetomy eombined with eastration. 

BO'U8quet et al. F 35,073/65: In rats, stressed 
by application of a tourniquet to one hind leg, 
the duration of response to hexobarbital, pento
barbital, meprobamate and zoxazolamine is 
signifieantly redueed, but only in the presenee 
of both the pituitary and the adrenal glands. 
Pretreatment with ACTH or eortieosterone 
simulates the effeets of stress in shortening 
hexobarbital anesthesia. "It is suggested that 
the pituitary-adrenal axis serves a. regulatory 
funetion with respeet to duration of drug re
sponses whieh may be mediated by an altera
tion of drug metabolism." 

Nair et al. F53,576f65: In the rat, X-irra
diation of the head eonsiderably enhaneed the 
anesthetie effeet of thiopental, barbital, and 
pentobarbital. The induetion by phenobarbital 
of resistance to subsequent pentobarbital 
anesthesia was not inhibited by eephalie 
X-irradiation. 

Nair &: Bau G67,246f67: Exposure of rats 
to X-irradiation in utero or during early 
postnatal life suppresses the hexobarbital
metabolizing enzyme system in the liver. 
Hypophyseetomy or irradiation of the head 
(but not of the body with the head shielded) 
has a similar effeet in adult rats. 

Yam &: DuBoiB G58,163f67: In 23-day-old 
male rats, X-irradiation of the whole animal or 
the head only inhibited the rapid inerease in 
hexobarbital-metabolizing hepatie mierosomal 
oxidase normally obtained by hexobarbital 
treatment. Hypophyseetomy produeed the 
same result. 

Nair et al. G67,245f68: X-irradiation of 
pregnant rats results in male offspring defieient 
in the hepatie mierosomal enzymes whieh 
metabolize hexobarbital. However, irradiation 
did not suppress the inerease of enzyme aeti
vity brought about by ehemieal inducers 
(phenobarbital). Aetinomyein inhibited both 
the ontogenie and phenobarbital-induced in
ereases in enzyme aetivity. "The ontogenie 
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increase in enzyme activity is hormone
dependent, while that following phenobarbital 
administration is independent of hormonal 
regulation as evidenced by the response in 
hypophysectomized or sexually immature 
animals. It is concluded from these results that 
the inhibitory effect of X-irradiation on the 
hepatic enzyme system is mediated through an 
action on the hormonal regulation of enzyme 
activity." 

Nair et al. G67,250j69: Hepatic hexobarbi
tal oxidase activity is inhibited by head 
X-irradiation, hypophysectomy, or bilateral 
electrolytic lesions in the posterior hypothala
mus. The in vitro data were verified by 
measurements of the hexobarbital sleeping 
time. "It is suggested that the microsomal 
enzyme system metabolizing hexobarbital is 
normally under the regulatory control of hypo
thalamo-hypophyseal hormonal activity. The 
light dependent circadian rhythm for this 
enzyme, recently reported by us, is also con
sistent with this interpretation." 

Norton G80,572f71: Hypophysectomized 
rats can become dependent upon barbital and 
show the same withdrawal symptoms as intact 
animals. In barbital-dependent rats, the liver, 
thyroid, adrenals and secondary sex organs are 
enlarged but the gonads regress. The hepatic 
enlargement is also evident after hypophysec
tomy. 

Szabo et al. G79,024f71: In rats, PCN in
creases resistance to indomethacin, hexobarbi
tal, progesterone, zoxazolamine and digitoxin, 
both in the presence and in the absence of the 
pituitary. Hypophysectomy also fails to pre
vent the induction of SER proliferation in the 
hepatocytes. 

Hexabarbital ~ Hypophysectomy: 
Conney et al. D52,543j61; Bousquet et al. 
F35,073/65*; Yam et al. G58,163f67; Nair et 
al. H21,083f70* 

Benactyzine +-

de Salva D27,783f62: In hypophysecto
mized rats, the EST elevating effects of re
serpine, mescaline, benactyzine and phenyl
toloxamine were replaced by an EST lowering 
action. 

Bilirubin ~ Hypophysectomy + 
Barbital, Mouse: Catz et al. H14,471/68 

Cadmium +-

Parizek D23,927f60: In rats, cadmium in
toxication elicits the usual testicular lesions 

even if administered 3 months after hypo
physectomy. 

Carbon Tetrachloride +-

Furukawa F71,71lj65: In rats, hepatic 
steatosis produced by CCl, is inhibited by 
adrenalectomy and, to some extent, also by 
hypophysectomy. The effect of CCI, after 
adrenalectomy is restored by corticoids but not 
by epinephrine which increases only the action 
of the former. STH does not counteract the 
effect of hypophysectomy. Alloxan diabetes 
inhibits CCl,-induced hepatic lipidosis. 

Carcinogens +-

Lacassagne & Nyka 59,016/36: Rabbits, 
whose pituitary was destroyed by radium, be
come singularly resistant to the production of 
papillomas by painting of the ears with benz
pyrene or tar. 

Korteweg & Thomas A33,075j39: In mice, 
hypophysectomy delays but does not prevent 
the growth of transplanted mammary carci
nomas or the induction of cutaneous neoplasms 
caused by painting the skin with 3:4-benz
pyrene. 

Moon et al. B74,25lf52: In rats hypophy
sectomized two weeks before s.c. implantation 
of methylcholanthrene pellets, the development 
of sarcomas was almost completely prevented. 

Griffin et al. B77,163j53: In rats, hypophy
sectomy inhibits the induction of liver darnage 
and hepatomas by 3-methyl-4-dimethylamino
azobenzene (3'-Me-DAB). 

Richardson et al. 02,406/53: In rats, hypo
physectomy interferes with the production of 
hepatic cancers by 3'-Me-DAB. 

Robertson et al. B88,672j53: In rats, hypo
physectomy prevents the production of 
hepatic cirrhosis and hepatomas by 3'-Me-DAB. 
The susceptibility to tumorigenesis is restored 
by ACTH, but not by CON, DOC or testoste
rone. These hormones likewise failed to prevent 
carcinogenesis in intact rats. 

Richardson et al. B99,907j54: In hypo
physectomized rats, 3'-Me-DAB failed to pro
duce hepatomas. Conjoint treatment with 
ACTH + STH partially restored the carcino
genic activity. Other pituitary preparations, 
cortisone, testosterone and DOC were ineffec
tive. Earlier Iiterature on the effect of hypo
physectomy on carcinogenesis is reviewed. 

Robertson et al. E61,212j54: In rats, hypo
physectomy inhibits the carcinogenic action 
of azo dyes. ACTH, STH and, to a lesser 
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extent, TTH and GTH restored this activity. 
DOC permitted the development of cirrhosie 
and bile duct adenomas in carcinogen-treated 
hypophysectomized females, whereas testoste
rone and vasopressin were inactive. 

GriUin et al. 014,406/55: In rats, the hepatic 
carcinogenesie normally induced by 3'-Me-DAB 
is prevented by hypophysectomy, but may be 
restored by subsequent treatment with either 
ACTH or STH. The Iiterature on the effect of 
various hormones upon the induction of 
neoplasms by carcinogene is reviewed. 

Oonney et al. D87,867f56: Injection of 
3-methylcholanthrene (3-MC) i.p. greatly in
creases the ability of rat liver homogenates to 
N-demethylate 3-methyl-4-monomethylamino
azobenzene and to reduce the azo linkage of 
4-demethylaminoazobenzene. Neither of these 
activities was altered after adrenalectomy, 
but both systems were slightly depressed 
after hypophysectomy. 

O'Neal & Griffin, 031,971{57: Inrats,hypo
physectomy prevents the induction of hepa
tomas by 3' -methyl-4-dimethyl-aminoazoben
zene. The hepatoma induction by diacetyl
aminofl.uorene (DAAF) is also reduced though 
not abolished by hypophysectomy, but the in
duction of facial tumors by DAAF is not im
peded in the absence of the pituitary. "The 
development ofhepatic neoplasms is apparently 
regulated by the pituitary gland, while the 
mechanism of face tumor carcinogenesie by the 
same compound is independent of this endo
crine system." 

Huggina et al. 062,178/59: In rats, mamma
ry carcinomas induced by 3-MC involute fol
lowing ovariectomy or hypophysectomy and, 
hence, they may be regarded as "hormone
dependent." Similar regression of tumors is 
frequently achieved by dihydrotestosterone. 
Only few mammary cancers continue to grow 
after ovariectomy and these are considered to 
be "hormone-independent." 

Dao & Sunderland D79,860f59,· Dao et al. 
E 57,368/60: In rats, the induction of mammary 
carcinomas by 3-MC ie enhanced during preg
nancy, pseudopregna.ncy, and progesterone 
treatment. Regression of neoplasms occurs 
after parturition. Males are virtually resistant. 
In fully formed tumors, regression could be 
induced by hypophysectomy or ovariectomy. 

Kim & Furth H31,205{60: In rats, the in
duction of mammary cancers by 3-MC is con
siderably inhibited by ovariectomy or hypo
physectomy. Grafts offunctional mammotropic 
pituitary tumors counteract the inhibitory ef
fect of hypophysectomy in that they not only 
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stimulate the growth of involuting preexisting 
cancers, but also cause the appearance of new 
mammary tumors. 

Bielschowsky D 10,255 J61: In rats, hypophys
ectomy, thyroidectomy and adrenalectomy in
hibit the development of hepatomas by treat
ment with 2-acetylaminofl.uorene (AAF) or 2-
aminofl.uorene (AF). 

Bock & Dao D11,892/61: In rats, 3-MC ac
cumulation in the mammary glands is in
creased by hypophysectomy or ovariectomy, 
but diminished during pregnancy. The affinity 
of mammary tissue for certain carcinogene may 
be due to its close association with adipose 
tiesue. 

Seguy et al. D5,238J61: In rate, high doses 
of folliculoids enhanced the carcinogenic action 
of benzpyrene. Hypophysectomy or ovariec
tomy did not significantly infl.uence this type 
of carcinogenesie, but the number of animals 
used was very email. 

Goodall G77,088/62:Inrats,theproductionof 
hepatomas by AF ie prevented by hypophysec
tomy or thyroidectomy. Cortisone restores the 
ability of the thyroidectomized but not of the 
hypophysectomized rate to develop hepatomas 
after AF treatment. Cortisone strongly accele
rates the appearance of hepatomas in intact 
rats. 

Morii & Huggina D45,369f62: In rats, the 
adrenal necrosis produced by DMBA is preven
ted by hypophysectomy performed three 
weeks earlier. ACTH (but not STH) restores 
the susceptibility of the adrenals in the ab
sence of the pituitary. 

Sterental et al. D61,608/63: In rats, mam
mary tumors induced by DMBA regressed after 
adrenalectomy + ovariectomy or hypophysec
tomy. Folliculoid treatment reactivated tumor 
growth after adrenalectomy + ovariectomy 
but not after hypophysectomy. These tumors 
remained unresponsive to folliculoids after 
hypophysectomy even if thyroid and cortisone 
replacement therapy was given. 

Huggina & Sugiyama F44,582J65: In rats, 
DMBA produces no adrenocortical necrosie if 
the animals are immature or hypophysecto
mized. ACTH renders the adrenale of immature 
rats susceptible to this type of injury. 

Morii G34,628{65: Pretreatment with small 
amounts of ACTH failed to protect the rat 
against DMBA-induced adrenocortical apo
plexy. However, administration of ACTH to 
young rats or to hypophysectomized adults, 
which normally do not respond to the cortico
lytic effect of DMBA, makes them susceptible. 
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Skimazu G31,110j65: 20-Methylcholanthre
ne increases hepatic dimethylaminoazobenzene
demethylase in the rat, even after adrenal
ectomy, ovariectomy, or hypophysectomy. 
Hypothalamic lesions decrease the basal Ievel 
of the enzyme and its response to methylchol
anthrene. On the other hand, glutamine syn
thetase ( a microsomal enzyme not induced by 
methylcholanthrene) is unaffected by hypo
thalamic lesions. 

HuggiM & Grand F74,177f66: In rats, nei
ther hypophysectomy nor orchidectomy causes 
regression of DMBA-induced mammary can
cers. 

Rait8ckew G76,731j70: In hamstere, homo
transplantation of a pituitary into the kidney 
increases the number of melanomas produced 
under standardized conditions by DMBA. 

Somogyi G70,416J70: In rats, spironolac
tone inhibits the adrenocortical necrosis, 
carcinogenicity and hemopoietic-tissue-damag
ing action of DMBA. Ethylestrenol, CS-1 and 
norbolethone are also effective against the 
DMBA-induced adrenal necrosis. Spirono
lactone likewise protects against the adreno
corticolytic effect of 7-0HM-MBA. Thus, the 
anti-DMBA action of spironolactone does not 
seem to be based on the blockade of the trans
formation of the carcinogen into this supposedly 
more active metabolite. The preventive action 
of spironolactone is abolished by ethionine, 
suggesting the involvement of active protein 
synthesis. The DMBA-induced adrenallesions 
are aggravated by estradiol, testosterone, 
methyltestosterone, cortisol, triamcinolone, 
and prednisolone, as weil as by the stress of 
muscular work or restraint. The aggravation 
of adrenal necrosis by estradiol is diminished 
but not abolished by hypophysectomy. 

Somogyi & Kovacs G60,074j70: In rats, 
hypophysectomy does not abolish the aggra
vatio~f DMBA-induced adrenal necrosis but 
dimini es its intensity. 

0 & Buggins H 36,569/71: In rats, 7,8,12-
trimet ylbenz(a)-anthracene elicits an erythro
blastiiceukemia which regresses considerably 
after h ophysectomy. 

Di ethylaminoazobenzene +-- Hy
poph sectomy: Conney et al. D87,867j56; 
Gelbo" et al. D81,074/58*; Shimazu et al. 
G76,68 /59*, G31,110/65 

7 ,1~-Dimethylbenz(a)anthracene +
Hypophysectomy: Huggins et al. D13,007/ 
61*; ~orii et al. D45,369J62*; Ford et al. 
D69,7$/63* 

3-1\tC +-- Hypophysectomy: Moon 
et al. :U74,251/52*; Dao G37,357/64* 

Cerium+-

Snyder et al. 099,417/59: In rats, i.v. in
jection of cerium produced extremely high 
Ievels of liver fat in females but not in males. 
After castration, males reacted as strongly as 
females. Testosterone reduced fatty infiltra
tion in both intact and ovariectomized fe
males. Hypophysectomy prevented fatty liver 
formation in both sexes, whereas adrenalec
tomy did so only in males. 

Chlorpromazine +-- Hypophyseeta
my + Chlordane: Hart et al. G27,102j65 

Cycloheximide +-

Fiala & Fiala F33,398j65: In rats, cyclo
heximide increases microsome-bound hepatic 
RNA, but this effect is prevented by hypo
physectomy. 

Digitalis +-

Szaho et al. G79,024f71: In rats, PCN in
creases resistance to indomethacin, hexobarbi
tal, progesterone, zoxazolamine and digitoxin, 
both in the presence and in the absence of the 
pituitary. Hypophysectomy also fails to pre
vent the induction of SER proliferation in the 
hepatocytes. 

Dipherihydramine +-

de Salva D27,783J62: Diphenhydramine 
produced lowered EST in hypophysectomized 
but not in intact rats. 

Diphenylhydantoin +-

de Salva D66,177j63: In rats, hypophysec
tomy decreases the EST raising effect of 
diphenylhydantoin. 

Ephedrine +-

de Salva D27,783j62: The "EST elevating 
effect of serotonin and ephedrine in intact 
rats was preceded by hyperexcitability in 
hypophysectomized rats." 

Ergot+-

Messina G18,016j64: In rats, ergotamine 
produces vascular lesions conducive to tail 
necrosis more readily in females than in males. 
Hypophysectomy prevents these toxic mani
festationsin bothsexes, whereas treatment with 
chorionic gonadotrophin does not affect them. 
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Bexadimethrine +-

Tuchweber et al. D27,884f63: In rats, hypo
physectomy prevents the nephrocalcinosis, but 
aggravates the adrenal necrosis produced by 
hexadimethrine. ACTH-treatment of the hypo
physectomized rat facilitates the production of 
nephrocalcinosis, but protects the adrenal. 
Adrenalectomy prevents this form of nephro
calcinosis even in rats maintained on NaCl or 
DOC. On the other hand, triamcinolone-trea
ted adrenalectomized rats react to hexadime
thrine with strong nephrocalcinosis. Under 
similar conditions in intact rats, the corti
coids did not significantly change the syn
drome of hexadimethrine intoxication, except 
that the anaphylactoid reaction to this com
pound was inhibited by triamcinolone. 

lndomethacin +-

Szabo et al. G79,024f71: In rats, PCN in
creases resistance to indomethacin, hexobarbi
tal, progesterone, zoxazolamine and digitoxin, 
both in the presence and in the absence of the 
pituitary. Hypophysectomy also fails to pre
vent the induction of SER proliferation in the 
hepatocytes. 

Lathyrogens +-

Selye &: Ventura 027,684!57: Inrats, hypo
physectomy greatly diminished the develop
ment of osteolathyrism normally produced by 
AAN but STH aggravates these hone lesions 
even more in the absence than in the pre
sence of the pituitary. It is concluded that the 
normal hormonal secretion of the hypophysis 
exerts a decisive influence on the development 
of osteolathyrism. 

Selye 0 31,369/57: Hypophysectomy greatly 
delays the development of osteolathyrism in 
rats treated with AAN but simultaneaus ad
ministration of STH results in hone lesions 
even more severe than those of intact AAN
treated controls. 

Bois et al. E29,177f63: In rats with 
lathyrism induced by AAN, the increased 
mitotic rate in the epiphysial cartilages is 
prevented by hypophysectomy and restored by 
subsequent STH administration. STH appears 
to be indispensable for the d.evelopment of 
osteolathyrism. 

Magnesium +-

Jaamin E7,63lf68: In rats, certain mani
festations of the magnesium-deficiency syn
drome are inhibited by cortisol, hypophysec
tomy or thyroparathyroidectomy. 

Meprobamate +-

de Salva D27,783f62: "(1) Drugs with 
skeletal muscle relaxant properlies (phenobar
bital, meprobamate, phenaglycodol, mephene
sin, and zoxazolamine) were less effective as 
depressants after hypophysectomy than they 
were in intact rats; (2) threshold elevating 
effects in intact rate of reserpine, mescaline, 
benactyzine and phenyltoloxamine were re
placed by a EST lowering action." 

Kato &: Va.saanelli D40,237j62: "Rats 
pretreated with phenobarbital, phenaglycodol, 
glutethimide, nikethamide, chlorpromazine, 
triflupromazine, meprobamate, carisoprodol, 
pentobarbital, thiopental, primidone, chlore
tone, dyphenylhydantoin and urethane showed 
an accelerated metaboliBm of meprobamate 
and, at the same time, a diminished duration 
of sleeping time and paralysis due to mepro
bamate." SKF 525-A counteracted these 
actions of the enzyme inducers. In hypophy
sectomized or adrenalectomized rats, pheno
barbital still increased meprobamate metabo
liBm in vitro. 

Mercury+-

Szabo &: Selye G70,478f70: In rats, hypo
physectomy greatly diminishes the nephro
calcinosis produced by HgCI2• This effect of 
HgCI2 is completely abolished in hypophysec
tomized rate treated with triamcinolone. 

Morphine+-

Tanahe &: Oafruny 048,625/58: "The 
ability of hypophysectomized rats to talerate 
!arge doses of morphine and morphine-with
drawal stresses did not seem tobe impaired." 

Morphine +- Hypophysectomy: Zau
der B57,611f51 * 

p-Nitrobenzoic Acid +- Hypophy
sectomy + Pesticides: Hart et al. 
G27,102/65 

Ozone+-

FairoMld et al. E32,187j63: In rate, hypo
physectomy protects against the production 
of pulmonary edema by ozone inhalation. This 
effect is not abolished by ACTH or TTH and 
may be dependent upon the posterior lobe. 

Fairohild G71,53lf63: Review (6 pp., 
26 refs.) on the effect of thyroidectomy, 
thiourea, thyroid hormones, glucocorticoids 
and hypophysectomy upon the resistance of 
various species to inhaled irritants, especially 
ozone. 
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Pesticides +-

DuBois et al. B3,089f47: In rats, both 
insulin and hypophysectomy antagonize the 
hyperglycemic effect of ANTU, but do not 
prolong survival. 

Bietbrink &: DuBois F65,296f66: In wean
ling male rats, total body X-irradiation inhibits 
the development of hepatic microsomal
enzyme fraction that catalyzes the oxidative 
desulfuration of Guthion. Shielding of the liver 
and testes does not prevent this inhibition, 
whereas irradiation of the head area-while 
the remainder of the body is shielded-pro
duces a degree of inhibition similar to that 
obtained by total body irradiation. "The same 
dose of irradiation did not inhibit the enzyme 
development in hypophysectomized weanling 
rats. Thus, the pituitary is necessary for the 
radiation effect, but involvement of the 
pituitary is not the result of a radiation-induced 
deficiency of pituitary hormones." 

Szabo &: Selye G70,497f70: In rats, various 
catatoxic steroids, and particularly PCN, 
offer protection against intoxication with 
parathion and dioxathion. This protective 
effect is not prevented by hypophysectomy. 

Guthion ~ Hypophysectomy + 
X-irradiation: Rietbrink et al. F65,296f66 

Phenaglycodol, Phenyltolo~amine +-

de Salva D27,783f62: "(1) Drugs with 
skeletal muscle relaxant properlies (pheno
barbital, meprobamate, phenaglycodol, mephe
nesin, and zoxazolamine) were less effective 
as depressants after hypophysectomy than they 
were in intact rats; (2) threshold elevating 
effects in intact rats of reserpine, n1escaline, 
benactyzine and phenyltoloxamine were repla
ced by a EST lowering action." 

Phosphates +-

Selye et al. 016,047/56: In rats, hypophy
sectoDly inhibits the development of nephro
calcinosis after the adßlinistration of large 
an1ounts of Na2HP04 p.o. or of NaH2P04 by 
the "granuloma-pouch" technique. However, 
the atrophy of the outer renal cortex, induced 
by repeated injections of hypertonic phosphate 
solutions into the granuloma pouch, is not 
prevented by hypophysectomy. 

Selye 039,319/58: In rats, nephrocalcinosis 
produced by excess NaH2P04 p.o. is aggra
vated by estradiol, but even the severe 
calcüication induced by this combined treat
ment is prevented by hypophysectomy. 

Puromycin Aminonucleoside +-

Oliver &: Kelsch F25,772f64: In rats, the 
development of the nephrotic syndrome pro
duced by puron1ycin an1inonucleoside (PAN) 
is not prevented by hypophysectomy. 

Hoak et al. F61,136f65: In rats with 
nephrosis induced by PAN the usual hyper
cholesterolemia and hyperlipemia are inhibited 
by hypophysectomy. 

Reserpine +-

de Salva D 27,7 83f62: In hypophysecton1ized 
rats, the EST -elevating effects of reserpine, 
mescaline, benactyzine and phenyltoloxamine 
were replaced by an EST-lowering action. 

Efron D59,758f62: In rats, adrenalectomy 
greatly decreases resistance to reserpine, 
whereas hypophysectomy leaves it almost 
unchanged. It is assumed therefore, "that the 
increased toxicity of reserpine in adrenalecto
Dlized rats is related to the absolute Iack of 
certain adrenal steroids, which in some way 
n1ay condition the nervous system to the effects 
of the drugs, rather than to the inability of the 
pituitary-adrenal system to respond to so
called 'nonspecific stress' caused by the drug." 

Strychnine ~ Hypophysectomy: 
Kato et al. G74,030f62 

VitaminA +-

Wolbach &: Maddook B83,297f52: In rats, 
hypophysectomy decreases survival during 
vitan1in-A overdosage, but does not signifi
cantly affect the skeletal response characte
ristic of this type of hypervitaminosis, except 
that bone repair processes are inhibited. 

Vitamin D, DHT +-

Selye et al. D20,710f62: In rats, hypophy
sectoDly greatly inhibits the development of 
calciphylaxis following combined treatn1ent 
with DHT + CrC13• 

Selye et al. D25,666f62: In the rat, hypo
physectomy greatly diminishes both soft tissue 
calcification and osteitis fibrosa produced by 
parathyroid extract or DHT. The hypercalce
mia is not diminished by the absence of the 
hypophysis and the Iatter may act by altering 
the metabolism of calcifiable organic matrix. 

Bekemeier &: Leiser D65,289f63: Vitamin·D2 

overdosage produces predon1inantly cortical 
nephrocalcinosis in intact, adrenalectomized, 
or hypophysectomized rats. Additional treat
ment with dienestrol (an artificial folliculoid) 
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shifts calcium deposition predominantly to the 
cortico-medullary junction, irrespective of 
the presence or absence of the hypophysis or 
adrenals. 

Water <-- Hypophysectomy, Dog: 
Bodo et al. 88,791/45* 

Zoxazolamine +-

Conney et al. D52,543f61: Pretreatment of 
male rats with chlorcyclizine shortens the 
duration of action and increases the hepatio 
microsomal metabolism of hexobarbital, pento
barbital and zoxazolamine. These effects were 

not prevented by hypophysectomy or adrenal
ectomy combined with castration. 

de Salva D27,783f62: "(1) Drugs with 
skeletal muscle relaxant properlies (pheno
barbital, meprobamate, phenaglycodol, me
phenesin, and zoxazolamine) were less effec
tive as depressants after hypophysectomy 
than they were in intact rats." 

Szab6 et al. G79,024f71: In rats, PCN in
creases resistance to indomethacin, hexobarbi
tal, progesterone, zoxazolamine and digitoxin, 
both in the presence and in the absence of the 
pituitary. Hypophysectomy also fails to pre
vent the induction of SER proliferation in the 
hepatocytes. 

Microorganisrns, Bacterial Toxins and Venorns +-

Hypophysectomy greatly diminishes the resistance of the rat to tuberculosis and 
this induced susceptibility can be abolished by STH. In guinea pigs, hypophysectomy 
reduces resistance even to the toxic actions of killed tubercle bacilli, a defect which 
cannot be corrected by DOC or cortisone. After hypophysectomy, cortisone is even 
more effective in protecting mice against endotoxin shock than in the presence of 
the pituitary, but reserpine fails to block endotoxin shock after hypophysectomy. 
It has been claimed, however, that resistance to endotoxin is actually increased 
a few hours after hypophysectomy or adrenalectomy in the mouse. The low endo
toxin resistance of hypophysectomized rats is not corrected by parabiosis with an 
intact partner. 

The resistance of the rat to cobra venom is reduced by about 2/3 after hypophys
ectomy. 

Tuberculosis +-

Steinbach et al. B7,316f44: In rats, hypo
physectomy greatly diminishes resistance to 
experimental tuberculosis. 

Tonutti & Fetzer B75,190/52: In guinea 
pigs, hypophysectomy greatly reduces resist
ance to the toxic actions of killed tubercle 
bacilli. This defect is uninfluenced by DOC, 
but abolished by cortisone, although the latter 
accelerates dissemination of living tubercle 
bacilli. 

Gillissen & Busanny-Caspari 06,858{53: 
In guinea pigs and rabbits, hypophysectomy 
did not significantly influence the course of 
tuberculosis [Only three animals of each 
species were used (H.S.).] 

Bisetti & Barbolini D12,624f61: Rats 
which are normally highly resistant to infec
tion with tuberculosis bacilli, become sensi
tive after hypophysectomy. This induced 

susceptibility can be abolished by STH. To a 
much lesser extent ACTH also offers some 
protection. 

Bacterial Toxins +-

Chedid & Parant D6,761{61: The pro
tection of intact mice against endotoxin shock 
by cortisone is inhibited by reserpine. The 
same is true in adrenalectomized rats, whereas 
after hypophysectomy cortisone is even more 
effective in offering protection against endo
toxin, but reserpine no Ionger blocks this 
effect. Apparently the drug interferes with the 
cortisone effect only in the presence of the 
pituitary. 

Parant D82,116f62: In mice, resistance to 
endotoxin is greatly increased a few hours 
after adrenalectomy or hypophysectomy. 
Cortisone protects normal, adrenalectomized, 
and hypophysectomized animals against high 
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doses of endotoxin, whereas chlorpromazine is 
effective only in the presence of both the 
adrenals and the pituitary. ACTH also pro
tects the hypophysectomized mouse but only 
if slow absorption is assured. 

Chedid et al. D57,924f63: The low resist
ance of hypophysectomized rats to endotoxin 

is not corrected by parabiosis with an intact 
partner. 

Venoms+-

Ball & Samuels 7,404/32: In rats, hypo
physectomy is estimated to diminish resist
ance to cobra venom to about 2/3 of the norm. 

Immune Reactions +-

In rats, hypophysectomy does not significantly modüy antibody production after 
treatment with various antigens. On the other hand, fatal anaphylactic shock can 
be produced in hypophysectomized, but not in intact, rats. In guinea pigs, anaphyl
actic reactivity can be suppressed by anterior hypothalamic lesions, perhaps through 
their effect upon adrenal and thyroid secretion. 

Hepatic and Renal Lesions +-

In rats and mice, hypophysectomy does not abolish the increase in hepatic 
polyploidy which occurs after partial hepatectomy, but it diminishes mitotic rege
neration of the liver. This defect is corrected by STH, but further aggravated by 
cortisone. 

Renal regeneration after partial nephrectomy is inhibited, but not abolished, by 
hypophysectomy in the rat. This observation first called attention to the fact that 
STH is not necessary for all types of growth. 

The compensatory hypertrophy of the remaining kidney following uninephrec
tomy is diminished, but not abolished, by hypophysectomy in the rat and dog. 
However, if hypophysectomy precedes uninephrectomy by 15 days, the inhibition 
of regeneration is much less evidently suppressed. Presumably by that time, involution 
of the kidneys is already so pronounced that even mild compensatory hypertrophy 
is proportionately more evident. However, if hypophysectomy is performed two 
weeks after uninephrectomy, it causes severe involution of the remaining kidney. 

Immune Reactions +-

Molomut 76,648/39: In rats, hypophysec
tomy does not significantly modify antibody 
production after treatment with various 
antigens. On the other hand, fatal anaphy
lactic shock could be produced in hypophys
ectomized but not in intact rats, though 
both groups of animals presented a similar 
antibody picture. 

Filipp & Meas G71,129f69: In guinea 
pigs, suppression of anaphylactic reactivity by 
anterior hypothalamic lesions can be parti
ally blocked by chronic treatment with thy
roid hormones as weil as by adrenalectomy or 
adrenal inactivation by metyrapone (Meto
pirone). "Combined treatment of guinea pigs 
bearing hypothalamic lesions with Metopirone 

and thyroxine completely eliminated the 
blocking effect of the tuberal lesion on ana
phylactic reactions." Apparently the shock
inhibiting effect of hypothalamic lesions is 
partly due to hypothyroidism and partly to 
hypoadrenalcorticoidism. 

Hepatic Lesions +-

Canzanelli et al. B37,729f49: In rats, 
hypophysectomy delays liver regeneration 
after partial hepatectomy but "neither adre
nalectomy nor the administration of adrenal
cortex extract has any effect on the amount of 
liver regeneration." 

Christenaen & Jacobsen A49,204f49: In rats 
subjected to partial hepatectomy, neither 
hypophysectomy nor thyroidectomy impairs 



+- Hypophysectomy and Hypothalamic Leeions 455 

the rate of regeneration. No significant change 
in mitotic rate was observed after pretreat
ment with stilbestrol or STH. 

Hemingway &: Gater 056,780/58: In rats 
subjected to hypophysectomy + partial hepa
tectomy, mitotic regeneration of the liver is 
inhibited. Cortisone further inhibits mitosis 
and causes nuclear degeneration. These chan
ges can in turn be blocked by treatment with 
STH. 

Weinbren D95,941f59: Review (11 pp., 
110 refs.) and personal observations on factors 
influencing hepatic regeneration after partial 
hepatectomy in the rat, with special sections 
on the effects of hypophysectomy and thyroid 
hormones. 

Buoher G68,621f63: Review on the influ
ence of hypophysectomy and hypophysial 
hormones upon hepatic regeneration. 

Swartz G53,670f67: Studies in rats and mice 
on the increase in hepatic polyploidy after 
partial hepatectomy. In the rat, hypophysec
tomy does not abolieh polyploidization. 

Renal Lesions +-

Selye et al. 30,634/34: In rats, osteoblast 
proliferation and new hone formation follow
ing treatment with small doses of parathyroid 
extract and renal regeneration after unine
phrectomy are not prevented by hypophys
ectomy. Apparently, STH is not necessary 
for all types of growth. 

Gonzalez 79,025/38; A34,057f38: In toads, 
hypophysectomy diminishes compensatory re
nal hypertrophy following uninephrectomy. 
This defect can be partially compensated by 
either anterior- or posterior-pituitary implants. 

MeQueen-Williama&:TlwmpsonA33,938f40: 
In rats, total hypophysectomy prevented the 
compensatory hypertrophy of the remaining 
kidney after uninephrectomy. Thyroidectomy 
did not prevent renal regeneration under iden
tical conditions. 

Winternitz &: Waters A34,910f40: In dogs, 
hypophysectomy almost completely prevents 

compensatory hypertrophy of the remaining 
kidney after uninephrectomy. 

Braun-Menendez &: HOU8say B45,945f49: 
In rats, the compensatory hypertrophy of the 
remaining kidney following uninephrectomy is 
diminished but not abolished by hypophysec
tomy. The earlier Iiterature on this topic is 
reviewed. 

Astarabadi &: Essex B75,446f52: In dogs, 
hypophysectomy diminishes, but does not 
completely abolish, compensatory hypertrophy 
of the remaining kidney after uninephrectomy. 

Astarabadi &: Essex B86,411f53: In dogs, 
the inhibition of compensatory renal hyper
trophy following uninephrectomy is largely 
overcome by treatment with lyophilized an
terior pituitary extract. In rats, hypophysec
tomy is leBB effective in inhibiting compensa
tory renal hypertrophy but treatment with 
pituitary extract fails to restore normal renal 
growth after hypophysectomy and unine
phrectomy. 

Sandriet al. 013,150/55: In rats, compen
satory hypertrophy of the remaining kidney 
after uninephrectomy is greatly inhibited by 
hypophysectomy if the two operations are 
performed simultaneously, but not if hypo
physectomy precedes uninephrectomy by 
15 days. [Presumably by that time, involution 
of the kidneys is already so pronounced that 
even mild compensatory hypertrophy is pro
portionately moreevident (H.S.).] 

Astarabadi D8,815f61: In rats, hypophys
ectomy performed two weeks after unine
phrectomy caused involution of the remaining 
kidney. "The results of the experiment 
suggest the presence of a renotropic principle 
in the hypophysis which is required for the 
compensatory renal hypertrophy." [At the 
time of hypophysectomy, compensatory hyper
trophy was virtually complete, hence, the 
experiment merely confirms that hypophysec
tomy causes renal involution, a fact previously 
established on intact rats (H.S.).] 

Various Stressors +-

In rats, resistance to total body X-irradiation is considerably decreased after 
hypophysectomy, although the characteristic polyuria and polydipsia of the first 
few days are diminished. The tendency to develop duodenal lesions under the in
fluence of X-irradiation is not considerably altered by hypophysectomy in the rat, 
and ACTH does not consistently ameliorate the irradiation syndrome in the absence 
of the pituitary. 
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In hypophysectomized rats, sensitivity to cobalt irradiation is increased by 
testosterone and estradiol. 

Goldfish also become unusually sensitive to X-irradiation after hypophysectomy. 
Resistance to increased oxygen tension is enhanced by hypophysectomy, pre

sumably because the thyroid function is diminished; administration of desiccated 
thyroid or thyroxine restores the high oxygen resistance of the hypophysectomized 
rat to normal. 

Resistance to cold is decreased after hypophysectomy in the rat, but restored 
towards normal by cortical extract, ACTH, or Tl'H. 

The EST is lowered in rats by hypophysectomy as it is by thyroidectomy or 
adrenalectomy. 

The growth of Walker tumor transplants is essentially normal in hypophysecto
mized rats maintained on cortisol + DOC. 

Ioni111ing Roya +-

Tyree et al. B33,116f48; Patt et aZ. B33,711f 
48: In rats, hypophysectomy decreases re
sistance to total body X-irradiation. 

Smitk eh Tyree 012,045/56: In rats, the 
polydipsia and polyuria seen during the first 
days after X-irradiation tend tobe inhibited by 
adrenalectomy or hypophysectomy. 

Baker et aZ. 056,998/58: In rats, hypophy
sectomy does not significantly alter the duo
denal lesions produced by total body X-irra
diation. 

Gkys D70,483f62: In hypophysectomized 
rats, sensitivity to cobalt irradiation is greatly 
increased by testosterone and estradiol. 

Grafov D20,890f62: In rats, the decreased 
resistance to total body X-irradiation induced 
by hypophysectomy is not consistently ame
liorated by ACTH. 

Etok & Egami G11,664f63: In goldfish, 
resistance to X-irradiation is greatly dimin
ished both by adrenalectomy and by hypophys
ectomy. 

Hypero:cygenation +-

Bean eh Joknson B68,165f52: In rats expo
sed to oxygen under high pressure, resistance 
was increased by hypophysectomy. 

Bean eh Bauer B76,951f52: In rats, desic
cated thyroid augments the adverse effects of 
exposure to high oxygen tension. It also 
abolishes the protective effect of hypophys
ectomy. 

Smitk et al. 095,244/60: In rats, desiccated 
thyroid or thyroxine increases the noxious 
effects of breathing virtually pure oxygen at 
atmospheric pressure. Conversely, hypophys
ectomy increases resistance to oxygen pre
sumably through the elimination of TTH. 

Temperature Yariationa +-

Baird et aZ. 14,881/33: In rats, resistance to 
cold is greatly diminished after hypophysec
tomy but restored by cortical extract, TTH or 
thyroxine. 

Tyslowitz eh Astwood 80,678/41: In hypo
physectomized rats, the decreased resistance 
to cold is largely corrected by ACTH and 
andrenocortical extract. In adrenalectomized 
rats, adrenocortical extract is also effective in 
this respect, whereas ACTH is not. 

Electric Stimuli +-

de Salva D66,176f63: In rats, the EST is 
reduced in descending order of magnitude by 
adrenalectomy, hypophysectomy and thyroid
ectomy. The effect of these endocrine 
deficiencies upon various depressant drugs is 
also described. 

de Salva et aZ. 051,842/58: In rats, the 
EST was lowered by hypophysectomy and 
adrenalectomy, but only insignificantly by 
thyroidectomy. 5-HT elevated the EST. 

de Salva D66,177f63: In rats, hypophysec
tomy decreases the EST raising effect of di
phenylhydantoin. 

Gispen et al. G77,128f70: In rats exposed to 
unescapable electric shock the threshold for 
flinch, jerk, run and jump was significantly 
lowered by hypophysectomy. "Treatment with 
the ACTH analogue ACTH1_10 did not affect 
threshold levels in hypophysectomized or 
intact rats. It is concluded that the stimulating 
effect of ACTH1_10 on conditioned-avoidance 
acquisition in hypophysectomized rats is not 
caused by an influence on sensory capacities.' 
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Tumors+-

Karteweg & Thomas A33,075j39: In mice, 
hypophysectomy delays but does not prevent 
the growth of transplanted mammary carci
nomas or the induction of cutaneous neoplasms 
caused by painting the skin with 3:4-benz
pyrene. 

Ventura et al. 023,299/57: In rats, the 
growth of transplanted Walker tumors is 
essentially normal after hypophysectomy and 
maintenance therapy with cortisol + DOC. 
However, the tumor cachexia is greatly in
creased, whereas the severe involution of the 
spieen and liver, as weil as the development of 
leukemoid tissue infiltrates in the adrenals and 
spieen were inhibited. 

Hepatic Enzymes *-

For the extensive literature concerning the effect of hypophysectomy on the 
basic levels of hepatic TPO, TKT, GOT, and other enzymes, as weil as upon induction 
of such enzymes by hormones or substrates, cf. the Abstract Section. 

TPO, TKT+-

Geschwind & Li B95,517j53: Hypophysec
tomy does not abolish (and perhaps even in
creases) the resting TPO activity of the rat 
liver. However, in hypophysectomized ani
mals, the ability to induce this enzyme by 
tryptophan injection is gradually diminishing 
during the first 14 post-operative days. Treat
ment with ACTH enhances the formation of 
this adaptive enzyme system (measured by 
kynurenin formation) even without treat
ment with tryptophan. 

Geschwind & Li B93,277j54: In the rat, the 
induction of the TPO enzyme system is 
diminished by hypophysectomy and adrenal
ectomy, but increased by thyroidectomy. 

Thomson & Mikuta B90,975j54: "Total
body X-irradiation produces within a few hours 
a dose-dependent increase in the TPO system 
of rat liver. The increase does not occur in 
adrenalectomized rats, and hence cannot be 
construed as a direct effect of X-irradiation." 
After hypophysectomy, enzyme induction 
became progressively less pronounced as adre
nal atrophy developed. ACTH restored the 
ability of the hypophysectomized rat to res
pond with enzyme induction. 

McOann et al. E93,864f59: In rats, hypo
thalamic lesions interfering with ACTH
secretion, as weil as hypophysectomy decrease 
the induction of hepatic TPO by histidine, but 
do not block the response completely. 

Maiekel & Brodie 083,071/60: TPO in rat 
liver is increased by ACTH, cortisone, or cor
tisol, as weil as by various stressor agents and 
barbiturates. Hypophysectomy prevents the 
effect of stressors and barbiturates, suggesting 

that the latter act through the pituitary
adrenal system. 

Westermann et al. 083,072/60: In the rat, 
!arge doses of reserpine produce an alarm reac
tion with an increase in the hepatic TPO acti
vity associated with lowered brain serotonin 
andnorepinephrine. Hypophysectomy prevents 
these responses. 

Rosen & Milholland D23,053f62: Adminis
tration of L-tryptophan, but not of tyrosine, 
stimulated hepatic TKT activity in adrenal
ectomized rats. No such induction was obtain
ed by tryptophan in vitro. Adrenalectomized 
rats treated with tyrosine, methionine or 
histidine had slightly subnormal TKT Ievels. 
Tryptophan analogues (D-tryptophan, acetyl
L-tryptophan, indole, D,L-5-0H-tryptophan 
and 5-HT), increase both TKT and TPO 
activity in the livers of adrenalectomized 
rats. In hypophysectomized rats, trytophan, 
5-HT or 5-0H-tryptophan caused only a slight 
rise in the hepatic activity of TPO or TKT. 

Rosen & Milholland E32,652f63: Trypto
phan induced significant increases in hepatic 
TKT activity in intact and in adrenalecto
mized (NaCl-maintained) rats. Tyrosine, histi
dine and methionine slightly depressed the 
hepatic TKT activity of the adrenalectomized 
rats. Analogues of tryptophan (including 
D-tryptophan, acetyl-L-tryptophan, indole, 
DL-5-hydroxytryptophan and 5-HT i.p.) in
crease both TKT and TPO activity by 
50-300% in the livers of intact or adrenal
ectomized rats. 5-HT and DL-5-hydroxy
tryptophan were most active. After hypophys
ectomy, the response of each of these enzymes 
to tryptophan graduaily diminished. After 
6 months, tryptophan, 5-hydroxytryptophan 
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and 5-HT failed to cause significant increases 
in the hepatic activity of these enzymes, but 
cortisol remained highly effective, causing 
increases in both enzyme activities compa
rable to those seen in intact or adrenalecto
mized rats. "Experiments with two known 
inhibitors of protein synthesis, DL-ethionine 
and puromycin, indicate that a major fraction 
of the induced activity of tryptophan pyrro
lase seen in adrenalectomized or hypophysec
tomized rats treated by injection with tryp
tophan is due to activation rather than syn
thesis of new enzyme protein. The responses of 
tryptophan pyrrolase and tyrosine transami
nase in liver following cortisol administration 
appear to be mainly the result of the synthesis 
of each of these enzymes." 

Nomura et al. G33,405f65: Various forms of 
stress (forced exercise, immobilization, cold), 
as well as the administration of chlorproma
zine, increased the TPO-activity of the liver 
both in intact and in adrenalectomized, but 
not in hypophysectomized, rats. 

Kenney & Albritton G64,557f65: Review of 
the literature suggesting that transaminase 
induction in response to stressors can be inter
preted as due to corticoid secretion during the 
stress reaction. Cortisol increases enzyme 
synthesis following an increased rate of ribo
somal transfer synthesis and "DNA-like" 
RNA's. The present experiments confirm the 
view that repressor(s) can inhibit enzyme 
synthesis at the translational level because 
inhibition of RNA synthesis can prolong the 
corticoid-induced increase in enzyme synthesis 
under suitable conditions. "Administration of 
stressing agents (tyrosine, Celite) to adrenal
ectomized rats initiates a highly selective 
repression of the synthesis of hepatic tyrosine
a-ketoglutarate transaminase. The enzyme level 
falls with a t% of about 2.5 hr. Immuno
chemical measurement of the rate of enzyme 
synthesis indicates that it is reduced essenti
ally to zero in stressed, adrenalectomized rats, 
whereas labeling of totalliver soluble proteins 
is unaffected. Actinomycin does not itself 
influence the enzyme level, but it blocks the 
stress-initiated repression of enzyme synthesis, 
indicating that repression acts at the trans
lational level, whereas initiation of repression 
involves transcriptional processes." In hypo
physectomized rats, stressors are ineffective 
and preliminary data suggest that STH is 
responsible for transaminase repression. 

Fiala & Fiala F65,983f66: In the rat, 
cycloheximide (Actidione) i.p. inhibits the 
synthesis of hepatic TPO assayed 4 hrs after 

administration of the substrate, or of cortisol. 
By contrast, actidione did not abolish the 
induction of TKT by cortisol and, in fact, 
actidione increased the level of TKT even in 
the absence of cortisol treatment. A similar, 
though smaller, effect occurred in hypophys
ectomized or adrenalectomizedl rats, suggest
ing a direct induction of TKT by actidione. 
Puromycin inhibited the synthesis of TKT. 
Apparently, an inhibitor of protein synthesis 
such as actidione may also act as an inducer 
for the synthesis of TKT, thus simulating the 
action of cortisol. "This 'pseudohormonal' 
action of actidione may explain the toxicity 
of actidione in certain mammalian species and 
also the fact that hydrocortisone may act as 
an antidote in actidione poisoning. It does not 
explain why a similar effect of 'pseudohormonal' 
induction is not observed in the case of TPO, 
but only the inhibition of enzyme induction." 

Schapiro et al. F67,227f66: Hepatic TKT
activity increased in immature, stressed 
(reciprocating shaker) rats, whereas intact 
stressed adults showed no change. In the 
stressed adrenalectomized adults, TKT acti
vity markedly decreased, while adrenalecto
mized immature rats showed no change. 
Hypophysectomy largely abolished inhibition 
in the adults. TPO-activity, when present, 
was increased by stress in old-age groups, but 
the increase was abolished by adrenalectomy 
and hypophysectomy. "The results suggest 
stress-activation of a pituitary mechanism 
that inhibits or represses activation of tyro
sine transaminase and that may not function 
during early postnatallife." 

Groasman & Mavrides G46,206f67: Studies 
on the kinetics of cortisol-induced hepatic 
TKT activity in adrenalectomized rats. 
"Puromycin inhibited enzyme synthesis when 
it was given during the initial phase of induc
tion. However, it unexpectedly caused a rapid 
reappearance of enzyme activity following its 
administration during the inactivation phase. 
This potentiated response is consistent with 
other observations which lead to the idea that 
a repressor is formed about 4 hours after 
hormone administration and that inhibition of 
repressor synthesis allows, at least tempo
rarily, continued synthesis of enzyme." The 
inactivator appears to depend upon pituitary 
function, since adrenalectomized and hypo
physectomized rats showed little or no inacti
vation phase following cortisol treatment. 

Kenney G50,810f67: In intact, hypophys
ectomized or adrenalectomized rats, STH 
inhibits the synthesis of hepatic TKT. The 
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rate of enzyme synthesis is reduced nearly to 
zero(immunochemical-isotopic analyses),where
as labeling of the bulk of the liver proteins 
is increased by STH. Repression is blocked 
when RNA synthesis is inhibited by actino
mycin. STH also appears to play a role in the 
repression of TKT induction by stressors. 
A hypophysectomized and an intact rat were 
united by parabiosis. When the pituitary
bearing member was stressed by tyrosine i.p., 
repression occurred in the livers of both treated 
and untreated (hypophysectomized) animals. 
Transaminase Ievels were unchanged in a single 
experiment where the stressing agent was ad
ministered to the hypophysectomized partner. 

Lahrie & Korner 056,018/68: The basal 
Ievel of TPO and TKT was unchanged in the 
liver of the hypophysectomized rat, but in
jected cortisol produced greater increases in 
these enzyme activities. STH depressed these 
enzyme activities only after pretreatment for 
four days in either hypophysectomized or 
adrenalectomized rats, but even shorter pre
treatment counteracted the enzyme-inducing 
effect of cortisol. An amino-acid mixture p.o. 
enhanced cortisol stimulation of both enzyme 
activities and abolished the 8TH-inhibition 
of the cortisol effect. 

Oovier & Lavenberg 070,841/69: In rats, 
the increase in hepatic TKT produced by 
phentolamine is almost completely abolished 
by adrenalectomy or hypophysectomy. H 
small doses of cortisol are given to adrenalec
tomized rats, phentolamine again increases 
enzyme activity. Aminoglutethimide comple
tely eliminates both the increase in plasma 
corticosterone and enzyme induction by phen
tolamine. "It is concluded that at least two 
factors are operative in the induction of TKT 
by phentolamine-(1) a response to an increa
sed plasma corticosterone concentration, and 
(2) an additional effect which may be a direct 
substrate type of induction." 

Lane & Mavridea H 12,953!69: Cortisol 
caused a greater increase of hepatic TKT in 
hypophysectomized than in adrenalectomized 
rats. In general, elevation of enzyme activity 
after cortisol was inversely proportional to the 
initial enzyme Ievel, and the latter was in turn 
higher on protein-rich than on protein-poor 
diets. 

Oeller et al. H 8,414/69: The stress of lapa
rotomy increases hepatic TKT activity in 
intact, but not in the adrenalectomized rat, 
which actually responds in an inverse manner. 
Hypophysectomy eliminates some, but not 

all, of this laparotomy-induced repression. 
Under these conditions, the TPO- and the 
TKT-responses are somewhat different. 

GPT,GOT+-

Beaton et al. 010,012/55: STH decreases 
the hepatic GPT and d-amino acid oxidase 
activity in nonpregnant female rats. These 
effects are even more pronounced if the ani
mals receive STH + "equine estrogenic 
substances" + progesterone. This enzyme 
activity also decreases during pregnancy both 
in intact and in hypophysectomized rats. 

Rosenetal. 050,741/58: Inratstreated with 
cortisol, cortisone or prednisone for 1 week, 
there was an increase in hepatic GPT but not 
in GOT. DOC had no such effect. Hypophysec
tomy or adrenalectomy did not prevent this 
action of cortisone. STH, testosterone or insu
lin failed to alter GPT activity nor did they 
influence its stimulation by cortisol. 

Rosen et al. 071,414/59: Marked increases 
in GPT activity were observed in the livers 
of rats given cortisol, cortisone, 9a-fluorocorti
sol, prednisone, 6a-methylprednisolone, 9a
fluoro-21-desoxy -6a-methy lprednisolone or 
ACTH, whereas two nonglucocorticoid corti
sol derivatives, 11-epicortisol and 9a-methoxy
cortisol, were inactive. STH, testosterone and 
insulin caused no significant change in GPT by 
themselves nor did they modify the action of 
cortisol. On the other hand, !arge doses of 
estradiol and thyroxine caused a moderate 
increase in GPT activity but when injected 
simultaneously with cortisol they appeared to 
interfere with its action as did progesterone. 
Adrenalectomy slightly diminished or failed to 
affect the GPT inducing activity of cortisol, 
whereas hypophysectomy caused a rise in 
GPT activity and augmented the effect of 
cortisol. 

Barding et al. D14,355f61: In the rat, 
pretreatment with DOC depresses the hepatic 
GPT activity. A similar depression is obtained 
by adrenalectomy, but this is not further 
aggravated by concurrent treatment with 
DOC. ACTH increases alanine transaminase 
activity in hypophysectomized, but not in 
adrenalectomized, animals. In hypophysecto
mized rats, DOC falls to lower alanine trans
aminase, nor does it alter the response of this 
enzyme to ACTH. "The inhibitory effect of 
DOC on alanine transaminase activity appears 
to be due to suppression of ACTH release by 
the pituitary." 
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Other Amino Acid Enzymes +-

Zuchlewski &: Gaebler D91,862f57: Hepatic 
glutamic acid dehydrogenase activity increases 
after hypophysectomy in the rat, and is not 
altered by STH either in hypophysectomized 
or in sham-operated control animals. GPT 
and GOT activities have also been investigated 
under similar conditions. 

Freedland &: Avery G67,766f64: In the rat, 
the TDH and SDH activity of liver homoge
nates was inereased by high protein diets, 
alloxan diabetes, or cortisol. Factors affecting 
the activity of TDH caused a proportional 
change in SDH suggesting that both of these 
activities may be due to a single protein. The 
SDH activity was decreased by adrenalectomy 
or hypophysectomy. Adrenalectomy had no 
effect upon the response of this enzyme to 
protein feeding, whereas, after hypophysec
tomy, this response was diminished. 

Freedland G28,270j65: Hypophysectomy 
eauses a marked decrease in the hepatic 
microsomal arginase and arginine synthetase 
activity in the rat, and both these urea-cycle 
enzyme Ievels are increased by cortisol and 
high-protein diet, even after hypophysectomy. 

lshilcawa et al. F41,763j65: In alloxan
diabetie rats, the hepatic SDH and TDH acti
vities are greatly increased. SDH was readily 
induced by cortisol in the diabetic, but not in 
the normal, rat. The effects of actinomycin S, 
STH, and starvation upon SDH have also 
been studied in intact, hypophysectomized, 
adrenalectomized and thyroidectomized rats. 
It is concluded that "serine dehydratase acti
vity in the liver plays an important role in the 
production of pyruvate as a starting material 
for gluconeogenesis." 

Shimazu G31,110f65: 20-Methylcholanthre
ne increases hepatic dimethylaminoazobenzene
demethylase in the rat, even after adrenal
ectomy, ovariectomy, or hypophysectomy. 
Hypothalamic lesions decrease the basal 

level of the enzyme and its response to methyl
cholanthrene. On the other hand, glutamine 
synthetase (a microsomal enzymenot induced 
by methylcholanthrene) is unaffected by 
hypothalamic lesions. 

Various Enzymes +-

Greengard et al. D12,966f61: Hypophysec
tomy enormously increases the rise in hepatic 
DPN content induced by nicotinamide i.p. 
in the rat. ACTH or cortisone suppresses this 
increase. Many of the metahoHe actions of the 
pituitary-adrenal system may depend upon 
alterations in the hepatie concentration of 
this coenzyme. 

Abraham et al. G20,214f64: Hypophysec
tomy drastically reduces the citrate-cleavage 
enzyme activity induced in rat liver by dietary 
measures. 

Dietrich &: Yero G26,959f65: Cortisol 
markedly lowered the nicotinamide deamidase
aetivity of the liver in intact, hypophysecto
mized, and adrenaleetomized rats. Under these 
eonditions, eortisol failed to inhibit hepatie 
synthesis of NAD signifieantly after nieotin
amide challenge. Hexestrol markedly lowered 
hepatic deamidase activity in intact, thyroid
ectomized, and adrenaleetomized rats. A 
lowering of the hepatic NAD-levela after nico
tinamide ehallenge oeeurred upon hexestrol 
treatment in intact, but not in adrenalecto
mized, rats. Hypophysectomy markedly sti
mulated nicotinamide deamidase activity and 
NAD-biosynthesis after nicotinamide challenge. 

Freedland et al. G55,808f68: Extensive 
studies on the effect of adrenaleetomy, hypo
physectomy and cortisol treatment upon a 
great variety of rat liver enzymes, with obser
vations on the effeet of thyroxine upon these 
enzymes in intact, adrenalectomized or hypo
physectomized rats. The extensive data do not 
lend themselves to aueeinet presentation in the 
form of a summary and must be consulted in 
the original. 

+ THYROID HORMONES 

The role of the thyroid in resistance, and particularly in drug detoxication, is 
very great but poorly understood. The discovery by Reid Hunt, at the beginning 
of this century, that thyroid extract increases the acetonitrile resistance of the mouse 
was probably one of the first clear-cut demonstrations in the field of hormone-induced 
drug resistance. The "Hunt test" was so sensitive and reliable that it has been widely 
used for bioassay purposes, although the underlying mechanism remains mysterious 
even today. 
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As we shall see from the following pages, thyroid deficiency and hyperthyroidism 
alter reactivity to innumerable agents, including hormones, drugs, infections, stres
sors, and particularly exposure to temperature variations. In all these cases, it is of 
course tempting to hold changes in the BMR responsible for altered resistance, since a 
general increase or decrease in metabolism affects the activity of most chemical 
reactions, be they favorable or detrimental to the organism. However, recent work 
on the catatoxic steroids indicates that thyroid hormones can significantly influence 
the activity of the hepatic microsomal drug-metabolizing enzymes and through them 
the degradative inactivation of toxicants or, conversely, their transformation into 
metabolites even more toxic than the parent compounds. 

Despite the voluminous Iiterature described in the following pages, no systematic 
study has as yet been carried out along these lines. The exploration of the part 
played by the thyroid hormones in resistance appears tobe particularly promising 
now against the background of what we have learned recently about the corresponding 
actions of steroids. 

Steraids +-

Corticoids +• The nephrosclerosis produced by DOC + uninephrectomy + N aCI 
in the rat is greatly aggravated by thyroxine. Thyroidectomy has an inverse effect, 
although not all the lesions are equally affected by it. The glycogenolytic action of 
thyroid feeding is counteracted by cortisone. Thyroxine increases the toxicity of many 
drugs (e.g., digitoxin, indomethacin, nicotine, phenindione, various pesticides) 
against which ethylestrenol offers excellent protection. The protective effect of 
catatoxic steroids can be counteracted by concurrent treatment with thyroid hormone. 

Testoids +· It has been claimed that in orchidectomized mice, thyroxine increases 
the seminal vesicle enlargement produced by testosterone. In rats, the renotrophic 
action of methyltestosterone is enhanced by thyroxine. 

Folliculoids +. The hypercalcemia produced in cockerels by stilbestrol is inhibited 
by thyroxine, and the oviduct stimulating effect of estradiol in young pullets is 
increased by thiouracil. 

In ducks, estradiol stimulates the proliferation of fine spongy hone trabeculae. 
Thyroidectomy retards hone proliferation, whereas conjoint treatment with thyroxine 
and estradiolleads to the abundant formation of thick trabeculae. 

In rats, thyroidectomy diminishes, whereas thyroid extract increases the hepato
toxicity of 0014• 

Corticoida ~ cf. also Selye B40,000f50, 
p. 552,· 092,918/61, p. 280; G60,083f70, pp. 326, 
401. 

Selye et al. B229f45: In rats, the nephro
sclerosis produced by DOC after uninephrec
tomy + NaCI is greatly aggravated by thyro
xine. 

K'IUiama 058,473/57: In rats, the glucoge
nolytic action of thyroid feeding is Counter
acted by oortisone. 

Yates et al. 051,744/58: Studies on the 
Ring A reduction of cortisone by slices and 
homogenates of rat livers after pretreatment 

with thyroxine or previous thyroparathyroid
ectomy showed that the total hepatic acti
vity is less in normal males than in females. 
"Activity was increased 37% and 45% in 
hyperthyroid males and females respectively, 
and was decreased 39% and 47% in hypo
thyroid animals." 

Salgado & Mulroy 084,321/59: In rats, the 
cardiovascular changes produced by DOC 
following sensitization by uninephrectomy and 
NaCI are inhibited by hypophysectomy or 
thyroidectomy, although not all the lesions are 
blocked to an equal extent. 
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Selye G70,428f70: In rats, ethylestrenol 
powerfully inhibits the toxicity of digitoxin, 
nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
cyclopental, thiopental, DOO (anesthesia), me
probamate and picrotoxin. Thyroxine increases 
the toxicity of many among these drugs, and 
inhibits the protective effect of ethylestrenol. 

Fluorocortisol Acetate +- ef. al8o Tahles 
12-14 

DOC +- ef. al8o Tahle 15 
Triamcinolone +- ef. al8o Table 18 
Oortisone ~ Thyroxine: McGuire 

et al. E90,938f59, E91,579f59 
Testaids +- ef. al8o Selye B40,000f50, 

p. 631; G60,083f70, p. 401. 
Oaridroit &: Arvy A57,397f42: In castrate 

mice, thyroxine increases the seminal vesicle 
enlargement produced by testosterone. 

Selye et al. B229f45: In rats, the reno
trophic action of methyltestosterone is greatly 
enhanced by thyroxine. 

Masson 96,171!47: In orchidectomized 
mice, thyroxine increases the stimulation of 
the seminal vesicles by testosterone, but the 
effect is not very marked and may even be 
reversed depending upon the dose level at 
which the two hormones are given. 

Bradlow et al. 027,897/56: In man, studies 
with radioactive testosterone suggest that T3 
markedly influences the metabolism of this 
testoid, in that conversion into androsterone is 
increased with a concomitant fall in etiochol
anolone. 

Androst-4-ene-3, 17 -dione ~ Thy
roxine: McGuireetal.E90,938f59,E91,579f59 

Androst-4-ene-3, 17 -dione ~ Triio
dothyronine: McGuire et al. E90,938f59 

Folliculoids +- ef. also Selye G60,083f70, 
p. 406. 

Berwit &: Olavert B27,669f48: In ducks, 
estradiol stimulates the proliferation of spongy 
hone consisting of fine trabeculae. Thyroidec
tomy retards this hone proliferation whereas 
conjoint treatment with thyroxine and estra
diol leads to abundant development of thick 
trabeculae. 

von Faher 06,925/55: In cockerels, the 
hypercalcemia produced by stilbestrot is inhi
bited by concurrent administration of thyro
xine. 

Garnmon et al. D12,509f61: In immature 
pullets, the oviduct-stimulating effect of 
estradiol is greatly increased by the adminis
tration of thiouracil p.o. 

Kulesar-Gergely &: Kulesar 071,532/62: In 
rats, thyroidectomy diminishes, whereas thy-

roid extract increases the hepatotoxicity of 
0014• Oorrespondingly, the sexual cycle is acce
lerated by thyroidectomy and delayed by 
thyroid hormone treatment as a result of 
changes in hepatic folliculoid degradation. 

Estradiol +- ef. al8o Tahle 16 
Progesterune +- ef. Tahle 17 

Steroidases in General (incl. Bile Acids, 
Cholesterol) +- ef. also Cholesterol uniler 

Drugs 

Sehmidt 27,511/34: In guinea pigs, gastric 
ulcer formation following i.p. injection of 
Na-glycocholate or Na-taurocholate is dimi
nished following pretreatment with thyroxine 
p.o., perhaps because hyperthyroidism causes 
liver damage and thereby interferes with the 
biliary excretion of the bile acid. 

MeGuire Jr. &: Tornkins E90,938f59: In 
rats, thyroxine increases the rate of reduction 
of Ll 4-3-ketosteroids by TPNH-dependent 
microsomal enzymes. 

MeGuire &: Tornkins E91,579f59: In the 
rat, thyroxine causes a pronounced increase in 
the microsomal 5a-reductase activity of the 
liver, but the rate of reduction of some steroid 
substrates is raised more than that of others. 
Furthermore, when microsomes are "aged" at 
0-5°0 for several weeks, the decline in acti
vity varies with different steroid substrates. 
"Further evidence for the substrate specificity 
of the 5a hydrogenases was the observation 
that 4-androstene-3,17 -dione strongly inhibited 
the reduction of cortisone, while the converse 
was not true." These and other Observations 
suggest that each series of 4-ene-3-ketosteroid 
hydrogenases, 5a and 5ß, contains multiple 
enzymes capable of discerning small variations 
in the steroid molecule. 

MeGuire Jr. &: Tornkins D5,722f60: In the 
microsomal fraction of rat liver, there appear 
to be at least 5 Ll 4-3-ketosteroid reductases 
(5a). When rats are treated with thyroxine, 
the reductase activity for cortisone, cortisol, 
DOO, 4-androstene-3,17-dione and 11-deoxy
cortisol (Opd. S) increases, but the increment is 
different for each of these substrates. 

Daniel8son &: Tehen G72,327f68 (p. 159): 
Brief summary of the influence of the thyroid 
upon cholesterol and bile acid metabolism. 

Lekmann &: Breuer E8,112f68: The in 
vitro metaboliBm of 140-estrone by the hepatic 
microsomes of the rat is markedly influenced 
by in vivo pretreatment with T3 or Na0104• 

Hyperthyroidism increases, whereas hypo
thyroidism and severe thyrotoxicosis diminish 
estrone metabolism. 
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Lekmann & Breuer H 15,110!69: "After 
incubation of oestrone with the microsomal 
fractions of liver of euthyroid, hyperthyroid, 
thyrotoxic as weil as hypothyroid rats the 
following metabolites were identified in the 
ethersoluble fractions: 6a, 6ß- and 7a-hydroxy
oestrone, 6a, 6ß- and 7a-hydroxy-17ß-oestra
diol, 16a-hydroxyoestrone, oestriol and 17ß
oestradioL The amounts of metabolites formed 
depended upon the functional state of the 
thyroid." 

Schweppe & Jungmann H 15,266j69: The 
ability of rat liver microsomes to synthesize 
cholesterol palmitate, oleate, and linoleate in 
vitro is increased by the addition of thyro
xine or glucagon to the incubation medium. 
Testosterone increases cholesterol palmitate 
and oleate formation.17ß-Estradiol stimulates 
mainly oleate synthesis. 

Schweppe & Jungmann H 15,978/69: Obser
vations on the metaboliBm of marked choles-

terol added together with various hormones to 
hepatic microsomes of the rat led to the 
conclusion that "1) cholesterol palmitate and 
oleate were synthesized most rapidly; 2) at 
high concentrations, testosterone decreased 
the formation of all esters but at lower dose 
Ievels, testosterone increased the synthesis of 
cholesterol oleate and palmitate; 3) estradiol 
caused a two-fold increase in cholesterol oleate 
formation; 4) ACTH decreased the synthesis 
rate of cholesterol palmitate and oleate; 5) 
insulin had a significant inhibitory effect on 
cholesterollinoleate; 6) epinephrine had little 
significant effect at the dose Ievel used; and 
7) L-thyroxine increased the synthesis of all 
cholesterol esters.'' 

Pancuronium +- cf. Table 19 

Steroids .__ Thyroxine: McGuire et al. 
E90,938f59, D5,722f60 

Nonsteroidal Hormones and Hormone-Like Substances +-

Pituitary, Thyroid and Parathyroid Hormones+-. The renotrophic action of crude 
anterior pituitary extraets is greatly enhanced by thyroxine in the rat. 

Several earlier observations suggested that T2, thiourea, and thiouracil interfere 
with many of the characteristic effects of thyroxine overdosage in rats and mice. 

In rats, the activity of thyroxine is greatly augmented afterpartial hepatectomy. 
However, it is only when the circulating amount of thyroxine (or T3) is above 
physiologic limits that the liver plays an important role in its detoxication. 

The osteitis fibrosa produced by parathyroid extraet in rats is not prevented by 
thyroidectomy. Apparently, parathyroid hormone does not act through the thyroid 
as had been claimed by earlier investigators. 

On the other hand, pretreatment with thyroxine inhibits the soft tissue cal
cinosis, osteitis fibrosa, and hypercalcemia produced by parathyroid overdosage 
in the rat. This inhibition is manifested even after thyroparathyroidectomy, but 
not after nephrectomy, in contradistinction to calcitonin which inhibits parathyroid 
extract overdosage even in the absence of the kidneys. 

Panereatie Hormones +. In rabbits and rats, thyroidectomy decreases resistance 
to insulin. This effect is much less evident in guinea pigs and dogs. Thyroid feeding 
has an opposite effect. In cats, thyroidectomy decreases resistance to insulin-induced 
hypoglycemia even if the parathyroids are preserved. 

Thyroidectomy decreases, whereas thyroid extract increases sensitivity to the 
diabetogenic action of alloxan in rats. The hepatic necrosis produced by alloxan 
intoxication in rats is prevented by thiouracil, and aggravated by thyroid feeding. 

More recent experiments suggest that in mice, sensitivity to insulin convulsions 
is increased by thyroxine, and that in rats, the diabetogenic effect of alloxan is 
antagonized by thyroid feeding. 
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Catecholamines +. In most species, thyroidectomy increases, whereas thyroid 
hormones decrease resistance to epinephrine and, to a lesser extent, to norepine
phrine. This is true not only of the acute to:xicity of catecholamines but also of such 
chronic changes as the calcifying arteriosclerosis produced in the rabbit. 

Histamine and 5-HT +. In guinea pigs, thyroidectomy protects against otherwise 
fatal histamine into:xication, whereas thyro:xine has an opposite effect. Rats pre
treated with thyro:xine become extremely sensitive to 5-HT or to anaphylactoido
genic agents which cause histamine and 5-HT Iiberation from mastocytes. 

Thyroxine inhibits the action of 5-HT upon isolated smooth muscles in rats, 
whereas in the perfused hindquarter, the vasomotor effects of 5-HT are allegedly 
enhanced by thyro:xine. 

In man, wheal formation following 5-HT i.c. is reduced in myxedema and increased 
in thyroto:xicosis. 

Hypophyseal HorJnones +- cf. also Selye 
B40,000f50, pp. 515, 552; 092,918/61, p. 40. 

Selye et al. B229f45: In rate, the reno
trophic action of anterior pituitary extracts is 
greatly enhanced by thyroxine. 

Thyroid HorJnones +-

Abelin eh Schönenherger 4,290/33: In rats, 
diiodothyronine inhibits many of the effects of 
thyroxine overdosage. 

Dietrich eh Beutner B20,412f44: In mice, 
thiourea. and thiouracil interfere with the 
action of orally administered thyroid powder 
when the Reid Hunt test is made the basis of 
Observations. In this test, minute amounts of 
whole thyroid can be detected by their pro
tective effect against otherwise lethal doses of 
acetonitrile. 

Kellaway et al. B14,515f45: In rate, the 
activity of thyroxine s.o. was estimated by an 
increase in pulse rateafterpartial hepatectomy, 
thyroidectomy, or bile duct ligation. "lt was 
found (1) that thyroxine activity is greatly 
intensified in the absence of the liver; (2) that 
the liver does not play a significant role when 
the amount of circulating thyroxine is within 
physiologic Iimits; (3) that the liver deale with 
exceas hormone by some process of inactiva
tion and not by simple excretion." 

3,3,5-Triido-L-thyronine +-cf .also Table20 
Propylthiouracil+- cf. also Tables 21, 22 
Parathyroid HorTnone +- cf. also Selye 

G60,083f70, pp. 401, 413. 
Selye A36,715f42: In rats, partial hepatec

tomy, complete thyroidectomy, or bilateral 
nephrectomy do not prevent the osteitis 
fibrosa and soft-tissue calcification produced 
by large doses of parathyroid extract. Appa
rently, parathyroid hormone does not exert its 

action through either the thyroid or the kidney, 
as had previously been postulated by some 
investigators. Furthermore, hepatic detoxica
tion does not play an important role in the 
metabolism of parathyroid hormone. 

Gote et al. G46,713f67; Gabbiani et al. 
G39,934f67; G46,730f68; G46,731f68; Tuch
weber et al. G46,759f68: Fratreatment with 
thyroxine or calcitonin inhibits the soft tissue 
calcification and osteitis fibrosa induced by 
parathyroid extract overdosage. In the event 
of concurrent administration, the effect of the 
two protective hormones is summated. Thy
roxine retains its effect upon calcium metabo
liBm in thyroparathyroidectomized or adrenal
ectomized but not in nephrectomized rate. The 
stress of restraint likewise prevents parathy
roid overdosage, but the associated biochemical 
changes are different from those caused by 
thyroxine. 

Pancreatic HorJnOnes +

Ducheneau 20,846/24: In rabbits, thyroid
ectomy increases sensitivity to the hypo
glycemic and Iethai effects of insulin. 

HO'U8say eh B'U8so 20,601/24: In rabbits and 
rate, thyroidectomy decreases resistance to the 
toxic effects of insulin. The phenomenon is lese 
evident in guinea pigs and still leBB in dogs. 
Thyroid feeding has an opposite effect. 

Britton &: Myers18,695f28: In cats, thyroid
ectomy greatly increases sensitivity to insu
lin·induced hypoglycemic reactions even if the 
parathyroids are preserved. However, about 
3 weeks after operation, insulin resistance 
ratums to normal and subsequently rises above 
that level. 

Jensen eh Grattan 77,887/40: In mice, 
ACTH, glucocorticoids and cortical extracts 
lncrease insulin resistance, whereas other 
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pituitary hormones and thyroxine have no 
such effect. 

Martinez B15,837f45; Houssay & Sara 
B727f45: In rats, desiccated thyroid feeding 
increases, whereas thyroidectomy decreases 
sensitivity to alloxan i.v. 

Martinez B2,342j46: In rats, thiouracil 
diminishes the diabetic action of alloxan and of 
subtotal pancreatectomy. 

Ershoff B24,883j48: In immature female 
rats fed purified rations containing both 
pancreas and desiccated thyroid, mortality 
was high. Similar diets containing only pancre
as or desiccated thyroid induced no comparable 
mortality. 

Houssay B60,812f50; Martinez B61,239f51: 
In rats, thyroidectomy or prolonged treatment 
with thiouracil or cysteine (which increase the 
free SH groups of tissues) markedly raises 
resistance to the diabetogenic action of alloxan. 
These procedures also diminish the incidence of 
diabetes after subtotal pancreatectomy in the 
rat, and can even produce permanent eures in 
a certain percentage of mild diabetic animals. 

Martin B88,524j53: In rats, both chloro
form and alloxan produce hepatic necrosis and 
their effect is increased when both agents are 
given in combination. Thiouracil protects 
agairrst this form of hepatic necrosis, whereas 
thyroid feeding aggravates it. 

Houssay et al. 015,702/55: In dogs, 
destruction of the thyroid by 131I alleviates 
alloxan diabetes. 

Rasselblatt & Bastian 059,171!58: In mice 
sensitivity to insulin convulsions is increased 
by thyroxine and even more markedly by 
tolbutamide. 

Altieri et al. 071,565/58: In rats, the toxic 
and diabetogenic effects of alloxan are aggra
vated by thyroid feeding and inllibited by 131!. 

Epinephrine and Norepinephrine +-- cf. 
also Selye 092,918/61, pp. 112, 123, 194; 
G60,083j70, pp. 334, 404. 

Busso 26,684/25: In rats, thyroidectomy 
does not change the resistance to epinephrine 
or phenol. Morphine appears to be slightly 
more toxic to thyroidectomized than to intact 
rats, but the results were irregular. 

Spinelli 10,086/31: In guinea pigs, thyroid
ectomy increases the resistance to histamine, 
acetonitrile, picrotoxin, aconitine, epinephrine, 
nicotine, and atropine but augments sensiti
vity to pilocarpine and guanidine. 

Peltola B57,468f50: In mice, the Iethai 
effect of epinephrine is dose-dependently in
creased by pretreatment with thyroid powder. 

30 Selye, Hormones and Resistance 

This can serve as a basis for the bioassay of 
thyroid preparations. 

Kroneberg & Hüter B69,838f51: In mice, 
pretreatment with thyroxine increases morta
lity to subsequently administered epine
phrine, whereas norepinephrine sensitivity is 
essentially unchanged. 

Thibault & Lachaze B69,990f51: In vitro, 
the effect of epinephrine upon the contraction 
of the isolated rabbit intestine, spieen and ute
rus is enhanced by conjoint application of 
thyroxamine, the "active form of thyroxine." 

Kroneberg B87,448f52: In mice, the toxi
city of epinephrine, unlike that of norepine
phrine, is greatly increased following thyroxine 
pretreatment. 

Brewster Jr. et al. 011,771/56: In dogs, the 
physiologic changes produced by thyroid 
extract are abolished following sympathetic 
blockade. The inotropic, chronotropic and 
calorigenic effects of epinephrine and norepine
phrine are increased by thyroid feeding. "It is 
concluded that there is a dynamic interrela
tionship between the thyroid hormones and 
those of the adrenal medulla and sympathetic 
nerve endings." 

Swanson 022,149/56: In rats, thyroidec
tomy inllibited while thyroxine potentiated 
the calorigenic effect of epinephrine. 

Osorio 031,059/56: In rats, hypothyroidism 
(13II, propylthiouracil, thyroidectomy) de
creased, whereas hyperthyroidism (desiccated 
thyroid) increased vascular reactivity to epine
phrine, norepinephrine, and angiotensin. 

Oester 084,324/59: In rabbits, the arte
riosclerosis produced by combined treatment 
with epinephrine + thyroxine is readily 
influenced by various conditioning factors. 

Hoch D25,881j62: Review (68 pp., 611 refs.) 
on the biochemical actions of thyroid hormones 
with a special section on their interactions with 
epinephrine. 

Halpern et al. G67,689f63: In mice, thy
roxine greatly increases the toxicity of various 
sympathomimetic compounds, such as am
phetamine, ephedrine, dopa, and dopamine. 
The toxicity of tyramine and norepinephrine 
is less markedly enhanced and that of mepi
ramine is uninfluenced. 

Proulx et al. G43,289f66: In rats made 
hyperthyroid by feeding iodinated casein, 
"there was a 25% decrease in liver monoamine 
oxidase and this decrease does not appear to 
be related to a decrease in body weight. 
Liver catechol-0-methyl transferase activity 
was normal in hyperthyroid animals." 
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Svedmyr G39,171{66: In rabbits, thyroxine 
potentiates the calorigenic and hyperlactaci
demic effect of epinephrine, leaving its 
hyperglycemic effect undiminished. Thyroid
ectomy decreases the calorigenic and hyper
lactacidemic actions of epinephrine. The 
metabolic effects of norepinephrine are less 
strikingly affected by the thyroid. 

Epinephrine +- cf. also Table 23 

Histamine and 5-HT +-

Spinelli 14,294{29: In guinea pigs, thyroid
ectomy protects against otherwise fatal 
histamine intoxication. 

Spinelli 10,086{31: In guinea pigs, thyroid
ectomy increases the resistance to histamine, 
acetonitrile, picrotoxin, aconitine, epinephrine, 
nicotine, and atropine, but augments sensibility 
to pilocarpine and guanidine. 

Gyermek & Pataky B65,706{50: In guinea 
pigs, thyroxine does not influence the broncho
constriction induced by histamine aerosol. 

Sackler et al. B78,749{53: In rats, thyro
parathyroidectomy increases histamine toler
ance, but only in females. Intact rats show no 
sex difference in histamine tolerance. Gonadec
tomy raises histamine tolerance in both sexes. 

Lang 032,348{57: In guinea pigs, both 
anaphylactic shock (horse serum) and sensiti
vity to histamine are greatly increased by 
pretreatment with thyroxine. Thyroxine also 
augments the sensitivity of guinea pigs to 
intradermal tuberculin injection. 

Jasmin & Bois 092,099{60: Rats pretreat
ed with thyroxine become extremely sensi
tive to 5-HT, and readily die in a state of shock 
reminiscent of anaphylaxis. 

Parratt & West D235{60: In rats, pre
treatment with thyroxine greatly increases 
sensitivity to dextran, egg white, polymyxin B, 
compound 48/80, histamine, and 5-HT so 
that in addition to the anaphylactoid edema, 
there develops edema and hemorrhage in the 
intestinal tract. The effect is ascribed to 
inhibition of intestinal histaminase by thyro
xine. 

Panisset et al. F71,775f66: In vitro obser
vations on isolated organs (duodenum, uterus, 
Jung) of rats indicate that thyroxine inhibits 
the action of 5-HT upon smooth muscle. 
Conversely, in the perfused hindquarter, the 
vasomotor effect of 5-HT was enhanced by 
thyroxine. 

Skinahe & Quaade G72,600{69: In man, 
wheal formation following intracutaneous 
injection of 5-HT is reduced in myxedema and 
increased in thyrotoxicosis. A control study 
with histamine revealed normal reactivity in 
myxedema and increased response in thyro
toxicosis. 

Angiotensin +-

Osorio 031,059{56: In rats, hypothyroidism 
(131I, propylthiouracil, thyroidectomy) de
creased, whereas hyperthyroidism (desiccated 
thyroid) increased vascular reactivity to epine
phrine, norepinephrine, and angiotensin. 

Drugs+-

One of the earliest observations on the effect of hormones upon resistance is the 
great increase in acetonitrile tolerance induced by thyroid preparations in the mouse. 
During the earllest years of the present century this effect was generally used as 
the basis for the assay of thyroid preparations and even for the determination of 
thyroid hormone in blood. This so•called "Reid Hunt test" is fairly specific in that 
other cyanides are not detoxified by thyroid preparations, and other iodine com
pounds are virtually ineffective in raising acetonitrile resistance. Curiously, in many 
species such as the rat, thyroid preparations do not protect against acetonitrile and 
may even decrease resistance to it. Still, even in mice, the specificity of the ace
tonitrile test is far from absolute, its outcome depending among others, upon the 
diet, age, and genetic background of the test animals. Hence, the Reid Hunt test 
is no Ionger used for bioassay purposes, yet its underlying mechanism continues 
to be an intriguing problem. 

In mice, thyroxine increases the toxicity of amphetamine (as it does that of 
epinephrine and norepinephrine). It has been claimed that this sensitization occurs 
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especially when the animals are kept under crowded conditions, but the phenomenon 
is evident even in individually caged mice. T3 shares this effect of thyroxine. Alle
gedly, the mortality induced by amphetamine is actually inhibited during the first 
hour after thyroxine treatment. In rats, thyroidectomy does not significantly affect 
amphetamine tolerance, but methylthiouracil reduces it, and T3 aggravates it. 

Sensitivity to anaphylaetoidogenie agents is increased by thyroxine and decreased 
by thyroidectomy or methylthiouracil treatment in the rat. These observations 
agree with the similar effects of thyroid hormones upon 5-HT and histamine toxicity 
as previously discussed. 

Numerous investigators dealt with the effect of thyroid hormones upon barbi
turate intoxication. One of the first observations along these lines was made in cats 
in which profound phenobarbital anesthesia allegedly inhibits a rise in BMR pro
duced by thyroxine. 

In the mouse, the toxic effects of several barbiturates are aggravated, and sleeping 
time is prolonged by thyroid preparations. The latter also delay the removal of 
barbiturates from the plasma and tissues of the mouse, whereas thioureas have an 
inverse effect. However, thyroidectomy allegedly also increases pentobarbital sleeping 
time. 

In rabbits, phenobarbital resistance is said to rise during the first hours following 
thyroxine administration, whereas the narcotic effect of chioral hydrate is not 
affected. In rats, thyroidectomy prolongs, while thyroxine shortens pentobarbital 
anesthesia. It had been claimed at first that these effects are not accompanied by 
changes in hepatic barbiturate detoxication in vitro upon incubation with liver 
slices. However, more recent observations show that the activity of hexobarbital
metabolizing enzymes in hepatic microsomes is diminished by thyroxine, which 
would account for the prolongation of anesthesia. It is difficult to see why both 
thyroidectomy and thyroid preparations prolang barbiturate sleeping time. In fact, 
some investigators claim that propylthiouracil shortens pentobarbital anesthesia. 

Resistance to earbon monoxide is diminished by thyroid feeding in rats, presumably 
because the increased BMR augments oxygen requirements. 

According to some investigators, the hepatic cirrhosis produced by earbon tetra
ehloridein the rat is aggravated both by thyroxine and by thiouracil. However, the 
published results are quite contradictory, presumably because of differences in 
dosage and timing. Extensive recent investigations suggest that thyroidectomy 
diminishes, whereas thyroid extract increases the hepatotoxicity of CC14 ; particularly 
good protection against hepatic cirrhosis is obtained in rats simultaneously thyroid
ectomized and ovariectomized. 

The influence of the thyroid upon the actions of eareinogens has also been exten
sively investigated. The production of cystic and neoplastic hepatic lesions by 
2-acetaminofluorene in rats is inhibited by thiouracil; concurrent treatment with 
thyroid powder and testosterone sensitizes for this carcinogen. Prostatic carcino
genesis induced by topical application of 20-methylcholanthrene is said tobe inhibited 
by T3 without being affected by methylthiouracil. 

The anesthetic effect of chioral hydrate is not conspicuously affected by thyroid 
preparations in the mouse, rat or rabbit. 

The toxicity of ehlordiazepoxide is increased by a thyroid extract or T3 in the 
mouse, whereas methylthiouracil appears to have an opposite effect. 
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The hepatotoxicity of chloroform is increased by a thyroid extract and diminished 
by thiouracil in rats and rabbits. 

In rabbits, cholesterol atheromatosis and the associated xanthomatous lesions in 
the liver are inhibited by thyroxine and increased by thyroidectomy or thiouracil 
treatment. In chicks, various thyroid preparations diminish the hypercholester
olemia, but do not significantly suppress the coronary or aortic atherogenesis. In 
rats fed a high-fat, high-cholesterol diet, the increase in hepatic and plasma chole
sterol is not significantly changed by thyroxine. However, both D- and L-T3 
diminish the changes in plasma lipids while aggravating the hepatic lesions. 

The pyrogenic effect of cocaine is increased to fatallevels in rabbits pretreated 
with thyroxine. In rats, thyroxine also aggravates cocaine intoxication. 

In view of the excellent protection offered by thyroid preparations against 
acetonitrile in the mouse, the effects upon other cyano-compounds have also been 
investigated, but sensitivity to these is not strikingly affected by the thyroid. 

Since digitaUs compounds are extensively used in studies on protective steroids, 
it is of interest that thyroid preparations augment the hemodynamic effects of digita
lin in the rabbit, and aggravate the cardiac lesions produced by digitalis alkaloids 
in cats. Sensitization to digitalis, and particularly to digitoxin, has been observed 
in various species using different indicators of activity. It is also noteworthy that 
therapeutic doses of cardiac glycosides allegedly prevent the thyroxine-induced 
weight loss in the guinea pig. The convulsions and mortality induced by digitoxin 
overdosage in the rat are not prevented by thyroidectomy or propylthiouracil, nor 
do these agents inhibit the antidigitoxin activity of PCN. Apparently, the mild 
goitrogenie effect of the latter is not involved in its protective action against digitoxin. 

The toxicity of ephedrine (like that of amphetamine, epinephrine and norepine
phrine) is increased by thyroxine, not only in "aggregated" mice as claimed pre
viously, but also in separately caged animals. 

The toxicity of imipramine is increased by thyroxine or T3, and decreased by 
thiourea in the mouse. 

The catatoxic effect of ethylestrenol against indomethacin-induced intestinal 
ulceration and mortality is inhibited by thyroxine in the rat. Given by itself, thy
roxine shortens survival after indomethacin intoxication. 

The skeletal changes produced by lathyrogens in the rat are most actively pre
vented by various thyroid preparations and aggravated by thyroidectomy or thiou
racil. Neurolathyrism produced by IDPN and other neurolathyrogens are similarly 
influenced, but angiolathyrism is not significantly affected by thyroid hormones. 
T3 is about 50 times as potent as thyroxine in preventing osteolathyrism. Since 
both L- and D-T3 suppress osteolathyrism in the rat, the effect is allegedly 
independent of the classical thyroid hormone actions. 

The nephrocalcinosis characteristic of magnesium deficiency is prevented by 
thyroxinein the rat, but allegedly some manifestations of the Mg-deprivation are 
also inhibited by thyroparathyroidectomy. 

Meprobamate intoxication is counteracted by catatoxic steroids but aggravated 
by thyroxine; in the case of concurrent administration of the two types of hormones, 
they mutually tend to antagonize each other's influence in this respect. 

Morphine resistance is diminished in mice, rats, and guinea pigs by pretreatment 
with thyroid extracts. Thyroidectomy does not appear to have a consistent effect 
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upon morphine intoxication or upon the development of morphine withdrawal 
symptoms. However, in most of these respects, the published data are contradictory. 

The fatal pulmonary edema produced by ozone inhalation in mice and rats is 
prevented by thiourea and aggravated by thyroxine or T3. Thyroxine and T3 
increase the sensitivity of the mouse and rat to the induction of convulsions by 
pentylenetetrazol. The influence of thyroidectomy and thiouracil is less clear-cut. 

Thyroxine increases the toxicity of several pesticides and antagonizes the pro
tective action of catatoxic steroids. However, this effect of the thyroid hormone 
is rarely very pronounced, and often absent. 

The nephrocalcinosis produced in rats by dietary excess of certain phosphates 
is inhibited both by thyroparathyroidectomy and by thyroxinein the rat. However, 
allegedly, propylthiouracil increases this type of nephrocalcinosis. 

Physostigmine intoxication is aggravated by thyroxine in the rat. 

Picrotoxin poisoning is inhibited by thyroidectomy in guinea pigs. In rats, thy
roxine aggravates picrotoxin poisoning and counteracts the protective effect of 
ethylestrenol. 

In mice and rats, thyroid preparations increase the toxicity of reserpine. 

The characteristic syndrome of tyrosine intoxication (keratitis, conjunctivitis, 
alopecia, inflammation of the paws and snout) produced under certain conditions 
in young rats is inhibited by thiouracil and aggravated by thyroxine. 

There undoubtedly exist close interrelations between the thyroid and vitamin-A 
metabolism. Earlier observations suggested that the toxicity of thyroxine is partly 
inhibited by carotene (the precursor of vitamin A) in the rat. Furthermore, in goats, 
the milk is normally rich in vitamin A, but virtually free of carotene, whereas the 
reverse is true after thyroidectomy. In guinea pigs, thyroxine inhibits the hepatic 
storage of carotene and its transformation into vitamin A. Early investigators claimed 
that hypervitaminosis A can be prevented by thyroxine in the rat, but subsequent 
experiments failed to confirm this. The pertinent literature is very confusing. In 
rats kept on a vitamin-A deficient diet, thiourea blocks the protective effect of 
carotene, and this blockade can be in turn abolished by thyroid powder. Yet, it was 
claimed that thiouracil prolongs the survival of the rat on a vitamin-A deficient diet. 

In rats, the hepatic storage of vitamin A is increased by thyroxine, but the total 
vitamin-A storage of the body is unaffected. Both L- and D- T3 aggravate hyper
vitaminosis A in the rat. The offspring of rats given excessive amounts of vitamin A 
during pregnancy often show deformities of the skull and brain, which are aggravated 
by methylthiouracil treatment of the pregnant mother. 

In pigeons kept on vitamin-B deficient polished rice, wasting and death were 
accelerated by thyroid feeding, but this may not have been true beriberi. In vitamin
B complex deficient rats, thyroid feeding aggravates the resulting skeletal lesions. 
On the other hand, survival on a thiamine deficient diet is prolonged in thyropara
thyroidectomized rats, but not significantly altered by desiccated thyroid. Con
versely, thiamine antagonizes thyroxine overdosage in the rat. 

Vitamin-B12 requirements are greatly augmented by thyroxine in the rat, and 
although vitamin-B12 possesses no lipotropic potency itself, it prevents the hepatic 
steatosis produced in thyroxine-treated rats by hypolipotropic diets. 
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In guinea pigs fed vitamin-C deficient diets, the development of scurvy is acce
lerated by thyroid feeding. Thyroidectomy also aggravates the scorbutic lesions but 
does not aceeierate their onset. 

The development of hone lesions on vitamin-D deficient diets is not very con
sistently influenced by thyroidectomy or thyroid administration in the rat. However, 
the calcinosis produced by excess of vitamin D or DHT is aggravated by thyroxine 
in the rat. Curiously in rabbits, the calcinosis and other manifestations of vitamin-D2 

overdosage are accentuated by methylthiouracil, whereas in the cow, the production 
of calcinosis by vitamin-D3 overdosage has been said tobe prevented by thyroxine. 

In the chick, vitamin-E requirements are increased by thyroid preparations and 
decreased by thiourea. In rats, the muscular dystrophy produced by vitamin-E 
deficiency is aggravated by thyroid feeding. In rabbits, suppression of thyroid 
activity by radioiodine exerts a certain prophylactic effect. 

Zoxazolamine paralysis is aggravated by thyroidectomy and inhibited by thyrox
ine or T3 in the rat owing to changes in hepatic microsomal zoxazolamine metabolism. 

Acetaldehyde ~ 

Lecoq et al. B66,406f51: In rats, the toxic 
effects of ethanol and its metabolites, pyruvate 
and acetaldehyde (which accumulate in the 
body under the influence of disulfiram) are 
inhibited by ACTH, cortisone, and hepatic 
extracts. Conversely, thyroxine, DOC, and 
testosterone appear to aggravate ethanol 
intoxication. [Statistically evaluated data 
arenot presented (H.S.).] 

2-Acetaminofluorene ~ cf. Carcinogens 
(AAF) 

Acetanilide ~ cf. Table 24 

Acetonitrile ~ 

GUINEA PIG 

Spinelli 10,086/31: In guinea pigs thyroid
ectomy increases the resistance to histamine, 
acetonitrile, picrotoxin, aconitine, epinephrine, 
nicotine, and atropine, but augments sensiti
vity to pilocarpine and guanidine. 

MousE 

Hunt 60,064/05: In mice, thyroid feeding 
greatly increases resistance to acetonitrile 
but not to various other cyanides, such as 
hydrocyanic acid or sodium ferricyanide. 

Hunt 49,717!07: In mice, acetonitrile 
resistance is increased by injections of the 
blood of hyperthyroid patients. 

Hunt & Seidell 46,617/10: In mice, the 
protective effect of thyroid extract against 
acetonitrile is due to the hormone itself and 

not to iodine. Other iodine preparations do not 
have a protective action. Unlike mice, rats are 
actually sensitized to acetonitrile by thyroid 
pretreatment. 

Hunt 49,718/11: In mice, the resistance to 
acetonitrile induced by thyroid extract is 
subject to considerable variation depending 
upon the diet. 

Wuth A48,026f21: In mice, tyramine and 
diiodotyramine, like thyroid extract, offer 
protection against acetonitrile whereas hista
mine does not. 

Miura 13,081/22: Mice are protected 
against acetonitrile by thyroxine and desicca
ted thyroid, but not by KI or T2. 

Hunt 13,889/23: Pretreatment with thyroid 
preparations greatly increases the resistance 
of mice to acetonitrile, whereas the reverse is 
true in many other species. 

Gellhorn 16,839/23: In mice, resistance 
against acetonitrile can be increased not only 
by thyroid extract, but to a lesser extent also 
by extracts of various other tissues. These 
preparations also augment resistance to KCN 
and propionitrile, whereas thyroidectomy and 
orchidectomy have an opposite effect. 

von Zwehl 25,477/26: Fernale mice pre
treated with repeated doses of T2 tolerate 2-3 
Iethai doses of acetonitrile, whereas in males, 
a significant protective effect could not be 
demonstrated. 

Paal 22,603/30: Review of the literature, 
and extensive personal studies on acetonitrile 
test in mice, and its use for the determination 
of thyroid hormone in human blood. Thyroid
ectomy does not increase the resistance of 
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mice to acetonitrile, but diminishes the pro
tective effect of thyroxine. Concurrent treat
ment with insulin also inhibits the prevention 
of acetonitrile toxicity by thyroxine. 

Knaab 14,828f33: Discussion of the earlier 
literature, and personal observations on 
factors influencing the effect of thyroxine 
upon acetonitrile resistance in the mouse. 

Montgomery 18,184!33: Review of the 
Iiterature on the acetonitrile test for thyroid 
preparations in mice. The protective effect of 
thyroid is confirmed, but individual variations 
and dietary factors alter responsiveness so much 
that the tech:lique is unsuited for bioassay 
purposes. 

Grab 44,536/33: In mice, about 50 [Lg of 
thyroxine suffices to protect with certainty 
agairrst otherwise lethal acetonitrile intoxi
cation. 

Paal18,183f33: In mice, exposure to light 
greatly influences sensitivity to acetonitrile. 
Even after thyroidectomy, daylight as weil as 
ultraviolet irradiation increase the MLD of 
acetonitrile. Hence, resistance to this drug is 
not always influenced through variations in 
thyroid activity. 

Santo 27,439f34: Review on the factors 
influencing the Reid Hunt-reaction in mice. 

Fellinger & Hochslädt 63,744!35: In mice, 
the protection agairrst acetonitrile affered by 
thyroxine or TTH is blocked by an extract of 
blood that contains the "ether soluble anti
thyroid substances." 

Fleischmann & Kann 67,360/36: In mice, 
vitamin A antagonizes the protective effect of 
thyroxine agairrst acetonitrile intoxication. 
Vitamin A also antagonizes the effect of thy
roxine upon tadpole metamorphosis. 

Dietrich & Beutner B20,412f44: In mice, 
thiourea and thiouracil interfere with the action 
of orally administered thyroid powder when the 
Reid Hunt test is made the basis of observa
tions. In this test, minute amounts of whole 
thyroid can be detected by their protective 
effect agairrst otherwise Iethai doses of acetoni
trile. 

VARIA 

Hunt 49,716/07: Comparative studies on 
the effect of thyroid extract upon the aceto
nitrile and morphirre resistance of mice, rats, 
and guinea pigs. 

Hunt & Seidell 50,346/09: Monograph 
(115 pp.) on the use of the acetonitrile test for 
thyroid function. In rats, thyroid feeding 
actually lowers resistance to acetonitrile. 

Hunt 50,349!10: Very detailed description 
of the acetonitrile test for thyroid. Here, special 
attention is placed upon the modifying in
fluence of the diet, seasonal variations, species, 
and other conditioning factors. 

Oehme & Paal 62,442/32: Review (42 pp., 
about 200 refs.) on the technique and clinical 
applications of the acetonitrile test for thyroid 
action, with a survey of the numerous factors 
that can influence its outcome. 

Aconitine -«--

Spinelli 10,086/31: In guinea pigs thyroid
ectomy increases the resistance to histamine, 
acetonitrile, picrotoxin, aconitine, epinephrine, 
nicotine, and atropine, but augments sensiti
vity to pilocarpine and guanidine. 

Acrylamide -«-- cf. Table 25 
Acrylonitrile -«-- cf. Table 26 

Adenosine Diphosphate -«--

Chandler & Nordöy G22,017f64: In rats, 
the pulmonary thrombi produced by ADP i.v. 
are stabilized by pretreatment with propyl
thiouracil, perhaps because the inactivation of 
ADP is delayed. 

Allyl Alcohol -«-

Srinivasan et al. G78,977f70: In rats, 
pretreatment with thyroxine aggravates the 
hepatic darnage produced by allyl alcohol 
(judged by hepatic histology, serum GPT and 
BSP). 

Allylformiate -«-

Spiess-Bertschinger B40,585f44: In rats, 
the hepatic lesions produced by allylformiate 
are aggravated by thyroid feeding, but rege
nerative phenomena are active. After thyroid
ectomy, the hepatic lesions are particularly 
severe and characterized by necrosis without 
regeneration. 

o-Aminophenol <- 6-Propylthiouracil, 
Mouse: Werder et al. G12,065f64 

Aminopyrine-«-- cf. Table 27 
Aminopyrine <- Thyroxine: Kato 

et al. F57,817f65 
Aminopyrine <- Thyroidectomy: 

Orrenius et al. G66,249f65 

p-Aminosalicylate -«--

M ehrotra & Sarna D 14,287 f61: In rats, 
the hepatic lesions and glycogen infiltration 
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produced by p-aminosalicylate (PAS) were not 
prevented by thyroxine. Hence, these changes 
are not due to hypothyroidism. 

A~nphetamine +-

MousE 

Pfeifer et al. D12,952f60: In mice, the 
increased motility induced by amphetamine is 
inhibited during the first hour after thyroxine 
treatment. The possible biochemical reasons 
for this "negative tendency" during the early 
phase of thyroxine action are described. 

ABkew G72,695f62; Halpern et al. G11,305/ 
63: In mice, thyroxine increases the lethal 
effect of amphetamine. 

Halpern et al. G63,588f63: In mice, thy
roxine pretreatment diminishes resistance to 
amphetamine and DL-dopa, especially under 
conditions of crowding. 

Gayet-Hallion &: Bouvet F 16,484/64: In 
mice kept under crowded conditions, the 
toxicity of amphetamine is diminished by 
pretreatment with the blood of thyroidecto
mized horses. 

Halpern et al. F24,137f64: In mice, the 
toxicity of amphetamine and ephedrine is 
increased by pretreatment with thyroxine not 
only-as had been previously shown-when 
several animals are kept together in a jar, but 
also when they are kept in solitary cages. 

Moore F36,358f65: In mice, the toxicity of 
d-amphetamines is greatly augmented by pre
treatment with T3. Simultaneously, there 
develops a dose-dependent reduction in the 
levels of brain, heart, and spieen norepine
phrine, liver glycogen and blood glucose. 
Similar changes are observed if amphetamine 
is given to mice crowded ("aggregated") in 
small cages. 

Moore G36,616f65: In mice, pretreatment 
with T3 greatly increases sensitivity to the 
lethal effect of amphetamine. "Chlorproma
zine, phenoxybenzamine, and propranolol 
pretreatment reduced the lethality of d-amphe
tamine in hyperthyroid mice while a-methyl
m-tyrosine, a-methyl-p-tyrosine, and reserpine 
pretreatment did not. The toxicity of a-methyl
m-tyrosine was enhanced in hyperthyroid 
mice." 

Winter G71,836f65: In mice, the toxicity of 
amphetamine, imipramine, chlordiazepoxide 
and pentylenetetrazol is increased by T3 or 
thyroid powder, whereas the narcotic effect of 
amobarbital and morphine is decreased. 
Methylthiouracil has, in general, opposing 
effects. [The experimental conditions are not 

described in sufficient detail to evaluate these 
findings (H.S.).] 

Winter F64,465f66; F98,019f68: In mice, 
pretreatment with thyroid extract p.o. in
creases the toxicity of reserpine, chlordiazep
oxide, imipramine, and amphetamine. 

RAT 

Tormey &: Lasagna C80,689f60: In rats, 
thyroidectomy does not significantly affect 
tolerance to amphetamine. 

Mantegazza &: Riva F47,703f65: In rats, 
methylthiouracil reduces various manifesta
tions of amphetamine intoxication. 

Dolfini &: Kobayaahi F91,611f67: In rats, 
amphetamine causes more pronounced hyper
thermia after pretreatment with T3 than 
following thyroidectomy or thiouracil treat
ment. 

Mantegazza et al. H7,676f68: In rats, pre
treatment with methylthiouracil reduces the 
toxicity, hyperthermia, hyperglycemia, and 
the increase in plasma free fatty acids induced 
by amphetamine more than the increased 
spontaneaus activity and anorexia. This 
dissociation of effects might reflect an altered 
metabolic pattern of amphetamine. 

A~nyl Nitrate +-

Specht 13,475!23: In guinea pigs, neither 
thyroidectomy nor orchidectomy influences 
the course of the convulsions produced by 
amyl nitrate inhalation or electric irritation of 
peripheral nerves. 

Anaphylactoid Ede~na +- cf. alBo Selye 
G46,715f68, pp. 117, 180, 184, 199. 

Parratt &: WeBt D 235/60: In rats, pretreat
ment with thyroxine greatly increases sensi
tivity to dextran, egg-white, polymyxin B, 
compound 48/80, histamine, and 5-HT so 
that in addition to the anaphylactoid edema, 
there develops edema and hemorrhage in the 
intestinal tract. The effect is ascribed to 
inhibition of intestinal histaminase by thy
roxine. 

Spencer &: West D32,617f62: In rats, the 
anaphylactoid edema produced by dextran or 
egg-white is diminished by thyroidectomy or 
methylthiouracil, and increased by thyroxine 
or T3. 

Aniline ~ Thyroxine + Orchidec
tomy + Methyltestosterone: Kato et al. 
F57,817f65 
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Anticoagulants +--

Lowenthal & Fisher C40,044f57: In rats, 
the anticoagulant effect of warfarin is increased 
by thyroxine and diminished by hypothy
roidism (methimazole treatment). 

Owens et al. D21,725f62: In man, dextro
thyroxine potentiates the anticoagulant action 
of warfarin. 

Solomon & Schrogie H 1,868/68: In women, 
thyroxine greatly potentiates the anticoagulant 
effect of warfarin. Analysis of the data (accord
ing to the method of Lineweaver and Burk) 
suggests that an increased affinity of the drug 
for its receptor site is responsible for the 
potentiation of its effect. The literature on the 
increase in the response to various indirect 
anticoagulants by thyroxine in man is briefly 
reviewed. 

Selye G60,094f70: In rats, the fatal he
morrhagic diathesis produced by phenindione 
is inhibited by ethylestrenol, CS-1, spironolac
tone, norbolethone, and oxandrolone. Pro
gesterone, hydroxydione, DOC, and estradiol 
have a much less pronounced effect. Predni
solone, triamcinolone, and thyroxine are 
inactive. 

Selye G70,428f70: In rats, ethylestrenol 
powerfully inhibits the toxicity of digitoxin, 
nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
cyclopental, thiopental, DOC (anesthesia), 
meprobamate, and picrotoxin. Thyroxine 
increases the toxicity of many among these 
drugs and inhibits the protective effect of 
ethylestrenoL 

Bishydroxycournarin +-- cf. also Table 28 
Phenindione +-- cf. also Table 29 

Antirnony +--

Shih-Chi et al. C72,194f58: In mice, thy
roxine decreases, whereas propylthiouracil 
increases resistance to the fatal effect of 
intoxication with ammonium antimonyl glu
conate i.p. The differences are not explicable 
on the basis of the distribution or excretion of 
antimony. 

Arsenic +--

Hunt & Seidell 50,346/09: In mice, pre
treatment with thyroid extract does not 
influence resistance to sodium arsenate. 

Bogdanovitch & Varagitch G71,534f54; Bog
danovitch C 18,912/56: In rats, pretreatment 
with thyroid extract increases, whereas methyl
thiouracil decreases the toxicity of organic 

arsenicals such as oxophenarsine or dichloro
phenarsine. 

Atropine +--

Hunt & Seidell 50,346!09: In mice, pre
treatment with thyroid extract does not change 
resistance to atropine. 

Spinelli 10,086!31: In guinea pigs, thyroid
ectomy increases the resistance to histamine, 
acetonitrile, picrotoxin, aconitine, epinephrine, 
nicotine, and atropine, but augments sensiti
vity to pilocarpine and guanidine. 

Barbiturates +--
CAT 

von Issekutz & von Issekutz Jr. 45,261!35: 
In cats, profound phenobarbital anesthesia 
inhibits the rise in BMR normally produced by 
thyroxine. It is assumed that thyroxine raises 
oxygen consumption indirectly through an 
effect upon the higher nervous centers. 

FROG 

Richards 79,646!41: In the frog, stimula
tion of metabolism by thyroxine increases 
susceptibility to pentobarbital. 

MousE 

Prange Jr. & Lipton F56,756f65: In mice, 
the toxic effects of the convulsant barbiturate 
5-(1,3-dimethylbutyl)-5-ethyl barbituric acid 
(DMBEB) are aggravated by desiccated thy
roid p.o., and diminished by propylthiouracil. 

Winter G71,836f65: In mice, the toxicity 
of amphetamine, imipramine, chlordiazep
oxide and pentylenetetrazol is increased by T3 
or thyroid powder, whereas the narcotic effect 
of amobarbital and morphine is decreased. 
Methylthiouracil has, in general, opposing 
effects. [The experimental conditions are not 
described in sufficient detail to evaluate these 
findings (H.S.).] 

Schrogie & Solomon C43,019f66: In mice, 
the metabolism of bishydroxycoumarin was 
markedly inhibited by both L-and D-thyroxine. 
The demethylation of meperidine was like
wise inhibited by both isomers but particu
larly by D-thyroxine. L-thyroxine also in
creased the lethal effect of meperidine over
dosage. Pentabarbital sleeping time was pro
longed in mice treated with either L- or D-thy
roxine, but the latter was more active in this 
respect. 

Ellinwood F64,417f66: In mice, dichloro
isoproterenol (a ß-adrenergic blocker) does not 
influence pentobarbital sleeping time and, far 
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from inhibiting, actually potentiates the pro
longation of anesthesia by thyroid feeding. It is 
unlikely therefore that thyroid would increase 
barbituute hypnosis through the production 
of epinephrine. 

Klinger F66,416f66: In mice and rats, 
large doses of thyroxine prolong hexobarbital 
sleeping time and diminish the resistance 
induced by barbital pretreatment. The asso
ciated changes in ascorbic acid metabolism 
are discussed. 

Prange et al. G40,154f66: In mice, thyroid 
feeding increases sensitivity to various barbi
turates and delays their removal from the 
brain, liver, and plasma. Propylthiouracil has 
an inverse effect. In rats, thyroxine slightly 
and thyroidectomy markedly increase pento
barbital sleeping time. 

Spencer and Waite H 30,100/70: In mice, 
pretreatment with thyroxine enhances the 
hypnotic effect of very small doses of thiopen
tal. Earlier experimenters had shown that 
hyperthyroidism increases sensitivity to larger 
doses of barbiturates, but in the present case, 
metabolic studies suggest that an "enhanced 
rate of redistribution of thiopentone brought 
about by increased pheripheral and cerebral 
blood flow in hyperthyroid mice" was probably 
responsible for the diminished anesthetic 
effect. 

Hexabarbital ~ Thiouracil, Mouse: 
Wenzel et al. G76,357/55* 

Hexabarbital ~ Triiodothyronine, 
Mouse: Holtz et al. 076,300/58* 

Pentobarbital, Thiopental ~ Thy
roid extract, Mouse: Ellinwood et al. 
E39,187 /64*; Prange et al. G40,154/66* 

RABBIT 

Zdrday & Weiner: 53,715/35: In rabbits, 
thyroxine s.c. does not influence the narcotic 
effect of chioral hydrate given a few hours 
later. On the other hand, the resistance to 
phenobarbital rises through the influence of 
thyroxine under similar conditions. 

RAT 

Scarborough 34,971/36: In rats, feeding of 
thyroid extract diminishes the anesthetic 
effect of pentobarbital. 

Horinaga A36,414f41: Thyroidectomy in
creases barbiturate sensitivity in the rat. 

Robillard et al. B66,661f51: In rats, thy
roidectomy prolongs pentobarbital anesthesia 
and delays hepatic detoxication of the drug, 
whereas thyroxine pretreatment diminishes 
the duration and depth of this anesthesia with-

out enhancing the hepatic detoxication of 
pentobarbital as determined by incubation of 
the drug with liver slices. After simultaneaus 
thyroidectomy and orchidectomy, pentobar
bital detoxication is more markedly delayed 
than after simple thyroidectomy or orchidec
tomy, and the anesthetic effect is correspond
ingly further intensified than after ablation 
of the thyroid or testes alone. 

Holck et al. B95,270f54: In rats, thyroid
ectomy or propylthiouracil treatment in
creased the recovery time from isopropyl-ß
bromallyl barbituric acid, propallylonal (Nos
tal), thiopental, and hexobarbital. Thyro
globulin or thyroxine caused no consistent 
shortening of the average recovery time from 
isopropyl-ß-bromallyl barbituric acid; pro
pallylonal (Nostal). Either of these effects is 
also largely influenced by the sex of the 
animals. 

Robillard et al. G67,325f54: Thyroidectomy 
prolongs pentobarbital anesthesia in intact, 
and even much more in castrate adult male 
rats. Thyroxine decreases the anesthetic effect 
of pentobarbital in thyroidectomized rats even 
below the normal Ievel. Liver homogenates of 
thyroidectomized rats metabolize pentobar
bital in vitro less rapidly than those of normal 
rats, but pretreatment in vivo with thyroxine 
does not increase the pentobarbital-metaboliz
ing activity of these homogenates above the 
control value. 

Lanzetta 068,990/58: In rats, thyroxine or 
dinitrophenol given i.p. 30 min before thiopen
tal prolongs the anesthetic effect of the latter, 
presumably through uncoupling of oxidative 
phosphorylation. 

Oonney & Garren D93,666f61: In the rat, 
thyroxine prolongs the duration of hexobar
bital anesthesia by decreasing the activity of 
hexobarbital-metabolizing enzymes in hepatic 
microsomes. 

Kato & Gillette F57,817f65: The metabo
lism of aminopyrine and hexobarbital by he
patic microsomes of male rats is impaired by 
adrenalectomy, castration, hypoxia, ACTH, 
formaldehyde, epinephrine, morphine, alloxan, 
or thyroxine. The metabolism of aniline and 
zoxazolamine is not appreciably decreased by 
any of these agents; in fact, the hydroxylation 
of aniline is enhanced by thyroxine or alloxan. 
Apparently, the treatmentsimpair mainly the 
sex-dependent enzymes. Accordingly, the 
corresponding enzymic functions of the hepatic 
microsomes of female rats are not signifi
cantly impaired by the agents which do have 
an inhibitory effect in males. 
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Kato & Takahashi G55,715f68: Thyroxine 
decreased the N-demethylation of aminopy
rine and hydroxylation of hexobarbital by 
liver microsomes of male rats. By contrast, 
thyroxine increased the metabolism of amino
pyrine and hexobarbital in females. The 
hydroxylation of aniline and reduction of 
p-nitrobenzoic acid were increased in both 
sexes. The effect of thyroxine and thyroidec
tomy upon other microsomal enzyme systems 
has also been examined. 

Rarbison & Becker H 10,917/69: Thyroid
ectomy greatly prolonged hexobarbital sleep
ing time and zoxazolamine paralysis in rats. 
T3 increased the response to hexobarbital but 
diminished the effect of zoxazolamine. The 
mortality rates induced by high doses of 
hexobarbital, thiopental, amobarbital, pento
barbital, and phenobarbital were all signifi
cantly increased in rats pretreated with T3. 

Kato et al. H 11,854/69: "The administra
tion of thyroxine or starvation resulted in 
marked decrease in the hydroxylation ofpento
barbital and hexobarbital and N-demethyla
tion of aminopyrine in male rats, whereas the 
hydroxylation of aniline and zoxazolamine and 
N-demethylation of N-methylaniline were 
significantly increased." 

Selye G70,428j70: In rats, ethylestrenol 
powerfully inhibits the toxicity of digitoxin, 
nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
cyclopental, thiopental, DOC (anesthesia), 
meprobamate, and picrotoxin. Thyroxine 
increases the toxicity of many among these 
drugs and inhibits the protective effect of 
ethylestrenol. 

Barbiturates +-- cf. also Tables 30-34 

VARIA 

Glaubach & Pick 11,43lf30: In guinea pigs 
and rabbits, the hypothermia produced by 
phenobarbital is counteracted by thyroxine 
pretreatment. 

Zarday & Weiner A52,879f34: Anesthesia 
with morphirre in rats, and with chioral hydrate 
in rabbits was not significantly influenced by 
pretreatment with thyroxine s.c., one hour 
before the anesthetics. On the other hand, 
phenobarbital anesthesia was prolonged by 
thyroxine pretreatment in rabbits under iden
tical conditions. Similar observations have been 
made on patients suffering from thyrotoxicosis, 
in that they are unusually resistant to barbi
turates but not to other anesthetics. This 
selective antagonism is ascribed to interactions 

between thyroxine and barbiturates at some 
common receptor site in the midbrain. 

Ellinwood Jr. & Prange Jr. E39,187f64: 
Review of earlier observations on the effect of 
thyroid and thiourea preparations upon pento
barbital sleeping time in mice and rats. Since 
thyroid hormones and epinephrine are syner
gistic in many respects, mice were treated with 
various combinations of these agents. Penta
barbital anesthesia was prolonged by desiccated 
thyroid and shortened by propylthiouracil 
pretreatment. High doses of epinephrine 
prolonged sleeping time in themselves and 
potentiated the effect of thyroid feeding. The 
prolongation of pentobarbital sleeping time by 
epinephrine may be due to depletion of hepatic 
glycogen which interferes with hepatic micro
somal drug metabolism. 

Barbital <- Thyroidectomy: Boy
land et al. D47,605f62* 

Hexabarbital <- Thyroxine: Conney 
et al. D93,666f61* 

Pentabarbital <- Thyroidectomy + 
Thyroxine: Robillard et al. G67,325f54*; 
Prange et al. G40,154/66* 

Bilirubin <- Triiodothyronine + 
Age, Man: Lees et al. C74,543f59* 

Cadmium+-- cf. Table 35 

Caffeine +-

Hunt & Seidell 50,346/09: In mice, pre
treatment with thyroid extract did not change 
resistance to caffeine. 

Strubelt et al. G78,572f70: In rats, T3 
increases, whereas thyroidectomy decreases, 
the calorigenic response to theophylline and 
caffeine, probably because the thyroid hormone 
activates adenyl cyclase andfor inhibits 
phosphodiesterase. 

Caramiphen +-- cf. Table 36 

Carbon Dioxide +--

Barbour & Seevers 84,296/43: In rats, 
exposure to cold and an excess of co2 produces 
a state of narcosis agairrst which considerable 
resistance can be induced by thyroid extract. 
No such effect was obtained by dinitrophenol. 

Carbon Monoxide +--

Mack & Smith 45,162/34: In rats, both 
thyroid feeding and dinitrophenol shorten 
survival during CO poisoning. 

Smith et al. 45,163f35: Male rats are more 
sensitive to the lethal action of illuminating 
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gas than females. This difference is eliminated 
by gonadectomy. Thyroid feeding or dinitro
phenol injections decrease survival time. 

Carbon Tetrachloride +-

Lesca & Mosca B48,329f49: In rats, the 
hepatic cirrhosis produced by CC14 is aggravated 
both by thiouracil and by thyroxine. However, 
survival time is increased in the thyroxine
treated rat. 

Aragona & Barone B92,455f53: In rats, 
thyroxine protects the liver against the damag
ing effect of CC14-

Calvert & Brody C 82,829/60: In rats, brief 
pretreatment with thyroxine increases, where
as previous thyroidectomy diminishes the 
metabolic changes produced by CC14 intoxi
cation. Adrenal catecholamines are strongly 
reduced in hyperthyroid and only slightly 
reduced in hypothyroid animals. "The changes 
are consistent with a concept of anoxia being 
the primary event in CC14 hepatotoxicity." 

Calvert & Brody D61,412f61: Thyroxine 
pretreatment increases the susceptibility of 
the rat to the hepatotoxicity of CC14• 

Kulcsar-Gergely & Kulcsar G71,532f62; 
E 33,917 f63: In rats, thyroidectomy diminishes, 
whereas thyroid extract increases the hepato
toxicity of CC14• Correspondingly, the sexual 
cycle is accelerated by thyroidectomy and 
delayed by thyroid hormone treatment as a 
result of changes in hepatic folliculoid degrada
tion. 

Kulcsar-Gergely et al. F32,037f64: In rats, 
simultaneaus thyroidectomy and ovariectomy 
offer some protection against the induction 
of hepatic cirrhosis by CC14 • 

Kulcsar-Gergely & Kulcsar G1,372f64: In 
rats intoxicated with CC14, survival is increased 
by ovariectomy and thyroidectomy. 

Berencsi et al. G33,802f65: In rats, the 
production of hepatic lesions by CC14 is dimi
nished after thyroidectomy or methylthiouracil 
treatment. 

Berencsi & Krampeeher G43,712f66: In 
rats, the hepatic darnage caused by CC14 is 
decreased by thyroidectomy or methylthiou
racil and increased by thyroxine or T3. 

Kulcsar & Kulcsar-Gergely F74,930f66: In 
rats, ovariectomy, thyroidectomy, or removal 
of both glands, offers partial protection against 
CCI4 intoxication. 

Srinivasan & Balwani G64,503f68: In rats, 
pretreatment with thyroxine increased the liver 
darnage produced by subsequent administra
tion of CCI4 or thioacetamide. 

Kulcsar et al- H 14,649/69: In rats, thyroid
ectomy offers some protection agairrst the 
production of hepatic darnage by CC14 ; this 
may be due to altered mucopolysaccharide 
formation. 

Kulcsar et al. H24,478f70: In rats, thyro
xine increases, whereas thyroidectomy de
creases, the hepatotoxicity of CCI4 as judged 
by BSP elimination. 

Carcinogens +-

Cantarow et al. B18,774f46: In rats given 
2-acetaminofluorene p.o., the development of 
cystic and neoplastic hepatic lesions was acce
lerated and intensified by GTH (pregnant mare 
serum), estradiol, and testosterone, but inhi
bited by thiouracil. "This phenomenon may be 
related to the role of the liver in the interme
diary metabolism and excretion of the sex 
steroid." In the hyperplastic target organs of 
the sex hormones, tumors did not occur, in 
contrast to the high incidence of tumors in the 
thyroids of rats given thiouracil simultane
ously with the carcinogens. 

Miller Jr. & Baumann G74,552f51: Rats 
made hyperthyroid by feeding iodinated casein 
+ p-dimethylaminoazobenzene (DAB), ex
hibited a high mortality, and the incidence of 
tumors in the survivors was very great. 
Thiouracil and propylthiouracil did not alter 
tumor incidence remarkably. "Liver slices 
from hyperthyroid rats destroyed less than 
one-fourth as much DAB as slices from normal 
rats." 

Bielschowsky & Hall C 194/53: In rats, the 
production of hepatomas by AF or AAF is in
hibited following thyroidectomy. The protec
tion is manifest only if the thyroid is removed 
before the administration of the carcinogens 
and even then it is restricted to the liver. The 
production by AF or AAF of extrahepatic 
neoplasms is not prevented. 

Reid B93,930f54: Review (18 pp., 181 refs.) 
on the effect of STH and corticoids upon car· 
cinogen-induced and transplantable neoplasms. 

Klärner & Klärner C45,812f58: In BAF1 

mice, the growth of urethan-induced pulmonary 
tumors is significantly inhibited by alloxan 
diabetes and exposure to heat, but only slightly 
affected by thyroxine and insulin. 

Bielschowsky Dl0,255j61: In rats, hypo
physectomy, thyroidectomy and adrenal
ectomy inhibit the development of hepatomas 
by treatment with 2-acetylaminofluorene 
(AAF) or 2-aminofluorene (AF). 
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Leathem & Oddis D2,742j61: Fernale rats 
are less responsive than males to the induction 
of hepatomas by AAF. Thyroid feeding in· 
creases the incidence of hepatomas in females 
treated with AAF. It has the same effect in 
mice of both sexes given DMBA. 

Sherwin- Weidenreich & Herrmann D67,842/ 
63: In mice, tumor induction by DMBA is not 
inhibited. and perhaps even accelerated, by 
T3. 

Sterental et al. D61,608j63: In rats, mam
mary tumors induced by DMBA regressed 
after adrenalectomy + ovariectomy or hypo
physectomy. Folliculoid treatment reactivated 
tumor growth after adrenalectomy + ovariec
tomy but not after hypophysectomy. These 
tumors remained unresponsive to folliculoids 
after hypophysectomy even if thyroid and cor
tisone replacement therapy was given. 

Reuber F4,431j64: In rats, the production 
of hepatomas by N-2-fluorenyldiacetamide was 
prevented by orchidectomy or thyroidectomy. 
However, the carcinogenic effect was restored 
in thyroidectomized animals by thyroid feed
ing. 

Weidenreich-Sherwin & Herrmann F 16,179/ 
64: In mice, the production of skin tumors by 
topical application of 3-MC is considerably en
hanced by T 3. 

Reuber F 36,234/65: Concurrent treatment 
with testosterone and thyroid powder sensitizes 
the rat for the production of hepatic cirrhosis 
and hepatomas by N-2-fluorenyldiacetamide. 

Goodall F71,302j66: In rats, the induction 
of hepatic tumors by 2-aminofluorene is inhi
bited by thyroidectomy. 

Ronzoni et al. H 18,409/68: In rats, prostatic 
carcinogenesis induced by the introduction of 
20-methylcholanthrene crystals into the pros
tate is inhibited by ACTH, triiodothyronine 
and, to a lesser extent, by progesterone and 
19-nortestosterone phenylpropionate. Estra
diol and cortisone facilitate carcinogenesis, 
whereas testosterone, orchidectomy, and me
thylthiouracil failed to influence it. 

Davidson et al. H 10,206/69: In rats made 
hypothyroid by 131!, the incidence ofmammary 
cancer induction by DMBA is increased. Hypo
thyroidism induced by iodine deficiency did not 
share this effect and radio-iodine may have 
acted by radiation injury to the breast tissue 
rather than the associated hypothyroidism. 

3-MC (-- Thyroidectomy: Boyland 
et al. D47,605f62* 

Carisoprodol <-· cf. Table 37 

Carotene +-- cf. Vitamin A 

Choline +--

Tabachnick et al. 050,317/58: In mice, 
thyroxine increases sensitivity to decametho
nium and neostigmine but not to D-tubocu
rarine or succinylcholine. Rahbits pretreated 
with thyroxine also become more sensitive to 
decamethonium. It is tentatively suggested 
that the motor disturbances associated with 
hyperthyroidism may be due to "a change in 
the muscle itEelf, probably at the motor end
plate where these drugs act." 

Chloral Hydrate +-

Hunt & Seidell 50,346/09: In mice, pre
treatment with thyroid extract questionably 
diminishes resistance to chioral hydrate. 

Zrirday & Weiner A52,879f34: Anesthesia 
with morphine in rats, and with chioral hy
drate in rabbits was not significantly influen
ced by pretreatment with thyroxine s.c., one 
hour before the anesthetics. On the other hand, 
phenobarbital anesthesia was prolonged by 
thyroxine pretreatment in rabbits under 
identical conditions. Similar observations have 
been made on patients mffering from thyro
toxicosis, in that they are unusually resistant 
to barbiturates but not to other anesthetics. 
This selective antagonism is ascribed to inter
actions between thyroxine and barbiturates at 
some common receptor site in the midbrain. 

Zrirday & Weiner: 53,715/35: In rabbits, 
thyroxine s.c. does not influence the narcotic 
effect of chioral hydrate given a few hours 
later. On the other hand, the resistance to 
phenobarbital rises through the influence of 
thyroxine under similar conditions. 

Chloralose +--

Cheymol & Quinquaud 3,531/32: In dogs, 
thyroparathyroidectomy greatly increases sen
sitivity to chloralose anesthesia. 

Chlordiazepoxide +-- cf. also Table 38 
Winter G71,836f65; F64,465f66; Winter 

F98,019f68: In mice, the toxicity of ampheta
mine, imipramine, chlordiazepoxide and pentyl
enetetrazol is increased by T3 or thyroid 
powder, whereas the narcotic effect of amobar
bital and morphine is decreased. Methylthiou
racil has, in general, opposing effects. 

Ashford & Ross H2,686f68: In mice, pre
treatment with thyroid extract increased the 
toxicity of imipramine, nortriptyline, chlor-
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promazine, perphenazine, and chlordiaze
poxide, whereas the toxicity of meprobamate 
and reserpine was not enhanced. 

Chloroform +-

Hari 40,209/21: Polemic remarks concern
ing the technique and interpretation of earlier 
data on the effect of thyroidectomy upon the 
resistance to cyanides, chloroform, bacterial 
toxins, and oxygen deficiency. 

Mciver A 35,431/40: In rats, susceptibility 
to chloroform poisoning is increased by 
thyroxine. 

Black-Schatfer et al. B55,142J50: In rabbits, 
chloroform s.c. produces midzonal necrosis of 
the liver following pretreatment with thyroid 
extract. Normal or starved rabbits respond to 
chloroform with centrolobular necrosis. Pre
sumably, "the hyperthyroid state selectively 
affects the hepatic midzone qualitatively or 
quantitatively so as to amplify its sensitivity 
to chloroform beyond that of the periportal 
or central zones." 

Martin B88,524J53: In rats, both chloro
form and alloxan produce hepatic necrosis and 
their effect is increased when both agents are 
given in combination. Thiouracil protects 
against this form of hepatic necrosis whereas 
thyroid feeding aggravates it. 

Chlorprornazine +-

Ashford & Ross H2,686J68: In mice, pre
treatment with thyroid extract increased the 
toxicity of imipramine, nortriptyline, chlor
promazine, perphenazine and chlordiazepoxide, 
whereas the toxicity of meprobamate and 
reserpine was not enhanced. 

Skobba & Miya G64,738j69: In rats, the 
hyperthermia produced by thyroxine or dini
trophenol increases the toxicity of chlorpro
mazine. Cooling the animals by an air current 
prevents this increase in toxicity. 

Cholesterol +- cf. also Selye G60,083J70, 
pp. 385, 395. 

Suzue et al. 38,509J36: In rabbits, the pro
duction of xanthomatous lesions in the liver 
by a high-fat high-cholesterol diet is increased 
by thyroidectomy and inhibited by thyroxine. 

Steiner et al. B28,166j48: In dogs, thiouracil 
greatly enhances the production of atheroma
tosis by cholesterol feeding. 

Stamler et al. C81,655J58: In cholesterol
fed chicks, desiccated thyroid, thyroxine, T3 
and T2 diminished hypercholesterolemia, but a 

definite and consistent suppression of coronary 
or aortic atherogenesis was not observed. 

Osumi G34,534J65: In cholesterol-fed rab· 
bits, combined treatment with T3 and 3,5,3'
triiodo-4-acetyl-thyroformic acid (TBF-43) in
hibited fatty degeneration of the liver, adrenal 
and spieen, but did not noticeably influence 
the atheromatous changes in the arteries. 

Kessler et al. F 89,469J67: In rats fed a 
high-fat high-cholesterol diet, the resulting 
increase in hepatic and plasma cholesterol and 
Iipid is not changed by either L-orD-thyroxine 
but D- or L-T3 diminishes the rise of both 
values in the serum and increases it further in 
the liver. 

Danielsson & Tchen G72,327j68 (p. 159): 
Brief summary of the influence of the thyroid 
upon cholesterol and bile acid metabolism. 

Harnprecht G69,560J69: Review (7 pp., 
153 refs.) on the mechanisms regulating chol
esterol synthesis. A special section deals with 
the effect of thyroid hormones, steroids, 
epinephrine, norepinephrine and glucagon. 

Cholesterol +-Thyroxine: Mitropoulos 
et al. G26,978j65 

Cinchophen +- cf. Table 39 

Clofibrate +-

Azarnotf & Svoboda H 19,856/69: In rats, 
the proliferation of hepatic microbodies in
duced by clofibrate is not abolished by thy
roidectomy nor does it occur after various 
other compounds which displace thyroxine 
from the plasma. "These observations make 
less tenable the hypothesis that thyroid hor
mone displacement is the mechanism of action 
of clofibra te." 

Cocaine+- cf. also Table 40 

Glaubach & Pick 11,431/30: In rabbits, pre
treatment with thyroxine increases the fever 
normally produced by tetrahydro-ß-naphthyl
amine or cocaine to fatal Ievels. 

Glaubach & Pick 6,241/31: Studies in guinea 
pigs and rabbits on the increase in dibucaine, 
cocaine and procaine toxicity caused by 
thyroxine as judged by the resulting tempera
ture variations. 

Selye G70,471j71: In rats, cocaine intoxi
cation is inhibited by PCN, ethylestrenol, 
CS-1, spironolactone, norbolethone, oxandro
lone, prednisolone and estradiol. Triamcino
lone and DOC fail to protect and thyroxine 
actually aggravates cocaine intoxication. 
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Codeine +-

Hunt & SeideU 50,346/09: In mice, pre
treatment with thyroid extract diminishes 
resistance to codeine. 

Anan 24,228/29: In mice, thyroxine in
creases the toxicity of morphine and heroin 
but not that of other alkaloids such as ethyl
morphine codeine, thebaine, papaverine and 
narcotine. 

Colchicine +- cf. alBo Table 41 
Vollmer & Buchholz A48,810f30: In mice, 

thyroxine as weil as various other "oxidizing 
substances" (glucose, Iactate, methylene blue 
etc.) protect against alcohol intoxication. The 
same substances decrease resistance to colchi
cine or hydrochinone. Morphine resistance is 
not influenced. 

Selye G60,098f70: In rats, fatal colchicine 
poisoning can be prevented by spironolactone, 
CS-1, ethylestrenol and, less constantly, by 
oxandrolone. Progesterone, norbolethone, pred
nisolone, triamcinolone, DOC, hydroxydione, 
estradiol and thyroxine are virtually ineffec
tive in this respect. 

Cornpound M0-911 +-

Carrier & Buday D11,237f61: In rats, 
feeding with thyroid extracts greatly augments 
the lethal effect of a hydrazide (iproniazid) or 
of a nonhydrazide (N-methyl-N-benzyl-2-pro
pynylamine hydrochloride; 'M0-911') enzyme 
inhibitor. 

M0-911 ~ Thyroid extract: Carrier 
et al. D 11,237/61 * 

DL-Coniine ~ cf. Table 42 

Curare+-

Tabachnick et al. C50,317f58: In mice, 
thyroxine increases sensitivity to decametho
nium and neostigmine but not to D-tubo
curarine or succinylcholine. Rahbits pretreat
ed with thyroxine also become more sensi
tive to decamethonium. It is tentatively 
suggested that the motor disturbances asso
ciated with hyperthyroidism may be due to 
"a change in the muscle itself, probably at the 
motor end-plate where these drugs act." 

Croton Oil +- cf. Table 43 

Cyanide+-

Hunt 60,064/05: In mice, thyroid feeding 
greatly increases resistance to acetonitrile but 
not to various other cyanides, such as hydro
cyanic acid or sodium ferricyanide. 

ManBfeld & Müller 35,416fll: In rabbits, 
thyroidectomy inhibits the protein catabolic 
effect of exposure to decreased oxygen tension, 
hydrocyanic acid intoxication or fasting. 

ManBfeld 11,881/20: In rabbits and dogs, 
thyroidectomy diminishes the protein catabo
lism normally observed after intoxication with 
hydrocyanic acid, hemorrhage, or hypobaric 
oxygenation. 

Hari 40,209/21: Polemic remarks concern
ing the technique and interpretation of earlier 
data on the effect of thyroidectomy upon the 
resistance to cyanides, chloroform, bacterial 
toxins and oxygen deficiency. 

Gellhorn 16,839/23: In mice, resistance 
against acetonitrile can be increased not only 
by thyroid extract but, to a lesser extent, also 
by extracts of various other tissues. These 
preparations also augment resistance to po
tassium cyanide (KCN) and propionitrile, 
whereas thyroidectomy and orchidectomy have 
an opposite effect. 

BUBBO 26,684/25: In rats, thyroidectomy 
decreases sensitivity to KCN, whereas the 
reverse is true in rabbits. 

TBUru 44,467!33: In rabbits, pretreatment 
with thyroid extract did not significantly in
fluence resistance to hydrocyanic acid or 
thiocyanides. 

Dietrich & Beutner B20,412f44: In mice, 
thiourea and thiouracil interfere with the 
action of orally administered thyroid powder 
when the Reid Hunt test is made the basis of 
observations. In this test, minute amounts of 
whole thyroid can be detected by their pro
tective effect against otherwise lethal doses of 
acetonitrile. 

Cycloheximide +- cf. alBo TableB 44, 45 
Selye G70,403f70: In rats, cycloheximide 

intoxication is inhibited by ethylestrenol, 
CS-1 and spironolactone. Norbolethone, oxan
drolone, progesterone, hydroxydione, and 
prednisolone offer less perfect protection. 
Triamcinolone, DOC, estradiol and thyroxine 
have no protective effect. 

Cyclophosphamide +- cf. alBo Table 46 

Selye G70,466f70: In rats, cyclophospha
mide intoxication can be prevented by PCN, 
CS-1 and spironolactone. Progesterone, ethyl
estrenol and norbolethone were slightly ac
tive; oxandrolone, DOC, hydroxydione and 
phenobarbital were inactive, whereas predni
solone, triamcinolone, estradiol and thyroxine 
actually decreased resistance to this drug, 
cf. Fig. 22, p. 480. 
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Fig. 22. Effect of thyroxine upon cyclophosphamide intoxication. Hemorrhagic, pericardia.l 
exudate in rat given cyclophosphamide after pretreatment with thyroxine. Leucocytes are ab

sent because of the cyclophosphamide-induced atrophy of hemopoietic tissue. PAS X 

Cystine +-

György & Goldblatt G71,898{45: In rats kept 
on a hepatotoxic diet containing large amounts 
of cystine, the development of liver cirrhosis 
could be prevented by thiouracil p.o. 

Decarnethoniurn +-

Tabachnick et al. 050,317{58: In mice, 
thyroxine increases sensitivity to decametho
nium and neostigmine but not to D-tubocura
rine or succinylcholine. Rahbits pretreated with 
thyroxine also become more sensitive to deca
methonium. It is tentatively suggested that 
the motor disturbances associated with hyper
thyroidism may be due to "a change in the 
muscle itself, probably at the motor end-plate 
where these drugs act." 

Desipramine ~ Thyroid extract, 
Mouse: Prange et al. F29,162f64* 

a,y.Diarninobutyric Acid+

Vivanco et al. G43,566f66: In rats a,y-dia
minobutyric acid (DBA) produced a neurolo
gic syndrome in the rat. " The animals became 

irritable and screamed when touched. They 
moved the head from side to side in the man
ner of a bear and leaped like kangaroos or 
frogs. Sometimes they got up on the rear legs 
with simultaneaus quivering of the forearms. 
They showed excessive salivation. In the pre
agonal state they presented paresis or paralysis 
of the hind limbs and motor incoordination. 
The 'swimming test' was always negative and 
they did not show circling movements or 
backward gait as in the IDPN intoxication." 
Pretreatment with thyroxine prevents these 
changes as it does the clinically different ECC 
syndrome (excitation, choreiform and circling 
movements) elicited by ß,ß'-iminodipropioni
trile (IDPN). DBA enters the brain substance 
in unpretreated but not in thyroxine-treated 
rats. Possibly the toxic compound is destroyed 
before it can enter the brain. 

Dibucaine +-

Glaubach & Pick 6,241/31: Studies in guinea 
pigs and rabbits on the increase in dibucaine, 
cocaine and novocaine toxicity caused by thy
roxine as judged by the resulting temperature 
variations. 
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Digitalia-+- cf. also Sdye G60,083j70, 
p. 408. 

Ghedini &; OUino A21,128j14: Brief men
tion of observations on rabbits showing that 
pretreatment with thyroid extract augments 
the hemodynamio aotions of digitalin in the 
rabbit. 

Freund A26,153j32: Studies on the effeot 
of thyroideotomy or pretreatment with thy
roxine or insulin upon the in vitro metabolio 
ohanges induoed by digitalis oompounds in the 
cat's haart. 

KiMeU et al. A37,369f42: Experiments on 
guinea pigs and mioe suggested that "thera
peutio dosage of oardiao steroid-glyoosides pre
vents a weight loss in thyroxin-treated animals 
similar to that obtained with adrenal oortioal 
hormone and desoxyoortioosterone aoetate. 
Larger dosage of these oardiao glyoosides 
either fails to modify such weight loss or 
aotually inoreased it." 

Deari'TIIJ et al. 041,482/43: In oats, thyro
xine aggravates the myooardial Iasions pro
dured by various digitalis alkaloids. 

Deari'TIIJ et al. B53,571f50: In oats, various 
digitalis preparations produoe myooardial 
fiber neorosis and inflammation. Fratreat
ment with thyroxine sensitizes the animals to 
these lesions. 

Rosen &; Moran D65,414j63: In dogs, the 
positive inotrophio response to ouabain was 
deoreased by thyroxine. The arrhythmia
produoing and Iethai effeot of !arge doses of 
this glyooside were delayed by thyroideotomy 
but not remarkably influenoed by thyroxine. 
The literature on the influenoe of olinioal 
hyper- and hypothyroidism upon digitalis 
intoxioation is reviewed. 

Pha'Malkar et al. H20,555j69: In mioe, 
pretreatment with thyroxine greatly inoreases 
mortality from subsequent digoxin administra
tion. Reserpine proteots against this intoxi
oation. It is suggested that digoxin toxioity is 
mediated through a oateoholamine meohanism. 

Sdye G70,428f70: In rats, ethylestrenol 
powerfully inhibits the toxioity of digitoxin, 
niootine, indomethaoin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
oyolopental, thiopental, DOC (anesthesia), 
meprobamate and piorotoxin. Thyroxine in
oreases the toxicity of many of these drugs and 
inhibits the proteotive effeot of ethylestrenol. 

Se},ye PROT. 33541,34074: In rats, PCN 
is highly effioaoious in preventing digitoxin 
poisoning, even after parathyroideotomy, 
thyroparathyroideotomy or oonourrent treat
ment with propylthiouraoil (PTU). No pro-
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teotion was obtained by thyroideotomy, para
thyroidectomy or treatment with PTU, 
thyroxine, parathyroid extraot or oaloitonin. 
Apparently, the goitrogenie effeot of PCN 
plays no indispensable role in its catatoxio 
aotion, cf. Table 124, p. 482. 

Digitosin-+- cf. also Tablea 47-50 

Diiaopropylfluorophosphate (DFP)-+

Schreiber 03,482/54: In mioe, pretreat
ment with methylthiouraoil inoreases resis
tanoe against diisopropylfluorophosphate 
(DFP). 

"DFP" -+- cf. also Table 52 

Dinitrophenol-+-

Glavbach &; Pick 30,481/34: In rabbits, the 
Iethai effeot of dinitrophenol, and of several of 
its pyrogenio derivatives, is greatly aggravated 
by pretreatment with thyroxine. 

Dih:ydroxyphenylalanine -+-

Samiy B68,269j52: Both in rats and in 
rabbits, DOPA produoed sustained hyperten
sion following pretreatment with thyroxine. 
Presumably, thyroid hormone enhanoes the 
deoarboxylation of DOP A to the pressor agent 
hydroxytyramine. 

Halpem et al. G63,588j63: In mioe, thyro
xine pretreatment diminishes resistanoe to 
amphetamine and DL-dopa, espeoially under 
oonditions of orowding. 

Diphenylhydantoin -cf. Table 53 
Dipicrylamine -+- cf. Table 54 

Diaulfiram-+-

Lecoq et al. B66,406j51: In rats, the toxio 
effeots of ethanol and its metabolites, pyruvate 
and aoetaldehyde (whioh accumulate in the 
body under the influence of disulfiram) are 
inhibited by ACTH, oortisone, and hepatio 
extraots. Conversely, thyroxine, DOC, and 
testosterone appear to aggravate ethanol 
intoxioation. [Statistically evaluated data are 
not presented (H.S.).] 

Dye-+-

Aterman &; HoweU 063,343/59: In rats, 
the biliary excretion of bromsulphthalein is 
delayed after destruction of the thyroid by 1111. 

This defect is oorreoted by treatment with 
thyroid extraot. 
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Table 124. Role of the thyroparathyroid apparatus in the antidigitoxin effect of PON 

Treatmenta Convulsionsb Mortalityb Mean 
(Positive/Total) (DeadjTotal) Survival 

(Days) 

None 14/15 15/15 4 
PCN 1/10 *** 0/10 *** 00 

Thyroidectomy 12/12 NS 12/12 NS 3 
Thyroidectomy + PCN 1/12 *** 0/12 *** 00 

Parathyroidectomy 9/9 NS 8/9 NS 3Y2 
Parathyroidectomy + PCN 0/10 *** 2/10 *** 4 
PTU 10/10 NS 7/10 NS 3Y2 
PTU+PCN 0/10 *** 0/10 *** 00 

Thyroxine 10/10 NS 10/10 NS 2Y2 
Parathyroid extract 10/10 NS 9/10 NS 3Y2 
Calcitonin 10j10 NS 10j10NS 3 

a The rats of all groups were given digitoxin 2 mg in 1 ml water, p.o.jday on 10th day ff. PTU 
3 mg in 0.1 ml DMSO, i.p. x2Jday; PCN 0.1 mg in 1 ml water, p.o. x2Jday; thyroxine 100 {Lg in 
0.2 ml water NaOH, s.c.jday and surgery on the 1st day. Parathormone 20 I.U. in 0.2 ml s.c. 
x2jday and calcitonin 10 {Lg in 0.5 ml water, i.p. x3jday on the 9th day. 

b The severity of the convulsions was estimated on the 13th day and mortality was listed on 
the 15th (Statistics Fisher & Yates). 

For further details on technique of tabulation cf. p. VIII. 

Dolgova & Dolgov 033,058/64: In rats, the 
organ distribution of parenterally administered 
neutral red is considerably modified by pre
treatment with thyroid extract. Increased dye 
deposition was noted in the liver, spieen, and 
skeletal muscle, whereas in the brain and 
testes dye-uptake was reduced. 

Kulcsar et al. H24,478j70: In rats, thyro
xine increases, whereas thyroidectomy de
creases, the hepatotoxicity of 0014 as judged by 
BSP elimination. 

Emetine +- cf. Table 55 

Ephedrine +-

Halpern et al. F24,137j64; F27,643j64: In 
mice, the toxicity of amphetamine and ephe
drine is increased by pretreatment with thy
roxine not only-as had been previously 
shown-when several animals are kept 
together in a jar, but also when they are kept 
in solitary cages. 

EPN +- cf. Pesticides 

Ergot+-

Griffith Jr. & Oomroe A33,738f40: In rats, 
pretreatment with thyroxine s.c. increases 
mortality and the incidence of tail necrosis 
following s.c. injections of ergotamine tartrate. 

Wells & Anderson G74,995j50: In rats, the 
production of tail gangrene by ergotamine is 
not influenced by propylthiouracil but facili
tated by thyroxine. "It is assumed that 
thyroxin acts, not by altering the resistance of 
the tissues to vascular occlusion, nor by 
sensitizing the vascular musculature to ergo
tamine, but by proionging the action of the 
alkaloids, possibly by interfering with their 
elimination or destruction." 

Ethanol+-

Preusse 26,352/33: In mice, thyroxine or 
thyroid powder causes only a moderate in
crease in resistance to ethanol. 

Vollmer & Buchholz A48,810j30: In mice, 
thyroxine as weil as various other "oxidizing 
substances" (glucose, Iactate, methylene blue 
etc.) protect against alcohol intoxication. The 
same substances decrease resistance to colchi
cine or hydroquinone. Morphine resistance is 
not influenced. 

Lecoq et al. B66,406f51: In rats, the toxic 
effects of ethanol and its metabolites, pyruvate 
and acetaldehyde (which accumulate in the 
body under the influence of disulfiram) are 
inhibited by ACTH, cortisone, and hepatic 
extracts. Conversely, thyroxine, DOC, and 
testosterone appear to aggravate ethanol 
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intoxication. [Statisticaily evaluated data 
arenot presented (H.S.).] 

Aragona & Barcme B92,4/i5f53: In rats, 
methylthiouracil aggravates the hepatic lesions 
produced by ethanol intoxication. 

Ohoisy & Potrem H28,010f68: In rabbits, 
pretreatment with thyroxine accelerates the 
oxidation of ethanol and its clearance from 
the blood. 

Ether+-

Rut8ek 7,744/33: In guinea pigs, thyroidec
tomy decreases, whereas thyroxine pretreat
ment increases, resistance to ether, paralde
hyde or tribromoethanol anesthesia. These 
findings are ascribed to changes in the respon
siveness of the brain. 

Ethylene Glycol +- ef. Table 56 
Ethylmorphine +- ef. Table 57 
Flufenamic Acid+- ef. Table 58 

Fluoride+-

Pkillipa et al. 34,798/35: In chicks, com
bined treatment with thyroid extract and NaF 
is particularly toxic. 

Bixler et al. E99,118f56: In rats with 
hypothyroidism induced by 131I, the protective 
effect of fluorine against dental caries is 
diminished. 

Fluphenazine +- ef. Table 59 
Ganglioplegics +- ef. Tables 61, 62 
Glutethimide +- ef. Table 63 
Glycerol +- ef. Table 64 

Guanidine +-

Hunt & Seidell 50,346/09: In mice, pre
treatment with thyroid extract does not 
influence resistance to guanidine. 

Spinelli 10,086/31; 7,409/32: In guinea 
pigs, thyroidectomy decreases resistance to the 
Iethai effects of guanidine intoxication. Sub
sequent administration of thyroid extract 
restores the resistance to normal. 

Parkon & W erner 34,844/35: In dogs, 
guinea pigs and rabbits, thyroparathyroidec
tomy causes only a moderate increase in sensi
tivity to methylguanidine. 

Halothane +-

Nikki G71,573f69: In mice, shivering and 
hypothermia during halothane anesthesia is 
diminished foilowing pretreatment with thy
roxine. 

31• 

Heroin+-

Anan 24,228/29: In mice, thyroxine in
creases the toxicity of morphine and heroin 
but not that of other alkaloids such as ethyl
morphine, codeine, thebaine, papaverine and 
narcotine. 

Hydroquinone +- ef. also Table 65 

Vollmer & Buchholz A48,810f30: In mice, 
thyroxine as weil as various other "oxidizing 
substances" (glucose, Iactate, methylene blue 
etc.) protect against alcohol intoxication. The 
same substances decrease resistance to colchi
cine or hydroquinone. Morphine resistance is 
not influenced. 

N-(p-Hydroxyphenyl) glycine +-

Li & Sos H 30,786/68: In rats, N-(p-hydro
xyphenyl)glycine fails to exert its usual pressor 
effect after thyroidectomy. 

Imipramine +- ef. also Table 66 

Prange & Liptoo D42,869f62: In mice, 
pretreatment with thyroxine greatly increases 
the initial convulsive actions and the terminal 
mortality of imipramine intoxication. 

Prange et al. D62,707f63: In mice pretreat
ment with propylthiouracil increases resis
tance to imipramine, whereas hyperthyroidism 
has an opposite effect. 

Winter G71,836j65: In mice, the toxicity 
of amphetamine, imipramine, chlordiazepoxide 
and pentylenetetrazol is increased by T3 or 
thyroid powder, whereas the narcotic effect of 
amobarbital and morphine is decreased. 
Methylthiouracil has, in general, opposing 
effects. [The experimental conditions are not 
described in sufficient detail to evaluate these 
findings (H.S.).] 

Winter F64,465f66; F98,019f68: In mice, 
pretreatment with thyroid extract p.o. in
creases the toxicity of reserpine, chlordiazep
oxide, imipramine and amphetamine. 

Ashford & Ross H2,686f68: In mice, pre
treatment with thyroid extract increased the 
toxicity of imipramine, nortriptyline, chlor
promazine, perphenazine and chlordiazepoxide, 
whereas the toxicity of meprobamate and 
reserpine was not enhanced. 

Prange Jr. et al. G76,612f70: In man, the 
antidepressive effect of imipramine is enhanced 
by TTH as weil as by T3. Earlier Iiterature 
is cited. 
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Pra'llf/6 et al. 069,595/69: In retarded, 
depressed patients, small doses of T3 enhanced 
the therapeutic effect of imipramine. 

Pra'llf/6 et al. H 31,796/70: In depressed 
pa.tients, T3 increa.ses the therapeutic effect of 
imipramine. 

Imipramine +- Thyroid extract, 
Mouse: Prange et a.l. D42,869/62* 

Indornethacin +- cf. also Tahle 67 
Selye 070,428/70: In ra.ts, ethylestrenol 

powerfully inhibits the toxicity of digitoxin, 
nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
cyclopental, thiopental, DOC (anesthesia), 
meprobamate and picrotoxin. Thyroxine in
crea.ses the toxicity of many of these drugs and 
inhibits the protective effect of ethylestrenol. 

Iodides +- cf. Sely6 060,083f70, p. 407 

Ipronitu~id +-

Carrier <h Buday IJ11,237f61: In rats, 
feeding with thyroid extracts greatly aug
ments the Iethai effect of a hydrazide (ipro
niazid) or of a nonhydrazide (N-methyl
N -benzyl-2-propynylamine hydrochloride; 
'M0-911') enzyme inhibitor. 

Carrier <h Buday E28,887f63: In ra.ts, the 
toxic effects of the MAO inhibitors, pargyline 
a.nd iproniazid are increased by pretrea.tment 
with desicca.ted thyroid. 

Isonitulid +-

Hunt <h Carlton F3,186f64: In Pekin 
ducks, combined a.dministration of semica.rba
zide a.nd isoniazid p.o. produces a neurola.
thyrism-like syndrome which is not signifi
cantly influenced either by thiouracil or by 
DL-thyroxine. 

Isoproterenol +- cf. al8o Selye C92,918f61, 
pp. 117, 123; 060,083/70, pp. 405, 406. 

Chappel et al. C71,409f59: In rats, thyro
xine aggravates, whereas thyroidectomy or 
propylthiouracil treatment inhibite the deve
lopment of myocardial lesions following in
jection of isoproterenol. 

Lathyrogens +- cf. also Sely6 C92,918f61, 
p. 137,· 060,083/70, p. 357. 

Ducx 

Hunt <h Carlton F 3,186/64: In Pekin ducks, 
combined administra.tion of semica.rbazide a.nd 
isonia.zid p.o. produces a neurola.thyrism-like 
syndrome which is not significa.ntly influenced 
either by thiouracil or by DL-thyroxine. 

RAT 

Sely6 <h Boi8 C18,280f56: In rats, the 
osteola.thyrism produced by La.thyrus odoratus 
seeds is aggra.vated by STH and inhibited by 
cortisol. Combined trea.tment with DOC + 
uninephrectomy + NaCI resulted in dissecting 
aneurysms of the a.orta. Very sma.ll doses of 
thyroxine or estradiol were without effect 
upon this form of la.thyrism. 

Daaler C36,068f57: Brief mention of un
published observations indica.ting that in 
rats, osteola.thyrism produced by APN is not 
inhibited by cortisone or thyroxine, but 
aggravated by STH. 

Diaz et al. C50,497f57: Thyroxine inhibite 
the osteolathyrism produced in rate by 
methyleneaminoacetonitrile (MAAN). Estro
gens allegedly have a similar, though somewhat 
less pronounced, effect. [The authors actually 
tested only estrone in combinstion with pro
gesterone (H.S.).] 

Pon8eti E54,643f57: In rate, the osteola.
thyric changes produced by AAN are more 
rea.dily inhibited by T3 than by thyroxine. 

Selye C25,013f57: The osteola.thyrism pro
duced in rats by AAN is slightly aggravated 
by thyropa.rathyroidectomy, a.nd suppressed 
by la.rge doses of thyroxine. "An amount of 
ACTH that more than doubles the weight of the 
a.drena.ls and causes pronounced thymus 
atrophy also inhibite the effect of AAN, but 
falls to prevent it completely. This is all the 
more noteworthy because comparatively small 
doses of cortisol ca.n totally prevent such bone 
lesions. Extensive partial hepatectomy great
Iy increases the effect of AAN upon the 
bones." 

Sely6 C31,790/57: In rate, osteola.thyrism 
produced by AAN is inhibited by thyroxine, 
cortisol a.nd estradiol but aggravated by STH 
even a.fter adrena.lectomy. 

Sely6 C36,049f57: In ra.ts, the ocular chan
ges produced by IDPN are even more readily 
prevented by thyroxine than other manifesta
tions of neurolathyrism. 

Strang 6t al. 061,885/58: In rate, T3 or 
iodinsted casein affered only slight protection 
against APN poisoning, "although skeletal 
changes were somewhat dela.yed a.nd reduced 
in severity, possibly beca.use of slower growth." 

Diaz et al. D99,329f58: In rats, the osteo
la.thyrism produced by MAAN is mildly inhi
bited by progesterone a.nd estrone, completely 
prevented by thyroxine a.nd aggravated by 
thyroidectomy. 

Pon8eti <h Aleu C61,715f58: In rats with 
Iathyrism produced by AAN, bone fractures 
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produce unusually large calluses which do not 
ossify weil. T3 diminishes the size of the callus 
and improves its ossification. 

Selye 036,069/58: In rats, the ECC syndro
me (excitement, choreiform movements, and 
circling} normally produced by IDPN is inhi
bited by thyroxine. Thyroidectomy had no 
effect, but since the controls were 100% 
positive, an aggravation could not have been 
noted. 

Ponseti 068,050/59: In rats, the lathyric 
bone lesions produced by .AAN were strongly 
suppressed by triiodothyronine and thyro
xine, whereas those elicited by APN were much 
less evidently inhibited by these hormones. 
"Corticosterone and cortisone suppressed only 
slightly the lesions produced by aminoacetoni
trile in rats." 

Ponseti 078,321/59: In rats, T3 is about 
50 times as potent as thyroxine in suppressing 
osteolathyrism after treatment with .AAN. 

Pyörälä et al. 067,833/59: Dissecting 
aneurysms of the aorta developed in 40% of 
immature rats fed Lathyrus odoratus. The 
media was remarkably thickened and the 
ground substance showed increased meta
chromasia and PAS reaction. This response 
was suppressed by cortisone and thyroxine 
but not by ACTH, TTH or DOC at the doses 
employed. 

Gahay et al. D98,867f61: In rats, the osteo
lathyrism produced by MAAN is associated 
with a considerable increase in bone hexo
samine. This change is more effectively inhibit
ed by thyroxine than by cortisone. Both hor
mones are virtuaily ineffective in protecting 
against osteolathyrism produced by the feeding 
of Lathyrus odoratus seeds. 

Klwgali D10,840f61: In rats, the dimin
ished breaking stress and stiffness of the bones, 
characteristic of lathyrism induced by APN, 
can be counteracted both by L- and by 
D-T3. Since both isomers are equally effective 
in this respect, it is considered unlikely that 
their antilathyric property depends upon 
classic thyroid hormone properties. 

Selye & Oantin 088,878/61: In rats, the 
osteolathyrism produced by .AAN is inhibited 
by thyroxine and cortisol but aggravated by 
STH. The cardiac infarcts elicited in rats by 
ligature of the descending branch of the left 
coronary artery are often transformed into 
rupturing cardiac aneurysms under the in
fluence of AAN. The incidence of these cardiac 
ruptures is augmented by cortisol and DOC, 
but not significantly influenced by thyroxine 
and STH. Evidently there is no direct rela-

tionship between the skeletal and the cardiac 
lesions under these circumstances. 

Vivanco et al. D10,627f61: Thyroxine 
prevents the osteolathyrism produced by 
MAAN but not that elicited by a Lathyrus 
odoratus diet. 

Vivanco et al. D15,606f61: In rats, the 
neurolathyrism produced by IDPN as weil as 
the associated histologic changes in the 
central nervous system are prevented by 
thyroxine. 

Aschkenasy D30,881f62: In rats, lathyrism 
produced by .AAN is inhibited by thyroxine 
and aggravated by propylthiouracil. 

Glickman et al. E24,104f63: In rats, the 
dental changes produced by .AAN are aggra
vated foilowing partial hepatectomy and 
thyroidectomy, reduced by ACTH and almost 
completely abolished by thyroxine. 

Lalich & Turner G44,676f67: In rats fed 
APN in combination with cottonseed meal, 
there occurred severe diarrhea, colonic dila
tation and herniation in the costo-vertebral 
angle. These changes were uninfluenced by T3. 

Morcos F80,855f67: In rats, thyroxine did 
not prevent the development of the ECC 
syndrome following injection of IDPN but only 
delayed its onset. 

Alper & Ruegamer H 17,023/69: In rats 
which developed lathyrism under the influence 
of semicarbazide, the antithyroid agent 
methimazole prevented the accumulation of 
chondroitin sulfate in the aorta. 

AAN +- cf. also Tohle 73 

Lead+-

Gohbiani et al. G46,731f68: In rats, pre
treatment with thyroxine or calcitonin inhibits 
the soft-tissue calcification and osteitis fibrosa 
induced by parathyroid extract overdosage. 
When both hormones are given simultane
ously their effects are summated. Calcitonin, 
but not thyroxine, inhibits the local calcergy 
(induced by intravenous injection of lead 
acetate foilowed by topical administration of 
polymyxin} and the hypercalcemia produced 
by a single injection of lead acetate. 

LSD +- cf. Tohle 74 

Magnesium +-

Forbes G30,402f65: In rats, thyroxine 
prevents the nephrocalcinosis of magnesium 
deficiency. 

Jasmin E7,631f68: In rats, certain mani
festations of the magnesium-deficiency syn-
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drome are inhibited by cortisol, hypophysec
tomy or thyroparathyroidectomy. 

Jacob & Forbes G69,934f69: In rats, ne
phrocalcinosis produced by magnesium defi
ciency is inhibited by approximately equal 
amounts of n. or L-thyroxine, but only if 
D-thyroxine is administered frequently enough 
to offset its more rapid metabolism in the 
tissue. 

Forbes G81,277f71: In rats, the renal cal
cification produced by magnesium deficiency is 
prevented by thyroxine and aggravated by 
thyroid deficiency or injection of adenine. Such 
metabolic stimulators as Na-salicylate or 2,4-
dinitrophenol are without effect. 

Mechlorethamine +- cf. Table 75 

Meperidine +-

Schrogie & Solomon 043,019!66: In mice, 
the metabolism of bishydroxycoumarin was 
markedly inhibited by both L- and D-thyro
xine. The demethylation of meperidine was 
likewise inhibited by both isomers but parti
cularly by D-thyroxine. L-thyroxine also 
increased the Iethai effect of meperidine over
dosage. Pentabarbital sleeping time was pro
longed in mice treated with either L- or 
D-thyroxine but the latter was more active in 
this respect. 

Mephenesin +- cf. Table 76 
Meprobamate +- cf. also Table 77 
Selye & Solymoss G70,402f70: Although in 

rats meprobamate intoxication is counter
acted by catatoxic steroids, thyroxine actually 
aggravates it. 

Selye G70,428f70: In rats, ethylestrenol 
powerfully inhibits the toxicity of digitoxin, 
nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
cyclopental, thiopental, DOC (anesthesia), 
meprobamate and picrotoxin. Thyroxine in
creases the toxicity of many of these drugs and 
inhibits the protective effect of ethylestrenol. 

Mercury +- cf. Tables 78-80 
Methadone +- cf. also Table 82 
Sung & Way B91,323f53: Ratstreated with 

thiouracil or methimazole showed tolerance to 
toxic actions of methadone (absence of general 
depression and body rigidity). In thyroidec
tomized animals, the increase in pain-threshold 
was also diminished. Feeding of thyroid powder 
exerted opposite effects. Liver slices from 
thiouracil and thyroid-fed rats metabolized 
methadone more slowly than those from con
trols. Tissue Ievels of methadone were also in
creased by both these agents. However, total 

urinary and fecal excretion of methadone was 
essentially the same in all gmups. 
n-Methylaniline +- cf. Table 83 

Methylphenidate +-

Fregly & Black F15,674f64: In rats, pre
treatment with propylthiouracil appeared to 
decrease the responsiveness to methylpheni
date (given in the diet) as judged by the 
increased activity Ievel induced by exposure 
to cold. However, "this difference in activity 
Ievel is probably associated with differences 
in the food ( and drug) intakes of the two 
groups." 

Selye PROT. 27955: In rats, pretreated 
with thyroxine, methylphenidate produced 
temporary but very severe paralysis of the 
hind legs when given at dose Ievels which in 
nonpretreated controls caused only excitation. 

a.-Methyl-p-tyrosine +-

Moore G36,616f65: In mice, pretreatment 
with T3 greatly increases sensitivity to the 
Iethai effect of amphetamine. "Chlorpromazine, 
phenoxybenzamine, and propranolol pretreat
ment reduced the lethality of d-amphetamine 
in hyperthyroid mice while a-methyl-m-tyro
sine, a-methyl-p-tyrosine, and reserpine pre
treatment did not. The toxicity of a-methyl-m
tyrosine was enhanced in hyperthyroid mice." 

Methyprylon +- cf. Table 84 

Morphine+-

Hunt 49,716!07: Comparative studies on 
the effect of thyroid extract upon the acetoni
trile and morphine resistance of mice, rats 
and guinea pigs. 

Hunt & Seidell 50,346/09: In mice, rats 
and guinea pigs, pretreatment with thyroid 
extract diminishes resistance to morphine. 

Olds Jr. 34,544f10: In rats, thyroidectomy 
does not alter resistance to morphine. 

Busso 26,684/25: In rats, thyroidectomy 
does not change the resistance to epinephrine 
or phenol. Morphine appears to be slightly 
more toxic to thyroidectomized than to intact 
rats but the results were irregular. 

Anan 24,228/29: In mice, thyroxine in
creases the toxicity of morphine and heroin 
but not that of other alkaloids such as ethyl
morphine, codeine, thebaine, papaverine and 
narcotine. 

Lund & Benedict A14,206f29: In rabbits, 
morphine causes a more pronounced drop in 
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the BMR in the absence than in the presence 
of the thyroid. Morphine does not influence 
the rise in BMR induced by a thyroid extract. 

Glaubach &: Pick 11,431/30: In guinea pigs, 
pretreatment with thyroxine diminishes re
sistance against morphine. 

Vollmer &: Buchholz A48,810f30: In mice, 
thyroxine as weil as various other "oxidizing 
substances" (glucose, lactate, methylene blue 
etc.) protect against alcohol intoxication. The 
same substances decrease resistance to col
chicine or hydroquinone. Morphine resistance 
is not influenced. 

Zdrday &: Weiner A52,879f34: In rats, 
morphine, and in rabbits chioral hydrate 
anesthesia were not significantly influenced by 
pretreatment with thyroxine s.c., one hour 
before the anesthetics. On the other hand, 
phenobarbital anesthesia was prolonged by 
thyroxine pretreatment in rabbits under 
identical conditions. Similar observations have 
been made on patients suffering from thyro
toxicosis in that they are unusually resistant 
to barbiturates but not to other anesthetics. 
This selective antagonism is ascribed to inter
actions between thyroxine and barbiturates at 
some common receptor site in the midbrain. 

Zarday &: Weiner 53,715/35: In rats, pre
treatment with thyroxine s.c. does not in
fluence the narcotic action of morphirre given 
s.c. a few hours later. 

Swann 80,669/41: In rats, thyroidectomy 
does not alter the morphirre withdrawal 
symptoms. 

Bhagat F9,444f64: In mice, pretreatment 
with thyroxine increased the analgesic action 
of morphine. 

Cochin &: SokoZoff D29,487f60: "The effect 
of in vivo administration of L-thyroxin on in 
vitro N-demethylation of morphirre by rat
liver enzyme preparations from normal and 
morphine-treated rats has been investigated. 
Thyroxin given 7 days to otherwise untreated 
control animals has no effect on N-demethy
lating activity, but after 10-14 days it signi
ficantly depresses this activity. Administra
tion of thyroxin for 7 days prior to and during 
morphirre withdrawal reduces further the en
zyme activity already markedly depressed after 
chronic administration of morphine, and pre
vents almost completely recovery of activity 
which occurs some 8-10 days aftermorphirre 
withdrawal." 

Winter G71,836f65: In mice, the toxicity 
of amphetamine, imipramine, chlordiazep
oxide and pentylenetetrazol is increased by 
T3 or thyroid powder, whereas the narcotic 

effect of amobarbital and morphirre is de
creased. Methylthiouracil has, in general, oppos
ing effects. [The experimental conditions are 
not described in sufficient detail to evaluate 
these findings (H.S.).] 

Morphine ~ Thyroxine + Mor
phine: Cochin et al. D29,487f60 

a-Naphthylisothiocyanate +- cf. Table 85 

Navadel +- cf. Dioxathion under Pesticides 

Neostigmine +-

Tabachnick et al. 050,317/58: In mice, 
thyroxine increases sensitivity to decametho
nium and neostigmine but not to D-tubocura
rine or succinyl choline. Rahbits pretreated with 
thyroxine also become more sensitive to 
decamethonium. It is tentatively suggested 
that the motor disturbances associated with 
hyperthyroidism may be due to "a change in 
the muscle itself, probably at the motor end
plate where these drugs act." 

Nicotine +- cf. also Table 86 
Hunt &: Seidell 50,346/09: In mice, pre

treatment with thyroid extract does not in
fluence resistance to nicotine. 

Spinelli 10,086/31: In guinea pigs, thyroid
ectomy increases the resistance to histamine, 
acetonitrile, picrotoxin, aconitine, epinephrine, 
nicotine and atropine but augments sensibility 
to pilocarpine and guanidine. 

Gogoldk et al. G51,384f67: In hypothyroid 
(131I, methylthiouracil, NaCl04) rats, higher 
doses of nicotine are required to produce 
hippocampal-seizure discharges with the typi
cal modifications in EEG than in intact 
animals. The comparable effect of pentylene
tetrazol is not modified by hypothyroidism. 

Selye G70,428f70: In rats, ethylestrenol 
powerfully inhibits the toxicity of digitoxin, 
nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
cyclopental, thiopental, DOC (anesthesia), 
meprobamate and picrotoxin. Thyroxine in
creases the toxicity of many of these drugs and 
inhibits the protective effect of ethylestrenol. 

Nikethamide +- cf. Table 87 
p-Nitroanisole +- cf. Table 88 

Nitrogen Dioxide +-

Fairchild &: Graham D56,574j63: In mice 
and rats, mortality induced by exposure to 
respiratory irritants such as ozone or nitrogen 
dioxide is inhibited by thioureas or thyroid
ectomy but enhanced by thyroxine or T3. 
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Dinitrophenol, in doses known to elevate the 
BMR, did not significantly affect mortality 
under these conditions. 

Nitrogen MUBtard +-

Oonn.ors & Elson G2,440f62: In rats, 
thioureas reduce the toxicity of certain 
radiomimetic alkylating agents. The same is 
true of other compounds containing thiol 
groups. 

NitrOPli o~ide +-

Rummelet al. D89,013f57: In guinea pigs 
and rabbits, thyroxine increases the threshold 
for N20 anesthesia, whereas dinitrophenol has 
no such effect. Contrary to expectations, 
methylthiouracil also failed to affect the N20 
anesthesia threshold. 

Rummel 079,429/59: In guinea pigs and 
rats, thyroxine increases, whereas thyroidec
tomy decreases, the threshold for N20 anesthe
sia. Dinitrophenol is ineffective. DOC lowers, 
whereas cortisone raises, this anesthesia 
threshold. 

Rummel & Wellensiele D96,909f68: In rats, 
the N20 anesthesia threshold is diminished by 
thyroidectomy and restored to normal by 
thyroxine but not by dinitrophenol. 

Nortriptyline +-

Askford & Ross H2,686f68: In mice, pre
treatment with thyroid extract increased the 
toxicity of imipramine, nortriptyline, chlor
promazine, perphenazine and chlordiazep
oxide, whereas the toxicity of meprobamate 
and reserpine was not enhanced. 

Novocaine +-

Gla:uback & Piek 6,241/31: Studies in gui
nea pigs and rabbits on the increase in dibu
caine, cocaine and novocaine toxicity caused 
by thyroxine as judged by the resulting tem
perature variations. 

Octamethyl Pyropho•phoromide +- cf. 
Pe•ticide• 

o~alote +-

Kochmann 55,946!34: In mice, fatal in
toxication with Na-oxalate can be prevented by 
parathyroid extract in a dosa-dependent 
manner suitable for bioassays. 

Fairckild & Stolcinger D4,088f61,· Fairckild 
& Grakam D56,574f63: In mice and rats, 
mortality induced by exposure to respiratory 
irritants such as ozone or nitrogen dioxide is 
inhibited by thioureas or thyroidectomy but 
enhanced by thyroxine or T3. Dinitrophenol, 
in doses known to elevate the BMR, did not 
significantly affect mortality under these 
conditions. 

Fairckild G71,531f63: Review (6 pp., 
26 refs.) on the effect of thyroidectomy, 
thioureas, thyroid hormones, glucocorticoids 
and hypophysectomy upon the resistance of 
various species to inhaled irritants especially 
ozone. 

Paraldehyde +-

Rutsch 7,744/33: In guinea pigs, thyroidec
tomy decreases, whereas thyroxine pretreat
ment increases, resistance to ether, paralde
hyde or tribromoethanol anesthesia. These 
findings are ascribed to changes in the re
sponsiveness of the brain. 

Paraphenylenediamine +-

Meissner E52,567f19: The head and neck 
edema produced by paraphenylenediamine in 
the rabbit is not prevented by epinephrine, 
posterior pituitary extract or thyroid extract. 

Pargyline +-

Oarrier & B'Uday E28,887f63: In rats, the 
toxic effects of the MAO inhibitors, pargyline 
and iproniazid are increased by pretreatment 
with desiccated thyroid. 

Paro:J&Ypropionine +-

Scharf et al. 091,620/60: In rats, the 
degenerative changes produced in the pituit
ary by p-hydroxypropiophenone (paroxy
propionine or POP) are aggravated by methyl
thiouracil. 

Pentachlorophenol +-

Paaley et al. G67,522f68: In cichlid fish, the 
toxic effect of pentachlorophenol (a herbicide, 
molluscacide and !umher preservative) is 
counteracted by thyroxine. 

Pentylenetetra~Sol +- cf. also Table 89 
Woodbury et al. B68,423f52: In rats, brain 

excitability (pentylenetetrazol, EST) decreases 
following thyroidectomy or treatment with 
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propylthiouracil and increases after thyroxine 
pretreatment. There are however certain diffe
rences between thyroidectomy and propyl
thiouracil as regards the recovery time from 
electroshock seizures and their relative effect 
upon extensor and flexor components. 

Pfeifer et al. D12,952f60: In rats, the 
convulsive effect of "Pentametazol" [presum
ably pentylenetetrazol (H.S.)] is diminished 
one hour after administration of thyroxine, 
but increased 18 hrs later. A corresponding 
biphasic response is also noted with regard to 
the EST. In mice, the increased motility 
induced by amphetamine is also inhibited dur
ing the first hour after thyroxine treatment. 
The possible biochemical reasons for this 
"negative tendency" during the early phase of 
thyroxine action are described. 

Winter G71,836f65: In mice, the toxicity 
of amphetamine, imipramine, chlordiazepo
xide and pentylenetetrazol is increased by 
T3 or thyroid powder, whereas the narcotic 
effect of amobarbital and morphine is de
creased. Methylthiouracil has, in general, oppos
ing effects. [The experimental conditions arenot 
described in sufficient detail to evaluate these 
findings (H.S.).] 

Gogoldk et al. G51,384f67: In hypothyroid 
(181I, methylthiouracil, NaCl04) rats higher 
doses of nicotine are required to produce 
hippocampal-seizure discharges with the typical 
modifications in EEG than in intact animals. 
The comparable effect of pentylenetetrazol is 
not modified by hypothyroidism. 

Pfeifer et al. G65,057 f68: In mice, thyroxine 
facilitates the production of convulsions by 
pentylenetetrazol and electroshock. These 
effects are inhibited by various amphetamine 
derivatives. 

Pentylenetetrazol +- Thiouracil, 
Mouse: Wenzel et al. G76,357f55* 

Peptone-

Haussay & Oisneros 26,936/25: In dogs 
sensitized after thyroidectomy, subsequent 
anaphylactic shock is diminished. Thyroidec
tomized dogs are also comparatively irrsensi
tive to peptone shock. 

Ozarnecki & Kiersz D15,579f61: In dogs, 
shock produced by trypan blue or peptone 
injection is more powerfully inhibited by 
thyroparathyroidectomy than by thyroid
ectomy. 

Perchlorates - cf. also Table 90 
Bajusz & Selye 064,511/59: 057,180/59; 

Selye 061,814/59: The spastic muscular con-

tractions (with positive "flick-test") produced 
by NaC104 in the rat can be inhibited by corti
sol or triamcinolone, and aggravated by DOC 
or Me-Cl-COL. Thyroparathyroidectomy or 
parathyroidectomy exerts a sensitizing effect. 
Triamcinolone also protects the dog against 
the syndrome produced by heavy overdosage 
with NaCl04 • Methyltestosterone, estradiol 
and progesterone did not significantly affect 
the response of the rat to NaCl04• 

Perphenazine -

Ashford & Ross H2,686f68: In mice, pre
treatment with thyroid extract increased the 
toxicity of imipramine, nortriptyline, chlor
promazine, perphenazine and chlordiaze
poxide, whereas the toxicity of meprobamate 
and reserpine was not enhanced. 

Pesticides- cf. also Tables 91-99 
Byerrum B1,322/46: In rats, iodine given 

either as Lugol's solution or as KI protects 
against ANTU poisoning. 

Byerrum & DuBois B3,076f47: In rats, 
ANTU poisoning can be prevented by KI p.o. 
but very little protection is affered to thyroid
ectomized rats by the administration of 
iodine. Desiccated thyroid fed for 2 days affered 
no protection against ANTU. 

Meyer & Karel B18,102f48: Of 25 com
pounds tested only KI and 1-thiosorbitol were 
unequivocally successful in preventing lethal 
pulmonary edema and pleural effusion in 
ANTU-treated rats. Organic iodides (diiodo
tyrosine, cetyl iodide, n-decyl iodide, amyl 
iodide, and iodoacetic acid) as weil as iodine 
were ineffective. 

CarroU & Noble B32,718f49: In rats, 
resistance to ANTU can be produced not only 
by pretreatment with ANTU itseH but also 
by previous administration of other thioureas. 
"Neither the anti-thyroid potency nor the 
acute toxicity of these substances is directly 
related to their ability to impart resistance." 
However, resistance to ANTU is also found in 
rats fed on certain goitrogenie diets, especially 
those containing seeds of the brassica species. 

Wassermann et al. G74,485f69: In rats, 
hepatic changes induced by p,p' -DDT are 
aggravated following thyroidectomy and the 
storage of p,p'-DDT, o,p'-DDT and dieldrin is 
increased. 

Selye G70,428f70: In rats, ethylestrenol 
powerfully inhibits the toxicity of digitoxin, 
nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
cyclopental, thiopental, DOC (anesthesia), 
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meprobamate and picrotoxin. Thyroxine in
creases the toxicity of many of these drugs and 
inhibits the protective effect of ethylestrenol. 

Selye G70,435f70: In rats, ethylestrenol, 
CS-1, spironolactone, and norbolethone coun
teract the Iethai effects of ethion, dioxathion, 
EPN, Guthion and parathion. To a lesser 
extent, this is also true of oxandrolone, pred
nisolone and progesterone. Triamcinolone, 
desoxycorticosterone, hydroxydione, estradiol, 
and thyroxine offer no consistent protection 
against these pesticides. DDT is much more 
resistant against detoxication by even the most 
powerful catatoxic steroids. 

Selye et al. G70,457f70: In rats, ethyl
estrenol, CS-1, spironolactone and norbol
ethone fall to alter sensitivity to OMP A, 
although these typical catatoxic steroids have 
previously been shown to induce hepatic 
microsomal enzymes and to detoxify numerous 
other pesticides. This is of interest because 
catatoxic barbiturates greatly increase the 
toxicity of OMP A, presumably by transform
ing it into a more toxic metabolite. On the 
other hand, estradiol, estrone and stilbestrol, 
which have no typical catatoxic actions, 
considerably increase OMP A toxicity in ova
riectomized rats. "The protective effect of 
catatoxic steroids is presumably due to their 
structural characteristics and is independent 
of other pharmacologic actions. Conversely, 
sensitization to OMP A depends more upon the 
estrogenic action of compounds than upon their 
chemical structure, since stilbestrol, a non
steroidal estrogen, is also highly effective in 
this respect." Prednisolone, triamcinolone, 
progesterone, DOC, hydroxydione and thy
roxine fail to influence OMPA toxicity. 

Selye PROT. 31612: In mice, the Iethai 
effect of dioxathion is powerfully inhibited by 
ethylestrenol, norbolethone, prednisolone and 
estradiol, moderately by CS-1 and oxandrolone, 
but not influenced by spironolactone, progeste
rone, triamcinolone, DOC, hydroxydione and 
thyroxine. 

DDT +- Thyroidectomy: Wassermann 
et al. G74,485/69* 

Phenol+-

Hunt & Seidell 50,346/09: In mice, pre
treatment with thyroid extract does not in
fluence resistance to phenol. 

B'UIJBO 26,684/25: In rats, thyroidectomy 
does not change the resistance to epinephrine or 
phenol. Morphine appears to be slightly more 

toxic to thyroidectomized than to intact rats 
but the results were irregular. 

Phenyramidol +- cf. Tahle 100 

Phosphates +-

Selye C38,627f58: In rats the nephrocalci
nosis produced by a dietary excess of 
NaH2P04 is inhibited both by thyroparathy
roidectomy and by excess thyroxine adminis
tration. 

Cantin F 5,681!64: The nephrocalcinosis 
produced in rats by combined treatment with 
NaH2P04 + either estradiol or DOC is pre
vented by parathyroidectomy or thyropara
thyroidectomy, and in either case additional 
treatment with thyroxine prevents nephrocal
cinosis. 

Meyer & Forbea G53,688j67: In rats kept 
on a high-phosphate diet, nephrocalcinosis is 
decreased by thyroxine and increased by 
prophylthiouracil. 

Phospharus +-

Selye & Miahra 040,183/58: In the rat, 
mortality and hepatic degeneration produced 
by elementary yellow phosphorus is inhibited 
bythyroxine and aggravated by thyroidectomy. 
The associated osteosclerosis was not affected 
under the conditions of this experiment. 

Physostigmine +- cf. also Tahle 110 
Selye G70,435f70: In rats, intoxication with 

physostigmine was diminished by ethylestre
nol, CS-1, spironolactone, and prednisolone, 
but aggravated by estradiol and thyroxine. 
Norbolethone, oxandrolone, progesterone, tri
amcinolone, DOC, and hydroxydione had no 
significant effect. 

Selye G70,428f70: In rats, ethylestrenol 
powerfully inhibits the toxicity of digitoxin, 
nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
cyclopental, thiopental, DOC (anesthesia), 
meprobamate and picrotoxin. Thyroxine in
creases the toxicity of many of these drugs and 
inhibits the protective effect of ethylestrenol. 

Picrotoxin +- cf. also Tahle 102 
Hunt & Seidell 50,346/09: In mice, pre

treatment with thyroid extract does not in
fluence resistance to picrotoxin. 

SpineUi 10,086/31: Inguineapigs, thyroid
ectomy increases resistance to histamine, 
acetonitrile, picrotoxin, aconitine, epinephrine, 
nicotine and atropine but augments sensibility 
to pilocarpine and guanidine. 
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Selye G70,428f70: In rats, ethylestrenol 
powerfully inhibits the toxicity of digitoxin, 
nicotine, indomethacin, phenindione, dioxa
thion, EPN, physostigmine, hexobarbital, 
cyclopental, thiopental, DOC (anesthesia), 
meprobamate and picrotoxin. Thyroxine in
creases the toxicity of many of these drugs 
and inhibits the protective effect of ethyl
estrenol. 

Pilocarpine +-

Spinelli 10,086!31: In guinea pigs, thyroid
ectomy increases the resistance to histamine, 
acetonitrile, picrotoxin, aconitine, epinephrine, 
nicotine and atropine but augments sensibility 
to pilocarpine and guanidine. 

Piperidine+- cf. Tahle 103 
Potossium +- cf. also Selye 092,918/61, 

p. 83. 
Lowenstein et al. A 74,481/43: In rats, pre

treatment with DOC increased, whereas thy
roid feeding decreased, resistance to KCl i.p. 

Pralidoxime +- cf. also Tahle 104 
Selye G70,435f70: In rats, pralidoxime 

intoxication was counteracted by prednisolone 
and, to a lesser extent, by ethylestrenol and 
estradiol. CS-1, spironolactone, norbolethone, 
oxandrolone, progesterone, triamcinolone, 
DOC, hydroxydione, and thyroxine had no 
significant effect. 

Propionitrile +- cf. also Tahle 105 
Gellhorn 16,839/23: In mice, resistance 

against acetonitrile can be increased not only 
by thyroid extract but, to a lesser extent, also 
by extracts of various other tissues. These 
preparations also augment resistance to 
potassium cyanide (KCN) and propionitrile, 
whereas thyroidectomy and orchidectomy have 
an opposite effect. 

Puromycin Aminonucleoside +-

Alexander &: Hunt D20,284f61: In rats, 
pretreatment with T3 aggravates the protein
uria caused by puromycin aminonucleoside. 

Pyruvate+-

Leooq et al. B66,406f51: In rats, the toxic 
effects of ethanol and its metabolites pyruvate 
and acetaldehyde (which accumulate in the 
body under the influence of disulfiram) are 
inhibited by ACTH, cortisone, and hepatic 
extracts. Conversely, thyroxine, DOC, and 
testosterone appear to aggravate ethanol 
intoxication. [Statistically evaluated data are 
not presented (H.S.).] 

Quinine +-

Kardsek B52,652f37: In guinea pigs pre
treated with thyroid extract or thyroxine, the 
isolated right auricles of the heart exhibit an 
accelerated pulse. In this respect quinine exerts 
an antagonistic effect. 

Reserpine +-

Ershoff 060,006/58: In rats, reserpine and 
thyroid extracts, given in well-tolerated 
amounts, caused 100% mortality when admi
nistered concurrently. 

Thier &: Gravenstein 083,115/60: In isolated 
atria of rats, the slowing of the heart beat 
produced by reserpine is antagonized by thy
roxine pretreatment in vivo. 

Winter G71,836f65; F64,465f66; 
F98,019f68: In mice, pretreatment with 
thyroid extract p.o. increases the toxicity of 
reserpine, chlordiazepoxide, imipramine and 
amphetamine. 

Ashford &: ROBB H2,686f68: In mice, pre
treatment with thyroid extract increased the 
toxicity of imipramine, nortriptyline, chlor
promazine, perphenazine and chlordiazep
oxide, whereas the toxicity of meprobamate 
and reserpine was not enhanced. 

Salicylates +-

Pfeiffer 16,694/23: In guinea pigs, thyroid
ectomy aggravates the drop in body tempe
rature produced by cooling or salicylate in
jection i.p. 

Vunder &: Lapshina D34,912f56: In rats, 
mice and chickens, the goitrogenie effect of 
paraamino-salycylic acid is prevented by con
current administration of thyroid extract. 

Semicarba111ide +-

Hunt&: Oarlton F3,186f64: In Pekin ducks, 
combined administration of semicarbazide and 
isoniazid p.o. produce a neurolathyrism-like 
syndrome which is not significantly influenced 
either by thiouracil or by DL-thyroxine. 

SKF 525-A +- cf. Tahle 106 

Sodium Chloride +-

Fregly 077,939/59: In rats, the hyper
tension induced by substitution of hypertonic 
NaCl for drinking fluid, as well as the accom
panying cardiac and renal hypertrophy, are 
prevented by propylthiouracil. 

Strychnine+- cf. also Tahle 107 
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Hunt & Seidell 50,346/09: In mice, pre
treatment with thyroid extract does not in
fluence resistance to strychnine. 

Balint & Molndr 34,586/11: In guinea pigs, 
the fatal effect of strychnine intoxication is 
inhibited by epinephrine or thyroid extract 
i.p. 

MaraMn & .Aznar 46,926/11: In frogs, the 
fatal convulsions produced by strychnine can be 
prevented if, prior to injection, the drug is 
mixed with extracts of the posterior pituitary, 
the thyroid, various other tissues, and parti
cularly epinephrine. [The possibility of delayed 
absorption owing to local vasoconstriction has 
not been considered (H.S.).] 

Parlwn & Urechia 62,361/13: In dogs and 
rabbits, orchidectomy and thyroidectomy do 
not influence resistance to strychnine consist
antly, but thyroid feeding appears to aggra
vate the characteristic convulsions. 

Sulfa Drugs +-

Lehr & Martin 013,119/56: In rats, the 
production of cardiovascular lesions by "stan
dard renal injury" (due to treatment with 
sulfa drugs) is prevented by thyroparathyroid
ectomy but not by thyroidectomy with para
thyroid extract treatment. Curiously, "chemi
cal thyroidectomy" [technique not specified 
(H.S.)] also inhibited, and thyroid hormone 
excess aggravated these lesions. 

Lehr & Martin 023,011/56: In rats, the 
cardiovascular lesions produced by sodium 
acetylsulfathiazole (as a consequence of renal 
injury) are prevented by thyroparathyroidec
tomy, presumably because in the final analysis 
the changes observed are due to nephrogenic 
hyperparathyroidism. 

Taurochenodeoxycholate +- Thyro
xine: Voigt et al. H25,247f70 

Tetrahydronaphthylamine +-

Borchardt 23,683/28: In cats, neither thyro
parathyroidectomy nor adrenalectomy pre
vents the production of fever by tetrahydro
naphthylamine, whereas denervation of the 
liver inhibits it almost completely. 

Glaubach & Pick 11,431/30: In rabbits, the 
fever normally produced by tetrahydro-ß
naphthylamine or cocaine is increased to fatal 
Ievels following pretreatment with thyroxine. 

Thallium+-

Buachke 4,823/33; Buachke et al. 43,284/33: 
In mice, thyroxine increases, whereas thymus 

extract decreases, sensitivity to thallium 
intoxication. 

Uspenskaya D34,628f39: In rabbits, thalli
um intoxication is aggravated by chronic 
pretreatment with thyroid extract but not 
significantly influenced by thyroidectomy. 

Theobromine +- cf. Tahle 108 

Theophylline+- cf. also Table 109 

Strubelt et al. G78,572f70: In rats, T3 in
creases, whereas thyroidectomy decreases, the 
calorigenic response to theophylline and 
caffeine, probably because the thyroid hormone 
activates adenylcyclase andfor inhibits phos
phodiesterase. 

Thimerosal +- cf. Tahle 110 

Thioacetamide +-

Srinivasan & Balwani G64,503f68: In rats, 
pretreatment with thyroxine increased the liver 
darnage produced by subsequent administra
tion of CCI4 or thioacetamide. 

Thiourea +-

MacKenzie & MacKenzie .A49,024f43: In 
rats, thyroidectomy offers no protection against 
the production of pulmonary edema by acute 
thiourea-overdosage. 

Glock B23,056f45: In rats given normally 
fatal doses of thiourea, treatment with 
adrenocortical extract plus NaCI offers greater 
protection than NaCI alone. Thyroxine is a 
still more effective prophylactic even when 
given without NaCI. 

Wiberg et al. E23,265f63: The mouse anoxia 
test performed after thiouracil treatment 
permits simultaneaus assessment of survival 
and goitre prevention. The antigoitrogenic 
assay is more sensitive and permits greater 
precision than the anoxia test in the bioassay of 
thyroactive materials. 

Tribromoethanol +- cf. also Table 111 
Pribram .A47,677f29: Bothin rabbits and 

in man, single i.v. injections of thyroxine a few 
hours prior to administration of tribromoetha
nol diminish the actions of the latter. 

Rutsch 7,744/33: In guinea pigs, thyroid
ectomy decreases, whereas thyroxine pre
treatment increases, resistance to ether, paral
dehyde or tribromoethanol anesthesia. These 
findings are ascribed to changes in the respon
siveness of the brain. 

Trichlorethanol +- cf. Tahle 112 
Tri·o·cresyl phosphate +- cf. Table 113 
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Triton+-

Michel & Truchot 079,107!59: In thyroidec· 
tomized rats, the hypercholesterolemia and, to 
a lesser extent, perhaps also the cholesterol 
accumulation in the liver produced by triton 
WR-1339 are diminished by thyroxine. 

Tryptophan +-

Bavetta et al. 047,327!57: In rats, various 
manifestations of tryptophan deficiency are 
aggravated by thyroid feeding. 

D-Tubocurarine ~ cf. Table 114 
Tyramine~ cf. Table 115 
Tyrosine +- cf. also Table 116 
Schweizer B3,047J47: Addition of excessive 

amounts of L-tyrosine to the diet produces al
kaptonuria, keratitis, conjunctivitis, alopecia, 
and inflammation of the paws in young rats. 
Among older animals, males are more sensitive 
than females. The severity of the syndrome is 
aggravated by thyroxine and inhibited by 
thiouracil. 

Moore G36,616f65: In mice, pretreatment 
with T3 greatly increases sensitivity to the 
Iethai effect of amphetamine. "Chlorpromazine, 
phenoxybenzamine, and propranolol pretreat
ment reduced the lethality of d-amphetamine 
in hyperthyroid mice while a-methyl-m-tyro
sine, a-methyl-p-tyrosine, and reserpine pre
treatment did not. The toxicity of a-methyl· 
m-tyrosine was enhanced in hyperthyroid 
mice." 

Boctor et al. H22,509f70: In rats, tyrosine 
intoxication was aggravated by thyroxine and 
alleviated by thiouracil. "Plasma tyrosine 
concentration and liver tyrosine transaminase 
activity were high in rats fed a high tyrosine 
diet; thyroxine administration increased them 
further, but depressed slightly the activity of 
liver p-hydroxyphenylpyruvate hydroxylase." 

Uranium+-

Rabboni & Milazzo B18,975f47: In rabbits, 
thyroidectomy protects against the produc
tion of toxic nephritis by conjoint administra
tion of uranium acetate and epinephrine. 

VitaminA+-

Euler & Klussmann 4,928/32: In rats, the 
toxicity of thyroxine is partly inhibited by 
carotene and the authors suggest that perhaps 
"thyroxine is bound to carotene and thereby 

inactivated." There may exist a physiologic 
antagonism between vitamin A and thyroxine. 

Fa8old & Heidemann 16,518/33: A goat 
normally excreted vitamin A but no carotene 
in its milk. After thyroidectomy, the milk of 
the same animal contained carotene but no 
vitamin A. It is assumed that thyroid hormone 
participates in the synthesis of vitamin A. 

Abelin 57,019/33: In guinea pigs, thyroxine 
inhibits the hepatic storage of carotene and its 
transformation into vitamin A. In vitro studies 
suggest an actual chemical interaction between 
carotene and thyroxine. 

Fa8old & PeterB A 54,337/33: In rats, hyper
vitaminosis A can be prevented by thyroxine. 
The hormone causes a resumption of growth 
and of carotene deposition in the liver. 

Schneider & W idmann 33,725/35: In guinea 
pigs, both thyroidectomy and treatment with 
TTH considerably alter vitamin-A metabolism. 

FleiBchmann & Kann 67,360/36: In mice, 
vitamin A antagonizes the protective effect of 
thyroxine against acetonitrile intoxication. 
Vitamin A also antagonizes the effect of thy
roxine upon tadpole metamorphosis. The 
enhancement of fatty acid oxidation by caro
tene in vitro is inhibited by thyroxine. 

Greaves & Schmidt A48,725f36: In rats, 
laparotomy and various toxic agents failed to 
influence vitamin-A requirements but these 
are increased by thyroxine or desiccated thy· 
roid and decreased by thyroidectomy. 

Sure & Buchanan A48,611f37: In rats kept 
on specified diets, thiamine antagonizes the 
toxic actions of thyroxine but, at the same time, 
tends to increase vitamin-A requirements as 
manifested by the onset of xerophthalmia. 

Logara8 & Drummond A16,392f38: Meta
bolie studies on rats kept on a vitamin-A
deficient diet "do not support the view that 
thyroxine increases the utilization or decreases 
storage of vitamin A." 

Wohl & Feldman A30,107f39: In patients 
with hyperthyroidism or hypothyroidism, dark 
adaptation is frequently deranged suggesting 
the existence of a disturbance in vitamin-A 
metabolism. 

Baumann & Moore 038,599/39: In rats 
given an excess of vitamin A, thyroxine pro
moted catabolism and shortened survival. 
Earlier Iiterature on an alleged antagonism 
between thyroxine and vitamin A is reviewed. 

Oanadell & Valdeca8a8 B25,697f47: In rats 
kept on a vitamin-A deficient diet the characte
ristic trophic changes can be prevented by the 
administration of carotene. Thiourea blocks the 
protective effect of the provitamin A and the 
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effect of the antithyroid compound is in turn 
blocked by thyroid powder or iodine. The 
action of thiouracil is ascribed to the inhibition 
of carotenase activity. 

Wiue et al. B39,257f48: In rats, thiouracil 
prolongs survival on vitamin-A deficient diets. 

WooUam &: Millen 064,432/58: The off
spring of rats given !arge doses of vitamin A 
during pregnancy often show deformities of 
the skull and brain. This teratogenic effect is 
potentiated by methylthiouracil administra
tion to the pregnant mother. 

Nicol &: Grangaud D20,176f61: In rats, 
thiouracil ameliorates the manifestations of 
vitamin-A deficiency. Progesterone has a 
similar effect. 

AnderBon et al. G11,709f64: In rats kept on 
diets with varying vitamin-A contents, the 
hepatic storage of vitamin A was increased by 
thyroxine as compared to thiouracil-trested 
controls, but the total vitamin-A storage of the 
body remained unaffected. 

Khogali F73,238f66: In rats, hypervita
minosis A is aggravated both by L- and by 
D-triiodothyronine. 

Sundaruan et al. G/50,127/67: The vita
min-A requirements of rats are greatly in
cressed during exposure to cold; this increase 
is abolished by thiouracil. 

Vitamin·B Camplex +-

Oameron &: Moore 57,815/21: In pigeons 
kept on polished rice, wasting and death were 
accelerated by thyroid feeding but it is dubious 
whether this was true also of the specific mani
festations of polyneuritis. 

NiBhimura &: Nitta 1,171/29: In vitamin 
B complex deficient rats, thyroid feeding 
aggravates the severity of the resulting ske
letallesions. 

Templeton &: PatraB 9,640/33: In rats, 
survival on a thiamine-deficient diet is pro
longed by thyroparathyroidectomy but not 
significantly altered by desiccated thyroid. 

Perelmuter &: Miletzkaja 78,650/34: In 
pigeons on a B-avitaminotic diet, thyroid 
feeding accelerates the development of poly
neuritis. 

Sure &: Buchanan A6,259f37: In rats, the 
loss of weight produced by thyroxine can be 
combated by thiamine. 

Sure&: Buchanan A48,611f37: In rats kept 
on specified diets, thiamine antagonizes the 
toxic actions of thyroxine but, at the same 
time, tends to increase vitamin-A require-

ments as manifested by the onset of xeroph
thalmia. 

lnfante et al. 017,520/55: In rats, vita
min-B12 possesses no lipotropic potency in 
itself but does prevent hepatic steatosis on 
hypolipotropic diets supplemented with thy
roxine. 

GerBhoff et al. 054,255/58: In rats, thyro
xine greatly increases vitamin-B12 require
ments. 

VitaminC+-

Mouriquand &: Michel12,231f21: In guinea 
pigs kept on a normally adequate diet, scurvy
like hone changes developed upon treatment 
with thyroid extract. Other manifestations of 
scurvy have not been noted. 

Abderhalden 13,399/23: In guinea pigs on 
an ascorbic acid-deficient diet, thyroidectomy 
aggravates but does not aceeierate the deve
lopment of scorbutic lesions. 

Svirbely 33,140/35: In guinea pigs fed a 
vitamin-C deficient diet, the development of 
scurvy is accelerated by thyroid feeding. 

Ganguli et al. G71,669f56: Chlorobutanol 
increases ascorbic acid synthesis and this 
effect can be suppressed by simultaneous 
administration of thyroxine, ATP, or malic 
acid. 

McGraw 068,484/59; 080,136/59: Doctor's 
thesis describing numerous experiments on the 
effect of adrenalectomy, cortisone, thyroxine, 
thyroidectomy, thioureas and STH upon 
scorbutic guinea pigs, with special emphasis 
upon changes in capillary resistance and cold 
tolerance. 

Vitamin D, DHT +- cf. alBo Selye G60,083J 
70, p. 400. 

Kunde &: WilliamB 18,960/27: In rats thy
roidectomized (without removing the parathy
roids) 15-29 days after birth, even very large 
amounts of cod liver oil cannot prevent the 
development of rickets on a rachitogenic diet. 

Schechet B61,419f51: In rats, addition of 
desiccated thyroid or iodinated casein to a 
rachitogenic diet assures more regular growth 
and thereby facilitates the bioassay of vita
min-D preparations. 

Gillman &: Gilbert 031,076!56: The arterial 
lesions produced by heavy vitamin-D over
dosage in the rat are aggravated by thyroxine 
or DOC, whereas cortisone and thyroidectomy 
offer considerable protection. 

Selye 027,735/57: The cardiovascular calci
fication and nephrocalcinosis produced by 
DHT in rats are aggravated by estradiol, 
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cortisol, ACTH and thyroxine. Conversely, 
methyltestosterone and STH exert a protec
tive effect. 

Takens 069,439/59: In rabbits, the cal
cinosis and other toxic manifestations of vita
min-D2 overdosage are accentuated by pre
treatment with methylthiouracil. 

Manston G69,733f69: The metastatic calci
fication produced by vitamin-D8 overdosage in 
the cow can be prevented by thyroxine. 

DHT +- cf. alao Table 117 

Vitamin E +-

Wheeler &: Perkinsan B43,572f49: In chicks, 
vitamin-E requirements are increased by pre
treatment with thyroprotein and decreased by 
thiouracil. 

Tentori et al. 07,904/54: In rats, thyroid 
feeding accelerates the development of the 
characteristic skeletal muscle lesions produced 
by vitamin-E deficiency. 

Fudema et al. D23,102f62: In rabbits, the 
muscular dystrophy and death induced by 
vitamin-E deficiency are delayed following 
suppression of thyroid activity by 1a11. 

Vitam.ilUI (Pantothenic Acid)+-

Haque et al. B19,204f48: In chicks fed a 
ration low in folic acid and pantothenic acid, 
thyroxine caused high mortality but the 
pantothenic acid-deficiency symptoms were 
partially counteracted. Review of the litera
ture. 

W-1372 +- cf. Table 118 

Water+-

Gaunt 84,566/44: Ratsare protected against 
water intoxication by thyroxine. This effect is 
largely abolished by adrenalectomy. 

Zoxasolam.ine +- cf. alao Table 119 
Oonney &: Garren D78,956f60: In rats, pre

treatment with thyroxine i.p. shortened the 

duration of action of zoxazolamine by increas
ing its metabolism in vivo. However, thyro
xine unlike phenobarbital and other drugs did 
not aceeierate zoxazolamine metaboliBm by 
increasing the activity of hepatic microsomal 
enzymes; the shortening of zoxazolamine 
action by thyroxine was correlated with in
creased activity of glucose-6-phosphate and 
6-phosphogluconate dehydrogenases which are 
involved in the generation of NADPH. 

Oonney &: Garren D93,666f61: In rats, 
thyroxine shortens the duration of action of 
zoxazolamine by accelerating its metabolism 
through hepatic microsomes. 

Barbison &: Becker H 10,917!69: Thyroidec
tomy greatly prolonged hexobarbital sleeping 
time and zoxazolamine paralysis in rats. T3 
increased the response to hexobarbital but 
decreased the effect of zoxazolamine. The 
mortality rates induced by high doses of hexo
barbital, thiopental, amobarbital, pentobarbi
tal and phenobarbital were all significantly 
increased in rats pretreated with T3. 

Zoxazolamine ~ Thyroxine: Conney 
et al. D93,666f61* 

Varia+-

Hunt &: Seidell 50,346/09: Systematic stu
dies on the effect of thyroid extract upon the 
resistance of mice to a great variety of toxic 
substances. 

Störtehecker 76,398/39: Review of the early 
Iiterature on the effect of thyroid hormone 
upon resistance to various drugs. 

Selye G70,480f71: In rats, pretreatment 
with thyroxine diminished resistance to intoxi
cation with dioxathion and parathion. It 
failed to affect poisoning with digitoxin, 
nicotine, hexobarbital, progesterone (anesthe
sia), zoxazolamine, indomethacin, acute DHT 
induced tissue calcinosis or the infarctoid 
myocardial necroses produced by fluorocorti
sol + Na2HP04 + com oil. 

Complex Diets +-

In rabbits, thyroidectomy moderately decreases the catabolic effect of fasting. 
Thyroid feeding accelerates catabolism in rats kept on vitamin-free diets. 

Nutritional hepatic cirrhosis (such as is seen on various hypolipotropic diets) is 
prevented by propylthiouracil and other thioureas in proportion to their goitrogenie 
effect, whereas thyroid feeding has an opposite action. 

In hamsters, gallstone formation on a diet containing 24% rice starch is increased 
by concurrent treatment with thyroxine. 
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Blum 38,401/00; 38,405/06: Studies on the 
effeot of thyroidectomy upon the resistance of 
dogs, rabbits, a.nd sheep to feeding various diets 
led to the conclusion that the thyroid is not an 
organ of interna.l seoretion but aots by accu
mula.ting and destroying endogenous toxic 
substances especia.lly those derived from mea.t 
diets. 

Mansfeld &: MilZZer 35,416/11: In rabbits, 
thyroidectomy inhibits the protein cata.bolic 
effect of exposure to decrea.sed oxygen tension, 
hydrooyanic acid intoxica.tion or fa.sting. 

Bari 51,049/19: Contra.ry to ea.rlier cla.ims, 
even thyroidectomized ra.bbits show intense 
protein ca.ta.bolism during fa.sting. 

Cameron &: Moore 57,815/21: In ra.ts kept 
on a vita.min-free diet (oatmeal and water), 
thyroid feeding produced a particula.rly rapid 
loBB of weight. 

György et al. 071,701/48: In rats, hepatic 
cirrhosis produced by a. complex hepatotoxio 
diet is prevented by propylthiouracil and 
other thiourea.s in proportion to their goitro
genie effect. 

BelZers &: You B68,641j51: In ra.ts kept on a 
choline-defioient diet, propylthioura.cil reta.rds 

the development of hepatio oirrhosis and fatty 
oyst formation; thyroid feeding ha.s an oppo
site effeot. 

Dryden &: Bartman 066,416/59: In rats kept 
on various complex diets during trea.tment with 
thyroprotein, no single nutrient could be found 
which would a.nta.gonize the manifesta.tions of 
hyperthyroidism. 

Bergman &: van der Linden G30,642f65: In 
ha.msters, gallstone formation on a. diet 
conta.ining 24% rice sta.rch, is inorea.sed by 
concurrent treatment with D-thyroxine. At the 
sa.me time, the animals develop fatty livers. 
On a diet conta.ining 72.3% rice starch, the 
ga.llstone-forming action of D-thyroxine is 
blocked although hepatic stea.tosis still occurs. 

Bergman &: van der Linden G43,913j66,· 
G39,200f66: In hamsters kept on certa.in diets, 
thyroxine promotes ga.llstone formation. Cho
lestyramine prevents this effect. 

Borgman &: Baselden B29,947j70: In 
rabbits kept on a gallstone producing ration, 
ACTH, thyroid hormones or cortisone did not 
inhibit the production of biliary ca.lculi, but 
several of these hormones inhibited the usually 
a.ssociated hepatic steatosis. 

Microorganisms, Parasites and Their Products +-

Bacteria and Vaeeines +. Numerous investigations dealt with the effect of thyroid 
hormones upon the course of various bacterial infections but special attention was 
given in this connection to tuberculosis. In guinea pigs, thyroidectomy and thiouracil 
diminish, whereas thyroxine and T3 increase, resistance to tuberculosis. Essentially 
similar observations were made in rabbits andin mice. However, in the latter species, 
pretreatment with thyroxine or dinitrophenol in doses sufficient to Iimit the weight 
gain of noninfected controls, diminished resistance to infection with tuberculosis. 

Heavy overdosage with thyroxine also diminishes resistance to various other 
bacterial infections (e.g., plague bacilli, S. typhi, staphylococcus, streptococcus) 
although it increases resistance to some infections ( e.g., chicken cholera); we have 
no valid explanation forthisdual effect although it may be due to incidental condi
tioning factors (dosage, timing, diet, etc.) as much as to the type of microbe used. 

Viruses +. In monkeys, resistance to poliomyelitis virus is allegedly not affected 
either by thyroidectomy or by thyroxine, but in mice, it is increased by thyroid 
extract and decreased by thiouracil. 

In rats, sensitivity to various strains of encephalitis virus is augmented by thy
roxine and the same appears to be the case in mice vaccinated and subsequently 
infected with influenza. 

Parasites +. Thyroid feeding has an adverse effect upon mice infected with 
Hymenoiepis tapeworms, whereas thiouracil increases resistance to these parasites. 

In chickens, thiouracil did not appear to alter resistance to cecal coccidiosis 
(Eimeria tenella) significantly but mild hyperthyroidism, induced by thyroactive 
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iodocasein, increased the ability of chicks to overcome infection with Ascaridia galli 
or Heterakis gallinae. 

Allegedly thyroidectomy or pretreatment with thioureas also slightly decreases 
resistance to toxoplasma and to Trichinella spiralis in the mouse. 

Bacterial Toxins +. In guinea pigs and rabbits, thyroidectomy or treatment with 
thyroid preparations produced only minor and variable changes in resistance to 
various endotoxins. Allegedly, in mice, the Iethai action of endotoxins is enhanced 
by T3 or thyroxine, whereas in guinea pigs thyroxine diminisbes the Iethai effect of 
tetanus toxin. 

Bacteria and Vaccines +-

Bacillus Anthracis +-. Weinstein B15,029f 
39: In mice, various anterior pituitary prepara
tions protect against infection with B. an
thracis. Parathyroid extract was also very 
effective, whereas thyroxine and testosterone 
offered little protection and progesterone, 
insulin, "estrin" and posterior lobe extract 
were virtually ineffective. 

Brucella Melitensis +-. Bradley eh Spink 
076,042/59: In mice, infected with small 
numbers of B. melitensis, hepatic granulomas 
occurred without necrosis. Severe necrosis 
developed after pretreatment with T3 without 
multiplication of brucellae and with minimum 
inflammatory lesions. Necrosis was not induced 
by T3 in mice given brucella endotoxin after 
T3 treatment. 

KlebsiellaPneumoniae+-.Martin eh Bullard 
B 15,263/69: In mice, resistance to infection 
by K. pneumoniae is increased by propyl· 
thiouracil and decreased by thyroxine. 

Mycobacterlum Tuberculosis +-. 

GUINEA. PIG 

Kepirww eh Metalnikow 40,285/22: Thyroid
ectomized guinea pigs infected with tubercle 
bacilli do not respond with fever to a subse
quent tuberculin injection although their 
survival rate is not altered. 

Jzzo eh Oicardo B23,261j47; B67,482J47: 
In guinea pigs, thyroidectomy diminishes, 
whereas thyroxine increases, resistance to 
infection with tubercle bacilli. The clinical 
Iiterature on the effect of hyperthyroidism upon 
tuberculosis is reviewed. 

Sweil,berg B59,988j51: Thyroxine dimin
ishes the resistance of guinea pigs to tubercu
losis. "Estrogen" has the same effect, whereas 
testosterone does not significantly change the 
course of the infection. 

Wasz-Böckert et al. 030,699/56: In guinea 
pigs, methylthiouracil aggravated, whereas 
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thyroid extract ameliorated, the course of 
experimental tuberculosis. 

Renovanz 078,772/59: In guinea pigs, the 
course of experimental tuberculosis was not 
markedly influenced by ACTH, tolbutamide 
derivatives or antithyroid treatment with 
perchlorates. 

Solanki eh Junnarkar D21,370J61: In 
guinea pigs, pretreatment with thyroxine 
increases the resistance to tuberculosis by 
a.ugmenting the phagocytic capacity of mono
nuclear leukocytes. 

Bloch D61,17 4/63: In guinea pigs, resistance 
to tuberculosis is increased by T3. 

Vakilzadeh eh Vandiviere E32,626j63: In 
guinea pigs, the beneficial effect of vaccination 
a.gainst tuberculosis was greatly increased by 
thyroxine and T3, but not by cortisone, 
cortisol or ACTH. None of the hormonesaltered 
natural host resistance in nonimmunized 
guinea pigs. 

RABBIT 

Lurie eh NirwB 014,387/56: In rabbits 
pretreatment with T3 inhibits, whereas 
thiouracil aggravates, the course of experi
mental tuberculosis. 

Lurie et al. 014,963/56; 052,055/58: In 
rabbits, the course of pulmonary tuberculosis 
is ameliorated by treatment with T3 or thyro
xine and aggravated by propylthiouracil or 
thyroidectomy. Dinitrophenol exerts no con
spicuous effect. 

Lurie et al. 064,295/59: In rabbits, thyroid
ectomy or propylthiouracil reduced the native 
resistance to human tubercle bacilli. T3 exerted 
no consistent effect upon tuberculin sensitivity 
but greatly inhibited the growth of bacilli and 
enhanced resistance to infection. 

Lurie et al. 065,610/59: Various stra.ins of 
inbred rabbits were infected with tuberculosis 
bacilli. "Hyperthyroidism induced by L-triio
dothyronine or L-thyroxine suppressed to a 
greater or lesser degree the inception and 
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progress of the pulmonary tuberculosis pro
duced by the quantitative inhalation of human 
tubercle bacilli in four races, AD, III, IIIC, 
CaC, and lilA, with low or intermediate 
genetic resistance to the disease. L-Triiodo
thyronine also exerted a definite suppressive 
influence on the development of an already 
existing tuberculosis when the hormone was 
administered three weeks after the infection." 

Dzyubinskaya 097,348/60: Protreatment 
with methylthiouracil aggravates the course of 
experimental tuberculosis in rabbits. 

MousE 

Dubos D93,317j55; G71,484j55: In mice, 
resistance to tuberculosis is decreased by pre
treatment with thyroxine or dinitrophenol p.o. 
in amounts sufficient to limit the weight gain 
of noninfected controls. These findings, as 
well as observations on dietary factors influenc
ing resistance to tuberculosis, led to "the 
hypothesis that a decrease in resistance to in
fection can be brought about by metabolic 
disturbances which cause either a depletion of 
the glycogen reserves of the body, or a reduc
tion in the glycolytic activity of inflammatory 
cells, or an increase in the concentration of 
certain polycarboxylic acids and ketones in the 
tissues." 

Ma8linski 050,519/56: In mice, the histo
logic reaction to infection with tuberculosis is 
somewhat altered by pretreatment with 
"thyroid hormone" or methylthiouracil, but 
survival is not significantly changed. 

Ma8linski 050,520/56: In mice, severe 
overdosage with methylthiouracil or desiccated 
thyroid aggravates the course of tuberculosis. 
There is, however, an optimum state of hyper
thyroidism in which the intensity of the 
tuberculous changes is the lowest. 

Ohirico et al. 067,012/59: In mice, small 
doses of thyroxine diminish mortality and 
prolong the mean survival time following 
infection with tubercle bacilli. 

Backman 094,674!60: In mice, both 
methylthiouracil and desiccated thyroid aggra
vate the course of experimental tuberculosis. 

RAT 

Steinbach 92,528/32: In rats, parathyroid
ectomy lowers resistance to infection with 
bovine but not with human tuberculosis. 
Thyroparathyroidectomy makes rats suscep
tible to both human and bovine tubercle 
bacilli. 

VARIA 

Schäfer B99,955J54: Monograph (127 pp., 
numerous refs.) on the role of endocrine factors 
in tuberculosis. Special sections are devoted to 
the hormones of the thyroid, parathyroid, 
thymus, adrenals, pancreas and gonads. 

Ma8linski 048,845/57: Review (55 pp., 
114 refs.) on the relationship between tuber
culosis and the thyroid. Personal observations 
on mice revealed that following infection with 
tuberculosis mortality was increased by 
methylthiouracil in comparison with controls 
receiving thyroid preparations or no hormone 
treatment. 

Debry et al. D34,828j62: Review (14 pp., 
64 refs.) on the relationship between tuber
culosis and thyroid activity. 

Mycoplasma <-. Tripi et al. B12,732j49: 
In rats, the production of polyarthritis by 
PPLO organisms was enhanced and the 
mortality increased following chronic pre
treatment with thiouracil. Thyroidectomy (in
ducing a similar or greater drop in BMR) did 
not change this form of polyarthritis. Presum
ably, thiouracil acts "through some peculiar 
intrinsic action" rather than by merely dimi
nishing thyroid activity. 

Pasteurella <-. Marbe 34,321/10: In guinea 
pigs, pretreatment with thyroid extract 
diminishes resistance to infection with pla
gue bacilli and counteracts the protective 
effect of antiplague serum. 

Parhon & Parhon 36,340jl4: During a 
chicken cholera epidemic, a small number of 
thyroid extract-treated chickens survived 
better than controls. 

Salmonella Typhi <-. Marbe 34,320/10; 
A23,018j10: In guinea pigs, resistance to in
fection with typhoid bacilli is diminished by 
pretreatment with thyroid extract. 

Marbe A23,015j12: Addition of thyroid 
extract to cultures of typhimurium bacilli in 
vitro increases their virulence. 

Shigella <-. Melnik 26,134/25: In rabbits, 
thyroidectomy offers some protection against 
infection with Shiga bacilli. 

Staphylococcus <-. Lauber 9,102/32: Obser
vations on the effect of vasopressin, epine
phrine, thyroid extract and insulin upon 
streptococcal and staphylococcal infections in 
mice. 

Sealy A56,716J42: In rabbits, desiccated 
thyroid does not produce liver necrosis in 
itself but facilitates its production after 
infection by S. aureus. A review of the Iite
rature also suggests that uncomplicated hyper
thyroidism does not result in liver necrosis 
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either in experimental animals or in man 
unless there is a complicating infection. 

DUbos et al. 021,520/55; DUbos G71,484j55: 
In mice, thyroxine pretreatment diminishes 
resistance to infection with S. aureus. The 
resistance-diminishing effect of thyroxine and 
dinitrophenol agairrst other infections is briefly 
mentioned. 

Smith & DUbos 0 12,130j56: In mice, pre
treatment with thyroid extract or dinitrophe
nol decreases resistance to staphylococcal 
infection. 

Hedwall & Heeg D14,804j61: In rats, an 
experimental staphylococcus pyelonephritis is 
aggravated by pretreatment with thyroxine. 

Streptococcus +--. Lauber 9,102/32: Obser
vations on the effect of vasopressin, epine
phrine, thyroid extract and insulin upon strep
tococcal and staphylococcal infections in mice. 

Schultz 99,001/38: In guinea pigs and 
rabbits, pretreatment with thyroxine increases 
susceptibility to the development of purulent 
myocarditis after s.c. inoculation with hemo
lytic streptococci. 

Varia +--. Marbe A4,623j08; A4,624j08; 
A4,625j08; A4,626j09; A4,627j09; A23,010j 
09; A23,011j09; A23,012f09; A23,013f09; 
A23,016f10; 34, 561j10: Studies on the effect 
of thyroidectomy and thyroid extract upon 
opsonin formation and phagocytosis of bacteria 
in guinea pigs and rabbits. 

Murphy et al. 060,008/58: In mice, re
sistance to infection with C. albicans or S. 
pyrogens is increased by pretreatment with T3 
but this hormone does not significantly alter 
resistance to transplanted leukemia. 

Nutter et al. 065,285/59: In mice, T3 
decreases survival time after infection with 
tubercle bacilli or pneumococci. 

Viruses +-

Levaditi & Haber 33,069/35: In Macacus 
cynomolgus monkeys, resistance to poliomye
litis virus, acquired by prior infection, is not 
influenced by thyroidectomy, orchidectomy 
or thyroxine administration. 

Holtman B1,287f46: In mice, resistance to 
infection with polio virus is increased by thy
roid extract and decreased by thiouracil. The 
comparative polio resistance of mice kept in a 
cool environment may be secondary to in
creased thyroid hormone production. 

Hurst et al. 094,089/60: Cortisone, ACTH, 
estradiol, stilbestrol and thyroxine all stimulate 
the growth of the virus of equine encephalo
myelitis in the dog whereas testosterone and 
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progesterone do not. The hormones which 
aggravate the infection also counteract the 
prophylactic effect of mepacrine and abolish 
the normally greater resistance of the females. 

Janddsek 088,870/60: In suckling rats 
infected with tick encephalitis survival was 
greatly shortened by thyroxine. Neither anti
body production nor the number of virus 
carriers was influenced by the hormone. 

Jandrisek 092,117j60: Mice become parti
cularly sensitive to infection by encephalitis 
virus (strain Hypr) following pretreatment 
with thyroxine. 

Lungu et al. F 84,406 f67: In mice vaccinated 
agairrst influenza, subsequent infection with 
the virus causes an increased mortality follow
ing treatment with thyroxine or thiouracil. 

Jannuzzi et al. H27,335f70: In patients with 
viral hepatitis, various anabolics, including 
stanozolol and 4-chlorotestosterone, exert a 
beneficial effect. 

Parasites +-

Larsh Jr. A47,571f47: In old mice, thyroid 
feeding has an adverse effect on infestation 
with Hymenoiepis tapeworms, whereas thiou
racil increases resistance to the parasites. In 
young mice, the infestation was much Iess 
dependent upon the thyroid status. 

Wheeler et al. A48,602f48: In chickens, a 
preliminary study suggests that thiouracil
induced hypothyroidism does not significantly 
affect resistance to cecal coccidiosis induced by 
infection with Eimeria tenella. 

Todd G71,890j48: In chickens infected with 
Ascardia galli or Heterakis gallinae, mild 
hyperthyroidism induced by feeding thyro
active iodocasein (Protamone) increased the 
ability of the birds to overcome the worm 
infestation. Thiouracil had a detrimental 
effect. 

Todd B40,185f49: In chickens infected with 
Ascardia galli or Heterakis gallinae, treatment 
with thyroactive iodocasein or thiouracil caused 
no significant difference in the development 
of either worm; however, "specimens of H. 
gallinae attained significantly greater lengths 
in mildly hypothyroid birds." 

Hirschlerowa 035,235/56: Thyroidectomy 
or pretreatment with methylthiouracil de
creases resistance to infection with toxoplasma 
unless the animals are given substitution the
rapy with thyroid extract. 

Krupa et al. G45,694f67: In mice, propyl
thiouracil slightly decreased resistance to 
infestation with Trichinella spiralis larvae but 
the results were not consistent. 
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Bacterial Toxins +-

Marbe 35,374{11: In guinea pigs, thyroid 
feeding increases sensitivity to diphtheria 
toxin. 

Hari 40,209{21: Polemic remarks con
cerning the technique and interpretation of 
earlier data on the effect of thyroidectomy 
upon the resistance to cyanides, chloroform, 
bacterial toxins and oxygen deficiency. 

Houssay & Sordelli A48,113f21: In rabbits, 
thyroidectomy does not change sensitivity to 
diphtheria toxin. In guinea pigs, sensitivity to 
diphtheria toxin, tetanus toxin and to cobra 
venom is likewise not modified by removal of 
the thyroid. 

Locatelli 28,678{34: In dogs, thyroidectomy 
diminishes the wave of mitosis in hepatocytes 
normally produced by small doses of diphtheria 
toxin. 

Sealy & Lyons B46,719f49: In rabbits, 
sterile inflammation produced by staphylo
coccus toxin s.c. causes hepatic necrosis if the 
animals are pretreated with thyroid extract. 

Kroneberg & Pötzsch E54,858f52: In mice, 
thyroxine pretreatment increases sensitivity to 
endotoxin. 

Melby et al. 086,232{58: In mice, T3 in
creases the lethal effect of Br. melitensis 
endotoxin. In mice infected with Br. meliten
sis, unique hepatic lesions develop under the 
influence of T3 pretreatment which arenot seen 
in unpretreated controls. 

Bradley & Spink 076,042{59: In mice, 
infected with small numbers of Brucella 

melitensis, hepatic granulomas occurred with
out necrosis. Severe necrosis developed after 
pretreatment with T3 without multiplication 
of brucellae and with minimum inflammatory 
lesions. Necrosis was not induced by T3 in 
mice given Brucella endotoxin after T3 treat
ment. 

Melby & Spink 072,440{59: In mice, the 
lethal action of various endotoxins is enhanced 
by pretreatment with T3. 

Gordon & Lipton 094,649{60: 5-HT reduces 
endotoxin mortality in mice. This effect is 
greater in females than in males and is poten
tiated by cortisol. Thyroxine aggravates the 
toxicity of endotoxin. 

Yokoi et al. D8,839f61: In rabbits, a bi
phasic fever pattern is elicited by Sh. flexneri 
type 6 pyrogen. The biphasic nature of the 
response was maintained after thyroidectomy 
but largely abolished by adrenal demedulla
tion. 

Schoen & Voss D11,906f61: In guinea pigs, 
the lethal effect of tetanus toxin is inhibited by 
pretreatment with thyroxine. 

E-coli Endotoxin +- cf. also Table 123 

Venoms+-

Houssay & Sordelli A48,113f21: In rabbits, 
thyroidectomy does not change sensitivity to 
diphtheria toxin. In guinea pigs, sensitivity to 
diphtheria toxin, tetanus toxin and cobra 
venom is likewise not modified by removal of 
the thyroid. 

Immune Reactions +-

Most of the studies on the effect of thyroid hormones upon immune reactions 
have been performed on guinea pigs which are notoriously sensitive to anaphylaxis. 

The formation of various antiboilies has been claimed to be inhibited by thyroid
ectomy and stimulated by thyroid extract. In sensitized guinea pigs, thyroid extract, 
administered a few days before a challenging dose of horse serum, protects against 
fatal anaphylactic shock. However, thyroidectomy prior to sensitization allegedly 
has the same effect, whereas this is not the case if the thyroid is removed after 
sensitization. Indeed, it has been claimed that, in guinea pigs, thyroidectomy blocks 
anaphylaxis unless the animals are treated with thyroid. Suppression of anaphylactic 
reactivity by anterior hypothalamic lesions can be partially overcome by thyroid 
hormones in guinea pigs. 

Particularly extensive studies have been performed in guinea pigs concerning the 
role of the thyroid apparatus in the reaction to tuberculin. Moderate thyrotoxicosis 
produced by two weeks' pretreatment with thyroxine increases tuberculin hyper-
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sensitivity. Propylthiouracil does not affect it, but the suppression of hypersensitivity 
by cortisone or ACTH is allegedly abolished by pretreatment with this goitrogen. 

The beneficial effect of vaccination against tuberculosis is also increased in guinea 
pigs by thyroxine or T3. 

If dogs are sensitized after thyroidectomy, subsequent anaphylactic shock is mild. 
Thyroidectomized dogs are also relatively insensitive to peptone shock. In rabbits, 
Masugi nephritis is considerably aggravated by pretreatment with thioureas. 

Marbe A4,623j08; A4,624j08; A4,625j08; 
A4,627j09; A4,626j09; A23,010j09; A23,011j 
09; A23,012j09; A23,013j09; A23,016j10; 
34,561jl0: Studies on the effect of thyroidec
tomy and thyroid extract upon opsonin for
mation and phagocytosis of bacteria in guinea 
pigs and rabbits. 

Müller A47,855jll: In guinea pigs, the 
formation of various antibodies is inhibited by 
thyroidectomy as well as by surgical interfer
ence with hepatic circulation. Treatment with 
thyroid extract has an opposite effect. The 
latter is not due to shock, since removal of all 
abdominal organs except the liver is ineffec
tive. Furthermore, the blood loses its "alexic 
power" when perfused through an isolated 
liver preparation. 

Savini & Savini A24,559j15: In sensitized 
guinea pigs, pretreatment with thyroid ex
tracts a few days before administration of a 
challenging dose of horse serum protects 
against fatal anaphylactic shock. 

Kepinow 13,298/22: In guinea pigs, thy
roidectomy blocks anaphylaxis unless they are 
treated with thyroid extract. 

Kepinow &: Lanzenberg 13,258j22: Prelimi
nary studies on the effect of thyroidectomy 
upon anaphylaxis and antibody formation in 
guinea pigs. 

Lanzenberg & Kepinow 13,117 j22: In guinea 
pigs, thyroidectomy prior to sensitization pre
vents subsequent anaphylactic shock, whereas 
this is not the case if the thyroid is removed 
after sensitization. 

Appelmans 14,085/23: Anaphylactic shock 
develops normally in thyroidectomized guinea 
pigs even if both the sensitizing and the 
challenging dose of antigen are administered 
after the operation. 

Houssay & Sordelli 13,430/23: Comparative 
studies on the influence of thyroidectomy upon 
anaphylaxis in the guinea pig, rabbit and dog. 

Kepinow 13,941/23: Discussion of the 
optimal conditions for the prevention of ana
phylaxis by thyroidectomy in guinea pigs. 

Parhon & Ballif 13,548/23; 17,302/23: In 
guinea pigs, anaphylaxis is diminished after 
thyroidectomy but not significantly influenced 
by thymectomy. 

Houssay & Cisneros 26,936/25: In dogs 
sensitized after thyroidectomy, subsequent 
anaphylactic shock is diminished. Thyroidec
tomized dogs arealso comparatively insensitive 
to peptone shock. 

Fleisher & Wilhelmj 23,337/27: In guinea 
pigs, thyroidectomy before sensitization dimi
nishes the severity of subsequent anaphylactic 
shock. In rabbits, this inhibition is not clear-cut 
although there does appear to occur some 
change in the reaction of thyroidectomized 
rabbits following the second injection of 
antigens. Immunological studies suggest that 
thyroidectomy does not prevent the formation 
of antibodies but merely alters the reaction 
during shock. 

Spinelli 7,369/32: In guinea pigs, thyroid
ectomy increases resistance to anaphylactic 
shock. 

Lang & Miles D41,973j50: In guinea pigs, 
moderate thyrotoxicosis produced by two 
weeks' treatment with thyroxine increases 
hypersensitivity to tuberculin, whereas mode
rate doses of propylthiouracil do not affect it. 
ACTH and cortisone diminish tuberculin 
sensitivity. Fourteen days after stopping thy
roxine injections, the animals became actually 
less hypersensitive than the controls. A similar 
reversal of effect was noted two weeks after 
interruption of cortisone or ACTH treatment 
in that the animals became more hypersensitive 
than the controls. 

Strehler & Sollberger B54,646J50: In rab
bits, Masugi nephritis is greatly aggravated by 
pretreatment with tetramethylthiourea. 

Lang et al. B60,189j51: In B.C.G.-infected 
guinea pigs, hypersensitivity to tuberculin is 
considerably diminished by cortisone or 
ACTH. This diminution is abolished by pre
treatment with propylthiouracil, which alone 
has no effect upon hypersensitivity. Pre-
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treatment with thyroxine increases tuberculin 
hypersensitivity but does not block the sensi
tization by ACTH or cortisone. Apparently, 
thyroxine is necessary for the desensitizing 
action of ACTH and cortisone. 

Long et al. B63,843f51: In guinea pigs, 
dihydroascorbic acid-unlike asoorbic acid
inhibits the tuberculin reaction alter infection 
with B.C.G. vaccine. The desensitizing effect 
of dihydroascorbic acid is not inhibited by 
thiouracil. Alloxan, like ACTH or cortisone, 
does not modify desensitization by ascorbic 
acid on diets deprived of the "cabbage factor;" 
it desensitizes guinea pigs on a cabbage diet 
and this desensitization is inhibited by pro
pylthiouracil. 

Long &: SheweZl G71,833f54: In guinea pigs, 
allergic hypersensitivity to B.C.G. is in
creased by thyroxine or insulin. Partial 
pancreatectomy has no effect on sensitivity 
by itself but prevents the action of thyroxine, 
although not that of insulin. 

Long &: SheweZl G71,832f55: In guinea pigs, 
thyroxine increases immunity as judged by 
the local response to diphtheria toxin in
jected intradermally and of circulating anti
toxin alter immunization with diphtheria 
toxoid. Partial pancreatectomy prevents this 
effect of thyroxine. 

Long 032,348/57: In guinea pigs, both 
anaphylactic shock (horse serum) and sensitiv-

ity to histamine are greatly increased by pre
treatment with thyroxine. Thyroxine also 
augments the sensitivity of guinea pigs to 
intradermal tuberculin injection. 

Vakilzadeh &: Vandiviere E32,626f63: In 
guinea pigs, the beneficial effect of vaccination 
against tuberculosis was greatly increased by 
thyroxine and T3, but not by cortisone, oor
tisol or ACTH. None of the hormones altered 
natural host resistance in nonimmunized 
guinea pigs. 

Lupuleseu et al. F77,999f66: In rabbits, the 
formation of antibodies against brucella 88 is 
stimulated by thyroxine and 4-chlorotestos
terone but decreased by thiourea. The effect 
of 4-chlorotestosterone is evident even after 
destruction of the thyroid and hence is not 
mediated through the latter gland. 

Filipp &: Mess G71,129f69: In guinea 
pigs, suppression of anaphylactic reactivity by 
anterior hypothalamic lesions can be partially 
blocked by chronic treatment with thyroid 
hormones as well as by adrenalectomy or 
adrenal inactivation by metyrapone (Meto
pirone). "Combined treatment of guinea pigs 
bearing hypothalamic lesions with Metopirone 
and thyroxine completely eliminated the block
ing effect of the tuberallesion on anaphylactic 
reactions." Apparently the shock-inhibiting 
effect of hypothalamio lesions is partly due to 
hypothyroidism and partly to hyperadrenal
cortiooidism. 

Special Surgicallnterventions +-

Hepatie Lesions +. In ra.ts, desiccated thyroid feeding increases the weight of the 
liverunder normal conditions and the rate of regenerationafterpartial hepatectomy. 
Curiously, thiouracil has also been claimed to aceeierate liver regeneration under 
similar conditions but this was denied by several investigators, who found that even 
thyroidectomy had no significant effect upon the regeneration of hepatic tissue in 
therat. 

In dogs, the manifestations of shock produced by constriction of the hepatic 
veins were aggravated by thyroid feeding and constriction of the portal vein caused 
ascites only after pretreatment with methylthiouracil. 

Ascites produced by subdiaphragmatic constriction of the inferior vena cavawas 
inhibited by thyroidectomy and restored by a. thyroid extract in one series of experi
ments. However, other investigators pointed out that subdiaphragmatic constriction 
of the inferior vena cava causes ascites in itself and that this can be ameliorated by 
thyroidectomy, though only ü the operation is performed after the caval constriction. 

Renal Lesions +. In uninephrectomized rats, compensatory hypertrophy of the 
remaining kidney is diminished, but not prevented, by thyroidectomy. Regeneration 
is inhibited by thiouracil and enhanced by thyroxine under these conditions. 
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The pressor effect of renal encapsulation is diminished by methylthiouracil and 
increased by thyroxine in the rat. However, thyroidectomy performed after the 
kidneys had been encapsulated for 9-19 weeks has only a slight effect upon the 
blood pressure. 

The metastatic calcification produced by complete nephrectomy in rats is un
influenced by thyroxine although it can be prevented by calcitonin. Presumably, 
the previously described protective effect of thyroxine against exogenous parathyroid 
hormone depends upon the presence of the kidney. 

In dogs and rats, destruction of the thyroid by radio-iodine increases survival 
after bilateral nephrectomy perhaps merely because general metabolism is greatly 
diminished. 

Hepatic Lesions +-

Riggins 9,809/33: In rats, desiccated thy
roid feeding increases the weight of the liver 
under normal conditions, and the rate of 
regenerationafterpartial hepatectomy. 

Hepler & Simonds A15,174f38: In dogs, 
the manifestations of shock produced by con
striction of the hepatic veins are aggravated 
following thyroid feeding. 

Fogelman & lvy B23,357f48: In rats, 
thiouracil accelerates liver regeneration after 
partial hepatectomy. 

Drohkin B17,795f48: In rats, thyroidec
tomy moderately diminishes liver regeneration 
after partial hepatectomy and reduces cyto
chrome c in skeletal muscle, heart, liver and 
kidney. 

Spigolon B52,689f49: In dogs, gradual 
constriction of the portal vein caused ascites 
only if the animals were pretreated with 
methylthiouracil. 

Christensen & Jacobsen A49,204f49: In rats 
subjected to partial hepatectomy, neither 
hypophysectomy nor thyroidectomy impairs 
the rate of regeneration. No significant change 
in mitotic rate was observed after pretreat
ment with stilbestrol or STH. 

Drohkin D18,388f50: In rats, thyroidec
tomy or thiouracil treatment does not signi
ficantly impair liver regeneration after partial 
hepatectomy, whereas thyroxine markedly 
inhibits it. 

Giberti et al. B82,948f53: In rats, propyl
thiouracil does not inhibit liver regeneration 
afterpartial hepatectomy but prevents hepatic 
steatosis. 

Weinbren D95,94lf59: Review (11 pp., 
110 refs.) and personal observations on factors 
influencing hepatic regeneration after partial 
hepatectomy in the rat, with special sections on 
the effects of hypophysectomy and thyroid 
hormones. 

Ganter et al. 067,855/59; Baronofsky & 
Ganter 085,341!60: In dogs, the production of 
ascites by subdiaphragmatic constriction of 
the inferior vena cava is inhibited by thyroid
ectomy and restored by subsequent treat
ment with thyroid extract. 

Poll et al. D4,775f61: In dogs, ascites 
produced by supradiaphragmatic constriction 
of the vena cavainferior is usually ameliorated 
by thyroidectomy, but only if the operation is 
performed after caval constriction. 

Girkin & Kampsohmidt 099,934/61: In 
rats, the hepatic enlargement induced by 
Walker tumor transplante or by partial hepa
tectomy is inhibited by thiouracil and largely 
restored by subsequent thyroxine treatment. 

Renal Lesions +-

MoQueen- Williams & Thompson A33,938f 
40: In rats, total hypophysectomy prevented 
the compensatory hypertrophy of the remaining 
kidney after uninephrectomy. Thyroidectomy 
did not prevent renal regeneration under 
identical conditions. 

Zeckwer 84,592/44: In rats, thyroidectomy 
does not significantly alter renal regeneration 
following unilateral nephrectomy. 

Herlant B30,957f47: In uninephrectomized 
rats, regeneration in the remaining kidney is 
inhibited by thiouracil. 

Herlant B30,956f48: In uninephrectomized 
rats, thyroxine greatly increases the number 
of mitoses in the proximal tubules of the 
remaining kidney. 

Valori B46,667f48: In rats, thyroidectomy 
diminishes but does not abolish compensatory 
hypertrophy of the remaining kidney after 
uninephrectomy. 

Kleinsorg & Loeser B41,137f49: In rats, 
compensatory hypertrophy of the remaining 
kidney following uninephrectomy is enhanced 
by thyroxine and inhibited by methylthiouracil. 
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Bächtold B60,463f50: In rats, the pressor 
effect of renal encapsulation is diminished by 
pretreatment with methylthiouracil and in
creased by thyroxine. 

Marshall & Freeman B68,239f52; B96,575f 
54: In dogs and rats, destruction of the thyroid 
by 131! increases survival time after bilateral 
nephrectomy. 

Braun-Menendez 04,927!54: In rats, the 
hypertension produced by figure-of-8 ligature 
is diminished by thyroidectomy or thiouracil 
and increased by thyroid powder p.o. 

Osipovich 058,570!57: In uninephrectomi
zed rats, methylthiouracil enhances compensa
tory hypertrophy of the remaining kidney, 
presumably as a consequence of increased 
TTH secretion. The acceleration of compen
satory renal hypertrophy by exposure to cold 
is ascribed to a similar mechanism. 

Fregly et al. 066,042/59: In rats, the hyper
tension produced by bilateral renal encapsu
lation is prevented by thyroidectomy or 
propylthiouracil. 

Fregly et al. 080,398/60: In rats, after 
renal encapsulation, propylthiouracil reduced 
the systolic blood pressure even more than did 
complete thyroidectomy. However, the cardiac 
hypertrophy of renal hypertension was not 
prevented by propylthiouracil, suggesting that 
the diastolic pressure remained unaffected. 
Thyroidectomy performed after the kidneys 
had been encapsulated for 9-19 weeks had 
only a slight effect on blood pressure. 

Fregly & Cook 088,371!60: In rats, various 
thioureas inhibit the development of hyper
tension and cardiac hypertrophy following 
bilateral renal encapsulation. This effect is 
counteracted by feeding desiccated thyroid. 

Mandel et al. D6,027f60: In rats, the com
pensatory renal hypertrophy and RNA syn
thesis in the remaining kidney, which normally 
occur after uninephrectomy, are inhibited by 
propylthiouracil. 

Eades Jr. et al. F89,204f67: In rats with 
renal hypertension (uninephrectomy + figure-

of-8 ligature), propylthiouracil inhibits hyper
tension and coronary atherosclerosis but not 
the hypercholesterolemia. 

Lefort et al. G46,725f67: In rats, metastatic 
calcification produced by bilateral nephrectomy 
is largely inhibited by calcitonin but uninflu
enced by thyroxine pretreatment. Presumably 
the previously demonstrated protective effect 
of thyroxine against exogenous parathyroid 
hormone depends upon the presence of the 
kidney. 

Gote et al. G46,74lf68: In rats, calcitonin 
inhibits the metastatic calcification and bone 
lesions induced by bilateral nephrectomy. In 
nephrectomized animals, thyroxine does not 
modify the changes induced by endogenous 
hyperparathyroidism consequent to bilateral 
nephrectomy. "Presumably, to be effective 
against soft-tissue calcification and bone re
sorption induced by parathyroid extract over
dosage, thyroxine requires the presence of the 
kidney." 

Eades Jr. et al. H9,590f69: In rats with 
renal hypertension produced by uninephrec
tomy and a meat diet, thiouracil or sulfadiazine 
diminishes the blood pressure and protects the 
remaining kidney from damage. 

Gardell et al. G70,430f70: In rats, the cardio
vascular calcification produced by bilateral 
nephrectomy is not significantly influenced by 
ethylestrenol, CS-1, spironolactone, norbole
thone, oxandrolone, prednisolone, progeste
rone, triamcinolone, DOC, estradiol or thyro
xine. 

Blood-Vessel Ligatures +-

Dau & Weber G20,433f63: Contrary to 
earlier claims, the recovery of the spinal cord 
(disappearance of motor disturbances) after 
temporary aorta ligature is not significantly 
influenced by "blockade of the thyroid" 
through pretreatment with iodine or KC104 

in rabbits. 

lonizing Rays +-

In the mouse, according to most investigators, resistance to X-irradiation is 
decreased by thyroid hormones and increased by thioureas. However, some workers 
claim that neither thioureas nor thyroidectomy influences X-ray resistance signi
ficantly in this species. The timing and dosage of the thyroid treatmentalso appears 
to be important since in one series of observations, pretreatment with thyroid extract 
until five days before X-irradiation diminished the resulting mortality induced by 
X-irradiation. 
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In rats also, pretreatment with thyroid hormones generally diminishes X-ray 
resistance, whereas thiouracil offers little if any protection. Indeed, it has been 
stated that conjoint treatment with thyroxine and thiourea induces the greatest 
drop in X-ray resistance. 

In rabbits, both systemic darnage following total body irradiation, and the renal 
changes induced by topical X-irradiation of the kidney, are aggravated by thyroxine 
and T3. 

The thyroxine-induced differentiation of limb-buds in toad tadpoles is only 
insignificantly retarded by X-irradiation. 

In the goldfish, as in mammals, thyroxine diminishes X-ray resistance. 

MousE 
Blount & Smith B30,000j49: In mice expo

sed to total X-irradiation, mortality was greatly 
increased by feeding desiccated thyroid and in
significantly diminished by thiouracil. 

Haley et al. B49,990j50: Contrary to earlier 
claims, no protection against X-irradiation 
could be obtained in mice given large doses of 
thiouracil, propylthiouracil or methylthiou
racil. 

Limperos & Moaher B49,737f50: In mice, 
pretreatment with thiourea increases resistance 
to X-irradiation. 

Mole et al. D96,011j50: In mice, thiourea 
reduces mortality following whole body X-irra
diation. 

Haley et al. B58,913j51: In rats, thyropara
thyroidectomy offers no protection against 
X-irradiation. The small degree of protection 
noted by previous investigators after thiouracil 
may have been due to its sulfhydryl group. On 
the other hand, thyroxine causes a significant 
increase in mortality rate, though not in total 
mortality. 

Smith B66,170f51: In mice, thyroid feeding 
increases the mitotic index of the epidermis, 
but does not influence the effect of X-irradia
tion upon epidermal mitotic proliferation. 

Pospisil & Novak 067,534/58: Mice pre
treated with thyroid extract until 5 days before 
X-irradiation were more resistant than unpre
treated mice against mortality induced by 
ionizing rays. These findings are in sharp can
trast with those of earlier authors who have 
found an increased mortality in animals given 
thyroid both before and during, or even conti
nuing after X-irradiation. 

Uonard & Maisin E26,654j63: In mice, 
ß-aminoethylisothiourea offers moderate pro
tection against the toxic effects of X-irradia
tion. 

Maisin et al. E36,75lf63: In mice, the 
protection against X-irradiation offered by 

2-ß-aminoethylisothiourea (AET) is only slight
ly improved by concurrent administration of 
5-HT. 

RAT 

Haley et al. B60,616j51: In rats, pretreat
ment with thiourea or thyroxine did not signi
ficantly alter mortality after X-irradiation. 
However, an increase in mortality rate was 
observed in animals which had received both 
thyroxine and thiourea. 

Smith & Smith B60,347j51; B60,348j51: In 
rats, desiccated thyroid or dinitrophenol in
creased radiation lethality, but thiouracil and 
propylthiouracil exerted no significant pro
tective effect. 

Haley et al. G71,834j52: In rats, mortality 
after X-irradiation is increased both by pro
pylthiouracil and by thyroxine. 

Stender & Hornykiewytsch 037,079!55; 
037,086/55: In rats the Iethai effect of total 
body X-irradiationis diminished by a reduction 
in the oxygen tension of the surrounding air. 
This protective effect is counteracted by corti
sone, adrenalectomy, and thyroxine. 

Darcis & Brisbois 050,953!57: In the rat, 
the sensitivity of the small intestine to topical 
X-irradiation (unlike that of the vagina) is not 
influenced by thyroxine or testosterone. 

Krake & Künkel 077,236/58: In rats, pre
treatment with thyroxine decreases resistance 
to X-irradiation. 

Shellabarger et al. D39,218f62: In female 
rats, the production of mammary cancers by 
X-irradiation is inhibited by diethylstilbestrol 
in doses which in themselves are not carcino
genic. T 3 did not influence carcinogenesis under 
these circumstances. 

Oaprino & Gallina G 13,680/63: Contrary to 
earlier claims, propylthiouracil does not offer 
significant protection against total body X-irra
diation in rats. 
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Greig et al. E60,304f65: In rats, irradiation 
of the thyroid inhibits its oapaoity to undergo 
hyperplasia under the infiuenoe of a goitrogen. 
Pretreatment with methylthiouraoil before ir
radiation reduoes the degree of this inhibition. 

Akoev et al. F73,202f66: Both stilbestrol 
and thyroid extraot offered some proteotion 
against eoc y-radiation in rats. 

Srebo et al. H 32,848/70: In rats, thyroxine 
deoreases, whereas propylthiouraoil inoreases, 
resistanoe to subsequent X-irradiation. 

Slebdodzinaki and Srebro H29,972f71: In 
rats, thyroxine pretreatment aggravates the 
syndrome of total body irradiation, whereas 
propylthiouraoil offers oonsiderable proteotion. 

RABBIT 

Vittorio et al. 076,156/59: Rahbits treated 
with a mixture of thyroxine and T3 beoame 
unusually sensitive to the Iethai effeot of 
X-irradiation. Neither untreated nor methima
zole treated rabbits suooumbed after the dose 
of irradiation used. 

Oaldwell et al. D54,096f63: In rabbits, 
renal darnage produoed by topioal X-irradia
tion of the kidney is aggravated by T3. 

FlsH, TOAD 

Allen &: Ewell 092,110/59: In tadpoles of 
Bufo boreas halophilus, thyroxine-induoed 
differentiation of limb-buds is only insignifi
oantly retarded by X-irradiation. 

Srivastava et al. G23,764f64: In the goldfish 
(Carassius auratus L.), resistanoe to X-irra
diation is diminished by thyroxine the same 
as in mammals. 

VARIA 

Rigat 010,747/55: Review (46 pp., 67 refs.) 
on the Iiterature oonoerning the effeot of hor
mones upon X-irradiation, with speoial refer
enoe to ACTH, STH, vasopressin, epinephrine, 
oortisone, DOC, testosterone, estradiol, pro
gesterone, and thyroxine. 

Hypoxia+-

In the rat, thyroid hormones increase whereas thyroidectomy and thioureas 
decrease sensitivity to hypoxia. This phenomenon became the basis of what was 
known as "Asher's method" for testing thyroid function. Pretreatment with thyroxine 
also predisposes the liver and the brain of the rat to the production of degenerative 
changes by hypoxia. 

Similar observations have subsequently been confirmed by numerous investi
gators in the mouse in which the sensitization by thyroxine is so consistent and 
evident that it was made the basis of the Emmens and Parkes "closed vessel tech
nique" for the bioassay of thyroid preparations. If mice are placed in closed vessels, 
the speed of their mortality during the developing anoxia is proportional to the 
amount of thyroid hormone with which they have been pretreated. T3 is about five 
times as active as thyroxine in this respect. The sodium salt of L-thyroxine is about 
seven times more potent than that of D-thyroxine. Among a series of T2 compounds 
only 3: 5-diiodo-L-thyronine was effective, but even this was much less active than T3. 

In rabbits and dogs, thyroidectomy diminishes the protein catabolic effect of 
hypobaric oxygenation and of several other stressors. 

In guinea pigs, thyroidectomy is said not to affect resistance to Iack of oxygen, 
whereas T3 has been claimed actually to increase it. 

Fish and various other species are made unusually resistant to asphyxia by 
thioureas. 

RAT 

Klinger 51,094/18: Contrary to earlier 
olaims, thyroparathyroideotomized rats do not 
tolerate hypoxia better than normals; in faot, 
they beoome hypersensitive to it. 

Streuli 32,220/18: In rats, thyroideotomy 
increases resistanoe to hypoxia. Spleneotomy 
has an opposite effeot, and rats simultaneously 
thyroideotomized and splenectomized exhibit a 
normal resistanoe to hypoxia. 
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Duran A10,045f20: In rats, thyroid extract 
increases, whereas thyroidectomy decreases 
sensitivity to hypobaric oxygenation. 

Cameron &: Carmichael42,188f26: In young 
rats, thyroid feeding produces a predisposition 
for tetany; in animals so treated, diminished 
oxygen tension rapidly induces tetanic convul
sions. 

Rydin 22,940/28: In rats, thyroxine pre
treatment increases sensitivity to hypobaric 
oxygenation. 

ABher &: Wagner 23,903/29: Both rats and 
guinea pigs become highly sensitive to anoxia 
after pretreatment with thyroid extract. This 
phenomenon is the basis of what the authors 
describe as "Asher's method for the testing of 
thyroid function by lack of oxygen." 

HO'UIJBay &: Rietti 3,187/32: In rats, pre
treatment with an impure pituitary extract 
diminishes resistance against hypoxia, but this 
effect is abolished by thyroidectomy and is 
presumably due to TTH. In untreated rats, 
thyroidectomy actually increases resistance to 
anoxia. 

Mclver &: Winter B33,399f43: In rats pre
treated with thyroxine, exposure to diminished 
atmospheric oxygen tension causes hepatic 
injury. 

GoulBmith et al. B333f45: Thiouracil and 
thiourea increase the resistance of rats to 
lowered barometric pressure. Estradiol and 
stilbestrol are ineffective in themselves and fail 
to influence the action of the antithyroid com
pounds. 

Gordon et al. B761f45: Review of the litera
ture, and personal observations on the raised re
sistance to lowered barometric pressures indu
ced in rats by thiourea, para-aminobenzoic acid 
(P ABA), and other agents interfering with the 
thyroid function. 

Blood et al. B48,970f49: As judged by Ob
servations in rats pretreated with thyroxine or 
thiouracil "oxygen availability becomes a 
limiting factor in oxygen consumption only at 
altitudes approaching 40,000 feet in normal 
rats, but at much lower altitudes in animals 
whose metabolism has been stimulated by cold 
or by thyroxin." 

Bargetan et al. B50,869f49: In rats, pre
treatment with thiouracil increases resistance 
against reduced barometric pressure. 

Zarrow et al. B63,316f51: In rats exposed to 
hypobaric oxygenation, thyroxine diminished 
survival time, whereas in mice it caused an 
initial increase followed by a decrease. Thiou
racil enhanced survival time in rats and, to a 
much lesser extent, in mice also. 

Flückiger &: Verzar B86,489f52: In rats, 
thyroidectomy does not markedly influence 
the development of hypothermia upon expo
sure to decreased oxygen pressure. 

DeBiaB D41,419f62: The survival of rats 
exposed to reduced oxygen tension was not 
significantly altered by thyroidectomy. 

Riedel F22,473j64: In rats and rabbits, 
chronic thyroxine overdosage produces mor
phologic changes in the brain, which are 
aggravated by hypoxia. 

Keminger G42,50lf66: In rats, death from 
Iack of oxygen in closed vessels is accelerated by 
T3, and retarded after thyroidectomy or cor
tisone treatment. Epinephrine further acceler
ates mortality in hyperthyroid animals. 

Trojanova G42,905f66: In newbom rats, the 
survival of the respiratory centre (gasping) dur
ing anoxia is greatly reduced by thyroparathy
roidectomy. 

Smoake &: Mulvey Jr. H23,262f70: In rats, 
thyroidectomy and propylthiouracil increase, 
whereas feeding of desiccated thyroid decreases 
resistance to hypobaric hypoxia. 

MousE 

EmmenB &: ParkeB B4,928f47: Male mice 
are considerably more sensitive than females to 
anoxia (closed vessel technique). Various thy
roid preparations increase sensitivity to anoxia. 

Smith B4,939f47: In mice, thyroxine shor
tens, whereas thiourea prolongs, survival in 
closed vessels. L-thyroxine is considerably 
more active than d-thyroxine. T2 is even less 
active, whereas thyroxamine, diiodothyrona
mine, tetrachlorothyronine, tetrabromothyro
nine, and T2 are inactive. 

ReiBfield &: Leathem B46,49lf50: In mice, 
survival in closed vessels is reduced by thyroid 
globulin p.o., but unaffected by propyl
thiouracil. 

BaBil et al. B53,039f50: The mouse anoxia 
test has been found useful in assaying the bio
logic activity of various thyroxine derivatives. 

Smith &: Smith B60,348j51: In mice, desic
cated thyroid or thyroxine pretreatment decre
ases resistance to progressive hypoxia or forced 
muscular exercise. Death may have been due to 
cardiac failure. "Irradiated mice, whether given 
thyroid or not, lived Ionger in the closed vessel 
and were still alive at lower 0 2 concentrations 
than their corresponding controls." 

Gemmill B85,291f53: In mice, T3 is only 
slightly more potent than thyroxine as judged 
by the anoxia test. 
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AnderBon B94,669f54: In mice, T3 is about 
5 times as active as thyroxine in increasing 
sensitivity to anoxia. 

Tahachnick et al. 022,161/56: "Using the 
mouse anoxia assay, Na L-thyroxine was 
found tobe seven times morepotent than Na 
D-thyroxine." 

Tomich et al. 083,307/60: Six iodo-L-thyro
nines, viz. 3: 3': 5' -triiodo-, 3: 5-diiodo-, 3: 3' • 
diiodo-, 3': 5' -diiodo, 3-monoiodo-, and 3' • 
monoiodo-L-thyronine, have been compared 
with 3:5:3'-triiodo-L-thyronine, in mice by 
the anoxia method. The only compound with 
any significant activity was 3: 5-diiodo-L-thy
ronine but even this was much less active than 
3:5: 3' -triiodo-L-thyronine. 

Wiberg et al. E23,265f63: The mouse anoxia 
test performed after thiouracil treatment per
mits simultaneaus assessment of survival and 
goitre prevention. The antigoitrogenic assay is 
more sensitive and permits greater precision 
than the anoxia test in the bioassay of thyro
active materials. 

RAHBIT 

ManBfeld &: Müller 35,416/11: In rabbits, 
thyroidectomy inhibits the protein catabolic 

effect of exposure to decreased oxygen tension, 
hydrocyanic acid intoxication, or fasting. 

GUINEA PIG 

Stämpfli 931!27: In guinea pigs, thyroidec
tomy does not significantly alter resistance to 
Iack of oxygen. 

Lamarehe &: Pluche F68,410f66: In guinea 
pigs, resistance to hypobaric oxygenation is 
increased by T3 but not by triiodothyroacetic 
acid. 

FISH 

Tinacci B28,546j47: Fish (Mustelus laevis) 
pretreated with various thioureas become un
usually resistant to asphyxia. 

VARIA 

ManB/eld 11,881!20: In rabbits and dogs, 
thyroidectomy diminishes the protein catabo
lism normally observed after intoxication with 
hydrocyanic acid, hemorrhage, or hypobaric 
oxygenation. 

Hari 40,209/21: Polemic remarks concem
ing the technique and interpretation of earlier 
data on the effect of thyroidectomy upon the 
resistance to cyanides, chloroform, bacterial 
toxins, and oxygen deficiency. 

Hyperoxygenation +-

In rats exposed to six atmospheres of oxygen in a pressure chamber, resistance 
is diminished by thyroxine. Similar diminutions of tolerance for hyperoxygenation 
have been noted with various other thyroid preparations, whereas thioureas have 
an opposite effect. 

In the cat also, thyroid extract increases, whereas thyroidectomy decreases 
sensitivity to oxygen poisoning. 

Campbell A14,903f37: In rats exposed to 
six atmospheres of oxygen in a pressure cham
ber, subsequent decompression is better tole
rated at low than at high external tempera
tures. "Using an extemal temperature of 24°0 
and white rats of about 80 g., the following 
substances, administered subcutaneously, are 
found to enhance oxygen poisoning: thyroxin 
(0.4 mg), dinitrophenol (1.5 mg), ac-tetrahy
dro-ß-naphthylamine (0.5 c.c., 1 p.c.), adrena
line (0.02 mg), pituitary extract (posterior lobe, 
above 3.5 units), insulin (0.025 u.) and eserine 
(0.045mgadministered withatropine0.075mg). 
These doses in themselves are harmless.'' 

GerBh &: Wagner B1,140f45: In cats, thyroid 
extract increases, whereas thyroidectomy 
decreases sensitivity to the convulsive effect of 
oxygen poisoning. 

GrOBBman &: Penrod B36,303f49: In rats 
exposed to high oxygen tension, the mortality 
is increased by pretreatment with desiccated 
thyroid, and decreased by propylthiouracil. 

Bean &: Bauer B76,951f52: In rats, desic
cated thyroid augments the adverse effects of 
exposure to high-oxygen tension. It also abol
ishes the protective effect of hypophysectomy. 

Taylor 047,861/58: In rats "adrenal
ectomy gave very definite protection against 
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the central nervaus system manifestations of 
oxygen poisoning, and gave some protection 
against lung damage." Adrenocortical extract 
and cortisol increased susceptibility of adre
nalectomized animals to oxygen poisoning, 
whereas cortisone, DOC, and thyroid powder 
had no such effect. 

Smith et al. 095,244/60: In rats, desiccated 
thyroid or thyroxine increases the noxious 

effects of breathing virtually pure oxygen at 
atmospheric pressure. Conversely, hypophy
sectomy increases resistance to oxygen, pre
sumably through the elimination of TTH. 

Szilagyi et al. G68,248f69: In rats and rab
bits, mortality from hyperbaric oxygenation is 
increased by pretreatment with thyroid ex
tract, but uninfluenced by thyroidectomy. 

Temperature Variations ~ 

In rabbits, thyroid hormones increase resistance to cold, and conversely, tolerance 
to desiccated thyroid is augmented in a cold environment. Thyroparathyroidectomy 
and thioureas diminish cold resistance. Tolerance to a warm environment is de
creased by desiccated thyroid. 

In rats, sensitivity to warm surroundings also rises after pretreatment with 
thyroid preparations, whereas resistance to cold is increased. Thyroidectomy and 
thioureas diminish cold resistance. In rats fed thyroid, exposure to cold causes 
marked pentosuria, whereas thiouracil has an opposite effect. The decreased ability 
of old rats to adapt themselves to cold is also improved by T3. In thyroidectomized 
rats, resistance to cold is restored towards normal by intraocular thyroid transplants. 
The vitamin-A requirements of rats are greatly increased during exposure to cold 
unless they are pretreated with thiouracil. 

In mice, thyroid feeding increases sensitivity to heat stroke and predisposes to 
the production of hepatic lesions during exposure to high temperature. 

In hamsters, thyroidectomy diminishes cold resistance much less than in rats. 
However, radiothyroidectomy renders them sensitive to cold. Hamsters presumably 
possess ectopic thyroids which arenot eliminated by ordinary thyroidectomy. 

Thyroidectomized goats are also very resistant to cold, but this has been ascribed 
to increased epinephrine secretion. 

In various strains of fish, heat tolerance is increased by thiourea. Immature 
salmon can be completely radiothyroidectomized and yet continue to grow, but 
their heat tolerance is impaired. 

RAHBIT 

Gori 17,210/22: In rabbits, thyroidectomy 
diminishes resistance to cold and increases its 
hypothermic effect. 

Draize & Tatum 3,901/31: The resistance 
of rabbits to survival at a temperature of 
33°C is recommended as a basis for the bio
assay of desiccated thyroid preparations. 

Draize & Tatum 3,657!32: In rabbits, the 
tolerance for desiccated thyroid is increased in 
a cold and decreased in a warm environment. 

Sanfilippo & Ricca 31,704/35: In rabbits, 
pretreatment with thyroxine increases re
sistance to cold. 

di Macco 34,121/35: In rabbits, the hyper
thermia induced by exposure to heat is aggra
vated by thyroxine. 

Gapitolo A1,730f36: In rabbits, thyropara
thyroidectomy decreases the resistance to 
heat strake, and death occurs at a lower body 
temperature level than in controls. 

MartineWJO & Beghelli B3,426f39: In rab
bits, pretreatment with T2 diminishes resis
tance to heat. 

La111Je et al. B23,962f48: In rabbits, re
sistance to cold is increased by pretreatment 
with thyroid extract and diminished follow
ing partial Suppression of thyroid function 
by thiouracil. 
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Medvedeva F96,027j68: Biochemical stu
dies on the decreased cold resistance of 
thiourea-treated rabbits. 

RAT 
Abderhalden & Wertheimer 19,292/28: Rats 

pretreated with thyroxine are unusually sen
sitive to warm surrounding temperature. 

Genitis et at. 68,723/35: In young thyro
parathyroidectomized rats, exposure to heat 
24 hrs after the operation greatly increased 
the mortality rate, whereas cold surrounding 
temperature diminished it. The number of 
tetanic convulsions was greatest at an inter
mediate temperature. [From the brief abstract, 
it is difficult to differentiate between the role 
of parathyroid and of thyroid deficiency 
(H.S.).] 

Barbour & Seevers 84,296j43: In rats, 
exposure to cold and an excess of C02 produce 
a state of narcosis against which considerable 
resistance can be induced by thyroid extract. 
No such effect was obtained by dinitrophenol. 

Zarrow & Money B27,880j49: In rats, 
pretreatment with thiouracil diminishes the 
resistance to cold, a phenomenon which is 
ascribed to the adrenal cortical involution 
elicited by thiourea. 

Blood et al. B48,970j49: .As judged by 
Observations in rats pretreated with thyroxine 
or thiouracil "oxygen availability becomes a 
limiting factor in oxygen consumption only 
at altitudes approaching 40.000 feet in normal 
rats, but at much lower altitudes in animals 
whose metabolism has been stimulated by 
cold or by thyroxine." 

Roe & Ooover B54,246j51: In rats, thyroid 
feeding or exposure to cold markedly increases 
urinary pentose excretion, whereas thiouracil 
reduces the output of urinary pentose and 
decreases resistance to cold . .Apparently "the 
thyroid gland has a dominating role in the 
production of urinary pentose and that adjust
ment of animals to cold takes place, at least 
in part, through activity of the thyroid gland." 

Sellera et al. B65,310j51: The survival of 
clipped rats exposed to cold is considerably 
prolonged by combined treatment with 
thyroxine + cortisone. Each of these agents 
alone has much less protective value, and DOC 
is inactive. 

Money 05,393j54: Fernalerats lose their 
ability to resist a cold environment if they are 
pretreated with thiouracil. 

Weiss 034,561/57: Studies on tissue meta
bolism in rats exposed to cold after thyroid
ectomy by 131I. "The hypothesis is advanced 

the thyroid gland exerts its effects by way of a 
few selected tissues only, in which it regulates 
the Ievel of metaboliBm so as to provide ad
equate heat production for suitable adaptation 
to cold of the entire animal." 

Weiss 066,153/59: The decreased ability 
of old rats to adapt themselves to cold is 
greatly improved by T3. 

Garrido D8,112j60: In rats, resistance to 
cold is increased by thyroxine and T3, and 
decreased by thyroidectomy or destruction of 
the thyroid with radio-iodine. Prednisolone 
exerted only a moderate protective effect. 

Fregly D5,800j61: In rats, propylthiouracil 
does not reduce spontaneaus running activity 
in itself, but when exposed to cold, rats thus 
treated do not increase their activity as much 
as controls. 

Hsieh D20,969j62: Rats fed propylthiou
racil for four weeks before exposure to cold 
died in about 17 days, while those fed an iodine
deficient diet and propylthiouracil, for the 
same period before exposure, died in less than 
one day. Rats maintained for four weeks in the 
cold and on T3 died when the dose Ievels of 
the thyroid hormone were reduced. "Thus cold 
adaptation does not reduce the requirement for 
thyroid hormone." 

Beaton D 55,998 J63: Review of the literature, 
and personal observations on the effect of 
thyroid feeding or thyroidectomy upon the 
cold resistance of rats given diets of varying 
protein content. 

Pavlovio-Hournao & Andjus E 33,972/63: In 
rats, the decreased resistance to cold induced 
by thyroidectomy is restored towards normal 
by intraocular thyroid transplants. 

Weiss G21,456j63: In rats, resistance to 
cold can be increased with T3 acetate as it can 
with T3 or thyroxine. 

Harnhurgh & Lynn G21,782j64: In rats 
raised at 20°C, the delay in skeletal maturation 
induced by propylthiouracil is more severe than 
in controls raised at 30°C. 

Hsieh F71,817j66: Systematic studies on 
the thyroid hormone (thyroxine, T3) require
ments of thyroidectomized curarised rats for 
resistance to cold in the absence of shivering. 

Weihe F69,421j66: In rats, thyroxine 
impedes acclimatization to high altitude. 

Bauman & Turner F81,331j67: Protreat
ment of rats with thyroxine raises their re
sistance to cold. Additional administration of 
corticosterone greatly increases this effect, 
although in itself, corticosterone possesses only 
a slight protective action. 
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Sundaresan etal. G50,127f67: The vitamin-A 
requirements of rats are greatly increased 
during exposure to cold, this increase is abol
ished by thiouracil. 

MousE 

Lübke 012,952/56: In mice, thyroid feeding 
increases sensitivity to heat stroke and causes 
particularly severe hepatic lesions upon expo
sure to high temperature. 

GUINEA PIG 

Pfeiffer 16,694/23: In guinea pigs, thyroid
ectomy aggravates the drop in body tempe
rature produced by cooling or salicylate in
jection i. p. 

Amante & Mancini 021,222!56: In guinea 
pigs, pretreatment with methylthiouracil pro
longs survival following severe bums. The data 
are discussed primarily in connection with the 
role of the thyroid in the alarm reaction. 

HAMSTER 

Ohaffee et al. G71,307f63: In hamsters, 
thyroidectomy does not diminish cold resis
tance nearly as much as in the rat. 

Yousef et al. F86,757f67: Hamsters, unlike 
rats, are very resistant to cold even after 
complete surgical thyroidectomy. In order to 
determine whether this difference is due to the 
existence of ectopic thyroids, radio-iodine was 
administered; since this caused an even more 
severe drop in plasma PB! than thyroidec
tomy, it was concluded that hamsters may 
possess accessory thyroid tissue. However, 
upon exposure to cold, the BMR rose signifi
cantly in both groups and yet, the surgically 
thyroidectomized hamsters survived, whereas 
most of the radio-thyroidectomized animals 
succumbed. Apparently, "increased thyroid 
activity in cold exposure has no significant 
effect upon survival" in this species. 

Yousef et al. F98,470f68: Hamsters are 
resistant to cold even after surgical thyroidec
tomy, but not after treatment with 131!. The 
plasma PBI is lowered by thyroidectomy, but 
not as much as by 131!. Presumably the 
hamsters have ectopic thyroid tissue which 
permits survival after surgical thyroidectomy. 

GOAT 

Anderssan et al. G45,246f67: Thyroidecto
mized goats maintain body temperature 
during exposure to acute cold (-3°0) and also 
react to cooling of the hypothalamic thermo
regulatory "centre" by a rise in body tempera
ture. However, under these conditions, shiver
ing and urinary catecholamine excretion were 
greatly increased. "It is concluded that to 
maintain thermal homeostasis in the cold 
markedly hypothyroid goats have to compen
sate the Iack of thyroid hormone by a conspi
cuous increase in adrenaline secretion." 

0AT 

Boatman 068,449/59: In cats "thyroidec
tomy prior to cold exposure makes heat con
servation responses less efficient than in the 
normal animal and the intact thyroid plays a 
role in maintaining body fluids in an efficient 
equilibrium for rapid adjustment to a cold 
environment. '' 

FlsH 

Evropeitzeva A49,151f49: Larvae of the fish 
Ooregonus lavaretus ludoga withstand expo
sure to 29°0 for five min after treatment with 
thiourea, whereas untreated animals die. 

La Rocke & Leblond 0 434f54: Immature 
salmon can be completely "thyroidectomized" 
by radio-iodine; yet, they continue to grow, 
although their resistance to a rise in water 
temperature is greatly impaired. 

Suhrmann D76,901f55: Immersion into a 
solution of thiourea increases the upper Iethai 
temperature tolerated by goldfish (Oarassius 
auratus). 

Fortune 017,485/55; 021,670!56: In the 
minnow (Phoxinus phoxinus L.), the thermal 
death point is raised considerably by treat
ment with thiourea. 

Oheverie & Lynn D68,41lf63: In the fish 
(Tanichthys albonubes), inactivation of the 
thyroid by immersion into a thiourea solution 
slightly reduces tolerance to high temperatures. 
The Iiterature on opposite results in other 
species of fish is reviewed. 

Dodd & Dent E21,585f63: In minnows 
(Phoxinus phoxinus L.), neither thiourea nor 
thyroxine pretreatment induced any signifi
cant change of heat tolerance. 

Electric Stimuli +-

In guinea pigs, the EST is diminished within two days after initiation of thyroid 
feeding, and augmented after thyroidectomy. 
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In rats, the EST is only insignificantly lowered by thyroidectomy. It is allegedly 
also diminished one hour after thyroxine administration but increased 18 hrs later. 
This biphasic response may explain some of the contradictions in the literature. 

In mice, thyroxine facilitates the production of convulsions by electroshock, and 
in dogs, it increases irritability of the sympathetic nervous system. 

Specht 13,475{23: In guinea pigs, neither 
thyroidectomy nor orchidectomy influences 
the course of the convulsions produced by 
amylnitrate inhalation or electric irritation of 
peripheral nerves. 

Gerlieh B49,124{49: In guinea pigs, the 
EST is diminished within two days after initi
ation of thyroid feeding. Thyroidectomy has an 
opposite effect. 

Woodbury et al. B68,423{52: In rats, brain 
excitability (pentylenetetrazol, EST) decreases 
following thyroidectomy or treatment with 
propylthiouracil and increases after thyroxine 
pretreatment. There are however certain diffe
rences between thyroidectomy and propyl
thiouracil as regards the recovery time from 
electroshock seizures and their relative effect 
upon extensor and flexor components. 

Thieblot et al. 018,452{56: In dogs, thyro
xine pretreatment increases the electric irri
tability of the sympathetic nervous system. 

de Salva et al. 051,842{58: In rats, the 
EST was lowered by hypophysectomy and 

adrenalectomy, but only insignificantly by 
thyroidectomy. 5-HT elevated the EST. 

Pfeifer et al. D12,952{60: In rats, the con
vulsive effect of "Pentametazol" [presumably 
pentylenetetrazol (H.S.)] is diminished one 
hour after administration of thyroxine, but 
increased 18 hrs later. A corresponding bi
phasic response is also noted with regard to the 
EST. In mice, the increased motility induced 
by amphetamine is also inhibited during the 
first hour after thyroxine treatment. The 
possible biochemical reasons for this "negative 
tendency" during the early phase of thyroxine 
action are described. 

de Salva D66,176f63: In rats, the EST is 
reduced in descending order of magnitude by 
adrenalectomy, hypophysectomy, and thyroid
ectomy. The effect of these endocrine defi
ciencies upon various depressant drugs is also 
described. 

Pfeifer et al. G65,057f68: In mice, thyroxine 
facilitates the production of convulsions by 
pentylenetetrazol and electroshock. These 
effects are inhibited by various amphetamine 
derivatives. 

Various Stressors +-

Dogs fed desiccated thyroid are particularly susceptible to traumatic shock, 
whereas methylthiouracil offers some protection against it. Similar observations 
have been made in rats. The formation of peritoneal adhesions in response to local 
injury is diminished by methylthiouracil. 

In mice, thyroid preparations diminish resistance to forced muscnlar exercise. 
In rabbits and dogs, thyroidectomy diminishes the protein catabolism that 

follows hemorrhage. 
Following pretreatment with T3, the audiogenic seizures produced in susceptible 

mice by strong sound are accelerated in onset, but their pattern remains unchanged. 
T3 does not induce audiogenic seizure-proneness in nonsusceptible strains. 

Trauma+-

Sehachter &: Huntington A32,970{40: Dogs 
fed desiccated thyroid are particularly suscep
tible to the production of traumatic shock by 
manipulation of their intestines. 

D'Aste &: Ardau B56,421{49: In dogs, 
methylthiouracil offers some protection against 
various forms of traumatic shock, but this 
effect is ascribed to the antihistaminic pro
perty of the drug. 
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Takacs et al. 029,459/54: In rats, traumatic 
shock (produced by freezing the hind limbs) is 
diminished by methylthiouracil, but aggra
vated by thyroxine, thyroid extract, or dini
trophenol. 

Dobroklwtova 055,431/57: In rats, survival 
following hemorrhagic shock with trauma is 
prolonged by methylthiouracil. 

Kovack et al. 050,699/57: In rats, survival 
from shock (produced by freezing a hind leg 
with liquid air) is shortened by thyroid feeding, 
thyroxine, dinitrophenol or epinephrine, all 
of which aceeierate the metabolic rate. Conver
sely, methylthiouracil increases survival time. 

Oppenkeimer et al. 050,563/58: In goats, 
traumatic shock reduces the capacity of the 
thyroid to concentrate iodine, but recently 
thyroidectomized animals showed no change 
in survival times, although pretreatment with 
thyroxine greatly sensitized to traumatic 
shock. Cortisone had no effect upon survival 
following trauma nor did it counteract the 
aggravating effect of thyroxine. 

Behackter et al. 063,544/59: In rats, pre
treatment with cortisone, thyroxine, or both 
these agents shortened survival after tourni
quet shock. 

Nemetk &: Viga8 F98,055f68: In rats, 
resistance to trauma in the Noble-Collip drum 
is reduced by pretreatment with thyroxine or 
dinitrophenol but increased by thyroidectomy. 

Rusakov &: Okernov H9,072f69: In rabbits, 
the formation of adhesions by removal of the 
serosa of perltonaal organs is considerably 

diminished by pretreatment with methyl
thiouracil. 

Muscular Worlc ~ 

Smitk &: Smitk B60,348f51: In mice, 
desiccated thyroid or thyroxine pretreatment 
decreases resistance to progressive hypoxia or 
forced muscular exercise. Death may have been 
due to cardiac failure. "Irradiated mice, 
whether given thyroid or not, lived Ionger in 
the closed vessel and were still alive at lower 
0 2 concentrations than their corresponding 
controls." 

Valtin &: Tenney 066,148/59: In rats, 
resistance to forced muscular exercise is dimi
nished following pretreatment with T3. 

Hemorrhage ~ 

Mansfeld 11,881/20: In rabbits and dogs, 
thyroidectomy diminishes the protein catabo
lism normally observed after intoxication with 
hydrocyanic acid, hemorrhage, or hypobaric 
oxygenation. 

Sound+-

Hamhurgk &: Vicari 071,704/58; Dll,010f 
60: In mice susceptible to audiogenic seizures, 
T3 does not change the seizure pattern nor does 
it induce seizures in nonsusceptible strains. It 
merely accelerates the onset of the period 
during which susceptible animals respond by 
convulsions to audiogenic stimulation. 

Tumors+-

In rats, the production of cystic and neoplastic hepatic lesions by 2-acetam.ino
fluorene is inhibited by thiouracil. The hepatic enlargement induced by Walker 
tumor transplants is also dim.inished by this goitrogen and restored by a subsequent 
thyro:xine treatment. 

The growth of transplanted fibrosarcomas is increased by thyroid extract or T3, 
and decreased by propylthiouracil. The lifespan of rats bearing transplantable 
leukemia is prolonged by thyroidectomy, but in mice this does not seem tobe the case. 

Oantarow et al. B18,774f46: In rats given 
2-acetaminofluorene p.o., the development of 
cystic and neoplastic hepatic lesions was acce
lerated and intensified by GTH (pregnant 
mare serum), estradiol, and testosterone, but 
inhibited by thiouracil. "This phenomenon may 
be related to the role of the liver in the inter
mediary metabolism and excretion of the sex 

33 Selye, Hormones and Reslstance 

steroid." In the hyperplastic target organs of 
the sex hormones, tumors did not occur, in 
contrast to the high incidence of tumors in the 
thyroids of rats given thiouracil simultane
ously with the carcinogens. 

Murpky et al. 060,008/58: In mice, resis
tance to infection with Candida albicans or 
Streptococcus pyogenes is increased by pre· 
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treatment with T3, but this hormone does not 
significantly alter resistance to transplanted 
leukemia. 

Girkin &: Kampsclvmidt 0 99,934/61: In rats, 
the hepatic enlargement induced by Walker 
tumor transplante or by partial hepatectomy 
is inhibited by thiouracil, and largely restored 
by subsequent thyroxine treatment. 

0la'U8 et al. D29,754f62: In rats, the growth 
of transplanted fibrosarcomas was increased by 
thyroid extracts or T3 and decreased by pro
pylthiouracil or an iodine-deficient diet. 

Morris &: Mokal D65,803f63: In rats bear
ing transplantable leukemia, survival is pro
longed by thyroidectomy. 

Fisher &: Fisher F74,176f66: In rats, the 
incidence of metastases from Walker tumor 

transplante is not significantly altered by 
thyroidectomy, propylthiouracil, thyroxine or 
TTH. 

Varia+-

Smith 046,496/56: In brown trout, thyro
xine raises, whereas thiourea and thiouracil 
reduce salinity tolerance. Anterior pituitary 
extracts and STH likewise raise salinity 
tolerance, whereas posterior lobe extracts, 
testosterone, gonadotrophin, TTH, and ACTH 
have no such effect. 

Ozarnecki &: KierBZ D15,579f61: In dogs, 
shock produced by trypan blue or peptone in
jection is more powerfully inhibited by thyro
parathyroidectomy than by thyroidectomy. 

Hepatic Enzymes +-

TPO activity is allegedly increased by thyroidectomy in the rat, and substrate
induced TPO synthesis is inhibited by thyroxine. 

Hepatic GPT activity is moderately increased by thyroxine. a-GPDH activity 
is raised by T3 or thyroxine, but diminished by thyroidectomy or radiothyroid
ectomy. 

TPO, TKT+-

Geschwind &: Li B 93,277f54: In the rat, the 
induction of the TPO enzyme system is di
minished by hypophysectomy and adrenalec
tomy, but increased by thyroidectomy. 

Kulc8ar et al. G72,002f69: In rats, the 
substrate-induced synthesis of TPO was inhi
bited by hepatic injury (0014) as weil as by 
thyroxine. Thyroidectomy was without effect, 
and actually inhibited the influence of CCI,. 

GPT+-

Rosen et al. 071,414/59: Marked increases in 
GPT activity were observed in the livers of 
rats given cortisol, cortisone, 9a-fluorocorti
sol, prednisone, 6a-methylprednisolone, 9a
fluoro-21-desoxy-6a-methylprednisolone or 
ACTH, whereas two nonglucocorticoid cortisol 
derivatives, 11-epicortisol and 9a-methoxy
cortisol were inactive. STH, testosterone, and 
insulin caused no significant change in GPT by 
themselves nor did they modify the action of 
cortisol. On the other hand, large doses of 
estradiol and thyroxine caused a moderate 
increase in GPT activity, but when injected 
simultaneously with cortisol, they appeared to 

interfere with its action as did progesterone. 
Adrenalectomy slightly diminished or failed to 
affect the GPT inducing activity of cortisol, 
whereas hypophysectomy caused a rise in 
GPT activity and augmented the effect of 
cortisol. 

SDH+-

Ishikawa et al. F41,763f65: In alloxan
diabetic rats, SDH and TDH Ievels of the 
hepatic microsomes are greatly enhanced. 
SDH was readily induced by cortisol in the 
diabetic, but not in the normal, rat. The 
effects of actinomycin S, STH, and starvation 
upon serine dehydratase have also been studied 
in intact, hypophysectomized, adrenalecto
mized, and thyroidectomized rats. It is con
cluded that "serine dehydratase activity in the 
liver plays an important role in the production 
of pyruvate as a starting material for gluco
neogenesis.'' 

a.-GDPH+-

Rivlin &: Wolf H13,055f69: In rats, the 
hepatic a-GPDH activity is greatly increased 
by T3 or thyroxine, but diminished by thyroid
ectomy or 1811 treatment. Both the basal 
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a-GPDH activity and the maximal increment 
induced by triiodothyronine are dependent 
upon adequate intake of riboflavin. 

Other Eru;yrnes -

SpinkB & Burn B72,891f52: Thyroid 
feeding diminishes the amine oxydase activity 
of the liver in rabbits, whereas thyroidectomy 
increases it both in rabbits and in rats. 

Metzenberg et al. D86,024f61: Thyroxine 
induces carbamyl phosphate synthetase in 
hepatic microsomes of the liver in tadpoles. 

Freedland F46,702f65: In hepatic homoge
nates of rats pretreated with thyroxine "there 
was a marked increase in glucose-6-phospha
tase, a decrease in phosphorylase, and relati
vely smaller changes in other glycolytic enzyme 
activities after treatment. The enzymes of the 

pantose phosphate pathway increased as did 
malle enzyme activity, although a fourth 
TPN -linked dehydrogenase, isocitric, decreased. 
L-a-Glycerolphosphate dehydrogenase decrea
sed in the hyperthyroid animals. All 3 of the 
tricarboxylic acid cycle enzymes measured 
increased in activity after thyroxine injection." 

Kato & Pakahaski H 11,853/69: "The 
magnitude of increase in the activities of 
microsomal drug-metabolizing enzymes and 
NADPH-linked electron transport system in 
the alloxan diabetic rats was greater than in 
normal rats, in contrast, the magnitude of 
increase in the thyroxine-treated ratswas smal
ler than in normal rats." 

Katoetal.H11,851f69: Studieson theeffects 
of thyroxine upon hepatic microsomal enzyme 
induction by various drugs in diverse species. 

+ PARATHYROIDS 

Comparatively few investigators have examined the effect of the parathyroids on 
resistance in general. 

Steraids + cf. Selye 050,810f58, p. 89; 092,918/61, pp. 77,164,280;G60,083f70, 
pp. 410, 412. 

Hormones and Hormone-Like Substances -

The effect of the parathyroids on the action of steroids has been discussed else
where. (For references cf. Abstract Section.) Parathyroidectomized dogs are allegedly 
much less resistant against histamine than intact controls, and in rabbits, para
thyroid extract protects against histamine, insulin, and a nurober of other toxicants. 
However, these early experiments require confirmation. 

Histamine -

Dragatedt et al. 17,561/23: "Parathyroidec
tomized dogs are much less resistant to guani
dine, methyl-guanidine, trimethylamine, hista
mine, and the various intestinal poisons than 
are normal dogs." 

McDonagh 19,285/28: In rabbits, parathy
roid extract protects against the toxic effects 
of histamine, insulin, guanidine, coniine and 

"somnifaine" [superficial description of obser
vations which do not inspire confidence 
(H.S.)]. 

lnsulin-

McDonagh 19,285!28: In rabbits, parathy
roid extract protects against the toxic effects 
of insulin [ superficial description of observa
tions which do not inspire confidence (H.S.)]. 

Epinephrine- cf. Selye 092,918/61, p. 
194; G60,083f70, pp. 410, 413. 

Drugs-

The parathyroids play an important role in resistance only against very few 
drugs. Even the effects of such compounds as copper or beryllium salts which 
cause definite hone changes are not markedly influenced by parathyroid extract. 
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It has been claimed that in mice, parathyroid extract can protect against fatal 
fluoride intoxication, but this has been denied by subsequent investigators. 

During the early part of this century, it was assumed that parathyroidectomy 
causes tetany because it interferes with the detoxication of guanidine, but this 
could not be confirmed. 

On the other hand, the topical calcification produced by indium chloride in the 
rat is prevented by parathyroidectomy, although the associated hepatic necrosis 
and icterus remain unaffected. Pretreatment with parathyroid extract (or DHT) 
prevents the hepatic necrosis, but augments the topical calcergy. 

Resistance to MgS04 i.v. is increased by parathyroid extract in the dog, presum
ably because of the well-known antagonism between Ca-and Mg-ions. In mice, 
parathyroid extract inhibits the development of Mg-anesthesia in a dose-depen
dent manner. 

The nephrocalcinosis induced by a dietary excess of phosphate (NaH2P04) in the 
rat is ·inhibited by thyroparathyroidectomy as weH as by excessive thyroxine ad
ministration. 

The production of cardiovascular lesions by "standard renal injury" following 
treatment with sulfa drugs is prevented by thyroparathyroidectomy in the rat 
- as is the osteitis fibrosa produced by uranium intoxication - probably because 
these toxicants elicit renal darnage with secondary hyperparathyroidism. The latter 
is presumed tobe responsible for the disturbances in skeletal metabolism. 

The calcinosis elicited by vitamin-D compounds, including DHT, is not prevented 
by parathyroidectomy; hence it cannot be ascribed to a secondary hypersecretion 
of parathyroid hormone as had been originally thought. 

Anaphylactoidogens +- cf. Selye G46,715f 
68, pp. 179, 199. 

Antibiotics +- cf. Selye C92,918f61, p. 91; 
G60,083f70, pp. 410, 413. 

Barbiturates +-

McDonagh 19,285/28: In rabbits, parathy
roid extract protects agairrst the toxic effects 
of histamine, insulin, guanidine, coniine and 
"somnifaine" [ superficial description of obser
vations which do not inspire confidence 
(H.S.)]. 

Copper+-

Ulmansky & Sela G70,273f69: In mice, 
copper administration causes thickening, and 
fluoride treatment thinning, of the epiphyseal 
plates. Neither of these responses is influenced 
by parathyroid extract, which in itself causes 
some thickening of epiphyseal plates. 

Beryllium +-

Jone8 33,139f35: In dogs with beryllium 
rickets, parathyroid extract failed to raise the 
blood calcium. 

Coniine +-

McDonagh 19,285/28: In rabbits, parathy
roid extract protects agairrst the toxic effects 
of histamine, insulin, guanidine, coniine and 
"somnifaine" [superficial description of obser
vations which do not inspire confidence 
(H.S.)]. 

Digitoxin +-

Selye P ROT. 33541, 34074: In rats, PCN 
is highly efficacious in preventing digitoxin 
poisoning, even after parathyroidectomy, thy
roparathyroidectomy, or concurrent treat. 
ment with propylthiouracil (PTU). No pro· 
tection was obtained by thyroidectomy, para· 
thyroidectomy, or treatment with PTU, 
thyroxine, parathyroid extract or calcitonin. 
Apparently, the goitrogenie effect of PCN 
plays no indispensable role in its catatoxic 
action. 

Fluoride+-

Kochmann 55,947/34: In mice, fatal in
toxication with NaF or oxalic acid can be 
prevented by pretreatment with parathyroid 
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extract. These inhibitions are dose-dependent 
and may serve for the assay of parathyroid 
preparations. 

Muiioz 67,126!36: In rats, parathyroid 
extract fails to prevent the manifestations of 
fluorosis. 

Ulmansky & Sela G70,273f69: In mice, 
copper administration causes thickening, and 
fluoride treatment thinning, of the epiphyseal 
plates. Neither of these responses is influen
ced by parathyroid extract, which in itself 
causes some thickening of epiphyseal plates. 

Guanidine +-

Dragstedt et al. 17,561/23: "Parathyroidec
tomized dogs are much less resistant to guani
dine, methyl-guanidine, trimethylamine, hista
mine, and the various intestinal poisons than 
arenormal dogs." 

Süssmann 24,462/27: In mice, very impure 
parathyroid extracts protect against guani
dine and picrotoxin but not against strychnine. 

McD07UJ.{Jh 19,285/28: In rabbits, parathy
roid extract protects against the toxic effects 
of histamine, insulin, guanidine, coniine and 
"somnifaine" [superficial description of obser
vations which do not inspire confidence 
(H.S.)]. 

Indium+-

Selye et al. D25,667f62: In rats, InCl3 s.c. 
produces topical calcification and severe hepatic 
necrosis with icterus. Parathyroidectomy pre
vents the topical (calcergic) calcification at the 
injection site, but not the hepatic necrosis. 
Pretreatment with parathyroid extract (or 
with DHT) prevents the hepatic necrosis, al
though it augments the local tissue calcification 
at the injection site. 

Magnesium +-

Matthews & Austin 21,067/27: In dogs, 
resistance to MgS04 i.v. is increased by para
thyroid extract, and decreased by parathyroid
ectomy, presumably because of the well-known 
antagonism between Ca-and Mg-ions. 

Simon 31,369/35: In mice, parathyroid 
extract inhibits the development of magnesium 
narcosis in a dose-dependent manner. This 
phenomenon can be used for the standardiza
tion of parathyroid preparations. 

Perchlorate +-Cf.Selye 092,918/61, p. 280. 
Permanganate+- cf. Selye D15,540f62, 

p. 303. 

Oxalate+-

Kochmann 55,947 f34: In mice, fatal intoxi
cation with NaF or oxalic acid can be pre
vented by pretreatment with parathyroid 
extract. These inhibitions are dose-dependent 
and may serve for the assay of parathyroid 
preparations. 

Peptone+-

Czarnecki & Kiersz D15,579f61: In dogs, 
shock produced by trypan blue or peptone 
injection is more powerfully inhibited by 
thyroparathyroidectomy than by thyroidec
tomy. 

Phosphate+- cf. also Selye G60,083f70, 
p. 410. 

Selye 038,627/58: In rats, the nephrocalci
nosis produced by a dietary excess of NaH2P04 

is inhibited both by thyroparathyroidectomy 
and by excess thyroxine administration. 

Picrotoxin +-

Süssmann 24,462!27: In mice, very impure 
parathyroidextracts protect against guanidine 
and picrotoxin, but not against strychnine. 

Potassium +-

Thatcher & Radike B4,515f47: In rats, 
resistance to KCl intoxication was increased 
by DOC or adrenocortical extract. Parathyroid 
extract decreased potassium resistance. 

Puromycin Aminonucleoside +-

Johnston & Follis Jr. D12,799f61: In rats, 
the osteitis fibrosa-like changes produced by 
puromycin aminonucleoside (PAN) are not 
prevented by parathyroidectomy. 

Salicylates +-

Abbott & Harrisson F36,510j65: In rats, 
cancellous bone formation is stimulated by 
various salicylates. This effect is blocked by 
parathyroid extract and vitamin D, but not 
influenced by cortisone. 

Strychnine +-

Süssmann 24,462!27: In mice, very impure 
parathyroid extracts protect against guani
dine and picrotoxin, but not against strychnine. 

Sulfa Drugs +- cf. also Selye 092,918/61, 
p. 194; G60,083f70, pp. 413, 414. 
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Lehr &: Martin 013,119/56: In rats, the 
production of cardiovascular lesions by "stan
dard renal injury" (due to treatment with 
sulfa drugs) is prevented by thyroparathyroid
ectomy, but not by thyroidectomy with para
thyroid extract treatment. Curiously, "chemi
cal thyroidectomy" [technique not specified 
(H.S.)] also inhibited, and thyroid hormone 
excess aggravated these lesions. 

Lehr &: Martin 023,011/56: In rats, the 
cardiovascular lesions produced by sodium 
acetyl sulfathiazole (as a consequence of renal 
injury) are prevented by thyroparathyroid
ectomy, presumably because in the final 
analysis, the changes observed are due to 
nephrogenic hyperparathyroidism. 

Lehr 084,326/59: In rats, the role of 
parathyroid hormone in the production of 
cardiovascular lesions by renal darnage (Na
acetylsulfathiazole, surgery) was subjected to 
systematic analysis. 

Okarw et al. H25,894f70: In rats, the calci
fication and necrosis of the aortic media 
induced by the "obstructive nephropathy" 
developing after injection of sodium sulfaace
tylthiazole (SAT) can be prevented by para
thyroidectomy, and to a lesser extent by 
calcitonin. 

Uranium+-

Eger B35,694f42: In rats, the osteodystro
phia fibrosa produced by uranium intoxication 
can be prevented by parathyroidectomy, pre
sumably because the renal darnage induced by 
the heavy meta! acts on the bones only through 
the intermediary of the parathyroids. 

Vitamin A .-- cf. SelyeG60,083f70, pp. 410, 
413. 

VitaminC+-

Kalnins &: Ledina B19,372f47: In guinea 
pigs, parathyroid extract accelerates the devel
opment of scorbutic changes on a vitamin-C 
deficient diet. 

Vitamin D, DHT .-- cf. Selye 092,918/61, 
p. 176; D15,540f62, p. 281,· G60,083j70, pp. 
408,410. 

Diet +- cf. also Selye G60,083f70, pp. 410, 
413. 

Dragstedt &: Peacock 17,556/23: In dogs, 
parathyroid tetany is highly subject to modi
fication by certain diets. It is concluded that 
"the parathyroid glands do not furnish a 
hormone necessary for life, and dogs may be 
kept alive indefinitely after their removal if 
treatment directed to the prevention of this 
toxemia of intestinal origin is carried out." 

Bacteria +-

In guinea pigs, parathyroid extract allegedly delays the course of experimental 
tuberculosis, whereas in rats removal of the parathyroids has been claimed to lower 
resistance to this infection. In mice, parathyroid extract offers some protection 
against infection with P. anthracis, E. coli or Ps. pyocyaneus but not against Kleb
siella pneumoniae. 

Bacterial Toxins +-

In dogs and rabbits, tetanus intoxication is not significantly affected by para
thyroid extract, but the spread of this toxin is allegedly delayed by parathyroid 
preparations in the mouse. 

Renal Lesions +-

Hypertension produced by unilateral renal artery constriction in rats is not 
significantly affected by parathyroidectomy. However, the cardiovascular cal
cification produced by nephrectomy and by certain renal lesions in the rat can be 
prevented by parathyroidectomy presumably because here the calcinosis is a se
condary result of increased parathyroid hormone secretion. 

In rats, calciphylaxis produced by bilateral nephrectomy + ferric dextrin is 
prevented by parathyroidectomy. From this it was concluded that endogenous 
parathyroid hormone in amounts secreted by the gland can act as a calciphylactic 
sensitizer. 
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Stressors +-

Several investigators claimed that the parathyroids play an important part in 
resistance to cold, X-irradiation and other forms of stress, but all these findings 
require confirmation. 

Bacteria +-

Pelouze & Rosenberger 62,508/24: In guinea 
pigs, parathyroid extract or calcium feeding 
delays the course of experimental tuber
culosis. 

Steinbach 92,528/32: In rats, parathyroid
ectomy lowers resistance to infection with 
bovine but not with human tuberculosis. 
Thyroparathyroidectomy makes rats suscep
tible to both human and bovine tubercle 
bacilli. 

Weinstein B15,029j39: In mice, various 
anterior pituitary preparations protect agairrst 
infection with B. anthracis. Parathyroid extract 
was also very effective, whereas thyroxine 
and testosterone offered little protection, and 
progesterone, insulin, "estrin" and posterior 
lobe extract were virtually ineffective. 

Weinstein A33,940j40: In mice, neither 
parathyroid extract nor a crude anterior 
pituitary preparation offered protection agairrst 
infection with Klebsiella pneumoniae, but 
they did improve survival after inoculation of 
E. coli or Ps. pyocyaneus. 

Schäfer B99,955j54; G58,597j54: Mono
graph (127 pp., numerous refs.) on the role of 
endocrirre factors in tuberculosis. Special 
sections are devoted to the hormones of the 
thyroid, parathyroid, thymus, adrenals, pan
creas, and gonads. 

Bacterial Toxins +-

Lissak 29,256/34: In dogs and rabbits, 
tetanus intoxication is not significantly modi
fied by parathyroid extract. 

Weinstein A33,940j40: In mice, parathy
roid extract prevents the spread of tetanus 
toxin from the site of inoculation and delays 
death. 

Quattrocchi & Foresti G43,535j66: Anaphy
lactic shock in guinea pigs and the Shwartz
man-Sanarelli phenomenon in rabbits are 
inhibited by pretreatment with parathyroid 
extract. [The statistical significance of the 
apparent differences has not been appraised 
(H.S.).] 

Immune Reactions +-

Quattrocchi & Foresti G43,535j66: Anaphy
lactic shock in guinea pigs and the Shwartz
man-Sanarelli phenomenon in rabbits are 
inhibited by pretreatment with parathyroid 
extract. [The statistical significance of the 
apparent differences has not been appraised 
(H.S.).] 

Renal Lesions +-

Quadri 45,920/06: In rabbits, i.v. injection 
of a parathyroid extract ("Paratiroidina") 
prolongs survival following bilateral ureter 
ligature. This fact is ascribed to an antitoxic 
action of the parathyroid hormone, although 
the hormonal activity of the extract has not 
been ascertained. 

Bein et al. 057,714!58: In male rats with 
hypertension produced by unilateral renal 
artery constriction, vascular lesions are more 
common than in females. Gonadectomy does 
not significantly alter these changes in males, 
but aggravates them in females. Parathyroid
ectomy has no significant effect upon them. 

Lehr 084,326/59: In rats, the role of para
thyroid hormone in the production of cardio
vascular lesions by renal darnage (Na-acetyl
sulfathiazole, surgery) was subjected to syste
matic analysis. 

Selye et al. D32,610j63: In rats, calciphy
laxis produced by bilateral nephrectomy + 
ferric dextrin can be prevented by parathyroid
ectomy. Hence, it may be concluded that auto
logous parathyroid hormones in amounts secre
ted by the glands can act as calciphylactic 
sensitizers. 

Stressors +-

Genitis et al. 68,723/35: In young thyro
parathyroidectomized rats, exposure to heat 
24 hrs following the Operation greatly in
creased the mortality rate, whereas cold 
surrounding temperature diminished it. The 
number of tetanic convulsions was greatest at 
an intermediate temperature. [From the brief 
abstract it is difficult to differentiate between 
the role of parathyroid and of thyroid defi
ciency (H.S.).] 
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Sanfilippo 56,085/35: In rabbits, parathy
roid extract increases resistance to cold. 

Rixon et al. 061,789/58: In rats, parathy· 
roid extract prolongs survival after X-irra· 
diation. 

Czarnecki & Kiersz D15,579f61: In dogs, 
shock produced by trypan blue or peptone in
jection is more powerfully inhibited by thyro
parathyroidectomy than by thyroidectomy. 

+ OALOITONIN 

Parathyroid Hormone +. Calcitonin inhibits the production of soft tissue calci
fication by parathyroid extract in tbe rat. Thyroxine has a similar effect, and combi
ned treatment with the two hormones leads to a summation of their actions. 

Drugs +· In rats, the organ lesions produced by intoxication with bolmium or 
indium chlorides, unlike the nephrocalcinosis produced by mereury, are completely 
prevented by calcitonin. The calcergy, induced by Iead acetate i.v. + topical admi
nistration of polymyxin, is inhibited by calcitonin in the rat simultaneously with 
the hypercalcemia resulting from lead acetate administration. 

The myocardial lesion, produced in rats as a consequence of the obstructive 
nepbropathy caused by suHa eompounds is also inhibited by calcitonin. 

The hone lesions cbaracteristic of vitamin-A overdosage in the rat are prevented 
by calcitonin, although those elicited by various other techniques are not influenced 
by this hormone. 

Renal Lesions +· Calcitonin inhibits the metastatic calcification and the osteitis 
fibrosa induced by bilateral nephrectomy in the rat. 

Parathyroid Hormone +- cf. also Selye 
G60,083j70, p. 413. 

Tuchweber et al. G46,759f68; Gabbiani et al. 
G46,731f68,· G46,730f68: Pretreatment with 
thyroxine or calcitonin inhibits the soft tissue 
calcification and osteitis fibrosa induced by 
parathyroid extract overdosage. In the event 
of concurrent administration, the effect of the 
two protective hormones is summated. Thy
roxine retains its effect upon calcium metabo
liBm in thyroparathyroidectomized or adrenal
ectomized but not in nephrectomized rats. 
The stress of restraint likewise prevents para
thyroid overdosage, but the associated bio
chemical changes are different from those 
caused by thyroxine. 

Drugs+-

Digitoxin+-.Selye PROT. 33541,34074: In 
rats, PCN is highly efficacious in preventing 
digitoxin poisoning, even after parathyroid
ectomy, thyroparathyroidectomy, or concur
rent treatment with propylthiouracil (PTU). 
No protection was obtained by thyroidectomy, 
parathyroidectomy or treatment with PTU, 

thyroxine, parathyroid extract or calcitonin. 
Apparently, the goitrogenie effect of PCN 
plays no indispensable role in its catatoxic 
action. 

Holmium, Indium +-. Gabbiani & Tuch
weber G70,453f70: In rats, the organ lesions 
produced by toxic doses of holmium and 
indium chlorides-unlike the nephrocalcinosis 
elicited by HgCI2-are completely prevented 
by calcitonin. 

Lead+-. Gabbiani et al. G46,731f68: In rats, 
calcitonin (but not thyroxine) inhibits the 
local calcergy induced by intravenous injec
tion of Iead acetate followed by topical admi
nistration of polymyxin and the hypercalcemia 
produced by a single injection of Iead acetate. 

Mercury+-.Gabbiani & TuchweberG70,453f 
70: In rats, the organ lesions produced by 
toxic doses of holmium and indium chlorides
unlike the nephrocalcinosis elicited by HgClz
are completely prevented by calcitonin. 

Sulfa Drugs +-. Fujita et al. H2,733f68: In 
rats, calcitonin inhibits the myocardiallesions 
that occur as a consequence of the obstructive 
nephropathy after the administration of Na
sulfacetylthiazole (SAT). 
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Okano et al. H25,894f70: In rats, the calci
fication and necrosis of the aortic media 
induced by the "obstructive nephropathy" 
developing after injection of sodium sulface
tylthiazole (SAT) can be prevented by para
thyroidectomy, and to a lesser extent by 
calcitonin. 

Vitamin A +-. Olark et al. H 5,009/68: In 
rats, the bone lesions produced by vitamin-A 
overdosage were prevented by calcitonin, but 
those induced by various other techniques 
were not influenced, or actually aggravated. 

Renal LesioJUJ +-

Lefort et al. G46,725f67; 06te et al. G46,741f 
68: In rats, calcitonin inhibits the metastatic 
calcification and bone lesions induced by bila
teral nephrectomy. In nephrectomized ani
mals, thyroxine does not modify the changes 
induced by endogenaus hyperparathyroidism 
consequent to bilateral nephrectomy. "Pre
sumably, to be effective against soft-tisaue 
calcification and bone resorption induced by 
parathyroid extract overdosage, thyroxine 
requires the presence of the kidney." 

+ PANOREATIO HORMONES 

The pancreatic hormones affect resistance to various agents, mainly through 
their influence upon carbohydrate metabolism. It is interesting, however, that 
while the effect of insulin and surgically or drug-induced diabetes have been studied 
in connection with many toxicants, virtually no attention has been given to the 
possible corresponding effects of glucagon. 

Steroids +-

Progesterone anesthesia is aggravated by insulin and prevented by epinephrine, 
presumably by virtue of the blood sugar changes produced by these hormones. 

Nonsteroidal Hormones and Hormone-Like Substances +-

Thyroid feeding greatly increases mortality in rats on a diet containing desiccated 
pancreas. However, there is no proofthat here pancreatic hormones play a role. 

The toxicity of histamine, 5-HT, and of the anaphylactoidogenic agents that 
liberate these amines from mastocytes, is greatly influenced by pancreatic hor
mones. The anaphylactoid edema produced by dextran or egg-white in the rat is 
inhibited by alloxan diabetes and aggravated by insulin. The response to Cpd. 48/80 
is less consistently influenced by these agents. In mice, sensitized with pertussis 
vaccine, alloxan also inhibits the response to 5-HT, histamine or anaphylaxis. 

Steraids +- cf. also Selye G60,083f70, pp. 
414-419. 

Winter &:Selye A35,658f41; Winter A36,333f 
41: Epinephrine increases, whereas insulin 
decreases, the resistance of the rat to the 
anesthetic action of progesterone. 

Hydroxydione +- Carbutamide, 
Mouse: Rümke G69,768/63* 

NoJUJteroidal Hormones and Hormone
Lilee Substances +-

Thyroid Hormones+-. Ershoff B24,883f48: 
In immature female rats fed purified rations 
containing both pancreas and desiccated thy-

roid, mortality was high. Similar diets contain
ing only pancreas or desiccated thyroid 
induced no comparable mortality. 

Histamine and 6-HT +-. Goth et al. 0 43,836/ 
57: In rats, alloxan diabetes inhibits the ana
phylactoid edema produced by dextran or egg 
white; insulin aggravates it. Cpd. 48/80 is not 
influenced by these agents. "These results 
suggest a hitherto unrecognized role of insulin 
in certain types of inflammation and histamine 
release." 

Adamkiewicz &: Adamkiewicz 073,760/59: 
In rats, alloxan diabetes prevents the ana-
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phylactoid reaction caused by dextran; insulin 
restores this reactivity. 

Ganley & Robinson 066,305/59: In mice, 
sensitized with B. pertussis vaccine, alloxan 
inhibits the response to 5-HT and somewhat 
less to histamine and anaphylaxis. 

Sanyal et al. 079,555/59: In rats, anaphy
lactoid edema produced by egg white is 
aggravated by insulin pretreatment. 

Ganley D31,168f62: In mice, alloxan dia
betes inhibits the sensitizing properlies of 

Bordetella pertussis vaccine as measured by 
challenge with histamine, 5-HT or anaphylaxis. 
This effect is reversed by insulin. 

Insulin<-, Rasselblatt & Bastian 059,171/ 
58: In mice, sensitivity to insulin convulsions 
is increased by thyroxine and even more 
markedly by tolbutamide. 

Talhutamide <-- Tolbutamide, Dog: 
Charbon G76,685/61 *; Remmer et al. 
D19,894/64* 

Drugs *"" 
Among the drug actions subject to regulation by pancreatic hormones, one of 

the most interesting is the previously mentioned response to anaphylactoidogens. 
Various antigen-antibody reactions are influenced in a similar way and since over
dosage with sugars, cortisol or epinephrine also inhibit the anaphylactoid edema, 
it is assumed that the latter agents, like insulin and alloxan, act through their effect 
upon the blood sugar. Since these interrelations have been discussed at length in 
a previous monograph (Selye G 19,425/65) they need not be discussed herein detail. 

Barbiturate anesthesia can be markedly influenced by insulin but in a somewhat 
unpredictable manner. In mice, hexobarbital sleeping time is allegedly prolonged 
both by epinephrine and by insulin, whereas in rabbits, pentobarbital sleeping time 
is shortened by the same two hormones. In guinea pigs, hexobarbital sleeping time 
is also reduced by insulin and it has been postulated that here a direct effect upon 
both the CNS and upon hepatic detoxication may be involved. In mice, thiopental 
anesthesia is prolonged by alloxan diabetes, perhaps as a consequence of a deranged 
metabolic degradation of the barbiturate, but insulin fails to correct this effect. 

Pancreatic hormones also appear to affect the toxicity of digitalis alkaloids. In 
dogs, pancreatectomy offers moderate protection against lethal doses of k-strophan
thin; in rats, insulin enhances the cardiac action of this compound but not of its 
aglycon, strophanthidin. 

The beriberi produced in pigeons by vitamin-B1 deficiency is aggravated by 
insulin, but only under certain circumstances. In rats, moderate alloxan diabetes 
does not significantly affect thiamine deficiency. 

In rats pretreated with vitamin D, alloxan produces selective calcification of the 
Langerhans islets as a consequence of calciphylaxis. 

Acetone+-

Hirschfelder & Maxwell 26,930/24: In rab
bits, insulin fails to antagonize the toxic 
effects of ethanol or acetone. 

Acetonitrile +-

Paal 22,603/30: Review of the Iiterature 
and extensive personal studies on the acetoni
trile test in mice and its use for the determina-

tion of thyroid hormone in human blood. 
Thyroidectomy does not increase the resis
tance of the mice to acetonitrile but diminishes 
the protective effect of thyroxine. Concurrent 
treatment with insulin also inhibits the 
prevention of acetonitrile toxicity by thy
roxine. 

Aminopyrine <-- Alloxan + Insu
lin: Dixon et al. E35,705f63; Kato et al. 
F57,817f65 
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Anaphylactoidogens +-- cf. also Selye 
G46,715j68, pp.104, 108,177,179, 184, 197. 

Adamkiewicz & Langlais 031,853/57: In 
rats, insulin sensitizes to the production of 
anaphylactoid edema by the systemic or intra
pedal injection of small doses of dextran. The 
sensitization manifests itself even despite 
cortisone treatment. 

Adamkiewicz D61,626f63: Review showing 
that "hyperglycemias resulting from over
dosage with sugars, cortisol, adrenaline, or 
from diabetes inhibit the anaphylactoid reac
tions; anaphylaxis, and the tuberculin reac
tion, but potentiate infections. Hypoglycemias 
resulting from fasting, insulin and adrenalec
tomy potentiate the anaphylactoid reactions, 
anaphylaxis, and the tuberculin reaction; but 
inhibit infections. The hypothesis is proposed 
that hyperglycemia inhibits certain antigen
antibody combinations; this results in an 
inhibition of hypersensitivity, but an aggra
vation of infection." 

Sacra & Adamkiewicz F49,352f65: In rats, 
the toxicity of Cpd. 48/80 is increased by 
insulin and diminished by glucose. 

Aniline ~ Alloxan + Insulin: 
Dixon et al. E35,705f63 

Aniline ~ Alloxan + Orchidecto
my + Methyltestosterone: Kato et al. 
F57,817j65 

Anticoagulants +-- Tolbutamide, Rb, 
Man: Chaplin et al. D99,463/58* 

Anticoagulants +-- Glucagon, Man: 
Koch-Weser G73,494/70* 

Barbiturates +--

Reinhard B283j45: In mice, the hexobarbi
tal sleeping time is prolonged by epinephrine 
or insulin. 

Westfall B31,306f46: In rabibts, pentobar
bital sleeping time is shortened by epinephrine 
and insulin despite their opposite effect upon 
blood sugar.[This contradicts Reinhard B283f45 
(H.S.).] 

Holck B42,745f48: In mice, neither epine
phrine nor insulin altered significantly the 
fatal dose of hexobarbital given 20 min later. 

Dixon et al. D9,331f61: In alloxan diabetic 
rats, the ability of the hepatic microsomal 
fractions to inactivate hexobarbital, chlor
promazine or codeine in vitro is diminished and 
the sleeping time following hexobarbital 
injection in vivo prolonged. These effects can 
be reversed by insulin and roughly parallel the 
glycogen content of the liver. "Factors leading 
to severe depletion of hepatic glycogen will 

probably affect the rate at which drugs are 
metabolized by the microsomes." 

Shrotri et al. D27,239f62: In guinea pigs, 
hexobarbital sleeping time is reduced by in
sulin. "A direct effect on the CNS as weil as 
a role in the detoxification in liver are postu
lated." 

Dixon et al. E35,705f63: In alloxan
diabetic rats, "a depressed metabolism of 
hexobarbital and aminopyrine in vitro, an 
increased in vitro hydroxylation of aniline, and 
a prolonged in vivo effect of hexobarbital 
were evident. The 0-dealkylation of codeine 
was unaffected by the chronic diabetic state. 
Insulintreatment returned the rate of metabo
lism of hexobarbital to normal Ievels but 
had no effect on aminopyrine metabolism. 
Metabolism of aniline was decreased below the 
normal rate after insulin treatment. Phenobar
bital treatment of diabetic animals resulted in 
a stimulation of most of the drug-metabolizing 
enzyme systems studied. However, the hy
droxylation of aniline by livers from diabetic 
rats treated with phenobarbital was decreased." 
A relationship between hepatic glycogen and 
drug-metabolizing enzyme activity is suspect
ed. 

Kato & Gillette F57,817j65: The metabo
lism of aminopyrine and hexobarbital by hepa
tic microsomes of male rats is impaired by 
adrenalectomy, castration, hypoxia, ACTH, 
formaldehyde, epinephrine, morphine, alloxan 
or thyroxine. The metabolism of aniline and 
zoxazolamine is not appreciably decreased by 
any of these agents; in fact, hydroxylation of 
aniline is enhanced by thyroxine or alloxan. 
Apparently, the treatments impair mainly the 
sex-dependent enzymes. Accordingly, the cor
responding enzymic functions of the hepatic 
microsomes of female rats are not significantly 
impaired by the agents which do have an 
inhibitory effect in males. 

Vincent & Motin G51,414j67: Description 
of a patient who recovered from severe com
bined intoxication with barbiturates and 
insulin. 

Quevauviller & Podevin G57,209f68: In 
mice, alloxan diabetes prolongs thiopental 
anesthesia by interfering with the metabolic 
degradation of the barbiturate. Insulin fails 
to correct this effect. 

Weiner et al. H 24,942/70: In rats, glucagon, 
alloxan and starvation all increased hexobar
bital sleeping time. This effect was markedly 
antagonized by insulin. Perhaps, cyclic AMP 
may be involved since theophylline greatly in
creases the action of glucagon. This synergism 
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also occurred in isolated, perfused rat livers 
and, hence, "inhibition ofhexobarbital metabo
lism by cyclic AMP would appear to be me
diated in the liver." 

Amobarbital <- Insulin + Glucose, 
Rb: Maloney et al. 61,235/31 * 

Hexabarbital <- Insulin, Mouse: 
Reinhard B283/45*; Holck B42,745/48*, 
D28,543f49* 

Hexabarbital <- Alloxan + Insu
lin: Dixon et al. D9,331f61*; Fouts G77,514f 
62; Dixon et al. E35,705f63 

Hexabarbital <- Tolbutamide: Rem
mer G66,542f62*; Rümke et al. G74,669f60*; 
Kato et al. E47,494f64; Remmer et al. 
D19,894f64*, G66,868/65*; Remmer 
F90,864f67* 

Bilirubin -+-

Müller-Oerlinghausen & Schinke G79,199f 
70: In rats, the maximal transport capacity of 
the liver (Tm) for bilirubin is reduced in dia
betes caused by alloxan or anti-insulin serum. 
"It is suggested that the reduced synthesis of 
UDP-glucuronic acid which has been found in 
former experiments in vitro is responsible for 
the impaired bilirubin excretion." The excre
tion of indocyanine green is likewise inhibited 
in experimental diabetes. 

Bilirubin <- Tolbutamide, Dog: 
Singh et al. D6,799f61 * 

Gaffeine -+-

LahM & Theodoresco 17,831/24: In dogs 
and rabbits, resistance to caffeine is somewhat 
increased by insulin but the results are not 
impreBBive. 

Garbon Tetrachloride -+-

Furulcawa F71,711f65: In rats, hepatic 
steatosis produced by CC14 is inhibited by 
adrenalectomy and, to some extent, also by 
hypophysectomy. Corticoids restore the effect 
of CC14 after adrenalectomy; epinephrine does 
not, but it increases the effect of corticoids. 
STH does not counteract the effect of hypo
physectomy. Alloxan diabetes inhibits CC14-

induced hepatic lipidosis. 

Garcinogens -+-

Dunning et al. A48,770j48: In rats, "the 
diabetic condition induced by alloxan short
ened the life span of the affected individuals, 
thereby reducing both the percentage of rats 

surviving long enough to develop benzpyrene 
Bareomas and the average latent period of 
those which did, but did not prevent or delay 
the malignant process in the rats surviving to 
the average time of occurrence for these 
neoplasms." 

Salzberg & Griffin B68,802f52: In rats, 
hepatic carcinogenesie following treatment 
with 3'-Me-DAB is inhibited by alloxan 
diabetes. 

Klärner & Klärner 045,812/58: In BAF1 

mice, the growth of urethan-induced pulmo
nary tumors is significantly inhibited by 
alloxan diabetes and exposure to heat, but only 
slightly affected by thyroxine and insulin. 

Tinozzi & Pannella D54,092f61: In rats, 
alloxan diabetes largely prevents the induction 
of tumors by 20-methylcholanthrene. 

Lacassagne & Hurst G78,530f69: In rats, 
tolbutamide (a hypoglycemic sulfonamide) ac
celerates, whereas diazoxide (a hyperglycemic 
sulfonamide) retards hepatoma formation after 
treatment with AAF. When the two compounds 
are given together, they nullify each other's 
actions. 

Heusan G78,138J70: In rats, DMBA-in
duced mammary tumors appear tobe influenced 
by insulin, both in vivo and in vitro. DNA 
synthesis in organ cultures of these carcinomas 
is stimulated by insulin. Large doses have a 
strong, probably direct stimulating effect on 
DMBA-induced neoplasms in vivo, whereas 
regression is noted in alloxan-diabetic rats. 

Carisoprodol <- Tolbutamide: Kato 
et al. E 47,494!64 

Ghwrprornazine +-

Wisniewski & Danysz G40,054f66: In rats, 
insulin administered simultaneously with chlor
promazine increases the potency and the brain 
concentration of the latter. "It can be supposed 
that insulin increases the velocity of the 
penetration of chlorpromazine across cell 
membranes in both directions. Hypoglycemia 
does not show any influence on this effect of 
insulin and it may be concluded that insulin 
acts directly on cell membranes." 

Wisniewsky & Buczko G51,489J67: In rats, 
the depressive effect of chlorpromazine is 
decreased by alloxan and restored to normal by 
concurrent treatment with insulin. 

Chlorpromazine <- Alloxan + In
sulin: Dixon et al. D9,331/61 * 

Gholesterol +- cf. also Selye B40,000f50, 
p. 551; G60,083f70, pp. 414-419, 430. 



+- Pancreatic Hormones 525 

Cholesterol +-

McGill et al. B32,954f49: In rabbits, chol
esterol atherosclerosis is inhibited by alloxan 
diabetes contrary to the author's expectations. 

Hamprecht G69,560f69: Review (7 pp., 
153 refs.) on the mechanisms regulating cho
lesterol synthesis. A special section deals with 
the effect of thyroid hormones, steroids, 
epinephrine, norepinephrine and glucagon. 

Wellmann et al. H9,536f69: In cholesterol
fed rabbits, alloxan aggravates the characte
ristic renal lesions. 

Chrorniurn +-

Zondek 36,326/14: In rabbits, the hyper
tension produced by uranium and mercury 
nephritis, unlike that of chromium nephritis, 
is counteracted by i.v. injection of a beef 
pancreas extract. 

Cobalt+-

Avezzu 046,134!57: In rabbits, cobalt 
destroys the alpha cells, alloxan the beta cells, 
of the Langerhans islets, and hence, there 
exists a mutual antagonism between these 
two substances as regards the consequent 
metabolic effects also. 

Co deine +- Alloxan + Insulin: 
Dixon et al. D9,331f61, E35,705f63 

Digitalis +-

Freund A26,153f32: Studies on the effect 
of thyroidectomy or pretreatment with thy
roxine or insulin upon the in vitro metabolic 
changes induced by digitalis compounds in the 
cat's heart. 

Travis et al. 018,863/56: In dogs, pancrea
tectomy offers a slight but significant degree of 
protection against Iethai doses of k-strophan
thin. "This would appear to be related to the 
absence of insulin since hyperglycemia per se, 
does not afford any protection. Thus these 
results are in harmony with the concept that 
insulin facilitates the transport of glycosides 
having d-glucose as a terminal sugar in 
somewhat the same manner as it facilitates the 
transport of the simple sugar." 

.Adamkiewicz 097,998!61: In rats, insulin 
enhances the cardiac action of k-strophan
thin but not of the aglycon strophanthidin. 

Oohn et al. H26,723f70: In dogs, glucagon 
abolishes ouabain-induced arrhythmias. The 
mechanism of this anti-arrhythmic action could 
not be clarified but glucagon causes an im-

mediate rise, followed by a fall in serum potas
sium and this may have been involved. 

D;res +-

Müller-Oerlinghausen &: &hinke G79,199f 
70: In rats, the maximal transport capacity of 
the liver (Tm) for bilirubin is reduced in dia
betes caused by alloxan or anti-insulin serum. 
"It is suggested that the reduced synthesis of 
UDP-glucuronic acid which has been found in 
former experiments in vitro is responsible for 
the impaired bilirubin excretion." The excre
tion of indocyanine green is likewise inhibited 
in experimental diabetes. 

Dye (BSP) +- Tolbutamide, Rb: 
Rasselblatt et al. G77,523f62* 

Dye (BSP) +- Tolbutamide + Ethi
onine, Mouse: Fujimoto et al. G30,289/65* 

Ethanol+-

Hirschfelder &: Maxwell 26,930/24: In rab
bits, insulin fails to antagonize the toxic 
effects of ethanol or acetone. 

Hiestand et al. B78,576f53: In mice, 
alloxan diabetes and epinephrine increase, 
whereas insulin decreases, sensitivity to Iethai 
doses of ethanol. 

Hirvonen et al. G59,966f68: In rats, mode
rate chronic ethanol intoxication causes hyper
trophy of the adrenal glomerulosa. This effect 
is inhibited by insulin. On the other hand, the 
ethanol-induced activation of the fasciculata is 
actually enhanced by insulin. 

Ethanol +- Alloxan, Mouse: Hies
tand et al. B78,576/53* 

Ethanol+- Insulin + Glucose, Dog: 
Greenberg A48,342/42*; SammalistoG76,362/62* 

He:cadirnethrine +-

Kovdcs &: Szijj F96,892f68: In rats, insulin 
increases sensitivity to hexadimethrine-indu
ced pituitary necrosis; alloxan fails to affect it. 

Lath;rrogens +-

Franchimont et al. D13,136f61: In rats, 
osteolathyrism produced by AAN is aggra
vated by 5-HT, whereas glucagon does not 
modify it significantly. 

van Oauwenherge &: Lefebvre G58,189f64: 
In rats, osteolathyrism produced by AAN is 
not influenced by glucagon. 

Meprobamate +- Talhutamide: Kato 
et al. E47,494f64 
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Mercury+-

Zondek 36,326/14: In rabbits, the hyper
tension produced by uranium and mercury 
nephritis, unlike that of chromium nephritis, 
is counteracted by i.v. injection of a beef 
pancreas extract. 

Methampyrone <- Tolbutamide: 
Remmer F90,864j67 

Methylaminoantipyrine <- Tolbu
tamide: Remmer G6,542f62 

Monomethylaminoantipyrine <- Tol
butamide: Remmer et al. D19,894j64 

Morphine+-

Wi8niewski E32,005f63: In rabbits, insulin 
increases the analgesic action of morphine and 
dolantin. 

Pentylenetetrazol +-

Waltregny & Mesdjian F78,025f66: In 
cats, insulin hypoglycemia raises sensitivity 
to pentylenetetrazol convulsions. 

Peptone+-

Barral et al. 8,860/32: In guinea pigs, 
anaphylactic and peptone shocks are aggra
vated by insulin and diminished by glucose. 

Pesticides +-

DuBois et al. B3,089f47: In rats, both 
insulin and hypophysectomy antagonize the 
hyperglycemic effect of ANTU but do not 
prolong survival. 

Dieldrin <- Tolbutamide: Matsu
mura et al. G74,472j68 

Picrotoxin <- Insulin: Holck 
D28,543j49* 

Salicylates +-

Wisniewski & Zarehski F85,977j67; 
F96,973j68: In mice, insulin greatly increases 
the analgesic effect of Na-salicylate and its 
concentration in the brain, heart and skeletal 
muscle. Alloxan has an opposite effect. 

Strychnine <- Tolbutamide: Kato 
et al. E47,494f64 

Thiouracil +-

Pyatnitskaya 043,809/56: In rats, the fatty 
degeneration of the liver produced by thiou
racil is prevented by conjoint administration 
of insulin and glucose. 

Thioacetamide +-

Georgii etal. 069,388/59: In rats, the hepatic 
lesions produced by chronic treatment with 
thioacetamide are at first inhibited and later 
aggravated by concurrent administration of 
an antidiabetic sulfanil urea preparation 
(D 860, artosin, tolbutamide). 

Toluene Diisocyanate +-

Thompson & Scheel G55,229j68: In rats, 
the toxicity of toluene diisocyanate is dimin
ished by alloxan and increased by insulin or 
pertussis vaccine. Y et, other evidence suggests 
that the pulmonary changes produced by this 
drug are not due to an allergic reaction but to 
direct chemical damage. 

Uranium+-

Zondek 36,326/14: In rabbits, the hyper
tension produced by uranium and mercury 
nephritis, unlike that of chromium nephritis, 
is counteracted by i.v. injection of a beef 
pancreas extract. 

Vitamin-B Camplex +- cf. also Selye 
092,918f61, p. 231. 

Chahovitch 26,462/25: In pigeons, insulin 
aggravates the already manifest symptoms of 
incipient thiamine deficiency. 

Chahovitch 26,685/25: In pigeons, insulin 
pretreatment retards the development of 
beriberi on a thiamine-deficient diet. 

Baglioni & Gonsole 45,284/34: In pigeons 
on a thiamine-deficient diet, the development 
of beriberi is delayed by daily treatment with 
insulin, but only under certain experimental 
circumstances. The extensive Iiterature on the 
effect of insulin upon beriberi is reviewed. 

Janes & Brady 98,541/47; B23,359f48: In 
rats, alloxan diabetes does not significantly 
alter the thiamine-deficiency syndrome. 

VitaminD+-

Kodouskova et al. D69,797j63: In rats pre
treated with vitamin D, alloxan causes calci
fication of the Langerhans islets as a mani
festation of calciphylaxis. 

Zinc+-

Kamikubo D7,362j59: In rats, alloxan 
decreased the comparatively high zinc content 
of Yoshida's ascites tumor. 
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Varia+-

Störtebecker 76,398/39: Review of the 
early Iiterature (1924--1937) on the effect of 
the pancreas upon resistance to various drugs. 

Selye G70,480f71: In rats, tolbutamide 
protects against intoxication with dioxathion, 

parathion, hexobarbital, progesterone (anesthe
sia), indomethacin but not against digitoxin, 
nicotine, zoxazolamine, DHT or the infarctoid 
cardiopathy produced by fluorocortisol + 
Na2HP04 + corn oil. 

Microorganisms, Vaccines and Parasites +-

It is a well-known fact that both pancreatic and alloxan diabetes increase sensi
tivity to a great variety of bacteria, including Mycobacterium. tuberculosis, pneu
mococcus, staphylococcus, streptococcus, perfringens and many others. 

Alloxan diabetes also aggravates the course of infestation with various parasites, 
especially, fungus infections. 

In mice, insulin decreases resistance to endotoxins allegedly because the hypo
glycemic state interferes with defense against the stressor effect of these lipopolysac
charides. 

Bacteria and Vaccines +-

Bordetella Pertussis~. Ganley & Robinson 
066,305/59: In mice, sensitized with B. per
tussis vaccine, alloxan inhibits the response to 
5-HT and somewhat less to histamine and 
anaphylaxis. 

Ganley D31,168f62: In mice, alloxan 
diabetes inhibits the sensitizing properties of 
B. pertussis vaccine as measured by challenge 
with histamine, 5-HT or anaphylaxis. This 
effect is reversed by insulin. 

Clostridium Welchii ~. Wishart & Pritchett 
12,285/20: In dogs, partial pancreatectomy, 
conducive to severe glycosuria, fails to dimin
ish resistance to infection with Cl. welchii. 

Escherichia Coli ~. Krizek & Davis 
F 14,734/64: In rats given alloxan and main
tained with insulin, the proliferation of E. coli 
injected s.c. was not greatly altered. 

Mycobacterium Tuberculosis ~. Schäfer 
B99,955f54: Monograph (127 pp., numerous 
refs.) on the role of endocrine factors in tuber
culosis. Special sections are devoted to the 
hormones of the thyroid, parathyroid, thymus, 
adrenals, pancreas and gonads. 

Renovanz 078,772!59: In guinea pigs, the 
course of experimental tuberculosis was not 
markedly influenced by ACTH, tolbutamide 
derivatives or antithyroid treatment with 
perchlorates. 

Schäfer & Greuel D54,900f62: In guinea 
pigs, the oral antidiabetic, tolbutamide has a 
deleterious effect upon the development of 
experimental tuberculosis. 

Dobrev G23,362f64: In rabbits, alloxan 
diabetes aggravates the course of experimental 
tuberculosis and diminishes the allergic re
sponse to tuberculin. 

Pneumococcus ~. Drachman et al. F 81,617 I 
66: In rats, alloxan diabetes increases suscep
tibility to experimental Type 25 pneumococcal 
pneumonia presumably through a depression in 
phagocytosis. 

Staphylococcus, Streptococcus ~ cf. also 
Selye G60,083f70, p. 418. Lauber 9,102/32: 
Observations on the effect of insulin upon strep
tococcal and staphylococcal infections in mice. 

Schultz & Rose B31,347f39: "Guinea pigs 
treated with maximum tolerated doses of 
protamine insulin and subjected to chronic, 
hemolytic streptococcus, focal infection develop 
nonpurulent carditis. This susceptibility to 
cardiac darnage during infection is probably 
associated with the altered metabolic activity 
incident to insulin treatment." 

B6br G30,418f65: In mice, alloxan diabetes 
raises susceptibility to Staphylococcus pyo
genes. 

Welchia Perlringens ~. Adamkiewicz et al. 
F99,983f67: Mice rendered diabetic by alloxan 
are sensitive to doses of washed Welchia 
perfringens which are innocuous for normal 
controls. 

Parasites +-

Mucormycosis ~. Elder & Baker 012,831/ 
56: In rabbits, alloxan diabetes aggravates the 
course of pulmonary mucormycosis following 
intratracheal inoculation of Rhizopus spores. 
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Trypanosoma Equiperdum <---. Ewing et al. 
B50,244f50: In mice infected with T. equiper
dum, severe hypoglycemia develops and both 
alloxan and glucose exert an immediate 
analeptic effect. 

Varia <---. Sheldon & Bauer D46,962f62: 
Review on the role of predisposing factors, 
particularly alloxan diabetes and ACTH-treat
ment, upon various fungus infections. 

Bacterial Toxins+- cf. also Selye E5,986J 
66, p. 82. 

Pieroni & Levine G68,105J69: In mice, 
insulin increases mortality produced by endo
toxin. "This resalt is consistent with the 
thesis that there is a reciprocal relationship 
between the glycemic state of a host and its 
susceptibility to a wide variety of stressor 
agents." 

luunune Reactions +-

We have already mentioned that insulin increases, whereas alloxan diabetes 
decreases, the anaphylactoid reaction as weH as various antigen-antibody responses 
in different species. Similar effects have been noted in connection with the response 
to histamine and 5-HT in normal or pertussis sensitized animals. Let us add here 
that in guinea pigs, anaphylactic and peptoneshock are aggravated by insulin and 
diminished by glucose. Alloxan also desensitizes the guinea pig to tuberculin and 
this effect is inhibited by insulin. 

Barral et al. 8,860J32; 8,858J32: In guinea 
pigs, anaphylactic and peptone shocks are 
aggravated by insulin and diminished by 
glucose. 

Oornforth & Lang B77,176j53: In guinea 
pigs sensitized to tuberculin, single s.c. in
jections of ATP prevent desensitization by 
alloxan, cortisone and dihydroascorbic acid. 
Single s.c. injections of insulin do not in them
selves influence sensitivity but prevent desen
sitization by alloxan and cortisone. Single s.c. 
injections of STH depress tuberculin sensiti
vity and synergize the action of cortisone or 
alloxan. 

Long & Shewell G71,833f54: In guinea pigs, 
allergic hypersensitivity to BCG is increased by 
thyroxine or insulin. Partial pancreatectomy 

has no effect on sensitivity by itself but 
prevents the action of thyroxine, although not 
that of insulin. 

Lang & Shewell G71,832J55: In guinea pigs, 
thyroxine increases immunity as judged by the 
local response to diphtheria toxin injected 
intradermally and of circulating antitoxin 
after immunization with diphtheria toxoid. 
Partial pancreatectomy prevents this effect of 
thyroxine. 

Ganley & Robinson 066,305/59; Ganley 
D31,168f62: In mice, alloxan diabetes inhibits 
the sensitizing properlies of Bordetella pertussis 
vaccine as measured by challenge with 
histamine, 5-HT or anaphylaxis. This effect is 
reversed by insulin. 

Stressors +-

There is no conclusive evidence to suggest that resistance to ionizing rays can 
be significantly affected by pancreatic preparations. However, in rats, both insulin 
and carbutamide diminish resistance to bypoxia. 

In cats, dogs and chickens, insulin delays the appearance of the shivering reflex 
upon exposure to cold, whereas glucose reinstalls it. Combined treatment with 
cold and insulin elicits a state simulating hibernation. Both insulin and alloxan 
diminish resistance to cold in various species; however, in guinea pigs, insulin alle
gedly increases resistance to heat stroke. 

Combined treatment with insulin + glucose increases the resistance of the rat to 
trauma in the Noble-Collip drum. 
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Ionizing Rays +-

Oavallot & Einaudi 030,084/56: In guinea 
pigs, resistance to whole body X-irradiation 
is increased by treatment with an insulin-free 
pancreatic extract. 

Gardeyeva 097,407!60: In rats, resistance to 
total body X-irradiation is increased by glu
cose but additional administration of insulin 
is of no further advantage. 

Hypoxia and Hyperoxygenation +-

Oampbell A 14,903!37: In rats exposed to six 
atmospheres of oxygen in a pressure chamber, 
subsequent decompression is better tolerated 
at low than at high extemal temperatures. 
At 24°0, the following substances, administer
ed s.c., enhance oxygen poisoning: thyroxine, 
dinitrophenol, ac-tetrahydro-ß-naphthylamine, 
epinephrine, pituitary extract (posterior lobe), 
insulin, and eserine + atropine. These doses in 
themselves are harmless. 

Fiater 097,077/59: In the rat, both insulin 
and carbutamide lower resistance to hypoxia. 

Kawashima & Ueda F68,970f66: In rats, 
insulin sensitizes to hypoxia. This effect is 
inhibited by urethan. 

Cold+-

Oas8idy et al. 24,604/25: In cats and dogs, 
insulin hyperglycemia abolishes the shivering 
reflex elicited by exposure to cold. Glucose 

causes its reappearance. Combined treatment 
with cold and insulin elicits a state simulating 
hibemation in cats and dogs. 

OasBidy et al. 26,459/26: In chickens, 
insulin delays the appearance of shivering 
upon exposure to cold until the blood sugar 
rises. 

Tullio 22,671!30: In rabbits, exposure to 
cold decreases the blood sugar, and insulin 
hypoglycemia decreases resistance to cold. 

Poe & DaviB D27,155f62: In rats, alloxan 
diabetes diminishes resistance to cold. 

Poe et al. E21,412f63: In rats, alloxan 
diabetes diminishes resistance to cold but some 
ada.ptation to low temperature is possible 
even during the diabetic stage. 

Heat+-

Grazia & Sardo 27,853/34: In guinea pigs, 
insulin increases resistance to heat stroke. 

Trauma+-

Triner et al. D65,801f63: In rats, treat
ment with insulin + glucose increases resis
tance to trauma in the Noble-Collip drum. 

Varia+-

Duzelatz 036,618!57: In rats, insulin aggra
vates the production of gastric ulcers by pylo
rus ligature. 

Hepatic Changes +-

In rats, alloxan and various antidiabetics can produce severe, often necrotizing. 
hepatic lesions. 

Scharf et al. F69,957f66: In rats, chronic 
treatment with methylthiouracil or paroxy
propion produces essentially simila.r hepatic 
lesions. T2 reduces liver glycogen and the size 
of the hepatocytes. Single large doses of 
alloxan cause severe necrotizing lesions follow
ed by cell proliferation. Concurrent treat
ment with methylthiouracil inhibits the allo-

xan-induced hepatic lesions and diminishes 
mortality. 

KlatBkin G65,221f69: Review (103 pp., 
809 refs.) on toxic and drug-induced hepatitis 
with special sections on the hepatotoxic effect 
of testoids, corticoids, thioureas, luteoids, 
folliculoids and oral antidiabetics. 

Hepatic Ent~ymes +-

For the Iiterature concerning the effect of pancreatic hormones upon the basic 
Ievels of hepatic TPO, TKT, GOT, GPT, SDH, TDH cf. Abstracts. 

34 Selye, Hormones and Resistance 
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TPO, TKT+-

Sohor &: Frieden 057,994/58: In the rat, 
insulin can induce TPO activity, and its effect 
is only partly inhibited by adrenalectomy. In 
the intact rat, the effect of insulin and tryp
tophan, or insulin and cortisone, are additive. 
Possibly, "hormonal induction may be a form 
of substrate induction in that certain hormones 
might affect the availability of typtophan for 
the enzyme-forming system." 

Finch et al. G71,208f69: In senescent mice, 
the induction of hepatic TKT by exposure to 
cold is delayed in comparison with young 
mice. Corticosterone and insulin are equally 
effective in this respect in mice of both age 
groups. 

SDH,TDH+-

Freedlarul &: Avery G67,766j64: In the rat, 
the TDH and SDH activity of liver homo
genates was increased by high-protein diets, 
alloxan diabetes, or cortisol. Factors affecting 
the activity of TDH caused a proportional 
change in SDH suggesting that both of these 
activities may be due to a single protein. The 
SDH activity was decreased by adrenalectomy 
or hypophysectomy. Adrenalectomy had no 
effect upon the response of this enzyme to 
protein feeding, whereas, after hypophysec
tomy, this responsewas diminished. 

IBMkawa et al. F41,763j65: In alloxan
diabetic rats, the SDH and TDH Ievels of the 
hepatic microsomes are greatly enhanced. 
SDH was readily induced by cortisol in the 
diabetic, but not in the normal rat. The effects 
of actinomycin S, STH, and starvation upon 
SDH have also been studied in intact, hypo· 
physectomized, adrenalectomized and thyroid
ectomized rats. It is concluded that "serine 
dehydratase activity in the liver plays an 
important role in the production of pyruvate 
as a starting material for gluconeogenesis." 

GPT,GOT+-

ROBen et al. 050,741/58: In rats treated with 
cortisol, cortisone or prednisone for 1 week, 
there was an increase in hepatic GPT but not 
in GDT. DOC had no such effect. Hypophysec
tomy or adrenalectomy did not prevent this 
action of cortisone. STH, testosterone or in
sulin failed to alter GPT activity nor did they 
influence its stimulation by cortisol. 

ROBen et al. 071,414/59: Marked increases 
in GPT activity were observed in the livers of 
rats given cortisol, cortisone, 9a-fluorocortisol, 

prednisone, 6a-methylprednisolone, 9a-fluoro-
21-desoxy-6a-methylprednisolone or ACTH, 
whereas two nonglucocorticoid cortisol deri
vatives, 11-epicortisol and 9a-methoxycortisol 
were inactive. STH, testosterone and insulin 
caused no significant change in GPT by them
selves nor did they modify the action of 
cortisol. On the other hand, large doses of 
estradiol and thyroxine caused a moderate 
increase in GPT activity but when injected 
simultaneously with cortisol, they appeared to 
interfere with its action as did progesterone. 
Adrenalectomy slightly diminished or failed to 
affect the GPT-inducing activity of cortisol, 
whereas hypophysectomy caused a rise in 
GPT activity and augmented the effect of 
cortisol. 

ROBen et al. G66,496f59: In the rat, cortisol, 
cortisone and prednisone cause a 6-13 fold 
increase in hepatic GPT activity. This effect 
was directly related to the protein content of 
the ration. In alloxan diabetic rats, the rise in 
this enzyme activity was equivalent to that 
obtained by cortisol or high-protein diets and 
could be inhibited by insulin. Adrenalectomy 
diminished but did not abolish the rise in 
GPT activity obtained by feeding high-protein 
diets. Thus, the initiation of enzyme synthesis 
by dietary protein is not mediated exclusively 
through the adrenals. 

Other En•yrnes +-

Sokweppe &: Jungmann H 15,266/69: The 
ability of rat liver microsomes to synthesize 
eholesterol palmitate, oleate and linoleate in 
vitro is increased by the addition of thyroxine 
or glucagon to the incubation medium. Tes· 
tosterone increases cholesterol palmitate and 
oleate formation. 17ß-Estradiol stimulates 
mainly oleate synthesis. 

Harada et al. H 15,156/69: The aeetyl
CoA·synthetase activity of the rat liver incre
ases 2-3-fold during alloxan diabetes, fasting, 
or high-fat diet feeding. 

Kato &: TakahaBhi H 11,853/69: "The 
magnitude of increase in the activities of 
microsomal drug-metabolizing enzymes and 
NADPH-linked electron transport system in 
the alloxan diabetic rats was greater than in 
normal rats, in contrast, the magnitude of 
increase in the thyroxine-treated rats was 
smaller than in normal rats." 

Müller-OerlinghaUBen et al. G64,175j69: 
Hepatio tissue of mice which had been injected 
with tolbutamide, synthesizes an increased 
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amount of glucuronide when incubated in 
vitro with o-aminophenol. Insulin given at a 
dose causing a similar degree of hypoglycemia 
is much less effective in enhancing glucuronide 
synthesis. Adrenalectomy diminishes the for
mation of o-aminophenol glucuronide, despite 
hypoglycemia. However, adrenalectomized 
mice given cortisone again respond with in
creased glucuronide synthesis following tolbu
tamide. 

Shou et al. H15,277f69: In the rat, the 
hepatic methionine adenosyl transierase acti
vity was not much influenced by glucagon, but 
during alloxan diabetes it increased consider
ably. Combined treatment with alloxan and 
triamcinolone resulted in an additive effect. 
The response to alloxan could be prevented 
and even reversed by insulin or adrenalectomy. 
In normal rats, insulin caused no consistent 
increase. 

+ EPINEPHRINE AND NOREPINEPHRINE 

Even before W alter Cannon put forth his classic concept of the "emergency 
reaction," it had been realized that the adrenal medulla plays an important part in 
defense, especially through its effect upon the cardiovascular system. In a sense, 
the secretion of vasopressor catecholamines into the blood stream complements the 
protective and adaptive effects of the sympathetic nervous system. On the other 
hand, we know very little about the possible direct effects of these hormones upon 
detoxication mechanisms apart from the fact that they may influence these by 
altering the liver glycogen and blood sugar concentrations. 

Steroids +-

In the rat, epinephrine increases, whereas insulin decreases the anesthetic effect 
of progesterone. Also in rats, epinephrine and norepinephrine produce eclampsia-like 
manifestations following pretreatment with DOC + NaCl. 

Nonsteroidal Hormones and Horrnone-Like Substances +-

In mice, pretreatment with epinephrine increases resistance to this catecholamine 
in a rather specific manner. 

The diabetogenic action of alloxan is diminished by epinephrine in the rabbit. 
In dogs, many of the changes produced by thyroid preparations are abolished by 

sympathetic blockade and increased by epinephrine and norepinephrine. 
The toxicity of histamine is as markedly increased by complete sympathetic 

blockade as it is by total adrenalectomy in the rat. Epinephrine counteracts the 
increased susceptibility to histamine, but not to several other stressor agents. It 
appears that the adrenergic system is the first line of defense against certain stressors 
(e.g., histamine, endotoxin), whereas resistance to others (e.g., formalin, tourniquet 
shock) is more dependent upon glucocorticoids. 

Steraids +- cf. alBo Selye G60,083j70, pp. 
331, 358, 360. 

Winter & Selye A35,658f41; Winter 
A36,333f41: Epinephrine increases, whereas 
insulin decreases, the resistance of the rat to 
the anesthetic action of progesterone. 

Pellanda 07,961/55: In rats pretreated with 
DOC and N aCl, epinephrine or norepinephrine 
produces an eclampsia-like syndrome. 

34• 

Cortisol +- Epinephrine: Kumagai 
et al. 057,345/58 

Steroids +- N orepinephrine, Cattle: 
Cooper et al. D20,337f62 

17a-Hydroxyprogesterone +- Epine
phrine, Cattle: Cooper et al. D20,338f62 

Nonsteroidal Hormonesand Hormone
Lilee Substances +- cf. alBo Selye 092,918/61, 
pp. 112, 121,· G60,083f70, pp. 358-362. 
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Brewster J r. et al. C 11,771 J56: In dogs, the 
physiologic changes produced by thyroid 
extract are abolished following sympathetic 
blockade. The inotrophic, chronotrophic and 
calorigenic effects of epinephrine and norepine
phrine are increased by thyroid feeding. 
"It is concluded that there is a dynamic 
interrelationship between the thyroid hormones 
and those of the adrenal medulla and sympa
thetic nerve endings." 

Carrasco-Formiguera & Escobar B19,877j 
48: In rabbits, epinephrine i.m. inhibits the 
diabetogenic action of alloxan. 

Gasic Bl7,56lj47: In mice, pretreatment 
with epinephrine increased resistance to this 
catecholamine but not to formalin. Apparently, 
at least under these conditions, cross-resistance 
does not occur. 

Krawczak & Brodie H25,296J70: In rats, 
complete blockade of sympathetic function 
can be achieved by demedullation combined 
with reserpine-like agents (depleting catechol
amine stores), bretylium-like agents (preventing 
nerve impulse from releasing catecholamines) 

or ganglioplegics. Following such total sympa
thetic blockade, mortality from histamine or 
endotoxin is as markedly increased as by 
adrenalectomy. Pretreatment with epine
phrine alone counteracts the increased lethality 
of endotoxin and histamine after sympathetic 
blockade. Cortisone pretreatment only parti
ally corrects the sensitization by adrenal
ectomy, whereas cortisone + epinephrine 
offers complete protection against these agents. 
Presumably, sympathetic stimulation is "the 
first line of defense against the vasomotor 
disturbance elicited by endotoxin and hista
mine." The lethal effect of formalin or tour
niquet shock is likewise greatly increased by 
adrenalectomy but, in contrast to that of 
endotoxin and histamine, it cannot be incre
ased by sympathetic blockade. Furthermore, 
cortisone alone counteracts the toxicity of these 
stressors in adrenalectomized rats. Apparently 
"formalin and tourniquet shock is initiated by 
a mechanism which differs from that elicited 
by histamine and endotoxin and does not 
primarily involve the sympathetic system." 

Drugs ~ 

The anaphylactoid edema produced in rats by egg-white can be prevented by 
epinephrine or norepinephrine, but not by isoproterenol. The gastric hemorrhages 
elicited by polymyxin (another anaphylactoidogen) are even more effectively pre
vented by epinephrine than by various antihistamines. 

In guinea pigs, epinephrine injected on awakening from barbiturate anesthesia 
produced a return of sleep. This effect could be duplicated by glucose, Iactate or 
glutamate in intact animals but after adrenalectomy only epinephrine was effective. 
In mice, epinephrine also prolongs the hypnotic effect of various barbiturates, 
although allegedly thiopental and barbital anesthesia is mildly reduced by it, under 
certain circumstances, perhaps because epinephrine (unlike norepinephrine) enhances 
the penetration of barbital into the brain. In any event barbital and epinephrine 
(but not norepinephrine) may cause very peculiar neurologic manifestations 
associated with ataxia, incoordination and loss of righting reflex - at doses at 
which barbital alone has no such effect. 

In rabbits, pentobarbital sleeping time is shortened by epinephrine, but if admi
nistered just after awakening from thiopental anesthesia, epinephrine reinduces 
sleep; yet, epinephrine (unlike norepinephrine) causes rapid awakening if given to 
rabbits during thiopental anesthesia. 

Carbon tetrachloride given simultaneously with epinephrine to the dog often 
Ieads to fatal ventricular fibrillation. In rats, epinephrine or norepinephrine falls to 
potentiate the hepatotoxic effect of 0014 and, in isolated perfused rat livers, the 
hemodynamic effects of norepinephrine are increased by 0014• On the other hand, 
in mice the hepatotoxicity of 0014 has been claimed tobe considerably increased by 
concurrent administration of either epinephrine or norepinephrine. 
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In dogs, epinephrine injected during chloroform anesthesia readily produces 
collapse and death. Pretreatment with epinephrine has no such effect, indeed it 
may protect the dog against subsequent combined treatment with chloroform and 
epinephrine. The chloroform-epinephrine collapse can be prevented in dogs by 
lithium carmine or induced hypothermia. 

The muscular paralysis produced by cnrare derivatives can be inhibited by 
epinephrine in several species. 

Various observations suggest that at least under certain circumstances nor
epinephrine may increase the effect of digitaUs derivatives. 

The toxicity of ganglioplegics (e.g., hexamethonium) is counteracted by epine
phrine in the guinea pig. On the other hand, tetraethylammonium may considerably 
sensitize the dog to the pressor effect of epinephrine and other vasopressor agents. 
In rabbits, combined treatment with epinephrine and tetraethylammonium may 
also result in dangerous intoxication. 

There is some evidence that in rats and dogs, epinephrine offers some protection 
against mescaline intoxication. 

The head and neck edema induced by paraphenylenediamine is moderately 
inhibited by epinephrine. 

In mice, pentylenetetrazol convulsions can be inhibited by combined adminis
tration of norepinephrine and 5-HT into certain regions of the brain. In one-day 
old chicks in which the blood-brain barrier is still incompletely formed, epinephrine 
(as well as 5-HT or histamine) prevent pentylenetetrazol convulsions and produce 
sleep. 

PierotoxiD convulsions are also inhibited by intracerebral administration of 
epinephrine or 5-HT in mice. 

In various species, reserpine intoxication is counteracted by epinephrine. 
In rabbits, concurrent treatment with sparteine and epinephrine causes cardiac 

and hepatic lesions which are not obtained at comparable dose levels by either 
agent alone. 

Epinephrine offers considerable protection against strychnine convulsions in 
frogs, guinea pigs and mice. 

In cholesterol-fed rabbits, the anti-atheromatous action of Tween 80 is inhibited 
by norepinephrine. 

It has been claimed that, in vitamin-D deficient rats, the healing of rickets can 
be initiated by epinephrine, but these observations require confirmation. On the 
other hand, the production of cardiovascular calcification by DHT is enhanced by 
norepinephrine in the rat. The progeria-like syndrome produced by chronic treatment 
with small doses of DHT in rats is not influenced by epinephrine. However, a single 
large dose of this catecholamine often causes calcifying mnral ball valve thrombi 
in the left atrium of rats pretreated with large doses of DHT (or parathyroid extract). 

Acetonitrile +-

Paal 22,603/30: In mice, acetonitrile 
resistance is not consistently influenced by 
posterior pituitary extract (hypophysin), a 

folliculoid preparation (progynon), or epine
phrine. 

DesBau 34,845/35: In rats, adrenalectomy 
decreases resistance to acetonitrile. Resistance 
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can be slightly restored by adrenocortical 
transplants, but not by the adrenocortical 
extract tested or by epinephrine. 

Allyl Alcohol +-

Strvhel et al. G80,282f70: In rats, norepine
phrine did not augment the hepatotoxicity of 
CCI4 or allyl alcohol at doses of 0.25 mgfkg or 
less. However, at the dose of 1 mgfkg, at which 
norepinephrine itself causes liver damage, it 
potentiates the hepatotoxicity of these agents. 
Earlier claims that CCI4 causes liver darnage 
only through the massive Iiberation of endo
genaus catecholamines could not be confirmed. 

Aminopyrine ~ N orepinephrine + 
Phenoxybenzamine: Dixon et al. 
G11,757f64 

Amitriptyline +-

Nymark &: Rasmussen G42,054f66: In rab
bits, norepinephrine offered no considerable 
protection against the ECG changes produced 
by amitriptyline. 

Anaphylactoidogens +- cf. also Selye 
B40,000f50, p. 758; G46,715f68, pp. 177, 178, 
181,187. 

GlarTe &: MacKay B36,925f49: In rats, the 
anaphylactoid edema produced by egg white 
i.p. is prevented by epinephrine or norepine
phrine s.c.; isoproterenol is ineffective. 

Moreno &: Brotlie D20,261f62: In rats, the 
gastric hemorrhages that occur 2 hrs after 
polymyxin s.c. are more effectively prevented 
by epinephrine than by various antihistamines 
( cyproheptadine, chlorpheniramine, pyrilami
ne). At very high doses, chlorpromazine and 
dibenzyline were also effective but anticholi
nergic drogs and antacids were not. Presum
ably, lesions were due to gastric vascular 
changes without involvement of the secretory 
mechanism. 

Adamkiewicz D61,626f63: Review showing 
that "hyperglycemias resulting from over
dosage with sugars, cortisol, adrenaline, or 
from diabetes inhibit the anaphylactoid reac
tions; anaphylaxis, and the tuberculin reac
tion; but potentiate infections. Hypoglycemias 
resulting from fasting, insulin and adrenal
ectomy, potentiate the anaphylactoid reac
tions, anaphylaxis, and the tuberculin reac
tion; but inhibit infections. The hypothesis is 
proposed that hyperglycemia inhibits certain 
antigen-antibody combinations; this results 
in an inhibition of hypersensitivity, but an 
aggravation of infection." 

Aniline ~ N orepinephrine + Phe
noxybenzamine: Dixon et al. G11,757f64 

Antibiotics +- cf. Selye G60,083f70, pp. 
358,361. 

Anticoagulants +-

JaquesG70,979f68: Review (30pp., 13 refs.) 
on the "hemorrhagic stress syndrome" that is 
produced in various mammals treated with 
indirect anticoagulants (e.g., phenindione, 
dicoumarol) and then exposed to stress or 
treated with DOC, ACTH, or STH. Conversely, 
cortisone, epinephrine, ephedrine and adreno
chrome inhibit this syndrome. 

Arsenic+-

Hanzlink &: Karsner 10,286/20: In guinea 
pigs, epinephrine can prevent true anaphylactic 
shock but not the anaphylactoid shock pro
duced by peptone, dextrin or agar. The ars
phenamine-induced disturbances (which have 
been regarded by some as anaphylactoid) are 
diminished by epinephrine, presumably as a 
consequence of its circulatory action. 

Barbiturates +-

DoG 
Werle &: Lentzen A28,007f38: In dogs and 

rabbits, various vasoactive substances (epine
phrine, histamine, vasopressin, kallikrein) 
tend to prolong the anesthetic effect of pro
narcon and hexobarbital. 

Rolf &: Campbell H18,467f69: In dogs, 
anesthesia by various thiobarbiturates sensi
tizes for the production of cardiac arrhythmias 
by epinephrine. 

Hexabarbital ~ Epinephrine, Dog: 
Dallemagne A47,748f41 * 
GUINEAPIG 

Lamson et al. B89,712f52: In guinea pigs, 
epinephrine injected i.p. on awakening from 
barbiturate anesthesia produced a return to 
sleep. A similar effect was caused by glucose, 
Iactate, or glutamate. However, in adrenal
ectomized animals, only epinephrine was 
effective. 

Hexabarbital +- Epinephrine, Gp: 
Lamson et al. C14,547f51 * 

MousE 

Reinhard B283f45: In mice, the hexobarbi
tal sleeping time is prolonged by epinephrine or 
insulin. 
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Holck B42,745f48: In mice, neither epine
phrine nor insulin altered significantly the 
fatal dose of hexobarbital given 20 min later. 

Fastier D95,950f56: In mice, 5-HT con
siderably potentiates the hypnotic effect of 
cyclobarbital and chioral hydrate. However, 
this property is not very specific, since bufote
nine, tryptamine, histamine, and epinephrine 
likewise prolong cyclobarbital hypnosis. Lite
rature on numerous other drugs which prolong 
barbiturate anesthesia is cited. "It therefore 
seems possible that the ability of 5-HT to 
prolong hypnosis may be due to a relatively 
unspecific, vascular effect." 

Pradhan et al. 013,632/56: In 3 strains of 
mice, urethan sleeping time was greatly in
creased by epinephrine and norepinephrine. 
Phenobarbital sleeping time was only mildly 
increased by epinephrine. 

Komiya et al. 021,326/56: In mice, thio
pental anesthesia is reduced in severity, but 
not in duration, by epinephrine. Barbital 
anesthesia was slightly reduced by norepine
phrine but not by epinephrine. Unpublished 
experiments suggest that ACTH and glucocor
ticoids shorten the duration of barbital 
anesthesia in mice. 

Holtz et al. 076,300/58: In mice just awa
kening from hexobarbital anesthesia, sleep is 
reinduced by norepinephrine but not by epine
phrine. 

Kato 078,047!59: In mice, the prolongation 
of pentobarbital or hexobarbital sleeping time 
by 5-HT (administered in the form of its pre
cursor 5-HTP which penetrates the brain 
barrier more readily) is inhibited by DOPA; 
the latter presumably acts as a precursor of 
norepinephrine. 

Mazel & Bush D4,194f61: In mice, the 
penetration of barbital into the brain and the 
resulting anesthesia are enhanced by epine
phrine but not by norepinephrine. 

Fouts D43,347f62: Repeated injections of 
epinephrine i.p. increase the hexobarbital
and chlorpromazine-destroying effect of hepa
tic microsomal fractions in the rat. 

Ellinwood &: Prange E39,187J64: In mice, 
high doses of epinephrine prolonged sleeping 
time in themselves and potentiated the effect 
of thyroid feeding. The prolongation of pento
barbital sleeping time by epinephrine may be 
due to depletion of hepatic glycogen which 
interferes with hepatic microsomal-drug me
tabolism. 

Kato & Gillette F 57,817 f65: The metaboliBm 
of aminopyrine and hexobarbital by hepatic 
microsomes of male rats is impaired by 

adrenalectomy, castration, hypoxia, ACTH, 
formaldehyde, epinephrine, morphine, alloxan 
or thyroxine. The metaboliBm of aniline and 
zoxazolamine is not appreciably decreased by 
any of these agents; in fact, hydroxylation of 
aniline is enhanced by thyroxine or alloxan. 
Apparently, the treatments impair mainly the 
sex-dependent enzymes. Accordingly, the 
corresponding enzymic functions of the hepatic 
microsomes of female rats are not significantly 
impaired by the agents which do have an 
inhibitory effect in males. 

Vizet F77,760f67: In mice, combined 
treatment with barbital and epinephrine 
causes "spectacular neurologic modifications," 
with ataxia, muscular incoordination and loss 
of righting reflex, at dose Ievels at which 
barbital alone has no such effect. Norepine
phrine does not markedly influence barbital 
intoxication. There is a parallel increase in the 
cerebral concentration of the barbiturate 
when epinephrine is added to barbital, but an 
augmentation of the blood-brain barrier 
permeability does not completely account for 
the increase in toxicity. 

Mazel & Bush G65,299f69: In mice, 
epinephrine increases the anesthetic effect and 
brain concentration of barbital. "The epine
phrine effect, however, cannot be attributed to 
increased brain barbital levels alone, because 
at 10 min the controls showed no signs of 
depression with the same brain barbital Ievels 
as the 'anesthetized' epinephrine-treated ani
mals." 

Hexabarbital ~ Epinephrine, 
Mouse: Reinhard B283/45*; Holck B42,745/ 
48*; Holtz et al. 076,300/58*; Mathies et al. 
D84,334/61 * 

Pentabarbital ~ Epinephrine + 
Thyroid extract, Mouse: Ellinwood et al. 
E39,187/64* 

RABBIT 

Westfall B31,306f46: In rabbits, pento
barbital sleeping time is shortened by epine
phrine and insulin despite their opposite effect 
upon blood sugar. 

Fenu 017,650/54: In rabbits just awakening 
from thiopental anesthesia, epinephrine i.v. 
reinduces sleep. A smaller dose of epinephrine 
injected intracysternally, though equivalent as 
regards its stressor effects, does not reinduce 
sleep under these conditions. Since other 
stressors likewise failed to share this effect of 
epinephrine, the latter cannot be merely due 
to an activation of the pituitary-adrenocortical 
axis. 
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Oahn et al. G71,537f56: In rabbits, the 
prolongation of barbiturate (Kemithal, Mebu
barbital) anesthesia by 5-HT is further pro
longed by phentolamine, neostigmine and seve
ral other drugs, whereas epinephrine and 
pantheline have an opposite effect. 

Savoldi et al. 092,984/60: In rabbits, epine
phrine, unlike norepinephrine, causes rapid 
awakening from thiopental anesthesia. 

RAT 

Milosevic 039,053/56: In rats, epinephrine 
i.p. administered almost simultaneously with 
thialbarbital i.v. prolongs anesthesia. The effect 
of several other anesthetics (chloral hydrate, 
paraldehyde, tribromoethanol, chlorobutanol, 
chloralose and ethanol) is likewise significantly 
prolonged by epinephrine pretreatment. Nor
epinephrine, cobefrine, synephrine, suprifen 
and ephedrine also prolong thialbarbital anes
thesia, whereas amphetamine and methamphet
amine exert an inverse effect. The somewhat 
Contradietory earlier Iiterature on the effect of 
catecholamines upon anesthesia is briefly re
viewed. 

Slocombe 014,144/56: In rats under thio
pental anesthesia, epinephrine, norepinephrine, 
adrenochrome, and 5-HT cause a flattening of 
the electrical activity both at cortical and at 
subcortical sites. 

MAN 
von Reis 076,244/59: In patients with 

barbiturate intoxication, norepinephrine i.v. 
is beneficial presumably because it prevents 
anuria by inhibiting the hypotension. 

Hexobarbital ~ Epinephrine: Fouts 
D43,347f62, G76,304f63 

Hexobarbital ~ Norepinephrine 
+ Phenoxybenzamine: Dixon et al. 
G11,757f64 

Benzol+-

Dautrebande 8,083/32: In dogs, benzol 
inhalation during epinephrine treatment tends 
to produce fatal collapse. 

Caffeine+-

Johnson & Siebert 091,021/28; 091,037/28: 
In rabbits, the cardiac lesions produced by 
caffeine are greatly aggravated by concurrent 
treatment with epinephrine. 

Carbon Tetrachloride +-

Hermann et al. 10,215/31; Hermann & 
Vial 32,885/35: In dogs, fatal ventricular 

fibrillation is elicited by epinephrine not only 
when the hormone is given in combination 
with chloroform but also when administered 
with CC14 or CH2Cl2• 

Furukawa F71,711f65: In rats, hepatic 
steatosis produced by CC14 is inhibited by 
adrenalectomy and, to some extent, also by 
hypophysectomy. Corticoids restore the effect 
of CCI4 after adrenalectomy; epinephrine does 
not but it increases the effect of corticoids. 
STH does not counteract the effect of hypo
physectomy. Alloxan diabetes inhibits CC14-

induced hepatic lipidosis. 

Larson & Plaa F29,496f65: In rats, infu
sion of large amounts of epinephrine or nor
epinephrine did not potentiate the hepatotoxic 
effect of CC14 nor did it induce CC14-like hepatic 
lesions after transection of the spinal cord. 
These and other observations suggest that 
protection of the liver against CC14-induced 
lesions by cervical cordotomy is not due to 
blockade of adrenergic mechanisms but to 
reduced hepatic metabolism consequent to 
hypothermia. 

Rice et al. G55,767f67: In isolated perfused 
rat livers, the hemodynamic effects of norepine
phrine are increased by CCI4• 

Schwetz & Plaa G67,000f69: In mice, the 
hepatotoxicity of CC14 i.p. is greatly increased 
by simultaneaus treatment with epinephrine 
or norepinephrine s.c. "Epinephrine and norepi
nephrine may play a secondary potentiating 
role in CC14-induced hepatotoxicity." 

Strubelt et al. G80,282(70: In rats, norepine
phrine did not augment the hepatotoxicity of 
CC14 or allyl alcohol at doses of 0.25 mgfkg or 
less. However, at the dose of 1 mgfkg, at which 
norepinephrine itself causes liver damage, it 
potentiates the hepatotoxicity of these agents. 
Earlier claims that 0014 causes liver darnage 
only through the massive Iiberation of endo
genous catecholamines could not be confirmed. 

Chloral Hydrate +-

Fastier et al. 037,038!57: In mice, chioral 
hydrate sleeping time is increased by epine
phrine, norepinephrine, phenylephrine, me
thoxamine, 5-HT, histamine, ergotamine, 
yohimbine and atropine. "It is suggested that 
some, at least, of the drugs which prolong the 
effects of hypnotics do so by virtue of a hypo
thermic action." Vasopressin, cortisone and 
DOC did not prolong chioral hydrate sleeping 
time at the doses tested. 
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Chloroform +--

Davis & Whipple 58,731fl9: In dogs, pre
treatment with epinephrine protects against 
the production of hepatic necrosis produced by 
chloroform anesthesia. This resistance requires 
several days of pretreatment and cannot be 
obtained by a single epinephrine injection just 
before chloroform administration. 

Bardier & Stillmunkes 25,803/26: The 
collapse produced by epinephrine + chloro
form is inhibited by scorpion and vipera venom 
[species is not stated but presumably dog 
(H.S.).] In dogs, epinephrine injected during 
chloroform anesthesia readily produces col
lapse and death. Injected before chloroform, 
epinephrine is harmless at similar dose Ievels. 
Indeed, pretreatment with epinephrine can 
protect the dog against subsequent combined 
administration of chloroform plus epine
phrine. 

Hermannet al. 10,215j31; Hermann & Vial 
32,885/35: In dogs, fatal ventricular fibrilla
tion is elicited by epinephrine not only when 
the hormone is given in combination with 
chloroform but also when administered with 
CC14 or CH2Cl2• 

Tournade & Raymond-Hamet 7,436j32: In 
dog~, norepinephrine i.v. producesfatal collapse 
durmg chloroform anesthesia. 

Velluda & Russu 38,782j36: In dogs, 
chloroform-epinephrine collapse can be pre
vented by Iithium carmine. 

. Szil<igyi et al. D21,498j61: In dogs, the 
epmephrine-chloroform syncope is inhibited by 
hypothermia. 

Chlorpromazine ~ Epinephrine: 
Fouts D43,347j62, G76,304j63 

Cholesterol +-- cf. also Selye G60,083j70, 
pp. 358, 359. 

Trentini et al. G71,152j68: In rabbits, the 
cholesterol-atherosclerosis-inhibiting effect of 
Tween 80 is diminished both by 5-HT and by 
norepinephrine. 

Hamprecht G69,560j69: Review (7 pp., 
153 refs.) on the mechanisms regulating 
cholesterol synthesis. A special section deals 
with the effect of thyroid hormones steroids 

0 • • • ' ' 

epmephrme, norepmephrme and glucagon. 

Cocaine+--

Avant & Weatherby C81,325j60: Review on 
the. inhibition of the systemic toxicity of 
varwus local anesthetics by admixture of 
epinephrine which delays their absorption. 
Personal observations on mice showed that 
among five cocaine derivatives, only one 

(tetracaine) exhibited considerably decreased 
systemic toxicity upon addition of epinephrine 
to the s.o. injected anesthetic. 

Curare+--

Bremer & Titeca 23,673!28: In decerebrate 
cats, the abolition of rigidity by curare is 
counteracted by epinephrine i.v. 

Maddock et al. B18,670j48: In dogs, intra
arterial injection of epinephrine blocks the 
effect of i.v.-administered curare upon the 
musculature. This blockade is abolished by 
Dibenamine. 

Constantin & Bauyard H 15,750/69: In 
rabbits, the muscular paralysis produced by 
alcuronium is inhibited by epinephrine presum
ably through an a-adrenergic mechanism. 

Cyclohexylamine +-- cf. Selye G60,083j70, 
pp. 3.58, 363. 

Digitalis +--

Ghedini & Ollino A21,128j14: Brief men
tion of observations on rabbits showing that 
epinephrine i.v. "favorably influences" the 
hemodynamic actions of digitalin, whereas 
pancreatic powder influences them "unfavor
ably." 

Lage & Spratt F 86,237!67: In mice, norepi
nephrine does not influence the toxicity of 
digitoxigenin. However, the protection by 
reserpine against digitoxigenin poisoning is 
inhibited by !arge doses of norepinephrine 
which "would suggest that the depletion of 
catecholamines by reserpine may be respon
sible for the protection." 

Morrow G47,272j67: In dogs under pento
barbital anesthesia, ouabain tolerance was 
diminished by !arge doses of norepinephrine. 
"The studies suggest that a therapeutic Ievel 
of digitalis may become toxic during the ad
ministration of large doses of norepinephrine." 

Ergotamine +--

Tinel & Ungar 14,897/33: In guinea pigs, 
epileptoid convulsions are produced by epine
phrine given conjointly with ergotamine, 
peptone or yohimbine. 

Ethanol+--

Hiestand et al. B78,576j53: In mice, 
alloxan diabetes and epinephrine increase, 
whereas insulin decreases, sensitivity to lethal 
doses of ethanol. 
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Ethanol +--- Epinephrine, Mouse: 
Hiestand et al. B78,576/53* 

Formalin*-

Gasic B17,561f47: In mice, pretreatment 
with epinephrine increased resistance to this 
catecholamine but not to formalin. Apparently. 
at least under these conditions, cross-resistance 
does not occur. 

Ganglioplegics *-

Page & Taylor B24,841f47: In earlier 
publications, epinephrine "has beenrecommend
ed as the antidote of choice after excessive 
doses of tetraethyl ammonium chloride." In 
the present experiments on dogs, it is shown 
that under certain circumstances, especially 
during pentobarbital anesthesia, TEA may 
considerably sensitize to the pressor effect of 
epinephrine, renin and angiotensin. 

Byrne 046,341/56: In rabbits, the effect of 
various drugs upon pulmonary embolisms 
produced by graphite particles has been 
investigated. "The combination of epine
phrine and tetraethyl-ammonium was danger
ous, since epinephrine is a ganglion blocking 
agent and enhances the effect of tetraethyl
ammonium." 

Orione 037,851/56: Guinea pigs are pro
tected by epinephrine agairrst the hypother
mia and mortality of hexamethonium intoxi
cation. 

Halothane *-

Nikki & Rosenberg G71,574f69: In mice, 
shivering and hypothermia are prevented by 
norepinephrine and 5-HT but not by dopa
mine. "The results suggest that brain catechol
amines participate in the control of shivering 
and return of normothermia after halothane 
anesthesia in mice." 

Hexamethonium *- cf. Ganglioplegics 

Lathyrogens *- cf. also Selye G60,083f70, 
pp. 358, 361. 

Kahn & Rivera-Velez F73,678f65: In rats 
made lathyric by APN fumarate, the vaso
pressor effect of norepinephrine is diminished. 

Lead Acetate*- cf. Selye 019,425/65, 
p.137. 

Meperidine *-

Radouco-Tlwmas et al. E60,201j57: In guin
ea pigs, the analgesic effect of meperidine is 
diminished by reserpine and counteracted by 
concurrent administration of norepinephrine. 

Meprobamate *-

Belaval & Widen 076,528!58: In a few 
patients, some of the effects of meprobamate 
intoxication were antagonized by norepine
phrine. 

Mescaline *-

Speck 0 31,193/57: In rats, epinephrine 
inhibits the bradycardia and hypoglycemia 
but not the mortality induced by mescaline. 

Schapp et al. E92,442f61: In the dog, 
epinephrine (like KCl and neostigmine) can 
oppose the paralyzing action of mescaline. 

Methanol*-

Severin & Bashkurov G49,801f67: In pa
tients with acute methanol poisoning, combined 
treatment with norepinephrine, cortisone and 
various other agents facilitated recovery. 
[In view of the complex treatment given, it is 
impossible to ascertain the relative value of 
each component of the therapeutic regimen 
(H.S.).] 

Methoxyflurane *-

Oatton G71,124f69: In rabbits given epine
phrine i.v., methoxyflurane anesthesia depends 
largely upon 002 and 0 2 tensions. 

Methyltropolone *-

Murnaghan & Mazurkiewicz D68,260f63: 
In mice, the toxicity of 4-methyltropolone is 
greatly increased by epinephrine. "The results 
suggest that the in vivo effects of methyltro
polone are not only due to inhibition of 
0-methyltransferase but are also due to a 
blockade at both alpha and beta receptor sites. 
Blockade of alpha receptors by methyltropo
lone suggests that attachment of the ring 
hydroxyls of the adrenergic amine is a prere
quisite for excitation at this receptor." 

Morphine*-

Miller et al. G73,877j55: Review of earlier 
Iiterature suggesting that morphirre analgesia 
is mediated through the release of epinephrine 
from the adrenal medulla. It had been claimed 
that adrenalectomy decreases the pain reaction 
threshold to morphirre and that morphirre itself 
has an analgesic effect. However, in the au
thors' experiments on rats these observations 
could not be confirmed and TEA failed to re
verse the effect of morphirre on pain. In mice, 
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near Iethai doses of epinephrine or norepine
phrine were required to raise the pain threshold. 

Heller et al. H2,707f68: In mice, epineph
rine, norepinephrine, and isoproterenol possess 
a certain analgesic effect of their own and 
enhance analgesia produced by morphine. 

Heller et al. H 13,896/68: In mice and rats, 
the analgesic effect of morphine is increased by 
epinephrine or norepinephrine i. v. 

Nicotine +-

Hueper 91,722/43: In rats, the cardiovas
cular lesions produced by chronic nicotine 
intoxication are aggravated both by epine
phrine and by DOC. 

Papain+- cf. also Selye 050,810/58, p.106; 
092,918/61, p. 110; G60,083f70, pp. 358, 361. 

Zacoo &: Pratesi B37,559f47: In guinea 
pigs, papain shock can be prevented by pre
treatment with epinephrine. 

Paraoxon+-

de Oandole 025,237/56: In rabbits, resist
ance to the anticholinesterase paraoxon is 
increased, under certain conditions, by norepi
nephrine. 

Paraphenylenediarnine +-

Meisaner E52,567f19: The head and neck 
edema produced by paraphenylenediamine in 
the rabbit is not prevented by epinephrine, 
posterior pituitary extract or thyroid extract. 

Tainter 25,429/26; 23,737/28: In rabbits, 
the head and neck edema produced by para
phenylenediamine is inhibited by epinephrine 
and related catecholamines. 

Ooken et al. 92,880/33: In rabbits, para
phenylenediamine-induced head and neck 
edema is delayed but not completely abolished 
by epinephrine. 

Pentylenetetrazol +-

Sckmidt &: Mattkies D34,219f62: In mice, 
5-HT or norepinephrine injected into certain 
regions of the brain is without effect upon pen
tylenetetrazol injections in itself, but counter
acts the inhibitory effect of intracerebrally
injected reserpine. 

Sckmidt E32,188f63: In mice, pentylene
tetrazol convulsions are inhibited by combined 
administration of 5-HT and norepinephrine 
into certain regions of the brain. 

Kobrin &: Seifter F74,422f66: In one day 
old chicks, in which the blood-brain barrier is 

still incompletely formed, various co-amino 
acids as weil as 5-HT, histamine and epine
phrine, produce sleep and prevent pentylene
tetrazol convulsions. 

Jones &: Roberts G60,654f68: In mice, the 
convulsive effect of pentylenetetrazol is inhi
bited by norepinephrine administered intra
cerebroventricularly. 

SckleBinger et al. G69,565f69: In mice, 
intracranial injections of 5-HT or norepine
phrine protect against pentylenetetrazol con
vulsions. 

Peptone+-

Hanzlink &: Karsner 10,286/20: In guinea 
pigs, epinephrine can prevent true anaphy
lactic shock but not the anaphylactoid shock 
produced by peptone, dextrin or agar. The 
arsphenamine-induced disturbances (which 
have been regarded by some as anaphylactoid) 
are diminished by epinephrine, presumably 
as a consequence of its circulatory action. 

Tinel &: Ungar 14,897!33: In guinea pigs, 
epileptoid convulsions are produced by epine
phrine given conjointly with ergotamine, 
peptone or yohimbine. 

Pesticides +-

Oueto Jr. G72,544f70: In dogs, o,p'-DDD 
produces a selective glucocorticoid deficiency 
due to its damaging effect upon the fascicu
lata and reticularis of the adrenal. Epinephrine 
and norepinephrine produce hypotensive fai
lure in DDD-treated dogs presumably as the 
consequence of their stressor action. Predniso
lone largely restores the resistance of the 
DDD-treated animals. 

Phenylethylamine +-

Fischer et al. G48,517f67: In mice pre
treated with iproniazid (as a MAO-inhibitor), 
phenylethylamine produces amphetamine-like 
motor effects which are inhibited by epine
phrine. 

Picrotoxin +-

Saito et al. E27,616f63: In mice, picrotoxin 
convulsions are inhibited by the intracerebral 
administration of epinephrine or 5-HT. 

Picrotoxin +- Epinephrine: Holck 
D28,543f49* 

Plasrnocid +- cf. Selye 050,810/58, p.110; 
092,918/61, p. 83,· 092,918/61, pp. 96, 110; 
G60,083f70, pp. 358, 361. 
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Potassium +-

L'Um H22,940J70: In anesthetized dogs, 
epinephrine i. v. protected against the Iethai 
effects of potassium i.v. 

Procaine +-

Oole & Hulpieu B32,910f49; B57,578J50: 
In dogs the toxicity of procaine is not consist
ently counteracted by epinephrine. 

Reserpine +-

Schmidt & Matthie& D34,219f62: In mice, 
5-HT or norepinephrine injected into certain 
regions of the brain is without effect upon 
pentylenetetrazol injections in itself, but 
counteracts the inhibitory effect of intracere
brally injected reserpine. 

Ag08tini & Giagheddu G14,490J63: Reser
pine catalepsy in guinea pigs is inhibited by 
various folliculoid, testoid and corticoid 
hormones as weil as by epinephrine. 

Simionovici et al. F43,099f65: In mice, 
epinephrine and norepinephrine, as weil as 
histamine, offer partial protection against 
reserpine intoxication (sedation blepharop
tosis, hypothermia). 5-HT has no such effect. 

Sparteine +-

Ohriatian D1,675f11; Ohristian et al. 
081,653/11: In rabbits given concurrent treat
ment with sparteine and epinephrine, cardiac 
and hepatic lesions develop which are not seen 
if either of these agents is given alone. 

Strychnine +-

Falta & Jvcovic A1,273J09: In frogs and 
guinea pigs, epinephrine protects against 
strychnine-induced convulsions, even if the 
two compounds are injected in different points 
of the body. 

Januschke 50,228/10: In frogs, epinephrine 
i.v. does not protect against strychnine intoxi
cation. Protection following treatment with 
mixtures of the two compounds by routes 
other than i.v. is ascribed to a delay in strych
nine absorption. 

Balint & Molnar 34,586/11: In guinea pigs, 
the fatal effect of strychnine intoxication is 
inhibited by epinephrine or thyroid extract i.p. 

MaraMn & Aznar 46,926/15: In frogs, the 
fatal convulsions produced by strychnine can 
be prevented if, prior to injection, the drug is 

mixed with extracts of the posterior pituitary, 
the thyroid, various other tissues, and parti
cularly epinephrine. [The possibility of delayed 
absorption owing to local vasoconstriction has 
not been considered (H.S.).] 

Amici 05,836/54: In mice, mortality from 
acute strychnine intoxication can be diminished 
by epinephrine and norepinephrine as weil as 
by some of their derivatives. 

Tetraethylammonium (TEA) +- cf. 
Ganglioplegics 

Trernorine +-

Falutz F85,463f67: In cats, tremorine
induced tremor is uninfluenced by norepine
phrine and epinephrine but inhibited by 
L-dopa. 

Tween80+-

Scilahra & Puglie&e G68,796f68; Trentini 
et al. G71,152J68: In cholesterol-fed rabbits, 
norepinephrine inhibits the anti-atheromatous 
action of Tween 80. 

Urethan+-

Pradhan et al. 013,632/56: In 3 strains of 
mice, urethan sleeping time was greatly in
creased by epinephrine and norepinephrine. 
Phenobarbital sleeping time was only mildly 
increased by epinephrine. 

Vitamin D, DHT +- cf. also Selye 092,918/ 
61,pp. 183, 188; G 19,425J65, p. 137,· G60,083f 
70, pp. 358, 361. 

de B08anyi 367/25: In rats kept on a vita
min-D deficient diet, the healing of rickets can 
be initiated by epinephrine. 

Yohimbine +-

Tinel & Ungar 14,897/33: In guinea pigs, 
epileptoid convulsions are produced by epine
phrine given conjointly with ergotamine, 
peptone or yohimbine. 

Varia+-

SchouE92,436J61:Review(23pp., 147 refs.) 
on factors influencing the absorption of drugs 
from subcutaneous connective tissue. Special 
sections deal with the effect of epinephrine, 
folliculoids and glucocorticoids which can alter 
the actions of various drugs by modifying their 
absorption rate. 
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Microorganisms, Vaccinesand Venoms +-

Comparatively few investigators dealt with the effect of catecholamines upon 
bacterial infections. In guinea pigs, infection with Clostridium welchii is enhanced 
by the addition of epinephrine to the inoculum and, in rats, acute hypertension 
produced by epinephrine (or angiotensin) facilitates the production of pyelone
phritis by E. coli. Topical resistance to inoculation with various pathogenic microbes 
is diminished by the injection of epinephrine into the site of inoculation. 

Injection of epinephrine conjointly with various viruses enhances their infectivity 
in mice. In rabbits, herpes simplex infection followed by norepinephrine treatment 
may cause plaques of demyelination in the central nervous system. 

At the beginning of this century, it has been claimed that epinephrine can inac
tivate bacterial toxins, e.g., diphtheria or tetanus toxin in guinea pigs, mice and 
rabbits, both in vivo and in vitro. It has subsequently been shown, however, that 
neutralization only occurs if epinephrine and the toxin, are mixed before injection, 
presumably because the vasopressor hormone delays absorption. In rabbits, com
bined administration of typhoid toxin and norepinephrine produces cardiac necroses. 
Data on the effectiveness of catecholamines in preventing endotoxin shock in various 
species are rather conflicting. Under certain circumstances, combined treatment 
with endotoxin and epinephrine produces a generalized Shwartzman-Sanarelli 
phenomenon in the rabbit. 

In rats, complete blockade of the sympathetic function greatly diminishes resist
ance to endotoxins and this effect can be counteracted by epinephrine. 

In guinea pigs, intoxication with cobra venom applied to skin erosions can be 
inhibited by the delay of absorption that results from topical treatment with epine
phrine. 

Bacteria +--

Lauber 9,102j32: Observations on the effect 
of vasopressin, epinephrine, thyroid extract 
and insulin upon streptococcal and staphylo
coccal infections in mice. 

Evans et al. B65,652j48: In guinea pigs and 
rabbits, epinephrine diminishes local resistance 
to a large series of pathogenic microbes. 

Bishop & Marshall 095,338/60: In guinea 
pigs, infection with Clostridium welchii is 
greatly enhanced by addition of epinephrine in 
oil or water to the inoculum. 

Jones & Shapiro D55,793j63: In rats, an 
acute episode of hypertension produced by 
epinephrine or angiotensin i.v. facilitates the 
production of pyelonephritis following infec
tion with E. coli. 

Viruses +--

Sellers H 10,893/69: In mice, epinephrine 
or 5-HT injected simultaneously with various 
viruses i.v. enhances their infectivity and 
their penetration into the brain. 

Connor H23,400j70: In rabbits, infection 
with herpes simplex followed by treatment 
with norepinephrine may cause plaques of 
demyelination in the subcortical white matter 
and brain-stem. Possibly, in man, disseminated 
sclerosis is "multifactorial in origin" resulting 
from an apparently innocuous infection with 
herpes simplex in childhood followed later by 
challenge through physical or mental stress 
resulting in norepinephrine Iiberation. [A 
largely speculative "Letter to the Editor" 
(H.S.).] 

Bacterial Toxins+-- cf. also Selye E5,986J 
66, pp. 14, 72; G60,083j70, p. 362. 

Marie 37,085/13: In guinea pigs, the Iethai 
effect of diphtheria or tetanus toxin s.o. is 
diminished by previous incubation with 
epinephrine. 

Marie 32,348j18; 37,087j19: In mice and 
rabbits, tetanus toxin is largely inactivated by 
epinephrine in vivo or in vitro. 

Tawara 12,478/21: In mice, the Iethai 
effect of tetanus toxin is not significantly 
influenced by epinephrine unless the two 
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compounds are mixed before injection. This 
neutralizing effect may be due to the 
acidity of the epinephrine solution employed, 
since various acids are equally effective. 

MezzaTW &: Pelutfo D9,328f60: In rabbits, 
combined administration of typhoid toxin 
and norepinephrine produces cardiac necrosis 
not observed following treatment with either 
of these agents alone. 

AUura et al. F43,209f65: In rats, norepine
phrine and angiotensin fail to prolong survival 
after traumatic shock, temporary ligature of 
the superior mesenteric artery or endotoxin 
shock. However, vasopressin {PLV-2) was signi
ficantly effective in traumatic and intestinal 
ischemia shock but not in endotoxinemia. 

Patel &: Rao G36,076f65: In mice, epine
phrine offers virtually no protection against 
tetanus toxin. 

Vick F48,509f65: In the dog, cortisol 
andfor isoproterenol cause temporary impro
vement in endotoxin shock but no increase in 
survival time. 

Bruce &: Brunson F79,682f67: In dogs, 
mortality from endotoxin shock is diminished 
after pretreatment with norepinephrine. Sur· 
vival is further improved by concurrent 
administration of the tranquilizer propio
mazine. 

Kutner et al. G46,379f67: In dogs, norepine
phrine considerably decreases thoracic-duct 
lymph-flow both under normal conditions and 
during endotoxin shock. 

Zeller et al. F92,117f67: In rats, simulta
neaus treatment with endotoxin and large 
amounts of 5% glucose solution i.v. produces a 
generalized "Shwartzman reaction" which can 
be blocked by phenoxybenzamine but is not 
modified by norepinephrine. 

Brown et al. H 456f68: In dogs, survival 
from endotoxin shock was improved by com
bined treatment with norepinephrine and 
adrenergic blockade. 

Hruza &: Stetson Jr. H 455/68: Pretreat
ment with depot epinephrine or norepine
phrine increased resistance to trauma in the 
Noble-CoHip drum and to endotoxin. 

AnaB et al. G64,139f69: In dogs, norepine
phrine, isoproterenol and phenoxybenzamine 
increase oxygen consumption during endotoxin 
shock. In this respect, norepinephrine is most 
active, but its effect is transient. 

Boler et al. 065,722/69: "Treatment of 
endotoxin-shocked dogs with propiomazine 
and levarterenol promoted their survival and 
prevented or reduced the severity of most of 

the previously described ultrastructural alter
ations of the liver." 

Barlcsdale et al. H21,684f70: In rabbits 
prepared and challenged for the generalized 
Shwartzman reaction by two i.v. injections of 
endotoxin spaced at an interval of 24 hrs, 
"epinephrine treatment was shown to in
crease the mortality when the normal optimum 
dose of endotoxin was used, ie, 100 (Lg per in
jection, but did not increase the incidence of 
the generalized Shwartzman reaction. When 
sublethal doses of endotoxin were used, ie, 
25 (Lg or 10 (Lg, epinephrine treatment pro
foundly increased the mortality and incidence 
of the generalized reaction." 

Krawczak &: Brodie H25,296f70: In rats, 
complete blockade of sympathetic function 
can be achieved by demedullation combined 
with reserpine-like agents {depleting catechol
amine stores), bretylium-like agents {prevent
ing nerve impulse from releasing catechol
amines) or ganglioplegics. Following such 
total sympathetic blockade, mortality from 
histamine or endotoxin is as markedly increa
sed as by adrenalectomy. Pretreatment with 
epinephrine alone counteracts the increased 
lethality of endotoxin and histamine after 
sympathetic blockade. Cortisone pretreatment 
only partially corrects the sensitization by 
adrenalectomy, whereas cortisone + epine
phrine offers complete protection against 
these agents. Presumably, sympathetic stimu
lation is "the first line of defense against the 
vasomotor disturbance elicited by endotoxin 
and histamine." The lethal effect of formalin 
or tourniquet shock is likewise greatly increased 
by adrenalectomy but, in contrast to that of 
endotoxin and histamine, it cannot be in
creased by sympathetic blockade. Furthermore, 
cortisone alone counteracts the toxicity of 
these stressors in adrenalectomized rats. 
Apparently "formalin and tourniquet shock is 
initiated by a mechanism which diifers from 
that elicited by histamine and endotoxin and 
does not primarily involve the sympathetic 
system." 

Venoms+-

Bardier &: Stillmunkes 13,522/23: In dogs 
and rabbits, scorpion venom exerts cardio
vascular actions similar to those of epine
phrine but does not produce collapse during 
chloroform anesthesia. The pharmacologic 
interactions between the venom and epine
phrine are briefly discussed. 
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Douglas 21,321/24: In guinea pigs, intoxi
cation with cobra venom applied to skin 
erosions can be inhibited by the delay of 
absorption that results from topical treatment 
with epinephrine. 

Stahnke F57,253j65: In rats treated with 
various scorpion and snake venoms, resistance 
was decreased by pretreatment with heat, cold 
or epinephrine. In all three cases, the change 
in resistance is ascribed to stress as such. 

Immune Reactions ~ 

In guinea pigs and dogs, anaphylactic shock can be inhibited by epinephrine and 
norepinephrine. In rats, allegedly large amounts of epinephrine depress antibody 
formation against sheep serum. In rabbits, massive doses of epinephrine + nor
epinephrine decrease the incidence of chicken anti-rabbit-kidney nephritis. 

Hanzlik & Karsner 10,286/20: In guinea 
pigs, epinephrine can prevent true anaphylac
tic shock but not the anaphylactoid shock 
produced by peptone, dextrin or agar. The 
arsphenamine-induced disturbances (which 
have been regarded by some as anaphylac
toid) are diminished by epinephrine, presum
ably as a consequence of its circwatory 
action. 

Marmorston-Gottesman & Perla 23,446/28: 
In rats, !arge amounts of epinephrine, injected 
repeatedly before and after injection of an 

antigen (sheep serum), depress antibody for
mation. 

Cirstea & Suhaoiu G2,471j63: In dogs, 
anaphylactic shock is diminished by epine
phrine and norepinephrine. 

Hinton et al. G21,390j64: In rabbits, !arge 
doses of epinephrine + norepinephrine de
crease the incidence of chicken anti-rabbit
kidney nephritis. Fluorescent antibody studies 
"suggest the final antigen-antibody reaction 
may be of lesser magnitude in the treated 
animals." 

lonizing Rays ~ 

In mice, cutaneous purpura produced by heavy X-irradiation is allegedly inhibited 
by adrenochrome. Resistance to total body X-irradiation is increased by numerous 
amines including norepinephrine, epinephrine, histamine and 5-HT, allegedly because 
these compounds reduce the oxygen tension in tissues. Even topical treatment with 
norepinephrine is said to protect the hair follicles against radiation injury. 

In rats, mortality after total body X-irradiation is likewise diminished by epine
phrine; similar observations with epinephrine and its derivatives have been made 
in guinea pigs, hamsters and chicks. 

Herve & Leeamte B46,855j49: In mice, 
the cutaneous purpura produced by heavy 
X-irradiation is inhibited by adrenochrome 
semicarbazone. 

Gray et al. B68,316j52: In rats, pretreat
ment with either epinephrine or vasopressin 
diminishes mortality after total body X-irra
diation. 

Gray et al. B69,100j52: In rats, pretreat
ment with Pitressin or epinephrine increases 
survival following exposure to Iethai X-irra
diation. 

Bacq D77,006f54: In mice, resistance to 
whole body X-irradiation is increased by 
numerous amines, particularly cysteamine 

(ß-mercaptoethylamine), norepinephrine, 5-HT 
and histamine. 

Stearner et al. B92,163j54: In chicks, both 
epinephrine and decreased oxygen tension 
protect against mortality from X-irradiation. 
Presumably both agents act by decreasing 
oxygen supply to tissues during an early phase 
of the events initiated by ionizing rays. 

Rigat 010,747j55: Review (46 pp., 67 refs.) 
on the Iiterature conceming the effect of hor
mones upon X-irradiation with special refer
ence to ACTH, STH, vasopressin, epine
phrine, cortisone, DOC, testosterone, estradiol, 
progesterone, and thyroxine. 
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van der Meer & van Bekkum G71,673f59: 
In mice, the radioprotective effect of histamine, 
epinephrine and other biologic amines is related 
to their pharmacologic activity and can be 
blocked by their pharmacologic antagonists. 
"It is concluded that histamine, epinephrine 
and a number of other biological amines 
protect against irradiation by reducing the 
oxygen tension in the spieen and possibly in 
other blood forming organs." 

Semenov D7,087f60: In mice, 5-HT offers 
better protection against radiation sickness 
than epinephrine although the latter is also 

effective, especially when given in combina
tion with acetylcholine. 

Gabler G40,828f66: In guinea pigs and rats, 
mortality from whole body X-irradiation is 
diminished by epinephrine and metaproterenol. 

Letov H 19,253/68: In mice, topical treat
ment with norepinephrine protects the hair 
follicles against radiation-induced injury. 

Prewitt & Musacchia H 16,155/69: In hams
ters exposed to 60Co radiation, survival was 
improved by pretreatment with norepinephrine 
> epinephrine and > isoproterenol. It is dubi
ous whether these agents act simply through 
tissue hypoxia. 

Cold+-

In rats, in which gastrointestinal ulcers were produced as part of analarm reaction 
elicited by cold or other stressors, epinephrine p.o. produces lung edema, presum
ably because the hormone is weil absorbed from the wound surfaces of the stress 
ulcers. Also in rats, epinephrine "appears to improve survival during exposure to 
cold, and adaptation to low temperatures increases the calorigenic effect of norepine
phrine." However, depending upon circumstances, the catecholamines may also 
have an adverse effect upon survival during exposure to cold. In cold adapted guinea 
pigs, nonshivering thermogenesis is induced by cold or norepinephrine. It is suggested 
that nonshivering thermogenesis is essentially a catecholamine-mediated mechanism. 

In dogs, norepinephrine infusions during cooling reduce the incidence of ventri
cular fibrillation, whereas epinephrine has an opposite effect. 

In minipigs, nonshivering thermogenesis plays a major role in adaptation to cold 
only during neonatallife, if at all. Epinephrine and norepinephrine fail to stimulate 
nonshivering thermogenesis in minipigs, whereas they do have this effect in cold 
adapted rats. 

In the ground squirrel, norepinephrine produces nonshivering thermogenesis 
after curarization. 

De Gaetani 33,111/35: In dogs, the cardio
vascular changes produced by epinephrine are 
greatly altered by exposure to cold. 

Selye A8,052f38: Rats and guinea pigs 
normally tolerate very large doses of epine
phrine or histamine p.o. but these substances 
cause toxic manifestations (lung edema, 
emphysema) if administered following the 
production of an alarm reaction by cold, 
forced muscular exercise or other stressors. 
Presumably the gastrointestinal lesions cha
racteristic of the alarm reaction facilitate the 
absorption of substances which normally do 
not traverse the intestinal epithelium in active 
form. 

DesMarais & Dugal B51,093f50; B64,359f 
51: In rats exposed to cold, epinephrine 

"appears to improve survival." [Brief abstract 
without details (H.S.).] 

Hannon & Larson D4,112f61: In rats, the 
effect of norepinephrine upon calorigenesis and 
the mobilization of nonesterified fatty acids is 
considerably modified by cold. 

Evonuk & Hannon E21,027f63: In rats, 
adaptation to cold increases the calorigenic 
effect of norepinephrine. 

Schönbaum et al. E21,028f63: In rats, 
norepinephrine (like epinephrine) has an ad
verse effect upon survival during exposure to 
cold. This effect is less pronounced following 
adaptation to cold. Adrenal-demedullated 
animals (whether receiving guanethidine or 
not) showed evidence of acclimation to cold. 
"These Observations suggest that increased 
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amounts of adrenaline and noradrenaline in 
tissues or circulation are not essential for 
acclimation." 

Leblanc & Pouliot F4,622(64: In rats, 
norepinephrine facilitates adaptation to cold. 

Pohl & Hart F62,568(66: In the ground 
squirrel (Citellus tridecemlineatus), exposure 
to cold or injection of norepinephrine produced 
nonshivering thermogenesis after curarization. 

Zeisberger & Brück F89,184(67; Zeisberger 
et al. F89,185(67: In cold-adapted guinea pigs, 
nonshivering thermogenesis is induced by 
exposure to cold or by injection of norepine
phrine. Several observations suggest "that the 
nonshivering thermogenesis in the guinea pig 

is essentially due to a catecholamine-mediated 
mechanism." 

Angelakos & DanielB G64,739(69: In dogs, 
infusion of norepinephrine during cooling 
reduced the incidence of ventricular fibrilla
tion, whereas epinephrine had an opposite 
effect. 

Brück et al. H 13,180(69: In minipigs, as in 
most species other than the rat, nonshivering 
thermogenesis plays a major role in adaptation 
to cold only during neonatal life if at all. 
Epinephrine and norepinephrine, which sti
mulate considerable nonshivering thermo
genesis in cold-adapted adult rats, failed to do 
so in minipigs. 

Other Stressors +-

In rats, various adrenergic blocking agents inhibit, whereas epinephrine increases 
mortality during traumatic shock in the Noble-Collip drum. However, some inves
tigators failed to observe any effect of epinephrine or norepinephrine upon this 
type of shock; indeed, occasionally they noted an increase in resistance when the 
catecholamines were administered in the form of depots. 

In rabbits, survival following trauma in the Noble-Collip drum has been said to 
be moderately improved by epinephrine and other vasopressor amines. On the other 
hand, rabbits, made tolerant to normally Iethai doses of epinephrine, showed an 
increased susceptibility to "rotational shock," whereas drum-tolerant animals were 
less susceptible to the Iethai effect of epinephrine. 

Death from hypoxia in rats kept in closed vessels is accelerated by epinephrine. 
Mortality from hyperoxygenation (exposure to 6 atmospheres of oxygen) is increased 
in rats by pretreatment with epinephrine, whereas survival from hemorrhagic shock 
is improved by Iang-lasting infusions of norepinephrine. 

Small doses of epinephrine or norepinephrine prolang the duration of electrically
induced seizures in the rat. 

In rats, irreversible hypovolemic shock, produced by complete occlusion of the 
portal vein, is effectively combated by continuous infusions of norepinephrine, 
whereas epinephrine has an inverse effect. 

In rats, with complete blockade of the sympathetic nervous system, epinephrine 
considerably increases resistance to certain stressors (endotoxin, histamine) but not 
to others (formalin, tourniquet shock). Apparently, the adrenergic system is of 
special importance only in combating certain types of stress. 

Trau1na +-

Levy et al. 010,848(54: In rats, various 
adrenergic-blocking agents increase resistance 
to traumatic shock (Noble-Collip drum), 
whereas epinephrine has an opposite effect. 

Noble 010,541(55: In rats, mortality from 
trauma in the Noble-Collip drum is strikingly 
increased by pretreatment with epinephrine 
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but not diminished by various adrenergic
blocking agents. 

BrunBon et al. 078,005(59: In rabbits, 
survival following trauma in the Noble-Collip 
drum is moderately improved by epinephrine 
and other vasopressor amines. 

Walden & Brunson G5,968(63: Studies on 
rabbits gradually adapted to trauma in the 
Noble-Collip drum led to the conclusion that 
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"animals tolerant to normally Iethai doses of 
epinephrine showed an increased susceptibility 
to rotational shock, but drum tolerant animals 
were Iess susceptible to Iethai doses of epine
phrine." 

Altura et al. F36,124f65; F43,209f65: In 
rats, survival following temporary ligation of 
the superior mesenteric artery was improved 
by PLV-2 but not by epinephrine or angio
tensin. The associated changes in the micro
circulation of the meso-appendix are described. 

Cronin & Tan F29,408f65: In dogs, the 
inotropic effect of norepinephrine is increased 
during cardiogenic shock elicited by closed
chest coronary embolization. 

Hruza & Stetson Jr. H 455{68: In rats, 
pretreatment with depot epinephrine or 
norepinephrine increased resistance to trauma 
in the Noble-Collip drum and to endotoxin. 

Calof & Smith H10,412f69: In rats, morta
Iity from traumatic shock (Noble-Collip drum) 
is not modified by epinephrine or norepine
phrine but considerably reduced by various 
ß-adrenergic agents. 

Hruza & Zweifach G77,195f70: Rats 
adapted to trauma in a Noble-Collip drum 
show an increased catecholamine content in 
their fat tissue and an increased resistance to 
epinephrine. Conversely, rats rendered re
sistant to epinephrine or norepinephrine be
come more resistant to trauma in the Noble
Collip drum. [This may be one of the mecha
nisms involved in the induction of cross 
resistance (H.S.).] 

Hypoxia and Hyperoxygenation +-

Campbell A14,903f37: In rats exposed to 
six atmospheres of oxygen in a pressure cham
ber, subsequent decompression is better tole
rated at low than at high external tempera
tures. "Using an external temperature of 24°0 
and white rats of about 80 g, the following 
substances, administered subcutaneously, are 
found to enhance oxygen poisoning: thyroxin 
(0.4 mg), dinitrophenol (1.5 mg), ac-tetrahy
dro-ß-naphthylamine (0.5 c.c., 1 p.c.), adrena· 
line (0.02 mg), pituitary extract (posterior lobe, 
above 3.5 units), insulin (0.025 u.) and eserine 
(0.045 mg administered with atropine 0.075 mg). 
These doses in themselves are harmless." 

Keminger G42,501f66: In rats, death from 
lack of oxygen in closed vessels is accelerated 
by T3 and retarded after thyroidectomy or 
cortisone treatment. Epinephrine further acce
lerates mortality in hyperthyroid animals. 

Hemorrhage +-

Lansing et al. 030,227{57: In rats, survival 
from hemorrhagic shock is improved by Iong
lasting infusions of norepinephrine. 

Electric Stimuli +-

Minz & Domino B81,852{53: In rats, small 
doses of epinephrine or norepinephrine prolong 
the duration of electrically-induced seizures. 
Since glucose, ACTH and cortisone failed to 
prolong seizure duration, it is unlikely that 
epinephrine acts by release of these substances. 
Histamine depressed the cortical response to 
electroshock. 

Varia+- cf. also Selye B40,000f50, p. 64; 
B58,650f51, p. 53; G60,083{70, pp. 358, 361. 

Mejia et al. G60,637f68: In rats with irre
versible hypovolemic shock produced by com
plete occlusion of the portal vein, neither 
cortisol pretreatment nor adrenalectomy in
fluenced the survival time, whereas selective 
extirpation of the adrenal medulla or conti
nuous infusion of norepinephrine increased it. 
Similar infusion of epinephrine decreased 
survival time. 

Krawczak & Brodie H25,296f70: In rats, 
complete blockade of sympathetic function 
can be achieved by demedullation combined 
with reserpine-like agents (depleting catechol
amine stores), bretylium-like agents (prevent
ing nerve impulse from releasing catechol
amines) or ganglioplegics. Following such total 
sympathetic blockade, mortality from hista
mine or endotoxin is as markedly increased as 
by adrenalectomy. Pretreatment with epine
phrine alone counteracts the increased letha
Iity of endotoxin and histamine after sympa
thetic blockade. Cortisone pretreatment only 
partially corrects the sensitization by adrenal
ectomy, whereas cortisone + epinephrine 
offers complete protection against these agents. 
Presumably, sympathetic stimulation is "the 
first line of defense against the vasomotor 
disturbance elicited by endotoxin and hista
mine." The lethal effect of formalirr or tour
niquet shock is likewise greatly increased by 
adrenalectomy but, in contrast to that of 
endotoxin and histamine, it cannot be in
creased by sympathetic blockade. Further
more, cortisone alone counteracts the toxi
city of these stressors in adrenalectomized 
rats. Apparently "formalin and tourniquet 
shock is initiated by a mechanism which differs 
from that elicited by histamine and endotoxin 
and does not primarily involve the sympathe
tic system." 
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Hepatic Enzymes +-

For the effect of adrenergic agents upon hepatic enzyme induction cf. the Abstract 
Section as weil as the individual toxicants, whose metabolism is affected (cf. "Drugs"). 

Dixon et al. Gl1,767{64: In the rat, both 
norepinephrine and adrenergic blocking agents 
inhibit the hepatic drug-metabolizing enzyme 
activity as judged by tests in vitro. 

Terayama & Takata F69,476{66: Epine
phrine markedly reduces the N-demethyl
ating activity of rat liver. 

+ SPECIAL SURGIGAL PROGEDURES 

+- Thyrnectorny 

Hormonesand Hormone-Like Substauces +· During the early part of this century, 
a great deal of work has been done on the influence of thymus extract upon the 
toxicity of thyroid preparations. In tadpoles, thyroid extract inhibits growth, and 
concurrent administration of thymus extract neutralizes this effect. In mice, the 
toxic manifestations of thyroid feeding are allegedly inhibited also by feeding thymus 
tissue. 

In pigeons, the loss of weight elicited by thyroid extract or thyroid feeding is 
inhibited by dietary administration of thymus tissue. This effect could not be 
duplicated by equivalent amounts of nucleic acid preparations, but the specificity 
of an antithyroid thymus principle remains in doubt. 

In rats, the hypercalcemia and osteitis fibrosa produced by parathyroid extract 
overdosage are said to be inhibited by concurrent treatment with a thymus extract 
and thymectomy is claimed to raise histamine resistance, but all these findings 
require confirmation. 

Cameron & Carmichael27,016{26: In young 
rats, feeding of desiccated thyroid frequently 
produces tetany, perhaps as a consequence of 
the decreased blood supply to the entire 
thyroparathyroid apparatus. This tetany can
not be influenced by simultaneous feeding of 
thymus. 

Kfizenecky & Podhradsk'!} 4,186{26: In frog 
tadpoles, feeding of thyroid extract inhibits 
growth; concurrent administration of thymus 
extract neutralizes this effect. 

Sklower 26,299{27: In mice, the toxic 
manifestations of thyroid feeding can be 
inhibited by concurrent thymus feeding. 
Earlier literature on antagonistic interactions 
between thyroid and thymus is reviewed. 

Kfiunecky 4,176{28; 23,688{28; 277{30: In 
pigeons, the loss of weight produced by 
desiccated thyroid is greatly diminished by 
concurrent administration of a thymus extract. 
Equivalent amounts of nucleic acid prepara
tions do not have this effect. "The thymus ap
pears to be a regulator of the thyroid gland." 

Scholtz 4,272{32: In rats, the hypercalcemia 
and osteofibrosis produced by excess para
thyroid extract are inhibited by concurrent 
treatment with thymus extract. 

Weltman & SackZer Dl4,302{61: In adult 
rats, thymectomy raises resistance to histamine 
and to swimming in cold water. The effect is 
ascribed to a raised resistance to nonspecific 
stress. [The results are not statistically signi
ficant (H.S.).] 

Drugs +. The thymus involution of the alarm reaction is one of the most sensitive 
indicators of exposure to the stress of any toxicant, yet, we have very little evidence 
to show that the thymus could influence resistance to drugs. Except for the well
known immunologic disturbances produced by neonatal thymectomy, neither 

35• 
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removal of the organ nor treatment with extracts of its tissue succeeded in altering 
general resistance in a significant and reproducible manner. 

It has been stated that the hepatic changes caused in rats by such carcinogens 
as dimethylaminoazobenzol are diminished by treatment with thymus extract, and 
that in newborn mice, the induction of pulmonary tumors by DMBA is facilitated 
by the injection of neonatal thymus tissue. Furthermore, in neonatal mice, the 
otherwise permanent immunosuppression induced by DMBA can be reversed by 
syngenic thymus, hone marrow, or spieen cell transplants. 

Probably, one of the first observations on the effects of neonatal thymectomy 
was that removal of the thymus during the first days of life increases the sensitivity 
of the rabbit to morphine, heroin, and codeine. However, the change in resistance 
was not very pronounced and was presumably due to the general debilitation of 
neonatally thymectomized animals. 

At about the same time, it had been claimed that thymus extract decreases the 
sensitivity to thallium intoxication in mice, but this observation has never been 
confirmed. 

Resistance to vitamin A or vitaminDisnot significantly affected in rats thym
ectomized at 2-3 weeks of age. The claim that thymectomy partially protects the 
adult rabbit against overdosage with irradiated ergosterol remained unconfirmed. 
In vitamin-D deficient rats, the development of rickets could not be significantly 
altered by lipid soluble thymus extracts. 

Anaphylactoidogens +- of. Selye G46,715f 
68, pp. 180, 184, 200. 

Carcinogens +-

Fumarola &: Giordano D33,779f62: In rats, 
the production of tumors by benzpyrene is 
allegedly somewhat inhibited after thym
ectomy and accelerated by treatment with 
thymus extract. 

Potop et al. E39,894f62: In rats, the hepatic 
changes produced by dimethylaminoazobenzol 
are diminished by treatment with a thymus 
extract. 

Simpaon et al. F2,965f64: In rats, neonatal 
thymectomy did not significantly influence the 
induction of tumors by DMBA. 

Balner &: Derajant G37,980f66: In mice, 
neonatal thymectomy does not significantly in
fluence the induction of cutaneous tumors by 
intradermal3-MC administration. Surprisingly, 
tumor incidence in mice with depressed homo
graft reactivity was, if anything, lower than 
in the immunologically competent animals. 

Grant et al. F66,117f66: In mice, the induc
tion of cutaneous papillomas and carcinomas 
by 3,4-benzopyrene is accelerated by neonatal 
thymectomy. "It may be that some tumours 
initiated by benzopyrene do not differ suffi
ciently from the host to evoke a homograft 

reaction against them even when the immuno
logical competence is unimpaired. It may be 
that factors such as the growth-rate of the 
tumour allow it to progress in spite of a reac
tion against it, or it may be that under some 
conditions an animal may become specifically 
tolerant to a tumour which it bears." 

Alliaon &: Taylor F83,300f67: From experi
ments on mice treated with DMBA and various 
viruses, "it is concluded that neonatal thym
ectomy does not consistently increase the in
cidence of chemically induced tumors but does 
increase the incidence of tumors after exposure 
to polyoma and SV 40 viruses and adenovirus 
type 12.'.' 

Flaks F 95,414/67: In mice, the induction of 
pulmonary tumors by DMBA, soon after birth, 
is intensified by injections of neonatal thymus 
tissue. 

Smieoinaki &: GOrski H20,765f68: In 2-3 
week old female mice, topical tumorigenesis by 
intravaginal application of 20-methylcholan
threne is "slightly retarded" by thymectomy. 
This effect has been tentatively ascribed to the 
removal of "promine," an allegedly tumor 
growth-stimulating substance of thymic ori
gin. [The results do not lend themselves to 
statistical evaluation (H.S.).] 

Ball &: Dawaon G67,723f69: In neonatal 
mice "the permanent immunosuppression 
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induced by DMBA could be reversed by the 
injection of normal syngeneic hone marrow and 
spieen cells but not with thymic implants." 

Kobayashi H27,113f69; H27,114f69: In 
mice, thymectomy inhibits the production of 
cutaneous papillomas by DMBA, whereas 
transfusion of thymus cells has an opposite 
effect. 

Schneiberg & Gorski G68,745f69: In mice, 
thymectomy followed by whole-body X-irra
diation increases the incidence of skin cancers 
after serial spraying with methylcholanthrene. 
In itself, neither thymectomy nor X-irradia
tion was effective in this respect. 

Cholesterol +- cf. Selye G60,083f70, p. 442. 

Chloroform +-

Bomskoo et al. A56,954f42: In rats and gui
nea pigs, sensitivity to chloroform can be 
diminished by a thymus extract. 

Curare+-

Blaw et al. F65,571f66: In mice, neonatal 
thymectomy increases the sensitivity of the 
myoneural junction to blockade by tubo
curarine. 

Morphine+-

Arima 60,156/35: In rabbits thymecto
mized during the first few days of life, sensi
tivity to morphine, heroin, and codeine is 
slightly diminished. Treatment with thymus 
extract has an opposite effect. 

Sulfa Drugs +- cf. SelyeG60,083f70, p. 442. 

Thallium Acetate +-

Buschke et al. 43,284/33; 4,823/33: In mice, 
thyroxine increases, whereas thymus extract 
decreases sensitivity to intoxication with 
thallium acetate. 

VitaminA+-

Vogt et al. B36,750f48: In rats thymecto
mized at 2-3 weeks of age, resistance to vita
min-A or vitamin-D deficiency was not 
significantly affected. 

VitaminC+-

Lopez-Lornha 17,165/23: In guinea pigs, 
thymectomy prolonged survival on a vitamin-C 
deficient diet. [The difference was not impres
sive IH.S.).] 

VitaminD+-

Goppo 3642/32: In rabbits, thymectomy 
does not characteristically influence the 
syndrome of overdosage with irradiated 
ergosterol. 

Messini & Goppo 31,827!35: In rabbits, 
thymectomy partially protects against in
toxication with irradiated ergosterol. 

Vogt et al. B36,750f48: In rats thymec
tomized at 2-3 weeks of age, resistance to 
vitamin-A or vitamin-D deficiency was not 
signüicantly affected. 

Nassi G1,107f62; G1,108f62: In vitamin-D 
deficient rats, treatment with a lipid soluble 
thymus extract did not significantly affect the 
development of rickets. 

Microorganisms, Parasites and Their Products +. Despite several claims to the 
contrary, there does not seem tobe any convincing evidence that thymectomy or 
thymus extracts have any specific effect upon bacterial infections. 

Mice thymectomized at birth become extremely resistant to the virus of lympho· 
cytic choriomeningitis, but this infection may aggravate the course of the wasting 
syndrome produced by neonatal thymectomy. The susceptibility of neonatally 
thymectomized mice against this virus is restored by implants of Millipore diffusion 
chambers containing newborn thymic tissue. It is assumed that the neurologic 
symptoms in mice and man result from an antigen-antibody reaction in the brain 
which can be prevented by neonatal thymectomy. 

In newborn mice infected with polyoma virus, neonatal thymectomy delays 
mortality of certain strains only. lnoculation of polyoma virus into neonatally 
thymectomized weanling hamsters resulted in tumor formation, whereas sham 
operated litter mates developed no neoplasms. Apparently, "neonatal thymectomy 
may render some resistant animals susceptible to the effects of an oncogenic virus." 
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In inbred BALBfc mice, inoculated with Rauseher virus, thymectomy did not 
influence the erythroblastic reaction, but thymectomy did alter the response to a 
variety of other viruses in various species. 

In neonatally thymectomized mice, susceptibility to infection with C. albieans 
is increased. 

In chickens from embryos inoculated in ovo with testosterone, after about one 
week of incubation, the bursa of Fabricius spieen and thymus are permanently 
atrophic and the antibody formation against repeated infection with Eimeria tenella 
falls to develop antibodies. Surgical thymectomy 90 min after hatching was rarely 
complete and did not constantly block immunization against Eimeria tenella. 

Neonatally thymectomized rats infected with P. bergbei are highly subject to 
parasitemia, whereas neonatally thymectomized hamsters are comparatively resistant 
and develop the disease slowly. It is postulated that the thymectomized hamsters 
failed to develop an antibody that normally causes microembolization of the cerebral 
capillaries with agglutinated parasites. 

In neonatally thymectomized mice, susceptibility to the toxic effects of E. coli or 
S. typhosa endotoxins is increased. 

Bacteria and Vaccines +-

Cody & Code G4,417f63: In rats sensitized 
with Bordetella pertussis vaccine, the anaphy
laxis produced by challenge with horse serum 
is inhibited by concurrent thymectomy and 
splenectomy but not by thymectomy alone. 

Schäfer B99,955f54: Monograph (127 pp., 
numerous refs.) on the roJe of endocrine factors 
in tuberculosis. Special sections are devoted to 
the hormones of the thyroid, parathyroid, 
thymus, adrenals, pancreas, and gonads. 

Kratter & Martelli B60,263f49: In adult 
rabbits, thymectomy increases susceptibility 
to staphylococcus infection. 

ViTIUies +-

Lymphocytic Choriomeningitis +-. Levey 
et al. E30,47lf63: In mice, neonatal thymec
tomy protects against the virus of lymphocytic 
choriomeningitis, but susceptibility is restored 
by implants of Millipore diffusion chambers 
containing newbom thymic tissue. "A hu
moral mechanism of action of the tissue in the 
chamber is proposed." 

Rowe et al. E29,673f63; East et al. E38,279f 
64; Földe& et al. G29,263f65: Mice thymecto
mized at birth become resistant to lympho
cytic choriomeningitis virus infection. 

Szeri et al. G56,565f66: In mice, infection 
with lymphocytic choriomeningitis virus acce
lerates and aggravates the course of the 
wasting syndrome produced by neonatal 
thymectomy. 

Schmuniß et al. G55,003f67: In mice, 
neonatal thymectomy protects against lym
phocytic choriomeningitis produced by Junin 
virus. Presumably, the "neurological symptoms 
in mice and human patients result from an 
antigen-antibody reaction in the brain and that 
this reaction between the virus and its anti
body is prevented by thymectomy." 

Polyoma+-. Kodama & Moore D56,877f63: 
In newbom mice infected with polyoma virus, 
thymectomy (performed two weeks later) 
delayed mortality in the AKR but not in the 
C3H strain. The incidence and latency of 
parotid tumors were not affected by thymec
tomy in either strain. 

Lang G55,002f68: "Inoculation of polyoma 
virus into weanling hamsters, thymectomized 
as neonates, has resulted in the production of 
tumors. In contrast, the sham operated litter 
mates developed no dernonstrahle neoplasms 
over a 12-18 month period of observation. 
Thus, it has been confirmed in these studies 
that neonatal thymectomy may render some 
resistant animals susceptible to the effects of 
an oncogenic virus." 

Rauscher +-. Dunn & Green G40,31lf66: 
In inbred BALB/c mice inoculated with 
Rauscher virus "thymectomy had no apparent 
effect on the erythroblastic reaction, while 
splenectomy intensified the process in the 
liver and erythroblastic foci appeared in the 
lymph nodes. Granulocytopoiesis was also 
stimulated in some mice." 
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Varia+-.DunnE29,253f63:"WhenBALBfc 
mice given the Moloney virus were thymecto
mized, splenectomized or subjected to both 
procedures, the incidence of lymphocytic leu
kemia was reduced." Li et al. E33,523f63: 
Various types of calf thymus extracts exhibit 
antiviral and antibacterial activity in vitro. 

Crispens & Rey F87,332f67: In mice, 
neonatal thymectomy increases sensitivity to 
Iactate dehydrogenase virus. 

van Hoosier Jr. et al. F78,860f67: In 
hamsters, thymectomy facilitates tumor for
mation by weakly oncogenic adenoviruses. 

Jakkola et al. G47,813j67: In mice, the in
fection by cytomegalic inclusion virus is aggra
vated by thymectomy. 

Yokn et al. G57,790J68: In hamsters given 
adenovirus-12, strain Huie, s.o. at birth, thym
ectomy at one week of age increased tumor in
cidence in both sexes, although it remained 
higher in females as is usually the case. Corti
sone treatment, begun at one week of age, in
creased tumor incidence but, again, this re
mained higher in females . .Antibody responses 
to adenovirus-12 T-antigen were depressed in 
thymectomized and cortisone-treated animals. 

Fungi and Yeasts, Parasites +-

Candida Albicans +--. Salvin et al. G30,533f 
65,· F35,876f65: In mice thymectomy dimin
ishes resistance to infection with C. albicans 
as well as to the endotoxins of E. coli and S. 
typhosa but not to C. albicans endotoxin. 

Eimeria +--. Pierce & Long G36,006f65: 
Chickens from embryos inoculated in ovo with 
testosterone hatched between the 6th and 9th 
day of incubation without a detectable bursa 
of Fabricius; their spieen and thymus weights 
were also significantly reduced. These fowls 
failed to develop antibodies as a result of repeat-

ed infection with Eimeria tenella. Surgical 
thymectomy 90 min after hatching was rarely 
complete and did not consistently lead to a 
failure of immunization against E. tenella. 

Rose & Long G74,020f70: Review of the 
Iiterature with personal observations on the 
effect of thymectomy and removal of the 
bursa of Fabricius upon Eimeria infections in 
the chicken. 

Plasmodium Berghel +--. Steckschulte 
H 15,256!69: "Neonatally thymectomized rats 
infected with P. berghei develop higher per
centage parasitemias and have a higher 
percentage mortality than sham-operated 
animals." 

Brown et al. H 1,304/68: In rats, neonatal 
thymectomy decreases resistance to infection 
with P. berghei. [Although throughout the 
paper the authors speak of rats, in their 
conclusion they refer to mice (H.S.).] 

Wrigkt H1,836f68: In hamstere, neonatal 
thymectomy delays death from infection with 
P. berghei. "It is postulated that the non
thymectomized animals develop an agglutinin, 
in response to the malarial infection, that 
causes microembolisation of the cerebral 
capillaries with agglutinated parasitised RBC, 
and that neonatal thymectomy inhibits or 
delays the production of this agglutinin." 

Trypanosoma Lewisi +--. Perla & Marmor
Bton-Gottesman 810/30: In young rats, thymec
tomy diminishes, whereas orchidectomy in
creases the severity ofT. lewisi infection. 

Bacterial Tosins +-

Salvin et al. G30,533j65,· F35,876j65: In 
mice, thymectomy diminishes resistance to 
infection with C. albicans as well as to the 
endotoxins of E. coli and S. typhosa, but not 
to C. albicans endotoxin. 

Immune Reactions +. The extensive literature on neonatal thymectomy upon 
immune reactions is beyond the scope of this monograph and should be consulted 
in the reviews cited in the Abstract Section which are specifically devoted to this 
topic. Let us point out merely that in rats sensitized with Bordetella pertussis 
vaccine, anaphylaxis to horse serum is inhibited by concurrent thymectomy and 
splenectomy, but not by thymectomy alone. In adult rats which had been neonatally 
thymectomized, the production of nephrotoxic serum nephritis remains possible. 

Kemeny et al. B66,729f51: In guinea pigs, 
both ovariectomy and orchidectomy diminish 
anaphylactic shock, whereas thymectomy has 
no effect upon it. 

Miller E37,260f63: Review on the role of 
the thymus in immunity. 

Cody & Code G4,417f63: In rats sensitized 
with B. pertussis vaccine, the anaphylaxis 
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produced by challenge with horse serum is 
inhibited by concurrent thymectomy and 
splenectomy, but not by thymectomy alone. 

Fisher & Fisher F690f64: In adult rats 
which had been neonatally thymectomized, 
the production of nephrotoxic serum nephritis 

remains possible. This "indicates that progres
sion of the disease is not necessarily dependent 
upon those immunologic functions related to 
thymic function, at least during the time 
interval studied." 

Hepatic Lesions +· In partially hepatectomized adult rats, thymectomy inhibits 
mitotic proliferation of the hepatocytes, but does not significantly affect the asso
ciated enzymic changes. 

Forabosco & Narducci G70,746f69; Fora
bosco & Tcmi G70,747f69; Forabosco & Guli 
G70,748f69; Forabosco et al. G70,749f69: In 

adult rats, thymectomy inhibits mitotic proli
feration in hepatocytes after partial hepatec
tomy. Earlier Iiterature is reviewed. 

Ionizing Rays +· In mice, thymectomy increases the incidence of epithelial tumor 
formation after X-irradiation. Thymus transplants do not significantly influence the 
incidence of leukemia. 

In neonatally thymectomized mice, both thymus implants and cystamine tend 
to correct the comparatively low X-ray resistance. The intercapillary glomerulo
sclerosis produced by neonatal X-irradiation is potentiated by neonatal thymectomy, 
but reduced by splenectomy in mice. In adult, unlike in neonatal mice, thymectomy 
does not reduce resistance to total body X-irradiation. X-ray resistance is restored 
in neonatally thymectomized mice by the i.p. implantation of thymus-bearing 
diffusion chambers. 

O'Gara & Ards D12,34lf61: In mice, 
thymectomy appears to increase the incidence 
of epithelial tumors following X-irradiation. 
In thymectomized mice bearing intraspienie 
thymus transplants, the incidence of leukemia 
was not significantly altered in comparison to 
thymectomized controls. 

Mewissen & Lagneau G14,713f64: In mice 
thymectomized at 40 days of age, cystamine 
retains its protective action, and implantation 
of a thymus lobe likewise increases resistance. 

Goedbloed & Vos G33,427f65: In mice, 
neonatal thymectomy had little if any effect on 
the incidence of secondary disease in radiation 
chimeras. 

M ewissen et al. F 45,017/65: Mice thymecto
mized during the first days of life show a very 
low resistance to total body X-irradiation, but 
this can be improved by thymus transplants. 

Guttman G45,255f67: In mice, the inter
capillary glomerulosclerosis produced by neo
natal X-irradiation is potentiated by neonatal 
thymectomy but reduced by splenectomy. 

Schneiberg et al. G56,009f67; G58,580f67: 
In three-week old mice, thymectomy reduces 
natural resistance to whole body X-irradiation, 
but this is not the case in rats thymectomized 
at a later age. 

Schneiberg et al. G69,79lf68: In mice, 
sensitization to X-irradiation produced by 
thymectomy is restored by i.p. implantation 
of thymus-bearing diffusion chambers, pre
sumably owing to the production of a humoral 
lymphopoietic factor by the thymus implant. 

Schneiberg et al. G58,579f68: In mice, 
thymectomy does not significantly affect the 
blood protein changes produced by acute 
X-irradiation, although it does increase morta
lity. 

Varia+. In germ-free mice, the lethality of parabiotic intoxication is aggravated 
by neonatal thymectomy, presumably because here the thymus-dependent immune 
reactions are actually beneficial. Adaptive enzyme formation does not appear to be 
significantly affected by neonatal thymectomy in the rat. 
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Cold+-

Weltman th SackZer D14,302f61: In adult 
rats, thymectomy raises resistance to histamine 
and to swimming in cold water. The effect is 
ascribed to a raised resistance to nonspecific 
stress. [The results are not statistically signi
ficant (H.S.).] 

Tumors+-

Potop et al. F38,309f65: In the mouse and 
rat as weil as in chick embryos, the growth 
of various experimental tumors is stimulated 
by a Iipoprotein extract of the thymus. 

Parabioais +-

Anderson et al. H 11,186/69: In germ-free 
mice, the lethality of parabiotic intoxication 

is aggravated by neonatal thymectomy. "It 
is concluded that with respect to parabiotic 
union of germ-free mice, the primary conse
quence of neonatal thymectomy is a dampen
ing of the characteristic anemia-polycythe
mia which is not associated with an enhanced 
survival, and that thymic dependent immune 
reactions may actually promote survival." 

Hepatic Enzymes +-

Bonetti et al. G48,030f67: lnduction of 
hepatic TPO-activity by tryptophan i.p. is 
not prevented by postnatal thymectomy in 
the rat. These observations do not confirm the 
view that adaptive enzyme formation depends 
upon a mechanism similar to that of immuno
logic defense. 

+- Splenectorny 

Splenectomy does not appear to have any conspicuous effects upon detoxicating 
mechanisms. 

It has been claimed that immunosuppression induced by neonatal administration 
of DMBA in mice could be reversed by syngenic spieen, hone marrow, or thymus 
cell implants. In rats sensitized with B. pertussis vaccine, the anaphylaxis produced 
by challenge with horse serum is inhibited by concurrent splenectomy and thym
ectomy, but not by thymectomy alone. In certain inbred strains of mice inoculated 
with Rauscher virus, splenectomy intensified the erythroblastic reaction in the liver, 
whereas thymectomy had no such effect. In rats, splenectomy does not significantly 
alter the regeneration of the liver afterpartial hepatectomy, although some investi
gators claimed that splenectomy accelerates it. This acceleration does not occur if 
the spieen is reimplanted into either the portal or the systemic circulation. However, 
all these claims have been challenged by some investigators. 

The intercapillary glomerular sclerosis produced by neonatal X-irradiation in 
mice is said to be reduced by splenectomy. 

Drugs+-

Ball th Dawson G67,723f69: In neonatal 
mice "the permanent immunosuppression 
induced by DMBA could be reversed by the 
injection of normalsyngenic bone marrow and 
spieen cells but not with thymic implants." 

Brodeur th Marehand H37,030f71: In rats, 
splenectomy significantly decreases cytochrome 
P-450 during the first few days after the ope
ration but not at seven days. Parathion, 
p-nitroanisole and zoxazolamine metabolism is 
also decreased, whereas that of hexobarbital is 
unchanged during the first four days after 

splenectomy. Apparently, splenectomy inhibits 
certain hepatic microsomal enzymes, perhaps 
by influencing the blood supply of the liver. 

Microorganiama and Yaccines +-

Cody th Code G4,417f63: In rats sensitized 
with B. pertussis vaccine, the anaphylaxis pro
duced by challenge with horse serum is inhi
bited by concurrent thymectomy and splenec
tomy, but not by thymectomy alone. 

Dunn E29,253f63: "When BALB/c mice 
given the Moloney virus were thymectomized, 
splenectomized or subjected to both procedu-
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res, the incidence of Iymphocytic leukemia was 
reduced." 

Dunn &: Green G40,311f66: In inbred 
BALB/c mice inoculated with Rauscher virus 
"thymectomy had no apparent effect on the 
erythroblastic reaction, while splenectomy 
intensified the process in the liver and erythro
blastic foci appeared in the lymph nodes. 
Granulocytopoiesis was also stimulated in some 
mice." 

Hepatectomy Partial+-

Pontremoli &: Arrigo D63,528f50: In rate 
partially hepatectomized and splenectomized 
simultaneously, hepatic regeneration is just 
as rapid, and sometimes even accelerated, in the 
absence of the spieen. 

Trasino B56,794f50: In rats, splenectomy 
does not significantly alter the regeneration of 
the liver remnant afterpartial hepatectomy. 

Zaltzman D92,764f56: Splenectomy en
hances regeneration of the liver after partial 
hepatectomy in the rat. 

Perez-Tamayo &: Romero D38,897f58: In 
rate, splenectomy stimulates hepatic regenera
tion afterpartial hepatectomy. This accelera
tion does not occur if the spieen is reimplant
ed either into the portal circulation or s.c. 
Apparently, a humoral factor is involved. 

Molimard &: Benozio G75,048f70: In rats, 
splenectomy does not influence hepatic rege
neration after partial hepatectomy, but the 
latter operation causes an increase in spienie 
weight. 

lonizing Rays +-

Guttman G45,255f67: In mice, the inter
capillary glomerulosclerosis produced by neo
natal X-irradiation is pot.entiated by neonatal 
thymectomy but reduced by splenectomy. 

+- Other Surgical Interventions 

+ Pinealectomy. In rats, pinealectomy inhibits the induction of hepatic cancers 
by some but not by all carcinogens. 

+ Sympathectomy. The extensive Iiterature on the effect of sympathectomy with 
or without adrenal demedullation has been discussed in many earlier review articles 
to which the reader must be referred. Sufflee it here to summarize certain recent 
investigations which show that in rats, complete blockade of the sympathetic function 
by demedullation combined with reserpine-like, bretylium-like or ganglioplegic 
agents, increases mortality from histamine or endotoxin as much as does complete 
adrenalectomy. Pretreatment with epinephrine alone counteracts this diminished 
resistance. On the other hand, the lethal effect of other stressors such as formalin 
or tourniquetshock is greatly increased by adrenalectomy, but not by a sympathetic 
blockade. In this event cortisone is especially effective in restoring resistance. 
Apparently "formalin and tourniquet shock is initiated by a mechanism which 
differs from that elicited by histamine and endotoxin and does not primarily involve 
the sympathetic system." 

+- Pinealectomy 

JeUnek &: Kfecek H2,778f68: In young, 
unlike in adult rats, pinealectomy inhibits the 
adrenal regeneration hypertension that resulte 
from an excessive mineralocorticoid production 
by the regenerating adrenal cortex. 

LacaBBagne et al. 074,931/69: In rate, 
removal of the pineal inhibits the induction 
of hepatic cancers by 4-dimethylaminoazo
benzene, but does not influence the carcino
genic effect of 2-acetylaminofluorene and 
diethylnitrosamine. 

Aubert &: Bohuon G77,483f70: In hamsters, 
certain carcinogens (DMBA, urethan) induce 

melanomas, preceded by depigmentation. 
Epiphysectomy does not alter this result. 

+- Sympathectomy 

Krawczak &: Brodie H25,296f70: In rats, 
complete blockade of sympathetic function 
can be achieved by demedullation combined 
with reserpine-like agents (depleting catechol
amine stores), bretylium-like agente (prevent
ing nerve impulse from releasing catechol
amines) or ganglioplegics. Following such total 
sympathetic blockade, mortality from hista
mine or endotoxin is as markedly increased as 
by adrenalectomy. Pretreatment with epine-
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phrine alone counteracts the increased lethality 
of endotoxin and histamine after sympathetic 
blockade. Cortisone pretreatment only par
tially corrects the sensitization by adrenal
ectomy, whereas cortisone + epinephrine 
offers complete protection against these 
agents. Presumably, sympathetic stimulation 
is "the first line of defense against the vaso
motor disturbance elicited by endotoxin and 
histamine." The Iethai effect of formalin or 

tourniquet shock is likewise greatly increased 
by adrenalectomy but, in contrast to that of 
endotoxin and histamine, it cannot be increas
ed by sympathetic blockade. Furthermore, 
cortisone alone counteracts the toxicity of these 
stressors in adrenalectomized rats. Apparently 
"formalin and tourniquet shock is initiated by 
a mechanism which differs from that elicited 
by histamine and endotoxin and does not 
primarily involve the sympathetic system." 

+HISTAMINE 

Drugs +.Histamine does not considerably influence drug-resistance in general, 
but it does tend to increase the anesthetic effect of barbiturates, chioral hydrate and 
several other hypnotics. 

In rats given Iead acetate i.v., subcutaneous injection of histamine causes topical 
calcergy, and if the dose of histamine is large, this may be associated with widespread 
calcification in the autonomic nervous system ("neurocalcergy"). 

Varia +. Sensitivity to histamine is greatly increased in mice by pretreatment 
with B. pertussis vaccine, but resistance to botulinum toxin and nereis toxin is not 
affected. 

Several investigators reported that histamine offers protection against total body 
X-irradiation in mice. It has also been claimed that histamine aggravates the pulmo
nary lesions produced by hyperoxygenation and depresses the cortical response to 
electroshock. On the other hand, an alarm reaction produced by exposure to cold 
increases the toxicity of orally administered histamine in rats, presumably because 
the amine is readily absorbed from the exulcerated gastrointestinal mucosa. 

Drugs+-

Acetonitrile +-. Wuth A48,026f21: In mice, 
tyramine and diiodotyramine-like thyroid 
extract-offer protection against acetonitrile, 
histamine does not. 

Barbiturates+-. Werle & Lentzen A28,007f 
38: In dogs and rabbits, various vasoactive 
substances ( epinephrine, histamine, vasopres
sin, kallikrein) tend to prolong the anesthetic 
effect of pronarcon and hexobarbital. 

Fa8tier D95,950f56: In mice, 5-HT consi
derably potentiates the hypnotic effect of 
cyclobarbital and chioral hydrate. However, 
this property is not very specüic, since bufote
nine, tryptamine, histamine, and epinephrine 
likewise prolong cyclobarbital hypnosis. Lite
rature on numerous other drugs which prolong 
barbiturate anesthesia is cited. "lt therefore 
seems possible that the ability of 5-HT to 
prolong hypnosis may be due to a relativilly 
unspecific, vascular effect." 

Hexabarbital +- Histamine, Mouse: 
Ambrus et al. C16,607f52*; Bousquet et al. 
F35,073f65* 

Chlora1Hydrate+-.Fa8tieret al. 037,038!57: 
In mice, chioral hydrate sleeping time is in
creased by epinephrine, norepinephrine, phenyl
ephrine, methoxamine, 5-HT, histamine, 
ergotamine, yohimbine, and atropine. "It is 
suggested that some, at least, of the drugs 
which prolong the effects of hypnotics do so by 
virtue of a hypothermic action." Vasopressin, 
cortisone, and DOC did not prolong chioral 
hydrate sleeping time at the doses tested. 

Lead+-. Selye et al. G11,123f64: "In rats 
simultaneously given an intravenous injection 
of Iead acetate and a subcutaneous injection of 
histamine, extensive calcium deposition occurs 
in various parts of the autonomic nervous 
system. This neurotropic form of mastocalcergy 
can be inhibited by pretreatment with various 
mast-cell dischargers (compound 48/80, poly
myxin, chiorpromazine), mast-cell components 
(histamine, 5-HT) or drugs known to inhibit 
the pharmacologic actions of such mast-cell 
components ( cyproheptadine, neo-antergan). 
This prophylactic effect appears to be largely 
specific to compounds related to mast-cell 
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activity since it was not shared by various 
other drugs and stressors tested." 

Pentylenetetrazol -· Kobrin & Seifter 
F74,422f66: In one day old chicks, in which 
the blood-brain barrier is still incompletely 
formed, various ro-amino acids as weil as 5-HT, 
histamine, and epinephrine, produce sleep and 
prevent pentylenetetrazol convulsions. 

Reserpine-. Simionovici et al. F43,099f65: 
In mice, epinephrine and norepinephrine, as 
weil as histamine, offer partial protection 
against reserpine intoxication (sedation blepha
roptosis, hypothermia). 5-HT has no such effect. 

Varia+-

Microorganisms, V accines, and Baeterial 
Toxins -· Kind E67,787f58: Review (9 pp., 
80 refs.) on increased sensitivity to 5-HT, 
histamine, and anaphylaxis induced in mice 
by B. pertussis vaccine. 

Fishel et al. E 8,47 4/64: Review (8 pp., 
26 refs.) on the mechanism of sensitization by 
B. pertussis vaccine to histamine and 5-HT. 
The published data "indicate that the basis 
of this hypersensitivity is a blockade of a part 
of adrenergic division of the sympathetic 
nervous system. Preliminary experiments are 
also described, which suggest that a similar 
mechanism may also be operative in the local 
Shwartzman reaction." 

Simpson H 5,300/68: In mice, 5-HT in
creases, whereas pargyline decreases resistance 
to both botulinum toxin and nereis toxin. Hista
mine has no effect on either intoxication. 

Ionizing Rays -· Bacq D77,006f54: In 
mice, resistance to whole body X-irradiation 
is increased by numerous amines, particu
larly cysteamine (ß-mercaptoethylamine}, nor
epinephrine, 5-HT, and histamine. 

van der Meer & van Bekkum G71,673f59: 
In mice, the radioprotective effect of histamine, 
epinephrine, and other biologic amines is re
lated to their pharmacologic activity and can 
be blocked by their pharmacologic antagonists. 
"It is concluded that histamine, epinephrine 

and a nurober of other biological amines pro
tect against irradiation by reducing the oxygen 
tension in the spieen and possibly in other 
blood forming organs." 

Langendorff et al. G34,793f65: In mice, 
incorporation of 59Fe in the erythrocytes can be 
used as a test for the radioprotective effect of 
5-HT, histamine, and other chemicals. 

Langendorff et al. G38,385f65: In mice, an 
open skin wound considerably increases morta
lity following total body X-irradiation. After 
this combined treatment, 5-HT has no protec
tive effect, whereas histamine diminishes 
mortality. 

Langendorff & Messerschmidt G45,424f66: 
In mice, the effect of 5-HT and histamine 
upon whole body irradiation combined with 
standard skin wounds is examined. 

Koch G51,862f67: Theoretical considera
tions on the protective effect of 5-HT and 
histamine against X-irradiation. 

Hyperoxygenation -· Grognot & Senelar 
041,294!57: In rats and guinea pigs, the pul
monary inflammation induced by inhalation 
of pure oxygen at barometric pressure is 
aggravated by ACTH or histamine. 

Electric Stimuli -· Minz & Domino 
B81,852f53: In rats, smail doses of epinephrine 
or norepinephrine prolong the duration of 
electrically-induced seizures. Since glucose, 
ACTH, and cortisone failed to prolong seizure 
duration, it is unlikely that epinephrine should 
act by release of these substances. Histamine 
depressed the cortical response to electroshock. 

Cold-· Selye A8,052f38: Ratsandguinea 
pigs normaily tolerate very large doses of 
epinephrine or histamine p.o., but these sub
stances cause toxic manifestations (lung edema, 
emphysema) if administered following the 
production of an alarm reaction by cold, forced 
muscular exercise, or other stressors. Presum
ably the gastrointestinal lesions characte
ristic of the alarm reaction facilitate the ab
sorption of substances which normally do not 
traverse the intestinal epithelium in active 
form. 

+ 5-HT 

Nonsteroidal Hormones and Hormone-Like Substanees +· Comparatively little 
is known about the protective effect of 5-HT against overdosage with hormones 
and related compounds. The duration of hydroxydione anesthesia is prolonged by 
5-HT in rats and mice. The toxicity of epinephrine is allegedly unaffected by 5-HT 
in the mouse, but it is diminished in the rabbit. 

Drugs +. 5-HT greatly potentiates the action of various barbiturates in the mouse, 
rabbit, and rat. 
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5-HT is also said to augment the antitumor actions of various chem.ical car· 
cinogens dim.inishing at the same time their damaging effect upon the hemopoietic 
system. 

The toxicity of carbon tetrachloride upon rat liver is decreased by 5-HT. 
5-HT also prolongs chioral hydrate, ethanol, ether, halothane and chloroform 

anesthesia and tends to protect rabbits and dogs against curare. 
The toxic effects of harmine in chickens are inhibited by 5-HT, whereas the hone 

lesions caused by lathyrogens in rats are aggravated. 
In m.ice, the depression of spontaneous activity produced by LSD is converted 

into stimulation by 5-HT, but the proionging effect of this amine upon hexobarbital 
narcosis is augmented by LSD. 

5-HT potentiates the effects of mephenesin and meprobamate in the mouse. In 
rabbits, it increases the analgesic effect of morphine. 

In rats, 5-HT increases the effects of nitrogen mustard but diminishes the myotoxic 
action of paraphenylenediamine. 

Pentylenetetrazol convulsions are inhibited by combined treatment with 5-HT 
and norepinephrine in the mouse. 5-HT also antagonizes pentylenetetrazol in newly 
hatched chicks in which the blood-brain barrier is still incomplete; here the amine 
has an anesthetic effect. In m.ice, intracranial injection of 5-HT protects against 
pentylenetetrazol convulsions. In strains susceptible to audiogenic and pentylenete
trazol-induced seizures, 5-HTP presumably protects because it raises the 5-HT con
centration in the brain. 

Picrotoxin convulsions are also inhibited by intracerebral administration of 5-HT 
in m.ice. On the other hand, the inhibition of pentylenetetrazol convulsions by 
intracerebrally injected reserpine is counteracted by 5-HT injected into certain 
regions of the brain. 

In dogs, 5-HT inhibits the epilepsy provoked by direct application of Strychnine 
or of an electric current to the brain. 

In DHT-sensitized rats, calcification of the submaxillary glands can be obtained 
by 5-HT given s.o. 

Microorganisms and Their Products +. 5-HT (like histamine) is especially toxic to 
m.ice sensitized with Bordetella pertussis vaccine. H injected simultaneously with 
various viruses i.v., 5-HT tends to enhance their infectivity and their penetration 
into the brain. 

In m.ice, resistance to botulinum toxin is increased by 5-HT given 30-60 min 
earlier. 5-HT also increases resistance to various endotoxins in the mouse. This 
effect, which is greater in females than in males, is potentiated by cortisol and 
aggravated by thyroxine. 

Ionizing Rays +. In m.ice, resistance to total body X-irradiation is increased by 
numerous amines including 5-HT, histamine, norephinephrine, and cystamine. 5-HTP 
offers sim.ilar protection, and the beneficial effect of 5-HT can be enhanced by con
current administration of other radioprotective substances such as MAO-inhibitors 
and sulfhydryl-containing compounds. The radioprotective effect of 5-HT has also 
been confirmed in rats. 

V arious Stressors +. 5-HT also increases the resistance of m.ice against hyper
oxygenation. In rats it is said to decrease resistance to cold. In dogs it inhibits the 
epilepsy produced by direct electric stimulation of the brain, and in rats it elevates 
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the EST. The characteristic response of rats treated with methionine sulfoximine is 
reduced by 5-HT. Finally, in susceptible strains of mice, audiogenic seizures are 
prevented by 5-HTP, presumably because of the resulting increase in brain 5-HT. 

Steraids +- cf. also SelyeG60,083j70, p.429. 
Bianchi & de Maio 054,169/58: In rats, 

anesthesia produced by hydroxydione i.p. is 
aggravated by 5-HT, reserpine or hexametho
nium. 

Vacek D10,919f61: In mice, 5-HT prolongs 
the duration of hydroxydione anesthesia, 
whereas LSD shortens it. 

Estradiol +- 5-HT: Inscoe et al. 
F70,325f66 

Nonsteroidal Hormones and Hormone· 
Like Substances +-

Milo8evi6 041,594/57: In mice, reserpine 
potentiates the toxicity of epinephrine, but 
this effect should not be ascribed to depletion 
of 5-HT, since the latter given i.v. does not 
significantly modify the Iethai effect of 
epinephrine. 

Sanyal G55,044f68: In rabbits, 5-HT pre
vents production of pulmonary edema by 
epinephrine. 

5-HT(N -acetyl) +- 5-HT: Inscoe 
et al. F70,325j66 

Drugs+-

N -Acetyl-p-aminophenol +- 5-HT: 
Inscoe et al. F70,325j66 

N -Acetyltyramine +- 5-HT: Inscoe 
et al. F70,325f66 

Anaphylactoid Edema +- cf. Selye G46,715f 
68, p. 201. 

Barbiturates+-. 

MAN 

Poloni D95,333f55; D99,472j55: Studies on 
the effect of 5-HT upon barbiturate or LSD 
intoxication in man (especially in schizo
phrenics) andin leeches. 

MousE 
Skore et al. 018,383/55: In mice, 5-HT 

markedly potentiates the hypnotic action of 
hexobarbital. In addition, 5-HT i.v. given to 
mice which have just recovered from hexo
barbital hypnosis, immediately causes them 
to fall asleep again. Thus, it acts like chlor
promazine or reserpine by increasing the 
sensitivity of the brain to barbiturates, rather 

than like SKF 525-A which inhibits drug 
detoxication. 

Fastier D95,950f56: In mice, 5-HT consi
derably potentiates the hypnotic effect of 
cyclobarbital and chioral hydrate. However, 
this property is not very specific, since bufote
nine, tryptamine, histamine, and epinephrine 
likewise prolong cyclobarbital hypnosis. Lite
rature on numerous other drugs which pro
long barbiturate anesthesia is cited. "It 
therefore seems possible that the ability of 
5-HT to prolong hypnosis may be due to a 
relatively unspecific, vascular effect." 

Zanowiak & Rodman 085,018/59: In mice, 
5-HT potentiates the effects of various barbi
turates, mephenesin, and meprobamate. This 
potentiation is counteracted by LSD. 

Kato 078,047/59: In mice, the prolongation 
of pentobarbital or hexobarbital sleeping time 
by 5-HT (administered in the form of its 
precursor 5-HTP which penetrates the brain 
barrier more readily) is inhibited by DOPA; 
the latter presumably acts as a precursor of 
norepinephrine. 

Rümke G76,693j62: In the mouse, hexo
barbital anesthesia is prolonged by an imme
diately preceding i.p. or s.c. injection of 5-HT. 

Hexobarbital +- 5-HT, Mouse: 
Shore et al. 018,383/55*; Sturtevant D87,568/ 
56*; Brown 031,328/57*; Holtz et al. 076,300/ 
58*; Matthies et al. D84,334/61 *; Rümke 
G76,693/62*, 069,768/63* 

RABBIT 

Antona 011,379/55: In rabbits, !arge doses 
of 5-HT increase the duration and depth of 
thiopental anesthesia. 

Oahn et al. G71,537j56: In rabbits, the 
prolongation of barbiturate (Kemithal, Mebu
barbital) anesthesia by 5-HT is further pro
longed by phentolamine, neostigmine, and 
several other drugs, whereas epinephrine, and 
pantheline have an opposite effect. 

Mantegazzini 033,637/56: In rabbits, the 
potentiation of pentobarbital anesthesia by 
5-HT does not depend upon the hypotensive 
action of !arge doses of the Iatter. 

Oahn et al. 064,625/58: In rabbits, thiopen
tal anesthesia is prolonged by pretreatment 
with 5-HT i.v. This is associated with charac-
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teristic changes in the carbohydrate metabo
lism of the brain. 

Lauria & Sharma F67,259j66: In mice, 
pentobarbital sleeping time is prolonged by 
5-HT and several other indole derivatives. 

Kadzielawa & Widy-Tyszkiewicz H18,469/ 
69: In mice, p-chlorophenylalanine decreases 
the duration of hexobarbital sleeping time. 
This effect is counteracted by 5-HTP, pre
sumably as a consequence of increased 5-HT 
formation. 

RAT 
Oorrell et al. E57,669f52: In rats, anesthesia 

with variouB barbiturates or ether diminishes 
resiBtance to the Iethai effect of 5-HT. 

Pie"e & Oahn 024,570/55: In rats, 5-HT 
prolongB thiopental anestheBia, but haB no 
definite effect upon pentobarbital, urethan, 
or ether narcosis. In rabbits, 5-HT prolongs 
pentobarbital anesthesia, but haB no definite 
effect upon thiopental and urethan narcosiB. 

Oahn et al. 019,722/56: In ratB thiopental 
anestheBia iB prolonged by 5-HT and this 
effect can be inhibited by a variety of 5-HT 
antagonists; further prolongation of Bleep is 
obtained in decreasing order by chlorpromazine, 
Hydergine, acetylcholine, neostigmine, and 
phentolamine. 

Slowmhe 014,144/56: In rats under thio
pental anesthesia, epinephrine, norepinephrine, 
adrenochrome, and 5-HT cause a flattening of 
the electrical activity both at cortical and at 
subcortical Bites. 

Gaddum 025,117/56: Brief review on the 
synergism between barbiturates and 5-HT. 

Garattini & Valzelli G71,229j56: In rats, 
the prolongation of pentobarbital anesthesia 
by 5-HT iB influenced by numerous drugs. 

Salmoiraghi et al. 021,596/56: 5-HT pro
longs the hypnotic action of hexobarbital 
both in mice and in ratB. 

Fornaroli 047,728/57: In rats, 5-HT pro
longs anesthesia produced by various barbi
turates or ether. Earlier Iiterature is reviewed. 

BOBe et al. D58,773j63: In ratB, hexobar
bital sleeping time is prolonged by 5-HT. This 
prolongation is inhibited by Cannabis resin. 

Phenobarbital ~ 5-HT(N -acetyl): 
Inscoe et al. F70,325j66 

Bemegride ~ 5-HT, Mouse: Rümke 
G76,692/62* 

Carcinolytic Agent~. Man'ko F74,715f66; 
F82,459f66: In mice and rats, 5-HT increases 
the carcinolytic action of dopan, chlorambucil 
and cyclophosphamide upon certain transplant
able tumors, and simultaneously decreases 

their damaging effect upon the hemopoietic 
system. 

Carbon Tetrachloride ~. Fiore-Donati et al. 
062,200/58; 078,953/59: In rats, 5-HT offers 
partial protection against the hepatic lesions 
produced by 0014• 

Erspamer E5,915j66: A monograph on 
5-HT and related indolealkylamines, with a 
special section on their protective effect against 
radiation injury, hepatic cirrhosis produced by 
cc~ or allyl alcohol, and cardiovascular calci
fications produced by DHT. 

Cholesterol ~. Trentini et al. G71,152f68: 
In rabbits, the cholesterol-atherosclerosis-in
hibiting effect of Tween 80 is diminished both 
by 5-HT and by norepinephrine. 

Chloral Hydrate +-. Faatier D95,950j56: 
In mice, 5-HT considerably potentiates the 
hypnotic effect of cyclobarbital and chioral 
hydrate. However, this property is not very 
specific, since bufotenine, tryptamine, hista
mine and epinephrine likewise prolong cyclo
barbital hypnosis. Literature on numerous 
other drugs which prolong barbiturate anesthe
sia is cited. "It therefore seems possible that 
the ability of 5-HT to prolong hypnosis may be 
due to a relatively unspecific, vascular effect." 

Faatier et al. 037,038!57: In mice, chioral 
hydrate sleeping time is increased by epine
phrine, norepinephrine, phenylephrine, me
thoxamine, 5-HT, histamine, ergotamine, 
yohimbine, and atropine. "It is suggested that 
some, at least, of the drugs which prolong the 
effects of hypnotics do so by virtue of a hypo
thermic action." Vasopressin, cortisone, and 
DOC did not prolong chioral hydrate sleeping 
time at the doses tested. 

Chloroform +-. Wulfsohn & Politzer 
D22,421/61: In mice, 5-HT greatly prolongs 
chloroform aneBthesia but has little or no 
effect upon ether or halothane narcosis. 

Curare +-. Sala & Perris 078,420/58: In 
rabbits treated with D-tubocurarine, 5-HT 
causes a rapid but transient restoration of 
neuromuscular transmission. 

Schapp & Rife E24,636j63: In dogs, 5-HT 
exerts a mild anticurare action upon the 
indirectly stimulated peroneal-tibialis-anticus 
nerve-muscle preparation. 

Ethanol+-. ROBenfeld G72,151j60: In mice, 
ethanol anesthesia iB prolonged by 5-HT, 
tryptamine, and dopamine. "Analytical data 
provided experimental proofthat the poten
tiating effect of the aromatic amines was not 
attributable either to an increase in the brain 
alcohol content or to an interference with the 
over-allrate of alcohol destruction in the body." 
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Ethanol +- 5-HT + Iproniazid, 
Mouse: Besendorf et al. C31,623j56* 

Ether +-. Fornaroli C47,728j57: In rats, 
5-HT prolongs anesthesia produced by various 
barbiturates or ether. Earlier Iiterature is 
reviewed. 

Wulfsohn & Politzer D22,421j61: In mice, 
5-HT greatly prolongs chloroform anesthesia, 
but has little or no effect upon ether or halo
thane narcosis. 

Halothane+-. Wulfsohn & Politzer D22,421/ 
61: In mice, 5-HT greatly prolongs chloroform 
anesthesia, but has little or no effect upon 
ether or halothane narcosis. 

Nikki & Rosenberg G71,574j69: In mice, 
shivering and hypothermia are prevented by 
norepinephrine and 5-HT, but not by dopa
mine. "The results suggest that brain catechol
amines participate in the control of shivering 
and retum of normothermia after halothane 
anaesthesia in mice." 

Harmine+-. Bowman & OsuideF98,712f68: 
In chickens, the toxic effects of tremorine and 
harmine are inhibited by 5-HT and numerous 
other drugs. 

Lathyrogens +-. Franchimont et al. D 13,136/ 
61: In rats, osteolathyrism produced by .AAN 
is aggravated by 5-HT, whereas glucagon does 
not modify it significantly. 

Lead +-. Selye et al. G 11,123/64: "In rats 
simultaneously given an intravenous injection 
of Iead acetate and a subcutaneous injection 
of histamine, extensive calcium deposition 
occurs in various parts of the autonomic 
nervous system. This neurotropic form of 
mastocalcergy can be inhibited by pretreat
ment with various mast-cell dischargers 
( oompound 48/80, polymyxin, chlorpromazine), 
mast-cell components (histamine, 5-HT) or 
drugs known to inhibit the pharmacologic 
actions of such mast-cell components { cypro
heptadine, neo-antergan). This prophylactic 
effect appears to be largely specüic to oom
pounds related to mast-cell activity since it 
was not ahared by various other drugs and 
stressors tested." 

LSD +-. Poloni D95,333f55; D99,472f55: 
Studies on the effect of 5-HT upon barbiturate 
or LSD intoxication in man (especially in 
schizophrenics) andin leeches. 

Brown C31,328j57: In mice, the depression 
of spontaneaus activity induced by LSD is 
converted into stimulation by 5-HT. 

Salmoiraghi & Page 038,518/57: In mice, 
LSD and various other hallucinogens {bufo
tenine, mescaline, ibogaine) augment the pro-

Ionging effect of 5-HT upon hexobarbital 
narcosis. 

Mephenesin, Meprobamate +-. Zanowiak & 
Rodman 085,018/59: In mice, 5-HT poten
tiates the effects of various barbiturates, 
mephenesin, and meprobamate. This poten
tiation is counteracted by LSD. 

Mereury +-. Erspamer B84,587j53: In rats 
given large doses of HgCI.a survival is prolonged 
and mortality decreased by repeated s.o. 
injections of 5-HT, perhaps because the latter 
diminishes renal blood flow. 

Menthionine Sulloximine +-. Wada et al. 
G48,380j67: Rats treated with methionine 
sulfoximine show a characteristic response to 
audiogenic stimuli, which is reduced by 5-HT 
and increased by DOPA. 

Morphine +-. Nicdk F47,918j65: In rats 
and mice, the analgesic effect of small doses of 
morphine is potentiated by 5-HT. 

Saarnivaara H2,855j68; G71,565j69: In 
rabbits, 5-HT increases morphine analgesia. 

Nitrogen Mustard +-. U roiC et al. E 37,637/64: 
In rats, 5-HT increases the toxicity of mustine 
hydrochloride (nitrogen mustard), a typical 
radiomimetic poison. 

Ballerini & Bosi G31,956f65: In rats, 
5-HT increases the Iethality of intoxication 
with uracil mustard. Antiserotonins have an 
opposite effect. 

Paraphenylenediamine +-. Jasmin & Bois 
073,640/59; 083,058/60: In rats, the myotox~c 
action of paraphenylenediamine can be parti
ally prevented by 5-HT, but also by ~Cl, 
methylene blue, and vitamin C. The mechamsm 
of protection is not understood. 

Pentylenetetrazol +-. Bonnycastle et al. 
C37,036j57: In rats, anticonvulsants increase 
the 5-HT ooncentration of the brain, but 
administration of 5-HT, iproniazid, or 5-hy
droxytryptophan, in doses which elevate _the 
brain Ievels of 5-HT, did not protect againBt 
the oonvulsant or lethal action of pentylene
tetrazol. 

Sehmidt & Mattkies D34,219j62: In mice, 
5-HT or norepinephrine injected into certain 
regions of the brain is without effect upon 
pentylenetetrazol injection in itself, but 
counteracts the inhibitory effect of intracere
brally injected reserpine. 

Schmidt E32,188j63: In mice, pentylene
tetrazol oonvulsions are inhibited by oombined 
administration of 5-HT and norepinephrine 
into certain regions of the brain. 

Seifter et al. G71,087j63: In chicks, pentyl
enetetrazol convulsions can be inhibited by 
5-HT and some of its analogues. 
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Kobrin &: Seifter F74,422f66: In one day 
old chicks, in which the blood-brain barrier is 
still incompletely formed, various w-amino 
acids as weil as 5-HT, histamine, and epine
phrine, produce sleep and prevent pentylene
tetrazol convulsions. 

SchleFJinger et al. G61,802f68: In suscep
tible mice, audiogenic and pentylenetetrazol
induced seizures are prevented by 5-HTP, 
presumably because of the resulting increase in 
brain 5-HT concentration. 

SchleFJinger et al. G69,565f69: In mice, 
intracranial injections of 5-HT or norepine
phrine protect against pentylenetetrazol con
vulsions. 

Pentylenetetrazol +- 5-HTP + 
Genetics, Mouse: Schlesinger et al. 
061,802/68* 

Picrotoxin +-. Saito et al. E27,616f63: In 
mice, picrotoxin convulsions are inhibited by 
the intracerebral administration of epinephrine 
or 5-HT. 

Plasmocid +- ef. Selye G60,083f70, p. 429. 

Reserpine +-. Schmidt &: MauhieFJ D34,219f 
62: In mice, 5-HT or norepinephrine injected 
into certain regions of the brain is without 
effect upon pentylenetetrazol injection in 
itself, but counteracts the inhibitory effect of 
intracerebraily injected reserpine. 

Simionoviei et al. F43,099f65: In mice, 
epinephrine and norepinephrine, as weil as 
histamine, offer partial protection against 
reserpine intoxication (sedation blepharop
tosis, hypothermia). 5-HT has no such effect. 

Strychnine+-. Searinci G66,316f55: In dogs, 
5-HT inhibits the epilepsy produced by direct 
application of strychnine to, or direct electric 
stimulation of the brain. 

Tremorine +-. Bowman &: 08'Uide F98,712f 
68: In chickens, the toxic effects of tremorine 
and harmine are inhibited by 5-HT and nume
rous other drugs. 

Tween 80 +-. Trentini et al. G71,152f68: 
In rabbits, the cholesterol-atherosclerosis-inhi
biting effect of Tween 80 is diminished both 
by 5-HT and by norepinephrine. 

Tyramine +- 5-HT: Inscoe et al. 
F70,325f66 

Urethan +-. Pierre &: Oahn 024,570/55: 
In rats, 5-HT prolongs thiopental anesthesia, 
but has no definite effect upon pentobarbital, 
urethan, or ether narcosis. In rabbits, 5-HT 
prolongs pentobarbital anesthesia but has no 
definite effect upon thiopental and urethan 
narcosis. 

36 Selye, Hormones and Reslstance 

Vitamin D, DHT +- ej. al8o Selye 
G60,083f70, p. 429. Selye &: Gentile D6,950f61: 
In rats pretreated with DHT p.o., selective 
calcification of the submaxillary glands can be 
obtained by 5-HT s.o. as a manifestation of 
calciphylaxis. 

Erapamer E5,915f66: A monograph on 
5-HT and related indolealkylamines, with a 
special section on their protective effect against 
radiation injury, hepatic cirrhosis produced 
by CCI, or ailyl alcohol, and cardiovascular 
calcifications produced by DHT. 

Microorganisma +-

Fiahel et al. E8,474f64: Review (8 pp., 
26 refs.) on the mechanism of sensitization by 
B. pertussis vaccine to histamine and 5-HT. 
The published data "indicate that the basis of 
this hypersensitivity is a blockade of a part 
of adrenergic division of the sympathetic 
nervous system. Preliminary experiments are 
also described, which suggest that a similar 
mechanism may also be operative in the local 
Shwartzman reaction." 

BellerB H 10,893/69: In mice, epinephrine 
or 5-HT injected simultaneously with various 
viruses i.v. enhances their infectivity and 
their penetration into the brain. 

Bacterial Toxins+- ef. al8o Selye E5,986f 
66, p. 85. 

Boroff 075,371/59: In mice, both the 
toxicity and ultraviolet fluorescence of Cl. 
botulinum toxin are inhibited by 5-HT and 
tryptophan, as weil as by substances releasing 
5-HT into the circulation (e.g. reserpine, 
chlorpromazine). 

Gordon &: Lipton 094,649/60: 5-HT reduces 
endotoxin mortality in mice. This effect is 
greater in females than in males and is poten
tiated by cortisol. Thyroxine aggravates the 
toxicity of endotoxin. 

Boroff &: Fleck F87,254f67: In mice, 5-HT 
increases resistance to botulinum toxin given 
30-60 min later. 

Simpaon G60,451f68; H 5,300/68: In mice, 
botulinal poisoning is prevented by 5-HT. 
Although both 5-HT and the toxin act upon 
mechanisms of cholinergic synaptic trans
mission, work with isolated nerve-muscle 
preparations showed that the synaptic junc
tion is not the site of 5-HT and toxin interac
tion, suggesting "that it is the circulatory 
system rather than the nervous system at 
which the two drugs interact." 
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Ioni#sing Rays +-

MousE 

Bacq D77,006f54: In mice, resistance to 
whole body X-irradiation is increased by nu
merous amines, particularly cysteamine (ß
mercaptoethylamine), norepinephrine, 5-HT, 
and histamine. 

Langendorff & Koch 036,881!57: In mice, 
both tryptamine and 5-HT offered protection 
against X-irradiation, whereas amphetamine 
and d,l-ephedrine were ineffective. 

Melching et al. 076,527/58: In mice, 
5-HT i.p. increases resistance against whole 
body X-irradiation, but only under certain 
conditions of dosage and timing. 

Langendorff et al. 069,396/59: In mice, 
5-HT exerts a prophylactic effect against total 
body X-irradiation. 

Semerwv D7,087f60: In mice, 5-HT offers 
better protection against radiation sieknass 
than epinephrine, although the latter is also 
effective, especially when given in combina
tion with acetylcholine. 

DouU & Tricou D4,271f61: In mice, pre
treatment with 5-HT increases resistance to 
whole body X-irradiation. 

Feinstein & Seaholm E29,638f63: In mice, 
both 5-HT and the 5-HT antagonist KB-95 
exhibit some radioprotective activity. Con
joint administration of both compounds is 
somewhat less effective than treatment with 
either drug alone. 

MaiBin et al. E36,751f63: In mice, the 
protection against X-irradiation offered by 
2-ß-aminoethylisothiourea (AET) is only slight
ly improved by concurrent administration of 
5-HT. 

Vittorio et al. D56,243f63: Review of the 
Iiterature and personal observations in mice on 
the radio protective effect of 5-HT. 

Abe & Langendorff G23,763f64: In mice, 
5-HT protects the testes against darnage caused 
by X-irradiation. The histologic manifestations 
of the darnage and protection have been 
studied under varying circumstances. 

Langendorff et al. G34,793f65: In mice in
corporation of 69Fe in the erythrocytes can be 
used as a test for the radioprotective effect of 
5-HT, histamine, and other chemicals. 

Langendorff et al. G38,385f65: In mice, an 
open skin wound considerably increases 
mortality following total body X-irradiation. 
After this combined treatment, 5-HT has no 
protective effect, whereas histamine diminishes 
mortality. 

Kobayashi et al. G73,566f66: In mice, under 
suitable experimental conditions, 5-HTP offers 
as good, or even better, protection against 
whole body X-irradiation as does 5-HT. 

Langendorff & Langendorff G38,396f66: In 
mice, the protective effect of 5-HT against 
X-irradiation largely depends upon the age of 
the animals. 

Langendorff & Messerschmidt G45,424f66: 
In mice, the effect of 5-HT and histamine 
upon whole body irradiation combined with 
standard skin wounds is examined. 

MaiBin & Mattelin F78,796f67: In mice, 
the radioprotective effect of 5-HT can be 
enhanced by conjoint administration of other 
radioprotectors. 

Gier et al. F85,815f67: In mice, the pro
tection against total body X-irradiation given 
by 5-HT is considerably increased by concur
rent treatment with thiosulfate. Various other 
radioprotective compounds offer likewise bet
ter protection and are less toxic if administered 
conjointly than if given singly. 

Graul & Rüther G66,718f67: In mice and 
rabbits, 5-HT, cysteamine, and AET (ß-animo
ethylisothiuronium) have proved to be parti
cularly effective as radioprotective substances 
against soco-y and X-irradiation. 

Hasegawa & Landahl G48,428f67: In mice, 
the radioprotective effect of 5-HT depends 
upon the oxygen content of the air. 

Maisin & Mattelin H719f67: In mice, the 
radioprotective effect of 5-HT is enhanced by 
concurrent treatment with one or more sulf
hydryl compounds. 

Westphal & Hagen G45,683f67: In mice, 
the chromosome aberrations in the thymus in
duced by X-irradiation are reduced by 5-HT 
and cysteamine. 

Barnes & Lowman G63,518f68: In mice, 
the radioprotective effect of 5-HT can be 
augmented by simultaneous administration of 
phenelzine, a MAO-inhibitor. 

MaiBin et al. G59,894f68: In mice, the 
radioprotective effect of 5-HT can be in
creased by simultaneous treatment with other 
radioprotectors. 

Streffer et al. G55,078f68: In mice, the 
protective effect of 5-HT against X-irradiation 
was compared under different experimental 
conditions. 

Barnes & Lowman G64,917f69: In mice, 
5-HT gave better protection against total body 
X-irradiation than did 5-HTP. Earlier claims 
to the contrary are not confirmed. 

Uonard et al. G71,644f69: In mice, the 
radio-protective effect of various chemieals 
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given conjointly is increased by the addition 
of 5-HT to the mixture. 

RAT 

Gray et al. B92,332f52: In rats, 5-HT 
greatly increases survival following total body 
X-irradiation. The production of methemoglo
binemia by para-aminopropiophenone has a 
similar effect; hence, the protection is ascribed 
to temporary tissue anoxia. 

van den Brenk & Elliott 076,268/58: In rats, 
the protective effect of 5-HT agairrst whole 
body X-irradiation is compared with that of 
tryptamine and other agents. 

vanden Brenk & Moore 071,353/59: Inrats, 
the protective effect of 5-HT upon total body 
X-irradiation is reversed by breathing oxygen 
under high pressure. 

Ladner et al. G31,673f65: In rats, 5-HT pro
tects agairrst whole body X-irradiation espe
cially when combined with tryptophan. 

Frölen G43,045f66: In rats "the genetic 
radio-protective effects of cysteamine, AET, 
cystamine, glutathion and serotonirr have been 
studied. Only cysteamine showed a clear muta
tion-reducing effect on spermatids and sper
matozoa." 

Rixon & Baird G55,192f68: In rats, studies 
on the radioprotective effect of 5-HT suggest 
that intense vasoconstriction and hypoxia
induced reduction in cellular respiration may 
have a beneficial effect. 

VARIA 

Maisin & Doherty 091,781/60: A review on 
chemical protection agairrst X-irradiation, 
with special emphasis upon the protective 
effect of 5-HT alone or given in combination 
with MEA [bis(2-aminoethyl)disulfide (cysta
mine)] or AET (2-aminoethylisothiourea). 

Erspamer E5,915f66: A monograph on 
5-HT and related indolealkylamines with a 
special section on their protective effect agairrst 
radiation injury, hepatic cirrhosis produced by 
CCI4 or allyl alcohol, and cardiovascular calci
fications produced by DHT. 

Koch G51,862f67: Theoretical considera
tions on the protective effect of 5-HT and his
tamine agairrst X-irradiation. 

Various Stressors -<e-

Hyperoxygenation ~. Laborit et al. 0 48,371! 
57; 052,731/58; 077,964/59: In mice, 5-HT 
protects agairrst the convulsions produced by 
exposure to oxygen under high pressure. 

Cold ~. Zilberstein 080,282/60: In rats, 
5-HT, vasopressin, and reserpine lower resis
tance to cold, allegedly because they interfere 
with pituitary hormone secretion and cause a 
state of "temporary functional adrenalectomy." 

Electric Stimuli ~. Scarinci G66,316f55: 
In dogs, 5-HT inhibits the epilepsy produced 
by direct application of strychnine to, or direct 
electrical stimulation of the brain. 

de Salva et al. 051,842!58: In rats, the 
EST was lowered by hypophysectomy and 
adrenalectomy, but only insignificantly by 
thyroidectomy. 5-HT elevated the EST. 

Sound ~. Wada et al. G48,380f67: Rats 
treated with methionine sulfoximine show a 
characteristic response to audiogenic stimuli, 
which is reduced by 5-HT and increased by 
DOPA. 

Schlesinger et al. G61,802f68: In susceptible 
mice, audiogenic and pentylenetetrazol-in
duced seizures are prevented by 5-HTP, pre
sumably because of the resulting increase in 
brain 5-HT concentration. 

+ VARIOUS OTHER HORMONE-LIKE SUBSTANCES 

Prostaglandin E1 partially protects mice against strychnine-induced convulsions. 
Erythropoietin increases the resistance of mice against X-irradiation. 
In dogs and rabbits, kallikrein (like other vasoactive substances) prolongs the 

anesthetic effect of barbiturates. 
"Toxohormone" (a Walkertumor extract) allegedly causes pronounced changes 

in the microsomal steroidases of the rat liver. 

Drugs (Var) -<e- cf. Selye B87,000f52, pp. 
59-66, 210-216, 250, 256, 264, 269, 277, 278; 
B90,100f53, pp. 86-93, 267-277, 321, 322, 
335, 336; 01,001/54, pp. 294-301, 451-460, 
465-468, 478, 490, 491; 09,000f56, pp. 233-
241, 348-352, 449-460, 470-476, 485, 486; 
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D15,540j62, p. 275; G46,715f68, p. 176, 
202. 

Bacterial Toxins -<e- cf. Selye E5,986f66, 
pp. 71, 85, 86. 

Stress -<e- cf. Selye B58,650f51, p. 50; 
B87,000f52; B90,100j53; 01,001j54,· 09,000/56. 
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Varia+-

Werle &: Lentzen .A28,00'lf38: In dogs and 
rabbits, various vasoactive substances (epine
phrine, histamine, vasopreBBin, kallikreln) 
tend to prolong the anesthetic effect of 
pronarcon and hexobarbital. 

Capek D54,290f62: In mice, bradykinin 
decreases the seizure threshold to strychnine, 
pentylenetetrazol, and electroshock. Substance 
P has the opposite effect. 

Jones &: Skapiro D55,'l93f63: In rats, an 
acute episode of hypertension produced by 
epinephrine or angiotensin i.v. facilitates the 
production of pyelonephritis following infec
tion with E. coli. 

.AUura et al. F36,124f65: In rats, survival 
following temporary ligation of the superior 
mesenteric artery was improved by PLV-2, 
but not by epinephrine or angiotensin. The 
aBBOciated changes in the microcirculation of 
the mesoappendix are described. 

.Altura et al. F43,209f65: In rats, norepine
phrine and angiotensln fall to prolong survival 
after traumatic shock, temporary ligature of 
the superior mesenteric artery, or endotoxin 
shock. However, vasopressin (PLV-2) was 
significantly effective in traumatic and in
testinal ischemia shock, but not in endotoxi
nemia. 

Naidu &: Reddi F80,336f6'l: In mice, 
resistance to X-irradiation is increased by 
erythropoietin preparations. 

Duru &: Türker H10,30'lf69: In mice, 
prostaglandin E1 partially protects against 
strychnine-induced convulsions. 

Takakaski &: Kato H 15,250/69: Studies on 
changes in hepatic microsomal steroidases 
induced in rats by treatment with "toxohor· 
mone" (a Walkertumor extract) . 

Vittorio et al. H'l,'l59f69: In mice, poly
cythemia induced by transfusion, increases 
resistance to X-irradiation. A similar result 
can be obtained by stimulation of stem cell 
activity by erythropoietin. 

+ TISSUE EXTRAOTS 

+ Hepatic Extracts. In view of the important role played by the liver in detoxi
cating mechanisms, many investigations have been performed to determine whether 
drug resistance could be conferred by pretreatment with hepatic extracts. In rats, 
a certain hepatic preparation ("Yakriton") has been claim.ed to offer protection 
against a variety of toxicants. Hepatic extracts have also been said to protect the 
rat against methanol and its metabolites, pyruvate and acetaldehyde. Finally, rats 
have been protected against thyroxine intoxication by feeding hepatic extracts 
containing an "antitoxic factor." 

+ Other Tissue Extracts. In order to test the specificity of the acetonitrile test, 
mice have been pretreated with a great variety of tissue extracts; it has been found 
that these offer also some protection against acetonitrile, KCN and propionitrile, 
although they are much less efficacious than thyroid preparations. Resistance to 
pentobarbital anesthesia is decreased in male rats by a variety of tissue extracts 
(anterior pituitary, thymus, pancreas, liver, kidneys, spieen, testis, brain). On the 
other hand "among eight damaging agents given in doses sufficient to elicit an alarm 
reaction, only colchicine and atropine prolong the duration of anesthesia because of 
their high degree of toxicity." It remains questionable, however, whether the increase 
in barbiturate sleeping time produced by tissue extracts is solely due to their stressor 
action. 

Vitamin-D3 intoxication is largely inhibited by placenta extracts in the rat. 
In frogs, fatal strychnine convulsions can be prevented if the drug is mixed with 

various tissue extracts prior to injection, but this may weil be due to delayed absorp
tion as a consequence of local inflammatory phenomena. 
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+- Hepatic E:ctracta +- Other Tissue E:ctracta 

Ravdin et aZ. B25,566{39: In rats, xanthine, 
allantoin, caffeine, sod.ium ricinoleate and 
suspensions of colloidal carbon injected s.c. 
protect the liver against injury from chloro
form, presumably as a consequence of the 
resulting inflammatory reaction which is 
associated with the absorption of protein 
split-producte. This would also explain the 
protective effect of various hepatic extracte 
(including Yakriton) and of high protein diets. 

Lecoq et aZ. B66,406{51: In rate, the toxic 
effecte of ethanol and ite metabolites, pyruvate 
and acetaldehyde (which accumulate in the 
body under the influence of disulfiram), are 
inhibited by ACTH, cortisone, and hepatic 
extracte. Conversely, thyroxine, DOC, and 
testosterone appear to aggravate ethanol 
intoxication. [Statistically evaluated data are 
not presented (H.S.).] 

Erahoff D5,818{61: Review of the literature, 
and personal observations on the protection of 
rate against toxic doses of thyroxine by feeding 
hepatic extracts containing the "antitoxic 
factor of liver." 

Grandpierre &: Robert H22,252{69: In rate, 
i.p. administration of a lyophilized liver 
extract detoxifies estradiol as judged by a 
diminished sex hormone activity in prepuber
tal animals. 

MaraMn &: Aznar 46,926{15: In frogs, the 
fatal convulsions produced by strychnine can 
be prevented if, prior to injection, the drug is 
mixed with extracts of the posterior pituitary, 
the thyroid, various other tissues, and parti
cularly epinephrine. [The possibility of delayed 
absorption owing to local vasoconstriction has 
not been considered (H.S.).] 

Gellhorn 16,839{23: In mice, resistance 
against acetonitrile can be increased not only 
by thyroid extract, but to a lesser extent, also 
by extracts of various other tissues. These 
preparations likewise augment resistance to 
KCN and propionitrile, whereas thyroidectomy 
and orchidectomy have an opposite effect. 

Maaaon 94,205{47: Various tissue extracts 
(anterior pituitary, thymus, pancreas, liver, 
kidney, spieen, testis, brain) as weil as casein 
s.c. decrease resistance to pentobarbital 
anesthesia in male rate. On the other hand, 
"among eight damaging agents given in doses 
sufficient to elicit an alarm reaction, only 
colchicine and atropine prolonged the duration 
of anesthesia, because of their high degree of 
toxicity." Yet, the prolongation of barbiturate 
anesthesia by pituitary extracts must be 
ascribed to a nonspecific stressor effect. 

Wietek &: Taupitz 040,028{57: In rate, the 
syndrome of vitamin-D3 intoxication is largely 
inhibited by placenta extract i.m. 



VII. EFFECT OF NONHORMONAL FACTORS 
UPON RESISTANCE 

+DRUGS 

There exists a very extensive literature on the effect of various drugs upon 
resistance to toxicants. In fact, as regards the induction of defensive hepatic micro
somal enzymes, much more has been published in this connection about drugs than 
about hormones (particularly steroids) as inducers. However, this book deals prima
rily with the role of hormones in resistance, hence the defensive action of drugs will 
be considered only in as far as it sheds some light upon our principal subject. 

Weshalldeal here mainly with such classic hepatic microsomal-enzyme inducers 
as the barbiturates, pesticides and carcinogens whose actions are closely related to 
those of steroids. However, weshall also consider the protective effects of other drugs 
against certain substrates (e.g., anesthetics and hypnotics, digitalis alkaloids, indome
thacin, steroids) that are highly subject to detoxication through hormones and often 
help to illustrate the actions of the latter. On the other hand, specific pharmacologic 
antagonisms (e.g., between histamine and antihistamines, 5-HT and antiserotonins, 
vasopressor and vasodilator substances) will not be considered. The so-called pheno
mena of nonspecific cross-resistance, that are related to stress, will be mentioned 
only in passing. 

In the Abstract Section, the resistance-modifying drugs will be considered in 
alphabetic order, always tagether with all the toxicants that they affect. Here, we 
shall comment only on a few particularly interesting data, and on observations 
which can be clarified by correlating them with facts not mentioned by the authors 
of the original articles cited. 

As with hormones, we may distinguish syntoxic and catatoxic drugs. The syntoxic 
effect is due to the suppression of excessive tissue reactions to an irritant, without 
destroying the latter; the catatoxic effect is the consequence of the destruction of 
the aggressor, e.g., through the induction of hepatic microsomal drug-metabolizing 
enzymes. 

Weight for weight amiloride is even more active than spironolactone in protecting 
the rat against various forms of infarctoid cardiopathies produced by gluco-mineralo
corticoids plus Na-salts and other conditioning factors. However, this effect is 
apparently quite unrelated to steroid-metabolizing enzyme induction, it depends 
upon the potassium-sparing action of amiloride. Accordingly, this drug is ineffective 
in protecting the rat against hexobarbital, progesterone, parathion or dioxathion, 
all of which are readily detoxified by spironolactone and other steroidal or nonsteroi
dal hepatic microsomal-enzyme inducers. 

Perhaps the most carefully studied class of nonhormonal drug-metabolizing enzy
me inducers are the barbiturates. Several investigators found that phenobarbital coun
teracts the uterotrophic effect of estradiol in immature intact or ovariectomized rats. 

37 Selye, Hormones and Resistance 
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It also enhances the estradiol-metabolizing activity of isolated hepatic microsomal 
fractions in rats treated in vivo with phenobarbital. This action of the barbiturate 
remains obvious after adrenalectomy or hypophysectomy. The uterine weight
increasing effect of synthetic luteoids, such as norethindrone and norethynodrel, 
is likewise inhibited by phenobarbital, as is that of synthetic folliculoids. When 
isotope-marked folliculoids are used, e.g., tritiated diethylstilbestrol, this inhibition 
is parallelad by decreased radioactivity in the uterus and increased diethylstilbestrol 
degradation by hepatic microsomes. 

In mice, the uterotrophic effect of estrone, estradiol and stilbestrol is also reduced 
by phenobarbital pretreatment. Endogenous folliculoid production is presumably 
likewise inhibited by this drug, since phenobarbital interferes with the maintenance 
of normal uterine weight in intact mice. 

There is some evidence that in immature or gonadectomized male rats, pheno
barbital diminishes the effect of testosterone upon the accessory sex organs. 

Finally, in rats the half-life of i.v.-injected cortisol is decreased by pretreatment 
with phenobarbital; in man, this barbiturate accelerates the plasma clearance of 
cortisol. 

Experiments with radioactive thyroxine indicate that phenobarbital increases 
the turnover of thyroid hormone and stimulates the function of the thyroid after 
enhancing the hepatocellular binding of thyroxine. Furthermore, the hepatic micro
somes of phenobarbital-pretreated rats exhibit an increased ability to de-iodinate 
thyroxine and T3 in vitro. 

There is good experimental evidence that phenobarbital and other barbiturates 
also enhance the metabolism of certain anticoagulants (bishydroxycoumarin, 
coumarin, warfarin) in various species, including man. They even promote the enzymic 
biotransformation of many barbiturates, bilirubin, carbon disulfide, cholesterol (at 
the same time inhibiting the atheromatosis produced by cholesterol feeding), diphe
nylhydantoin, antipyrine, ethanol, various pesticides, phenylbutazone, picrotoxin, 
quinine, strychnine, etc. The elimination of ascorbic acid is enhanced by phenobar
bital in the rat. On the other hand, unlike various catatoxic steroids, phenobarbital 
does not appear to protect against cyclophosphamide, digitoxin, D-tubocurarine, 
tribromoethanol, mephenesin etc. (cf. also Tables 137, 138). 

The effect of barbiturates upon hepatic enzymes has already been mentioned, 
especially in connection with the increase in various steroidases; for additional 
data, the reader is referred to the Abstract Section. 

The extensive Iiterature on the effect of carbon tetrachloride on hepatic micro
somal-enzyme induction is discussed, with that of other hepatotoxic blockers, in the 
section on "General Pharmacology." 

Next to the barbiturates, probably the most intensively studied class of micro
somal-enzyme inducers isthat of the carcinogens. The relationship, if any, between 
carcinogenic and enzyme-inducing potency is not clear but empirical observations 
show that many carcinogens enhance the activity of thiophosphate-oxidizing enzymes, 
steroidases and several other enzyme systems, including those that aceeierate the 
biotransformation of other carcinogens. Thus, it has been possible in some instances 
to protect animals against the tumorigenic action of a strong carcinogen by pretreat
ing it with a weaker one. The spectrum of enzyme induction exhibited by carcinogens 
does not correspond to that of the barbiturates or of steroids. 
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It is of special interest that some factors naturally occurring in cedar chips can 
induce various hepatic enzymes and diminish hexobarbital sleeping time. This is 
of practical importance in that mice and rats kept on soft wood bedding may develop 
a great resistance to certain toxicants. 

Desipramine (an antidepressant) reduces the activity of modaline by inhibiting 
its biotransformation into a more active compound in the hepatic microsomes of 
the rat. Furthermore, desipramine potentiates the uterotrophic action of estrone in 
immature rats by delaying its degradation in the hepatic microsomes. 

Diphenylhydantoin (an anticonvulsant and anti-epileptic drug) alters corticoid 
metabolism in man, but this effect will be discussed under "Clinical Implications." 

In our most recent experiments on rats, we found that diphenylhydantoin 
offers excellent protection against digitoxin dioxathion, parathion, nicotine, hexo
barbital, progesterone, zoxazolamine and indomethacin, but only at the very high 
dose of 100 mg, twice daily, per 100 g body weight. At lower dose Ievels, the 
protective effect decreases rapidly (cf. Table 137). 

Curiously, in dogs or guinea pigs just awakening from barbiturate anesthesia, 
i.v. injection of glucose produces a return of sleep, perhaps because it increases 
barbiturate penetration into the brain. 

In view of the important role played by thyroid hormones in the regulation of 
drug-metabolizing enzyme induction, it is of interest that in rabbits inhibition of 
thyroid function by iodine accelerates the recovery of the spinal cord following 
anoxia induced by temporary compression of the abdominal aorta. Destruction of 
the thyroid with radio-iodine has essentially the same effect as surgical thyroidectomy. 

lproniazid is discussed with the other MAO-inhibitors, under inhibitors of micro
somal-enzyme induction in the section on "General Pharmacology" (p. 68). 

In rats, the adrenal necrosis produced by DMBA or 7 -OH-MBA is prevented by 
metyrapone and related inhibitors of corticoid synthesis. This drug delays the blood 
clearance of exogenaus cortisol presumably because it "inhibits the liver enzyme 
system(s) responsible for inactivation of adrenal steroids." Addition of metyrapone 
to liver microsomes of mice does not interfere with electron transport; hence, the 
point of attack of the inhibitor on the hydroxylation of substrate appears to be on 
cytochrome P-450. 

The well-known adrenal-stimulating effect of metyrapone and of related com
pounds is ascribed to a compensatory ACTH secretion, resulting from a diminished 
feed-back because of the inhibition of steroid 11ß-hydroxylase activity in the adrenals. 
However, the compound also acts on hepatic enzyme induction since it prolongs 
hexobarbital sleeping time and inhibits the oxidative metabolism of hexobarbital, 
aminopyrine and acetanilide by hepatic microsomes in vitro. 

In rats, metyrapone inhibits the catatoxic effect of spironolactone against digitoxin 
and indomethacin poisoning; it also prolongs the anesthetic action of progesterone, 
DOC and hydroxydione. 

Pesticides were among the first compounds shown to possess hepatic microsomal 
drug-metabolizing enzyme-inducing capacity. They stimulate the SER of the hepato
cytes, diminish hexobarbital sleeping time, inhibit the effect of various carcinogens 
and interfere with the metabolism of steroids (including corticoids, folliculoids and 
testoids). This latter action has caused some concern with regard to the probable 

37° 
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effect of pesticides, as pollutants of the atmosphere, upon fertility, particularly 
among birds. 

The stimulation by pesticides of the metabolism of bilirubin and of excess corti
coids in Cushing's syndrome, cardiovascular diseases, etc. will be discussed at length 
in the section on "Olinical Implications." 

Several phenothiazines appear to have microsomal enzyme-blocking actions 
similar to those of SKF 525-A. Thus they prolong hexobarbital anesthesia, potentiate 
the effect of various spasmolytic compounds, and inhibit DMBA-induced adrenal 
necrosis in the rat. 

Phenylbutazone as a typical anti-inflammatory (and hence syntoxic) drug, deser
ves special attention as regards its effect upon hepatic microsomal enzyme induction. 
In vitro, when added to pig liver homogenates, it inhibits the enzymic inactivation 
of cortisone. However, treatment of immature rats with phenylbutazone increases 
several-fold the hepatic microsomal enzymes that hydroxylate testosterone and 
4-androstene-3,17 -dione. 

In man, phenylbutazone increases the urinary excretion of 6ß-hydroxycortisol. 
In rabbits, cholesterol atherosclerosis is diminished by phenylbutazone and oxy
phenylbutazone, although to a lesser extent than by glucocorticoids. 

Phenylbutazone also increases its own metabolism. That is allegedly why rats 
treated for short periods develop gastric ulcers which disappear upon more prolonged 
treatment. 

Unlike salicylic acid, phenylbutazone does not significantly affect the plasma 
concentration or biliary and fecal excretion of 140-indomethacin. 

RES-blocking agents allegedly abolish the sex difference in the picrotoxin sensi
tivity of rats, a species in which males are normally more resistant to this drug 
than females. 

On theoretic grounds, it has been postulated that the anti-endotoxic activity of 
corticoids "in some way involves the reticuloendothelial system." However, up to 
now this possibility has remained purely speculative. 

On the other hand, several RES-stimulants prolong pentobarbital sleeping time 
in the mouse. Furthermore, in this species, endotoxin, zymosan, glucan and sac
charated iron oxide (all RES-blocking agents) lower TPO and increase TKT in 
vivo but not in vitro. "These results suggest a cause and effect relationship between 
inducibility of key liver enzymes and survival against stress." 

In rats, pretreated with India ink i.v., phenobarbital elimination is delayed. 
Salicylic acid decreases the plasma concentration of 140-indomethacin and increases 

its urinary and biliary excretion in the rat. Probenacid raises the plasma concen
tration of indomethacin. Theseinterrelations are tentatively ascribed to the similarity 
in the chemical structure of the three compounds. 

In rabbits, salicylic acid causes dilatation of the endoplasmic reticulum and its 
spaces become filled with electron-dense material. 

Sucrose feeding, like starvation, interferes with the detoxication of zoxazolamine, 
barbiturates, strychnine, carisoprodol and OMPA in the rat, presumably through 
the depression of the synthesis of hepatic microsomal enzymes. 

The detoxifying action of suHur compounds has been known since time immemo
rial. Thiosulfates and various other sulfur compounds inhibit methemoglobin for-
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mation following treatment with aniline or sodium nitrite; they also counteract 
intoxication with iodine, arsenic, cyanides, thallium and many other toxicants. 

It has been claimed that thiosulfate protects agairrst anaphylactic shock and 
other immune reactions, but these observations require confirmation. On the other 
hand, it appears definitely established that various sulfur compounds - especially 
those containing SH- and SS-groups - offer protection agairrst total body X-irradi
ation. In this respect, cysteamine and cysteine are particularly efficacious. 

High doses of vitamin C offer some protection agairrst mercurial intoxication and 
large doses of vitamin E combat the progeria-like syndrome produced by DHT in 
the rat. 

~ Actidione cf. Cycloheximide 

Actinomycin cf. Blockers under Phar· 
macology (p. 73). 

~ Adrenochrome 

Herve B61,654f51: In mice, adrenoxyl 
(adrenochrome) is as active p.o. as i.p. in pre
venting the purpura induced by X-irradiation, 
but it does not prolong survival. 

~ Allyl Alcohol 

Varga & Fischer G76,189f69: In rats, 
hepatic darnage produced by bromobenzene, 
CC14, allyl alcohol and thioacetamide is asso
ciated with prolonged hexobarbital sleeping 
time owing to interference with the hepatic 
microsomal metabolism of the barbiturate. 
However, the degree of hepatic injury does not 
run strictly parallel with the prolongation of 
the hexobarbital sleeping time; hence, the 
latter cannot serve as an accurate hepatic 
function test. 

~Amiloride 

Selye P ROT. 31639,31649: In rats (100 g ~), 
pretreatment with triamtereue (1 mg in 1 ml 
water p.o. x2fday) or amiloride (300 fLg in 1 ml 
water p.o. x2fday) fails to protect against 
hexobarbital, progesterone, parathion or dioxa
thion. 

~Amphenone 

Gaunt et al. G63,202f68: A review on the 
metabolic effects of metyrapone- and amphe
none-derivatives. 

~ Antibiotics cf. also Clinical lmplications 

Garnmon et al. B59,914f50: In pullets given 
chlortetracycline, the changes in blood calcium 

and serum riboflavin following folliculoid 
treatment are enhanced. "It seems possible 
from this experiment that the addition of anti
biotics to a reasonably adequate diet may 
modify its nutritional effects in such a way 
that the responsiveness of the pullet to paren
teral oestrogen is enhanced." 

Geller et al. B98,147f54: Cortisone offers 
definite protection in mice given otherwise 
lethal doses of Escherichia intermedium endo· 
toxin. In order to be effective, cortisone must 
be injected simultaneously with, or before, the 
endotoxin. Complicating transient bacteremia, 
presumably of intestinal origin, can be sup· 
pressed by antibiotics. Interference by anti
biotics with cortisone protection was dernon
strahle only when the antibiotics were given 
after cortisone. 

~ Anticoagulants cf. also Clinical lmpli
cations 

Aggeler & O'Reilly G68,730f69: In man, 
pretreatment with heptabarbital diminished 
the reduction in prothrombin level, the amount 
of bishydroxycoumarin in plasma and half. 
life of bishydroxycoumarin more markedly 
after p.o. than after i.v. administration of the 
anticoagulant. Unchanged bishydroxycouma
rin was found in the stool only after p.o. 
administration. Presumably, part of the 
response to heptabarbital was caused by in· 
creased hepatic enzymic destruction of bishy
droxycoumarin although, in the event of p.o. 
administration, decreased absorption from the 
gastrointestinal tract also played a role. 

~ Antihistamines 

Holten & Larsen G74,395f56: In mice, 
hexobarbital anesthesia is considerably pro· 
longed by benactyzine (a compound used for 
the treatment of psychoneuroses). The effect 
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resembles that of SKF 525-A and when given 
together, the two compounds synergize each 
other. Extensive review of the Iiterature and 
of numerous personal Observations oonceming 
the barbiturate potentiating effect of various 
antihistamines and spasmolytic oompounds. 

MeColl et al. H24,915f70: In rats, dimen
hydrinate (an antihistamine) increases the 
abortifacient effect of various folliculoids 
when given conjointly with the latter on the 
seoond day of gestation. In itseH, dimenhy
drinate has no such effect. 

Salvador et al. G74,397f70: In cholesterol
fed rabbits, phenobarbital inhibits the increase 
in serum cholesterol and phospholipids as weil 
as the development of aortic atheroma. At the 
same time, "the protein concentration of liver 
microsomes increased significantly in choles
terol-fed rabbits given phenobarbital, and 
phenobarbital stimulated the activity of liver 
microsomal enzymes that hydroxylate testos
terone in the 6{1-, 7a- and 16a-positions." 
Chlorcyclizine was ineffective in this respect. 

Salvador et al. G75,529f70: In mice, chlor
cyclizine (an antihistamine) and phenobarbital 
reduced serum cholesterol, triglycerides and 
phospholipids more markedly than phenobar
bital. In rats, chlorcyclizine bad little or no 
effect on the serum concentration of choles
terol and phospholipids but the serum tri
glycerides were markedly reduced. These 
changes were not clearly related to any 
increase in hepatic fat content. 

+-Atropine 

Selye A35,659f41: "Pretreatment with 
atropine prevents, while vagotomy actually 
intensifies the anesthetic action of proges
terone." 

Selye A36,210f41: "Short pretreatment 
with atropine increases and chronic pretreat
ment with this drug decreases resistance to the 
anesthetic action of progesterone." 

+- Barbiturates 

Corticoids +-. Burstein &: Klaiber F31,533f 
65: Phenobarbital increases the urinary 
6{1-hydroxyoortisol excretion in otherwise 
untreated, as weil as in cortisol-treated, 
patients possibly through enzyme induction. 

Conney et al. G29,083f65: Treatment of 
guinea pigs with diphenylhydantoin or pheno
barbital increases the 6{1-hydroxylase-activity 
of the liver as shown by incubation of hepatic 
homogenates with 14C-cortisol. 

Eirehall et al. F76,581f66: In Cebus albi
frons monkeys, phenobarbital pretreatment 
increases the urinary elimination of 6{1-hydroxy
oortisol. 

Hagino et al. F69,360f66: Pentobarbital 
can inhibit the estradiol-induced precocious 
ovulation in the rat, presumably as a conse
quence of hepatic microsomal enzyme induc
tion. 

Buratein &: Bha'IJ1l(J,ni F 77,040/67: In guinea 
pigs, pretreatment with phenobarbital stimu
lated the hepatic microsomal metaboliBm of 
oortisol, 2a- and 6{1-hydrocortisol but not to 
the same extent. In rats, phenobarbital 
pretreatment enhanced hepatic microsomal 
6{1-hydroxylation of cortisol without causing 
a significant change in the overall metabolism 
of substrate or product. 2a-Hydroxylation of 
cortisol was not observed with rat liver 
microsomes. 

Burstein F95,565f68: Pretreatment with 
phenobarbital increased hepatic microsomal 
2a-hydroxylation of cortisol in two strains of 
guinea pigs, distinguished by high and low 
production of hydroxylated cortisol deriva
tives. Under the same oonditions, pheno
barbital caused no significant change in the 
hepatic 6{1-hydroxylation activity of either 
strain. 

Mare &: Morselli G71,617f69: In rats, the 
haH-life of i.v.-injected oortisol is greatly 
decreased by pretreatment with phenobarbital. 
Preliminary data suggest that in man the 
disappearance rate of exogenous cortisol is 
also enbanced by phenobarbital. 

Morselli et al. G76,129f70: In man, pheno
barbital accelerates the plasma clearance of 
oortisol injected i.v. 

Fluorocortisol Acetate +- ef. alao Tables 
12-14 

DOC +- ef. also Table 15 
Triamcinolone +- ef. alao Table 18 
Testoids +-. Garren et al. G66,660f61: Pre

treatment of rats with phenobarbital increases 
the metaboliBm of androsterone to a more polar 
compound by hepatic microsomes. 

Conney &: Kluteh D65,813f63: "Treatment 
of rats with phenobarbital or chlorcyclizine 
stimulates several fold the activity of tri
phosphopyridine nucleotide-dependent enzyme 
systems in liver microsomes that hydroxylate 
testosterone and .14-androstene-3,17-dione." 

King et al. H 16,446/68: In orchidectomized 
rats, phenobarbital pretreatment diminishes 
the effect of testosterone upon the seminal 
vesicles and prostate presumably as a conse
quence of increased hepatic microsomal 
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enzyme production. These findings may 
"offer a therapeutic modality for gynecologic 
syndromes that are associated with overpro
duction of androgens." 

Heinrich& & Golds H11,717f68: Studies on 
the hepatic microsomal hydroxylations of 3{1-
hydroxyandrost-5-en-17-one (DHA) by micro
somes of rats treated in vivo with pheno
barbital. The effect upon such hydroxylations 
of aminopyrine, and SU-9055 additions to the 
incubation medium are also described. 

Levin et al. G64,184f69: "Treatment of 
immature male rats with phenobarbital or 
chlordane for several days prior to an injection 
of testosterone or testosterone propionate 
inhibits the growth-promoting effect of these 
androgens on the seminal vesicles. lt is 
suggested that phenobarbital and chlordane 
decrease the action of the androgens by 
enhancing their metabolism." 

Orreni'U8 et al. E8,231f69: In rats, pre
treatment with phenobarbital increases the 
in vitro hydroxylation of testosterone by 
hepatic microsomal enzymes in the 2{1-, 6{1-, 
7a-, and 16a positions. 

Oonney et al. E8,232f69: The microsomal 
enzymes required for the 6{1-, 7a- and 16a
hydroxylation of testosterone are selectively 
influenced, as shown by the speed of their 
development with age or after treatment with 
phenobarbital or 3-methylcholanthrene. Addi
tion of Chlorthion in vitro to hepatic micro
somes markedly inhibits the 16a-hydroxy
lation of testosterone, has a lesser effect on 
16{1-hydroxylation and no effect on 7a-hy
droxylation. 

Fahim et al. G77,345f70: In rats, pheno
barbital accelerates testoid metabolism as 
reflected by significant reductions in the 
weight and RNA content of male accessory sex 
organs. 

Folliculoids~.Levin & Oonney F64,557f66: 
In immature, intact or adrenalectomized 
rats, the uterine weight increase produced by 
small doses of estradiol i.p. is markedly inhi
bited by pretreatment of animals with pheno
barbital. At the same time, the estradiol
metabolizing activity of hepatic microsomal 
enzymes is augmented. In order to demonstrate 
the inhibition of uterine growth, very small 
doses of estradiol must be used (less than 
0.5 (Lg) and phenobarbital must be administer
ed for several days prior to the test. 

Levin et al. F75,365f67: Phenobarbital 
increases the 17{1-estradiol-metabolizing acti
vity of hepatic microsomal enzymes in imma
ture female rats. The in vitro activity is 

parallelad by in vivo blockade of the 
estradiol-induced uterine weight increase. 
The phenobarbital-induced resistance to the 
uterine weight-increasing effect of estradiol is 
not prevented by adrenalectomy or hypo
physectomy, indicating that the barbiturate 
does not act through the pituitary-adrenal 
axis. 

Oonney G69,760f67: "Pretreatment of 
immature female rats with phenobarbital for 
several days inhibits the uterotropic effect of 
tritiated estradiol and decreases the concen
tration of the labelad steroid in the uterus." 

Singhal et al. G67,770f67: Phenobarbital 
pretreatment inhibits the uterotrophic effect of 
estradiol as well as the induction of phospho
fructokinase in the uterus of the ovariecto
mized rat. The most marked results were 
obtained with threshold doses of estradiol. 

Levin et al. F94,71lf68: The uterotrophic 
action of estrone and estradiol is inhibited 
in phenobarbital-pretreated rats. Further
more, "the metabolism of estradiol by liver 
microsomes in vitro is enhanced when the 
microsomes are harvested from animals pre
treated with several unrelated microsomal 
enzyme inducers such as phenobarbital, chlor
dane, orphenadrine, chlorcyclizine, norchlor
cyclizine and phenylbutazone. Pretreatment 
of rats with these chemieals also inhibits the 
action of estradiol on the uterus and decreases 
the concentration of estradiol in this organ." 

Levin et al. H 894f68: Pretreatment of 
immature female rats with phenobarbital 
inhibits the uterotrophic action of synthetic 
folliculoids such as ethynylestradiol, ethynyl
estradiol-3-methyl ether (mestranol), and 
diethylstilbestrol. The inhibitory effect of 
phenobarbital upon the action of diethylstil
bestrol-BH is parallelad by decreased radio
activity in the uterus, and increased diethyl
stilbestrol-metabolizing activity in hepatic 
microsomes. The uterine weight-increasing 
effect of synthetic luteoids such as norethin
drone and norethynodrel is likewise inhibited 
by phenobarbital pretreatment. 

Fahim et al. G67,772f68: Phenobarbital 
reduces the uterotrophic action of both 
exogenous estraruol and endogenous follicu
loids. This effect is somewhat lessened by 
ovariectomy. The authors consider the possi
bility that the barbiturate may induce steroid
ases not only in the hepatic microsomes, but 
also in the ovary. Enzyme determinations in 
the liver were not performed, but pheno
barbital significantly increased hepatic weight 
and total nitrogen content. 
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Welch et al. F96,172f68: Pretreatment 
with phenobarbital accelerates the disappear
ance from the whole carcass of the rat of 
tritium-labeled estrone more markedly than 
that of tritium-labeled estradiol. 

Fahim et al. G65,075f69: In mice, the 
uterotrophic action of estrone, estradiol, and 
stilbestrol was significantly reduced follow
ing phenobarbital pretreatment. This effect, 
which was accompanied by an increase in 
hepatic weight, is ascribed to hepatic micro
somal enzyme induction. Endogenaus folli
culoid production is presumably likewise 
inhibited by phenobarbital, since the drug 
interferes with the maintenance of normal 
uterine weight in intact mice. It is suggested 
"that the biologic activity observed for estro
gens is dependent upon the Ievel of activity 
of hepatic microsomal enzymes." [The possi
bility that prolonged phenobarbital pretreat
ment may have caused uterine atrophy through 
the well-known stress-induced inhibition of 
gonadotropin secretion has not been controlled 
by the use of stressors which do not share the 
enzyme-inducing action of phenobarbital 
(H.S.).] 

Estradiol .- cf. also Table 16 

Various Steroids .-. Kuntzman et al. 
F27,893f64: The rat liver contains a steroid 
hydroxylase system which metabolizes testos
terone and estradiol to more polar compounds 
(incubation of microsomal fraction). The 
steroid hydroxylase and hexobarbital oxydase 
systems are similar as regards the following 
points: 
"1. Localized in liver microsomes and require 

TPNH and oxygen for activity. 
2. Present in mammalian liver but absent in 

fish liver. 
3. Higher activity in male Sprague-Dawley 

rats than in male CF1 mice. 
4. Higher activity in adult male rats than in 

adult female rats. 
5. Little or no sex difference in enzyme acti

vity in mice. 
6. Activity is higher in adult male rats than in 

immature rats. 
7. Inhibition by the in vitro addition of 

SKF525-A. 
8. Activity is increased after treatment of 

rats with phenobarbital or chlordane. 
9. Activity not increased after treatment of 

rats with 3-methylcholanthrene." 

Oonney & Schneidman F35,870f65: Pre
treatment of male rats with phenobarbital 
stimulates the hepatic microsomal metabolism 

of progesterone, testosterone, Ll'-androstene-
3,17-dione, androsterone and DOC. 

Oonney et al. G65,135f65: In the rat, 
phenobarbital stimulates the hepatic micro
somal metaboliBm of testosterone, Ll4-andros
tene-3,17-dione, androsterone and estradiol, 
but not of corticosterone, cortisone or cortisol. 
Similar effects were obtained with chlor
cyclizine and phenylbutazone. Administration 
of "the carcinogenic hydrocarbon 3-methyl
cholanthrene to rats caused a several-fold 
increase in the oxidative metaboliBm of 
certain drugs such as zoxazolamine and aceto
phenetidin but had little or no effect on the 
oxidation of hexobarbital or the hydroxy
lation of testosterone and Ll 4-androstene-3,17-
dione." In female rats, chlordane stimulates 
the metaboliBm of estradiol to more polar 
metabolites. Similar observations have also 
been made in the mouse and dog. 

Remmer & Merker G66,868f65: The hepatic 
L14-s-ketoreductase activity is much higher 
in female than in male rats, but cannot 
be further increased by phenobarbital, al
though the barbiturate does induce two similar 
TPHN-dependent microsomal reductases in
volved in the metaboliBm of p-aminoazobenzol 
and of chloramphenicol. 

K untzman et al. G57 ,7 41/68: The nonhypno
tic barbiturate n-phenylbarbital (phetharbi
tal) increases the formation of polar metabolites 
from estradiol, testosterone and DOC added in 
vitro to the hepatic microsomal fraction. The 
effect is essentially the same as that of pheno
barbital. Hepatic microsomes of n-phenyl
barbital-treated guinea pigs exhibit an in
creased capacityto introduce a6ß-hydroxyl into 
cortisol added in vitro. In man, chronic treat
ment with phetharbital greatly increases uri· 
nary excretion of 6ß-hydroxycortisol but not 
that of 17-0HCS, suggesting that an increased 
adrenal output of cortisol is not responsible for 
the observed rise in 6ß-hydroxycortisol elimi
nation. In the guinea pig, this nonhypnotic 
barbiturate increases the 6ß-hydroxycortisol
forming ability of the hepatic microsomes. 

Ying & Meyer H13,672f69: In immature 
rats, the induction of ovulation by a single 
injection of PMS is inhibited by phenobarbital. 
This block was prevented by progesterone and 
other ovarian steroids administered 3.5 hrs 
after phenobarbital. The effect of the barbi
turate may have been due to the induction of 
hepatic microsomal steroidases. 

Progesterone .- cf. alao Table 17 

Paneuronium .- cf. alao Table 19 
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Nonsteroidal Hormones and Hormone-Like 
Substanees +-. BrO'Wfl, &l Well& F57,759f65: 
In mice, pretreatment with barbital diminishes 
the ovuaatory response to goruulotrophic 
hormone preparations. It is uncertain however 
whether this is due to accelerated biotrans
formation of the pituitary factors. 

Oppenheimer et al. F99,583f68: In rats, 
phenobarbital increases thyroxine turnover and 
thyroidal function after stimulation of hepato
cellular binding of thyroxine as judged by 
studies with radioactive thyroxine. 

Schwartz et al. H9,326f69: In rats treated 
with phenobarbital, the hepatic microsomes 
exhibit an increased ability to de-iodinate 
L-thyroxine and L-T3 in vitro. 

Schwartz et al. H26,012f70: In rats, the in
hibition of somatic growth induced by thy
roxine was enhanced by phenobarbital. At the 
same time, oxygen oonsumption was reduced 
and mitochondrial oc-glycerophosphate dehy
drogenase (GPD) activity in the liver, kidney 
and heart was lowered. 

8,3,o·Triido·L·thyronine +- cf. also Table 20 
Propylthiouraeil+- cf. also Tables 21, 22 
Epinephrine +- cf. also Table 23 
Aeetanilide +- cf. Table 24 
Acrylamide +- cf. Table 25 
Aerylonitrile +- cf. Table 26 
Aminopyrine +- cf. Table 27 
Antieoagulants +- cf. also Tables 28, 29. 

Dayton et al. D42,366f61: In the guinea pig, 
dog and man pretreatment with barbiturates 
antagonizes the hypoprothrombinemic effect of 
coumarin anticoagulants. At the same time the 
plasma Ievel of the coumarin is depressed. 

Oucinell et al. G66,286f65: In the rat, dog 
and man, phenobarbital accelerates the metabo
lism of bishydroxycoumarin, diphenylhy
dantoin and antipyrine. 

Goss &l Dickhaus F53,987f65: Phenobar
bital increases the daily maintenance dose of 
bishydroxycoumarin in man. 

Oorn H 33,065/66: In man, phenobarbital or 
gluthethimide treatment decreases the lüe 
span of warfarin. 

Robinson &l MacDoruild F69,377f66: Pheno
barbital antagonizes the antiooagulant effect 
of warfarin in man. 

Barbiturates+- cf. also Tables 30-34 
Buchel &l Levy G74,850f70: In mice, pre
treatment with phenobarbital decreases pento
barbital sleeping time; this phenomenon is 
detectable within 24 hrs and reaches a maxi
mum 48 hrs after phenobarbital administra
tion. The resistance is no Ionger detectable in 
males after 96, in females after 120 hrs. 

Klinger H25,517f70: In rats, hexobarbital 
sleeping time is shortened following pretreat
ment with barbital. 

Bile Pigments +- cf. also Clinieal Impliea
tions. Oatz &l Yaffe G71,888f62: In mice, pre
treatment with sodium barbital i.p. increased 
the hepatic bilirubin-oonjugating activity. 

Schmid etal. G68,199f66: Study on enhanced 
formation of rapidly-labeled bilirubin by 
phenobarbital through the stimulation of 
hepatic microsomal cytochromes. In the rat, 
the amount of bilirubin formed from non
hemoglobin sources in the liver may equal that 
produced on Sequestration of senescent erythro
cytes. 

I.tüders H34,593f70: In Gunn rats, biliary 
bilirubin excretion is normally minimal, pre
sumably because of a de:ficiency in bilirubin 
glucuronyltransferase activity. Phenobarbital 
decreases the serum bilirubin Ievel owing to 
the formation of water soluble metabolites as 
shown by 140-bilirubin determinations. 

Bromobenzene +-. Brodie et al. G80,473f71: 
In rats, pretreatment with phenobarbital great
ly facilitates the production of hepatic necrosis 
by bromobenzene and other chemically inert 
halogenated hydrocarbons. Radioautographie 
and other studies suggest that "a number of 
aromatic halogenated hydrocarbons are con
verted by microsomes in vitro to active inter
mediates which form oovalent complexes with 
glutathione (GSH)." 

Cadmium+- cf. Table 35 
Caramiphen +- cf. Table 36 
Carbon Disulfide +-. Bond et al. Hl8,559j 

69: In ra.ts, pretreatment with phenobarbital 
does not change the LD50 of CS2 p.o. but 
results in the production of central lobular 
hepatic necrosis. After pretreatment with 
SKF 525-A these hepatic lesions no Ionger 
occur in rats pretreated with phenobarbital 
and then given 082• SKF 525-A may inhibit 
the production of toxic cs2 metabolites by 
hepatic microsomal enzymes. 

Carbon Tetrachloride +-. Stenger et al. 
G78,940f70: In rats, pretreatment with pheno
barbital in doses which cause prolüeration of 
the SER and a decrease in hexobarbital sleep
ing time greatly diminished resistance to the 
fatal effects of 0014• Phenobarbital pretreat
ment delayed the onset ofCC14-induced hepatic 
necrosis, but greatly aggravated its eventual 
severity. "This altered hepatotoxic response 
might be related either to the increase of 
smooth-surfaced membranes or to the augmen
tation of drug-metabolizing enzyme systems in 
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the livers of the phenobarbital-pretreated 
animals." 

Carisoprodol +- cf. Table 37 
Chlordiazepoxide +- cf. Table 38 
Cholesterol +-. Jones &: .ArTTUJtrong F 61,262/ 

66: In the hamster, the hepatic SER undergoes 
hypertrophy following treatment with pheno
barbital and, at the same time, cholesterol 
biosynthesis is increased. 

Wada et al. G67,771f67: In rats pretreated 
with phenobarbital, cholesterol synthesis from 
either acetate or mevalonate by hepatic 
microsomes is increased in vitro. 

Wada et al. H 16,247!69: In rats, cholesterol 
synthesis from various precursors is inhibited 
by CO and accelerated by phenobarbital as 
shown by incubation with hepatic microsomes 
in vitro. Cholesterolsynthesis requires NADPH, 
molecular oxygen, and cytochrome P-450. 

Salvador et al. G74,397f70: In cholesterol
fed rabbits, phenobarbital inhibits the increase 
in serum cholesterol and phospholipids as well 
as the development of aortic atheroma. At the 
same time, "the protein concentration of liver 
microsomes increased significantly in choles
terol-fed rabbits given phenobarbital, and phe
nobarbital stimulated the activity of liver 
microsomal enzymes that hydroxylate testo
sterone in the 6{1-, 7 a- and 16a-positions." 
Chlorcyclizine was ineffective in this respect. 

Salvador et al. G76,629f70: In mice, chlor
cyclizine (an antihistamine) and phenobarbital 
reduced serum cholesterol, triglycerides and 
phospholipids more markedly than pheno· 
barbital. In rats, chlorcyclizine had little or no 
effect on the serum concentration of cholesterol 
and phospholipids but the serum triglycerides 
were markedly reduced. These changes were 
not clearly related to any increase in hepatic 
fat content. 

Cinchophen +- cf. Table 39 
Cocaine+- cf. Table 40 
Colchicine +- cf. Table 41 
DL-Coniine +- cf. Table 42 
Croton Oll +- cf. Table 43 
Cycloheximide +- cf. Tables 44, 46 
Cyclophosphamide +- cf. also Table 46. 

Cohen &: Jao H27,933f70: In rats, pretreatment 
with phenobarbital increases the cyclophospha
mide-activating enzyme system in the liver as 
demonstrated in vitro and, at the same time, 
augments mortality following treatment with 
cyclophosphamide in vivo. A number of obser
vations confirmed "the thesis that the activa· 
tion of cyclophosphamide by liver is mediated 
through the mixed function oxidase system 

involved in the metabolism of drugs, steroids 
and carcinogens." 

Selye G70,466f70: In rats, cyclophospha
mide intoxication can be prevented by PCN, 
CS-1 and spironolactone. Progesterone, ethyl
estrenol and norbolethone were slightly active; 
oxandrolone, DOC, hydroxydione and pheno
barbital were inactive, whereas prednisolone, 
triamcinolone, estradiol and thyroxine actually 
decreased resistance to this drug. 

Digitalis+- cf. Clinical Implications 
Düsopropyl Fluorophosphate +- cf. Table 52 
Diphenylhydantoin +- cf. also Table 63. 

Cucinell et al. G66,286f66: In the rat, dog and 
man, phenobarbital accelerates the metabolism 
of bishydroxycoumarin, diphenylhydantoin 
and antipyrine. 

Dyes +-. Klaaasen &: Plaa F99,396f68: In 
rats, pretreatment with phenobarbital accel
erated the plasma clearance of BSP. There was 
no change in hepatic storage but significant in
creases of in vitro metabolism, biliary trans
port maximum and bile flow were observed. 
With a dibrominated analog of BSP and with 
indocyanine green, which are apparently not 
biotransformed before excretion; enhanced 
plasma clearance was also elicited by pheno
barbital. It is assumed "that the enhanced 
biliary excretion of these dyes is an important 
factor after phenobarbital treatment and that 
the role of increased biotransformation is not 
as important for the enhanced plasma dis
appearance of these dyes as might be expected 
from the effect of phenobarbital on the bio
logic half-life of other substances." 

Reyes et al G71,233f69: In rats, pheno
barbital "enhanced hepatic uptake of an 
organic anion, bromsulphalein, in vivo and 
simultaneously increased the amount of Y, a 
hepatic cytoplasmic organic anion-binding 
protein. This study supports the postulate that 
Y is a major determinant in the selective hepa
tic uptake of certain organic anions from 
plasma." Induction of Y may enhance hepatic 
uptake and metabolism of various substrates 
following treatment with phenobarbital and 
other inducers. 

Dipicrylamine +- cf. Table 54 
Emetine +- cf. Table 56 
Ethanol+-. KoU et al. G76,179f70: In rats, 

pretreatment with phenobarbital reduces the 
hepatic steatosis produced by a single dose of 
ethanol. The inhibition is associated with a 
striking elevation of blood ethanol and no 
increase in blood lactate. In phenobarbital 
pretreated animals, the enhanced incorpora
tion of fatty acids into triglyceride by micro-
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somal preparations, after in vivo ethanol 
treatment, also failed to occur. Furthermore, 
liver slices and supernatant fractions of pheno
barbital-pretreated rats exhibit a diminished 
capacity to oxidize ethanol. "It is suggested 
that the inhibitory effect of phenobarbital 
pretreatment on the ethanol-induced fatty 
liver is due to inhibition of the alcohol dehy
drogenase-mediated oxidation of ethanol." 

Ethylene Glycol ~ cf. Table 56 
Ethylmorphine ~ cf. Table 57 
Flufenamic Acid~ cf. Table 58 
Fluphenazine ~ cf. Table 59 
Ganglioplegics ~ cf. TableJJ 61, 62 
Glutethimide ~ cf. Table 63 
Glycerol ~ cf. Table 64 
Hydroquinone ~ cf. Table 65 
Imipramine -(- cf. Table 66 
lndomethacin ~ cf. Table 67 
Lidocaine -(-. Beinonen et al. G80,898f70: 

In epileptic patients, phenobarbital decreases 
the plasma lidocaine level only very slightly. 

LSD ~ cf. Table 74 
Mechlorethamine ~ cf. Table 75 
Mephenesin ~ cf. Table 76 
Meprobamate ~ cf. Table 77 
Mercury ~ cf. TableJJ 78-80 
Methadone ~ cf. Table 82 
n-Methylaniline -(- cf. Table 83 
Methyprylon ~ cf. Table 84 
cc-Naphthylisothiocyanate -(- cf. Table 85 
Nicotine -(- cf. also Table 86. Stälhandske 

G80,388f70: In mice, phenobarbital increases 
the metabolism of 140-labelled nicotine and ac
celerates its disappearance from blood and tis
sues. Tolerance to the fatal effect of nicotine 
overdosage is also increased by nicotine. 

Nikethamide -(- cf. Table 87 
p-Nitroanisole ~ cf. Table 88 
Pentylenetetrazol ~ cf. Table 89 
Perchlorate ~ cf. Table 90 
Pesticides ~ cf. also Table8 91-99. DuBois 

& Kinoskita G66,349j68: In mice and rats, 
pretreatment with phenobarbital either de
creased or failed to affect the toxicity of 
15 anticholinesterase organic phosphates. The 
only exception was OMP A whose toxicity was 
actually increased after phenobarbital pre
treatment, but only in rats. 

Carlson & DuBois H24,653j70: Male rats 
are much more susceptible to the insecticide 
6-methyl-2,3-quinoxalinedithiol cyclic carbo
nate (Morestan) than females. "The toxicity 
to rats could not be altered by castration, 
administration of testosterone to females and 
estradiol to males. Pretreatment with pheno
barbital decreased the toxicity to adult males 

and increased the toxicity to adult females." 
Chronic Morestan feeding caused hepatic 
enlargement and inhibition of microsomal 
enzymes. 

Phenylhutszone ~. Zbinden G66,033j66: 
Following pretreatment with phenylbutazone 
or phenobarbital p.o., rats become resistant 
to the production of peritoneal adhesions by 
phenylbutazone i.p. "Since the peritoneal 
reaction appears to be related to a direct 
injury of the peritoneal cells which occurred 
before the drug had been absorbed into the 
blood stream and before it had a chance to be 
metabolized by the liver, it is most unlikely 
that the differences in local toxicity could be 
due to a faster removal of phenylbutazone from 
the general circulation." 

Phenyramidol -(- cf. Table 100 
Physostigmine ~ cf. Table 101 
Picrotoxin ~ cf. also Table 102. Cole 

A30,204j43: In rats, pentobarbital and pheno
barbital antagonizes strychnine or picrotoxin 
convulsions even if the convulsives are given 
long after the narcotic effect of the barbiturates 
has disappeared. Indeed, phenobarbital was 
more effective against death from strychnine 
when given 22 hrs than when given 20 min 
before strychnine. Phenobarbital was equally 
effective against death from picrotoxin whe
ther given 20 min or 22 hrs before picrotoxin. 
It is considered unlikely that active amounts 
of the barbiturates would persist in the body 
for such a long time but their decomposition 
products may still possess anticonvulsant 
activity. [Enzyme induction is not considered 
(H.S.).] 

Piperidine~ cf. Table 103 
Pralidoxime ~ cf. Table 104 
Propionitrile ~ cf. Table 105 
Quinine ~. Saggers et al. G73,683j70: In 

rat liver microsomes, quinine is metabolized 
by enzymes requiring NADPH; this metabo
lism is increased by phenobarbital. 

SKF 525-A ~ cf. Table 106 
Strychnine ~ cf. also Table 107. Cole 

A30,204j43: In rats, pentobarbital and pheno
barbital antagonizes strychnine or picrotoxin 
convulsions even if the convulsives are given 
long after the narcotic effect of the barbiturates 
has disappeared. Indeed, phenobarbital was 
more effective against death from strychnine 
when given 22 hrs than when given 20 min 
before strychnine. Phenobarbital was equally 
effective against death from picrotoxin whe
ther given 20 min or 22 hrs before picrotoxin. 
It is considered unlikely that active amounts 
of the barbiturates would persist in the body 
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for such a long time but their decomposition 
products may still possess anticonvulsant 
activity. [Enzyme induction is not considered 
(H.S.).] 

Kato D46,405j61: Following pretreatment 
with phenaglycodol or thiopental resistance to 
strychnine is increased, whereas resistance to 
OMP Ais considerably diminished in the rat. 

Chiesara et al. G75,314{70: In rats, a single 
injection of phenobarbital suffices to stimulate 
the SER and to increase the hexobarbital and 
strychnine-metabolizing enzyme activity of 
the hepatic microsomes. The effect of partial 
hepatectomy, performed either immediately 
before or at various times after the administra
tion of the inducer drug, was investigated in 
relation to these phenomena. 

Theobromine +- of. Table 108 
Theophylline +- of. Table 109 
Thimerosal +-- of. Table 110 
Tribromoethanol +-- of. Table 111 
Trichloroethanol +-- of. Table 112 
Tri-o-cresylPhosphate+-- of. Table113 
D-Tubocnrarine +-- of. Table 114 
Tyramine +-- of. Table 115 
L-Tyrosine +-- of. Table 116 
Vitamin C +--. Klinger et al. F62,929j65: 

The normal excretion of ascorbic acid and the 
increase in its elimination induced by barbital 
are higher in male than in female rats. Orchid
ectomy reduced both normal excretion and 
its enhancement by barbital, whereas ovariec
tomy increased them. Thus, the sex-specific 
differences decreased but did not disappear 
completely. Oneweek's treatment of males with 
stilbestrol or females with testosterone dimin
ished ascorbic acid excretion. In mice, no 
sex-specific differences of this kind were ob
served. [The authors probably used hexobar
bital although sometimes they speak of 
barbital (H.S.).] 

Vitamin D, DHT +-- of. also Table 117. 
Dent et al. H 30,946/70; Riohens & Rowe 
H 30,947/70: In four epileptio patients, osteo
malaoia developed during long-term treatment 
with diphenylhydantoin and barbiturates. 
Vitamin D exerted a ourative effeot. "It is 
suggested that drug-mediated enzyme induo
tion may be the meohanism responsible by 
oausing a greatly inoreased inaotivation of 
vitamin D in these patients." 

Hahn et al. H34,347f71: In patients on 
phenobarbital, osteomalaoia is allegedly com
mon, perhaps beoause of aocelerated biotrans
formation of vitamin D. The hepatio mioro
somes of phenobarbital pretreated rats readily 
convert tritiated vitamin Da to metabolites 

other than 25-hydroxy-oholeoaloiferol, the bio
logioally aotive metabolite. Presumably, "the 
inoreased inoidenoe of osteomalacia in indi
viduals on anticonvulsant therapy can be at
tributed to accelerated in vivo inactivation of 
vitamin D by liver microsomes." 

W-1372 +-- of. Table 118 
Zoxazolamine +-- of. Table 119 
Various Drugs +--. Selye G70,480{70: In 

rats, phenobarbital and phetharbital inhibit 
intoxication with dioxathion, parathion, nico
tine, hexobarbital, progesterone (anesthesia), 
zoxazolamine (paralysis), indomethacin (in
testinal ulcers) and acute DHT-induced calci
nosis. Phenobarbital does, while phetharbital 
does not, inhibit the toxicity of digitoxin. On 
the other hand, both barbiturates fail to affect 
the production of infarctoid cardiac necroses 
by fluorocortisol + Na2HP04 + com oil. 

E. coli endotoxin No. 08 +-- of. Table 123 
Pregnancy +--. Fahim et al. G77,383j70: In 

pregnant rats, phenobarbital given throughout 
gestation "results in a significant increase in 
embryonie death and a 28 per cent incidence 
of fetal suboutaneous hemorrhage. Placentas 
of treated animals weighed less than oontrols 
and exhibited a significant increase in de
methylation activity." 

Hepatic Enzymes +--. Cucinell et al. 
G66,286{65: In the rat, dog and man, pheno
barbital accelerates the metabolism of bishy
droxycoumarin, diphenylhydantoin and anti
pyrine. 

Zbinden G66,033{66: Following pretreat
ment with phenylbutazone or phenobarbital 
p.o., rats become resistant to the production of 
peritoneal adhesions by phenylbutazone i.p. 
"Since the peritoneal reaction appears to be 
related to a direot injury of the peritoneal 
cells which occurred before the drug had been 
absorbed into the blood stream and before it 
had a chance to be metabolized by the liver, 
it is most unlikely that the differences in local 
toxioity could be due to a faster removal of 
phenylbutazone from the general circulation." 

+- Benacty:zsine cf. Phenothia:zsines 

+- Ben:zsydamine 

Burberi et al. G80,224f70: Benzydamine, 
although a potent anti-infl.ammatory agent, 
does not produce gastric ulcers in the rat but 
prevents the production of gastric ulcers such 
as occur 18 hrs after s.c. administration ofindo
methacin. [No mention of intestinal ulcers 
(H.S.).] 
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+- Bradykinin cf. Hormone-Like Substances 

+- Bromobenzene 

Varga &: Fischer G76,189f69: In rats, he
patic damage produced by bromobenzene, 
0014, allyl alcohol and thioacetamide is asso
ciated with prolonged hexobarbital sleeping 
time owing to interference with the hepatic 
microsomal metabolism of the barbiturate. 
However, the degree of hepatic injury does not 
run strictly parallel with the prolongation 
of the hexobarbital sleeping time; hence, the 
latter cannot serve as an accurate hepatic 
function test. 

+- Carbon Tetrachloride cf. Blockers 
under General Pharmacology (p. 79). 

+- Carcinogens 

RichardBon et al. B70,382f52: Review of 
the Iiterature and personal observations on the 
inhibition of tumor formation by one carci
nogen through concurrent treatment with 
another. 

Murphy &: DuBois D28,546f58: The acti
vity of the microsomal enzyme system which 
oxidizes thiophosphates to potent anticholin
esterase agents is considerably higher in male 
than in female rats (incubation of liver homo
genates with Guthion or ethyl p-nitrophenyl 
thionobenzenephosphonate or "EPN"). Yet, 
in vivo, adult males are more resistant to EPN 
than females perhaps because the accelerated 
formation of toxic oxidation products is over
compensated by a more efficient detoxication 
of the latter. The low enzyme activity of 
female livers is enhanced by pretreatment with 
testosterone in vivo, whereas the high activity 
of male livers is diminished by previous 
castration, partial hepatectomy or treatment 
with progesterone or diethylstilbestrol. SKF 
525-A inhibits, whereas pretreatment with 
carcinogens or a protein-deficient diet enhan
ces, the activity of the thiophosphate-oxidizing 
enzyme. 

Oonney &: Bums G66,473f63: Review 
(25 pp., 73 refs.) on the induced synthesis of 
oxidative enzymes in hepatic microsomes by 
polycyclic hydrocarbons and drugs. 

Oonney &: Schneidman F24,913f64: "Treat
ment of immature rats and dogs with phenyl
butazone increased several-fold the activity of 
enzymes in liver microsomes that hydroxy
late testosterone and ..14-androstene-3,17 -dione. 
Treatment of rats with phenylbutazone or 
phenobarbital stimulated a minor pathway 
of corticosteroid metabolism to polar metabo-

lites chromatographically similar to hydroxy
lated substrate. Administration of the carcino
genic hydrocarbon 3-methylcholanthrene to 
rats did not stimulate polar metabolite forma
tion but markedly inhibited the microsomal 
metabolism of corticosteroids to metabolites 
chromatographically less polar than the 
substrate." 

Oonney et al. E8,232f69: The microsomal 
enzymes required for the 6ß·, 7a- and 16a
hydroxylation of testosterone are selectively 
influenced, as shown by the speed of their 
development with age or after treatment 
with phenobarbital or 3-methylcholanthrene. 
Addition of Chlorthion in vitro to hepatic 
microsomes markedly inhibits the 16a-hydroxy
lation of testosterone, has a lesser effect on 
16ß-hydroxylation and no effect on 7a-hy
droxylation. 

Chivers et al. H25,819f70: In mice, the 
peak of mitotic index induced by partial hepat
ectomy occurs after 48 hrs. DMBA given 
34--38 hrs after partial hepatectomy inhibits 
mitosis, whereas given after 48 hrs it increases 
the mitotic index. 

DewhurBt &: Kitchen G73,848f70: In mice, 
zoxazolamine paralysis is greatly shortened 
soon after a single dose of the carcinogen, 
whereas upon prolonged treatment, an inverse 
response is obtained. It is speculated that 
"an active metabolite formed in relatively 
small amounts may gradually accumulate or 
the stimulation of microsomal enzymes by the 
first dose might Iead to enhanced conversion 
of a subsequent dose into an active metabolite." 

Soyka et al H 33,315/70: Partial hepatec
tomy sensitized only slightly to the anesthetic 
effect of 5ß-pregnane-3oc-ol-20-one, whereas it 
greatly prolonged sleeping time following treat
ment with progesterone and many other ste
roids. Neither inhibition ofhepatic mixed func
tion oxydase activity by SKF 525-A nor its 
stimulation by 3-MC affected the duration of 
pregnanolone narcosis and even phenobarbital 
reduced its length only slightly. These findings, 
and distribution studies, "suggest that termina
tion of hypnosis is due mainly to redistribution 
with hepatic metaboliBm playing a relatively 
minor role." [Species not mentioned; probably 
rat (H.S.).] 

+- Cedar Chips 

Vesell F88,031f67: In mice and rats kept 
on softwood bedding of either red cedar, white 
pine, or ponderosa pine, three drug-metabo
lizing hepatic enzymes (morphine N-demethyl
ase, aniline hydroxylase, and hexobarbital 



580 Effect of Nonhormonal Factars Upon Resistance 

oxidase) were induced. Hexabarbital sleeping 
time was reduced. Apparently, the drug-me
tabolizing enzyme mechanism of an animal can 
be significantly altered by changes in its 
natural habitat. 

Hart & Adamson G69,481J69: In mice, 
"SKF 525-A and Lilly 18947 reduced the 
lethality of cyclophosphamide over a 28 day 
observation period, while pretreatment with 
phenobarbital did not change the 28 day 
lethality. Neither SKF 525-A nor pheno
barbital had an effect on the antitumor 
efficacy of cyclophosphamide. Mice housed on 
cedar chip bedding were less susceptible to the 
Iethai effects of cyclophosphamide, but tumor
bearing mice on this bedding showed greater 
antitumor response to the drug than those on 
hardwood bedding." 

+- Chloramphenicol cf. Inhibitors under 
General Pharmacology (p. 67). 

+- Chlorcyclizine cf. Antihistamines 

+- Chlordane cf. Pesticides 

+- Chlorpromazine 

Parant D82,116J62: In mice, resistance to 
endotoxin is greatly decreased a few hours 
after adrenalectomy or hypophysectomy. 
Oortisone protects normal, adrenalectomized, 
and hypophysectomized animals against high 
doses of endotoxin, whereas chlorpromazine 
is effective only in the presence of both the 
adrenals and the pituitary. AOTH also 
protects the hypophysectomized mause but 
only if slow absorption is assured. 

Wurtman et al. F99,396J68: In rats, pre
treatment with chlorpromazine or other 
phenothiazines increases the Ievel of i.v. 
administered 3H-melatonin in brain and blood. 
Ohlorpromazine has no effect on the Ievel of 
3H-melatonin when the latter is injected into 
the lateral cerebral ventricle. Since chlorpro
mazine inhibits the in vitro metabolism of 
3H-melatonin by liver slices, the drug presum
ably alters the tissue Ievels of the indole by 
slowing its metabolism. 

+- Cholesterol 

Farson et al. A49,680j47: In dogs and 
rabbits, cholesterol i.v. or i.p. intensifies 
thiopental anesthesia. The anesthesia induced 
by ether inhalation was not affected but that 
caused by ether s.c. was prolonged. "It is 
reasonable to assume that any compound 

which elicits a depression of the central nervaus 
system would exert an additive effect or poten
tiation of the action of a general anesthetic. 
The mechanism of action of cholesterol in 
these studies may be explained on such a basis." 

+- Cinchophen 

Aitio & Hänninen G66,417j67: Both in 
intact and in adrenalectomized rats, cincho
phen increased the hepatic TKT activity, but 
had no effect upon that of alanine and aspar
tate aminotransferase. 

+- Cobaltaus Chloride 

Tephly & Hibbeln G81,868j71: In rats, 
Oo01 2 inhibits the synthesis of P-450 and the 
N-dealkylation of ethylmorphine by hepatic 
microsomes. The induction by phenobarbital 
of P-450 and ethylmorphine N-demethylation 
are likewise prevented by Oo012 , but cobalt 
does not influence NADPH-cytochrome c re
ductase either under normal conditions or after 
stimulation by phenobarbital. 

+- Cycloheximide cf. also Blockers under 
Pharmacology (p. 77). 

Verbin et al. G70,638f69: In rats, single i.p. 
injections of cycloheximide during, following 
or prior to DNA synthesis induced by partial 
hepatectomy completely abolished the first 
wave of mitosis seen in regenerating liver. 
Presumably, "this interference with cell divi
sion can be attributed to a block in the S phase 
as indicated by a 98 per cent inhibition of 
incorporation of thymidine-014 into DNA, and 
to a block in G-2 as evidenced by a 95 per cent 
inhibition of incorporation of leucine-014 into 
protein." 

Alonso G81,092j70: In rats, hepatic car
cinogenesis induced by diethylnitrosamine is 
not prevented by cycloheximide. The associated 
electron microscopic changes in the liver are 
described. 

+- Desipramine 

J ori & Pugliatti G 70,112 f67: In rats, in vivo 
and in vitro experiments suggest that desipra
mine reduces the activity of modaline by inhi
biting its biotransformation into an active 
compound in the hepatic microsomes. The in 
vivo tests were gaged by the "tryptamine 
symptomatology" (hunching of the back, 
backward locomotion, Straub tail, salivation 
and clonic convulsions of the anterior paws} 
induced by modaline. 
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Levin et at. H26,593f70: In rats, CCI, given 
to immature females 24 hrs before sacrifice 
inhibited the activity of hepatic microsomal 
enzymes that hydroxylate estradiol-17/J and 
estrone. This inhibition was reflected in vivo 
by an altered metabolism of estradiol-17/J 
and estrone, by a potentiation of the utero
trophic action of folliculoids and by an 
increased concentration of these steroids in the 
uterus. By contrast, tetrachloroethylene did 
not influence the action of estrone. S.KF 525-A 
and desipramine, which are also inhibitors of 
drug metabolism, likewise potentiate the ute
rotrophic action of estrone in immature rats. 

+- Digitalis 

Pines et al. 087,661/59: Intracardiac or i.v. 
injections of prednisolone produce premature 
ventricular beats and ventricular bigeminy 
(ECG) in the dog. These changes can be pre
vented or suppressed by digitalis, chlorothia
zide or chloroquine. 

Selye 070,480/71: In rats, pretreatment 
with digitoxin offered no protection against 
intoxication with digitoxin, dioxathion, para
thion, nicotine, hexobarbital, progesterone 
(anesthesia), zoxazolamine, indomethacin, 
acute DHT-induced calcinosis or the infarctoid 
cardiopathy produced by fluorocortisol + 
Na2HPO, + corn oil. 

+- Dimenhydrinate ef. Antihistamines 

+- Dirnethyl Sulfo:cide (DMSO) 

Highman et al. H 19,382/69: In rats exposed 
to X-irradiation or hypoxia, i.v. injections of 
Streptococcus mitis produce severe bacterial 
endocarditis. "The radioprotective compound, 
DMSO, did not affect the lesions in nonirra
diated animals but reduced the incidence and 
severity of lesions in irradiated rats." 

+- Diphenylhydantoin ef. also Clinical Im· 
plications and Table 136 

Tyler et al. G79,955f69: In epileptic patients 
on diphenylhydantoin, a negative metyrapone 
test for pituitary insufficiency may result from 
increased glucuronic acid conjugation of me
tyrapone by the Iiver. 

Dent et al. H 30,946!70; Riehens &: Rowe 
H 30,947!70: In four epileptic patients, osteo
malacia developed during long-term treatment 
with diphenylhydantoin and barbiturates. 
Vitamin D exerted a curative effect. "It is 
suggested that drug-mediated enzyme induc-

tion may be the mechanism responsible by 
causing a greatly increased inactivation of 
vitamin D in these patients." 

+- Disulfiram 

Seholler G75,794f70: In rats, disulfiram 
inhibits whereas phenobarbital aggravates, the 
toxic effects of chloroform anesthesia, as 
manifested by hepatic necroses and plasma 
enzyme GOT and GPT determinations. 

+-Ethanol 

WaUman et al. H19,551f69: In women, i.v. 
injection of ethanol just before delivery, 
reduces serum bilirubin levels in their infants 
on the 3-5th day of life. "The findings suggest 
a simple, safe, and expedient agent which may 
be used to prevent raised levels of bilirubin in 
the newborn-levels which may affect mental 
and motor development in the first year of the 
infant's Iife." 

+- Ethionine ef. Blockers under General 
Pharmacology (p. 78). 

+- Ferric Dextran 

Selye et al. E24,117f64: The progeria-like 
syndrome produced by DHT, vitamin-D2 or 
vitamin-D3 can be prevented by ferric dextran, 
methyltestosterone or vitamin E in the rat. 

+-Glucose 

Lamson et al. 014,547/51: In dogs, awaken
ing from anesthesia induced by various 
barbiturates, glucose i.v. (as well as certain 
intermediates of the tricarboxylic-acid cycle) 
reinitiates sleep and increases barbiturate 
penetration into the brain. The effect is pre
sumably due to interference with the brain 
barrier. 

Lamson et al. B89,712/52: In guinea pigs, 
epinephrine when injected i.p. on awakening 
from barbiturate anesthesia, produced a return 
to sleep. A similar effect was produced by 
glucose, Iactate or glutamate. However, in 
adrenalectomized animals, only epinephrine 
was effective. 

+- Glutethimide ef. Clinical Implications 

+- Hydrazine 

Kato et al. H 15,638/69: The inhibitory 
action of various hydrazine derivatives on the 
oxidation of pentobarbital and carisoprodol, 
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and the N-demethylation of aminopyrine, 
closely parallel their Iipid solubility. 

+- lndomethacin 

Jeremy & TowBon 077,324{70: In patients 
with rheumatoid arthritis, 140-2-indomethacin 
plasma clearance is accelerated, and urinary 
excretion decreased, by acetylsalicylic acid. 
"The study showed interference between as
pirin and indomethacin, the mechanism pos
sibly being due to decreased gastro-intestinal 
absorption. This could account for clinical 
reports that the combination of the two drugs 
was no better than aspirin alone." 

Selye 070,480{71: In rats, pretreatment 
with indomethacin offered no significant pro
tection against indomethacin itself, digitoxin, 
dioxathion, parathion, nicotine, hexobarbital, 
progesterone (anesthesia), zoxazolamine, DHT 
or the infarctoid cardiopathy produced by 
fluorocortisol + N a2HPO 4 + com oil. 

Iodine 

VOBB & WaUher E53,093{60; Walther & 
VOBB 071,664{60: In rabbits, inhibition of 
thyroid function by iodine accelerates the 
recovery time of the spinal cord following 
anoxia induced by temporary compression of 
the abdominal aorta. 

+- lproniazid ef. Inhibitors under General 
Pharmacology (p. 68). 

+- lsoproterenol 

Zwadyk & HarriBon H 19,753{70: Soterenol 
is considerably more potent than the structur
ally related isoproterenol in reducing endo
toxin lethality in chick embryos and mice. 

+-Lactone 

COBmideB et al. 045,832{56: "Tetrahydro
furfuryl alcohol and butyrolactone protected 
chicken embryos from digitoxin toxicity. 
They also prolonged the time for A-V blockade 
to appear when perfused simultaneously with 
digitoxin in the frog heart. Tetrahydrofur
furyl alcohol abolished cardiac arrhythmias 
in the dog and permitted the failing heart to 
retum to relative regularity. The results appear 
to support the theory that the unsaturated 
Iactone of digitoxin is essential for cardiotonic 
activity and that a chemically related struc
ture may compete for the same receptor to 
antagonize its action on the myocardium." 

+- Methoxyflurane 

Berman & Boehantin 075,502{70: In rats, 
subanesthetic concentrations or methoxyflu
rane decreased hexobarbital sleeping time, 
increased aminopyrine demethylase activity in 
the hepatic microsomal fraction and raised 
resistance to otherwise fatal doses of methoxy
flurane. 

+- Methylenedioxyphenyl Compounds 

Fujii et al. 077,242/70: In mice, 61 methyl
enedioxyphenyl compounds (including syn
thetic insecticide synergists, natural products, 
and related open-ring analogs) showed approxi
mately parallel potency as regards hepatic 
microsomal-enzyme inhibition manifested by 
prolongation of hexobarbital narcosis and 
zoxazolamine paralysis. 

+-Metyrapone 

Currie et al. D48,292{62: In rats, the pro
duction of adrenal necrosis by DMBA is pre
vented by metyrapone, but not significantly 
influenced by ACTH. 

Jull'F74,180{66: In rats, the induction of 
mammary carcinomas by DMBA is inhibited 
by progesterone, DOC and metyrapone. 

Gaunt et al. 063,202{68: Metyrapone has 
been compared to other inhibitors of adrenal 
steroidogenesis, mostly acting at different 
sites. Some of these comparisons are shown on 
p. 583. 

Jellinek et al. F96,053f68: In rats, the 
DMBA-induced adrenocortical necrosis is pre
vented both by metyrapone (which inhibits 
11 ß-hydroxylation and the synthesis of corti
costerone) and by Su-9055 (which inhibits 17 a
hydroxylation of steroids). Since the rat adre
nal normally does not synthesize 17a-hydroxy
lated corticoids it is suggested that "compe
tition for specific receptor sites in the adrenals 
occurs between the metabolites of DMBA, 
Metopirone and Su-9055 rather than the original 
compounds." 

Wheatley F98,919{68: In rats, adrenal 
cortical necrosis produced by DMBA or 7-0H
MBA is prevented by metyrapone and related 
inhibitors of corticoid synthesis (Su 9055, 
Su 10603) but not by Ay 9944 or aminoglute
thimide (Elipten). No correlation was found 
between the influence of these drugs on corti
coidogenesis and their ability to protect 
against adrenal necrosis. Pretreatment with 
ethionine abolished the protective action of 
metyrapone, Su 9055 and Su 10603. It is con
cluded that these drugs protect by virtue of 
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their hepatic drug-metabolizing enzyme in· 
ducing ability, not by direct effect upon 
corticoidogenesis. Brief reference is made to 
the observation "that pretreatment of rats 
with Su 4885 (Metyrapone), while initially 
potentiating the action of Nembutal, subse
quently led to a considerably enhanced rate of 
detoxification and a shorter duration of nar
cosis." 

Kahl G69,105j69: Addition of metyrapone 
to liver microsomes of mice does not interfere 
with electron transport. The point of attack of 
the inhibitor on the hydroxylation of substrate 
appears tobe on cytochrome P-450. 

LeibmanG66,210f69: Metyrapone [SU-4885, 
2-methyl-1,2-bis(3-pyridyl)-1-propanone] is a 
potent inhibitor of adrenal steroid 11ß-hy
droxylase which also blocks hydroxylation of 
steroids at other points during their biogenesis 
in the adrenal gland. The 11ß-hydroxylase 
system of the adrenal cortex is dependent 

38 Selye, Hormones and Resistance 

upon NADPH oxygen and cytochrome P-450 
thus resembling hepatic microsomal enzymes. 
It is of interest therefore that metyrapone 
prolongs hexobarbital sleeping time in rats and 
inhibits the oxidative metaboliBm of hexobar
bital, aminopyrine and acetanilide by hepatic 
microsomes in vitro. 

Netter et al. G71,785J69: In mouse liver mi
crosomes, the inhibition by metyrapone of P· 
nitroanisole and N-monomethyl-p-nitroaniline 
was shown to be competitive. The degree of 
inhibition was correlated to the amount of 
metyrapone bound to cytochrome P-450. On 
the other hand, metyrapone does not seem to 
displace naphthalene from its binding to P-450. 
Possibly, simultaneaus binding of substrate 
and inhibitor may occur at different binding 
sites of the same enzyme. 

Szeberenyi & Garattini G66,140f69: In rats, 
pretreatment with metyrapone delays the 
disappearance from the blood of i.v.-injected 
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cortisol presumably because the compound 
"inhibits the liver enzyme system(s) respon
sible for inactivation of adrenal steroids." This 
effect must be taken into consideration in 
evaluating the metyrapone test for pituitary 
function. 

Selye & Mecs G60,095f70: In rats, mety
rapone inhibits the catatoxic effect of spirono
lactone against digitoxin and indomethacin 
poisoning. 

Magalhäes & Magalhäes G76,648f70: In 
rats, metyrapone causes hypertrophy of the 
hepatic SER and almost complete glycogen 
depletion. The relative volume of the SER 
(calculated by stereological methods) is also 
increased. These changes may be related to the 
increase by metyrapone of non-Uß-hydroxy
lated corticoids. 

Dardachti et al. G79,006f71: In rats, mety
rapone stimulates the proliferation of SER, 
even after adrenalectomy. 

Selye PROT. 26163: In rats, metyrapone 
(at dose Ievels which produce no obvious signs 
of toxicity) prolongs the anesthetic effect of 
progesterone, DOC and hydroxydione. 

Table 125. Effect of metyrapone upon progeste
rone, DOG and hydroxydione anesthesia 

Treatmenta Anesthesiab Mortalityb 
(Positive/Total) (DeadfTotal) 
Con- Mety- Con- Mety-
trol rapone trol rapone 

None 0/10 
Progesterone 0/10 6/10 ** 
DOC 0/10 6/10 ** 
Hydroxydione 0/10 6/9 *** 

0/10 
0/10 1/10 
0/10 1/10 
0/10 0/9 

a Progesterone, DOC acetate and hydroxy
dione sodium hemisuccinate 5 mg in 1 ml oil, 
i.p. were administered once to each of the two 
groups respectively designated. The controls 
received no other treatment, whereas the 
experimental animals were given metyrapone 
8 mg in 0.1 ml oil, i.p., once, 30 min before the 
steroid anesthetic. 

b The severity of anesthesia was read 
after 3 hrs for progesterone and DOC, after 
1 hr for the more rapidly acting hydroxydione. 
Mortality was listed 24 hrs after metyrapone 
administration "Exact Probability Test." 

For further details on technique of tabula
tion cf. p. VIII. 

DOC +- Metyrapone: Netter et al. 
G53,255f67; Colby et al. G75,695f70 

17a-Hydroxyprogesterone +- Me
tyrapone: Netter et al. G53,255f67 

Acetanilide, Aminopyrine +- Mety
rapone + Phenobarbital, Mouse: Net
ter et al. G53,255f67 

Carcinogens +- Metyrapone: Currie 
et al. D48,292f62*; Dao et al. D67,132f63*; 
Helfenstein et al. G76,331/63*; Dao et al. 
F21,633f64; Wheatley F98,919f68* 

N -Monomethyl-p-nitroaniline, p-Ni
troanisole +- Metyrapone + Pheno
barbital: Netter et al. G53,255f67 

+- Nicotine 

Beckett & Triggs G70,154f67: In man, 
nicotine excretion in the urine following intra
venous injection of nicotine, inhalation of 
nicotine vapor or smoking is greater among 
nonsmokers than among smokers. The differ
ence is ascribed to the induction of drug
metabolizing enzymes by nicotine. Following 
discontinuation of smoking, the accelerated 
nicotine metabolism persists for many months. 

Welch et al. G65,788f69: No detectable 
benzpyrene hydroxylase or aminoazo dye 
N-demethylase activity was observed in the 
placentas of women who did not smoke but 
these enzymes were found in the placentas of 
smokers. In rats, treatment with 3,4-benz
pyrene, 1,2-benzanthracemi, 1,2,5,6-dibenzan
thracene, chrysene, 3,4-benzofluorene, anthra
cene, pyrene, fluoranthene, perylene, or phe
nanthrene during pregnancy increased benz
pyrene hydroxylase activity in the placenta. 

Stdlhandske & Slanina G73,544f70: In mice, 
repeated i.p. injections of nicotine impaired 
nicotine metabolism in vitro, whereas nicotine 
p.o. slightly increased its own metabolism. 
"However, the increase was not significant and 
the stimulating effects of nicotine on hepatic 
metabolism under the experimental conditions 
used, must be considered tobe limited." 

Selye G70,480f71: In rats, pretreatment 
with nicotine offered some protection against 
intoxication with digitoxin and indomethacin 
but not against any of the other toxicants 
tested. 

+- Nikethamide 

Brazda & Baucum D48,613f61: In rats, five 
days' pretreatment with nikethamide decreases 
pentobarbital sleeping time and increases the 
pentobarbital-destroying potency of hepatic 
microsomes in vitro. 
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- Nitrogen Mustard 

Brin & McKee 031,261/56: In the rat, 
various stressors (total body X-irradiation, 
nitrogen mustard, starvation) as weil as corti
sone increase glutamic-aspartic and glutamic
alanine transaminase activities in the liver. 
Adrenalectomy decreases the activity of these 
enzymes. The glutamic-alanine enzyme is more 
sensitive to stress than the glutamic-aspartic 
enzyme. 

- Pentylenetetrazol 

Dille & Seeberg 84,277 j41: In cats, the acute 
toxicity of pentylenetetrazol is not influenced 
by bilateral nephrectomy, whereas liver da
mage induced by yellow phosphorus greatly 
increases sensitivity to pentylenetetrazol. 

Selye A36,443j42: In rats, the anesthesia 
produced by progesterone or DOC can be 
interrupted by pentylenetetrazol. Conversely, 
these anesthetic steroids protect the rat against 
otherwise fatal doses of pentylenetetrazol. 

Kerman A43,330f47: In the rat, DOC 
anesthesia is sometimes preceded by a state of 
catalepsy which can be interrupted by pen
tylenetetrazol. 

- Pesticides cf. also Clinical !Tnplications 

Nichols & Hinnigar 048,736/57: In dogs, 
DDD tends to produce abortion and increases 
the toxicity of barbiturates. 

Welch & Oonney F36,508f65: Observations 
on the hydroxylation of testosterone by micro
somes of the rat liver showed that different 
types of hydroxylation are selectively inhibited 
by various organophosphate insecticides. Treat
ment of immature male rats with phenobarbital 
revealed a selective increase in the various 
hydroxylase activities. "These results suggest 
that the 16a-hydroxylation of testosterone is 
catalysed by a different enzyme system than 
that required for the 6ß- and 7a-hydroxylation 
of testosterone." 

Oonney et al. G65,135j65: In the rat, pheno
barbital stimulates the hepatic microsomal 
metabolism of testosterone, Ll 4-androstene-
3,17-dione, androsterone and estradiol, but not 
of corticosterone, cortisone or cortisol. Similar 
effects were obtained with chlorcyclizine and 
phenylbutazone. Administration of "the carci
nogenic hydrocarbon 3-methylcholanthrene to 
rats caused a several-fold increase in the oxida
tive metabolism of certain drugs such as 
zoxazolamine and acetophenetidin but had 
little or no effect on the oxidation of hexo-

38* 

barbital or the hydroxylation of testosterone 
and Ll 4-androstene-3,17-dione." In female rats, 
chlordane stimulates the metabolism of 
estradiol to more polar metabolites. Similar 
observations have also been made in the mouse 
and dog. 

Azarnoff et al. G42,999j66: In the rat, pre
treatment with DDD markedly shortens 
anesthesia produced by various steroids and 
barbiturates. Simultaneously, there is prolife
ration of the SER and a rise in the level of 
hepatic hexobarbital-metabolizing enzyme. In 
dogs, DDD decreases hexobarbital sleeping 
time, but prolongs pentobarbital anesthesia. 
Cortisone prevents the prolongation of pento
barbital sleep. 

Oonney et al. F73,731j66: In rats, pretreat
ment with phenobarbital, chlorcyclizine, phe
nylbutazone, chlordane or DDT stimulates in 
vitro hydroxylation of various anesthetic 
steroids and decreases their anesthetic effect in 
vivo. "The ability of liver microsomal-enzyme 
stimulators to decrease the central depressant 
effects of progesterone raises the possibility 
that liver microsomal-enzyme stimulators may 
also alter physiologic actions of endogenous 
steroids in the body." 

Kupfer & Peets G40,053j66: In the rat, 
o,p'-DDD stimulates the cortisol- and hexo
barbital-metabolizing ability of the hepatic 
microsomal fraction. 

Peakall F90,310j67: In pigeons pretreated 
with DDT or dieldrin, incubation of the hepatic 
microsomal fraction with progesterone and 
testosterone revealed increased rates of steroid 
metabolism. 

Welch et al. F76,642j67: "The in vitro 
addition of organic phosphorothionate insec
ticides, such as parathion, malathion and 
chlorthion, or halogenated hydrocarbon in
secticides, such as chlordane and DDT, inhi
bited the liver microsomal hydroxylation of 
testosterone. Treatment of rats with chlor
thion for 10 days inhibited the liver micro
somal hydroxylation of testosterone, estradiol-
1 'iß, progesterone and deoxycorticosterone, 
whereab 'lhronic treatment of rats with chlor
dane or DDT stimulated the hydroxylation of 
these steroids." Chlorthion had a more marked 
inhibitory effect upon the 16a-hydroxylation 
than on the 6ß- or 7a-hydroxylation. Chlordane 
or DDT-pretreatment stimulated 6ß-, 7a- and 
16a-hydroxylation of testosterone, but parti
cularly the latter reaction. Apparently, the 
microsomal enzyme system responsible for 
16a-hydroxylation of testosterone differs from 
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the systems regulating 6ß- and 7a-hydroxy
lation. 

Conney et al. G43,018f67: Review of the 
Iiterature and personal observations on the 
induction of steroid hydroxylases in hepatic 
microsomes by various pesticides. "In contrast 
to the stimulatory effect of halogenated hydro
carbon insecticides on hepatic steroid hydroxy
lases, treatment of rats with organophosphate 
insecticides, such as chlorthion, inhibits the 
liver microsomal metabolism of several steroid 
hormones. Chlorthion has a greater inhibitory 
effect on the 16a-hydroxylation of testosterone 
than on the 6ß- or 7a-hydroxylation of this 
steroid, suggesting that separate enzyme sys
tems are required for the various hydroxyla
tion reactions." 

Good & Ware G76,670f69: In mice, feeding 
of the insecticides endrin or dieldrin did not 
significantly affect fertility, fecundity or the 
number of young produced per day. 

Lacassagne et al. G74,932f69: In rats, pro
duction of hepatic cancers by DAB is power
fully inhibited by Ll6-pregnenolone, DOC or 
DDD. Various other steroids give less clear-cut 
results. 

Levin et al. G64,184f69: "Treatment of 
immature male rats with phenobarbital or 
chlordane for several days prior to an injection 
of testosterone or testosterone propionate 
inhibits the growth-promoting effect of these 
androgens on the seminal vesicles. It is suggest
ed that phenobarbital and chlordane decrease 
the action of the androgens by enhancing their 
metabolism." 

Fahim et al. G81,358f70: In rats, "DDT ad
ministered to cycling females or estrogen-main
tained castrated animals causes decreased uter
ine weight and alkaline phosphatase." 

Greim G76,366f70: In patients with consti
tutional hyperbilirubinemia (Gilbert- or Meu
tengracht syndrome) as well as in Cushing's 
disease, the stimulation of hepatic microsomal
enzyme induction by DDT or DDD is followed 
by remissions. Because of its corticolytic effect 
in the dog, it is assumed that DDD acts by 
bloclring corticoid production, but in vitro 
experiments with rat liver microsomes, show 
that DDD and DDT increase the metabolism of 
corticoids and hence their therapeutic effect is 
ascribed to this action. 

Kimbrough et al. G81,969f71: In rats, DDT 
and dieldrin reduce hexobarbital sleeping time, 
increase liver weight and cause proliferation 
of the SER with the formation of a typical 
mitochondria which often contain numerous 
longitudinally arranged parallel cristae. 

+- Phenaglycodol 

Kato D46,405j61: In the rat, following pre
treatment with phenaglycodol or thiopental, 
resistance to strychnine is increased, whereas 
resistance to OMP A is considerably diminished. 

+- Phentolamine 

Selye G70,480f71: In rats, pretreatment 
with phentolamine protected against intoxi
cation with digitoxin and dioxathion but not 
against any of the other nonadrenergic drugs 
tested. 

+- Phenothia111ines 

Holten & Larsen G74,395f56: In mice, 
hexobarbital anesthesia is considerably pro
longed by benactyzine ( a compound used for the 
treatment of psychoneuroses). The effect 
resembles that of SKF 525-A and when given 
together, the two compounds synergize each 
other. Extensive review of the Iiterature and 
numerous personal observations concerning the 
barbiturate-potentiating effect of various anti
histamines and spasmolytic compounds. 

Wattenberg & Leong F38,140f65: In rats, 
the production of adrenal necrosis by DMBA is 
inhibited by phenothiazine and several of its 
derivatives whichincrease benzpyrenehydroxy
lase activity. 

+- Phenylbuta111one 

KerBten & Staudinger G67,796f56: Addition 
of phenylbutazone to pig liver homogenates 
inhibits the enzymic inactivation of cortisone 
in vitro. 

Conney & Schneidman F24,913f64: "Treat
ment of immature rats and dogs with phenyl
butazone increased several-fold the activity of 
enzymes in liver microsomes that hydroxylate 
testosterone and Ll4-androstene-3,17 -dione. 
Treatment of rats with phenylbutazone or 
phenobarbital stimulated a minor pathway of 
corticosteroid metabolism to polar metabolites 
chromatographically similar to hydroxylated 
substrate. Administration of the carcinogenic 
hydrocarbon 3-methylcholanthrene to rats did 
not stimulate polar metabolite formation but 
markedly inhibited the microsomal metabolism 
of corticosteroids to metabolites chromato
graphically less polar than the substrate." 

Kuntzman et al. G67,76lf66: In man, phe
nylbutazone increases the urinary excretion of 
6ß-hydroxycortisol, and simultaneously de
creases the nonpolar 17-0HCS. These findings 
are in agreement with earlier in vitro observa-
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tions showing that the hydroxylation of cortisol 
to 6 ß-hydroxycortisol by guinea pig liver micro
somes is increased foilowing pretreatment with 
phenylbutazone in vivo. 

Welch et al. G47,232f67: "When rats re
ceived 75 mgfkg of phenylbutazone twice a day 
for 1 day, a high incidence of gastric ulcers was 
observed 24 hours later. However, when rats 
received the same dose daily for 14 days, the 
metabolism of the drug was markedly stimu
lated and no ulcers were observed." 

Bailey et al. H 450f68: In rabbits, choleste
rol atherosclerosis is inhibited by cortisone, 
prednisone, triamcinolone, methylprednisolone, 
dexamethasone and 9a-fluorocortisol, although 
hyperlipemia is aggravated. Phenylbutazone 
and oxyphenylbutazone also diminished cho
lesterol atherosclerosis, although to a lesser 
extent and without augmenting hyperlipemia. 

Klinger et al. H28,896f70: In rats, phenyl
butazone reduces hexobarbital sleeping time 
and increases the fresh weight of the liver as 
weil as the ability of the hepatic 9000 g super
nataut to enhance aminophenazone-N-deme
thylation. An increase in the ascorbic acid 
concentration of the liver was noted only in 
young animals, but the urinary excretion of 
ascorbic acid was as pronounced as after bar
bital treatment. Phenylbutazone administra
tion to the pregnant mother failed to elicit an 
induction effect in the fetuses as judged by 
hepatic ascorbic acid determinations and by 
ultrastructural studies of the fetallivers. Pro
liferation of the SER was obtained by phenyl
butazone in 10-day-old or older rats, often in 
association with an increase in the number of 
Iysosomes and mitochondrial changes, as weil 
as by evidence of intrahepatic cholestasis. 

Yesair et al. G75,388f70: In rats, salicylic 
acid i.v. decreases the plasma concentration of 
indomethacin. Simultaneously, the urinary 
excretion of UC-indomethacin is decreased, 
whereas biliary and fecal excretions are in
creased. Phenylbutazone, chlorogenic acid and 
acetic acid had no effect on plasma radioacti
vity. Probenacid increased plasma concentra
tion of indomethacin. "The specificity of sali
cylic acid in decreasing concentrations of indo
methacin in plasma of rats and of probenecid in 
increasing indomethacin concentrations in 
plasma of both rat and man may arise from the 
similarity in structure of the benzoyl group of 
the three compounds." 

Selye G70,480f71: In rats, phenylbutazone 
pretreatment protects against intoxication with 
dioxathion, parathion, nicotine, hexobarbital, 
progesterone and indomethacin but not against 

poisoning with digitoxin, zoxazolamine, DHT 
or the infarctoid cardiopathy produced by fluo
rocortisol + N a2HPO 4 + corn oil. 

+- Probenecid 

Y esair et al. G 7 5,388/70: In rats, probenecid 
increased the plasma concentration of indo
methacin. 

+- Puromycin cf. Inhibitors under Gene· 
ral Pharmacology (p. 75). 

+- Pyridinolcarbamate 

Shimamoto G70,917f69: In cholesterol-fed 
rabbits, pyridinolcarbamate induced the re
gression of the atheromatous lesions and their 
replacement by regenerating smooth muscle 
fibers. 

+- RES-Blockers 

Holck D28,543f49: Adult male rats are 
more resistant than females to toxic doses of 
picrotoxin. Such a sex difference is absent in 
one-month-old rats. Castration lowers picro
toxin resistance in rats of either sex. Testoste
rone raises picrotoxin resistance in normal and 
especially in spayed females, but not in males. 
Blockade of the RES abolished the sex differ
ence but corticosterone failed to influence it. 

Kaas D35,079f60: "The antiendotoxic acti
vity of corticosteroids seems to be sufficiently 
different from the anti-inflammatory activity 
to offer the possibility that these two activi
ties may be structurally separable. The anti
inflammatory action of corticosteroids is appa
rently related largely to an effect on vascular 
permeability, whereas the antiendotoxic acti
vity in some way involves the reticuloendothe
lial system." 

DiCarlo et al. F74,536f65: Several RES sti
mulants prolong pentobarbital sleeping time 
in the mouse. There is no evidence of this effect 
being due to induction of pentobarbital-meta
bolizing enzymes. "An alternative hypothesis 
is that the stimulants induce the biological 
inactivation of corticosterone, which may regu
late barbiturate hydroxylase as weil as tryp
tophan pyrrolase and certain transaminases of 
liver microsomes." 

Wooles & Borzelleca F93,374f66: Repeated 
administration of zymosan i.v. prolongs hexo
barbital, pentobarbital and barbital sleeping 
time in the mouse. This effect is ascribed to 
stimulation of the RES. 

Agarwal & Berry G66,480f67: "Four hours 
after zymosan administration, cortisone was 
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able to induce mouse liver tryptophan pyrro
lase production almost at anormal rate and, 
under these conditions, protected mice against 
a concurrent injection of endotoxin. Adminis
tration of zymosan, at either 2 or 4 hours after 
cortisone administration, resulted in little 
change in tryptophan pyrrolase activity while 
endotoxin, when similarly administered, caused 
a rapid decline in liver tryptophan pyrrolase 
activity .... Glucan and zymosan, like endo
toxin, increased tyrosine-a-ketoglutarate trans
aminase activity in intact but not in adrenalec
tomized mice. Zymosan and thorotrast, unlike 
endotoxin, neither lowered liver carbohydrate 
levels nor influenced cortisone induced neo
synthesis of liver glycogen. These results 
suggest a cause and effect relationship between 
inducibility of key liver enzymes and survival 
against stress." 

Berry et al. E7,069f67: In mice, endotoxin, 
zymosan, glucan, and saccharated iron oxide 
(all RES-blocking agents) lower hepatic TPO 
and increase TKT in vivo, but not in vitro. 
Endotoxin also prevents the induction of 
TPO by cortisone, especially when the latter is 
given 2-4 hrs after endotoxin. The transami
nase responds normally. Zymosan and glucan 
do not prevent the induction of TPO by corti
sone. "Perhaps one might relate these effects to 
the dose of colloid used in relation to its toxi
city, but even !arge doses of saccharated iron 
oxide capable of killing mice fail to prevent the 
induction of tryptophan pyrrolase by corti
sone." 

Timar et al. F82,696f67: In rats pretreated 
with India ink i.v., phenobarbital elimination 
is delayed. 

+- Reserpine 

Radouco-Tlwmas et al. E 60,201{157: In guin
ea pigs, the analgesic effect of meperidine is 
diminished by reserpine and counteracted by 
concurrent administration of norepinephrine. 

Westermann et al. 083,072{60: In the rat, 
!arge doses of reserpine produce an alarm 
reaction with an increase in the hepatic tryp
tophan peroxydase activity associated with 
lowered brain serotonin and norepinephrine. 
Hypophysectomy prevents these responses. 

+- Salicylic Acid 

Jeremy & Towson G77,324f70: In patients 
with rheumatoid arthritis, 140-2-indomethacin 
plasma clearance is accelerated, and urinary 
excretion decreased, by acetylsalicylic acid. 
"The study showed interference between aspi-

rin and indomethacin, the mechanism possibly 
being due to decreased gastro-intestinal ab
sorption. This could account for clinical reports 
that the combination of the two drugs was no 
better than aspirin alone." 

Katczak et al. G715,716f70: In rabbits chro
nically treated with acetylsalicylic acid, the 
liver shows considerable dilatation of the 
endoplasmic reticulum whose spaces are filled 
with electron dense material. At the same time, 
various enzyme activities of the liver are 
changed and the glycogen content of the hepa
tocytes is diminished. 

Yesair et al. G715,388f70: In rats, salicylic 
acid i.v. decreases the plasma concentration of 
indomethacin. Simultaneously, the urinary 
excretion of 14C-indomethacin is decreased, 
whereas biliary and fecal excretions are 
increased. Phenylbutazone, chlorogenic acid 
and acetic acid had no effect on plasma radio
activity. Probaneeid increased plasma concen
tration of indomethacin. "The specificity of 
salicylic acid in decreasing concentrations of 
indomethacin in plasma of rats and of probene
cid in increasing indomethacin concentrations 
in plasma of both rat and man may arise from 
the similarity in structure of the benzoyl group 
of the three compounds." 

Selye G70,480f71: In rats, acetylsalicylic 
acid or sodium salicylate protected against 
progesterone anesthesia and indomethacin
induced intestinal ulcers. Acetylsalicylic acid, 
unlike sodium salicylate, also offered some 
protection against zoxazolamine paralysis and 
sodium salicylate against parathion intoxica
tion but neither of these salicylates protected 
against poisoning with digitoxin, dioxathion, 
nicotine, hexobarbital or DHT, nor did they 
prevent the infarctoid necroses produced by 
fluorocortisol + Na2HP04 + com oil. 

+- Soterenot 

Zwadyk & Harrison H 19,7153{70: Soterenol 
is considerably more potent than the structu
rally-related isoproterenol in reducing endo
toxin lethality in chick embryos and mice. 

+-Sucrose 

Kato & Takanaka F88,660f67: Observa
tions on the in vivo and in vitro detoxification 
of zoxazolamine, hexobarbital, pentobarbital, 
strychnine, carisoprodol, and OMP A show 
that sucrose feeding or starvation for 48 hrs 
before the tests markedly decreases the hepatic 
microsomal detoxication of those substrates, 
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which are less toxic for male than for female 
rats. It is assumed that sucrose depresses the 
synthesis of hepatic microsomal enzymes. 

+-Sulfur 

Sakurai E67,662j25: In cats, unlike in 
rabbits, thiosulfate inhibits methemoglobin 
formation following treatment with aniline or 
sodium nitrite. 

Myers & Ferguson A48,023j28: In rabbits, 
intoxication with tincture of iodine s.c. is 
counteracted by sodium thiosulfate i.v. or p.o. 

Young & Taylor A48,227j30; A48,535j31: 
In rabbits, sodium thiosulfate does not appre
ciably decrease the toxicity of mercury com
pounds. 

Kabelik 9,032j32: In guinea pigs, sodium or 
magnesium thiosulfate i.p. offers considerable 
protection against otherwise Jethai anaphylactic 
shock. This "anti-anaphylaxis" persists several 
days. Even better results are obtained with the 
serum of horses which have received sodium 
thiosulfate i.v. 4 hrs before bleeding. The 
serum of unpretreated horses is ineffective. The 
protective action of "thiosulfate serum" 
cannot be due to the presence of thiosulfate, 
since activity persists after no more thiosulfate 
can be detected by chemical means in the 
serum. The protective factor can be extracted 
from the serum by ethanol. 

Schreiber A48,020j33: Review on the de
toxifying action of sulfur compounds (particu
larly SH- and SS-groups) upon various drugs. 

Vandestrate A 48,036 J33: Contrary to earlier 
claims, sodium thiosulfate does not protect the 
guinea pig against tuberculin. 

Ohambon & Bouvet A48,279J33: In dogs 
returned to an atmosphere of pure air after 
CO-intoxication, treatment with sodium thio
sulfate does not improve detoxication as had 
been previously suggested. 

Hochwald 36,114/36: In guinea pigs, ana
phylactic shock is diminished by pretreat
ment with cysteine or sodium thiosulfate. 

Wendt A48,250J38: Review (19 pp., 264 refs.) 
on the use of sodium thiosulfate in the treat
ment of various intoxications and diseases with 
special reference to the detoxication of arsenio 
and cyanides. 

Vauthey & Vauthey A48,670j47: In guinea 
pigs, acute intoxication with mercuric cyanide 
(excitation, paralysis, death) is partially com
bated by 20 days' pretreatment with 100 mg of 
ascorbic acid per day s.c. A similar moderate 
protection is obtained by sodium thiosulfate 

and, to a much lesser extent, by glucose. [The 
very preliminary experiments suggest that none 
of the protective actions was very evident 
(H.S.).] 

Patt et al. B54,521j49: In rats, resistance 
to total body X-irradiation is increased by 
pretreatment, 5 min before exposure, with 
cysteine (but not with cystine) i.v. Injection of 
cysteine immediately after exposure is ineffec
tive. 

Patt et al. B54,522j50: In rats and mice, 
cysteine-pretreatment increases resistance to 
whole body X-irradiation. Cysteine, methio
nine, sodium sulfide, and ascorbic acid are 
ineffective under similar conditions. When 
administered after X-irradiation, cysteine also 
fails to protect. 

Bacq et al. E91,032J51: In mice, cystea
mine i.p. protects against total body X-irra
diation. 

Stavinoha et al. 094,628/59: Review and 
personal observations on protection by various 
sulfur compounds against thallium intoxica
tion. 

Oahn & Herold G72,124j60: Review (9 pp., 
58 refs.) on the importance of sulfhydryl groups 
in the detoxication of various agents. 

Passow et al. G38,172j61: Review (39 pp., 
130 refs.) on the general pharmacology of 
heavy metals with special reference to their 
detoxication by sulfur compounds. 

Langendorfj F42,481j65: Review on radio
protective agents with special reference to 
sulfur containing compounds. 

Lumper & ZahnG72,128j65: Review (38 pp., 
187 refs.) on the biochemistry of disulfide ex
change reactions with special reference tc 
their detoxicating value. 

Gier et al. F85,815j67: In mice, the pro
tection against total body X-irradiation given 
by 5-HT is considerably increased by con
current treatment with thiosulfate. Various 
other radioprotective compounds likewise 
offer better protection, and are less toxic if 
administered conjointly than if given singly. 

Varga & Fischer G76,189j69: In rats, 
hepatic darnage produced by bromobenzene, 
CC14, allyl alcohol and thioacetamide is asso
ciated with prolonged hexobarbital sleeping 
time owing to interference with the hepatic 
microsomal metabolism of the barbiturate. 
However, the degree of hepatic injury does not 
run strictly parallel with the prolongation of 
the hexobarbital sleeping time; hence, the 
latter cannot serve as an accurate hepatic func
tion test. 
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+- Tetrachloroethylene 

Levin et al. H26,593f70: In rats, CCI4 given 
to immature females 24 hrs before sacrifice 
inhibited the activity of hepatic microsomal 
enzymes that hydroxylate estradiol-17ß and 
estrone. This inhibition was reflected in vivo by 
an altered metabolism of estradiol-17ß and 
estrone, by a potentiation of the uterotrophio 
aotion of folliculoids and by an inoreased oon
centration of these steroids in the uterus. By 
oontrast, tetraohloroethylene did not influenoe 
the action of estrone. SKF 525-A and desipra
mine, whioh are also inhibitors of drug meta
bolism, likewise potentiate the uterotrophio 
aotion of estrone in immature rats. 

+- Thiadiazolell cf. Sulfa Drugs 

+- Threonine 

Sidransky et al. G65,724f69: In rats, force
fad a threonine-devoid diet for 3-7 days, 
hepatio protein synthesis is enhanced as shown 
by various techniques. This inorease is further 
augmented by cortisone, and causes a shift in 
hepatio polyribosomes toward heavier aggre
gates. 

+- Tolbutamide cf. Pancreatic Hormones 

+- Tryptamine 

Langendorff & Koch 036,881/57: In mice, 
both tryptamine and 5-HT affered proteotion 
against X-irradiation, whereas benzedrine and 
d,l-ephedrine were ineffective. 

+- Triamterene 

Selye P ROT. 31649: In rats (100 g ~), 
pretreatment with triamterene (1 mg in 1 ml 
water p.o. x2/day) or amiloride (300 tJ.g in 1 ml 
water p.o. x2fday) fails to proteot against 
hexobarbital, progesterone, parathion or dioxa
thion. 

+- Vitamin .A. 

Ehrliek & Hunt G55,237f68: In rats, vita
min A has no effeot upon wound healing but it 
overoomes the inhibitory effect of cortisone. 

Selye G70,480f71: In rats, pretreatment 
with vitamin A affered no significant protec
tion against digitoxin, dioxathion, parathion, 
nicotine, hexobarbital, progesterone, zoxazol
amine, indomethacin, DHT or the infarctoid 
cardiopathy produced by fluorocortisol + 
Na2HP04 + com oil. 

+- Vitamin-B12 

Bengmark & OlsaonE34,736f63:Review and 
personal observations on the effect of vitamin
B12 upon hepatic regeneration following partial 
hepatectomy in the rat. 

+-Vitamine 

Vautkey & Vauthey A48,670f47: In guinea 
pigs, acute intoxication with mercuric cyanide 
(excitation, paralysis, death) is partially com
bated by 20 days pretreatment with 100 mg 
of ascorbic acid per day s.c. A similar moderate 
protection is obtained by sodium thiosulfate 
and, to a much lasser extent, by glucose. [The 
very preliminary experiments suggest that none 
of the protective actions was very evident 
(H.S.).] 

Selye G70,480f71: In rats, pretreatment 
with large doses of vitamin C affered no signi
ficant protection against digitoxin, dioxathion, 
parathion, nicotine, hexobarbital, progesterone 
(anesthesia), indomethacin, acute DHT intoxi
cation or the infarctoid cardiopathy produced 
by fluorocortisol + Na2HP04 + com oil. 
Ascorbic acid actually aggravated zoxazola
mine intoxication. 

+-VitaminD 

Selye G70,480f71: In rats, pretreatment 
with vitamin D2 affered no significant protec
tion against intoxication with digitoxin, dioxa
thion, parathion, nicotine, hexobarbital, pro
gesterone (anesthesia), zoxazolamine, indo
methacin, acute DHT poisoning or the in
farctoid cardiac necroses produced by fluoro
cortisol + Na2HP04 + com oil. 

+-VitaminE 

Tuchweber et al. D65,261f63: Both methyl
testosterone and vitamin E prevent the pro
duction of a progeria-like syndrome by DHT 
in the rat. 

Selye et al. E24,117f64: The progeria-like 
syndrome produced by DHT, vitamin-Da or 
vitamin-D3 can be prevented by ferric dextran, 
methyltestosterone or vitamin E in the rat. 

Cawthorne et al. H26,441f70: In rats, the 
acute toxicity of CCI4 p.o. is greater in males 
than in females. Vitamin E and various anti
oxidants exert a protective effect. It is sug
gested that the protection may be partly depen
dent upon the induction of hepatic micro
somal enzymes. 
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Selye G70,480f71: In rats, pretreatment 
with vitamin E offered some protection against 
dioxathion intoxication, hexobarbital and pro
gesterone anesthesia, and acute DHT in
toxication, but not against any of the other 
toxicants tested. 

+- W-1372 

Selye G70,480f71: In rats, W-1372 protects 
against intoxication with dioxathion, parathion, 
hexobarbital, progesterone (anesthesia), zoxa
zolamine and indomethacin but not against 
digitoxin, nicotine, acute DHT intoxication 
or the infarctoid cardiopathy produced by fluo
rocortisol + Na2HP04 + corn oil. 

+- Xanthine 

Ravdin et al. B25,566f39: In rats, xanthine, 
allantoin, caffeine, sodium ricinoleate and 
Suspensions of colloidal carbon injected s.c. 
protect the liver against injury from chloro
form, presumably as a consequence of the re
sulting inflammatory reaction which is asso
ciated with the absorption of protein split 
products. This would also explain the protec
tive effect of various hepatic extracts (includ
ing Yakriton) and of high-protein diets. 

+-Varia 

Fastier et al. 037,038!57: In mice, chioral 
hydrate sleeping time is increased by epine
phrine, norepinephrine, phenylephrine, metho
xamine, 5-HT, histamine, ergotamine, yohim
bine and atropine. "It is suggested that some, at 
least, of the drugs which prolong the effects of 
hypnotics do so by virtue of a hypothermic 
action." Vasopressin, cortisone and DOC did 
not prolong chioral hydrate sleeping time at the 
doses tested. 

Kato & Vassanelli D40,237f62: "Rats pre
treated with phenobarbital, phenaglycodol, 
glutethimide, nikethamide, chlorpromazine, tri
flupromazine, meprobamate, carisoprodol, pen
tobarbital, thiopental, primidone, chloretone, 
diphenylhydantoine and urethane showed an 
accelerated metabolism of meprobamate and, 
at the same time, a diminished duration of 
sleeping time and paralysis due to mepro
bamate." SKF 525-A accelerated meproba
mate metabolism and counteracted the action 
of the enzyme inducers. In hypophysectomized 
or adrenalectomized rats, phenobarbital still 
increased meprobamate metabolism in vitro. 

Conney & Schneidman F35,870f65: Treat
ment of young male rats with phenobarbital 
stimulated the liver microsomal metabolism of 

progesterone, testosterone, Ll 4-androstene-3,17-
dione, androsterone, and DOC to polar meta
bolites identified in most cases as hydroxy
lated derivatives of the substrates. These in 
vitro effects were associated with a decreased 
hypnotic action of high doses of these steroids. 
Similar effects in vitro andin vivo were obtained 
with chlorcyclizine, phenylbutazone or chlor
dane. 

Kuntzman et al. F55,537f65: In the rats, 
anesthesia produced by progesterone, DOC, 
androsterone, or Ll 4-androstene-3,17 -dione is 
inhibited by phenobarbital. Progesterone anes
thesia is also inhibited by chlorcyclizine-, 
phenylbutazone-, chlordane- and DDT-pre
treatment. These effects are tentatively ascribed 
to a stimulation of hepatic drug-metabolizing 
enzyme synthesis. 

Burns et al. G66,103f67: Review (8 pp., 
22 refs.) on "Drug Effects on Enzymes" with 
special reference to chronic toxicity tests. 

Groppetti & Costa H31,959f69: In adult 
male rats, the disappearance of amphetamine 
is faster than in adult females. Estradiol re
tards the rate of amphetamine disappearance 
in adult males. Such potent hepatic micro
somal enzyme inducers as phenobarbital, 3-MC, 
or diphenylhydantoin do not change the tissue 
Ievels of amphetamine. 

Perez E8,836f69: A review (270 pp., nume
rous refs.) on the role of the liver in drug detoxi
cation and the hepatotoxic activity of certain 
drugs (Spanish). 

Jori et al. G81,674f70: In the rat, there is 
linear correlation between sleeping time and 
brain pentobarbital concentration. This cor
relation was abolished or modified by various 
drugs, suggesting that SKF 525-A, DDT and 
low doses of chlorpromazine act only by modi
fying barbiturate metabolism, whereas amphet
amine, high doses of chlorpromazine and dia
zepam affect pentobarbital sleeping time with
out altering its metabolism. 

Shafer & Adicoff G80,179f70: In dogs, tetra
hydrofurfuryl alcohol (THFA), despite its re
semblance to the Iactone moiety of digoxin 
offers no protection against the latter com
pound in vivo. The authors emphasize that 
despite these "negative results, the develop
ment of a specific nontoxic pharmacological 
antagonist to digitalis would be of major clinical 
importance." [These investigators appear to 
be unaware of the inhibition of digitalis toxi
city by spironolactone (H.S.).] 

Calhoun et al. H 34,806/71: In immature 
rats, the uterotrophic effect of mestranol or 
norethynodrel was affected by numerous drugs. 
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"Pretreatment with phenobarbital or SKF 
525A was found to decrease and increase, re
spectively, the uterine wet weight in controls 
as weil as in mestranol-treated groups. Of the 
other drugs tested, only tolbutamide increased 
uterine wet weights in both control and 
mestranol-treated groups. In addition, the re
sponse to mestranol was increased following 

pretreatment with p-aminosalicylic acid, chlor
promazine, and imipramine and decreased 
following diphenylhydantoin, phenylbutazone, 
or scopolamine pretreatment. The response to 
norethynodrel was decreased after pretreat
ment with phenobarbital or diphenylhydantoin 
and increased following SKF 525A pretreat
ment." 

+DIET 

Dietary factors undoubtedly exert an important influence upon defensive reactions 
in generaland upon the induction of microsomal enzymes in particular. For example, 
the protein intake is a critical factor involved in maintaining the folliculoid-inacti
vating system of the liver. 

A good deal of work has been done on the influence of dietary factors on the 
detoxication of barbiturates. In mice, starvation prolongs hexobarbital sleeping 
time and diminishes the ability of isolated hepatic microsomes to metabolize this 
drug. Following repeated periods of fasting (as after other types of stress), hexobar
bital hypnosis is also prolonged in male rats. Allegedly, hexobarbital detoxication 
by hepatic microsomes of rats is optimal if the diet contains about 3% of the calories 
in the form of corn oil (or equivalent amounts of linoleate). Both higher and lower 
essential fatty acid concentrations are detrimental. 

The toxicity of carcinogens and chloroform is also considerably influenced by 
the diet. 

In rats, 24 hrs fasting after a single injection of indomethacin can prevent 
intestinal ulcer formation, whereas earlier or later fasting bad no such effect. The 
intestinal ulcers could also be prevented by ligature of the common bile duct; con
sequently it is possible that fasting acts through its influence upon bile secretion. 

Pesticide detoxication is likewise modified by nutritional factors. In rats kept 
on a protein-deficient diet, the activity of the thiophosphate-oxidizing system is 
enhanced. The detoxication of heptachlor (as that of hexobarbital) proceeds most 
favorably if the diet contains about 3% of the calories in the form of corn oil or of 
equivalent amounts of linoleate. 

Much attention has been given also to the action of nutritional factors upon the 
detoxication of other drugs and on the activity of various hepatic enzyme systems 
as well as on liver regeneration after partial hepatectomy but for corresponding data 
the reader is referred to the Abstract Section. 

Steroids +-

György E86,573f45: Review of the Iitera
ture and personal observations on the influence 
of the diet upon the hepatic detoxication of 
estrone in the rat. 

Vanderlinde &1 Westerfeld B51,537f50: 
"The estrogen draining through the liver from 
mesenterically implanted pellets of estrone in 
castrate rats was inactivated when the rats 
were maintained on: 1) chow ad libitum, 2) nor
mal or 50% restricted intake of a 21% purified 

casein diet. The liver estrogen inactivating 
systemwas not maintained by: 1) an 8% puri
fied casein diet ad libitum, or 2) 50% of the 
usual intake of chow. The results are consistent 
with the concept that protein intake is the 
critical dietary factor involved in maintaining 
the estrogen inactivating system in the liver." 

Drugs+-

Barbiturates-· Dixon et al. G65,886f60: In 
mice, starvation prolongs sleeping time after 
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hexobarbital i.p. and simultaneously dimin
ishes the ability of isolated hepatic microsomes 
to metabolize the drug. 

Kalyanpur et al. F99,270j68: Review of the 
Iiterature and personal observations on the 
effect of dietary factors upon barbital sleeping 
time in rats. 

Hässler et al. H23,853j69: Male rats are 
more resistant than females to the anesthetic 
effect of hexobarbital. In rats raised under 
extreme conditions of stress (cold or repeated 
periods of fasting) hexobarbital sleeping time 
is prolonged. 

Caster et al. G73,426j70: In rats, hexobarbi
tal and heptachlor detoxication by hepatic 
microsomes in vitro, is optimal if the diet 
contains about 3% of the calories in the form 
of com oil (or equivalent amounts of linoleate). 
Both higher and lower Ievels of fatty acids are 
detrimental for the detoxication of these sub
strates and this was confirmed by determina
tions of hexobarbital sleeping time in vivo. The 
results are interpreted as indicating that an 
optimum amount of essential fatty acid is 
required for the most efficient functioning of 
the hepatic microsomal drug-metabolizing 
system. 

W einer et al. H 24,942 f70: In rats, glucagon, 
alloxan and starvation all increased hexobar
bital sleeping time. This effect was markedly 
antagonized by insulin. Perhaps, cyclic AMP 
may be involved since theophylline greatly in
creases the action of glucagon. This synergism 
also occurred in isolated, perfused rat Iivers 
and, hence, "inhibition ofhexobarbital metabo
liBm by cyclic AMP would appear to be me
diated in the liver." 

Carbon Tetrachloride +-. Nayak et al. 
G80,728f70: In rats, a protein-free diet or 
starvation caused deterioration of the ER and 
diminution of drug-metabolizing enzymes, but 
failed to make the hepatocytes less susceptible 
to the effects of CC14• 

Carcinogens +-. Brown et al. G57,030j54: 
"The activity of an enzyme system in mouse 
and rat liver which N-demethylates 3-methyl-
4-monomethylaminoazobenzene has been found 
to depend on the nature of the diet. The lowest 
activity occurred when a grain or purified diet 
was fed. The aotivity of mouse liver approxi
mately doubled when any of several commeroial 
chows was fed; the activity of rat liver increa
sed about 30 per cent. The factor was also 
oontained in a nurober of aged or otherwise 
treated animal produots, such as an old 
cholesterol preparation, liver extracts, and 
peptones. A variety of pure sterols were inac-

tive, but could be made aotive by peroxi
dation." 

Chloroform +-. Ravdin et al. B25,566j39: 
In rats, xanthine, allantoin, caffeine, sodium 
ricinoleate and suspensions of colloidal carbon 
injected s.c. proteot the liver against injury 
from chloroform, presumably as a consequence 
of the resulting inflammatory reaction which 
is assooiated with the absorption of protein
split products. This would also explain the 
protective effect of various hepatio extracts 
(including Yakriton) and of high-protein diets. 

Digitoxin +-. Selye P ROT. 24423: In rats 
(100 g ~) fasting 24 hrs before or after ad
ministering 2 mg of digitoxin p.o. failed to 
prevent the development of convulsions and 
actually seemed to aggravate the resulting 
mortality. 

Indomethacin +-. Brodie et al. G67,797f69: 
In rats given a single injection of indomethacin 
s.o., starvation during the following 24 hrs 
completely prevented intestinal ulcer forma
tion, whereas starvation for 24 hrs on the 
seoond, third, or second + third day had no 
such effect. Intestinal ulcers could also be 
prevented by ligature of the common bile duct. 
When segments of small intestine were iso
lated by Thiry-Vella loops, uloeration was pre
vented in the loops but not in the adjacent 
anastomosed intestine. 

Selye P ROT. 24733,25025,24423: In rats 
(100 g ~) complete fasting during a 24 hrs 
period before or after the injection of 3 mg of 
indomethacin s.o., or even 24 hrs before and 
continuing until 24 hrs after this injection, 
failed to prevent the development of perforat
ing intestinal ulcers. 

Pesticides +-. Murphy &: DuBois D28,546f 
58: The activity of the microsomal enzyme 
system which oxidizes thiophosphates to po
tent anticholinesterase agents is considerably 
higher in male than in female rats (incubation 
of liver homogenates with Guthion or ethyl 
p-nitrophenyl thionobenzenephosphonate or 
"EPN"). SKF 525-A inhibits, whereas pre
treatment with carcinogens or a protein-defi
cient diet enhances, the activity of the thio
phosphate-oxidizing enzyme. 

Caster et al. 073,426/70: In rats, hexobar
bital and heptachlor detoxication by hepatic 
microsomes in vitro, is optimal if the diet 
contains about 3% of the calories in the form 
of com oil (or equivalent amounts of linoleate). 
Both higher and lower Ievels of fatty acids 
are detrimental for the detoxication of these 
substrates and this was confirmed by deter
minations of hexobarbital sleeping time in 
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vivo. The results are interpreted as indicating 
that an optimum amount of essential fatty acid 
is required for the most efficient functioning 
of the hepatic microsomal drug-metabolizing 
system. 

Varia E-. Conney & Burns G67,166{62: 
Review on the effect of starvation on drug 
metaboliBm with special reference to micro
somal enzymes. 

Kato & Gillette F5,638{64: In female rats, 
3 days starvation "increases the activity of 
TPNH-dependent enzymes that catalyze the 
metabolism of TPNH, aniline, aminopyrine, 
p-nitrobenzoate, neotetrazolium, and neopron
tosil, but does not alter the activity of TPNH
cytochrome c reductase. In contrast, starva
tion of male rats decreases the activity of 
aminopyrine demethylase, although it increa
ses the activity of aniline hydroxylase and 
does not alter the activity of nitroreductase, 
TPNH-cytochrome c reductase or TPNH 
oxidase." Sucrose fed to rats of either sex for 
3 days lowers the activity of all these enzymes, 
but does not interfere with their induction by 
phenobarbital. 

Kato & Gillette F57,816{65: The ability of 
rat liver microsomal enzymes to inactivate 
various substrates is greater in males than in 
females but the sex difference varies with the 
substrate. There is a more than 3-fold sex 
difference with aminopyrine and hexobarbital 
but virtually none with hydroxylation of ani
line and zoxazolamine. In male rats, starva
tion impairs sex-dependent enzymes which 
metabolize aminopyrine and hexobarbital but 
enhances those that hydroxylate aniline. On 
the other hand, in female rats, starvation in
creases the specific activity of the aminopyrine 
and hexobarbital-metabolizing enzymes as 
well as aniline hydroxylase. Starvation does 
not alter the metabolism of hexobarbital and 
enhances that of aminopyrine by microsomes 
of castrated rats but impairs the metaboliBm 
of these compounds by microsomes of methyl
testosterone-treated castrates. 

Kato G66,471{67: "The metabolism of 
hexobarbital, aminopyrine and aniline by 
liver microsomes were increased in rats fasted 
for 72 hrs and they were drastically decreased 
by refeeding on a standard diet as well as on 
sucrose. . . . The relationship between the 
activities of drug metabolisms and NADPH 
dehydrogenase and content of P-450 was 
discussed." 

Kato & Takanaka F88,660{67: Observa
tions on the in vivo and in vitro detoxication of 
zoxazolamine, hexobarbital, pentobarbital, 

strychnine, carisoprodol, and OMP A showed 
that starvation for 48 hrs before the tests 
markedly decreases the hepatic microsomal 
detoxication of those substrates, which are less 
toxic for male than for female rats. Sucrose 
feeding had an effect similar to that of star
vation and it is assumed that sucrose depresses 
the synthesis of hepatic microsomal enzymes. 

Kato et al. H 11,854{69: "The administra
tion of thyroxine or starvation resulted in 
marked decrease in the hydroxylation of 
pentobarbital and hexobarbital and N-de
methylation of aminopyrine in male rats, 
whereas the hydroxylation of aniline and 
zoxazolamine and N-demethylation of N-me
thylaniline were significantly increased." 

Partial Hepatectomy +- cf. also Effect of 
Partial Hepatectomy Upon Nutritional 

Disorders 

Brues et al. A45,962{36: In rats submitted 
to partial hepatectomy, "the nurober of cells 
in the residual fragment shows no significant 
increase in the first 24 hours" although the 
mass of the liver remnant increases about 50%. 
After the first day, cell nurober and liver mass 
increase approximately at the same rate. The 
effect of various dietary constituents upon 
hepatic regeneration is described. 

Hepatic En~~symes +-

Brin & McKee 031,261{56: In the rat, 
various stressors (total body X-irradiation, 
nitrogen mustard, starvation) as weil as corti
sone increase glutamic-aspartic and glutamic
alanine transaminase activities in the liver. 
Adrenalectomy decreases the activity of these 
enzymes. The glutamic-alanine enzyme is more 
sensitive to stress than the glutamic-aspartic 
enzyme. 

Freedland et al. G66,662{62: The phenylala
nine hydroxylase activity of rat liver increases 
with age from embryonie life to 50-60 days 
and then declines to stabilize at a lower Ievel 
in females than in males after maturity. 
Fasting and diets deficient in phenylalanine 
cause a rapid decrease in this enzymic activity. 

Gillette G67,333{67: Brief review on the 
effect of dietary factors upon hepatic micro
somal-enzyme induction. 

Freedland et al. H2,949{68: Review (5 pp., 
33 refs.) on the relationship of nutritional and 
hormonal influences in hepatic enzyme acti
vity. 
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Harada et al. H 15,156{69: The acyl-CoA 
synthetase activity of the rat liver increases 
2-3-fold during alloxan diabetes, fasting, or 
high-fat diet feeding. 

Lane & Mavrides H 12,953{69: Cortisol 
caused a greater increase of hepatic tyrosine 
aminotransferase in hypophysectomized than 
in adrenalectomized rats. In general, elevation 
of enzyme activity after cortisol was inversely 
proportional to the initial enzyme level, and 

the latter was in turn higher on protein-rich 
than on protein-poor diets. 

Yuwiler et al. H9,994{69: Comparative 
observations on fasted and cortisol-injected 
rats led to the conclusion that "the natural 
stress of fasting is accompanied by alterations 
in some corticoid-inducible enzymes, but that 
these changes are not analogous to those 
obtained following glucocorticoid administra
tion." 

+ MICROORGANISMS, VACCINESAND PARABITES 

Pneumococcal infection raises the hepatic TPO in intact but not in adrenal
ectomized mice. In rats infected with malaria (P. berghei), the hepatic microsomal 
metabolism of ethylmorphine, aniline, p-nitroanisole and hexobarbital progressively 
decrease and correspondingly hexobarbital sleeping time is prolonged. However, 
the malarial infection does not prevent the induction of microsomal enzymes by 
phenobarbital. 

Endotoxin shock is associated in rabbits with arelease of hepatic lysosomal acid 
hydrolases. This effect is prevented by glucocorticoids but not by DOC. It is assumed 
that the glucocorticoids may protect against endotoxin shock by decreasing the 
liberation of potentially harmfullysosomal enzymes. 

In mice, hepatic TPO is lowered by S. typhimurium endotoxin, which also pre
vents the induction of the enzyme by concurrent injection of cortisone. In the intact 
unlike in the adrenalectomized mouse, the endotoxin induces TKT almost as well 
as does cortisone. 

+-- Bacteria 

Rapoport et al. G53,334{68: Pneumococcal 
infection raised the hepatic TPO-activity in 
intact, but not in adrenalectomized, mice. 
Cortisol increased TPO-activity bothin control 
and in pneumococcus-infected mice, but only 
if administered early after inoculation. Later 
during the course of infection, some inhibitory 
factor develops which counteracts the induc
tion of TPO by cortisol. 

Einheber et al. G75,665{70: In mice infected 
with P. berghei, hexobarbital sleeping time is 
prolonged. "This may be due to a disturbance 
in function of hepatocellular smooth endoplas
mic reticulum and its associated drug-metabo
lizing enzymes because phenobarbital treat
ment, which ordinarily stimulates an increase 
of the latter, corrects the 'defect' in hexobar
bital sleeping time." 

McGarthy et al. G75,511{70: In rats in
fected with malaria (P. berghei) "the hepatic 
microsomal metabolism of ethylmorphine, ani
line, p-nitroanisole and hexobarbital showed 
progressive decreases in rates over the 8-day 
period. The decreases in metabolism were 
accompanied by progressive increases in hexo-

barbital sleeping time." The malarial infectoin 
did not prevent the induction of microsomal 
enzymes by phenobarbital. 

+-- Bacterial Toxins 

WeiBsmann & ThomaB D35,555{62: In 
rabbits, endotoxin shock is associated with the 
release of hepatic lysosomal acid hydrolases 
(ß-glucuronidase, cathepsin). This effect is 
prevented by glucocorticoids, but not by DOC. 
"Thus, glucocorticoids, in a variety of experi
mental situations, appear to decrease the Iibe
ration of potentially harmful enzymes from 
Iysosomes, and may in fact function physiolo
gically to stabilize the boundaries of these 
subcellular particles." 

Berry et al. G67,237{66: S. typhimurium 
endotoxin lowers liver TPO in mice and pre
vents the induction of the enzyme by con
current injection of cortisone. It lowers, but 
does not prevent, substrate induction. Actino
mycin D has a similar effect on TPO. In the 
intact mouse, the endotoxin induces TKT al
most as well as does cortisone, but not in the 
adrenalectomized animal. Actinomycin D, on 
the other hand, has an effect on this transami
nase similar to that on TPO. 
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+IMMUNE REAOTIONS 

Comparatively little work has been done on the influence of immune reactions 
upon resistance to nonimmunologic pathogens. In rats with adjuvant arthritis, the 
hepatic microsomal N-demethylase and NADPH11-oxidase enzyme activity, as weil 
as the Ievels of P-450, are reduced. This implies a diminished capacity for the oxidative 
metabolism of steroids and drugs. 

Morton &: Chatjield G73,68lf70: In rats 
with adjuvant arthritis, "the liver microsomal 
N-demethylase and NADPH2-oxidase enzyme 
activity and Ievels of cytochrome P-450 are 
greatly reduced. This implies a diminished 
capacity for the oxidative metabolism of 

steroids and foreign compounds in adjuvant 
arthritic rats which should influence the toxi
city and half-life of any administered com
pound. The ability of the liver to form {J-glu
curonide conjugates is also reduced." 

+ HEPATIO LEBIONS 

Steroids *-

The role of the liver in the detoxication of steroids is now weil established. The 
first observations along these lines gave somewhat variable results but in ovariecto
m.ized rats, hepatic damage induced by CC14 appeared to increase sensitivity to 
threshold amounts of estrone. 

More conclusive results were obtained in rats by the demonstration that partial 
hepatectomy greatly increases their sensitivity to the anesthetic effect of DOC, 
whereas nephrectomy is virtually ineffective in this respect. It was subsequently 
demonstrated that such partial hepatectomy also increases the anesthetic effect of 
many other steroids, including progesterone, pregnanedione, pregnanediol, testo
sterone, estradiol and even the nonsteroidal folliculoid, stilbestrot Since this operation 
does not increase sensitivity to many other anesthetics (e.g., ether, MgCl2), it was 
concluded "that the liver is the site at which all the above mentioned (steroid and 
stilbene) compounds are normaily detoxified." 

In immature rabbits, estradiol and progesterone given s.c., are much more effective 
in causing uterine changes thanif administered p.o., presumably because animportant 
portion of the injected steroids is inactivated during its passage through the liver. 

In ovariectom.ized rats, the uterotrophic effect of estradiol is reduced 12 hrs 
afterpartial hepatectomy; it increases only later, as hepatic regeneration progresses. 
Hence, contrary to virtuaily every other report, it was concluded that the presence 
of hepatic tissue is essential for the folliculoid effect and that the liver actuaily 
activates estradiol. This view has not received confirmation by subsequent investi
gators. 

In orchidectom.ized rats poisoned with 0014, implantation of testosterone into 
the spieen falls to increase prostatic weight, presumably because even the severely
damaged liver can detoxicate this steroid. 

In rats, an 140-marked androstene derivative was eliminated mainly in the feces 
and to a much lesser extent in the urine. In rats bearing bile-duct fistulas, the major 
fraction of the isotopic carbon is excreted in the bile, but after choledochusligature 
the 1'0 is almost quantitatively recovered from the urine. In rats with bile-duct 
ligature, testosterone prolongs survival and inhibits the body weight loss, but its 
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effect upon the prostate is diminished. Curiously, estradiol has been claim.ed to 
exert inverse effects in all these respects. 

In rats, progesterone given i.v. was extensively metabolized within one hour, 
even after total evisceration (including liver, kidneys and adrenals). Among the 
recovered metabolic products of progesterone, there were no polar metabolites, 
sim.ilar to the conjugates of glucuronic or sulfuric acid. Some steroids such as des
oxycortisone (Cpd. S) produce convulsions instead of the usual anesthesia, when 
given in large amounts to rats; allegedly partial hepatectomy does not sensitize to 
this convulsive effect of desoxycortisone. These observations have not yet been 
confirmed, but it is difficult to interpret them on the basis of the generally accepted 
view that hepatic insufficiency augments the effects of steroids by diminishing 
their degradation. Of course it is conceivable that Iack of hepatic tissue also inter
feras with metabolic processes necessary for muscular contraction and thereby 
compensates for the delay in steroid degradation with respect to the convulsive 
effect. 

In hepatectomized cats, the elimination of endogenous cortisol and cortico
sterone is greatly delayed, andin totally eviscerated animals it is completely abol
ished. Perhaps part of the extrahepatic steroid elimination occurs in the intestine. 

In rats, spironolactone shortens the half-life of its main metabolite (the dethio
acetylated 4,6-dienone) and partial hepatectomy delays the blood clearance of this 
metabolite. Apparently, spironolactone accelerates its own hepatic metabolism. 

In rats, the activity of the hepatic enzymes metabolizing progesterone is decreased 
within 16 hrs following partial hepatectomy and reaches a minimum on the 4-5th 
post-operative day. 

Pirwua &: Martin A34,939f40: Following 
liver darnage induced by CC14, threshold doses 
of estrone become more efficacious in produc
ing vaginal estrus in ovariectomized rats. 
Although the results are inconstant and not 
very pronounced, they suggest "that liver 
darnage by CCI4 results in a decreased inscti
vation of administered estrone." 

Selye A35,003f41: First description of the 
anesthetic effect of steroids. Among those 
tested in rats, DOC and progesterone were most 
potent, several testoids and folliculoids showed 
mild hypnotic activity (often complicated by 
convulsions), whereas cholesterol, stigmasterol 
and Ll 4-cholestenone were inactive. Partial 
hepatectomy greatly increased sensitivity to 
anesthesia induced by DOC, whereas bilateral 
nephrectomy caused only a slight prolongation 
of the sleeping time, which may have been due 
to nonspecific stress. 

Selye A35,150f41: Partial hepatectomy 
sensitizes the rat to the production of anesthe
sia by DOC, progesterone, testosterone, estra
diol, and stilbestrol. "Since this operation does 
not increase sensitivity to other anesthetics 
such as ether and magnesium chloride, but is 

known to sensitize animals to the action of 
anesthetics which are detoxified in the liver 
(e.g., tribromethanol), it appears most prob
able that the liver is the site at which all the 
above mentioned compounds are normally 
detoxified." 

Lebland 82,066!42: Even 20 mg of preg
nanediol i.p. produced only little or no anesthe
sia in intact young female rats, whereas in 
partially hepatectomized animals it elicited 
profound narcosis. "It is concluded, therefore, 
that pregnanediol is at least partly detoxified 
by the liver and is probably not the last link 
of the various compounds that may result 
from progesterone degradation in the rat." 

Lehlond A55,928f42: In partially hepatec
tomized rats, pregnanediol and pregnsnedione 
produce a much more pronounced anesthetic 
effect than in intact controls. The "detoxifi
cation of these substances by the liver is not 
essentially dependent upon the path of absorp
tion; it is not due to storage in the liver or to 
excretion in the bile, but is the result of an 
insctivation by the liver cells." 

Selye A36,447f42: The partially hepatecto
mized immature female rat is particularly 
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sensitive to the anesthetic effect of various 
steroids and represents a suitable test object 
for the detection of this activity. 

György E86,573f45: Review of the Iitera
ture and personal observations on the influ
ence of the diet upon the hepatic detoxication 
of estrone in the rat. 

Ma8aon &: Hoffman B513f45: In immature 
rabbits pretreated with estradiol, progesterone 
s.c. is much more effective in causing pro
gestational changes in the uterus than ü 
administered p.o. In the partially hepatecto
mized rabbit, even comparatively small doses 
of progesterone are active in this respect, 
"indicating that the liver plays an important 
role in the inactivation of progesterone in the 
rabbit." Earlier data on the role of the liver 
in the inactivation of progesterone are re
viewed. 

Roberta &: Szego A49,254f47: In ovariec
tomized rats, the uterotrophic effect of estra
diol was markedly reduced 12 hrs after partial 
hepatectomy and thereafter increased to or 
even above the normal Ievel in proportion to 
the ensuing liver regeneration. Contrary to 
earlier reports, it is concluded that the liver is 
essential for the folliculoid effect, and that 
hepatic tissue activates rather than inactivates 
estradiol. 

GTayhack &: Scott B58,923f51: In orchidec
tomized rats poisoned with CC14, implantation 
of testosterone propionate into the spieen falls 
to increase prostatic weight, whereas under 
identical conditions, testosterone propionate 
implanted s.c. does stimulate the prostate. 
Apparently, even the severely damaged liver 
can detoxicate testoids. 

Szego &: Roberta B73,573f53: In rats, partial 
hepatectomy diminishes the "estrogenic effect" 
of estradiol as judged by increased uterine 
water imbibition. Since various stressors exert 
a similar effect, this imbibition might have been 
due to stress but neither hypophysectomy nor 
adrenalectomy prevent it. "It seems evident 
that a major portion of this inhibition must be 
referable to the removal of functional hepatic 
tissue, which appears to be necessary for estro
gen activity." 

Hyde et al. D99,140f54: In rats, 17a-methyl
C14-LI5-androstene-3ß,17 ß-diol administered by 
gavage was mostly eliminated in the feces 
and, to a lesser extent, in the urine. "Rats 
with two types of bile fistula excreted the major 
fraction of administered isotopic carbon in the 
bile. Almost quantitative recovery of the 
administered C14 was obtained in the urine of 
rats after ligation of the bile ducts." 

Giuliani 015,153/55: In rats with bile duct 
ligature, testosterone prolongs survival and 
inhibits body weight loss, but its effect upon 
the prostate is diminished. Estradiol exerts 
inverse effects in all these respects. 

Berliner&: Wiest 022,807!56: Progesterone 
given i.v. is extensively metabolized in one 
hour by totally eviscerated rats, even ü the 
kidneys and adrenale are also removed. Mter 
one hour, 7 compounds could be isolated from 
the tissues of these animals, although there 
were no polar metabolites similar to the con
jugates with glucuronic or sulfuric acid, and 
the 7 isolated compounds retained their Ll'-3-
ketone configuration. 

Heuaer 054,451/58: Desoxycortisone (Cpd. 
S)-like dehydroisoandrosterone-given in 
large amounts i.p. or p.o. produces no anesthe
sia but intense convulsions in the rat. Alle
gedly, "neither adrenalectomy nor partial 
hepatectomy sensitized the rat to the convul
sive actions of Cpd. S." 

Yatea et al. 056,413/58: In rats, passive 
venous congestion of the liver, induced surgi
cally, impairs the enzymic reduction of ring A 
of DOC, cortisol, cortisone, and aldosterone. 

Witzel068,395f59: Review(29pp., 113 refs.) 
on steroid anesthesia including chapters on 
adaptation to steroids, the effect of partial 
hepatectomy, and the influence of steroid 
anesthetics upon various types of convulsions. 

Bojesen &: Egenae G 7 5,996/60: In adrenalec
tomized cats, the elimination of endogenaus 
corticoids (cortisol and corticosterone) is 
greatly delayed by hepatectomy and totally 
abolished by evisceration. "A few experiments 
suggested that the intestine is responsible for 
the main part of the extrahepatic elimination. 
In experiments with the perfused isolated 
hindquarter preparation it was impossible to 
demonstrate any elimination of corticoste
roids in spite of electrical stimulation or the 
administration of large amounts of insulin." 

Kulcadr-Gergely &: Euleaar 099,083/60: In 
ovariectomized rats, estrone aggravates the 
hepatic damage produced by CC14• The activity 
ofendogenaus folliculoids (estrus) is increased 
by hepatic damage, which again shows that 
these hormones are inactivated by the liver. 
Presumably, this process of inactivation dimi
nishes the resistance of hepatic tissue to 
damage. 

Balabanaki &: Dachev F68,584f66: Hepatio 
oirrhosis produoed in rats by CC14 greatly in
oreases the folliculoid effeot of an "estrogenic 
preparation vitestrol." This effect is ascribed to 
interference with hepatic detoxication. 
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Grane et al. H25,068j70: In rats, the acti
vity of the hepatic enzymes metabolizing pro
gesteraue is decreased within 16 hrs following 
partial hepatectomy, and becomes minimal on 
the 4-5th postoperative day. "The fraction of 
the radioactivity present in the several me
tabolites from incubations of progesterone with 
liver tissue 7 days following hepatectomy 
suggests that the ring A reductases appear 
earlier than the 20a-steroid reductase." 

Hellman et al. H21,323j70: In patients with 
extrahepatic bile duct obstruction owing to 
compression by carcinoma tissue, the me· 
tabolism of 3H-estradiol is characteristically 
altered. "The similarity of these changes to 
those reported in cirrhosis suggests a major 
role for cholestasis in the causation of the 
alteredestrogen metabolism of cirrhosis." 

Solymoss et al. G70,464j70: In rats, spiro
nolactone shortens the half-life of its main 
metabolite, the dethioacetylated 4,6-dienone 
(metabolite A), which is interconvertible with 
the 17 -hydroxy carboxylic acid derivative 
(metabolite B). This alteration is only slightly 
accentuated if the steroid is given chronically, 
and it wears off within eight days after spiro
nolactone treatment is interrupted. After a 
test dose of spironolactone or of its metabolites 
A and B, partial hepatectomy delays the blood 
clearance of metabolite A. Cycloheximide and 
SKF 525-A also suppress the blood clearance 
of metabolite A under these conditions. Pre
sumably "spironolactone influences its own 
biotransformation and the steroid is also a 
substrate of the hepatic drug-metabolizing 
enzymes which are induced by spironolactone 
itself." 

Soyka et al. H 33,315/70: Partial hepatec
tomy sensitized only slightly to the anesthetic 
effect of 5ß-pregnane-301:-ol-20-one, whereas it 

greatly prolonged sleeping time following treat. 
ment with progesteraue and many other ste
roids. Neither inhibition ofhepatic mixed func
tion oxidase activity by SKF 525-A nor its 
stimulation by 3-MC affected the duration of 
pregnanolone narcosis and even phenobarbital 
raduced it.s h1gth only slightly. These findings, 
and distribu ~ion studies, "suggest that termina
tion of hypnosis is due mainly to redistribution 
with hepatic metabolism playing a relatively 
minor role." [Species not mentioned; probably 
rat (H.S.).] 

Selye P ROT. 42214: In rats, choledochus 
ligature offerad considerable protection agairrst 
the toxicity of indomethacin and dioxathion, 
slightly prolonged hexobarbital sleeping time, 
and failed to affect digitoxin poisoning. Partial 
hepatectomy had little, if any, effect upon in
domethacin, dioxathion and digitoxin poisoning 
under the prevailing experimental conditions, 
but considerably prolonged hexobarbital sleep
ing time. Partial nephrectomy ( removal of 80% 
of the kidney tissue) likewise prolonged hexo
barbital sleeping time without significantly in
fluencing indomethacin, dioxathion and digi
toxin overdosage. The protective effect of spi
ronolactone agairrst indomethacin, dioxathion 
and digitoxin remairred manifest after most of 
these surgical interventions. But the protection 
against indomethacin affered by choledochus 
ligature could not be further improved by spi
ronolactone, nor was the considerable prolonga. 
tion by hepatectomy of hexobarbital sleeping 
time markedly reduced by spironolactone. It 
must be kept in mind, however, that in these 
experiments only a single dose of spironolac
tone was given 5 min after the surgical inter
ventions and 24 hrs before a single dose of the 
toxicants. These observations can be sum
marized as shown in Table 126, p. 600. 

Nonsteroidal Hormones and Horrnone-Like Substances +-

There is some evidence that catecholamines are detoxified in the liver. In the rat, 
the amount of radioactive norepinephrine accumulating in hepatic tissue is suffi
ciently large to decrease the total amount of circulating hormone considerably. 

In rats, partial hepatectomy facilitates the production of gastric ulcers by insulin. 
Here probably, excessive hypoglycemia with the resulting strong stress response is 
the cause of the enhanced effect; other observations suggest, however, that hepatic 
tissue is involved in the degradation of insulin. 

After partial hepatectomy or bile duct ligation, rats become unusually sensitive 
to the tachycardia and the increase in metabolism produced by excessive amounts 
of thyroxine. It is assumed that the liver both metabolizes the hormone and eliminates 
it in the bile, but hepatic inactivation does not appear to play an important role 
when circulating thyroxine is within physiologic limits. 

39 Selye, Hormones and Resistance 
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Table 126. lnfluence of various hepatic and renal interventions upon resi&tance to certain toxicunt& 
and upon the catatoxic effect of &pironolactonea 

""" 
1 2 

""" 
Surgery None Choledochus ligature 

""" Treatment 

"""""" 
Readings Mortality Readings Mortality 

A. Indomethacin 10/10 10/10 3/10 *** 2/10 *** 
B. Indomethacin + Spironolactone 8/10 NS 2/10 *** 0/8 NS 3/10 NS 
A. Dioxathion 15/15 12/15 10/10 NS 0/10 *** 
B. Dioxathion + Spironolactone 1/15 *** 0/15 *** 0/10 *** 0/10 NS 
A. Hexabarbital 58±5 0/15 78± 7 ~ 0/10 NS 
B. Hexabarbital + Spironolactone 28 ± 2 *** 0/16 NS 80 ± 14 NS 1/11 NS 
A. Digitoxin 6/10 2/10 5/10 NS 3/10 NS 
B. Digitoxin + Spironolactone 0/10 ** 0/10 NS 0/10 * 0/10 NS 

"' 3 4 

"' Surgery Hepatectomy (70%) "' Nephrectomy (80%) 
Treatment "' Readings Mortality Readings Mortality 

"' A. lndomethacin 8/9 NS 6/10 * 4/4 NS 10/10 NS 
B. Indomethacin + Spironolactone 0/10 *** 1/10 * 1/9 ** 3/9 *** 
A. Dioxathion 10/10 NS 10/10 NS 10/10 NS 10/10 NS 
B. Dioxathion + Spironolactone 3/10 *** 3/10 *** 5/10 * 5/10 * 
A. Hexabarbital 168±25 *** 0/10 NS 99±13 ** 1/10 NS 
B. Hexabarbital + Spironolactone 177±30 NS 0/11 NS 62±7 * 1/10 NS 
A. Digitoxin 8/10 NS 3/10 NS 7/10 NS 5/10 NS 
B. Digitoxin + Spironolactone 1/10 *** 1/10 NS 0/10 *** 0/10 * 

a All surgical interventions were performed under light ether anesthesia 24 hrs before treat
ment with the toxicants. The latter were given as follows: indomethacin 5 mg in 0.2 ml water, s.c.; 
dioxathion 4 mg in 1 ml corn oil, p.o.; hexobarbital 7.5 mg in 1 ml water, i.p.; digitoxin 2 mg 
in 1 ml water, p.o. Spironolactone (10 mg in 1 ml water, p.o.) was administered once 5 min after 
surgery. For statistical purposes, the results obtained after choledochus ligature, partial hepat
ectomy and partial nephrectomy (Series 2-4) were compared with the corresponding readings in 
intact animals (Series 1) given the same toxicant (without spironolactone). The results obtained 
with a toxicant alone (A), or following pretreatment with spironolactone (B), were compared 
with each other, separately in the intact animals and in those subjected to each of the three 
types of surgical interventions. That is Series 2,3 and 4 were compared with 1, and Series A with 
B for the corresponding readings obtained with each toxicant. The readings and mortality were 
listedas follows: indomethacin - intestinal ulcers on day of death, mortality on 6th day; di
oxathion - dyskinesia and mortality on 3rd day; hexobarbital - sleeping time immediately 
after injection ofthe anesthetic; digitoxin- convulsions and mortality on 4th day. For further 
details on the technique of tabulation cf. p. VIII. 

Partial hepatectomy does not appear to have a striking effect upon the toxicity 
of 5-HT in the rat, and treatment with 5-HTP brings about an increase in the 5-HT 
content of the brain which is essentially the samein intact andin completely hepat
ectomized dogs. Yet, both the 5-HT and the 5-hydroxyindole acetic acid (5-HIAA) 
content of the brain increases in dogs after complete hepatectomy. Thus, the role 
of the liver in 5-HT metabolism is still not clear. 
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Hepatic detoxication does not appear to play an important role in the metabolism 
of parathyroid hormone, at least partial hepatectomy falls to affect the soft tissue 
calcification elicited in rats by parathyroid extract. 

The pressor effect of vasopressin injected into a peripheral vein is greater than 
if the same amount is injected into the spieen. Hence, it was concluded that vaso
pressin is detoxified during its passage through the liver. 

Catecholamines +-

Caskey 20,936!27: In dogs, Iigation of the 
hepatic artery and portal vein inhibits the rise 
in muscle temperature normally produced by 
epinephrine. 

Guerra & Siccardi D69,656f62: Studies on 
the catecholamine content of the hepatic 
residue following partial hepatectomy in the 
rat confirm earlier Iiterature showing that 
epinephrine and norepinephrine are detoxified 
in the liver. 

Eckhardt F36,030f65: It has been suggested 
that the liver is implicated in limiting pressor 
responses to norepinephrine i.v. In the rat, the 
amount of radioactive norepinephrine accu
mulating in the liver is sufficiently !arge to 
decrease considerably the total amount of 
circulating norepinephrine. Methylphenidate 
slows the rate of norepinephrine disappear
ance in intact but much less in partially hepat
ectomized rats. 

Insulin+-

Selye et al. 58,020/36: Removal of the 
median and left lateral Iobes of the rat liver 
produces gastric ulcers only occasionally but 
these are severe if the animals are treated with 
small doses of insulin, or if the hepatectomy is 
combined with adrenalectomy or hypophys
ectomy. Similarly severe gastric ulcers are 
produced when the median, left lateral, and 
right lateral Iobes (about 85% of the hepatic 
tissue) are removed. In all these instances, 
hypoglycemia is regarded as the cause of 
gastric erosion. 

Elgee & Williams 0430f54: Review of 
earlier data, and personal Observations on the 
degradation of insulin by hepatic tissue in vivo 
and in vitro. 

Thyroid Hormones +-

Kellaway et al. B14,515f45: In rats, the 
activity of thyroxine s.c. was estimated by an 
increase in pulse rateafterpartial hepatectomy, 
thyroidectomy, or bile duct Iigation. "It was 
found (1) that thyroxine activity is greatly 
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intensified in the absence of the Iiver; (2) that 
the liver does not play a significant role when 
the amount of circulating thyroxine is within 
physiologic Iimits; (3) that the Iiver deals with 
excess hormone by some process of inactiva
tion and not by simple excretion." 

Grad & Lebland B23,328f48; B49,686J50: 
In rats, the increase in oxygen consumption 
and heart rate induced by thyroxine is 
raised by partial hepatectomy, bile duct Iiga
tion, and especially by the conjoint effect of 
both interventions. "These results are taken to 
indicate that the liver excretes and inactivates 
excess amounts of thyroid hormone." 

5-HT+-

Garattini et al. D4,913f61: In rats, partial 
hepatectomy has no effect upon the toxicity 
of 5-HT. 

Tyce et al. D23,092f62: Treatment with 
5-HTP brought about an increase in the 5-HT 
content of the brain, which was essentially the 
same in intact and in completely hepatecto
mized dogs. 

Tyce et al. G47,432f67: The 5-HT and 5-hy
droxyindole acetic acid (5-HIAA) content of 
the brain increases in dogs and rats after com
plete hepatectomy. The Iiterature on the role 
of the liver in 5-HT metabolism is reviewed. 

Varia+-

Selye A36,715f42: In rats, partial hepat
ectomy, complete thyroidectomy or bilateral 
nephrectomy does not prevent the osteitis 
fibrosa and soft-tissue calcification produced 
by !arge doses of parathyroid extract. Appa
rently, the parathyroid hormone does not 
exert its action through either the thyroid or 
the kidney, as had previously been postulated 
by some investigators. Furthermore, hepatic 
detoxication does not play an important roJe 
in the metabolism of parathyroid hormone. 

Meller-Christensen B56,243J51: In rabbits 
and cats, a greater increase in blood pressure 
is obtained by vasopressin injected into a peri
pheral vein than if the same amount is injected 
into the spieen. It is hence concluded that 
vasopressin is detoxified by the Iiver. 
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Drugs and Individual Dietary Constituents +-

In dogs, complete hepatectomy resulted in an increased urinary excretion of 
18 amino acids but, to a lesser extent, glucose infusion produced a similar result. 
Indeed, glycine excretion was more markedly stimulated by glucose than by complete 
hepatectomy. 

The role of hepatic lesions upon barbiturate detoxication has been extensively 
investigated. In dogs, liver darnage produced by prolonged chloroform anesthesia 
enhances the anesthetic effect of pentobarbital, suggesting inadequate detoxication. 
Hepatectomy with evisceration prolongs the narcotic effect of hexobarbital in dogs, 
but after administration of threshold doses recovery is possible. This suggests that 
extrahepatic tissues also participate in barbiturate clearance. On the other hand, 
in dogs with an Eck fistula and ligature of both the portal vein and the hepatic 
artery, thiopental anesthesia was prolonged to such an extent that here extrahepatic 
detoxication was considered to play a very minor role. This view received further 
confirmation from the observation that heart-lung-liver preparations of dogs clear 
thiopental from the blood much more rapidly than heart-lung or heart-lung-kidney 
preparations. 

In mice, CCI4-induced liver darnage prolongs thiopental sleeping time. 
In rats bearing an Eck fistula, thiopental anesthesia is prolonged, and this bar

biturate is degraded in vitro by rat liver slices and mince. Rats with liver cirrhosis 
produced by CCI4 are particularly sensitive to pentobarbital anesthesia. An increase 
in pentobarbital sleeping time also occurs afterpartial hepatectomy in the rat, but 
the effect of thiopental is allegedly not influenced by this operation. A systematic 
study of 25 barbiturates revealed that in the rat, some are mainly detoxified in the 
liver (e.g., phenobarbital), others in the kidney (e.g., barbital), still others are about 
equally detoxified in the liver and kidney (e.g., cyclobarbital) and finally certain 
barbiturates (e.g., thiopental) appear to be detoxified in other tissues but not to 
any great extent in liver or kidney. 

In rabbits, pentobarbital anesthesia is also prolonged following induction of 
liver darnage by CCI4 or elementary yellow phosphorus. 

Carbon tetrachloride does not markedly interfere with the regeneration of the 
liver following partial hepatectomy in rats. 

Certain carcinogens aceeierate hepatic regeneration after partial hepatectomy in 
the rat. The induction of adrenal necrosis by DMBA is greatly increased by dietary 
production of fatty livers but not by CC14• 

Hepatic lipidosis induced by a choline-deficient diet in the rat is not significantly 
altered by partial hepatectomy, although regeneration of the liver remnant is mode
rately delayed. 

Digitalis compounds are also largely detoxified in the liver. Thus, in rats, hepat
ectomy or poisoning with elementary phosphorus or CC14 increases the Iethai effect 
of acute g-strophanthin overdosage. No more than 10% of a given dose of digitoxin 
is excreted in the bile of the rat, rabbit, and dog and virtually none is excreted in 
that of man. Partial hepatectomy greatly increases the digitoxin concentration in 
the blood and tissues of rats, but has little effect upon it in rabbits and dogs. 

Partial hepatectomy reduces digitoxin clearance in the rat approximately in 
proportion to its aggravating effect upon digitoxin convulsions. 
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In dogs with an Eck fistula and ligature of the hepatic artery, the clearance of 
certain dyes, such as BSP, is dim.inished. After partial hepatectomy, the plasma 
clearance of BSP, rose bengal, and colloidal radio-gold is immediately decreased, 
but the excretory and phagocytic capacity of the liver returns to normal within 
about two months. In rats, a liver bypass - established by ligature of the hepatic 
artery and deviation of the portal blood into the femoral vein - interferes with 
BSP clearance much more than does partial hepatectomy or CC14 intoxication. 

In rats, partial hepatectomy increases sensitivity to indomethacin, but even after 
this operation spironalactone has a good protective effect, presumably because its de
toxication is also impeded by hepatic insufficiency. The induction of intestinal ulcers 
by indomethacin can also be prevented by ligature of the common bile duct and, de
pending upon circumstances (e. g., timing, dosage), the protective effect of dimi
nished biliary secretion or the sensitizing effect of partial hepatectomy may prevail. 

The effect of lathyrogens (e.g., AAN) upon the skeleton of the rat is greatly 
enhanced by partial hepatectomy. 

The nephrocalcinosis and acute mortality induced by mercury intoxication in 
the rat are inhibited by choledochus ligature. 

It had been claimed that pentylenetetrazol given p.o. is highly active in guinea 
pigs, rats and rabbits, although it must pass through the liver before reaching its 
target organs, and that after bilateral renal hilus ligature, rats become extremely 
sensitive to the convulsive effect of this drug. Furthermore, perfusion of pentyl
enetetrazol through the liver of the frog or cat did not alter its activity. It was 
concluded that the principal detoxicating organ for pentylenetetrazol is the kidney, 
not the liver. 

However, later observations were diametrically opposed to these findings. It was 
noted that in cats, the acute toxicity of pentylenetetrazol is not influenced by 
bilateral nephrectomy, but it is greatly increased following liver darnage by yellow 
phosphorus. In rabbits, the disappearance rate of pentylenetetrazol from the blood 
and tissues was not influenced by bilateral nephrectomy, but greatly delayed after 
CC14 poisoning. Still more recent observations suggest that neither partial hepat
ectomy nor complete nephrectomy increases the resistance of the rat to the convulsive 
or fatal action of pentylenetetrazol. Hence, it was concluded that neither the liver 
nor the kidney plays an important role in the detoxication of this drug, although 
it is readily detoxified by catatoxic steroids. 

The pesticide, OMP A, is well tolerated by completely hepatectomized rats in doses 
which kill sham operated controls. Apparently, in the liver this compound normally 
undergoes biotransformation into a more toxic metabolite. Yet, the comparative 
resistance of male rats to anticholinesterase phosphorothioates is diminished by 
partial hepatectomy. 

The resistance of the rat to dloxathion is greatly increased by choledochus 
ligature. 

The toxicity of strychnine is greatly increased by partial hepatectomy and other 
interventions which darnage the liver. At the same time, the blood clearance of 
strychnine is delayed. Incubation of strychnine with liver pulp results in the destruc
tion of strychnine as shown by observations made as early as 1931. 

lin rabbits in which the liver was "destroyed" by ethylene chlorohydrin, no 
prolongation of tribromoethanol anesthesia was noted. This finding was taken to 
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mean that the liver plays no important part in the detoxication of this compound. 
However, in mice and rats, partial hepatectomy greatly prolongs tribromoethanol 
sleeping time. 

The detoxication of vitamin D and DHT is also dependent upon hepatic factors. 
Following ligature of the common bile duct, the production of soft tissue calcinosis 
by DHT is inhibited in the rat. This may be due to insufficient intestinal DHT 
absorption in the absence of bile, or to an interruption of the enterohepatic circulation. 
On the other hand, the production of topical calciphylaxis (by vitamin-D2 p.o. and 
Fe-Cla s.c.), as well as the associated generalized calcinosis are aggravated by partial 
hepatectomy in the rat. This aggravationwas ascribed to a decrease in the hepatic 
storage of iron or of vitamin D, but the possible role of deficient hepatic vitamin-D 
degradation should also be considered. The calcifying arteriosclerosis and athero
matosis produced in rabbits by combined treatment with cholesterol and vitamin-D2 

is aggravated by hepatotoxic amounts of CC14 • On the other hand, "hepatectomy" 
(technique not further characterized) prevents the conversion of vitamin-Da to 
25-hydroxycholecalciferol. Furthermore perfused liver can hydroxylate vitamin-Da 
through an enzyme which has been identified in liver homogenates. In rats, isolation 
of the liver from the circulation, almost completely abolishes the conversion of 
vitamin-Da into its biologically active metabolite, 25-hydroxycholecalciferol. It was 
concluded that the liver is the major if not the only physiologic site of vitamin-Da 
activation. It is noteworthy however that the technique used for the exclusion of 
the liver from the circulation includes bile duct ligation which - as we have said 
before - suffices in itself to protect against such vitamin-D derivatives as DHT. 

Allylfarndate +-

Rohes &: Tuczek H 30,729/68: In rats, the 
hepatic necroses produced by allylformiate 
elicit regenerative phenomena mainly near the 
periphery of the lobules, whereas after partial 
hepatectomy the maximum of cell proliferation 
shifts towards the intermediary and central 
portians of the liver lobules. 

Amino Acid+--

Freeman &: Svec B64,175f51: In dogs, the 
plasma concentration of 18 free amino acids 
was followed after complete hepatectomy. 
"a) An increase occurred in the concentration 
of glycine, histidine, glutamic acid and Iysine. 
b) A decrease occurred in the plasma concen
tration of methionine, tryptophane, leucine, 
arginine, and valine. c) There were variable or 
inconclusive results on the other amino acids 
studied." Glucose infusion increased the uri
nary excretion of all 18 amino acids, but a 
considerable further increase was obtained by 
complete hepatectomy except for glycine as 
illustrated on p. 605. 

ANIT (a-Naphthylisothiocyanate) +-

Bar-Maor &: Ungar D41,800f61: ANIT sti
mulates mitotic proliferation in the liver of the 
rat, and this effect is further enhanced by 
partial hepatectomy. 

Barbiturates +--
DoG 

Pratt et al. G72,105f32: In dogs with an Eck 
fistula and ligature of the hepatic artery, brom
sulphalein's clearance is inhibited, suggesting 
"that the bromsulphalein injected into the 
blood is eliminated, specifically, by the liver." 
Following hepatic darnage caused by protract
ed chloroform anesthesia, the narcotic effect 
of pentobarbital is greatly prolonged, indicat
ing that the barbiturate is inadequately detoxi
fied when the liver is damaged. 

Martin et al. A48,575f40: In dogs, hepatec
tomy with evisceration greatly prolongs the 
narcotic effect of hexobarbital, but the fact 
that after administration of threshold doses 
recovery is possible suggests that extrahepatic 
tissues also participate in the detoxication of 
this barbiturate. 
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Effect of hepatectomy on total amino acids of dog urine (mg/12 hrs.) 
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Average urinary excretion of amino acids in -:-normal dogs, glucose-infused dogs prior to hepa

tectomy, and hepatectomized dogs infused with glucose (Freeman & Svec B64, 175/51). 

Kelly & Shideman A49,706j49: In dogs 
with Eck fistula, thiopental anesthesia is 
greatly prolonged. In heart-lung-liver prepara
tions, the plasma Ievels of thiopental decline 
much more rapidly than in heart-lung or heart
lung-kidney preparations. The liver is prima
rily responsible for the detoxication of this 
barbiturate. 

Meyers & Peoples G70,570f54: In dogs, 
thiopental anesthesia is greatly prolonged 
following establishment of an Eck fistula with 
ligature of the portal vein and hepatic artery. 
"It is believed that tissues other than the liver 
are quantitatively unimportant in the rapid 
detoxification of thiopental in the dog." 

MousE 
Shideman et al. E60,046j47: In mice, CCI4-

induced liver darnage prolongs the effect of 
thiopental. The same is true after subtotal 
hepatectomy (85-90%) in rats. Diminished 
blood flow through the liver (Eck fistula) 
likewise increases the duration of thiopental 
anesthesia in rats. Thiopental is degraded in 
vitro by rat liver slices and mince. 

RAT 

Oameron & Saram G72,101f39: Rats with 
liver cirrhosis produced by CCI4 are particu
larly sensitive to pentobarbital anesthesia. 

Scheifley & Riggins A48,663f40: In rats, 
anesthesia produced by ethyl-o-ethylphenyl
urea or pentobarbital was markedly prolonged 
by partial hepatectomy. The effect of thiopen
tal was not influenced by this operation. 

Masson & Beland A 72,286!44; B344f45: 
The site of barbiturate detoxication was investi
gated by comparative studies in bilaterally 
nephrectomized or partially hepatectomized 
rats as judged by the prolongation of sleeping 
time. "From the data obtained with twenty
five compounds, barbiturates can be classified 
into four groups. Group I: Those mainly detoxi
fied in the kidney (e.g. barbital). Group II: 
Those mainly detoxified in the liver (e.g., ipral, 
amytal, nembutal, ortal, phenobarbital, alu
rate, nostal, seconal, allyl-pental, evipal, 
thioethamyl, sec. hexyl-ethyl, 1-methyl-allyl
isobutyl, 1-methyl-propylcrotyl and n-allyl-1-
methyl-butyl-ethyl barbiturates. Group III: 
Those approximately equally detoxified in the 
liver and kidney (e.g., neonal, delvinal, phano
dorn, dial). Group IV: Those possibly detoxi
fied in other tissues of the body, but not to any 
great extent in liver or kidney (pentothal, 
1-methyl-allyl-propyl and 1-methyl-allyl-allyl 
thiobarbiturates)." 

Scheifley A48,124f46: In rats, the anesthe
tic effect of pentobarbital, unlike that of thio-
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pental, was greatly prolonged b) partial hepa
tectomy. "These data suggest timt the liver is 
instrumental in protecting against the action 
of pentobarbital sodium but does not play a 
significant part in the detoxication of pento
thal sodium" (thiopental). Uninephrectomy 
had no effect upon the production of anesthesia 
by either of these barbiturates. 

Masson B1,217j46: In male rats, pretreat
ment for 6 days with crude pituitary powder 
s.c. "slightly prolonged the duration of 
anesthesia with phanodorn, thioethamyl, neo
nal, delvinal, nostal and amytal, and greatly 
prolonged (2 to 5 times) with pentothal, seco
nal, allyl pental, nembutal, evipal, pernoston 
and sigmodal." There was no difference be
tween the pretreated and control rats as regards 
the anesthetic effect of phenobarbital, pro
barbital, barbital, aprobarbital, allobarbital 
and trichloroacetaldehyde. "The action of 
pituitary preparations is not specific but can 
also be obtained with preparations from various 
organs and with foreign proteins." Hepatic 
darnage is considered to be a likely cause of the 
prolongation of anesthesia under these con
ditions. 

Walker & Parry B46,639j49: In rats, partial 
hepatectomy increases the anesthetic effect of 
chioral hydrate, tribromoethanol, phenobar
bital, and thiopental. Tests at various time 
intervals after the operation Iead to the con
clusion that "there is no apparent correlation 
between the regeneration of the Ii ver by weight 
and its power to detoxicate these drugs." 

Butler et al. G76,364j52: In rats, "partial 
hepatectomy has such a !arge effect on the rate 
of disappearance of mephobarbital and on the 
rate of production of phenobarbital from 
mephobarbital as to suggest that the liver is 
the principal, if not the only, site of the 
demethylation of mephobarbital." 

Sandberg G71,886f53: Studios on partially 
hepatectomized or completely nephrectomized 
rats suggest that "for 5,5-diallyl-barbituric 
acid and its 1-(N,N-diethylcarbamylmethyl) 
derivative the kidneys participate as much as 
the liver in the detoxication. 1-benzyl-5, 5-di
allyl-barbituric acid is destroyed mainly in the 
liver. 1-carbethoxymethyl-5,5-dialkyl-barbitu
rates are probably hydrolyzed to the corres
ponding carbonic acid, 1-carboxymethyl-5,5-
dialkyl-barbituric acid." 

Robillard et al. G67,325j54: Adultmales are 
more resistant than females to pentobarbital 
anesthesia. Castration decreases the resistance 
in males. Testosterone raises pentobarbital 
resistance to the normal male Ievel in both 

male and female castrates, whereas estradiol 
and progesteraue prolong anesthesia in castra
tes of both sexes. [The hormones were admi
nistered as pellets 15 days before the test, but 
the amounts are not stated (H.S.).] Partial 
hepatectomy prolongs pentobarbital anesthesia 
and accentuates the differences induced by the 
various interventions just mentioned, without 
causing qualitative changes in the outcome. 

Fouts et al. G68,04lf61: Partially hepatec
tomized rats are deficient in the ability to 
oxidize the side-chain of hexobarbital or the 
ring-sulfur of chlorpromazine, and to reduce the 
nitro-group of p-nitrobenzoic acid. Full reco
very of these activities occurs only after com
plete regeneration of the hepatic mass (about 
ten days after operation). 0-dealkylation of 
codeirre is impeded only during the first few 
days when the regeneration is most active. 
Sham-hepatectomy (with exteriorization of the 
Ii ver) has a similar, though much less, pronoun
ced effect. 

Dingell & Heimberg G72,112j68: In rats, 
pretreatment with CCI4 prolongs hexobarbital 
sleeping time and interferes with the metabo
lism of the barbiturate by hepatic microsomes 
in vivo and in vitro. 

Selye P ROT. 42214: In rats, choledochus 
ligature offered considerable protection agairrst 
the toxicity of indomethacin and dioxathion, 
slightly prolonged hexobarbital sleeping time, 
and failed to affect digitoxin poisoning. Partial 
hepatectomy had little, if any, effect upon indo
methacin, dioxathion and digitoxin poisoning 
under the prevailing experimental conditions, 
but considerably prolonged hexobarbital sleep
ing time. Partial nephrectomy ( removal of 80% 
of the kidney tissue) likewise prolonged hexo
barbital sleeping time without significantly in
fluencing indomethacin, dioxathion and digi
toxin overdosage. The protective effect of spi
ronolactone agairrst indomethacin, dioxathion 
and digitoxin remairred manifest after most of 
these surgical interventions. But the protection 
agairrst indomethacin offered by choledochus 
ligature could not be further improved by spi
ronolactone, nor was the considerable prolon
gation by hepatectomy of hexobarbital sleep
ing time markedly reduced by spironolactone. 
It must be kept in mind, however, that in these 
experiments only a single dose of spironolac
tone was given 5 min after the surgical inter
ventions and 24 hrs before a single dose of the 
toxicants, cf. Table 126, p, 600. 

RABBIT 

Pratt G71,897f33: In rabbits, pentobarbital 
anesthesia is prolonged following the induction 
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of liver darnage by CC14 or elementary phos
phorus. 

McLuen & Fouts E99,285j61: In rabbits, 
obstructive jaundice affects the hepatic micro
somal metabolism of hexobarbital in rough 
p7oportion to the degree of histologically obser
vable cell damage. 

VARIA 

Richards & Appel A48,718j41: Review 
(13 pp., 44 refs.) on "The Barbiturates and the 
Liver." Special attention is given to observa
tions on the effect of hypolipotropic diets, 
CC14 and partial hepatectomy upon barbiturate 
detoxication. 

Richards & Taylor H 19,235/56: Review on 
barbiturates with a special section on the role 
of the liver in their detoxication. (Effect of 
hepatectomy, hepatotoxic drugs, liver disease). 

Bilirubin +--

Weinbren & Billing G76,309f56: In rats, 
24 hrs after partial hepatectomy, the bilirubin 
excretory capacity does not increase as rapidly 
as the relative weight ofthe regenerating liver, 
but thereafter the excretory capacity tends to 
increase with the weight rise. 

n-ButylaTnine +--

Merli & Gandini F32,684j64: n-Butyl
amine produces a mixture of neuro and osteo
lathyrism in the rat. Hepatectomy, performed 
7 days before initiation of the n-butylamine 
treatment, actually delayed the onset of the 
lathyric manifestations, perhaps as a conse
quence of overcompensating hepatic regenera
tive phenomena. [These findings are contrasted 
with our observation of an increase in the seve
rity of APN-induced lathyrism by partial 
hepatectomy, without commenting upon the 
fact that, in our experiments, the operationwas 
performed concurrently with the initiation of 
APN-treatment, that is, before significant 
hepatic regeneration could have occurred 
(H.S.).] 

Carbon Tetrachloride +--

Costa & Smorlesi E 34,570 j51: In rats, 
hepatic cirrhosis induced by CC14 is favorably 
influenced by partial hepatectomy. 

Kaufmann E60,536j53: In rats, liver 
regeneration following partial hepatectomy 
occurs normally after hepatic darnage induced 
by CC14• Earlier claims that, undcr these 

conditions, partial hepatectomy actually cau
ses remission in the CC14-induced sclerosis 
could not be fully confirmed. 

Novelli & Mor D36,206j62: In rats, the 
regeneration of mitochondria in hepatocytes 
after partial hepatectomy is disturbed by 
treatment with small doses of CC14• 

McLean et al. H18,569j69: In rats, simu1-
taneous treatment with phenobarbital accele
rates and aggravates the production of hepatic 
cirrhosis by CC14• This aggravation may depend 
upon an activation of CC14 toxicity by the induc
tion of hepatic microsomal enzymes but the 
hepatic growth stimulating effect of pheno
barbital could also be involved. 

Carcinogens +-

Gershbein G71,667j58: In rats, liver rege
neration following partial hepatectomy was 
greatly accelerated by treatment with various 
carcinogens. 

Brody G71,680j60: In rats, the immediate 
and prolonged effect of p-dimethylaminoazo
benzene (DAB) on the regeneration of the liver 
after partial hepatectomy has been studied. 

von der Decken & Hultin G68,039j60: Ob
servations on the induction of microsomal 
enzymes by 3-methylcholanthrene in the liver 
of the rat as affected by partial hepatectomy. 

Tanaka & Dao G34,593j65: In rats, the 
induction of adrenal necrosis by DMBA is 
greatly increased by the dietary production 
of fatty livers but not by CC14• 

Hughes C74,311j70: In rats subjected to a 
first or a second partial hepatectomy, the 
mitotic responses are essentially similar in 
magnitude and time with a mitotic peak 28 hrs 
postoperatively. In rats fed 3' -methyl-4-di
methylaminoazobenzene (3' -MeDAB) or 2-me
thyl-4-dimethylaminoazobenzene (2-MeDAB), 
partial hepatectomy elicits a similar mitotic 
response if the pretreatment is of short dura
tion. However, following more prolonged 
feeding with the above agents, the mitotic 
peak may be delayed up to 60 hrs postopera
tively. This delayed mitotic responsiveness may 
play apart in pre-neoplasia. 

Chloral Hydrate +-

Walker & Parry B46,639j49: In rats, par
tial hepatectomy increases the anesthetic 
effect of chioral hydrate, tribromoethanol, 
phenobarbital and thiopental. Tests at various 
time intervals after the operation lead to the 
conclusion that "there is no apparent correla-
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tion between the regeneration of the liver by 
weight and its power to detoxicate these drugs." 

Chlora~nphenicol +--

Firkin & Linnane H 31,607!70: In rats, the 
toxicity of chloramphenicol is greatly augment
ed by partial hepatectomy. 

Cholesterol +--

Olivecrana & Fex G74,083f70: In rats, the 
disappearance from the circulation of fatty acid 
labeled chylomicra is retarded by partial hepat
ectomy. When chylomicra labeled in vitro with 
cholesteryl palmitate were injected, about 80% 
of the radioactivity was in the liver within an 
hour in both intact and partially hepatecto
mized rats. 

Choline +--

Saint Omer & Minciane D53,460f60: In rats, 
partial hepatectomy does not significantly 
change hepatic lipidosis on a choline deficient 
diet but regeneration of the liver remnant is 
inhibited during the first 72 hrs after the 
operation. 

Cyclophospha~nide +-

Brack & Haharst G71,533f62: Cyclophos
phamide has no cytotoxic effect upon Y oshida 
sarcoma cells in vitro, but is rapidly transform
ed into an active compound in mice, rats and 
dogs in vivo. The active form is dernonstrahle 
in the blood and urine by bioassay if added to 
tumor cells in vitro. In completely hepatecto
rnized rats, only a little fraction of cyclophos
phamide is thus activated. However, activa
tion can be demonstrated in vitro by incuba
tion with liver slices. Pretreatment of rats 
with SKF 525-A inhibits in vivo activation 
which presumably takes place in hepatic 
microsomes. 

Digitalis +--

Farah & Smuskawicz A49,134f49: In rats, 
total hepatectomy with evisceration or poi
soning with elementary phosphorus or CC14 

increases the Iethai effect of acute g-strophan
thin-overdosage. "This reduction is due to the 
reduced excretion of g-strophanthin by the liver 
and to an increase in the sensitivity of the 
rat heart to g-strophanthin." 

St. Gearge et al. G71,843f52: No more than 
10% of a given dose of digitoxin is excreted in 
the bile of the rat, rabbit and dog, whereas 
none could be detected in the bile of two 
humans. Partial hepatectomy greatly increases 
the digitoxin concentration in the blood and 
tissues of rats, but has comparatively little 
effect upon digitoxin clearance in rabbits, and 
virtually none in dogs. 

Gibsan & Becker E65,709f67: In mice, 
"hypoexcretory states" were produced by pe
nile ligation, bile duct ligature or drugs (phenyl
isothiocyanate, 1)(-naphthylisothiocyanate) 
which reduce bile flow. "Intraperitoneal ad
ministration of ouabain to mice with no or 
diminished bile flow resulted in enhanced mor
tality rates. Digoxin and digitoxin effected en
hanced lethality in anuric mice. Lanatoside-C 
was not more toxic to hypoexcretory mice. The 
use of hypoexcretory mice in toxicologic evalu
ations of pharmacologic agents is suggested." 

Greenberger et al. H 13,503/69: In rats and 
guinea pigs, the absorption of six tritium
labeled cardiac glycosides was studied, using 
isolated intestinal loops in vivo and everted 
duodenal and jejunal gut sacs in vitro. The 
nonpolar glycosides (digitoxin, digoxin and 
proscillaridin) were more readily absorbed than 
the polar glycosides (ouabain, dihydroouabain 
and convallatoxol). Eile duct ligation did not 
affect the absorption of digitoxin from isolated 
intestinal loops in rats. Furthermore, " the 
transport of digitoxin was not inhibited by 
another cardiac glycoside, digoxin, suggesting 
that there are no specific transport sites that 
allow for competition between glycosides. 
These observations indicate that digitoxin is 
absorbed by a passive (nonsaturable) transport 
process.'' 

Salymass et al. G70,463f70; G70,461f70: In 
rats, pretreatment with spironolactone, norbol
ethone, or ethylestrenol accelerated the plasma 
clearance of digitoxin, in proportion to the 
in vivo protective effect of these catatoxic 
steroids. Partial hepatectomy reduces digi
toxin clearance. The effect of spironolactone 
is suppressed by SKF 525-A and cyclohexi
mide. 

Salymass G70,484f70: In rats, the plasma 
clearance of digitoxin is accelerated by spiro
nolactone, norbolethone, and ethylestrenol in 
doses that protect against the toxicity of the 
alkaloid in vivo. On the other hand, partial 
hepatectomy reduces digitoxin plasma clearance 
and increases the severity of the convulsions. 
The protective action of the steroids is suppres
sed by SKF 525-A and cycloheximide. 
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Selye P ROT. 42214: In rats, choledochus 
ligature affered considerable protection against 
the toxicity of indomethacin and dioxathion, 
slightly prolonged hexobarbital sleeping time, 
and failed to affect digitoxin poisoning. Partial 
hepatectomy had little, if any, effect upon indo
methacin, dioxathion and digitoxin poisoning 
under the prevailing experimental conditions, 
but considerably prolonged hexobarbital sleep
ing time. Partial nephrectomy ( removal of 80°;{) 
of the kidney tissue) likewise prolonged hexo
barbital sleeping time without significantly in
fluencing indomethacin, dioxathion and digi
toxin overdosage. The protective effect of spi
ronolactone against indomethacin, dioxathion 
and digitoxin remained manifest after most of 
these surgical interventions. But the protection 
against indomethacin affered by choledochus 
ligature could not be further improved by spi
ronolactone, nor was the considerable prolon
gation by hepatectomy of hexobarbital sleep
ing time markedly reduced by spironolactone. 
It must be kept in mind, however, that in these 
experiments only a single dose of spironolac
tone was given 5 min after the surgical inter
ventions and 24 hrs before a single dose of the 
toxicants, cf. Table 126, p. 600. 

Dyes-<---

Pratt et al. G72,105f82: In dogs with an 
Eck fistula and ligature of the hepatic artery, 
bromsulphalein clearance is inhibited, suggest
ing "that the bromsulphalein injected into the 
blood is eliminated, specifically, by the liver." 

Cherrick et al. E98,251f60: Indocyanine 
green is rapidly and completely bound to 
plasma protein and excreted in the bile in un
conjugated form. It is not oleared by extra
hepatic mechanisms in detectable amounts. Its 
plasma dearance is similar to that of BSP in 
controls and patients with liver lesions. 

Eckhardt & Armstrang F79,670f67: In rats, 
a liver bypass can be established by ligature of 
the hepatic artery combined with a deviation 
of the portal vein into the femoral vein through 
a cannula. Under these conditions, brom
sulphalein (BSP) disappears much more 
slowly from the plasma than after partial 
hepatectomy or intoxication with CC14• 

Aronsen et al. H22,143f69: In dogs, imme
diately after partial hepatectomy, the plasma 
clearance of bromsulphalein 131I, rase bengal, 
and colloidal radio-gold is decreased. The excre
tory and phagocytic capacity of the liver 
returned to normal within 6-8 weeks. 

Ethyl-o-Ethylphenylurea -<---

Scheifley & Higgins A 48,668/40: In rats, 
anesthesia produced by ethyl-o-ethylphenyl
urea or pentobarbital was markedly prolonged 
by partial hepatectomy. The effect of thiopen
tal was not influenced by this operation. 

Hexadirnethrine -<---

Selye etal. D25,745f68: Partial hepatectomy 
does not significantly influence the nephrocal
cinosis produced by hexadimethrine in the rat. 

lndornethacin -<---

Selye G60,058f69: In the rat, partial 
hepatectomy increases sensitivity to toxic 
doses of indomethacin. Comparatively small 
doses of spironolactone readily inhibit this form 
of indomethacin intoxication even in the pres
ence of surgically induced hepatic insuffi
ciency. "These results are compatible with the 
assumption that both indomethacin and spiro
nolactone are subject to hepatic detoxification, 
and hence, their respective pathogenic and 
prophylactic actions are enhanced after exten
sive resection of liver tissue." 

Brodie et al. G67,797f71: In rats given a 
single injection of indomethacin s.c., starva
tion during the following 24 hrs completely 
prevented intestinal ulcer formation, whereas 
starvation for 24 hrs on the second, third or 
second + third day had no such effect. Intes
tinal ulcers could also be prevented by ligature 
of the common bile duct. When segments of 
small intestine were isolated by Thiry-Vella 
loops, ulceration was prevented in the loops but 
not in the adjacent anastomosed intestine. 

Selye P ROT. 42214: In rats, choledochus 
ligature affered considerable protection against 
the toxicity of indomethacin and dioxathion, 
slightly prolonged hexobarbital sleeping time, 
and failed to affect digitoxin poisoning. Partial 
hepatectomy had little, if any, effect upon indo
methacin, dioxathion and digitoxin poisoning 
under the prevailing experimental conditions, 
but considerably prolonged hexobarbital sleep
ing time. Partial nephrectomy ( removal of 80% 
of the kidney tissue) likewise prolonged hexo
barbital sleeping time without significantly in
fluencing indomethacin, dioxathion and digi
toxin overdosage. The protective effect of spiro
nolactone against indomethacin, dioxathion 
and digitoxin remained manifest after most of 
these surgical interventions. But the protection 
against indomethacin affered by choledochus 
ligature could not be further improved by spiro-
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nolactone, nor was the considerable prolonga
tion by hepatectomy of hexobarbital sleeping 
time markedly reduced by spironolactone. It 
must be kept in mind, however, that in these 
experiments only a single dose of spironolac
tone was given 5 min after the surgical inter
ventions and 24 hrs before a single dose of the 
toxicants, cf. Table 126, p. 600. 

Lathyrogens +--

Selye 025,013!57; 031,369/57: In rats, 
extensive partial hepatectomy greatly in
creases the effect of AAN upon the bones. 

Glickman et al. E24,104f63: In rats, the 
dental changes produced by AAN are aggrava
ted following partial hepatectomy and thyroid
ectomy, whereas they are reduced by AOTH 
or almost completely abolished by thyroxine. 

Lead+--

Selye et al. D25,657f63: Topical calcergy 
produced by local trauma after i.v. injection 
of Iead acetate in the rat is uninfluenced by 
partial hepatectomy, but inhibited by hypo
physectomy or bilateral nephrectomy. Sple
nectomy itself does not influence this response, 
but when combined with partial hepatectomy, 
the animals die within a few hours after the 
Iead-acetate injection, before calcification 
could develop. 

Lidocaine +--

Aldrete et al. G78,399f70: In dogs, the dis
appearance of i.v. injected lidocaine from the 
blood was retarded by hepatectomy. Similar 
observations were made in hepatectomized pa
tients with liver transplants in the stage of 
rejection. 

Mercury +--

Selye P ROT. 30550: In rats in which the 
bile duct had been Iigated prior to the injection 
of HgC12 i.v., the usual nephrocalcinosis and 
mortality failed to occur. The mechanism of 
this protective effect is not clear but it may be 
related to the interruption of the enterohepatic 
circulation, cf. Fig. 23. 

Nicotine +--

Biebl et al. 44,898!32: Hepatectomy sensi
tizes the dog to the pressor effect of nicotine. 
Perfusal of nicotine through a canine heart
lung preparation inactivates the compound 
rapidly. In frogs, both complete and partial 

hepatectomy diminish the maximum tolerable 
amount of nicotine. It is concluded that nico
tine is destroyed by the liver. 

Octarnethyl Pyrophosphamide (OMPA) +-
cf. Pesticides 

Pentylenetetrazol +--

Voss A47,860f26: In guinea pigs, rats and 
rabbits, pentylenetetrazol p.o. is highly active, 
although it must pass through the liver before 
reaching its target organs. On the other hand, 
following bilateral ligation of the renal hilus 
rats become extremely sensitive to the produc
tion of convulsions by pentylenetetrazol. It is 
concluded that the principal detoxicating 
organ for pentylenetetrazol is the kidney, 
whereas the liver plays no important role in 
this respect. 

Ridder A 47,894!27: Perfusion of pentylene
tetrazol through the Ii ver of the frog or cat does 
not alter its activity. "The surviving liver of 
cold- or warm-blooded animals is hence unable 
to destroy Oardiazol." 

Dille & Seeberg 84,277j41: In cats, the 
acute toxicity of pentylenetetrazol is not in
fluenced by bilateral nephrectomy, whereas 
liver darnage induced by yellow phosphorus 
greatly increases sensitivity to pentylenetetra
zol. 

Tatum & Kozelka 81,376/41: In rabbits, the 
disappearance rate of pentylenetetrazol from 
blood, liver and muscle was not influenced by 
bilateral nephrectomy, but it was greatly 
delayed by 0014 poisoning which caused a 50% 
decrease in the functional capacity of the liver 
as judged by the bromsulphalein test. It is 
concluded that, contrary to earlier reports, the 
liver plays an important part in the detoxica
tion of pentylenetetrazol whereas the kidney 
does not. 

Fournier & Selye 81,980/42: In the rat, 
partial hepatectomy does not alter sensitivity 
to pentylenetetrazol. Apparently, hepatic 
detoxication does not significantly alter re
sistance to this compound. 

Fournier 84,151/43: Partial hepatectomy or 
complete nephrectomy does not increase the 
resistance of the rat to the convulsive or fatal 
effect of pentylenetetrazol. It is concluded that 
neither the liver nor the kidney plays an im
portant role in the detoxication of this drug. 

Peptone+--

deN icola 43,101 f30: Review of the literature, 
and personal observations on the prevention 
of peptone shock ( with the characteristic leuko-
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Fig. 23. Prevention of mercury poisoning by choledochus ligature. A + C: Kidney of rat 
given HgCI 2 shows heavy cortical calcification. B + D: Similarly-treated rat in which the 
choledochus had been ligated. Here, calcification is prevented (von K6ssa: A and B, X 9; C 
and D, X 32) 
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penia, hypotension and incoagulability of the 
blood) in dogs. Evidently, these changes arenot 
the direct effects of peptone, but of some sub
stance liberated by the liver. 

Pesticides +-

Oheng G71,450f51: Completely hepatecto
mized rats survived the injection of a dose of 
OMP A which killed sham-operated controls. 

Murphy & DuBois D28,546f58: The acti
vity of the microsomal enzyme system which 
oxidizes thiophosphates to potent anticholin
esterase agents is considerably higher in male 
than in female rats (incubation of liver homo
genates with Guthion, or ethyl p-nitrophenyl 
thionobenzenephosphonate or "EPN"). Y et, 
in vivo, adult males are more resistant to EPN 
than females, perhaps because the accelerated 
formation of toxic oxidation products is over
compensated by a more efficient detoxication 
of the latter. The low enzyme activity of 
female liver is enhanced by pretreatment with 
testosterone in vivo, whereas the high activity 
of male liver is diminished by previous castra
tion, partial hepatectomy, or treatment with 
progesterone or diethylstilbestrol. SKF 525-A 
inhibits, whereas pretreatment with carcino
gens or a protein-deficient diet enhances the 
activity of the thiophosphate-oxidizing enzyme. 

DuBois & Puchala D43,878f61: Male rats 
are much more resistant than females to 
various anticholinesterase phosphorothioa tes. 
Male mice and guinea pigs are not particularly 
resistant to DMP. Partial hepatectomy andfor 
castration abolishes the comparative resistance 
of the male rat, whereas testosterone restores 
resistance in hepatectomized or orchidecto
mized rats. It is concluded "that androgens 
govern the development of this system." 

Selye P ROT. 42214: In rats, choledochus 
ligature offered considerable protection agairrst 
the toxicity of dioxathion. Partial hepatectomy 
or partial nephrectomy ( removal of 80% of the 
kidney tissue) had little, if any, effect upon 
experimental conditions. The protective effect 
of spironolactone agairrst dioxathion remairred 
manifest after these surgical interventions, cf. 
Table 126, p. 600. 

Phalloidin +-

Tuchweber et al. (in preparation): In rats, 
mortality and peliosis-like hemorrhagic necro
sis of the liver induced by phalloidin i.p. are 
prevented by partial hepatectomy performed 
1 to 5 days prior to this treatment. 

Phosphorothioates +- cf. Pesticides 

Phlogogens +-

Novelli & Zinnari H 8,990/68: In rats, col
lagen formation in carrageenin granulomas is 
inhibited by partial hepatectomy. 

RES-Blockers+-

Aronsen et al. H22,143f69: In dogs, imme
diately after partial hepatectomy, the plasma 
clearance of bromsulphalein 131!, rose bengal, 
and colloidal radio-gold is decreased. The excre
tory and phagocytic capacity of the liver 
returned to normal within 6-8 weeks. 

Gans et al. G71,042f69: Thrombin rapidly 
disappears from the blood of intact, but not of 
completely hepatectomized heparinized dogs. 
Thrombin clearance appears to depend mainly 
upon phagocytosis by the Kupffer cells. 

Silica +-

Novelli et al. H24,185f69: In rats, collagen 
formation in pulmonary silicotic granulomas 
is inhibited by partial hepatectomy during 
liver regeneration, perhaps as a consequence 
of diminished collagen synthesis. 

Strychnine +-

Priestley et al. 9,158/31: The following six 
methods have been tested for the study of 
hepatic detoxication using strychnine as a 
substrate. 

1. Comparison of dogs with Eck fistula and 
normal dogs. 

2. Comparison of the effectiveness of strych
nine injected into the peripheral vascular 
system, and injection into the portal vein. 

3. The ability of incubated pulp of liver to 
destroy strychnine. 

4. Estimation of strychnine introduced into 
the circulation of a heart-lung-liver perfusion, 
compared with that introduced into a heart
lung-limb preparation. 

5. Susceptibility ofnormal and dehepatized 
dogs to strychnine. 

6. Rate of disappearance of strychnine 
from the blood stream of normal and dehepa
tized dogs. 

Among these six methods "the study of the 
dehepatized dog and the perfused liver ap
pears to have yielded the most conclusive and 
accurate data. The exclusive use of any single 
method is not recommended. However, by the 
combined use of the analytic and the syn
thetic methods (organism without a liver and 
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surviving liver without the organism), respec
tively, definite evidence concerning the liver 
as a detoxicating organ can be obtained." The 
canine liver possesses a highly specialized 
ability to immediately arrest and subsequently 
destroy strychnine. 

Tetrahydronaphthylamine +-

Borchardt 23,683/28: In cats, neither thyro
parathyroidectomy nor adrenalectomy pre
vents the production of fever by tetrahydro
naphthylamine, whereas denervation of the 
liver inhibits it almost completely. 

Tribromoethanol +-

Eichholtz A27,018f27: In rabbits, "destruc
tion of the liver" by ethylene chlorohydrin does 
not significantly affect the length of tribromo
ethanol anesthesia. After bilateral nephrec
tomy, sleeping time is somewhat prolonged but 
still variable. On the other hand, bilateral 
adrenalectomy prolongs the sleeping time very 
considerably. 

Waelsch & Selye 3,972!31: First description 
of a technique for the removal of about 70% 
of the liver in mice which lends itself for the 
detection of drugs that are detoxified in the 
liver. Thus, in such partial hepatectomized 
mice, tribromoethanol (Avertin) causes much 
more prolonged anesthesia than in intact 
controls, whereas magnesium anesthesia is not 
significantly affected by this hepatic insuffi
ciency; presumably because tribromoethanol is, 
whereas MgCl2 is not detoxified by the liver. 

Walker & Parry B46,639f49: In rats, par
tial hepatectomy increases the anesthetic 
effect of chioral hydrate, tribromoethanol, 
phenobarbital, and thiopental. Tests at various 
time intervals after the operation Iead to the 
conclusion that "there is no apparent correla
tion between the regeneration of the liver by 
weight and its power to detoxicate these drugs." 

Urethan+-
Chernozemski & Warwiek H33,929f70: In 

female mice, hepatic tumors are much more 
rarely induced by urethan than in males. Par
tial hepatectomy greatly increases the hepato
carcinogenic effect of urethan. 

Vitamin D, DHT +-

Selye 027,736/157: In rats pretreated with 
DHT, the pressure building up in the renal 
pelvis after ureter ligature causes calcification 
of the renal papilla; after choledochus ligature, 
hepatic calcification is not observed, although 
small necrotic islets are formed in the liver 
parenchyme. "Apparently, necrotic tissue does 
not necessarily calcify even in the DHT over-

dosed animal." [The effect of bile duct ligature 
upon DHT-induced extrahepatic calcinosis is 
not described (H.S.).] 

Rosenfeld et al. Gl515,8154f67; G67,7815f67: 
Partially hepatectomized rats given vitamin-D2 

(Calciferol) p.o. and FeCla s.c. developed calci
phylaxis at the iron injection site, as weil as 
generalized calcinosis, of greater intensity than 
intact animals given the same combined treat
ment, or than hepatectomized rats given Calci
ferol without iron. The aggravating effect of 
partial hepatectomy is ascribed to a decrease in 
the storage of iron which, consequently, floods 
the organism and challenges for calciphylaxis. 
[The possible role of hepatic vitamin-D detoxi
cation has not been considered (H.S.).] 

Rosenfeldova et al. G/515,81515!67: In rats given 
vitamin-D2 (Calciferol) at the dose of 7.5 mg 
in 0.5 ml oil [raute of administration not 
stated (H.S.)], 48 hrs afterpartial hepatectomy, 
mortality was significantly greater than in 
sham-operated rats given the same amount of 
vitamin-D2• Additional treatment with FeCla 
s.c., in order to produce calciphylaxis, caused a 
further increase of the mortality rate, parti
cularly after partial hepatectomy. It is con
cluded that "the liver by storing calciferol, 
protects the organism against its toxic effects." 

Hass et al. H19,697f69: Under standard 
conditions, rabbits develop particularly severe 
calcifying arteriosclerosis and atheromatosis 
when given combined treatment with choles
terol + vitamin-D2 p.o. The vascular darnage 
is further aggravated by the production of 
hepatic darnage with CC14• 

DeLuca H 17,327 f69: Brief mention of 
unpublished experiments indicating that "he
patectomy" prevents the conversion of vita
min-Da to 25-hydroxycholecalciferol. In addi
tion, perfused Ii ver can hydroxylate vitamin-Da. 
The enzyme for the 25 hydroxylation has been 
identified in liver homogenates. 

Ponchon et al. H 18,243/69: In rats, isola
tion of the liver from the circulation (porto
caval shunt + hepatic artery ligation and bile 
duct ligation) "eliminates almost completely 
their ability to convert [1,2]-Ha vitamin Da 
into its biologically active metabolite, 25-hy
droxycholecalciferol, as weil as certain other 
metabolites. It is concluded that the liver is the 
major if not the only physiologic site of 
hydroxylation of vitamin Da (cholecalciferol) 
into 25-hydroxycholecalciferol." 

W-1372+-

Selye & Lefebvre G79,0015f71: "Partial 
hepatectomy increases the intoxication (hepa-
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Fig. 24. Protection against DHT intoxieation by choledochus ligature. A + C: Heavily calcified 
heart and kidney of rat treated with HgCI 2 • B + D: Corresponding organs of similarly-treated 

rat in which the choledochus had been Iigated 

tic steatosis and necrosis) produced by W-1372. 
Catatoxic steroids (PCN, spironolactone) inhi
bit, whereas glucocorticoids (prednisolone ace
tate, triamcinolone) aggravate, these effects." 

Varia+-

Selye G70,480f71: In rats, complete occlu
sion of the choledochus diminished resistance 

to hexobarbital, progesterone and zoxazolamine 
but offered considemble protection against 
intoxication with indomethacin and the acute 
tissue calcinosis elicited by DHT. The infarc
toid cardiopathy produced by fluorocortisol + 
Na2HP04 + corn oil was also prevented but in 
view of the high mortality this latter finding 
is difficult to interpret. 
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Fig. 25. Prevention of DHT intoxication by choledochus ligature. A: Femur of rat given toxic doses 
of DHT. Intense fibrosis, bone absorption and partial necrosis of bone marrow. B: Similarly
treated rat in which the choledochus was Iigated before DHT administration. Essentially normal 

bone structure 

Complex Diets +-

In rats, the hepatic necrosis produced by a diet containing yeast as the sole 
source of protein is greatly accelerated by partial hepatectomy. 

In mice, starvation inhibits hepatic regeneration afterpartial hepatectomy. 

Aterman D15,536j61: In male weanling 
rats, the hepatic necrosis induced by feeding a 
diet containing yeast as the sole source of 
protein is greatly accelerated by partial hepat
ectomy or treatment with STH. 

Vilchez et al. H 15,524/68: In mice, a first 
mitotic wave occurs in the liver 40-48 hrs after 
partial hepatectomy. Mitotic counts and DNA 
content indicate that starvation produces a 
significant decrease in the number of cells 

undergoing mitosis, and a parallel reduction in 
DNA. 

Olivecrona & Fex G74,083j70: In rats, the 
disappearance from the circulation of fatty 
acid labeled chylomicra is retarded by partial 
hepatectomy. When chylomicra labeled in 
vitro with cholesteryl palmitate were injected, 
about 80% of the radioactivity was in the liver 
within an hour, in both intact and partially 
bepatectomized rats. 

Hepatic Changes +-

A considerable amount of work has been done upon hepatic regeneration and 
other changes in the liver remnant after partial hepatectomy. It is not within the 
scope of this volume to discuss the pertinent literature in detail. Suffice it to say 
that during the first 24 hrs after operation, hepatic steatosis occurs and its intensity 

40 Selye, Hormones and Resistance 
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is increased by hemorrhage, withdrawal of drinking water, intravenous injection of 
NaCl, and other stressor agents. The fat content tends to return to normal within 
3 to 4 days. Mitotic proliferation in the liver remnant does not begin immediately 
after partial hepatectomy but only after a latency period of several hours and it 
tends to reach a maximum after 48 hrs. In the regenerating rat liver there is a marked 
proliferation of the endoplasmic reticulum. The capacity of the liver to regenerate 
is maintained in rats even after 12 successive partial hepatectomies performed 
within one year. In rats subjected to a first or a second partial hepatectomy, the 
mitotic responses are essentially similar in magnitude and time, with a mitotic peak 
at about 28 hrs postoperatively. 

In rats, choledochus ligature inhibits the growth of liver cells in autotransplanted 
hepatic segments, but hepatic regeneration after partial hepatectomy is not dimin
ished by simultaneaus choledochus ligature. The claim that in rats, liver regeneration 
after partial hepatectomy is accelerated by hepatic extracts requires confirmation. 

Mann et al. 712!31: In dogs with an Eck 
fistula, partial hepatectomy failed to stimulate 
regeneration in the remnant. Such regenerative 
phenomena were also inhibited by CCl4, or by 
ligation of the common bile duct. 

Cameron A48,168f35: In rats, choledochus 
ligature inhibits the growth of liver cells in 
autotransplanted small hepatic segments, but 
leaves the bile ducts unaffected. 

Selye et al. 32,783/35: Following partial 
hepatectomy, fatty degeneration of the liver 
developed within the first 24 hrs after the 
operation. The reaction was increased by 
hemorrhage, withdrawal of drinking water, or 
intravenous injection of NaCl. 

Collip et al. 36,231/35: Following partial 
hepatectomy, the remnarrt undergoes fatty 
metamorphosis within the first 2 days in the 
rat, rabbit and dog. Experiments on rats show 
that the fat content returns to normal within 
3 to 4 days, and that neither hypophysectomy 
nor adrenalectomy can completely abolish this 
response. 

Brues et al. A 45,962/36: In rats submitted 
to partial hepatectomy, "the nurober of cells 
in the residual fragment shows no significant 
increase in the first 24 hours," although the 
mass of the liver remnarrt increases about 50%. 
After the first day, cell nurober and liver mass 
increase approximately at the same rate. The 
effect of various dietary constituents upon 
hepatic regeneration is described. 

Brues & Marble A47,729f37: Following 
partial hepatectomy, rats evince a latent period 
of one day during which the rapidly growing 
organ shows no increase in cell number. 
Mitosis then begins and reaches a rate of 2.13% 
but rapidly diminishes again. 

Ludewig 74,865/39: In rats, the fatty acid, 
phospholipid, and cholesterol concentrations in 
the liver at first increased and then decreased 
afterpartial hepatectomy. 

Christensen & Jacobsen A 49,204/49: In rats, 
the mitotic rate in the liver remnarrt reaches a 
maximum 48 hrs after partial hepatectomy. 
If two rats are united by parabiosis, one being 
partially hepatectomized, some increase in 
mitotic proliferation occurs also in the nonhe
patectomized partner, suggesting the forma· 
tion of cell division stimulating substances. 

Harkness E 80,279/52: Studies on the bio· 
chemical changes in the liver remnarrt after 
partial hepatectomy in the rat. 

Weinbren B90,949f53: In rats, hepatic 
regeneration is not diminished when bile duct 
ligature is performed simultaneously or 
18-21 days before partial hepatectomy. 

Jaffe G77,570f54: Studies on the diurnal 
mitotic periodicity of regenerating rat liver. 

Harkness E57,419f57: Extensivereview on 
the structural biochemical and functional 
changes induced by partial hepatectomy in 
the rat. 

Ingle & Baker 040,980!57: "The capacity 
of liver to regenerate was maintained in rats 
which were subjected to partial hepatectomy 
12 times within a period of one year. At the end 
of the experiment, only minor cytological 
changes were observed in the regenerated liver 
and there was no neoplasia." 

Perez-Tamayo & Romero D38,897f58: Re
view of various factors which influence rege· 
neration of liver tissue after partial hepatec· 
tomy in the rat. 

Weinbren D95,941f59: Review (11 pp., 
110 refs.) and personal observations on factors 
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influencing hepatic regeneration after partial 
hepatectomy in the rat, with special sections 
on the effects of hypophysectomy and thyroid 
hormones. 

KahlBon G52,949f60: The rate of histamine 
formation in the regenerating liver of the rat 
is particularly rapid during the first week after 
partial hepatectomy. When radioactive histi
dine is injected at this time, decarboxylation 
is particularly rapid. 

Rogers et al. E93,548f61: In rats, liver 
regeneration following partial hepatectomy 
was studied in parabiotic pairs and triplets. 
The results "do not support the conclusion that 
the blood in parabiotic rats carries stimulating 
or inhibitory 'humoral factors' directly govern
ing hepatic regeneration." 

Dagradi & de Oandia D56,609f62: Compara
tive studies on hepatic regeneration in the dog, 
mouse, rat and man after partial hepatec
tomy. 

Dagradi & Galanti D62,332f62: In rats, a 
technique for the successive removal of several 
hepatic Iobes has been employed to study the 
regenerative phenomena in the renmant. 

MacDonald et al. D41,743f62: In newts 
(Triturus viridescens), hepatic regeneration 
was studied by means of autoradiographs to 
quantitate DNA synthesis. 

Marsilii & de Simone G1,552f62: In rats, 
liver regeneration following partial hepatec
tomy leads to marked proliferation of the 
endoplasmic reticulum. 

Oehlert et al. D36,669f62: In rats, DNA 
synthesis after partial hepatectomy is studied 
with autoradiographic techniques. 

Bucher G68,621f63: Review (55 pp., about 
400 refs.) on factors influencing the regenera
tion of mammalian liver. 

Scheffler & Westphal D56,080f63: In rats, 
hepatic regenerationafterpartial hepatectomy 
can be accelerated by feeding a mixture of 
adenosine, xanthine, hypoxanthine, and orotic 
acid. 

Leduc G79,104J64: Review (26 pp., about 
130 refs.) on "Regeneration of the Liver" after 
various types of surgical or chemical injuries. 
Specialattention is given to regeneration after 
superficial wounds, lobectomies and bile-duct 
obstruction. 

Trotter G71,660f64: Electron-microscopic 
studies on liver regeneration following partial 
hepatectomy in the mouse. 

Rizzo and Webb H21,587f68: In rats, 
during liver regeneration after partial hepat
ectomy, the correspondence between the rate 
of transport of newly-synthesized ribosome to 
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the cytoplasm and the size of the nonfunction
al monomer pool, suggests that the two para
meters are directly, or. indirectly coupled. 

Stöcker G76,916f68: Autoradiographie and 
isotopic studies on cellular proliferation in the 
liver of the rat following an injection of 
3H-thymidine and partial hepatectomy with 
special reference to intracellular RNA and 
protein synthesis. 

Ronzoni et al. H 18,986!68: In rats, the 
hydroxyproline content of the liver furnishes a 
better quantitative index of sclerosis than 
histologic studies. The technique is recommend
ed for the evaluation of sclerosis and its re
gression after various types of liver damage, 
e.g., partial hepatectomy or CC14 poisoning. 

Rosene Jr. G71,66lf68: In mice, partial 
hepatectomy greatly elevates mitotic prolifera
tion in the liver, which reaches a peak on the 
third day after the operation and returns to 
near normal by the fifth day. Injections of 
Ehrlich ascites tumor homogenates moderately 
accelerated the rate of hepatic mitosis. Partial 
hepatectomy accelerated tumor cell prolifera
tion. 

Bader G70,347f69: Detailed description of 
the ultrastructural changes induced by partial 
hepatectomy in the rat. 

Bengmark et al. G71,689J69: In rats, liga
ture of the hepatic artery does not markedly 
alter regeneration of the liver after partial 
hepatectomy. 

Bengmark G74,917f69: Review (25 pp., 
about 375 refs.) on the chemical and structural 
changes in the regenerating hepatic tissue 
based mainly upon the effects of partial hepat
ectomy in the rat. 

Günther et al. H 18,480/69: Gorrelative study 
of weight increase and mitotic index in the 
liver of partially hepatectomized rats. 

Bucher and Swaffield H21,579f69: In rats, 
the rate of RNA synthesis during early stages 
of regeneration after partial hepatectomy has 
been evaluated with a radioactive precursor 
technique. 

Zelioli-Lanzini H 19,493/69: In rats, small 
doses of X-rays as weil as hepatic extracts 
improve liver regeneration following partial 
hepatectomy. 

Ove et al. H23,725f69: In rats, following 
partial hepatectomy, liver polymerase had a 
preference for native DNA primer, whereas 
the deoxyribonuclease in the same preparation 
acted preferentially on denatured DNA. 

Parks H28,647f69: In mice, electron-micro
scopic studies showed the source and direction 
of movement of Iipid granules appearing in the 
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hepatic perisinusoidal space following partial 
hepatectomy. 

Simmons & Boyle H22,141j69: In partially 
hepatectomized rats, heterologous serum albu
min or saline i.p. is followed by the same in
crease in the mitotic rate of the hepatocytes. 
The results do not support the hypothesis that 
lowered extra-cellular albumin plays an impor
tant role in controlling hepatic regeneration. 

Johnson H 18,571!69: In mice "after partial 
hepatectomy the regenerating liver shows a 
mitotic response characterized by a lag phase 
during the first postoperative day, a rather 
sudden hurst of mitotic activity at 24--48 hr, 
and a decline to normal Ievels within a week. 
This unexplained pattern of hyperplasia, 
characteristic of compensatory growth in 
other tissues as well as in liver, can be account
ed for by the 'critical mass' hypothesis, which 
proposes that cell division is triggered when 
the growing cell reaches a certain critical mass 
or size." 

Sugihara H 18,030/69; Kimura G75,331f69: 
Detailed description of the ultrastructural 
changes in the hepatic remnant after partial 
hepatectomy in the rat. 

Ungvary et al. G72,366f69: In rats, hepatic 
regeneration was carefully investigated with 
special reference to changes in the vascular 
structure. Attention is called to the work of 
Cruveilhier (A 73,454/1829-35) who "was the 

first to describe hepatic regeneration in 1833. 
He found that removal of 75% of the liver was 
followed by complete regeneration of the organ 
in eight weeks in dogs and in three weeks in 
rats." [A careful search of Cruveilhier's works 
failed to confirm that he ever made this 
statement (H.S.).] 

Hughes C74,311f70: In rats subjected to a 
first or a second partial hepatectomy, the mito
tic responses are essentially similar in magni
tude and time, with a mitotic peak 28 hrs 
postoperatively. 

Orlova & Rodionov G73,079f70: In rats, 
following partial hepatectomy "the amount of 
histones in the nuclei of regenerating liver 
cells and the incorporation of 3H-leucine in 
them started to increase and reached the 
maximum earlier than the respective onset and 
peak of the DNA content and uptake of 140-
thymidine." 

Lancker H28,381f70: Summary of litera
ture, and personal observations on DNA syn
thesis in regenerating rat liver. 

Rabes & Tuczek H 33,839/70: In rats, quan
titative autoradiographic studies revealed a 
great heterogeneity of liver cell proliferation 
afterpartial hepatectomy. 

Tavassoli & Crosby G73,038f70: In rats, 
liver fragments implanted into ectopic sites do 
not survive even if the regenerative stimulus is 
activated by partial hepatectomy. 

Varia-

In eviscerated rats, survival is shortened by simultaneaus nephrectomy and 
vice versa. 

Partial hepatectomy diminishes resistance to cold in guinea pigs and spontaneaus 
muscular activity is reduced by this operation in rats. However, these effects are 
probably due to the stress of the operation rather than to any specific hepatic defi
ciency. 

In rats, the growth of some transplantable tumors is increased, whereas that of 
others is not influenced by partial hepatectomy. Intraportal injection of Walker 
tumor suspensions, immediately followed by partial hepatectomy, increases the 
incidence of hepatic metastases in the rat. Several observers claimed that under 
certain circumstances, partial hepatectomy can aceeierate the growth of trans
plantable tumors in rats and mice, or that the tumor transplants enhance hepatic 
regenerationafterpartial hepatectomy. These effects were ascribed to the production 
of some humoral growth factors, by the regenerating liver or the proliferating 
neoplasm but such substances have not yet been identified with certainty. 

Comparatively little work has been done about the importance of the liver for 
resistance to bacterial toxins and to damaging immune reactions. In adrenalectomized 
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mice, E. coli endotoxin injected i.v. or into the spieen is about equally toxic. "Thus, 
the liver does not appear to play an immediate role in the detoxication of this 
antigen." 

Surgical interference with the hepatic circulation impedes the formation of various 
antibodies in the guinea pig, but a detailed discussion of hepatic influences upon 
immune reactions would be beyond the scope of this monograph. 

In pregnant rats, partial hepatectomy often causes fetal absorption but liver 
regeneration is essentially normal. 

Renal Lesions +--

lngle et al. B42,752j47: In eviscerated rats, 
survival is shortened by simultaneaus nephrec
tomy and vice versa. 

Cold+-

Calcagno & Quercio G46,022J65: Partial 
hepatectomy as well as various other surgical 
operations diminish the resistance of the guinea 
pig to cold, p:esumably as an expression of an 
increased sensitivity to stress in general. 

Muscular Contraction +--

Dugal & Ross 84,992j43: In rats, sponta
neaus running activity stops afterpartial hepat
ectomy as well as after a sham-operation. 
However, motor activity becomes normal 
within 72 hrs after a sham-operation, and within 
only seven days following partial hepatectomy. 

Smith & Dugal F65,692f66: In rats, 
partial hepatectomy does not influence spon
taneaus running activity more than does a 
sham-operation. 

Tumors+--

Paschkis et al. 08,982/55: In rats, the 
growth of Walkertumorsand of transplantable 
hepatomas-unlike that of Jensen sarcomas 
and Murphy lymphosarcomas-was increased 
after partial hepatectomy. Perhaps "the rege
nerating liver may release a humoral agent 
causing increased growth of some tumors." 
Hepatic regeneration was enhanced by the 
presence of a growing tumor regardless of 
whether the latter was influenced or not by 
partial hepatectomy. 

Fisher & Fisher G72,106j59: In rats, intra
portal injection of Walker tumor suspensions 
immediately followed by partial hepatectomy 
increases the incidence of hepatic metastases. 
No such increase was observed if partial 
hepatectomy was performed 48 hrs prior to or 
afterpartial hepatectomy. 

Llanos & Saffe G71,663J61: In C3Hfmza 
mice, the development of spontaneaus hepato
mas is accelerated by partial hepatectomy. 

Peyster et al. G71,67lf61: In rats, partial 
hepatectomy enhances the growth of s.c. in
jected Walker tumor cells. When two rats are 
joined in parabiosis and one is partially hepa
tectomized, tumor growth is accelerated in 
both partners. Presumably "a humoral growth 
accelerator induced by liver regeneration is a 
major factor influencing distaut tumor takes 
and growth." 

Trotter E90,324f61: In mice, partial hepat
ectomy increases mitotic proliferation in some 
s.c.-transplanted hepatomas, but not in others. 

Gershbein E71,030J63: In rats, s.c. trans
plantation of Walker or Flexner-J obling tumors 
did not significantly alter the extent of hepatic 
regeneration. However, under certain circum
stances, partial hepatectomy accelerated tumor 
growth. 

Gershbein F71,304j66: Studies on the effect 
of various agents upon liver regeneration and 
Walker tumor growth in partially hepatecto
mized rats. 

Rosene Jr. G71,66lf68: In mice, partial 
hepatectomy greatly elevates mitotic prolifera
tion in the liver, which reaches a peak on the 
third day after the operation, and returns to 
nearly normal by the fifth day. Injections of 
Ehrlich ascites tumor homogenates moderately 
accelerated the rate of hepatic mitosis. Partial 
hepatectomy increased tumor cell proliferation. 

Bacterial Toxins +--

Chedid et al. B99,547j54: In mice rendered 
particularly sensitive by adrenalectomy, E. 
coli endotoxin injected i.v. or into the spieen is 
equally toxic. Similar results have been ob
tained in intact rats. "Thus the liver does not 
appear to play an immediate role in the detoxi
fication of this antigen." In partially hepatec
tomized rats "which become more sensitive to 
any toxic substance" cortisone continues to 
exert its protective effect agairrst endotoxin. 
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The same is true of the splenectomy or thym
ectomy. 

Kocsar et al. G69,983(69: In rats, incuba
tion of tritium-labeled endotoxin with bile or 
Na-deoxycholate reduces its absorption when 
subsequently injected i.p. In rats rendered bile
deficient by cannulation of the choledochus, 
unlike in normal rats, endotoxin is absorbed 
after administration p.o. "Our experimental 
findings suggest that bile acids play an im
portant role in the defense mechanism of the 
macroorganism against bacterial endotoxins." 

Wardle & Wright H32,903(70: In rats, a 
single dose of endotoxin i.v., given after chole
dochus ligature, causes death from intravascu
lar coagulation (generalized Sanarelli Shwartz
man phenomenon) owing to delayed clearance 
of endotoxin from the circulation. [Earlier per
tinent data of Bert6k and Kocsar are not dis
cussed (H.S.).] 

Immune Reactions +--

Müller A47,855fll: In guinea pigs, the 
formation of various antibodies is inhibited by 
thyroidectomy as weil as by surgical interfer
ence with hepatic circulation. Treatment with 
thyroid extract has an opposite effect. The 
latter is not due to shock, since removal of all 
abdominal organs except the liver is ineffec
tive. Furthermore, the blood loses its "alexic 
power" when perfused through an isolated 
liver preparation. 

Pregnancy +--

Paschkis et al. C 14,122/56: In pregnant rats 
partial hepatectomy causes absorption of 

many fetuses, but liver regeneration is not 
affected by pregnancy. 

Varia+--

Selye & Dosne A30,702f40: "Experiments 
on partially hepatectomized rats indicate that 
the decrease in the blood volume, blood chlo
rides and blood sugar caused by ablation of 
85 per cent of the liver tissue in fasted rats is 
inhibited by administration of an adrenal cm
tical extract, rich in the life-preserving prin
ciple .... The decrease in blood sugar produced 
by complete hepatectomy is not significantly 
influenced even by !arge doses of cortin. This 
finding makes it probable that the cortical 
hormone does not inhibit the utilization of 
circula ting sugar." 

Heim & Kerrigan G68,369f63: The serum 
concentration of slow a 2-globulin increases in 
rats after partial hepatectomy or 0014 intoxi
cation. 

Menguy & Masters F61,098f65: The in
crease in serum glycoproteins, and the changes 
in serum glycoprotein fractions produced by 
parathyroid extract in intact rats are abolished 
by partial hepatectomy, whereas the hyper
calcemia and nephrocalcinosis are not influen
ced by it. 

Heim & Ellensan F77,887f67: A slow 
a 2-globulin appears among the serum proteins 
of the rat after partial hepatectomy or treat
ment with Salmonella endotoxin, s.c. as weil as 
postparturn or after implantation of Walker 
tumors. Adrenalectomy prevents the appear
ance of the a2-globulin in all these situations, 
unless substitution therapy with corticosterone 
is administered. 

Hepatic Enzymes ..c-

The induction by hepatic lesions of enzyme changes specifically related to certain 
toxicants is discussed with the latter under "Drugs." For other hepatic enzyme 
alterations consult the Abstract Section. 

TPO, TKT-c--

Cabibbe et al. G52,346f67: Hepatic TPO
activity is increased by partial hepatectomy 
in the rat, allegedly as a mere consequence of 
the resulting "surgical stress." 

Seidman et al. F 88,452 f67: The induction of 
TPO has been studied in the liver remnant of 
partially hepatectomized rats following treat
ment with cortisol, and after adrenalectomy. 
"It seems possible, therefore that the lessened 

response to hydrocortisone in hepatic cells 
preparing to divide is related to repression of 
transcriptional rather than translational me
chanisms and that the duplicating genome 
itself may be unable to participate simultane
ously in other functions." 

Terawaki et al. G50,735f67: Studies on the 
phenylalanine hydroxylase activity of normal 
and regenerating rat liver after tyrosine and 
tryptophan injection. 

Benes & Zicha G67,159(69: Exposure to 
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1400 R does not inhibit the tryptophan oxyge
nase activity of rat liver. In fact, substrate 
induction of tryptophan oxygenase is stimu
lated by X-irradiation appHed 24 hrs earHer. 
Induction by cortisol is initially stimulated, 
and then inhibited by X-irradiation. X-irra
diation before partial hepatectomy inhibits 
the increase in tryptophan oxygenase normally 
observed 12 hrs after the operation. Similar 
results are obtained by actinomycin D applied 
one hour after partial hepatectomy. "The 
diminished synthesis of tryptophan oxygenase 
in irradiated regenerating rat liver tissue, as 
well as the decrease of hormonal induction 
after the irradiation can be explained by the 
inhibition of the specific messenger RNA's 
synthesis." 

Kulcsar et al. G72,002f69: In rats, the 
substrate-induced synthesis of TPO was inhi
bited by hepatic injury (0014) as well as by 
thyroxine. Tnyroidectomy was without effect, 
and actually inhibited the influence of 0014• 

OKT+-

Räihä & Kekomäki G68,114f68: In the rat, 
the OKT activity of the Hver is very low in the 
fetus, exhibiting a small transient elevation 
around term; it then drops, and eventually 
reaches the high adult activity level during the 
third postnatal week. Triamcinolone given 
postnatally causes a pronounced elevation of 
OKT, but has no such effect in fetal or adult 
rats. Puromycin prevents the rise in OKT after 
triamcinolone administration. In adult rats 
fed a protein- or arginine-free diet, OKT acti
vity decreases and fails to rise under the 
influence of triamcinolone. Partial hepatectomy 
or STH depresses OKT activity in the Hvers of 
adult rats. 

GOT,GPT+-

Cohen & Hekhuits 93,220/41: GOT activity 
was subnormal in six types of mouse tumors, 
regenerating rat Hver, and fetal kitten (com
pared with adult cat) tissues. Apparently, an 
inverse relationship exists between transami
nase activity and protein synthesis. 

Bengmark & Olsson E 34,627/63: Studies on 
the GPT content of the hepatic remnant after 
partial hepatectomy in the rat. 

DNA-Polymerase +-

Feigelson et al. G68,042f62: In partially 
hepatectomized rats, cortisone causes a tran
sient stimulation and subsequent depression 

in the incorporation of precursors into the 
DNA of the regenerating liver. 

Hayasaki & Tsukada G73,554f70: In rats, 
partial hepatectomy increases the serum DNA 
inhibitor concentration. This inhibitor may 
control the activity of DNA and is therefore 
of considerable importance. 

Glucuronidase +-

Yano & Nobunaga E21,714f63: Studies on 
the serum transaminase and ß-glucuronidase 
activity following partial hepatectomy in the 
guinea pig and rat. 

Phosphatase +-

Brachet & Jeener B23,118f46: In rats, 
partial hepatectomy increases alkaHne phos
phatase activity in the nuclei but decreases it 
in the cytoplasm of hepatocytes. It is assumed 
that alkaline phosphatase in chromatin facili
tates the renewal of phosphorus in thymonu
cleic acid. 

Oppenheimer & Flock B4,738f47: AlkaHne 
phosphatase activity is elevated in the plasma 
and liver after partial hepatectomy in the rat. 
Since the initial elevation is greater in the 
Hver, it is assumed that plasma alkaline 
phosphatase originates in hepatocytes. 

Thrombin+-

Gans et al. G71,042f69: Thrombin rapidly 
disappears from the blood of intact, but not of 
completely hepatectomized heparinized dogs. 
Thrombin clearance appears to depend mainly 
upon phagocytosis by the Kupffer cells. 

Other Enzymes +-

von der Decken & Hultin G37,124f60: 
Studies on the enzymic composition of rat 
Hver microsomes during hepatic regeneration 
afterpartial hepatectomy. 

Myers et al. D48,663f61: Studies on the 
deoxycytidylate deaminase content of regene
rating Hver tissue after partial hepatectomy 
in the rat. 

Bucher G68,621f63 (p. 255): Review on 
hepatic regeneration, with a special section 
on enzyme changes, in the Hver remnant. 

Terayama & Takata F69,475f66: The N-de
methylating activity of rat Hver is considerably 
reduced during regeneration after partial 
hepatectomy but, for a much shorter period, 
also after sham-operations. 
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Gram et al. G62,231j68: In rats, "the regen
erating liver, like the fetal or newborn liver 
and certain rodent hepatomas, although ex
hibiting low Ievels of microsomal enzymes, has 
the capacity to respond to the enzyme inducers, 
phenobarbital and 3-MC." 

Bengmark G74,917j69: Review on hepatic 
regeneration with a special chapter on enzymic 
changes in the liver remnant. 

Barker et al. H 13,059/69: In the rat, CC14-

induced liver injury decreases the P-450 Ievel 
in hepatic microsomes and diminishes both 
steps in the oxidative N-demethylation of 
dimethylalanine (N-oxide accumulation and 
formaldehyde release). Cytochrome b5 was 
rapidly restored to controllevels. Partial hepat
ectomy decreased the cytochromes and 
formaldehyde production but increased N -oxide 
accumulation. These results are unaffected by 
adrenalectomy. 

Henderson & Kersten G77,181f70: In par
tially hepatectomized rats, "the p-hydroxy
lating and N-demethylating activities de
creased during the period of rapid cellular proli
feration and subsequently rose to about 100 
and 80 per cent respectively of their initial 
values within 7 days postoperatively. The 
UDPglucuronyltransferase activity, measured 

in ultrasonicated homogenates, however was 
not reduced during the regeneration process. 
Pretreatment of the rats with phenobarbital 
resulted in a considerable increase of the drug
oxidizing enzymes even during the period 
of rapid growth." 

Hutterer et al. G75,925f70: In rats, 4 days 
after bile duct ligation, the activity of amino
pyrine demethylase was greatly dem·eased, 
while the content of cytochrome P-450 and 
the activities of aniline hydroxylase, NADPH
cytochrome c reductase, and cytochrome 
P-450 reductase were only slightly decreased 
in the hepatic microsomes. Binding of type II 
substrate to cytochrome P-450 was unimpaired, 
and its modifier effect on P-450 reductase was 
intact. The binding of type I substrate was 
greatly decreased, and its stimulating effect 
on P-450 reductase was abolished. Presumably 
cholestasis alters the type I binding sites of the 
hepatic SER, which is responsible for the 
hypoactivity of the biotransformation system. 

Kaltiala G79,608j70: In male rats in which 
50% of the liver was removed, "hexobarbital, 
chlorpromazine and pethidine were metabo
lized significantly less well by the microsomal 
enzymes of the regenerating livers than by 
those of the controls (sham-operated)." 

-+-RENAL LESIONS 

Next to the liver, the kidney appears to be the most important organ of detoxi
cation. Thus, in various species, pentylenetetrazol is highly active when given p.o. 
although it has to traverse the portal circulation, whereas after bilateral ligature 
of the renal hilus, rats become extremely sensitive to the convulsive effect of this 
drug. It had been concluded from these observations that the principal detoxicating 
organ for pentylenetetrazbl is the kidney. However, subsequent investigations 
showed that the disappearance rate of pentylenetretrazol from the blood and tissues 
of rabbits is not significantly influenced by bilateral nephrectomy; conversely, it 
is greatly delayed by CC14-poisoning, presumably owing to the resulting hepatic 
damage. Essentially similar observations have been made in comparing nephrectomy 
with other types of chemically or surgically-induced hepatic damage. In the case 
of very acutely acting drugs, detoxication or excretion may not be rapid enough to 
induce a detectable change; hence it is not surprising that certain investigators 
found no effect of either partial hepatectomy or complete nephrectomy upon penty
lenetretrazol poisoning. 

The effect of the kidney upon barbiturate intoxication has also been extensively 
examined, but here the relative importance of the liver and the kidney appears to 
differ depending on the type of compound examined. Allegedly, some barbiturates 
are detoxified mainly in the kidney, others in the liver, yet, others in both organs 
or in extrahepatic and extrarenal tissues. It is important to retain, however, that 



+- Renal Lesions 623 

for the detoxication of certain barbituric acid derivatives, the kidney can be even 
more important than the liver. 

The renal darnage produced in rats and rabbits by systemic intoxication with 
mercury is prevented by previous ureter ligature. This may be related to the disap
pearance of alkaline phosphatase from the proximal convoluted tubules and a di
minished accumulation of Hg in the nonexcreting organ. Following temporary liga
ture of one ureter, the production of nephrocalcinosis and sclerosis is prevented on 
this siele, whereas the contralateral kidney undergoes severe darnage resulting in 
atrophy and loss of function. If after several weeks, the protected kidney is removed, 
the contralateral organ undergoes ragid and pronounced hypertrophy so that, at least 
in many instances, it can maintain life by itself. 

It has been stated that in rabbits, tribromoethanol anesthesia is not markedly 
affected if the liver is "destroyed" by ethylene chlorohydrin but prolonged after 
bilateral nephrectomy. 

The osteitis fibrosa and soft tissue calcification produced by large doses of para
thyroid extract arenot prevented by bilateral nephrectomy in the rat. From this it 
was concluded that, contrary to earlier views, parathyroid hormone does not exert 
its action exclusively through its effect upon the renal elimination of electrolytes. 

Finally, it might be mentioned in this connection that the mitotic index in the 
regenerating rat liver rises after one hour of renal ischemia but not after bilateral 
nephrectomy. 

Voss A47,860f26: In guinea pigs, rats and 
rabbits, pentylenetetrazol p.o. is highly active 
although it must pass through the liver before 
reaching its target organs. On the other hand, 
following bilateral ligation of the renal hilus, 
rats become extremely sensitive to the pro
duction of convulsions by pentylenetetrazol. 
It is concluded that the principal detoxicating 
organ for pentylenetetrazol is the kidney, 
whereas the liver plays no important roJe in 
this respect. 

Eichholtz A 27,018!27: In rabbits, "destruc
tion of the liver" by ethylene chlorhydrin does 
not significantly affect the length of tribromo
ethanol anesthesia. After bilateralnephrectomy, 
sleeping time is somewhat prolonged but still 
variable. On the other hand, bilateral adrenal
ectomy prolongs the sleeping time very consi
derably. 

Holck et al. A8,01lf37: In rats, bilateral 
nephrectomy does not alter the sex difference 
in hexobarbital sleeping time. 

Dille & Seeberg 84,277 f41: In cats, the acute 
toxicity of pentylenetetrazol is not influenced 
by bilateral nephrectomy, whereas liver darnage 
induced by yellow phosphorus greatly increases 
sensitivity to pentylenetetrazol. 

Tatum & Kozelka 81,376!41: In rabbits the 
disappearance rate of pentylenetetrazol from 
blood, liver and muscle was not influenced by 

bilateral nephrectomy but greatly delayed by 
CC14 poisoning causing a 50% decrease in the 
functional capacity of the liver as judged by 
the bromsulphalein test. It is concluded that, 
contrary to earlier reports, the liver plays an 
important part in the detoxication of pentyl
enetetrazol, whereas the kidney does not. 

Selye A36,715f42: In rats, partial hepat
ectomy, complete thyroidectomy or bilateral 
nephrect,omy do not prevent the osteitis 
fibrosa and soft-tissue calcification produced 
by !arge doses of parathyroid extract. Presum
ably, parathyroid hormone does not exert its 
action either through the thyroid or through 
the kidney, as had previously been postulated 
by some investigators. Furthermore, hepatic 
detoxication does not play an important roJe 
in the metabolism of parathyroid hormone. 

Fournier 84,151/43: Neither partial hepat
ectomy nor complete nephrectomy decreases 
the resistance of the rat to the convulsive or 
fatal effect of pentylenetetrazol. It is concluded 
that neither the liver nor the kidney plays an 
important role in the detoxication of this 
drug. 

W ilmer A 48,603/43: In rabbits, unilateral 
permanent ureter ligature protects the cor
responding kidney agairrst HgCI 2 and many 
other nephrotoxic substances, whereas the con
tralateral kidney shows severe damage. The 
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protection offered by hydronephrosis is as
sociated with a disappearance of alkaline phos
phatase from the convoluted tubules which 
may reflect Iack of elimination and concentra
tion of the nephrotoxic substances in the renal 
tissue. 

Masson & Belarui B344f45: Review of the 
Iiterature on the effect of partial hepatectomy 
and other forms of liver darnage upon barbi
turate anesthesia. Personal observations on a 
series of 29 barbiturates tested on partially 
hepatectomized or completely nephrectomized 
rats led to the conclusion that the compounds 
can be classified into four groups: "Group I, 
those detoxified mainly in the kidney; Group II, 
those detoxified mainly in the liver; Group III, 
those detoxified approximately equally in both 
liver and kidney; Group IV, those possibly 
detoxified in other tissues of the body, but not 
to any great extent in the liver and the 
kidney." 

Scheifley A48,124f46: In rats, the anesthe
tic effect of pentobarbital unlike that of thio
pental, was greatlyprolonged by partial hepat
ectomy. "These data suggest that the liver is 

instrumental in protecting against the action 
of pentobarbital sodium but does not play a 
significant part in the detoxication of pento
thal sodium" (thiopental). Uninephrectomy 
had no effect upon the production of anes
thesia by either of these barbiturates. 

Sandberg G71,886f53: Studies on barbi
turate intoxication in partially hepatectomized 
or completely nephrectomized rats suggest that, 
"for 5,5-diallyl-barbituric acid and its 1-(N,N
diethylcarbamylmethyl) derivative the kidneys 
participate as much as the liver in the detoxi
cation. 1-benzyl-5,5-diallyl-barbituric acid is 
destroyed mainly in the liver. 1-carbethoxy
methyl-5,5-dialkyl-barbiturates are probably 
hydrolyzed to the corresponding carbonic 
acid, 1-carboxymethyl-5,5 -dialkyl-barbituric 
acid." 

Richards & Taylor H 19,235/56: Review on 
barbiturates with a special section on the role 
of the kidney in their detoxication. (Nephrec
tomy, nephrotoxic drugs, patients with liver 
disease). 

Gibson & Becker E65,709f67: In mice, 
"hypoexcretory states" were produced by pe-

Table 127. Protection of the kidney against mercury by temporary ureter ligature 

Group Treatmenta Renal weight N ephrocalcinosis Mortality 
(mg) (Positive/Total) (DeadfTotal) 
Left Right Left Right 

1 None 648 0/15 0/15 0/15 

2 HgCI2 18/18 18/18 18/18 
a f b 

3 Nephrectomy 945 ± 17 557 ± 14 0/15 0/15 
(right) d d' d:d'*** 

4 HgCl2 +ureter Iiga- 1183 ± 76 277 ± 44 0/6 6/6 0/6 
ture (left) c c' c:c'*** a' a:a' *** f'f:f'NS b'b:b'*** 

e 
5 HgCI2+ureter Iiga-

ture (left) + nephr- 799 977 ± 43 0/17 11/16 6/17 
ectomy (left) e' e:e' *** f" f:f" * b"b:b" *** 

a In groups 4 and 5, the left ureter was Iigated on the 1st day. In groups 2, 4 and 5, HgCI2 

(400 !J-g in 1 ml water) was given i. v. on 2nd day in groups 4 and 5, the ureter ligature was re
moved 4 hrs. after this injection. In group 3 the right, and in group 5 the left kidney was removed 
and examined for calcinosis (by loupe inspection and by staining with the von K6ssa technique) 
on 34th day. Allrats of group 2 died by the 3rd day. In the other groups, mortality was registered 
on the 54th day the experiment was terminated and the presence of nephrocalcinosis appraised 
in all survivors. The surgically removed kidneys in groups 3 and 5 were weighed immediately 
after nephrectomy on the 34th day, the others upon termination of the experiment 20 days later. 
The statistical significance of the apparent differences between the readings in groups indicated 
by the same Ietter (a-f) was determined by the "Exact Probability Test" for nephrocalcinosis 
and mortality, by Student's t-test for renal weight. 
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nile ligation, bile duct ligature or drugs (phe
nylisothiocyanate, <X-naphthylisothiocyanate) 
which reduce bile flow. "Intraperitoneal ad
ministration of ouabain to mice with no or 
diminished bile flow resulted in enhanced mor
tality rates. Digoxin and digitoxin affected en
hanced lethality in anuric mice. Lanatoside-C 
was not more toxic to hypoexcretory mice. The 
use of hypoexcretory mice in toxicologic evalu
ations of pharmacologic agents is suggested." 

Hyde H 15,523/69: In rats, the mitotic 
index in regenerating liver rises after one hour 
of renal ischemia but not after bilateral 
nephrectomy. 

Selye & Szabo P ROT. 35492: In rats, com
paratively small doses of HgCI2 regularly pro
duce fatal bilateral nephrocalcinosis (cf. Table 
127, p. 624 in which values to be compared are 
identified by the same Ietter). Nephrocalcinosis 
(a: a') and mortality (b : b') are completely 
prevented if one of the ureters (here left) is 
temporarily obstructed by a ligature, from 
24 hrs before to 4 hrs after the injection of 
the HgCl 2 cf. Fig. 26. 

In order to occlude the ureter, its middle 
section was placed into a cranio-caudal slit of 
the psoas muscle and constricted by a thick 
silk ligature placed around the ureter-contain
ing segment. Correspondingly, the unprotected 
kidney becomes sclerotic and atrophic, whereas 
the contralateral organ undergoes compensa
tory hypertrophy ( c : c') such as is also seen 
in otherwise untreated unilaterally nephrecto
mized rats (d: d'). In the present experiment, 
this physiologic compensatory hypertrophy 
(d: d') was less evident than that noted in the 
kidney protected by temporary ligature follow
ing calcinotic destruction of the contralateral 
kidney ( c : c'), because in the latter group, the 
protected kidney was weighed on the 54th day 
after destruction of the right kidney by mer
cury, whereas normal compensatory hyper
trophy of the left kidney was determined 20 
days after ablation of the right kidney. 

Survival in group 4 was possible only be
cause the kidney protected by ureter ligature 

suffices to maintain life as did the normal 
kidney after right nephrectomy in group 3. In 
group 5, removal of the protected left kidney 
on the 3Hh day resulted in hypertrophy of the 
nephrocalcinotic and atrophic right kidney 
(e: e') which also lost most of its pathological 
calcium deposits (f: f' and f"). This regenera
tive impulse also has a life-maintaining effect 
in that the previously atrophic calcinotic right 
kidney suffices by itself to maintain the life of 
more than half of the rats which had received 
the dose of mercury ordinarily sufficient to pro
duce nephrocalcinosis resulting in a 100% mor
tality (cf. b" with b'). Apparently, under such 
conditions, the increased demand occasioned 
by contralateral nephrectomy promotes the 
functional and structural rehabilitation of a 
kidney severely damaged by a normally fatal 
mercurial intoxication. 

Selye P ROT. 42214: In rats, choledochus 
ligature offered considerable protection against 
the toxicity of indomethacin and dioxathion, 
slightly prolonged hexobarbital sleeping time, 
and failed to affect digitoxin poisoning. Partial 
hepatectomy had little, if any, effect upon indo
methacin, dioxathion and digitoxin poisoning 
under the prevailing experimental conditions, 
but considerably prolonged hexobarbital sleep
ing time. Partial nephrectomy ( removal of 80% 
of the kidney tissue) likewise prolonged hexo
barbital sleeping time without significantly in
fluencing indomethacin, dioxathion and digi
toxin overdosage. The protective effect of spiro
nolactone against indomethacin, dioxathion 
and digitoxin remained manifest after most of 
these surgical interventions. But the protection 
against indomethacin offered by choledochus 
ligature could not be further improved by spiro
nolactone, nor was the considerable prolonga
tion by hepatectomy of hexobarbital sleeping 
time markedly reduced by spironolactone. It 
must be kept in mind, however, that in these 
experiments only a single dose of spironolac
tone was given 5 min after the surgical inter
ventions and 24 hrs before a single dose of the 
toxicants' cf. Table 126,p 600. 

+-SEX 

Resistance to many agents is sex-dependent. In some species, the female, in 
others, the male is more resistant to a given toxicant. 

Thus, female rats are generally much more sensitive than males to the production 
of anesthesia by steroids and by most barbiturates; indeed even in vitro, their 
hepatic microsomes are less active in metabolizing these anesthetics than those of 
males. On the other hand, the catatoxic action of spironolactone against indo-
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methacin, digitoxin and pentobarbital is evident both in male and in female rats. 
However, allegedly, hexobarbital sleeping time is greatly shortened by spirono
lactone in female but not in male rats. 

Epinephrine arteriosclerosis is more readily produced in female than in male 
rabbits, and male rats are more resistant than females to the toxic actions of thy
roXIne. 

The tumorigenic effect of certain carcinogens is also sex-dependent, but in this 
respect. it is difficult to generalize since some of these compounds are more effective 
in females, others in males. 

In certain strains of mice, males are unusually sensitive to the production of renal 
tubular necrosis by chloroform vapor, and treatment with testoids renders females as 
susceptible as males. 

Many additional examples of such sex differences in sensitivity will be discussed 
in the following pages and we shall see that in most instances, castration tends to 
abolish and treatment with the appropriate sex hormones to reestablish them. 
Since, furthermore, these differences usually appear only after puberty, it may be 
assumed that in many cases, they depend upon the continued presence within the 
body of the corresponding sex hormones. Yet, in a few instances, sex-dependent 
resistance phenomena have been observed even after gonadectomy. 

Steroids ~ 

The first publication on the anesthetic effect of steroids emphasized already that 
male rats are less sensitive than females. This observation has repeatedly been 
confirmed with a great variety of anesthetic steroids, including progesterone, DOC, 
and many others that do not exhibit obvious hormonal actions. 

There is also a sex difference in the metabolism of 140-marked androstane deri
vatives during perfusion through the isolated rat liver. The protection by spirono
lactone against indomethacin, digitoxin, and pentobarbital is obvious in both sexes, 
but quantitative studies concerning the comparative efficacy of catatoxic steroids in 
males and females have not been performed. 

In the mouse, females are more resistant than males to toxic doses of estradiol 
and stilbestrol. Fernale C3H mice regularly develop myocardial calcification after 
prolonged cortisol treatment, whereas males are comparatively resistant. 

Although some investigators claimed that female mice are more sensitive than 
males to hydroxydione anesthesia, this has not been confirmed, so that in this 
respect the mouse appears to differ essentially from the rat. 

In mature female dogs, the production of hypertension and vascular changes by 
DOC is more difficult than in males. 

Steroids -<--- cf. also Selye G60,083j70, pp. 
475, 477. 

RAT 

Selye A35,003j41: First description of the 
anesthetic effect of steroids. Male rats are less 
sensitive than females of equal size. 

Selye A35,150j41: Fernale rats are more 
sensitive to anesthesia produced by various 

steroids than are males, and young animals of 
either sex are more sensitive than adults. 

Winter & SelyeA35,658f41; Winter A36,333f 
41: Fernalerats are more sensitive than males 
to the anesthetic action of progesterone but 
this sex difference is obvious only after matu
rity. "The normal endocrine activity of the 
testis is largely, if not entirely, responsible for 
this comparative resistance of the males since 
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castration increases sensitivity in males but 
is without effect in female rats. Conversely the 
resistance of castrate males and females may 
be raised by methyl testosterone administra
tion." 

Selye & Pentz A59,789f43: Female rats are 
much more sensitive than males to the produc
tion of hyalinosis and hypertension by DOC + 
uninephrectomy + NaCl. 

Emmens A 46,57 4/46: In immature rats of 
both sexes, pentobarbital has an approximately 
equal anesthetic effect, whereas DOC and 
progesteraue are twice as potent in females as 
in males. 

Allardyce et al. B29,416j48: Following a 
single i.m. injection of DOC, male rats exhibit 
a greater rise in blood pressure than do 
females. 

Fants et al. B54,459f50: Fernale rats are 
about ten times more sensitive to progesteraue 
and DOC anesthesia than are males. 

Forchielli et al. D75,874j58: The rate of Ll 4 

reduction of 11-desoxycortisol was 3-4 fold 
greater in female than in male rat liver homo
genates and in microsomal fractions containing 
the Ll4-5a-hydrogenase. Female rat liver con
tains only oneLl4-hydrogenase (5a-microsomal), 
whereas the male liver contains the soluble 
Ll 4-5ß-hydrogenase as weiL Ovariectomy caused 
no marked change in enzyme titer, but hypo
physectomy decreased it sharply. Curiously, 
ACTH, STH and pregnant mare serum 
partially restored the enzyme Ievel in the 
hypophysectomized rat. In young animals, 
increase in the titer of hepatic Ll 4-5a-hydro
genase occurs prior to puberty. This fact (like 
the negative results after ovariectomy) suggests 
an independence of enzyme regulation from 
ovarian hormones. 

Yates et al. C61,952j58: "Homogenates of 
livers from adult female rats reduce Ring A 
of Ll 4-3-keto-steroids at rates 3 to 10 times 
greater than those from males. This !arge sex 
difference has been observed for all substrates 
so far tested: aldosterone, desoxycorticoste
rone, hydrocortisone, cortisone, corticosterone, 
testosterone and progesterone .... Castration 
increases and testosterone decreases Ll 4-steroid 
hydrogerrase activity in males. In females, 
neither castration nor estrogen administration 
had appreciable effect." 

Leybold & Staudinger C77,908j59: Descrip
tion of sex differences in the ability of the 
hepatic microsomes of the rat to metabolize 
various steroid hormones. 

Rummel et al. C80,035j59: Male rats are 
more resistant than females to the anesthetic 
effect of DOC. 

Colas D20,925j62: The livers of male rats 
contain more dehydroepiandrosterone 16a-hy
droxylase than that of males. Castration re
duces the enzyme activity but not quite to the 
low Ievel of the female. 

Kuntzman et al. F27,893f64: The steroid 
hydroxylase of the microsomal fraction of rat 
liver is more active in males than in females. 

Schriefers & Wassmuth G23,742j64: "The 
Ll4-5a-hydrogenase activity in liver micro
somes of female rats is 8.5 times that of males; 
but liver slices from females reduce cortisone 
at only twice the rate of slices from males." 
Comparative kinetic analysis showed that, in 
the female, the rate of diffusion, whereas, in 
the male, the lowenzyme activity, is the limit
ing factor. 

Kuntzmann & Jacobson F35,869j65: "Incu
bation of progesterone-4-C14 with liver micro
somes from adult male rats resulted in oxida
tion of the steroid to a more polar fraction made 
up of 6ß- and 16ß-hydroxyprogesterone and 
an unidentified U.V. absorbing product. In 
contrast, female rats metabolized progesteraue 
primarily by reduction of the A ring followed by 
subsequent metabolism to polar compounds. 
Unlike the female rat, female rabbits and 
guinea pigs metabolized progesteraue by hy
droxylation. With microsomes from immature 
male rats, both hydroxylation and reduction 
occurred. Chronic administration of pheno
barbital, chlorcycline or chlordane to female 
rats caused an increased formation of polar 
metabolites but had little effect on the disap
pearance of progesterone, since the main path
way in thefemalerat isA-ring reduction. In con
trast, chronic phenobarbital administration to 
female rabbits increased markedly the metabo
lism of progesteraue to hydroxylated deriva
tives when measured either by formation of 
polar metabolites or by progesteraue disap
pearance." 

Conney et al. G65,135f65: In the male rat, 
the oxidative metabolism of hexobarbital, 
testosterone and estradiol by hepatic micro
somes is more pronounced than in the female. 
The mause shows no comparable sex differ
ence. 

Remmer & liierker G66,868f65: The hepatic 
Ll 4-3-ketoreductase activity is much higher in 
female than in male rats, but cannot be further 
increased by phenobarbital, although the bar
biturate does induce two similar TPHN-de
pendent microsomal reductases involved in 
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the metabolism of p-amino-azobenzol and of 
chloramphenicoL 

Denef & de Moor H 15,811/69: The sexual 
differentiation of steroid-metabolizing enzymes 
appears in the rat liver from the 30th day of 
life on. From experiments on neonataily-go
nadectomized or intact rats treated with foili
culoid or testoid compounds, "it is concluded 
that, as far as the differentiation of cortisol 
metabolizing enzymes is concerned, estradiol 
is able to counteract the organizing action of 
testosterone at birth as weil as the expression 
of these neonatal testosterone effects after the 
30th day of life." 

Grassman et al. H 18,545/69: In male rats, 
adrenalectomy decreases the protein content 
and the number of zymogen granules in the 
pancreas. "The female rat does not demonstrate 
these changes foilowing adrenalectomy. How
ever, if the ovaries are removed in addition 
to the adrenal glands, alterations similar to 
those observed in the adrenalectomized rat 
with triamcinolone acetonide reverts the 
pancreas to normaL In contrast to the male, 
the female rat apparently had dual control of 
the pancreas through estrogenic as weil as 
adrenal cortical hormones." 

Schriefers et al. H21,007f70: Demonstra
tion of sex differences in the metabolism of 
14C-marked androstane derivatives during per
fusion through the isolated rat liver. 

Kato et al. H34,571j71: Maleratsare more 
resistant to the anesthetic effect of proges
terone than females. Correspondingly the for
mation of hydroxylated metabolites of this ste
roid is greater with hepatic microsomes from 
males, whereas the formation of L1 4-reduced 
metabolites is greater with female microsomes. 
In mice, there was no such difference either in 
the anesthetic action or in the in vitro metabo
lism of progesterone. In rats, the blood and 
tissue Ievel of polar metabolites of tritiated 
progesterone was higher in males, whereas that 
of nonpolar metabolites was higher in females. 
"These results suggest that the stronger anes
thetic action of progesterone in female rats is 
associated with higher tissue Ievels of proges
terone and Ll 4-reduced metabolites, possessing 
the anesthetic action." 

Selye P ROT. 29733: In rats weighing 
100-200 g, the catatoxic action of spirono
Iactone against indomethacin, digitoxin and 
pentobarbital is evident in both sexes. 

Selye P ROT. 42911: In male rats, the pro
tective effect of PCN, spironolactone, ethyl
estr~nol, betamethasone, phenobarbital and 
phenylbutazone against intoxication with digi-

toxin, indomethacin, dioxathion, parathion, 
nicotine, progesterone, hexobarbital and zox
azolamine has been systematicallyexamined (cf. 
Table 128, p. 630). Hexabarbital sleeping time 
was not shortened by PCN, spironolactone or 
betamethasone. For betamethasone, this is not 
remarkable since this compound failed to affect 
hexobarbital sleeping time in females also (cf. 
Table 136), but PCN and spironolactone were 
effective in this respect in females. In order to 
evaluate these data, the effect of each condi
tioner against each toxicant should be com
pared with similar experiments on females 
(Table 136). 

Testosterone~ Sex, Rat: Kuntzman 
et aL F27,893f64; Conney et aL G65,135f65 

MousE 

Selye & Stevensan 77,177/40: In Strong's 
C3H strain mice, females are more resistant 
than males to toxic doses of estradiol or 
stilbestrot This sex difference is even more 
pronounced in the case of combined adminis
tration of foiliculoids and progesterone, which 
increases the toxicity of foiliculoids. The gonads 
of both sexes show considerable atrophy under 
the influence of foiliculoids but this is inhibited 
by progesterone. 

Koller C 19,288/56: Mice of both sexes are 
approximately equally sensitive to hydroxy
dione anesthesia. Gonadectomy increases sen
sitivity to this form of narcosis especiaily in 
females but to a lesser extent also in males. 

Lostroh 054,348/58: Fernale mice of the 
C3H strain regularly develop myocardial cal
cification foilowing prolonged cortisol treat
ment, whereas males are comparatively re
sistant. Ovariectomy offers no protection but 
testosterone renders females more resistant. 
In hypophysectomized mice neither cortisol 
nor ACTH produces myocardial calcification. 

Atkinson et al. D33,188f62: Fernalemice are 
more sensitive than males to hydroxydione 
anesthesia but ailegedly there is no such sex 
difference to the anesthesia produced by 3a-hy
droxy-5ß-pregnane-11,20-dione 3-phosphate di
sodium. 

Rümke G68,532j66: The anesthetic effect of 
hydroxydione is greater in female than in 
male mice. 

Jelinek H 1,518/68: There was no difference 
in the duration of hydroxydione anesthesia in 
male and female intact or gonadectomized 
mice. Pretreatment with methyltestosterone 
p.o. prolonged hydroxydione anesthesia in 
males but not in females or castrate males. 
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Neither thiopental nor pentobarbital anesthe
sia was influenced by methyltestosterone. 
Pretreatment with methandrostenolone or 
17a-methyl-androst-2-ene-17ß-ol failed to in
fluence hydroxydione anesthesia in mice. 

Cortisone ~ Sex + Adrenalectomy, 
Mouse: Wragg et al. B74,080/52*; Kato et al. 
H31,735/70 

Estradiol ~ Sex, Mouse, Rat: 
Kuntzman et al. F27,893f64; Conney et al. 
G65,135j65 

Doo 

Rowinski et al. B64,142j51; de Muro & 
Rowinski B66,413f51: The production of 
hypertension and vascular changes by DOC 
is more difficult in mature female than in 
male dogs. 

FROG 

Rybova & Janricek G78,569j70: In frog 
bladders, aldosterone exerts a sex dependent 
effect in that the water and ion contents are 
reduced in males and increased in females. 

Table 128. Oatatoxic action of various conditioners in male ratsa 

Digitoxin Indomethacin Dioxathion Parathion 

"'Taxicants (2 mg in 1 ml water (1mg in 0.2 ml (5.3 mg in 1 ml corn (1.3 mg in 0.5 ml 
"' p.o. x2) water s.c. x5) 

"' 
oil p.o. x1) DMSO i.p. x3) 

"' Convul- Mortal- Intest-
" sions ity inal 

Mortal- Dyski- Mortal
ity 
+48hrs 

Dyski- Mortal-

C d. . "+4th day +6th day Ulcers 
ity nesia nesia ity 

on 1t10ners 
+6th day +6 hrs +3rd day +4th day 

+4hrs. 

None 17/30 9/30 29/29 28/30 29/30 19/30 30/30 30/30 
PCN 0/10 *** 0/10 NS Oj10 *** 0/10 *** 0/10 *** 0/10 *** 1/10 *** 0/10 *** 
Spirono-

Iactone 0/10 *** 0/10 NS 0/10 *** 0/10 *** 8/10 NS 4/10 NS 4/10 *** 3/10 *** 
Ethylestrenol Oj10 *** 0/10 NS 0/10 *** 0/10 *** 2/10 *** 0/10 *** 0/10 *** 0/10 *** 
Betametha-

sone-Ac 0/10 *** 0/10 NS 5/9 ** 9/10 NS 7/10 NS 6/10 NS 10/10 NS 10/10 NS 
Phenobarbital 9/10 NS 2/10 NS 0/10 *** Oj10 *** 0/10 *** 0/10 *** 0/10 *** 0/10 *** 
Phenyl-

butazone 7/10 NS 4/10 NS 4/9 *** 1/10 *** 4/10 *** 1/10 * 0/10 *** 0/10 *** 

a The conditioners were administedred as follows: PCN, spironolcatone, ethylestrenol and 
phenylbutazone 10 mg, phenobarbital 6 mg and betamethasone 1 mg, all in 1 ml water, p.o., 
twice daily from the -4th day (counting the day of toxicant administration as the first day) 
until the end of the experiment. Only the groups treated with digitoxin received the conditioners 
until the second day a. m., and those given dioxathion until the first day a. m. 

MAN 

Sautkren & Gordon G77,117j70: Review and 
personal observations on the application of 
radioisotopes to the in vivo study of the kine
tics of testoid metabolism in man, with special 
reference to sex differences, adrenalectomy, 
orchidectomy, and various diseases upon the 
plasma clearance of testosterone. 

Corticoids ~ Sex: Hübener et al. 
B91,352j53; Forchielli et al. D75,874j58; 
Yates et al. 056,413/58; Leybold et al. 
077,908/59; Hagen et al. G77,512j60; Leybold 
et al. 088,830/60; Sholiton F23,871j64 

Testoids ~ Sex: Rubin G76,315f57; 
Forchielli et al. D75,874j58; Leybold et al. 
077,908/59; 088,830/60; Colas D20,925j62; 
Kuntzman et al. G66,245j66; Kato et al. 
H 31,734/70, H 31,735j70 

Folliculoids ~ Sex: Kuntzman et al. 
G66,245j66; Zumoff et al. H 1,151/68* ;Jellinck 
et al. H 32,603j70 

Lu teoids ~ Sex: Forchielli et al. 
D75,874j58; Leybold et al. 077,908/59; 
088,830/60; Kuntzman et al. G66,245j66; 
Kato et al. H 30,605/70 

Steroids (Var) ~ Sex: Yates et al. 
061,952/58; Heinrichset al. F72,860J66 
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Nonsteroidal Hormones and Hormone-Like Substances +-

Fernale rats are allegedly more resistant than males to the acute effects of epine
phrine i.v., and, in female rabbits, it is more difficult to produce arteriosclerosis by 
chronic treatment with epinephrine than in males. 

The insulin resistance of male rabbits is greater than that of females, and alloxan 
produces diabetes more readily in female than in male rats. 

Male rats are more sensitive than females to overdosage with thyroxine. 

Table 128 ( continued) 

~ 
Toxicants 

Nicotine Progesterone Hexabarbital Zoxazolamine 

(1 ml of 1.3% aqueous (15 mgin 1 ml (10mgin1ml (15mgin1 ml 

" solution p.o. x5) corn oil water water 

~ i.p. x1) i.p. x1) i.p. x1) 

~ Dyski- Mortal- Sleeping Sleeping Paralysis 
nesia ity time time time 

Co dit• """+ 3rdday +6thday 
n 1oners + 30 min 

None 25/25 25/25 251 ± 29 40±3 292 ± 19 
PCN 8/10 NS 7/10 NS 0 *** 36±3 NS 77 ± 17 *** 
Spironolactone 10/10 NS 10/10 NS 0 *** 34±3 NS 248±23 NS 

Ethylestrenol 0/10 *** 0/10 *** 0 *** 3±2 *** 143 ±27 *** 

Betamethasone-Ac 10/10 NS 10/10 NS 51± 34 *** 46±5 NS 186 ± 7 *** 
Phenobarbital 0/10 *** 0/10 *** 0 *** 1 ± 1 *** 128 ± 20 *** 

Phenylbutazone 2/10 *** 2/10 *** 0 *** 7 ± 2 *** 230±24 NS 

Resistance to bistamine shows no distinct sex specificity in normal rats, but 

thyroparathyroidectomy allegedly increases histamine tolerance in females only. 
After sensitization with pertussis vaccine, female mice become more sensitive to 
histamine than males. In rats, in which acetic acid was administered by aerosol, 

subsequent inhalation of vaporized histamine produces an asthmatic attack among 
females only. 

Catecholomines +- cf. also Selye 
G60,083f70,p. 478. 

Aatarahadi &; Essez B75,437f52: Fernale 
rats are more resistant to epinephrine i.v. than 
males. Gonadectomy was without effect on the 
resistance of males but caused females to 
become as susceptible as males. 

Plot/ca et al. 051,239/57: In rabbits, the 
production of aortic lesions by epinephrine i.v. 
is partly inhibited by adrenosterone; yet, 
normally males are more sensitive than females 
to epinephrine arteriosclerosis. 

ACTH +- cf. SeZye G60,083f70, pp. 476,479. 

41 Selye, Hormones and Resistance 

Pancreatic Hormones +-

Dotti 34,994/36: Fernale rabbits are more 
sensitive to insulin than males. 

Beaek et al. B61,498f51: The diabetogenic 
effect of alloxan is greater in female than in 
male rats. 

Foglia &1 Penhos B79,957f52: In male rats, 
extensive partial pancreatectomy causes severe 
diabetes more frequently than in females. 
Postnatal orchidectomy abolishes this differ
ence. 
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Th;yroid Hormones +-

Garvin et al. D21,160f62: Male rats are 
more sensitive than females to the production 
of hyperthyroidism by thyroxine. 

Fonzo et al. G77,635f70: In rats, the hepatic 
storage of 1251-thyroxine is greater and its sub
sequent deiodation smaller among females than 
among males. "It may be concluded that the 
female liver has a greater affinity for thyroxin 
and that a stronger binding of the hormone 
with the proteins of hepatocytes accounts for 
the decreased deiodation among females." 

Parath;yroid Hormone +-

Rowinski &, Manunta B64,144f51: Morta
lity after parathyroidectomy is equal in male 
and in spayed female rats, whereas intact fe
males are more resistant. 

Histamine ~ Sex: Sackler et al. 
B78,749/53* 

Hiatamine +-

Sackler et al. B78,749f53: In rats, thyro
parathyroidectomy increases histamine toler
ance, but only in females. Intact rats show 
no sex difference in histamine tolerance. Go
nadectomy raises histamine tolerance in both 
sexes. 

Ohedid 01,930/54: After sensitization with 
pertussis vaccine, female mice become more 
sensitive to histamine than males. 

Groa8 030,649/55: In rats, administration 
of histamine by aerosol or of egg-white i.p. 
elicits an asthmatic attack if the lung was 
previously irritated by inhalation of acetic 
acid given by a spray. This response is 
obtained in females, castrate males or males 
treated with folliculoids but not in normal 
males. Testosterone and progesterone abolish 
this effect in females and castrate males. 

Drug• +--

The toxicity of innumerable drugs is sex-dependent to some extent. Here, we 
shall deal mainly with those toxicants which are of particular interest in connection 
with the problern of hormonal regulation of resistance. A more complete enumeration 
of pertinent observations will be found in the Abstract Section. 

It is difficult to make any generalizations concerning the sex difference in the 
sensitivity to barbiturates since this differs depending upon the particular compound 
and animal species used. In the mouse, susceptibility to hexobarbital anesthesia does 
not appear tobe sex-dependent, but females aremoresensitive to amobarbital and 
pentobarbital than males. There are strains of mice, however, in which hexobarbital 
produces Ionger Iasting anesthesia in males than in females and the 9000 g liver 
supernatant of the latter hydroxylates hexobarbital faster than that of males. The 
resistance to pentobarbital anesthesia induced by pretreatment with phenobarbital 
lasts Ionger in female than in male mice. 

Most of the investigations concerning the sex dependence of barbiturate anesthesia 
have been performed in rats. It has been notedas early as 1932, that in this species, 
males are more resistant to amobarbital anesthesia than females. Similar observations 
have subsequently been made with numerous other barbiturates. This sex difference 
appears only after puberty and is abolished by castration. On the other hand, testos
terone treatment raises the barbiturate resistance both in females and in castrate 
males to approximately the normal male Ievel. Upon repeated pentobarbital injec
tions, rats of both sexes become comparatively tolerant to this barbiturate, but 
when treatment is interrupted, susceptibility rises more rapidly in females and male 
castrates than in intact males. 

Sexual activity as such does not significantly influence ectylurea sleeping time 
in rats of either sex; however, females are comparatively resistant during and shortly 
after pregnancy. 
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Unlike most other barbiturates, thiopental is about equally effective in male 
and in female rats. 

Liver slices of male rats detoxify hexobarbital in vitro more actively than similar 
preparations of female rats, but no such sex difference could be demonstrated for 
thiopental. Certain microsomal enzyme-inhibitors, such as Sch 5712, prolong hexo
barbital sleeping time about 12-fold in female and only 3-fold in male rats in vivo. 
Yet, this difference is absent when Sch 5712 is added to unfortified liver homogenate 
from rats of either sex. 

The D-enantiomer of hexobarbital has a much greater anesthetic effect in female 
than in male rats, whereas no such sex difference in sleeping time is observed for 
the L-enantiomer. This is unexpected, since the metabolism of both enantiomers is 
morerapid in males. 

In general, it may be said that the sex differences in sensitivity to barbiturate 
anesthesia appear only after puberty, being virtually abolished by gonadectomy in 
both sexes, and that they can be raised to the male Ievel by the administration of 
testoids to females or gonadectomized males. The sex differences are attributed to 
an increased microsomal enzyme activity in the livers of males, since even in vitro 
liver slices or microsomal fractions of males are more potent in detoxifying most 
barbiturates than those of females. Yet, not all barbiturates are subject to such sex 
differences of their detoxication in rats, and no olear-eut and constant sex dependence 
of hexobarbital anesthesia could be demonstrated in mice, gninea pigs, rabbits 
and dogs. 

Under identical dietary conditions, male rats are more susceptible than females 
to the hepatotoxic and nephrotoxic actions of CC14• However, some investigators 
obtained opposite results, presumably because this sex difference appears to be 
highly dependent upon incidental circumstances, such as dosage, duration of exposure 
and the strain of rat used. 

A definite sex difference has also been noted with regard to the tumorigenic 
effects of various carcinogens. In certain strains of mice, o-aminoazotoluene produces 
hepatomas much more frequently in females than in males. Furthermore, intact 
females are more susceptible than spayed females; castrate males approach intact 
females in the degree of their susceptibility. The incidence of pulmonary tumors 
produced by this carcinogen is not dependent upon any of the factors just mentioned. 

AAF induces hepatomas only in male mice. Male rats develop hepatomas on 
various azo-dyes more readily than females: they are also more sensitive than 
females to aflatoxin and to various other carcinogens. 

On the other hand, diacetamidofluorene allegedly produces more hepatic tumors 
in female than in male mice. 

The fact that carcinogens which elicit mammary tumors easily in females fall 
to do so in males is too well-known to deserve detailed discussion. 

The adrenal necrosis produced by DMBA in the rat does not appear to be sex 
dependent. 

A sex difference in susceptibility to carcinolytic agents has also been described. 
In the mouse, rat and man, females are more sensitive than males to the toxic 
effects of numerous antineoplastic compounds. Thus cycloheximide is more toxic 
to female than to male rats or mice, but no such sex difference is noted in dogs. On 
the other hand, in rats, females are more resistant than males to vinblastine, and 

41• 
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cyclophosphamide produces less extensive and less Iasting bladder lesions in female 
than in male rats. 

In adult male mice of various strains, exposure to chloroform vapor produced 
necrosis of the renal tubules, whereas females showed no such change. Testoids 
randered females susceptible, whereas folliculoids decreased the sensitivity of males. 

Female rats are much more resistant than males to the production of cardiovas
cular lesions by choline deficiency. Mature intact or ovariectomized females - but 
not intact males - develop fatty infiltration of the liver when fed a choline-con
taining but methionine-deficient diet, for three days. Castrate males are as susceptible 
as females, and testosterone raises resistance both in females and in castrate males. 

Sensitivity to certain digitalis compounds is also sex-dependent, at least in some 
species. Female mice are more resistant to ouabain than males, but resistance to 
strophanthin-k is the same in both cases. Adult female rats are also more resistant 
to ouabain than males, but the sex difference does not become evident before 2-4 
months of age. The lethal dose of ouabain for the isolated heart of female rats is 
considerably higher than that for the heart of male rats. Male and castrate female 
dogs are more sensitive than intact females to intoxication with digoxin. 

The tail necrosis produced in rats by large doses of ergotamine does not appear 
to be conspicuously sex-dependent. However, males are allegedly more sensitive 
than females to the production of neurofibromas and renal calcification by chronic 
ergot intoxication. 

Malerats are more resistant than females to the production of fatty livers by 
ethionine. Orchidectomy abolishes this resistance, and testosterone protects both 
females and castrate males. 

Ethylene glycol intoxication elicits oxalate and calcium precipitation in the 
kidneys more readily in male than in female rats. 

Lathyrogens produce aortic aneurysms more readily in young males than in 
females. On the other hand, in male rats - unlike in females or orchidectomized 
males- the osteolathyrism produced by AAN is inhibited by rich casein diets. 

Data on the sex-dependence of nicotine intoxication are so Contradietory that 
they cannot be profitably discussed. 

Perlportal fatty degeneration of the liver is produced by chronic orotic acid 
feeding more readily in female than in male rats. Orchidectomy abolishes this 
resistance unless testosterone treatment is administered. 

There is also a definite sex difference in the response of animals to various pesti
cides. Data concerning DDT sensitivity are somewhat contradictory, but male rats 
are more resistant than females to various cholinergic phosphorothioates, and par
ticularly to parathion. On the other hand, the toxicity of OMP A is about the same 
in rats of either sex. In an extensive series in which 98 pesticides and two me
tabolites of DDT were tested in the rat, most compounds proved to be more toxic to 
females; yet, nine pesticides were more toxic to mal es. Morestan, which belongs 
to the exceptional pesticides that are more toxic to males, appears to be equally 
damaging after orchidectomy or estradiol treatment of males, and after testosterone 
treatment of females. 

Female rats are more sensitive than males to intoxication with strychnine. This 
difference is abolished by SKF 525-A. 
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Excessive tyrosine feeding causes more pronounced manifestations of tyrosinosis 
(conjunctivitis, alopecia, pancreatic lesions, inflammation of the paws) in male than 
in female rats. 

Male rats are much more resistant than females to intoxication with vitamin D 
or DHT. Earlier claims that female mice are more resistant than males to irradiated 
ergosterot intoxication require confirmation. 

Acetophenetidin +- Sex, Man, Rat: 
Kuntzman et al. H30,992f66 

Acetylcholine +-

Bonino 030,089/56: Fernale guinea pigs 
are more sensitive to Iethai acetylcholine in
toxication than males. Earlier Iiterature is 
reviewed. 

Aminopterin +-

Goldin et al. D76,907f50: There is no sex 
difference in the toxicity of aminopterin in 
immature mice, but among adults, males are 
more resistant than females. Estradiol in
creases aminopterin tolerance in immature and 
mature males, whereas testosterone does not 
influence it. 

Aminopterin +- Sex + Steroide, 
Mouse: Goldin et al. D76,907f50* 

Aminopyrine +-

Soyka G66,626f69: In rat liver, the amino
pyrine demethylase activity of the microsomal 
fraction increased considerably during the 
first 30 days after birth. Evidence of an inhibi
tor was not found during this newbom period. 
After puberty, the activity in male rats was 
about twice as high as in females. Testosterone 
produced only an insignificant rise in females. 

Aminopyrine +- Sex: Herken et al. 
G74,662f58; Siegart et al. G71,866f64*; Kato 
et al. F57,817f65, F76,403f66, G68,411f66, 
G80,897f68; Kato G74,104f66; Kinoshita et al. 
G71,863f66; Schenkman et al. G67,777f67 

Amphetamine +-

Groppetti & Costa H 31,959/69: In adult 
male rats, the disappearance of amphetamine 
is faster than in adult females. Estradiol re
tards the rate of amphetamine disappearance 
in adult males. Such potent hepatic microsomal 
enzyme inducers as phenobarbital, 3-MC, or 
diphenylhydantoin do not change the tissue 
Ievels of amphetamine. 

Anaphylactoidogens +- cf. Selye G46,715f 
68, p. 209. 

Aniline +- Sex: Quinn et al. E89,993/ 
58*; Kato G 7 4,104/66; Kato et al. F 76,403/66, 
G68,411f66; Schenkman et al. G67,777f67 

Antibiotics +-

Hurat D33,743f58: Fernale mice are much 
more susceptible than males to the therapeutic 
action of streptomycin on streptococcal in
fection. 

Anticoagulants +- Sex: Feuer et al. 
G76,853f67 

Antipyrine +- Sex, Dog, Gp, Man, 
Mouse, Rat, Rb: Quinn et al. E89,993f58* 

Arsenic+-

Durkam et al. A49,445f29: Fernale mice 
weighing over 18 g are more sensitive to 
novarsenobenzene (Neosalvarsan) than males, 
whereas mice weighing lese than 15 g show no 
such sex difference. 

Agduhr A51,257f37: In mice and rats of 
both sexes, sexual intercourse increases resist
ance against As20 3 and vitamin D. 

Agduhr E70,688f41: Repeated mating 
increases the resistance of both male and female 
mice to arsenic. Pregnancy further augments 
this protective effect in females. 

Skanae A 72,698/41: Review on the effect of 
sex, sexual intercourse and gonadectomy upon 
the storage of arsenic in the tissues of mice. 

Barbiturates +-
MousE 

Kennedy A43,060f34: The susceptibility of 
mice and rats to hexobarbital anesthesia does 
not appear to be sex dependent. These findings 
are contrastad with those obtained with amo
barbital to which females are more sensitive. 

Buchel & Liblau E 89,233/63: In Swiss mice, 
there is no sex difference in hexobarbital 
sleeping time or in the disappearance rate of 
this drug from the brain. 

W eatjaU et al. F 2,504/64: Pentabarbital 
anesthesia is more prolonged in male than in 
female mice. Sleeping time in males is short
ened by stilbestrol and, in females, prolonged 
by testosterone. Apparently, the mechanism 
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for barbiturate detoxication is different in mice 
and rats. 

Rümke G71,098j68: In mice of the CPB-N 
strain, hexobarbital anesthesia lasts Ionger in 
males than in females, but only after puberty. 
Following gonadectomy of mature animals, 
the sex difference persists for about 2 weeks 
but then disappears. 

Rümke & Noordhoek H21,659j69: Among 
mice of many strains, hexobarbital produces 
Ionger anesthesia in males than in females. 
This difference is evident only after sexual 
maturation. If 10 week old males are castrated, 
the difference persists for at least 2 weeks, 
but it disappears after a month. Ovariectomy 
has no effect upon sleeping time; testosterone 
increases it in females but not in males. 

Noordhoek & Rümke H21,660j69: In mice, 
the 9000 g Ii ver supernatant of females hydroxy
lates hexobarbital faster than that of males. 
After orchidectomy, the in vitro metabolism 
of hexobarbital becomes equal to that of fema
les but ovariectomy has no effect upon it. 
Testosterone decreases the rate of in vitro 
hexobarbital hydroxylation in females but not 
in males. Fernale livers contain more cyto
chrome P-450 and testosterone lowers its con
centration in female but not in male livers. 

Buchel & Levy G74,850f70: In mice, pre
treatment with phenobarbital decreases pento
barbital sleeping time; this phenomenon is 
detectable within 24 hrs and reaches a maxi
mum 48 hrs after phenobarbital administra
tion. The resistance is no Ionger detectable in 
males after 96, in females after 120 hrs. 

Gerald & Feller G74,396f70: In mice, spiro
nolactone and its Ll 6-dethioacetylated metabo
lite reduce hexobarbital sleeping time and cause 
nearly identical increases in liver weight, 
microsomal protein content, NADPH-cyto
chrome c reductase, cytochrome P-450 content 
and the N-demethylation of ethylmorphine. 
Preliminary observations suggest that these 
actions of spironolactone and of its metabolite 
are evident in both sexes. 

Amobarbital, Butallylonal, Hexa
barbital <- Sex, Mouse: Holck et al. 
A8,011j37* 

Barbital, Hexobarbital, Pentabar
bital <- Sex, Mouse: Blackham et al. 
G69,913j69* 

Hexabarbital <- Sex + Testoste
rone, Mouse: Holck et al. A55,755f42* 

Hexabarbital <- Sex + Genetics, 
Mouse: Fujii et al. H28,618f68* 

Pentabarbital <- Sex + Testoste
rone, Mouse: Westfall et al. F2,504f64* 

Secobarbital <- Sex + Disulfiram, 
Mouse: Gruber et al. D41,363/54 

RAT 

Nicholaa & Barron 62,223/32: Maleratsare 
more resistant than females to amobarbital 
anesthesia. 

Barron A42,858j33: Male rats are more 
resistant than females to amobarbital anesthe
sia. Castration increases the sensitivity of the 
male but not quite to the female Ievel. Castra
tion before puberty does not diminish 
resistance. Ancillary experiments suggest that 
the effect of Castration is due to changes in 
water metabolism. 

Holck & Kanan 31,302/35: Fernalerats are 
more sensitive than males to various barbitu
rate anesthetics. No such sex difference could 
be detected in the dog, cat, rabbit, guinea pig, 
mouse, turtle or frog. 

Holck et al. 68,297 j37: Fernalerats are much 
more sensitive to anesthesia by various barbi
turates than are males. Orchidectomy dimin
ished barbituratesensitivity, butnotquitetothe 
low Ievel of normal females. Barbital anesthe
sia was not influenced by sex. Testosterone 
increased barbiturate resistance in normal or 
ovariectomized females, but not quite to the 
Ievel of normal males. 

Holck et al. A8,01lf37: "Using duration of 
hypnosis and incidence of mortality as crite
ria, no sex-difference was found in the white or 
hybrid rat to barbiturates with two short 
side-chains, or one such with an iso-aliphatic 
or a phenyl group (barbital, ipral, alurate, 
diallyl barbiturate, nostal, dichlor allyl baibi
turate, phenobarbital). No sex-difference was 
found to chioral hydrate. A slight to modera
tely higher male resistance was seen with 
barbiturates having one short and one Ionger 
straight aliphatic chain (neonal, ortal; also to 
ethyl2-methyl-amyl barbiturate). Much higher 
male resistance was present with barbiturates 
having one short and one long, forked chain 
(not of the iso type) or a cyclohexenyl group 
(amytal, pentobarbital, seconal, pernoston and 
its chlorine homologue, rectidon (sigmodal), 
phanodorn and evipal), or those with a me
thylated nitrogen (eunarcon, evipal). These 
are the short acting ones, but nostal is also 
short acting and the rat exhibits no sex
difference to it. No sex-difference was found 
to evipal in certain other species of animals 
(dog, cat, rabbit, guinea pig, mouse, frog). In 
mice sex-difference was also absent to amytal, 
but was present in case of pernoston to a 
slight extent." 
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Moir E54,544f37: Very young female rats 
are more resistant to pentobarbital than males, 
whereas the reverse was true in mature rats. 
Both males and females developed tolerance 
to pentobarbital upon repeated injections, but 
when treatment was interrupted and then 
resumed, susceptibility was greatly increased 
in females and castrate males but not in intact 
males. "Inasmuch as the castrated males still 
remained more resistant than females, the 
superior resistance of the males was held to be 
due at least in part to some factor or factors 
other than the male gonads." 

Garmichael D68,076f38: The LD 50 of 
pentobarbital increases with age but "there 
does not seem to be a definite sex difference in 
reaction to the median lethal dose of nembutal 
of either young or old rats." In earlier observa
tions in which males were found to be more 
resistant to barbiturates, the anesthetic action 
and not the Iethai effect was determined. 

Holck & Fink A35,663f40: Sexual activity 
or the absence of it failed to influence ectylurea 
(Nostal, isopropyl bromallyl barbituric acid) 
anesthesia in male or female rats. However, 
resistance to this barbiturate was markedly 
raised during pregnancy and in females which 
recently had been pregnant although, even in 
these, it was not brought up to the male Ievel. 

Kinsey A39,742f40: Fernale rats sleep 
about twice as long as males when given 
either single or repeated injections of pento
barbital. Testosterone increases pentobarbital 
resistance in females. Ovariectomy diminishes 
the sleeping time. 

Holck & Mathieson 80,435/41: Male rats 
are more resistant than females to the lethal 
effect of pentobarbital. Castration reduced the 
tendency to develop tolerance following repea
ted pentobarbital injections in males but in
creased it in females. Testosterone pretreat
ment increased resistance in castrate males and 
intact females, but not in intact males. 

Horinaga A36,414f41: Male rats are more 
resistant to barbiturate anesthesia than fema
les. Orchidectomy and treatment with follicu
loids increase sensitivity, whereas ovariectomy 
does not affect it. 

Holck et al. 84,766/43: Adult male rats are 
more resistant than females to sodium vinbar
bital and calcium 5-ethyl5-(2-butyl) N-methyl 
barbituric acid. 

Holck & Mathieson B644f44: In rats, the 
development of tolerance to pentobarbital was 
determined by injecting increasing doses every 
90 min day and night for periods up to 5 days. 
1-2 Month-old rats practically all developed 

tolerance as did adult males in cantrast to 
females. Castration lowered the ability of 
adult males to develop tolerance, but did do so 
in 2 month-old males. Ovariectomy of 2 month
old females increased their ability to detoxify 
pentobarbital, once tolerance had developed. 

Masaon B275f45: Male rats are more 
resistant to pentobarbital anesthesia than 
females. However, upon treatment with LAP 
(lyophilized anterior pituitary) s.o., resistance 
decreased considerably in both sexes and even
tually reached the same low Ievel in males 
and females. LAP produced a similar increase 
in sensitivity to amobarbital, hexobarbital, 
cyclobarbital and vinbarbital, but did not in
fluence barbital or phenobarbital anesthesia. 

Emmens A46,574f46: In immature rats of 
both sexes, pentobarbital has an approxima
tely equal anesthetic effect, whereas DOC and 
progesterone are twice as potent in females as 
in males. 

Homhurger et al. E61,371f47: Fernale rats 
are more sensitive than males to pentobarbital 
but not to thiopental anesthesia. Age and strain 
differences in barbiturate resistance have also 
been noted in the rat. 

Crevier et al. B54,151/50: Pentabarbital 
anesthesia lasts Ionger in female than in male 
rats as judged by the linguo-maxillary 
reflex. Castration abolishes the high resistance 
of the male, but testosterone restores it again 
to the normal Ievel. In ovariectomized rats, 
estradiol has virtually no effect but testoste
rone raises resistance to the male Ievel. These 
in vivo effects run parallel to the in vitro 
pentobarbital detoxifying power of the liver. 

Jarcho et al. B59,706f50: Adult male rats 
require !arger amounts of pentobarbital than 
do females for the prolonged maintenance of 
deep surgical anesthesia. 

Maloney et al. E48,771f52: The pentobar
bital sleeping time is greatly increased after 
adrenalectomy in rats of both sexes, males 
being more resistant than females. Vitamin C 
lengthened the sleeping time in both intact 
and adrenalectomized animals. Cortisone shor
tened the sleeping time of adrenalectomized, 
but lengthened that of intact animals. DOC 
diminished sleeping time more markedly in 
females than in males. [This b1ief abstract 
gives, as the authors themselves are careful to 
point out, "somewhat of a confused picture" 
(H.S.).] 

Grewe D35,140f53: Male rats are more 
resistant than females to barbiturate (eunar
con, hexobarbital) anesthesia. After gonadec
tomy both sexes exhibit the Ionger sleeping· 
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time characteristic of females. Twenty-eight 
days following orchidectomy, the sleeping 
time is reduced to the Ievel seen in intact 
males. Testosterone shortens the sleeping time 
of females. 

Buchel D59,654f53: Extensive investiga
tions on the influence of sex upon the sensiti
vity of the rat to numerous barbiturates, 
chioral hydrate and ethyl urethan. 

Buchel D73,669f54: Review on the Iitera
ture and personal observations on the increased 
sleeping time of female as compared to male 
rats after treatment with certain barbiturates 
particularly hexobarbital. The increased sleep
ing time is associated with a prolonged 
persistence of the concentration of the drug 
in the blood. Gonadectomy prolongs the sleep
ing time of males but does not influence that 
of females. In immature rats no such sex 
difference is observed. 

Quinn et al. G67,327f54: The biologic 
half-life of hexobarbital was found to be 15 min 
for mice, 60 min for rabbits, 140 min for rate, 
and 260 min for dogs and man. There was an 
inverse relationship between the rate of bio
transformation of hexobarbital to ketohexo
barbital and the duration of its hypnotic 
effect. Male rats are more resistant to hexo
barbital anesthesia than females but in the 
latter, resistance as well as the enzyme acti
vity of the microsomes was increased by 
testosterone. 

Robillard et al. G67,325f54: Adult males 
are more resistant than females to pentobar
bital anesthesia. Castration decreases the 
resistance in males. Testosterone raises pento
barbital resistance to the normal male Ievel 
in both male and female castrates, whereas 
estradiol and progesterone prolong anesthesia 
in castrates of both seJres. [The hormones were 
administered as pellets 15 days before the test, 
but the amounts arenot stated (H.S.).] Par
tial hepatectomy prolongs pentobarbital anes
thesia and accentuates the differences induced 
by the various interventions just mentioned, 
without causing qualitative changes in the 
outcome. Liver homogenates of adult male rats 
destroy pentobarbital in vitro (spectrophoto
colorimetric determination) more rapidly than 
those of castrate males. Pretreatment of the 
castrates in vivo with testosterone increases 
the detoxication process, whereas estradiol 
pretreatment has an opposite effect. 

de Boer & Mukomela 05,245/55: In rats, 
ACTH and cortisone shorten thiopental and 
pentobarbital sleeping times, especially in 

females whose sleeping time is normally Ionger 
than that of males. 

Streicher & GarbuB G76,681f55: Hexabar
bital sleeping time is much Ionger in females 
than in male rats. This sex difference is 
evident also if the hexobarbital effect is aug
mented by concurrent treatment with SKF 
525-A or chlorpromazine. 

Brodie 012,157/56: The hexobarbital sleep
ing time of female rats is about four times that 
of males; correspondingly, the plasma Ievels of 
hexobarbital drop much more rapidly in males, 
whose hepatic microsomes also inactivate the 
drug more actively in vitro than those of 
females. Male rats, pretreated with estradiol, 
sleep as long as females and their hepatic 
microsomes lose much of their activity to 
metabolize hexobarbital. Females, pretreated 
with testosterone, assume the characteristics 
of males in all these respects. No sex differ
ences were seen in mice, guinea pigs, rabbits, 
and dogs, and their ability to handle hexo
barbital is not influenced by estradiol or 
testosterone. 

Edgren 045,010/57: Fernale rats are more 
sensitive than males to the anesthetic effect 
of hexobarbital. Gonadectomy prolongs hexo
barbital sleeping time in males and shortens 
it in females. Estrone prolongs hexobarbital 
sleeping time in ovariectomized females, 
whereas testosterone is ineffective. In orchid
ectomized rats, testosterone shortens hexo
barbital sleeping time, whereas estrone is 
ineffective. 

Remmer G79,941f57: In female rats, corti
sone and prednisolone are much more effica
cious than testosterone in shortening hexobar
bital anesthesia and increasing microsomal 
hexobarbital metabolism. Adrenalectomy di
minishes the capacity of hepatic microsomes 
of male rats to metabolize hexobarbital unless 
the animals are pretreated with cortisone or 
prednisolone. 

Remmer D86,916f58: The anesthetic effect 
of hexobarbital is greater in female than in 
male rats and liver slices of males detoxify 
the compound more actively in vitro. No such 
sex difference could be demonstrated for 
thiopental. 

Quinn et al. E89,993f58: In rats, hexobar
bital sleeping time is considerably Ionger in 
females than in males; it can be reduced in 
females by testosterone and in males by estra
diol. The plasma Ievels of hexobarbital run 
parallel with the sleeping time and the hepatic 
microsomal-enzyme activity inversely. The 
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guinea pig and mouse show no such sex 
differences in hexobarbital metabolism. 

Remmer 073,857!58: The oxidation of 
hexobarbital and the demethylation of me
thylaminoantipyrine by liver slices in vitro are 
inhibited by adrenalectomy performed 10-12 
days before the experiment, unless the animals 
are given prednisolone Substitution therapy. 
Addition of prednisolone to the incubation 
medium has no effect. The drug-metabolizing 
activity is contained in the microsomal frac
tion and, in this respect, the microsomes of 
males are more active than those of females. 

Kramer & Arrigoni-Martelli G74,673f59: 
The hexobarbital metabolism by hepatic 
microsomal-enzyme systems is inhibited, where
as hexobarbital sleeping time is prolonged 
by certain malonic and succinic acid deriva
tives, such as Sch 5712. The latter compound 
prolongs hexobarbital sleeping time about 
12-fold in female and only 3-fold in male rats, 
yet it inhibits hexobarbital metaboliBm in 
vitro about equally when tested with the 
unfortified liver homogenate from rats of 
either sex. Furthermore, Sch 5712 is singu
larly ineffective in proionging hexobarbital 
sleeping time in rats pretreated with pheno
barbital. 

Ki'li.{J & Becker E38,612f60: Malerats are 
more resistant than females to anesthesia pro
duced by pentobarbital. 

Buchel & Liblau E87,108f62: In rats, the 
prolonged hexobarbital sleeping time of 
females, compared to males, is associated with 
a delayed disappearance of the drug from the 
blood and brain; yet, at the time of awaken
ing, the blood and brain concentration of 
hexobarbital is the same in both sexes. 

Ki'li.{J & Becker G78,964f63: In rats, preg
nancy prolongs pentobarbital sleeping time, 
and males are even less susceptible than non
pregnant females. 

Backus & Cohn D92,313f66: The hexobar
bital sleeping time of female mice is shorter 
than that of males, and varies also according 
to strain. In general, the length of the sleeping 
time is inversely proportional to the hexobar
bital-metabolizing potency of liver homo
genates. 

Nair & Zeitlin G65,099f67: The hexobar
bital-metabolizing activity of the rat liver is 
extremely low after birth and rises gradually 
up to the age of 80 days to levels much higher 
in males than in females. Prenatal X-irradia
tion suppresses this normal development of 
enzyme activities in the male so that it only 
reaches the normal female level. Irradiation 

at 21 days (total body or head alone) also 
suppresses the developmental increase of 
enzyme activity, but to a lesser extent. Adults 
are still more resistant. 

Schenkman et al. G67,777f67: Sex differ
ences in the drug-oxidizing ability of liver 
microsomes appear to be related to substrate 
affinity for mixed function oxidases, and not 
to a difference in the content of cytochrome 
P-450. "These results, as weil as spectral stu
dies of substrate interaction with microsomal 
cytochrome, showed that microsomes isolated 
from livers of male rats had over twice the 
magnitude of substrate (hexobarbital and 
aminopyrine) binding than did microsomes 
isolated from the livers of female rats." 

Bardin et al. H12,120f69: In pseudoherma
phrodite rats [not otherwise characterized 
(H.S.)], uulike in castrates, testosterone falls 
to increase hexobarbital metabolism and other 
hepatic microsomal-enzyme activities. The 
weight of the preputial glands is not increased 
by testosterone in pseudohermaphrodite rats 
and the rate of dihydrotestosterone formation 
from testosterone is diminished in these 
preputial glands in vitro. It is concluded that 
the pseudohermaphrodite rat has an end-organ 
insensitivity to testosterone. 

Ganeaan H 12,504/69: Male rats are more 
resistant than females to pentobarbital anes
thesia. Orchidectomy or treatment with estra
diol decreases the pentobarbital resistance of 
male rats. 

Furner et al. H 17,931/69: In rats of both 
sexes, L-hexobarbital has a Ionger latency, a 
Ionger half-life and achieves higher blood 
concentrations after equivalent doses of the two 
enantiomers. The L-enantiomer has a much 
greater anesthetic effect for females than for 
males, whereas no such sex difference in sleep
ing time was observed for the L-enantiomer. 
This is unexpected since the metabolism of both 
enantiomers is more rapid in males. Pretreat
ment with phenobarbital always accelerated 
the metabolism of both enantiomers. D-hexo
barbital is about twice as susceptible to inhibi
tion by SKF 525-A as the L-enantiomer. 

Hässler et al. H23,853f69: Male rats are 
more resistant than females to the anesthetic 
effect of hexobarbital. In rats raised under 
extreme conditions of stress (cold or repeated 
periods of fasting) hexobarbital sleeping time 
is prolonged. 

Strippet al. H22,743f70: In rats, spirono
lactone pretreatment shortened hexobarbital 
sleeping time. "Moreover, treatment of female 
rats with spironolactone doubled the rate of 



640 Effect of Nonhormonal Factors Upon Resistance 

the in vitro metabolism of hexobarbital and 
benzpyrene by liver microsomes and quadru
pled that of ethylmorphine. The inducing 
effects of spironolactone were very different 
from those of phenobarbital and 3-methyl
cholanthrene. The amount of cytochrome 
P-450 was either unaltered or decreased, but 
the N.ADPH cytochrome c reductase activity 
was increased 2-fold. Although the endoge
nous rate of cytochrome P-450 reduction by 
N.ADPH was not altered, the stimulatory 
effects of ethylmorphine or hexobarbital on 
the rate of cytochrome P-450 reduction were 
significantly greater with microsomes from 
spironolactone-treated animals. By contrast, 
treatment of male rats with spironolactone 
caused no change in hexobarbital sleeping 
time and no change or a slight decrease in 
hexobarbital and benzpyrene metabolism by 
liver microsomes." 

Gillette H 34,126/71: In male rats, spirono
lactone caused a relatively small increase in 
ethylmorphine N-demethylation and decreased 
the oxidation of hexobarbital and 3,4-benzpy
rene. However, like in females, spironolactone 
did not affect the type I spectral changes in
duced in males by ethylmorphine and hexo
barbital but caused a small decrease in cyto
chrome P-450 content and increased NADPH
cytochrome c reductase. Moreover, in males, 
spironolactone increased the substrata-depen
dent cytochrome P-450 reduction but not its 
endogenous reduction. The sex difference in the 
effect of spironolactone upon hepatic micro
somal drug metabolism is illustrated by the 
tabulation of data concerning ethylmorphine 
and hexobarbital biotransformation. 

Strippet al. G79,538f71: In rats, the induc
tion ofhepatic microsomal enzymes by spirono
lactone "differed from the phenobarbital or 
methylcholanthrene induction in that it did 
not increase cytochrome P-450 content or 
microsomal protein. Furthermore the induc
tion seemed to be sex dependent." 

Selye PROT. 42911: In male rats, the pro
tective effect of PCN, spironolactone, ethyl
estrenol, betamethasone, phenobarbital and 
phenylbutazone against intoxication with digi
toxin, indomethacin, dioxathion, parathion, 
nicotine, progesterone, hexobarbital and zox
azolamine has been systematically examined 
(cf. Table 128). Hexobarbital sleeping time was 
not shortened by PCN, spironolactone or beta
methasone. For betamethasone, this is not re
markable since this compound failed to affect 
hexobarbital sleeping time in females also (cf. 
Table 136), but PCN and spironolactone were 

effective in this respect in females. In order to 
evaluate these data, the effect of each condi
tioner against each toxicant should be com
pared with similar experiments on females 
(Table 136). 

VARIA 

Holck &: Kanan A43,097j34: No definite 
sex difference could be established in the 
amobarbital sensitivity of dogs and rabbits, 
but, on the whole, females appeared to be 
more resistant. 

Donatelli B38,172f47: Extensive investiga
tions on the sex difference in barbiturate 
sensitivity of guinea pigs, mice, rabbits and 
man. 

Barbiturates +- Sex, Cat, Dog, 
Frog, Gp, Mouse, Rat, Rb, Turtle: 
Holck et al. 31,302/35* 

Hexobarbital +- Sex, Mouse, Rat: 
Kennedy A43,060f34* 

Hexobarbital +- Sex, Cat, Dog, 
Frog, Gp, Rb: Holck et al. A8,011f37* 

Hexobarbital +- Sex, Dog, Gp, 
Man, Mouse, Rat, Rb: Quinn et al. 
E89,993f58* 

Hexobarbital +- Sex, Mouse, Rat: 
Kramer et al. G74,673f59*; Kuntzman et al. 
F27,893f64; Conney et al. G65,135f65 

Pentobarbital +- Sex, Man, Rat: 
Weisburger et al. G78,956/65*; Kuntzman et 
al. H30,992/66 

Amobarbital +- Sex: Nicholas et al. 
62,223/32*; Barron A42,858/33* 

Barbiturates +- Sex: Romburger 
E61,371/47*; Herken et al. G74,662/58*; 
Remmer E47,874f63* 

Hexobarbital +- Sex: Holck et al. 
A55,755/42*; Buchel G67,326/54*; Streicher 
et al. G76,681/55*; Brodie et al. E92,716f58*; 
Herken et al. G74,662f58*; Remmer 073,857/ 
58, D86,728f58*; Remmer et al. G67,790f58; 
Remmer E52,112f59*, G66,542f62*, F31,499f 
64*; Kato et al. F57,817/65, G68,411f66; 
Kuntzman et al. G66,245/66; Schenkman et al. 
G67,777/67; Yam et al. G58,163f67 

Pentobarbital +- Sex: Moir E54,544/ 
37*; Holck et al. A35,663/40*, A55,755/42*, 
B644f44*; Shaw et al. A52,203/48*; Crevier 
et al. B54,151f50*; Jarcho et al. B59,706f50*; 
Robillard et al. G67,325/54*; Brazda et al. 
D48,613f61*; Kato etal. F76,403f66, F88,660/ 
67*; Soyka H30,981f68 

Pheno barbital +- Sex: Kato et al. 
G64,325f62*; Remmer et al. G74,636f62* 
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Thiopental +- Sex: Remmer D86, 
916/58* 

Pronarcon +- Sex + Genetics: 
Siegert et al. G71,866f64* 

BCP+-

Tanahe F92,176f67: BCP (5-n-butyl-1-
cyclohexyl·2,4,6-trioxoperhydropyrimidine) is 
more toxic for female than for male rat.s, 
and pregnant females are more sensitive than 
nonpregnant controls. 

Ben111ene+-

Hirokawa G71,106f55: Female rabbits are 
more sensitive to chronic benzene poisoning 
than males. Gonadectomized estradiol.treated 
males respond like females. 

Ito E44,788f62: There is very little sex 
difference in the resistance to daily benzene 
inhalation in mice and rats, but the characte
ristic anemia occurred somewhat later in 
males than in females. 

Bilirubin +- Sex + Barbital, Mouse: 
Catz et al. H 14,471!68; Halac et al. G77,576f69 

Bilirubin+- Sex + Steroids: Lathe et 
al. 055,335/58 

Butylated Hydroxyanisole +- Sex: 
Brown et al. G69,691f59* 

Butylated Hydroxytoluene +- Sex: 
Johnson et al. E51,900/61 *; Daniel et al. 
G72,354f65* 

Butynamine +- Sex + Phenobarbi
tal: Kato et al. F76,403f66 

Cadmium+-

Iahizaki et al. F94,533f66: Female rats are 
more sensitive than males to the production 
of hone decalcification by cadmium on a 
calcium.deficient diet. 

Tanabe G72,457J68: Fernale rats are more 
sensitive to cadmium intoxication than males. 

Caffeine+-

Peter8 & Bayd F77,819f67: Male rats are 
more sensitive to caffeine intoxication than 
females. 

Carbon Mono:~:ide +-

Smith et al. 45,163/35: Male rats are more 
sensitive to the lethal action of illuminating 
gas than females. This difference is eliminated 
by gonadectomy. Thyroid feeding or dinitro· 
phenol injections decrease survival time. 

Carbon Tetrachloride +-

György et al. E86,574f46: Under identical 
dietary conditions, male rats are more sus
ceptible than females to the hepatotoxic and 
nephrotoxic effects of CC14• 

Bengmark & OlBaon D48,932f62: Fernale 
rats are more susceptible to the hepatotoxic 
action of CCl, than males. Testosterone raised 
the resistance of females to this form of liver 
damage. 

Glover & Reuber F77,043f67: In inbred 
buffalo strain rats, chronic thyroiditis is pro
duced by CCl, more commonly among females 
than among males. There was no clear·cut 
relationship between the occurrence of thy
roiditis and hepatic sclerosis. 

Chaturvedi G69,350f69: Female rats are less 
susceptible than males to the hepatotoxic 
effect of CCl, and other hepatotoxic agents. 

Cawthorne et al. H26,441f70: In rats, the 
acute toxicity of CC14 p.o. is greater in males 
than in females. Vitamin E and various anti
oxidants exert a protective effect. It is sugges
ted that the protection may be partly depen
dent upon the induction of hepatic microsomal 
enzymes. 

CCl, +- Sex + Diet: György et al. 
E86,574/46* 

CC14 +- Sex + CFT 1201: Maibauer 
et al. G74,663f58* 

CC14 +- Sex + 3-MC + Age: Reuber 
G73,605/70*; Reuber et al. H26,492/70* 

Carcinogens +-

Andervont et al. A94,080f42; Andervont & 
Dunn A96,182f47: Among strain C mice, 
o-aminoazotoluene produced hepatomas more 
frequently in females than in males. Further
more, "intact females were more susceptible 
than castrate females; castrate males ap
proached intact females in their degree of sus
ceptibility; castrate females and castrate males 
bearing testosterone propionate-cholesterol pel
lets approached intact males in their degree of 
susceptibility." The incidence of pulmonary 
tumors produced by t.his carcinogen, was not 
dependent upon any of the factors just men· 
tioned. 

Kirby B30,101f47: Female rats are less 
susceptible than males to the production of 
hepatomas and hepatic cirrhosis by AAF. 
Rats simultaneousy treated with pellets of 
estradiol or testosterone and AAF showed 
no carcinoma formation in the target organs 
of the sex hormones. 
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Stasney et al. B26,653f47: In rats, 2-a.ce
taminofluorene feed.ing produces mamma.ry 
ca.rcinoma only in fema.les, and its develop
ment is not significantly accelerated by estra
diol or gonadotrophin. "Malignant lesions of 
the liver occurred in 54.8 per cent of females 
and 92.3 per cent of males receiving the carci
nogen a.lone. Administration of estradiol and 
PMS gonadotrophin to fema.les and of testos
terone and chorionic gonadotrophin to ma.les 
intensified the cystic and neoplastic hepatic 
lesions induced by 2-acetaminofluorene." 

Shay et al. H26,763f49: In intact female 
rats, 3-MC p.o. produces a high incidence of 
mammary adenocarcinomas, whereas this is 
exceptional in intact or castrate males as weil 
as in spayed females. 

Bielschowski &: Hall G71,797f51: In intact 
female rats joined in parabiosis with gonadecto
mized litter-mates, AAF induced a 50% in
cidence of malignant tumors, mostly of the 
granulosa. The gonadectomized partners were 
free of neoplastic lesions. 

Leathem G74,736f51: In male mice, 2-ace
tylaminofluorene induced hepatomas only on 
certain semi-synthetic diets and only in males. 
In rats receiving this carcinogen in fox chow 
diet, hepatomas likewise developed exclusively 
in males [hepatic cyst formation was observed 
in one female only (H.S.).] 

Rumsfeld et al. G73,677f51: Male rats 
fed 3' -methyl-4-dimethylaminoazobenzene or 
4' -fluoro-4-dimethylaminoazobenzene develop 
hepatomas more readily than females. "The 
ability of liver slices or homogenates to destroy 
DAB, 3'-Me-DAB, or 4'-F-DAB in vitro did 
not vary with sex unless a carcinogen had been 
fed for a long period of time." 

Shay et al. H 31,719{52: In rats, chronic ad
ministration of 3-MC p.o. produces glandular 
tumors of the breast (predominantly in females 
and estradiol-treated males), spindle-eeil and 
collagenaus tumors of the breast and mesenteric 
sarcomas (predominantly in males and testos
terone-treated females), and fibroadenomas of 
the breast (predominantly in ovariectomized 
and orchidectomized animals "in which the 
sex hormone effects were experimentally coun
terbalanced"). 

Dao &: Sunderland D79,860f59; Dao et al. 
E 57,368/60: In rats, the induction of mammary 
carcinomas by 3-methylcholanthrene is en
hanced during pregnancy, pseudopregnancy, 
and progesterone treatment. RegreBSion of 
neoplasms occurs after parturition. Males are 
virtually resistant. In fully formed tumors, 

regression could be induced by hypophysectomy 
or ovariectomy. 

Dao &: Greiner D91,850f61: In male rats, 
unlike in females or castrate males, 3-MC rarely 
produces mammary tumors. Ovarian trans
plants placed into castrate males induce pre
disposition for mammary carcinogenesis under 
these conditions. 

Leathem &: Oddis D2,742f61: Female rats 
are less responsive than males to the induction 
of hepatomas by AAF. Thyroid feeding in
creases the incidence of hepatomas in females 
treated with AAF. It has the same effect in 
mice of both sexes given DMBA. 

Sidransky et al. 099,347!61: In rats fed 
N-2-fluorenylacetamide hepatic tumors devel
oped in all males but only in 5 of 14 females. 
"Although castrated ma.les had liver changes 
similar to those seen in females, these males 
receiving testosterone had the same changes 
as were found in the intact males. Intact fe
males receiving testosterone developed earlier 
and more extensive changes regularly found 
only in the livers of males." Testosterone may 
aceeierate hepatic tumorigenesis by this car
cinogen. 

Dao D36,01lf62: In male, unlike in female 
rats, 3-MCA falls to induce mammary cancer 
irrespective of the dose given. In gonadecto
mized males or females, ovarian grafts enable 
the production of mammary cancers by 
3-MCA. 

Morii G34,628f65: Male rats are less sus
ceptible to DMBA-induced adrenal necrosis 
than females. 

Oolafrancescki &: Tosi G59,115f67: The 
adrenal necrosis produced by DMBA in the rat 
is of equal severity in ma.les and females and 
cannot be influenced by ovariectomy, orchidec
tomy, testosterone or estradiol. 

Weisburger et al. F78,862f67: Maleratsare 
more prone to Ii ver cancer induction by N
hydroxy-N-2-fluorenylacetamide (N-OH-FAA) 
than females. In newborn males treated with 
estradiol and placed on a diet containing N-OH
F AA, the incidence of hepatic carcinomas was 
decreased, whereas testosterone did not change 
it. In females, estradiol had a "mixed effect," 
and testosterone enhanced hepatoma induction. 

Bates H 13,409{68: Male Swiss mice are more 
sensitive than females to the induction of cu
taneous carcinomas by DMBA + croton oil. 
This is especially true of females in which the 
initiator was applied during diestrus. Gonad
ectomy before application of DMBA increased 
tumor incidence in females but decreased it in 
mal es. 
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Glaver et al. H 12,898/68: In Buffalo strain 
rats, single s.o. injections of 3-methylcholan
threne produce thyroiditis more often among 
females than among males. 

Reuber &: Glaver H 5,582/68: In female 
Buffalo strain rats, a single s.o. injection 
of 3-methylcholanthrene produces thyroiditis 
more constantly than in males. 

Newberne &: Williams G69,601f69: In rats, 
hepatic carcinogenesis produced by aflatoxin 
is inhibited by diethylstilbestrol. Male rats 
are less resistant to aflatoxin than females. 

Svoboda et al. G64,564f69: Hepatocytes of 
male rats given CPIB (ethyl-a-p-chlorophe· 
noxyisobutyrate) show a pronounced increase 
in microbodies and in catalase activity while 
those of intact females do not. In castrate 
males given estradiol and CPIB, the increase 
in catalase activity and microbody prolifera
tion is abolished, whereas in ovariectomized 
rats given testosterone and CPIB, there is an 
increase in microbodies and catalase activity. 

Dehnen et al. G74,165f70: In rats, the 
ability of hepatic microsomal enzymes to 
metabolize benzo(a)pyrene is not influenced 
by sex. The highest breakdown values were 
found at about 20 days of age in both sexes. 
After 50 days, hydroxylase activity decreased 
slowly but inducibility remained constant 
throughout life. 

Kozuka H27,469f70: "Repeated injection 
of reserpine and simultaneaus administration 
of 2, 7 -diacetamidofluorene in SMA/Ms strain 
mice prevented the development of liver 
tumors but failed to induce gastric cancer. 
Fernale mice developed more hepatic tumors 
than males both in the carcinogen groups 
andin the reserpine-treated group. Castration 
increased the formation of hepatic cancer in 
male mice but not in females. In castrated 
female mice, estradiol benzoate had little 
effect and testosterone propionate reduced 
liver tumor incidence somewhat." 

Levine H 31,806/70: In rats, 3,4-benzpyrene 
is rapidly excreted through the bile in the 
form of its metabolic products. Pretreatment 
with microsomal drug-metabolizing enzyme 
inducers (e.g., phenobarbital, methylcholan
threne, 3,4-benzpyrene) greatly enhances the 
rate of biliary excretion of this compound. 
Both the rate of metabolism and of biliary 
excretion are enhanced to a similar extent 
throughout the induction period. Male rats 
both metabolize 3,4-benzpyrene and excrete 
its metabolites in the bile at rates approxi
mately 2.5 timesthat of females. The induction 
by methylcholanthrene of both the metabo-

lism and the biliary excretion of 3,4-benz
pyrene can be partially blocked by ethionine. 
It has been concluded that conversion to its 
metabolites is the rate-limiting step in the 
biliary excretion of 3,4-benzpyrene. 

Stripp et al. H22,743j70: In rats, spirono
lactone pretreatment shortened hexobarbital 
sleeping time. "Moreover, treatment of female 
rats with spironolactone doubled the rate of 
the in vitro metabolism of hexobarbital and 
benzpyrene by liver microsomes and quadrup
led that of ethylmorphine. The inducing 
effects of spironolactone were very different 
from those of phenobarbital and 3-methyl
cholanthrene. The amount of cytochrome 
P-450 was either unaltered or decreased, but 
the NADPH cytochrome c reductase activity 
was increased 2-fold. Although the endogenaus 
rate of cytochrome P-450 reduction by 
NADPH was not altered, the stimulatory 
effects of ethylmorphine or hexobarbital on 
the rate of cytochrome P-450 reduction were 
significantly greater with microsomes from 
spironolactone treated animals. By contrast, 
treatment of male rats with spironolactone 
caused no change in hexobarbital sleeping 
time and no change or a slight decrease in 
hexobarbital and benzpyrene metabolism by 
liver microsomes." 

Stromberg &: Reuber G75,306f70: Males are 
more sensitive than females to the production 
of hepatic carcinomas by N-4-(4'-fluorodi
phenyl)acetamide. 

Young et al. G77,809f70: In rats given 
single oral doses of DMBA during diestrous, 
the mean number of tumors per animal was 
significantly greater than when the carcinogen 
was given during other stages of the estrous 
cycle. 

Gillette H 34,126/71: In male rats, spirono
lactone caused a relatively small increase in 
ethylmorphine N-demethylation and decreased 
the oxidation of hexobarbital and 3,4-benzpy
rene. However (like in females), spironolactone 
did not affect the type I spectral changes in
duced in males by ethylmorphine and hexo
barbital but caused a small decrease in cyto
chrome P-450 content and increased NADPH
cytochrome c reductase. Moreover, in males, 
spironolactone increased the substrata-depen
dent cytochrome P-450 reduction but not its 
endogenaus reduction. The sex difference in the 
effect of spironolactone upon hepatic micro
somal drug metaboliBm is illustrated by the 
tabulation of data concerning ethylmorphine 
and hexobarbital biotransformation. 



644 Effect of Nonhormonal Factors Upon Resistance 

Benzo(1X)pyrene +- Sex + Genetics, 
Mouse: Kodama et al. H28,307/70 

7 ,12-Dimethylbenz(a)anthracene ~ 
Sex: Huggins et al. D 13,007/61 * 

N -2-Fluorenylacetamide ~ Sex: 
Kirby B30,101f47*; Stasney et al. B26,653f 
47*; Miyaji et al. D24,881f53* 

3-MC ~ Sex, Mouse: Klein G76,354/ 
59*; Kelly et al. E26,075J63* 

3 -Methy 1-4- methy laminoazo b en
zene ~ Sex: Kuntzman et al. H 30,992/66; 
Bresnick et al. H215/68; Sladek et al. G66,220f 
69 

Carcinolytic Agents +-

Bennette D77,417f52: Male mice are much 
more sensitive than females to the toxic and 
tumor growth-inhibiting effects of metho
trexate. 

Pallotta et al. D26,380f62: "Acetoxycyclo
heximide, an antibiotic with anti-tumor acti
vity, was much more toxic to female rats than 
to males. It was also more toxic to female 
mice than to males, but no such difference 
occurred in dogs." Two closely related cyclo
heximide derivatives showed no such sex 
difference. 

Rall G72,239f64: In the mouse, rat and 
man, females are more sensitive than males to 
the toxic effects of various antineoplastic 
agents such as methotrexate, cyclophospha
mide, nitrogen mustard and 6-mercaptopurine. 
Rats also show a similar sex difference in their 
sensitivity to acetoxycycloheximide, but no 
such difference is noted in mice with regard 
to this compound. 

Cutts H22,100f68: In rats, diethylstilbes
trol protects against lethal doses of vinblastine. 
Among otherwise untreated rats, females 
are more resistant to vinblastine than males. 

Koss & Lavin G75,309J70: In rats, the 
production of bladder lesions by cyclophos
phamide is sex dependent. "In the female, 
the initialepithelial necrosis was less extensive, 
epithelial regeneration was more rapid, and 
subsequent hyperplasia and atypia were less 
pronounced and of shorter duration. One 
week after injection, the histology of the blad
der epithelium was close to normal in the 
female, whereas in the male the epithelium was 
still markedly hyperplastic and atypical." 

Methotrexate ~ Sex, Mouse: Ben
nette D77,417f52* 

Carisoprodol +-

Kato et al. G66,023f61: Adult (but not 
immature) male rats are less sensitive to 

carisoprodol-induced muscular paralysis than 
females. Castration or treatment with SKF 
525-A abolishes the increased resistance of 
the adult male rat. Incubation of liver slices 
with carisoprodol shows that the resistance 
of the male is due to accelerated substrate 
inactivation. No sex difference is noted in 
adult mice or guinea pigs. 

Carisoprodol ~ Sex + SKF 525-A 
+ Age: Kato et al. G66,023f61 * 

Carisoprodol ~ Sex + Testoste
rone: Kato et al. G64,325f62* 

Carisoprodol ~ Sex + Phenobarbi
tal: Kato et al. F76,403f66 

Carisoprodol ~ Sex + Starvation: 
Kato et al. F88,660f67* 

Cerium+-

Snyder et al. C99,417f59: In rats, i.v. in
jection of cerium produced extremely high 
Ievels of liver fat in females but not in males. 
After castration males reacted as strongly as 
females. Testosterone reduced fatty infiltra
tion in both intact and ovariectomized fema
les. Hypophysectomy prevented fatty liver 
formation in both sexes, whereas adrenalec
tomy did so only in males. 

Chloral Hydrate +-

Buchel D59,654f53: Extensive investiga
tions on the influence of sex upon the sensiti
vity of the rat to numerous barbiturates, 
chioral hydrate and ethyl urethan. 

Buchel D73,669f54: Male rats are only 
questionably more resistant than females to 
chioral hydrate anesthesia. 

Chloral Hydrate ~ Sex: Holck et al. 
A8,011f37* 

Chloramphenicol ~ Sex: Remmer et 
al. G66,868f65 

Chlorcyclizine ~ Sex: Kuntzman et al. 
F45,464f65* 

Chloroform +-

Eschenbrenner 93,202/45: Chloroform in
duces renal necrosis in male but not in female 
strain A mice. 

Eschenbrenner & Miller 94,309/45: Follow
ing administration of !arge amounts of chloro
form p.o., "there was extensive necrosis of 
portions of the proximal and distal convoluted 
tubules in normal male and in testosterone
treated castrated male mice and no necrosis in 
female andin castrated male mice." 



~sex 645 

Deringer et al. G64,723f53: Chloroform inha
lation produced renal darnage in male but not 
in female C3H mice. 

Shubik & Ritchie D67,964j53: Small doses 
of chloroform produce fatal tubular necrosis 
in the kidneys of male but not of female DBA 
mice. 

Hewitt 041,385/56: Exposure to chloro
form vapor producesrenal tubular necrosis in 
male, but not in female mice. 

Culliford & Hewitt C28,738j57: In adult 
male mice of two strains, exposure to chloro
form vapor produced necrosis of the renal 
tubules, whereas females showed no such 
change. Testoids rendered females fully sus· 
ceptible, whereas folliculoids decreased the 
sensitivity of the males. Orchidectomy abo
Iished susceptibility in one strain of mice but 
only diminished it in another, although the 
residual sensitivity could be annulled by 
adrenalectomy. In gonadectomized mice, me
thyltestosterone, testosterone propionate, dehy
droepiandrosterone, progesterone and very 
!arge doses of cortisone induced susceptibi
lity. 

Cholesterol ~ cf. Selye G60,083f70, pp. 
474, 476. 

Cholesterol ~ Sex: Kritchevsky et al. 
G16,024j63 

Choline~ 

Wilgram & Harteroft Cl4,392j55: Fernale 
rats are much more resistant than males to the 
production of cardiovascular lesions by choline 
deficiency. However, simultaneaus adminis
tration of "androgens" [kind not specified 
(H.S.)] and STH sensitizes the female to the 
induction of these lesions by hypolipotropic 
rations. 

Nakamura et al. C41,067j57: Among rats 
about 30 days of age, males are more sensitive 
than females to the production of renallesions 
by choline-deficient diets. 

Sidransky & Farber 055,020/58: "Force
feeding of purified choline-containing diets 
devoid of methionine for 3 to 6 days induces 
fatty liver in adult female rats, but not in 
adult male rats. Excess Iipid accumulates in 
the periportal region of liver lobule." Force
feeding of threonine-devoid diet also induces 
periportal fatty infiltration but without sex 
difference. Since choline does not protect 
against hepatic steatosis induced by methio
nine deficiency, the latter amino acid must 
play some role in the regulation of fatty liver 
formation other than the contribution of methyl 
groups for the synthesis of choline. 

Sidransky et al. G48,110f67: In rats, mature 
intact or ovariectomized females, but not in
tact males, develop fatty infiltration of the 
liver when first fed a choline containing me
thionine-deficient diet for three days. Castrated 
males are as susceptible as females and 
testosterone raises the resistance in females 
as weil as in castrated males. Presumably, 
testosterone is responsible for the natural 
resistance of male rats to this type of hepatic 
steatosis. Earlier Iiterature on sex differences 
in susceptibility to fatty liver formation is 
reviewed. 

Reuber H29,035j69: In male Buffalostrain 
rats, the liver cirrhosis produced by a choline
deficient diet is more severe than in females. 

Griffith A33,347j70: Among young rats, 
females are more resistant than males to the 
production of hepatic steatosis and hemor
rhagic renallesions by choline deficiency. 

Wilson et al. G79,508f70: In mice on hypo
lipotropic diets, the development of atrial 
thrombosis was independent of sex and not 
markedly influenced by gonadectomy. The 
same was true of castrated males given testos
terone. Only gonadectomized females on estrone 
showed an unusually low incidence of throm
boses. 

Cocaine~ 

Downs & Eddy 58,426/32: Fernalerats are 
more resistant than males to the lethal action 
of cocaine i.p. 

Guerrero et al. F70,995j65: Resistance to 
cocaine is significantly lower in male than in 
female rats, but no such sex difference is ob
served in castrates. Testosterone diminished 
the cocaine-resistance of castrates in either 
sex, whereas estradiol did not influence it. At 
the time of death, the plasma Cocaine concen
tration was the same in both sexes, and hence 
it was concluded that testosterone interferes 
with the enzymic inactivation of cocaine. 

Paeile et al. G75,994j65: Male rats are 
significantly more resistant than females to 
lidocaine and dibucaine, whereas females are 
more resistant than males to cocaine. 

Cyanide +- Sex, Mouse: Störtehecker 
76,398/39* 

Cyclural +- Sex: Graham et al. 
G77,527j51 * 

Dibucaine ~ 

Paeile et al. G75,994j65: Male rats are 
significantly more resistant than females to 
lidocaine and dibucaine, whereas females are 
more resistant than males to cocaine. 
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Digitalis +-

Holck & Kimura 84,604/44: Fernale mice 
are more resistant to ouabain than males. 
Resistance to strophanthin-K is the same in 
both sexes. Ovariectomy, orchidectomy and 
treatment with "estrogenic hormones" pro
duced inconsistent changes in ouabain resist
ance. 

Holck & Kimura D99,625f51: One month 
old rats of both sexes are equally sensitive to 
ouabain. Adult female rats are more resistant 
to ouabain than males but the difference 
does not become evident before 2--4 months 
of age. Rats rapidly become resistant to oua
bain, and upon repeated injections, the sex 
difference tends to disappear. Castration does 
not alter the sex difference in ouabain resistance 
significantly in either sex. "However, in case 
of pentobarbitalized rats the usual higher fe
male resistance was plainly seen and spaying 
definitely decreased the nurober of injections 
required to cause death." 

Wollenberger & Karsh D95,331f51: The 
lethal dose of ouabain for the isolated heart 
of female rats is considerably higher than that 
for the heart of male rats. 

Grinnell & Smith 031,428/57: On the basis 
of studies in dogs treated with estrone, estra
diol or diethylstilbestrol, it is concluded that 
folliculoids protect the rat against the induc
tion of cardiac arrhythmia by digoxin. "Male 
dogs and castrate female dogs have been found 
to be highly sensitive to toxic manifestations 
of a cardiac glycoside on cardiac rhythm, in 
comparison with normal females in anestrus, 
or castrate females treated with estrogenic 
substance. A high degree of resistance to toxi
city of digoxin was exhibited by the 3 normal 
females in natural estrus which were a vailable." 

Selye PROT. 42911: In male rats, the pro
tective effect of PCN, spironolactone, ethyl
estrenol, betamethasone, phenobarbital, and 
phenylbutazone against intoxication with digi
toxin, indomethacin, dioxathion, parathion, 
nicotine, progesterone, hexobarbital and zox
azolamine has been systematically examined 
(cf. Table 128). Hexobarbital sleeping time was 
not shortened by PCN, spironolactone or beta
methasone. For betamethasone, this is not re
markable since this compound failed to affect 
hexobarbital sleeping time in females also (cf. 
Table 136), but PCN and spironolactone were 
effective in this respect in females. In order to 
evaluate these data, the effect of each condi
tioner against each toxicant should be com-

pared with similar experiments on females 
(Table 136). 

N,N-Dimethylaniline +-Sex: Kato et 
al. F76,403f66; Ziegler et al. G79,382f66; 
Machinist et al. H 15,503/68 

N ,N -Dimethylnaph thylamine <-

Sex + Methylcholanthrene: Kato et al. 
F76,403f66 

N -Nitrosodimethylamine +- Sex + 
3-MC + Age: Yenkatesan et al. H31,273f70 

Dinitrophenol +-

Ghamberlin & Hall 66,611/36: Male cats 
are more resistant than females to the fatal 
action of dinitrophenol. 

Diphenhydramine <-- Sex + Pheno
barbital: Kato et al. F76,403f66 

Dye+-

Reuber G64,737f69: In Buffalo strain rats, 
chronic treatment with trypan blue s.c. causes 
thyroiditis more often among females than 
among males. 

Reuber G77,295f70: Among rats chroni
cally treated with trypan blue, females deve
lop chronic thyroiditis more often than males. 

Ergot +- cf. also Selye G60,083f70, pp. 
476, 479. 

McGrath A29,208f35: In rats of both sexes, 
tail necrosis is produced by large amounts of 
ergotamine. Estrone prevents this change in 
females but not in males. 

Loewe & Lenke A43,451f38: In the rat, the 
tail-necrosis produced by ergotamine s.c. is 
essentially the same in both sexes. Contrary 
to earlier claims, it cannot be prevented by 
folliculoid hormones andfor orchidectomy. 

Suzman et al. A44,452f38: Repeated admi
nistration of estrone completely protects 
female rats against the tail-necrosis produced 
by ergotamine; males are only partially pro
tected. Orchidectomy has no effect in itself, 
but enhanoes the protective effect of estrone 
in the male. Otherwise untreated rats showed 
no marked sex difference in their sensitivity to 
ergotamine. 

Fitzhugh et al. A 46,537!44: In rats, chronic 
intoxication with ergot leads to the formation 
of neurofibromas and renal calcification. Males 
are more sensitive than females. 

M essina G 18,016 f64: In rats, ergotamine 
produces vascular lesions conducive to tail 
necrosis more readily in females than in males. 
Hypophysectomy prevents these toxic mani
festations in both sexes, whereas treatment 
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with chorionic gonadotrophin does not affect 
them. 

Oontreraa et al. F81,599j67: In intact male 
rats, unlike in females or castrate males, 
ergonovine induced an analgesic effect (elec
trical stimulation of the genital papilla) unless 
the latter were treated with testosterone. 

Ether+-

Störtebecker A 1,993/37: Rahbits pretreated 
with "folliculin" tolerate normally anesthesia
producing doses of butallylonal (Pemocton). 
Subsequent experiments were conducted to 
determine the blood ether Ievel during ether 
anesthesia at the time the comeal reßex is 
lost in intact and gonadectomized rabbits 
and mice. Similar Observations were made 
during pregnancy and in relation to the estrous 
cycle. [Several conclusions were drawn suggest
ing an inßuence of sex hormones upon 
anesthesia but the number of animals per 
group was small and hence statistical evaluation 
impossible (H.S.).] 

Ethionine +-

Farber et al. B47,283J50; D24,923j51: Male 
rats are more resistant than females to the 
production of fatty livers by ethionine. Orchid
ectomy abolished this resistance, whereas 
ovariectomy did not inßuence the lesions. 
Testosterone protected both females and 
castrate males. 

Jensen et al. D83,567j51: DL- or L-ethio
nine i.p. causes hepatic steatosis in fasted 
female but not in fasted male rats. 

Ethionine +- Sex + CFT 1201: 
Herken et al. G74,662/58*; Maibauer et al. 
G74,663j58* 

Ethyl Alcohol +-

Abderluilden & Wertheimer A49,424j27: 
Fernale mice are more resistant than males to 
chronic ethanol poisoning. 

Mallov 047,222/58: Ethanol p.o. produces 
more severe fatty infiltration of the liver in 
female than in male rats. Ovariectomy or 
administration of estradiol to males did not 
inßuence fatty infiltration but testosterone 
reduced hepatic steatosis in females, whereas 
castration increased it in males. 

Ethyl-0-Ethylphenylurea +-

Hjort et al. A32,832j40: Maleratsare more 
resistant than females to the anesthetic effect 
of unsymmetrical ethyl-0-ethylphenylurea. 

42 Selye, Hormones and Resistance 

Ethylene Glycol +-

Tanret et al. G68,367j61: Fernale rats are 
much more resistant than males to the pro
duction of renal oxalate deposits by ethylene 
glycol. 

Tanret et al. D44,140j62: Prolonged oral 
administration of ethylene glycol produces 
calcium oxalate precipitation in the kidney 
of male, but not of female, rats. Estradiol 
abolishes the susceptibility of intact or cas
trated males, but orchidectomy does not. 
Intact, unlike ovariectomized, females cannot 
be made susceptible by treatment with testoste
rone. 

Richardaon D88,284j65: In rats, dietary 
supplements of glycolic acid or ethylene gly
col produce oxaluria and kidney oxalate depo
sition in males but not in females. 

Ethyl Ether +-

Störtebecker 76,398/39: Review of the Iite
rature (up to 1935) on the effect of sex and sex 
hormones upon ether anesthesia. 

Ethylmorphine +-

Gerald & FeZZer G74,396j70: In mice, spi
ronolactone and its LJ8-dethioacetylated meta
bolite reduce hexobarbital sleeping time and 
cause nearly identical increases in liver weight, 
microsomal protein content, NADPH-cyto
chrome c reductase, cytochrome P-450 content 
and the N-demethylation of ethyhnorphine. 
Preliminary observations suggest that these 
actions of spironolactone and its metabolite 
are evident in both sexes. 

Stripp et al. G79,538f71: In rats, the induc
tion ofhepatic microsomal enzymes by spirono
lactone "differed from the phenobarbital or 
methylcholanthrene induction in that it did not 
increase cytochrome P-450 content or micro
somal protein. Furthermore the induction seem
ed to be sex dependent. Thus ethylmorphine 
N-demethylation, hexobarbital oxidation and 
3,4-benzpyrene hydroxylation were increased 
2-4 fold in female rats, but of these activities 
only ethylmorphine N-demethylase was in
creased in male rats." 

Ethylmorphine +- Sex: Castro et al. 
G77,558j67; Davies et al. H22,054j68; Gigon 
et al. G76,365f68; Sasame et al. G72,114j68; 
Davies et al. G76,865f69; Gigon et al. G66,216f 
69,· Sladek et al. G66,220f69 
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Ethyl Urethan +-

Buchel D59,654j53: Extensive investiga
tions on the influence of sex upon the sensiti
vity of the rat to numerous barbiturates, 
chioral hydrate and ethyl urethan. 

Fluoride+-

Ramseyer et al. 029,608/57: Following 
chronic administration of NaF p.o., female rats 
store more fluoride in their bones than males. 

Glycolic Acid +-

Rwhardaon D88,284j65: In rats, d.ietary 
Supplements of glycolic acid or ethylene glycol 
produce oxaluria and kidney oxalate deposi
tion in males but not in females. 

Griseofulvin +- Sex: Busfield et al. 
D10,983j60, G74,680f64*; Epstein et al. 
H30,997j67* 

Heliotrine +- cf. Plant Extraeta 

Hexachlorobenzene +-

Viale et al. G74,147f70: Fernale rats are 
more sensitive than males to the production 
of porphyria by hexachlorobenzene. 

Hexaethyl Tetraphosphate +-

Hagan &: Woodard A48,819f47: The insec
ticide hexaethyl tetraphosphate is more toxic 
to female than to male rats. 

Hexamethonium +-

Bonino 030,099/56: Fernale guinea pigs 
are more sensitive than males to hexametho
nium intoxication. 

Indomethacin +-

Selye PROT. 42911: In male rats, the pro
tective effect of PCN, spironolactone, ethyl
estrenol, betamethasone, phenobarbital, and 
phenylbutazone against intoxication with d.igi
toxin, indomethacin, dioxathion, parathion, 
nicotine, progesterone, hexobarbital and zox
azolamine has been systematically examined 
(cf. Table 128). Hexabarbital sleeping time was 
not shortened by PCN, spironolactone or beta
methasone.' For betamethasone, this is not re
markable since this compound failed to affect 
hexobarbital sleeping time in females also (cf. 
Table 136), but PCN and spironolactone were 

effective in this respect in females. In order to 
evaluate these data, the effect of each condi
tioner against each toxicant should be com
pared with similar experiments on females 
(Table 136). 

Isoniazid +- Sex + Age, Man: 
Murray G77,553f62* 

Isoproterenol +- cf. Selye G60,083j70, PP• 
475, 478. 

Lasiocarpine +- cf. Plant Extraeta 
Lathyrogens +- cf. al&o Selye G60,083f70, 

pp. 475, 478. 
Wajda et al. 033,241!57: Among weanling 

rats fed Lathyrus odoratus seeds, males 
developed aortic aneurysms more frequently 
than females. "Androgens" [kind not stated 
(H.S.)] considerably increased the incidence 
and severity of aortic med.ionecrosis on this 
d.iet. 

McOallum 061,614/58: In mice, Lathyrus 
odoratus feeding, initiated at the age of two 
weeks or later, causes aortic darnage predo
minantly among males. 

Aschkenaay 091,685/60; 090,362/60: In 
male rats, the osteolathyrism produced by 
AAN is inhibited by a diet containing 18-30% 
casein. This protective effect is not seen in 
females or in orchidectomized males. 

Lidocaine +-

Paeile et al. G75,994j65: Malerats are sig
nificantly more resistant than females to lido
caine and d.ibucaine, whereas females are 
more resistant than males to cocaine. 

Lithium+-

&hmidt &: Bernauer D65,293f63: Fernale 
rats are more resistant than males to chronic 
Iithium citrate intoxication. 

Magnesium +-

Störtehecker A1,993j37: In rabbits and 
mice, the depth of MgS04 anesthesia is influ
enced by sex hormones as judged by Observa
tions in different phases of the estrous cycle as 
weil as after injection of folliculin or androste
rone. [In view of the wide individual variations 
and the small nurober of animals, the signifi
cance of the data is in doubt (H.S.).] 

MgS04 +- Sex, Mouse: Störtehecker 
76,398/39* 

MAO-Inhibitors +-

Wurtman &: Axelrod E36,478f63: Hepatic 
MAO activity is greater in male than in female 
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rats. This difference can be reversed by estra
diol in male and by testosterone in female 
gonadectomized rats. 

Mepacrine +-

Hurst D33,743f58: Fernale mice are much 
moresensitive than males to the curative action 
of mepacrine following infection with equine 
encephalomyelitis. 

Meperidine ~ Sex: .Axelrod D28,544f 
56; Remmer et al. G67,790f58; Timmler 
E48,422f60; Remmer G66,542f62; Clouet etal. 
F 14,837/64*; Siegert et al. G71,866f64*; Kato 
et al. F76,403f66 

Mercury+-

Donatelli B38,554f47: Women are much 
more sensitive to HgC12 intoxication than men. 
Testosterone pretreatment gives appreciable 
protection against HgC12 poisoning in mice and 
guinea pigs. 

Heimhurg & Schmidt 069,587/59: Fernale 
rats are more resistant than males to chronic 
intoxication with HgC12• Ovariectomy abol
ishes this difference. Neither estradiol nor 
progesterone caused any significant change in 
resistance to mercurial intoxication. 

Spode G72,979f60: In mice, the renal 
storage of 203Hg acetate given s.c. or i.p. 
reaches higher values in males than in females. 

Haber & Jennings G10,684f64: Fernalerats 
are more resistant than males to the production 
of renal tubular necroses by HgC~. 

Tessman G65,320f68: In mice and rats, 
there was no sex difference in the speed of 
regeneration of the renal epithelium following 
HgC~-intoxication. 

Methionine +- cf. Choline 
Methotre~ate +- cf. Carcinolytic Agents 
Methylaminoantipyrine ~ Sex: 

Remmer 073,857!58, G66,542f62 
N-Methylaniline ~ Sex + Pheno

barbital: Kato et al. F76,403f66 

Monocrotaline +-

Ratnoff & Mirick B48,154f49: Monocrota
line i.p. produces necrosis of the liver and of 
the renal tubules, as weil as pulmonary edema 
in rats. Males are somewhat more susceptible 
than females, especially if kept on protein
deficient diets. Testosterone increases mono
crotaline susceptibility in both sexes, but 
neither castration nor estradiol influences 
survival time. 

42• 

Goldenthal et al. G 18,384/64: "The oral and 
intravenous LD50's were determined for 
monocrotaline. The LD50 was essentially the 
same for males and females and for oral and 
intravenous administration for a 90-day obser
vation period. There was a marked sex differ
ence with respect to the median survival 
time, females living significantly Ionger than 
males. Castration of either maleorfemale rats 
had no significant effect on the median survi
val time. Pretreatment of males with estradiol 
cyclopentyl propionate caused the median 
survival time to correspond to that of females. 
Pretreatment of females with testosterone pro
pionate caused the median survival time to 
approximate that of male animals. Pretreat
ment of female rats with methandrostenolone 
(Dianabol), an anabolic agent, caused the 
median survival time to correspond to that of 
males." 

Monocrotaline ~ Sex + Testoste
rone + Diet: Ratnoff et al. B48,154/49* 

Morphine+-

MacKay & MacKay 56,167/36: Fernale 
rats are more resistant to morphine than males, 
a difference ascribed to their larger adrenals. 

Yeh & Woods H17,933f69: Twenty-four 
hours after s.c. injection of 14C-DHM the 
recovery (as expired 14C02) in nontolerant 
female and male rats was 0.5 and 3.7%, 
respectively. 

Stripp et al. H22,743f70: In rats, spirono
lactone pretreatment shortened hexobarbital 
sleeping time. "Moreover, treatment of female 
rats with spironolactone doubled the rate of the 
in vitro metabolism of hexobarbital and benz
pyrene by liver microsomes and quadrupled 
that of ethylmorphine. The inducing effects of 
spironolactone were very different from those 
of phenobarbital and 3-methylcholanthrene. 
The amount of cytochrome P-450 was either 
unaltered or decreased, but the NADPH 
cytochrome c reductase activity was increased 
2-fold. Although the endogenous rate of 
cytochrome P-450 reduction by NADPH was 
not altered, the stimulatory effects of ethyl
morphine or hexobarbital on the rate of 
cytochrome P-450 reduction were signifi
cantly greater with microsomes from spirono
lactone treated animals. By contrast, treat
ment of male rats with spironolactone caused 
no change in hexobarbital sleeping time and 
no change or a slight decrease in hexobarbital 
and benzpyrene metabolism by liver micro
somes." 
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Morphine +- Sex + Testosterone: 
Axelrod D28,544j56 

Morphine ~ Sex: Timmler E48,422f 
60*; Kato et al. G68,411f66 

Morphine +- Sex + Phenobarbital: 
Kato et al. F76,403J66 

Neoprontosil +- Sex + Phenobar
bital: Kato et al. F76,403j66 

Nickel Sulfide ~ 

JMmin et al. D68,263J63: In rats a single 
i.m. injection of nickel suHide produces meta
static rhabdomyosarcomas whose incidence is 
increased by methylandrostenolone but is 
uninfluenced by sex, ovariectomy or orchid
ectomy. 

Nicotine ~ cf. alao Selye G60,083j70, pp· 
476, 478. 

Kosdoba A39,432j29-30: Male rabbits are 
much more resistant than females to the pro
duction of cardiovascular lesions by chronic 
nicotine intoxication. 

Lee 32,854/35: No pronounced sex difference 
to nicotine intoxication could be observed in 
the mouse or rabbit. 

Holck et al. A8,011j37: Maleratsare more 
resistant to fatal nicotine intoxication than 
females. 

Yun & Lee 34,178/35: Fernale mice and 
rabbits are more resistant to nicotine than 
males. Ovariectomy diminishes nicotine re
sistance, whereas orchidectomy does not change 
it. Treatment with "luteohormone" increases 
nicotine resistance, whereas "follicular hor
mone" has no effect. 

Hueper 91,722/43: Fernale rats are much 
more sensitive than males to chronic nicotine 
intoxication. 

Selye PROT. 42911: In male rats, the pro
tective effect of PCN, spironolactone, ethyl
estrenol, betamethasone, phenobarbital, and 
phenylbutazone against intoxication with digi
toxin, indomethacin, dioxathion, parathion, 
nicotine, progesterone, hexobarbital and zox
azolamine has been systematically examined 
(cf. Table 128). Hexobarbital sleeping time was 
not shortened by PCN, spironolactone or beta
methasone. For betamethasone, this is not re
markable since this compound failed to affect 
hexobarbital sleeping time in females also (cf. 
Table 136), but PCN and spironolactone were 
effective in this respect in females. In order to 
evaluate these data, the effect of each condi
tioner against each toxicant should be com
pared with similar experiments on females 
(Table 136). 

p-Nitroanisole +- Sex + Pheno
barbital: Kato et al. F76,403J66 

p-Nitroanisole +- Sex + Pesticides: 
Kinoshita et al. G71,863/66 

Nitrobenzoic Acid +- Sex: Kato et al. 
F76,403f66; Kinoshita et al. G71,863j66 

p-Nitrophenol +- Sex: Halac et al. 
G77,576j69 

N orchlorcyclizine +- Sex: Kuntzman 
et al. F45,464J65 
Nortriptyline ~Sex, Man: Hammer et al. 
G79,581f67* 

Octamethyl Pyrophosphamide ~ cf. 
Pesticides 

Orotic Acid~ 

Sidransky D64,556f63: The periportal 
fatty degeneration of the liver produced by 
chronic orotic acid feeding is more pronounced 
in female than in male rats. Orchidectomized 
males developed more severe fatty changes 
than intact males, or castrate males treated 
with testosterone. Ovariectomized females 
developed marked fatty liver changes similar 
to those of intact females, but this response 
was diminished by testosterone or estradiol. 

Sidransky et al. G4,364f63: The production 
of fatty livers by orotic acid Supplements to 
the diet is more pronounced in female than in 
male rats. Orchidectomized males develop 
more severe fatty livers than intact controls 
unless they are treated with testosterone pro
pionate. 

Pesticides ~ 

Fitzhugh & Nelarm A47,885j47: Among rats 
given DDT in the diet, females showed a 
greater mortality than males. The difference 
was attributed to an increased DDT intake by 
the females. 

Deichmann et al. D98,307j50: In rats, the 
acute toxicity of DDT in oil p.o. appears to be 
essentially the same in both sexes. 

DuBois et al. D92,992j50: In rats, there is 
no sex or age difference in the toxicity of 
OMPA. 

Aldridge & Barnes G41,307f52: Several 
organophosphorus insecticides are more toxic 
for female than for male rats. However, the 
reverse is true of octamethyl pyrophosphora
mide and bis-dimethylaminoßuorophosphine 
oxide. 

Frawley et al. G69,644f52: Comparative 
toxicologic studies on organic phosphate-anti
cholinesterase compounds in guinea pigs, mice 
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and rats, with a rapid procedure for the 
measurement of brain, plasma and erythrocyte 
cholinesterase. "The oral LD50's for these com
pounds for male and female rats are DFP, 
13.5 and 7.7 mgm/kgm; Parathion 30 and 
3 mgmfkgm; TEPP 2 and 1.2 mgmfkgm; 
EPN 91 and 14.5 mgmjkgm; OMPA 13.5 and 
35.5 mgm/kgm; and E-838 42 and 19 mgm/kgm. 
The administration of oral LD75 doses of these 
compounds caused brain cholinesterase inhi
bition varying with each compound: DFP > 
Parathion > E-838 > EPN > TEPP > 
OMPA." 

Durkam et al. C 14,264/56: Diethylstil
bestrol increased DDT and DDE storage in the 
fat of male rats, whereas testosterone decreased 
the storage of these compounds in the female. 

Durkam et al. 027,425/56: In rats, DDT 
increased the liver weightjbody weight ratio. 
Diethylstilbestrol increased the storage of 
DDT and of its metabolite DDE in the fat of 
male rats, whereas testosterone propionate 
decreased these values in females. "An endo
crirre mechanism may account for the sex 
differences in this regard." 

Ortega et al. E40,218j56: When repeatedly 
exposed tomoderate Ievels of DDT, male rats 
show much more frequent and extensive 
histologic changes in the Ii ver than females. 

Swann et al. C73,379j58: Male rats are 
more resistant than females to parathion poi
soning. Testosterone increases the resistance 
of females, whereas estrone diminishes that of 
the males. Curiously, testosterone decreases 
the resistance of intact males although it 
increases that of castrated males. After orchid
ectomy, estrone slightly decreases resistance 
over that of untreated male castrates. 

Murpky & DuBois D28,546j58: The acti
vity of the microsomal-enzyme system which 
oxidizes thiophosphates to potent anticholin
esterase agents is considerably higher in male 
than in female rats (incubation of liver homo
genates with Guthion or ethyl p-nitrophenyl 
thionobenzenephosphonate or "EPN"). Yet, 
in vivo, adult males are more resistant to 
EPN than females, perhaps because the acce
lerated formation of toxic oxidation products 
is overcompensated by a more efficient detoxi
cation of the latter. The low enzyme activity 
of female livers is enhanced by pretreatment 
with testosterone in vivo, whereas the high 
activity of male livers is diminished by pre
vious castration, partial hepatectomy or treat
ment with progesterone or diethylstilbestrol. 
SKF 525-A inhibits, whereas pretreatment 

with carcinogens or a protein-deficient diet 
enhances the activity of the thiophosphate
oxidizing enzyme. 

DuBois & Puckala D43,878j61: Male rats 
are much more resistant than females to various 
cholinergic phosphorothioates. Male mice and 
guinea pigs are not particularly resistant to 
DMP. Partial hepatectomy andjor castration 
abolishes the comparative resistance of the 
male rat, whereas testosterone restores resist
ance in hepatectomized or orchidectomized 
rats. It is concluded "that androgens govern 
the development of this system." 

DuBois & Kinoskita G66,247j65: Fernale 
rats are much more sensitive than males to 
several phosphorothioates. 

Gaines G67,102j69: LD50 values have been 
determined for 98 pesticides, and 2 metabolites 
of DDT in the rat. Most compounds were 
more toxic to females than to males, but 9 of 85 
compounds were more toxic in males. In 
chickens, several of the pesticides produced 
paralysis. 

Carlson & DuBois H24,653j70: Male rats 
are much more susceptible to the insecticide 
6-methyl-2,3-quinoxalinedithiol cyclic carbo
nate (Morestan) than females. "The toxicity 
to rats could not be altered by castration, 
administration of testosterone to females and 
estradiol to males. Pretreatment with pheno
barbital decreased the toxicity to adult males 
and increased the toxicity to adult females." 
Chronic Morestau feeding caused hepatic 
enlargement and inhibition of microsomal 
enzymes. 

Gershbein H 31,893/70: In intact male rats, 
unlike in females, DDT caused liver enlarge
ment. This and other insecticides also enhance 
liver regeneration after partial hepatectomy 
in males but not in females. 

Gisk & Ckura G80,046f70: In Japanese 
quails, sensitivity to DDT is increased by star
vation and during the breeding season. Males 
are more sensitive than females. 

Kinoskita & Du Bois G78,681f70: Malerats 
are more susceptible than females to the induc
tion of hepatic microsomal enzymes by sub
stituted urea herbicides (diuron, Herban). 

Klevay G80,049f70: Radiolabelied dieldrin 
added to perfusates of rat liver appears in the 
bile of male donors much more rapidly than 
in that of females. "These findings are con
sonant with both the lesser toxicity of dieldrin 
formale rats and the greater storage of dieldrin 
in adipose tissue by female rats reported by 
other investigators." 
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Hayea Jr. E53,090f71: Female rats store 
more DDT in their fat than males when fed 
this insecticide at the same dose Ievel. 

Selye PROT. 42911: In male rats, the pro
tective effect of PCN, spironolactone, ethyl· 
estrenol, betamethasone, phenobarbital, and 
phenylbutazone against intoxication with digi· 
toxin, indomethacin, dioxathion, parathion, 
nicotine, progesterone, hexobarbital and zox
azolamine has been systematically examined 
(cf. Table 128). Hexabarbital sleeping time was 
not shortened by PCN, spironolactone or beta
methasone. For betamethasone, this is not re
markable since this compound failed to affect 
hexobarbital sleeping time in females also (cf. 
Table 136), but PCN and spironolactone were 
effective in this respect in females. In order to 
evaluate these data, the effect of each condi
tioner against each toxicant should be com
pared with similar experiments on females 
(Table 136). 

Aldrin, Heptachlor, Isodrin- Sex: 
Wong et al. G77,538/65 

Benzene Hexachloride - Sex: Da
vidow et al. H27,655/51 * 

Chlorthion- Sex, Gp, Mouse, Rat: 
Neal et al. F40,198f65 

Dieldrin - Sex, Pig, Sheep: Street 
et al. G75,678f66* 

0,0-Diethyl 0-(4-methylthio-m-to
lyl) phosphorothioate - Sex, Gp, 
Mouse, Rat: DuBois et al. D43,878/61 * 

EPN - Sex: Murphy et al. D28,546f58; 
Neal et al. F40,198f65; DuBois et al. H24,226/ 
66*; Kinoshita et al. G71,863f66 

Guthion - Sex + Age: Murphy et al. 
D28,546f58 

Methylparathion- Sex, Gp, Mouse, 
Rat: Neal et al. F40,198f65 

OMP A - Sex: DuBois et al. D92,992/ 
50*; Kato et al. G64,325f62*, F88,660/67*, 
H34,342/67* 

Parathion - Sex: DuBois et al. 
G66,495f49*; Neal et al. F40,198f65 

Phen.ylbutazon.e -

Selye PROT. 42911: In male rats, the pro
tective effect of PCN, spironolactone, ethyl
estrenol, betamethasone, phenobarbital, and 
phenylbutazone against intoxication with digi
toxin, indomethacin, dioxathion, parathion, 
nicotine, progesterone, hexobarbital and zox
azolamine has been systematically examined 
(cf. Table 128). 

Phosphorus - Sex + CFT 1201: 
Maibauer et al. G74,663f58* 

Picroto:cin. +-

Holck D28,543f49: Adult male rats are 
more resistant than females to toxic doses of 
picrotoxin. Such a sex difference is absent in 
one-month-old rats. Castration lowers picro
toxin resistance in rats of either sex. Testoste
rone raises picrotoxin resistance in normal and 
especially in spayed females, but not in males. 
Blockade of the RES abolished the sex 
difference but corticosterone failed to in
ßuence it. 

Picrotoxin - Sex + Testosterone: 
Holck D28,543/49* 

Piperonyl Butoxide - Sex + Age, 
Mouse: Epstein et al. H29,385f67* 

Plant E:ctract +-

Campbell 038,327!57: In cockerels, the 
hepatic damage produced by the pyrrolizidine 
alkaloids of ragwort (Senecio jacobaea L.) 
disappears very slowly if at all, whereas hens 
recover. In both sexes, but particularly in 
cockerels, stilbestrol accelerates hepatic rege
neration. 

Bull et al. 049,278/58: Personal observa
tions on rats and review of the entire Iiterature 
on the pronounced sex differences in resistance 
against heliotrine, lasiocarpine and other plant 
alkaloids of Senecio species. 

Propyl Gallate - Sex: Johnson et al. 
E51,900f61 * 

Potassiurn +-

Robemon B70,810f52: Female rats are 
more tolerant than males to i.p. injection of 
KCI. No such sex difference was observed in 
mice. 

Procain.e+-

Muiioz et al. G68,223f61: Male rats are 
more resistant than females to the convulsant 
action of procaine i.p. Gonadectomy decreased 
resistance in males but not in females. Testos
terone did not significantly alter resistance in 
either sex. 

Paeile et al. F52,633f64: Adult male rats 
are more resistant to procaine than adult 
females. Chronic C~ poisoning, pretreatment 
with SKF 525-A and orchidectomy diminish 
the resistance of the males approximately to 
the female Ievel. The plasma procainesterase 
activity is approximately the same in both 
sexes and not affected by orchidectomy or 
CCJ. intoxication. 
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Brodeur et al. F99,981f67: The procaines
terase activity of the liver is higher in adult 
male rats than in adult females or immature 
rats of either sex. Ovariectomy and chronic 
treatment with testosterone or norethandro
lone increase hepatic procainesterase activity 
in adult females. Conversely, orchidectomy and 
chronic treatment with estradiol or progeste
rone decrease this enzyme activity in the livers 
of adult males. However, immature rats are 
more resistant to procaine in vivo than could 
be expected from the reduced ability of their 
livers to hydrolyze procaine in vitro. "Factors 
other than drug metabolism appear to govern 
the ultimate toxicity of procaine in immature 
rats." 

Pyribenzamine +-

Mayer et al. B3,674f46: Maleratsare much 
more resistant to pyribenzamine than females. 
Castration of females rendered them almost 
as resistant as males but treatment of ovariec
tomized rats with "estrogen" did not give con
sistent results in a small series of preliminary 
experiments. 

RES-Blocking Agents +-

Bernick et al. 039,526{56: The Kupffer cells 
of male rabbits take up more i.v. injected 
Thorotrast, Evans blue and colloidal carbon 
than those of females. 

Hartveit eh Andersen 067,345{69: I.v.-in
jected carbon particles are oleared more rap
idly from the blood by female than by male 
mice. The difference is ascribed to the phago
cytosis stimulating effect of folliculoids. 

Safrole+-

Homburger et al. E94,913f62: In male rats, 
safrole (4-allyl-1,2-methylene dioxybenzene), a 
flavoring agent, is less active in causing hepatic 
fibrosis and ceroid deposition than in females. 

Salicylates +-

Hanzlik A49,483f13: "For females the 
toxic dose of salicylates is approximately 80% 
of that for males. Individuals show idiosyn
crasy towards toxic doses of the synthetic 
salicylate, but no connection was found between 
these idiosyncrasies and the factors of age, sex, 
race, and diseased condition. The idiosyn
crasy generally varies in the same patient, and 
is not influenced by previous salicylate medi
cation." 

Scilliroside +-- Sex: Rothlin et al. 
G75,565f52* 

Selenium+-

Fitzhugh et al. A45,940{44: Fernalerats are 
more sensitive than males to the toxic actions 
of selenium p.o., especially to the production 
of hepatic cirrhosis. 

Sodium Chloride+- cf. Selye G60,083f70, 
p. 477. 

Squill +-

Winton A42,964f27: "Female rats succumb 
to doses of red squills, only one-half as great as 
those needed to kill males." 

Orabtree et al. A19,999{39: Male rats are 
twice as resistant as females to the fatal action 
of powdered red squill (Urginea maritima). 
Castration has no effect in females but abo
lishes the increased squill resistance of the 
male. 

Red Squill - Sex: Winton A42,964/ 
27*; Crabtree et al. A19,999f39* 

Strychnine +-

Poe et al. A45,388{36: Fernale rats are 
more susceptible to strychnine than males 
and, in both sexes, toxicity decreases with age. 

Ward eh Orabtree A29,199f42: Fernalerats 
are more sensitive than males to strychnine 
i.p. or p.o. 

Poe eh Suchy D75,977f51: Fernalerats are 
more sensitive than males to strychnine 
poisoning. 

Kato & Chiesara G68,58lf60: Male rats are 
more resistant than females to the toxic 
action of strychnine. This difference is abol
ished by SKF 525-A. 

Kato et al. D38,983f62: Male rats are more 
resistant than females to strychnine intoxi
cation especially if the drug is given s.c. 
whereby its activity is delayed. The greater 
strychnine-metabolizing potency of micro
somes from male rats than from females has 
also been demonstrated in vitro. SKF 525-A 
increases strychnine toxicity and renders both 
sexes equally sensitive. Castration diminishes 
the high strychnine resistance of the male rat 
but has no effect in females. Pretreatment 
with testosterone or 4-chlortestosterone aug
ments the strychnine-metabolizing ability of 
liver slices or isolated hepatic microsomes 
from both male and female castrates, whereas 
estradiol has no effect. 
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Strychnine ~ Sex: Poe et al. A45,388/ 
36*; Ward et al. A29,199/42*; Kato et al. 
D38,983f62*, G64,325/62*, F88,660f67* 

Sulfa Drugs +-

Krems et al. A46,116f41: Fernale rats are 
more susceptible than males to sulfanilamide 
i.p. 

Sacra & McColl 073,654/59: Fernale rats 
are less resistant than males to chronic intoxi
cation with hypoglycemic thiadiazoles but no 
such sex difference was observed in acute 
tests. Testosterone increased, whereas stil
bestrol decreased, the resistance of female rats 
to these drugs. 

Sulfanilamide ~ Sex: Krems et al. 
A46,116f41* 

Tannic Acid +--

Korpassy et al. B74,333f52: Male rats are 
more sensitive than females to the acute 
Iethai effects of tannic acid. 

Tannic Acid ~ Sex: Korpassy et al. 
B74,333f52* 

Tyrosine +--

Schweizer B3,047f47: Addition of excessive 
amounts of 1-tyrosine to the diet produces 
alkaptonuria, keratitis, conjunctivitis, alope
cia, and inflammation of the paws in young 
rats. Among older animals, males are more 
sensitive than females. The severity of the 
syndrome is aggravated by thyroxine and 
inhibited by thiouracil. 

Urethan+--

Vesselinovitch & Mihailovich F91,584f67: 
In male mice, urethan induced a higher incid
ence of hepatomas than in females. Gonadec
tomy decreased the incidence in males and 
increased it in females, thus practically elimi
nating the sex difference. 

Chernozemski & Warwiek H33,929j70: In 
female mice, hepatic tumors are much more 
rarely induced by urethan than in males. Par
tial hepatectomy greatly increases the hepato
carcinogenic effect of urethan. 

Urethan+-- Sex+ Hepatectomy, par
tial, Mouse: Lane et al. H28,306/70* 

Vitamin-B Complex +--

Taylor & Garmichael A49,002f49: Male 
mice are much more resistant than females to 
fatal overdosage with folic acid. 

Vitamin C +--

Klinger et al. F62,929f65: The normal 
excretion of ascorbic acid and the increase in 
its elimination induced by barbital are higher 
in male than in female rats. Orchidectomy re
duced both normal excretion and its enhan
cement by barbital, whereas ovariectomy 
increased them. Thus, the sex specific differ
ences decreased but did not disappear com
pletely. One week's treatment of males with 
stilbestrol or females with testosterone dimi
nished ascorbic acid excretion. In mice, no sex 
specific differences of this kind were observed. 
[The authors probably used hexobarbital al
though sometimes they speak of barbital 
(H.S.).] 

Vitamin D, DHT +-- cf. also SelyeD15,540f 
62, p. 291; G60,083f70, pp. 476, 479. 

Agduhr 52,908/34; 70,849/35: Fernale mice 
are more resistant than males to overdosage 
with irradiated ergosterol. Repeated mating 
increases ergosterol resistance in both sexes. 

Agduhr A51,257f37: In mice and rats of 
both sexes, sexual intercourse increases resist
ance against As20 3 and vitamin D. 

Strebelet al. F 25,229 f64: Maleratsare much 
more resistant than females to the production 
by DHT of the progeria-like syndrome (with 
soft-tissue calcification and osteosclerosis). 

Fiumara et al. H 34,170/68: Male rats are 
more resistant than females to the production 
of the progeria-like syndrome by DHT. 

Chury & Kasparek H29,730f69: Fernalerats 
are more sensitive than males to the produc
tion of a progeria-like syndrome by chronic 
treatment with DHT. Castration increases the 
sensitivity of the males. 

Chury & Nevrtal H 33,801/70: Rats, orchid
ectomized immediately after birth, are more 
sensitive to the production of the "progeria
like syndrome" by DHT than are females or 
males castrated after puberty. The ECG altera
tions in all these groups run roughly parallel 
with the morphologic changes. 

Vitamin D 2 ~ Sex + Age, Mouse: 
Agduhr A51,257f37* 

Vitamin K +--

~Mellette D7,939f61: Fernale rats are more 
resistant to dietary vitamin-K deficiency than 
males. Castration increases the susceptibility 
of the female rat and decreases that of the 
male. In males, estradiol decreases, whereas 
testosterone increases, mortality on such diets. 
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Zoxazolamine ~ 

Selye PROT. 42911: In male rats, the pro
tective effect of PCN, spironolactone, ethyl
estrenol, betamethasone, phenobarbital, and 
phenylbutazone against intoxication with digi
toxin, indomethacin, dioxathion, parathion, 
nicotine, progesterone, hexobarbital and zox
azolamine has been systematically examined 
(cf. Table 128). Hexabarbital sleeping time was 
not shortened by PCN, spironolactone or beta
methasone. For betamethasone, this is not re
markable since this compound failed to affect 
hexobarbital sleeping time in females also (c/. 
Table 136), but PCN and spironolactone were 
effective in this respect in females. In order to 
evaluate these data, the effect of each condi
tioner against each toxicant should be com
pared with similar experiments on females 
(Table 136). 

Zoxazolamine +- Sex: Kato et al. 
F57,817f65, F76,403f66, F88,660/67* 

Varia~ 

Holck et al. A8,011f37: Fernale rats are 
more sensitive than males to various barbitu· 
rates and nicotine. Orchidectomy abolishes this 
increased resistance to barbiturates. Pretreat
ment with an androgenic urinary extract 
shortens the anesthesia produced by hexo
barbital in intact or spayed females. Androste
rone is ineffective. 

Agduhr 75,856/39: Review of the effect of 
sex and sexual intercourse upon the resistance 
of various species to diverse toxic substances. 

Agduhr A39,060f41: Review of the author's 
investigations on the effect of sex and mating 
upon drug resistance in animals. 

Hurst D33,743f58: Review (25 pp. 87 refs.) 
on sex differences in the toxicity of various 
drugs. 

Booth &: Gillette D34,656f62: Review of sex 
differences in drug resistance. 

Kato et al. G64,325f62: Adult male rats are 
more resistant than females to pentobarbital 
anesthesia, carisoprodol paralysis and strych· 
nine convulsions. Conversely, the Iethai effect 
of OMP Ais greater in the male. The sex differ
ence is ascribed to the increased production of 
anabolic testoids which enhance the decomposi
tion of these substrates, the first three of which 
are inactivated, the last activated in the pro
cess. The differences were also demonstrated 
in vitro using liver slices or microsomal frac
tions. The high microsomal activity of the 
male could be abolished by castration and re
stored by several anabolic testoids. 

Oonney &: Burns G67,166f62: Review on 
sex differences in drug metabolism. 

Meier E690f63: Monographon "Experimen
talPharmacogenetics" (213pp., about400refs.) 
with special sections on the infiuence of sex 
and genetic factors, including species varia
tions, upon drug sensitivity. 

Kato &: Gillette F5,638f64: In female rats, 
3 days' starvation "increases the activity of 
TPNH-dependent enzymes that catalyze the 
metabolism of TPNH, aniline, aminopyrine, 
p·nitrobenzoate, neotetrazolium, and neopron
tosil, but does not alter the activity of TPNH
cytochrome c reductase. In contrast, starva
tion of male rats decreases the activity of 
aminopyrine demethylase, although it increa
ses the activity of aniline hydroxylase and 
does not alter the activity of nitroreductase, 
TPNH-cytochrome c reductase or TPNH 
oxidase." Sucrose fed to rats of either sex for 
3 days lowers the activity of all these enzymes, 
but does not interfere with their induction by 
phenobarbital. 

Kato &: Gillette F57,816f65: The ability of 
rat liver microsomal enzymes to inactivate 
various substrates is greater in males than in 
females but the sex difference varies with the 
substrate. There is a more than 3-fold sex 
difference with aminopyrine and hexobarbital 
but virtually none with hydroxylation of 
aniline and zoxazolamine. In male rats, star
vation impairs sex-dependent enzymes which 
metabolize aminopyrine and hexobarbital but 
enhances those that hydroxylate aniline. On 
the other hand, in female rats, starvation 
increases the specific activity of the amino
pyrine and hexobarbital-metabolizing enzymes 
as weil as aniline hydroxylase. Starvation does 
not alter the metabolism of hexobarbital and 
enhances that of aminopyrine by microsomes 
of castrated rats, but impairs the metabolism 
of these compounds by microsomes of methyl
testosterone-treated castrates. 

Gillette G67,333f67: Brief review on the 
effect of sex on hepatic microsomal-enzyme 
induction. 

Kato et al. H 11,854/69: "There was marked 
sex difference in the hydroxylation of pento
barbital and hexobarbital, in contrast only 
slight or negligible sex difference was observed 
in the hydroxylation of aniline and zoxazola
mine. Similarly, there are marked sex differ
ences in the N-demethylation of aminopyrine, 
while only slight sex difference was observed 
in the N-demethylation of N-methylaniline. 
The administration of methylcholanthrene 
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to female and male rats resulted in marked 
increase in the hydroxylation of aniline and 
zoxazolamine and N-demethylation of N-me
thylaniline, whereas the hydroxylation of 

pentobarbital and hexobarbital and N-deme
thylation of aminopyrine were not signifi
cantly altered in female rats and they were 
markedly decreased in male rats." 

Microorganisms and Their Products, Venoms ~ 

Allegedly, female rats and mice are more resistant than males to various types 
of infections with plasmodia and bacteria. Variable observations have been reported 
with regard to viruses. In the mouse, but not in the guinea pig, males are more 
susceptible than females to infection with equine encephalomyelitis. Female hamsters 
are more sensitive than males to inoculation with adenovirus-12, and also show 
a greater incidence of tumors. Among mice infected with Coxsackie virus B1, a 
much higher percentage of males than of females developed hepatic necrosis. 

Sex difference to various bacterial toxins was not found to be very pronounced. 
Female guinea pigs are more sensitive than males to Cape cobra venom, but this 

difference does not appear to be subject to modification by testosterone, estradiol, 
or progesterone. 

Bacteria, Plasmadia +-

Benni8on &1 Ooatney B17,600f47: Following 
inoculation with P. gallinaceum, the parasite 
counts are much higher in females than in 
males. This difference in parasite count was 
not significantly influenced by testosterone or 
estradiol. 

Greeriberg et al. G70,739f53: Female mice 
of various strains survive Ionger than males 
after infection with Plasmodium berghei. 

Wei8akopf et al. D35,320f61: Review of the 
protective action of folliculoids against viruses 
and bacteria, with personal observations on 
the increase in the resistance of mice that can 
be induced by Premarin against virulent strep
tococcal infection. Fernales are more resistant 
than males, and castration increases resistance 
in males. The effect of folliculoids is tentatively 
ascribed to an increase in the acid mucopoly
saccharide content of the ground substance 
which decreases the subcutaneous spread of 
germs. 

Viruses+-

Hur8t et al. 094,088/60: In the mouse, but 
not in the guinea pig, males are more BUBcept
ible than females to infection with equine 
encephalomyelitis. 

McFarlane &1 Embil H 18,880/68: Female 
hamsters (Mesocricetus auratus) are much 
more sensitive (90%) than males (15%) to the 
inoculation of adenovirus-12. After gonadecto
mies, 42% of the female and 38% of the male 
hamsters developed tumors. The somewhat 
contradictory earlier Iiterature on this sex 
difference is reviewed. 

Yohn et al. G57,790J68: In hamsters given 
adenovirus-12, strain Huie, s.c. at birth, thym
ectomy at one week of age increased tumor 
incidence in both sexes, although it remained 
higher in females as is usually the case. Corti
sone treatment, begun at one week of age, in
creased tumor incidence but, again, this re
mained higher in females. Antibody responses 
to adenovirus-12 T-antigen were depressed in 
thymectomized and cortisone-treated animals. 

Yohn &1 Funk G68,339f69: Adenovirus-12 
produced a higher incidence of tumors in 
female than in male Syrian hamstere. Ovariec
tomy lowered tumor incidence, whereas estra
diol increased it but only in males. 

Minkowitz &1 Berkooich H23,844f70: Among 
mice infected with Coxsackie virus BI, 73% of 
the males and only 9% of the females showed 
extensive hepatic necrosis. 

Bacterial To:dns +-

Lamanna et al. G60,750f55: The resistance 
of mice to type A botulinus toxin shows no 
sex difference, but females are more resistant 
than males to type B and type C toxin even if 
the animals have the same body weight. 

Gordon &1 Lipton 094,649/60: 5-HT reduces 
endotoxin mortality in mice. This effect is 
greater in females than in males and is poten
tiated by cortisol. Thyroxine aggravates the 
toxicity of endotoxin. 

Venoms+-

Doaaena B47,510f49: Female guinea pigs 
appear to be more sensitive than males to 
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Cape cobra venom but pretreatment with 
testosterone, estradiol or progesterone failed 
to affect their resistance. 

Immune Reactions +-

Lippman et al. B68,238f52: Fernale rats 
are much more sensitive than males to the 
production of nephrotoxic nephritis by anti-rat 
kidney gamma globulin. 

Varia+-

According to some investigators, the hepatic steatosis produced by fasting, plus 
partial hepatectomy, is more pronounced in female than in male rats. Other authors 
maintain the opposite. 

Hypertension caused by unilateral renal artery constriction is more readily pro
duced in male than in female rats. 

Several investigators claimed that female mice and rats are more resistant to 
total body X-irradiation than males. However, this difference is not particularly 
pronounced and may not be obvious under extreme experimental conditions. Male 
rats (unlike females), fed X-irradiated beef, die of internal hemorrhages, the severity 
of which is aggravated by testosterone. 

Fernale rats and mice are more resistant to anoxia than males. 
In rats, resistance to burns or exposure to cold is not clearly related to sex. 
Rats in proestrus and estrus show a subnormal EST. 
Malerats areallegedly less resistant than females to trauma in the N oble-Collip drum. 
Gastric ulcer formation under the stressor effect of forced muscular exercise is 

more common in female than in male rats. 
Tumor formation following inoculation with adenovirus-12 is more common in 

female than in male hamsters. 
Certain investigators also reported sex-dependent differences in hepatic enzyme 

activities; these will be described in greater detail in the Abstract Section. 

Hepatic Lesions +-

MacKay & Garne A14,767j38: In rats, the 
hepatic steatosis normally occurring during 
24 hrs of fasting after partial hepatectomy is 
more pronounced in females than in males and 
can be largely prevented by adrenalectomy. 

Berrrw,n A46,758j46: Contrary to earlier 
claims less hepatic fat deposition has been 
found following partial hepatectomy in female 
than in male rats. 

Chambon et al. F80,788j66: In the rat, 
hepatic regeneration following partial hepatec
tomy is more rapid in females than in males. 
However, castration stimulates hepatic re
generation in both sexes. 

Gershbein H 31,893j70: In intact male rats, 
unlike in females, DDT caused liver enlarge
ment. This and other insecticides also enhance 
liver regeneration after partial hepatectomy 
in males but not in females. 

Renal Lesions +-

Bein et al. 057,714/58: In male rats with 
hypertension produced by unilateral renal 

artery constriction, vascular lesions are more 
common than in females. Gonadectomy does 
not significantly alter these changes in males 
but aggravates them in females. Parathyroid
ectomy has no significant effect upon them. 

lonizing Rays +-

Dobrolvolskaia-Zavadskaia et al. 86,799/41: 
Fernale rats are much more resistant than 
males to total body X-irradiation. 

Abrams B58,956j51: "In general, sex 
appears to exert no significant influence on 
the capacity of mice to withstand whole body 
irradiation." 

Ingbar & Freinkel B68,221j52: Post-pu
bertal male mice are more sensitive to total 
body X-irradiation than females. 

Langendorff & Koch B98,043f54: Male 
mice aremoresensitive than females to X-irra
diation but after gonadectomy females are 
more sensitive than males. Testosterone in
creases the radioresistance of the female far 
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beyond the norm. Estradiol causes no further 
increase in the radioresistance of the castrated 
male. 

Betz 013,907{55: There is no obvious sex 
difference in X-ray resistance among mice. 
Pretreatment with testosterone offers definite 
protection especially to females, but here again, 
treatment after exposure is without effect. 
Curiously, estradiol pretreatment also offers 
protection, whereas given after exposure it 
actually decreases resistance. 

Rugh & Olugston 011,209{55: Male CF1 

mice are more X-ray sensitive than females 
regardless of the phase of the estrous cycle in 
the latter. Fernales are most resistant during 
estrus. 

Kohn & Kallman 025,371{56: Fernale 
mice are only very slightly more resistant to 
total body X-irradiation than males. 

Rugh & WoZU 019,209{56: Fernalemice are 
more resistant to total body X-irradiation than 
are males. Orchidectomy raises resistance, 
and this is further increased by treatment with 
estradiol. In intact males, estradiol raises 
X-ray resistance to the same Ievel as in 
castrates. 

Langendorff et al, 036,885{57: Male mice 
are much more sensitive to X-irradiation than 
females. Orchidectomy increases resistance. 

HamiUon et al. D64,060f63: Male mice 
survived y-irradiation somewhat Ionger than 
females. Orchidectomy has no effect upon the 
survival time, but ovariectomy slightly pro
longs it. 

Malkotra & Reher E36,906f63: Male, unlike 
female, rats fed X-irradiated beef die of 
internal hemorrhage with severity and letha
lity which can be aggravated by testoster
one. The Iiterature on the effect of sex, 
castration and stilbestrol upon the Iethality 
of irradiated beef feeding is discussed. 

Flemming & Langendorff G38,381f65; Lan
gendorff & Langendorff G42,801f66: Fernales 
are more resistant than males to total body 
X-irradiation, and resistance can be increased 
in both sexes by natural and synthetic folli
culoids. 

Hypoxia+-

Britton & Kline 93,980{45: Adult female 
rats are much more resistant to anoxia than 
males perhaps because their adrenals are !ar
ger. Adrenocortical extract raises resistance to 
anoxia, whereas DOC does not. 

Kline & Britton 85,856{45: At 16°0 female 
rats withstand anoxia Ionger than males. At 
higher temperatures the difference is less 

pronounced. "Estrous conditions and estrogens, 
castration, etc., do not appear related to the 
different responses.'' 

Emmens & Parkes B4,928f47: Male mice 
are considerably more sensitive than females 
to anoxia (closed vessel technique). Various 
thyroid preparations increase sensitivity to 
anoxia. 

Te1nperature Variations +

Denison & Zarrow B77,713f52: Fernalerats 
are more resistant than males to chronic expo
sure to cold. 

Einheber et al. B68,195f52: Male rats are 
more resistant to burn shock than females. 

Munan & Einheber B74,511f52: Fernale 
rats are more resistant than males when 
exposed to the combined stressor effect of 
scalding and starvation. 

Munan & Einheber B82,207f53: In rats, 
mortality from burn shock is not influenced 
by sex. 

Electric StiTnuli +-

W oolley et al. D4,062f61: "Rats in proestrus 
and estrus showed a greater excitability, as 
evidenced by a significantly lower EST 
(-6%), than rats in postestrus and diestrus." 

Stressors +- cf. also Selye B40,000f50, 
p. 81. 

Hruza & Poupa 044,659{57; Hruza 074, 
576{59; D5,993f61: Maleratsare less resistant 
than females to trauma in the Noble-CoHip 
drum. 

Aschkenasy-Lelu G9,425f64: Review of the 
various damaging agents against which females 
are more resistant than males, and of the 
resistance-increasing effect of folliculoids. 

Kato & Gillette F57,817f65: The metabo
lism of aminopyrine and hexobarbital by 
hepatic microsomes of male rats is impaired 
by adrenalectomy, castration, hypoxia, ACTH, 
formaldehyde, epinephrine, morphine, alloxan 
or thyroxine. The metabolism of aniline and 
zoxazolamine is not appreciably decreased by 
any of these agents; in fact, hydroxylation of 
aniline is enhanced by thyroxine or alloxan. 
Apparently, the treatments impair mainly the 
sex-dependent enzymes. Accordingly, the 
corresponding enzymic functions of the hepatic 
microsomes of female rats are not significantly 
impaired by the agents which do have an 
inhibitory effect in males. 

Robert et al. G74,748f70: In rats, the gastric 
ulcers produced by forced muscular exercise 
were more common in females than in males 
and could be totally prevented by fasting. 
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Diet+-

Silberberg & Silberberg B48,364f50: "Under 
the influence of a high fat diet, female 057 
mice showed less acceleration of epiphyseal 
development and articular aging than males." 

Tumors+-

McFarlane & Embil H18,880f68: Fernale 
hamsters (Mesocricetus auratus) are much 
more sensitive (90%) than males (15%) to 
the inoculation of adenovirus-12. After gonad
ectomies, 42% of the female and 38% of the 
male hamsters developed tumors. The some
what contradictory earlier Iiterature on this 
sex difference is reviewed. 

Hepatic En111yrnes +-

TKT +-. Lin et al. 096,929/59: TKT 
activity is higher in the liver of male than 
of female rats. This enzyme activity is dimin
ished by castration in males, and increased 
by testosterone in females. Cortisol increases 
this transaminase activity in males much more 
than in females, both in the presence and in 
the absence of the adrenals. 

Gluenronidase +-. Inscoe&Axelrod D1,700f 
60: The ability of microsomes from liver of male 
rats to form o-aminophenol glucuronide in 
vitro is four times as great as in females. 
Estradiol diminishes this enzyme activity in 
males, whereas testosterone increases it in 
females. 

Künzel & Müller-OerlinghausenG64,178f69: 
In vitro glucuronide synthesis is much higher in 
male than female rat liver tissue because of a 
!arger UDP-glucuronic acid supply in the male 
liver. Orchidectomy decreases glucuronide syn
thesis and this decrease can be counteracted by 
testosterone administration in a dosa-depend
ent manner. However, very large doses of tes
tosterone (more than 100 (.Lg per day) decrease 

glucuronide formation. Cyproterone (an anti
testoid) does not inhibit the increase in 
glucuronide synthesis induced by testo
sterone. 

Other Enzymes+-. Knox et al. E83,471f56: 
Review (90 pp., 752 refs.) on "Enzymatic and 
Metabolie Adaptations in Animals" with 
special reference to hormonal, sex-dependent 
and diet-induced adaptive enzymic changes, 
but without special reference to hepatic 
microsomes. 

Freedland et al. G66,662f62: The phenyl
alanine hydroxylase activity of rat liver 
increases with age from embryonie life to 
50-60 days and then declines to stabilize at a 
lower level in females than in males after 
maturity. Fasting and diets deficient in 
phenylalanine cause a rapid decrease in this 
enzymic activity. 

Pan et al. H 3,934/68: The methionine 
adenosyltransferase activity of hepatic homo
genates is higher in female than in male 
rats. "Ovariectomy decreased the enzyme 
level, whereas the administration of 17 ß
estradiol or diethylstilbestrol, but not pro
gesterone, reversed the effect of ovariectomy. 
Estradiol also raised the enzyme level in intact 
male rats to that of the female. Adrenalectomy 
had no effect on the response of the enzyme 
to estradiol. Castration of the male resulted 
in an increase in the activity of methionine 
adenosyltransferase, and the administration 
of androgenic-anabolic hormones brought the 
elevated activity down to the normal level of 
intact males or even lower. Adrenalectomy did 
not abolish the effect of castration. 17 a
Ethyl-19-nortestosterone and 1-methyl-LI1-an
drostenolone were more effective in this 
respect than testosterone, 17 a-methyl-L15-

androstene-3ß,17 ß-diol and 5a-androstan-17 ß
ol-3-one. The effect of the steroids in decreasing 
methionine adenosyltransferase activity seems 
to be associated with their anabolic rather 
than their androgenic action." 

+ PREGNANOY 

Pregnancy greatly changes the resistance of mammals to many agents. This altered 
tolerance may carry over into the postparturn period or it may terminate sharply 
at the time of delivery. 

The altered tolerance during gestation can be primarily due to activities of the 
embryo, the placenta, the ovaries or other organs. In some cases, the underlying 
mechanism has been, at least partially, clarified. For example, some types of resistance 
persist in pregnant animals whose embryos have been removed as long as the pla
centas remain intact. In other cases, when resistance to a toxicant continues during 
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lactation, there is good reason to suspect that excretion of the poisons through the 
milk or the characteristic hormone-secretion pattern necessary for the maintenance 
of milk secretion are responsible. 

In most cases, the reasons for altered tolerance are not known, but they will be 
discussed in the following pages because of their possible dependence upon protective 
hormone secretion and drug-metabolizing enzyme induction. 

Steroids +-

Pregnant rats a.re unusually resistant to various actions of glucocorticoids, such 
as glycogen deposition in the liver, adrenocortical atrophy, catabolism, and decreased 
resistance to infection. This tolerance persists, as long as the placenta remains intact, 
even if the fetuses are removed. 

Pregnant rats are also very resistant to the production of various cardiopathies 
in which corticoids act as conditioning factors, for example, against the infarctoid 
necroses elicited by methylchlorocortisol + NaH2P04• 

Glucocorticoids +-

Chedid et al. C621f54: Pregn.ancy inter
feres with various actions of cortisone in the 
rat, e.g., oecreased resistance to infection by 
S. enteritidis, glycogen deposition in the liver 
and adrenocortical atrophy. 

Beaton &: Curry C42,333f57: Pregn.ant rats 
are unusually resistant to intoxication with 
cortisone even after removal of the fetuses, as 
long as the placentas remain intact. 

Curry &: Beaton C56,647f58: .Although 
pregn.ant rats are particularly resistant towards 
the toxic effects of cortisone, their sensitivity to 
glucagon is not diminished. 

Cortisone +- Pregnancy: Hagen et al. 
G77,512f60 

Gluco-Mineralocorticoids +- cf. also 
Selye C50,810f58, p. 140; G60,083f70, pp. 480, 
483,484. 

Selye C44,470f58: In rats, the infarctoid 
cardiac necrosis and the nephrocalcinosis 
produced by Me-Cl-COL+NaH2PO, are large
ly inhibited by pregnancy. 

Mineralocorticoids +- cf. Selye G60,083f 
70, pp. 480, 482. 

Progesterune +- cf. Selye E5,986f66, PP· 
43, 46; G60,083f70, pp. 480, 483. 

Progesterone +- Pregnancy, Rb: Chat
terton et al. H 31,456/70* 

Nonsteroidal Hor1nones and HorTnone-Like Substances +-

Pregnant rats are unusually resistant to overdosage with thyro:xine and para
thyroid hormone; however, their sensitivity to glucagon is not diminished. On the 
other hand, the production of intracapillary glomerular thrombi and hepatic necroses 
by 5-HT is facilitated by pregnancy in rats. 

Thyroid Hormones +-

BodanBky &: Duff 63,084/36: Pregn.ant rats 
are extraordinarily resistant to the catabolic 
effect of heavy overdosage with thyroxine. 

Parathyroid Hormone +- cf. al8o Selye 
G60,083f70, pp. 479, 482. 

Lehr &: Krukowslci, D81,044f61; D22,446f 
61: In rats, late pregn.ancy (third week) offers 
considerable protection against the nephro
calcinosis, myocardial injury, hypercalcemia, 
and hyperphosphatemia normally produced 
by heavy parathyroid extract overdosage. 

This protective effect does not extend to the 
immediate postparturn period. 

Lehr &: Krukowski E21,312f63: Pregn.ancy 
protects against soft-tisaue calcification produc
ed by parathyroid extract, even in adrenalec
tomized rats. 

Pancreatic Hormones +-

Curry &: Beaton C56,647f58: .Although 
pregn.ant rats are particularly resistant to
wards the toxic effects of cortisone, their 
sensitivity to glucagon is not diminished. 
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Catecholamines +- cf. Selye C92,918f61, 
p. 114; G60,083f70, pp. 480, 483, 484. 

Vasopressin+- cf. Selye G60,083j70, p. 484. 
5-HT +- cf. also Selye E 5,986 f66, pp. 44, 47; 

G60,083j70, pp. 480, 483. 

Waugh & Pearl 083,389/60: In rats, 
intracapillary glomerular thrombi and hepatic 
necroses are produced by 5-HT only during 
pregnancy. 

Drugs +-

The barbiturate resistance of the rat increases during pregnancy, and allegedly 
remains high during lactation. A shortening of barbiturate anesthesia has also been 
reported during gestation in guinea pigs. However the relevant Iiterature is some
what contradictory. For example, certain investigators found that though sleeping 
times are shorter, mortality and respiratory depression are significantly greater in 
pentobarbital-treated virgin rats than in pregnant rats. Indeed, pregnancy may 
increase sleeping time, although it diminishes mortality after pentobarbital treatment. 

The resistance of the rat to the production of bone lesions by lathyrogens is 
likewise increased during gestation; this has been ascribed mainly to a rise in gluco
corticoid secretion. 

During pregnancy, the detoxication of meperidine, pethidine, and promazine is 
impeded as judged by the fact that increased amounts of these drugs are eliminated 
in the urine. 

There is a considerable rise in resistance to overdosage with vitamin-D derivatives 
and DHT during pregnancy in the rat, but apparently not in the cow. 

o-Aminophenol ~ Pregnancy + o
Aminobenzoic acid: Schmid et al. G76, 
338/59; Feuer et al. H 14,579/69* 

Aminopyrine +- Pregnancy: Eriksson 
H30,468f70 

Anaphylactoidogens +- cf. Selye G46,715j 
68, p. 209. 

Aniline ~ Pregnancy: Guarino et al. 
H15,843j69 

Anticoagulants +-

Feuer & Liscio H14,579j69: Review of the 
literature and personal observations on the 
unusually low drug-metabolizing enzyme acti
vity of the liver in newborn rats. In pregnant 
rats, the pentobarbital sleeping time is pro
longed, and there is a reduction in the activi
ties of 4-methylcoumarin-3-hydroxylase and 
uridine diphosphoglucuronic acid: o-amino
phenol transglucuronylase in the liver. The 
low activities of these and other enzymes can 
be raised to or even above those of nonpreg
nant animals by giving inducers in vivo, such 
as 4-methylcoumarin, 3-methylcholanthrene, 
or phenobarbital. Among newborn rats, 
those weaned early had a shorter pentobarbital 
sleeping time than nonweaned controls. 
The reversible reduction of enzyme activity 

during pregnancy is ascribed to an excess of 
folliculoids. 

4-Methylcoumarin +- Pregnancy + 
Phenobarbital: Feueret al. H14,579f69 

Arsenic +-

Agduhr E70,688f41: Repeated mating 
increases the resistance of mice to arsenic. 
Pregnancy further augments this protective 
effect in females. 

Agduhr G37,252j41: In the mouse, sexual 
intercourse as weil as some sex hormone 
preparations increase the storage of arsenic 
in the ground substance of various organs, 
especially the skin, whereas repeated pregnan
cies have an opposite effect and at the same 
time augment resistance against intoxication 
with As20 3• 

Barbiturates +-

Holck & Fink A35,663f40: Sexual activity 
or the absence of it failed to influence ectyl
urea (Nostal) (isopropyl bromallyl barbituric 
acid) anesthesia in rats. However, resistance to 
this barbiturate was markedly raised in 
females which were or recently had been 
pregnant although, even in these, it was 
not brought up to the male Ievel. 
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Holck & Mathieson B644f44: In the rat, 
pregnancy increases the ability to develop 
tolerance against pentobarbital injected every 
90 min over several days and nights. This 
increase in tolerance persisted during lactation, 
but disappeared 8 weeks after parturition. 

Giotti & Donatelli B39,580f48: In guinea 
pigs, barbiturate (Enallylpropymal) anesthesia 
is considerably shortened during the later part 
of pregnancy but returns to its normal length 
after parturition. 

King & Beclcer E38,612f60: Although 
sleeping times are shorter, mortality and the 
degree of respiratory depression are signi
ficantly greater in pentobarbital-treated virgin 
rats than in pregnant rats. 
. King & Becker D5,106f61: Pregnancy 
mcreases sleeping time, but diminishes the 
mortality following pentobarbital treatment. 

King & Becker G78,964f63: In rats, preg
nancy prolongs pentobarbital sleeping time, 
and males are even less susceptible than non
pregnant femalcs. 

King G78,963f64: Review of earlier reports 
and personal Observations showing that, in the 
rat, pentobarbital anesthesia is prolonged, but 
lcssened in depth during pregnancy. Correspon
dingly, pentobarbital disappears more rapidly 
from the blood and tissues of nonpregnant than 
of pregnant rats. 

J;leale & Parke G67,965f69: In rats, 
dunng pregnancy, the hepatic microsomal 
enzymes responsible for the hydroxylation 
of diphenyl, reduction of p-nitrobenzoic acid, 
microsomal protein, and cytochrome P-450, 
are all increased when expressed as a function 
of totalliver weight. However, when calculated 
per g liver weight, the 4-hydroxylation of 
diphenyl and cytochrome P-450 content are 
both significantly decreased. Since, during 
pregnancy, the animal increases in body 
weight, these findings may explain why the 
hexobarbital sleeping time is increased in full
term pregnant rats. 

Barbital(sodium) +-Pregnancy: Fran
ke et al. H31,874/66* 

Pentobarbital, Propallylonal +
Pregnancy: Holck et al. A35,663f40*; 
Holck et al. B644/44*; Feueret al. H14,579/ 
69* 

BCP+-

Tanabe F92,176j67: BOP (5-n-butyl-l
cyclohexyl-2,4,6-trioxoperhydropyrimidine) is 
more toxic for female than for male rats, and 
pregnant females are more sensitive than 
nonpregnant controls. 

Bile Pigments+-

Softer 7,166/33: The excretion of injected 
bilirubin is almost invariably delayed in preg
nant women, suggesting impairment of the 
hepatic function. 

Shibata et al. G80,058f66: In rats, hepatic 
glucuronyl transferase activity is greatly in
creased during the last third of gestation, 
whereas enzymic activity is virtually absent 
in the fetalliver. These divergent changes "raise 
doubt as to whether low enzymic activity in 
the fetus and increased activity after birth are 
the consequence, respectively, of high hormone 
levels in pregnancy, and falling hormone con
centrations in the postparturn period. The maxi
mal rate of bilirubin excretion into bile, the 
bilirubin Tm, remained unchanged in preg
nancy despite the potential for increased bili
rubin conjugation. When coupled with other 
observations, this suggests that the rate of 
delivery of conjugated bilirubin into bile is the 
rate-limiting step involved in the maximal 
transferrate of bilirubin from blood to bile, and 
that the excretory step for bilirubin remains 
unaffected during pregnancy in the rat." 

Song & Kappas G89,521J70: Brief review 
of the Iiterature on the effect of various hor
mones and of pregnancy upon the activity of 
hepatic UDP-glucuronyltransferase. 

Bilirubin +- Pregnancy: Halac et al. 
G77,576j69 

Cadmium+-

Pafizek F31,959J65: In rats, pregnancy in
creases susceptibility to the fatal effect of cad
mium intoxication. At autopsy, the kidneys 
are found to be swollen, hyperemic and hemor
rhagic, especially in the medulla, and there is 
a high incidence of adrenal hemorrhages and 
thrombi in the pulmonary vessels. 

Carbon Tetrachloride +-

Douglas & Clower H20,791f68: In rats, 
pregnancy offers some protection against 
the hepatotoxic effect of 0014• 

Carcinogens +-

Dao & Sunderland D79,860j59; Dao et al. 
E 57,368/60: In rats, the induction of mammary 
carcinomas by 3-MC is enhanced during 
pregnancy, pseudopregnancy, and progester
one treatment. Regression of neoplasms 
occurs after parturition. Males are virtually 
resistant. In fully formed tumors, regression 
could be induced by hypophysectomy or 
ovariectomy. 
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Bock & Dao D11,892j61: In rats, 3-MC ac
cumulation in the mammary glands is in
creased by hypophysectomy or ovariectomy, 
but diminished during pregnancy. The affinity 
of mammary tissue for certain carcinogens may 
be due to its close association with adipose 
tissue. 

Huggins et al. 099,772j61: In rats, the 
production of mammary cancers by DMBA or 
3-MC is inhibited by pregnancy, estradiol, 
progesterone, or combined treatment of 
estradiol + progesterone. 

Bird et al. H 30,425!70: In rats less than 
30 days of age, DMEA or 7-0HM-12-MBA 
produces no adrenal necrosis unless animals 
are pretreated with ACTH. However, a single 
i.v. injection of 7-0HM-12-MBA on the 17th 
day of gestation causes adrenal necrosis in the 
embryos as weil as in the mothers. Pretreat
ment with SKF 525-A protected the adrenals 
both of the embryos and of the mothers. 

3-MC ~ Pregnancy: Huggins et al. 
099,772/61 *; Bresnick et al. H215/68* 

Chlorcyclizine ~ Pregnancy + SKF 
525-A: Posner et al. H31,661j67* 

3 -Methy l-4- monomethy laminoazo
benzene +-- Pregnancy: Bresnick et al. 
H215j68 

Cholesterol +-- cf. Selye G60,083j70, pp. 
479,480. 

Choline +-- cf. also Selye G60,083j70, pp. 
480,483. 

Oalabro B48,121j49; Bozzo B50,296j49: 
In rats the production of hepatic steatosis by 
hypolipotropic high-fat diets is greatly facili
tated by pregnancy. 

Colchicine +-- cf. Selye E 5,986/66, pp. 44, 46. 

Dyes +-

Mueller & Kappas G81,288f64: Review and 
personal observations on the impairment of 
hepatic BSP excretion following treatment with 
natural folliculoids and during pregnancy in 
women. 

Tindall & Beazley G34,865j65: Review of 
the Iiterature and personal observations on wo
men indicate that "during pregnancy the es
sential changes in liver cellular function are: 
(i) a slight increase in the uptake of BSP from 
the plasma; (ii) a twofold increase in the return 
of dye to the plasma; (iii) a reduction by one 
half to two-thirds in the elimination of dye 
into the bile, and (iv) an alteration in the pro
portion of dye lost from the liver cells per 
minute to the plasma and bile respectively." 
These changes are tentatively ascribed to ex
cess folliculoid production. 
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Dye (BSP) ~ Pregnancy, Man: Combes 
et al. E26,415j63* 

Lathyrogens +-

Walker & Wirtschafter 029,985/56: In rats, 
a Lathyrus odoratus diet does not produce 
osteolathyrism during pregnancy, although 
fetal absorption ensues. 

DasZer 0 36,068!57: In rats, pregnancy 
offers protection against osteolathyrism produ
ced by APN. 

Schuurmans D23,829f62: Theoretical con
siderations concerning the influence of preg
nancy upon the formation of dissecting 
aneurysms, based upon experimental observa
tions of others showing that corticoids greatly 
influence angiolathyrism. 

Meperidine +-

Rudofsky & Orawford E58,989j66: After 
administration of meperidine or promazine 
"pregnant women, women on oral contracep
tives and neonates excreted significantly more 
unchanged meperidine than normeperidine, 
whereas the reverse held for the male 'controls' 
and other female groups. Pregnant women, 
women on oral contraceptives and neonates 
excreted more unchanged and minimally 
degraded promazine than non-pregnant wo
men. Stilbestrol and progesterone each chan
ged the pattern of excretion by male subjects 
towards that associated with pregnancy." 
Apparently, pregnancy diminishes the capa
city to metabolize meperidine and promazine, 
-a change reflected in neonates and subjects 
taking oral contraceptives. 

Morphine+-

Bonino 064,366/57: In rats, pregnancy 
shortens the duration of the morphine-induced 
contraction of the tail muscles. 

Ethylmorphine ~ Pregnancy: Gua
rino et al. H 15,843/69 

p-Nitrophenol ~ Pregnancy: Halac 
et al. G77,576j69 

Papain +-- cf. Selye 092,918/61, p. 105; 
G60,083f70, p. 484 

Pesticides +-- Pregnancy, Man: Poli
shuk et al. G72,380/70* 

Pethidine +--

Orawford & Rudofsky G42,454f66: In 
women taking various oral contraceptives, as 
weil as in pregnant women and in neonates, the 
urinary excretion of pethidine and promazine 



Fig. 27. Protection by pregnancy against DHT. Allrats received the same dose of DHT. A: Con
siderable emaciation and shaggy fur of the control rat (top) in comparison with the normal 
appearance of the animal protected against DHT by pregnancy. B: Heart and thoracic aorta, 
with aseparate opened piece ofthe abdominal aorta, of a nonpregnant rat (left) and of one which 
was pregnant during the experiment. White calcified spots in the heart and "gooseneck" ap
pearance of the thoracic aorta due to intensely calcified cross bands. The portion of abdominal 
aorta (incised lengthwise) is stiff and its edges do not readily separate. The heart and aorta of 
the animal protected by pregnancy retain their normal appearance. The opened piece of abdominal 
aorta is so supple that it flattens out, and so transparent that the background pattern shines 
through its wall. C: In the nonpregnant rat (top), DHT caused intense calcification (demonstrated 
by von K6ssa stain) and dilatation (thinning) of the aorta. In the pregnant animal the aorta 

remained normal. [Selye 025,011/57. Courtesy of Amer. J. Obstet. Gynec.] 
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is increased, suggesting interference with the 
detoxication of these drugs. 

Picrotoxin <- Pregnancy: Holck D28, 
543/49* 

Plasmaeid +- cf. Selye 092,918/61, p. 96. 

Promazine +-

Orawford & Rudofsky G42,454f66: In wo
men taking various oral contraceptives, as 
weil as in pregnant women and in neonates, 
the urinary excretion of pethidine and proma
zine is increased, suggesting interference with 
the detoxication of these drugs. 

Rudofsky & Orawford E58,989f66: Mter 
administration of meperidine or promazine 
"pregnant women, women on oral contracep
tives and neonates excreted significantly more 
unchanged meperidine than normeperidine, 
whereas the reverse held for the male 'controls' 
and other female groups. Pregnant women, 
women on oral contraceptives and neonates 
excreted more unchanged and minimally de
graded promazine than non-pregnant women. 
Stilbestrol and progesterone eaeh ehanged the 
pattern of excretion by male subjects toward 
that associated with pregnancy." Apparently, 
pregnancy diminishes the capacity to metabo
lize meperidine and promazine - a change 
reflected in neonates and subjects taking oral 
contraceptives. 

Promazine +- Pregnancy, Man: Craw
ford et al. G78,958/65* 

Tetraethylammonium (TEA) +-

Brust et al. B18,590f48: Observations on 
women revealed that "in normal term preg
nancy the TEAC blood pressure floor is strik
ingly low and rises to normal Ievels after 
delivery. In toxemia the TEAC floor is higher 
than normal and consistently falls to normal 
Ievels after recovery." The TEA (or TEAC) 
floor is defined as the lowest point to which 
the blood pressure descends in the first 5 min 
following injection. 

Vitamin D, DHT +- cf. alsa Selye 050,810/ 
58, p. 140; G60,083f70, pp. 479, 480 

Selye 025,011/57: The generalized calcino
sis produced by heavy DHT overdosage in the 
rat is inhibited by pregnancy, cf. Fig. 27. 

Potvliege E98,323f62: Pregnancy affords 
considerable protection against vitamin-D 
intoxication in the rat. 

Greig G68,415f63: In cows given vitamin
D3 i.v., intense metastatic calcification occur
red in the subendocardium and the subintima 
of the aorta. "These lesions occurred whether 
or not the cows were pregnant at the time 
of injection and whether or not Iactation 
followed." 

Strebel et al. F35,901f65: Cardiovascular 
ealcifieation produced by DHT in the rat is 
inhibited by pregnancy. 

VitaminE+- cf. Selye G60,083f70, pp. 
480,483 

Diet +- cf. Selye E5,986f66, pp. 43, 45. 

Microorganisms +-

The progress of brucellosis is inhibited in the cow by pregnancy, but not by 
injections of progesterone. 

Pregnancy increases the susceptibility of mice to poliomyelitis virus and makes 
the otherwise resistant rat sensitive to the virus of ovine enzootic abortion. Even 
pseudopregnancy increases resistance of the rabbit to vaccine virus. 

On the other hand, resistance of pregnant rats and mice to various types of 
endotoxins is considerably increased during gestation. 

Varia+-

The arteriallesions that develop in dogs kept on a high fat diet upon subsequent 
nephrectomy are prevented by pregnancy. 

Regeneration of the liver following partial hepatectomy is accelerated during 
pregnancy in the rat. 

In rats exposed to strong auditory and visual stimuli, pregnancy did not prevent 
the usual manüestations of stress. 

43• 
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Microorganisms +-

Bacteria <--. Payne 089,814/60: In cows, 
the progress of experimental brucellosis is 
inhibited by pregnancy but not by progester
one. 

Viruses <--. Sprunt & McDearman A33, 
321!40: Treatment with estradiol or estrone, 
as well as pseudopregnancy, increased the 
resistance of the rabbit to vaccine virus. 

Knox B47,631f50: Pregnancy enhances the 
susceptibility of mice to inoculation with 
Col. SK-strain murine poliomyelitis virus p.o. 
This increased susceptibility does not appear to 
depend wholly on a greater permeability of 
the intestinal mucosa, since in a small series, 
essentially similar results were abtairred by i.v. 
inoculation. 

Payne & Belyavin 095,892/60: Pregnancy 
renders the otherwise res:stant rat susceptible 
to infection with the virus of enzootic abortion 
of sheep (E.A. virus). This resistance is prob
ably "due to the presence of placental tissue, 
which allows the virus to establish itself." 

Bacterial Toxins<-- cf. also Selye E5,986f66, 
pp. 43, 44. 

Jasmin B80,596f53: A dose of meningo
coccus toxin i.v. weH toleratedbynonpregnant 
rats produces eclampsia-like hemorrhagic 
lesions in the liver of pregnant or cortisone 
pretreated animals. 

Ohedid & Boyer 010,098/55: In mice, 
resistance to S. enteritidis endotoxin is greatly 
diminished and the protective effect of corti
soneisalso inhibited during pregnancy. 

Tarjan et al. G54,411f67: Review of the 
literature, and personal Observations on the 
sensitization to endotoxin shock by pregnancy. 

Varia+-

Ionizing Rays <--. Mitznegg et al. G77,075f 
70: In rats, pregnancy problots against X-irra-

diation, presumably through the increased 
production of endogenaus folliculoids. Com
bined treatment with clomiphene blocks the 
protective effect of pregnancy perhaps because 
it counteracts the action of folliculoids. 

Renal Lesions <--. Holman & Jones B93, 
771/53: The arterial lesions that develop in 
dogs kept on a standard high-fat diet upon 
subsequent nephrectomy, are prevented by 
pregnancy, cortisone, ACTH, or diethyl
stilbestrol. 

Hepatic Lesions <--. Gershbein G71,666f58: 
Pregnancy greatly accelerates regeneration of 
rat liver afterpartial hepatectomy. 

Gonzales-Angulo et al. H 30,301/70: In nor
mal pregnant warnen, liver biopsies revealed 
elongation, gigantism and lamellar osmiophilic 
mate::-ial in hepatocytes during the last tri
mester of gestation. In warnen with hydatidi
form male or choriocarcinoma, mild focal 
dilatation and vesiculation of both RER and 
SER were noted. 

Stressors<--. Soiva et al. 097,218/60: In rats 
exposed to strong auditory and visual stimuli, 
"pregnancy could not protect the organism 
from the consequences of stress." 

Hepatic Enzymes <--. Beaton et al. A 49,354/ 
54: In rats, on about the fifteenth day of 
gestation, there is a marked increase in protein 
anabolism accompanied by a decrease in 
hepatic GPT andin the rate of urea formation 
in liver slices. 

Beaton et al. 010,012/55: STH decreases tl:.e 
GPT and d-amino acid oxidase activity in non
pregnant female rats. These effects are even 
more pronounced if the animals receive STH + 
"equine estrogenic substances" + progesterone. 
This enzyme activity also decreases during 
pregnancy both in intact and in hypophysecto
mized rats. 

+AGE 

Steroids +--

There appear to be considerable differences in the biotransformation of steroids, 
which depend upon age or, at least, upon changes (e.g., sexual maturation, senile 
involution of the gonads) that are, in themselves, age-dependent. 

Fernale rats are more sensitive to steroid anesthesia than males, but this sex 
difference is obvious only after maturity, and young animals of either sex are more 
sensitive than adults. 

The effect of age upon the metabolites formed from various steroid hormones 
has been studied in detail. (cf. Abstract Section.) 
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Drugs+--

In general, the metabolizing ability of the liver for a variety of substrates is low in 
newborn rats. 

The aminopyrine demethylase activity of the microsomal fraction, though low 
at birth, rises during the first 30 days, and after puberty, particularly in males. 

Much work has been done on the age-dependence of barbiturate detoxication. 
Pentabarbital resistance increases with age up to puberty, particularly in male rats. 
Among 2-month-old rats, practically all developed tolerance to the injection of 
pentobarbital (given at 90 min intervals, day and night, for periods up to five days). 
The same was true of adult males in cantrast to females. Orchidectomy decreased 
the ability to develop tolerance in adults, but not in 2-month-old males. There is 
good evidence to suggest that the lack of a clear-cut sex difference in the barbiturate
detoxifying ability of immature rats is due to the comparatively low level of cata
toxic testoid secretions. 

Among newborn rats, those weaned early exhibit a shorter pentobarbital sleeping 
time than nonweaned controls. 

According to recent observations, the LD50 of hexobarbital rises considerably 
between the 12th and 130th day of life; however, the blood concentration of the 
barbiturate at waking time is not age-dependent. 

The hexobarbital-metabolizing activity of the rat liver is extremely low during 
the neonatal period and rises gradually, up to the 80th day of life, to a level which 
is much higher in males than in females. X-irradiation of pregnant rats results in a 
deficiency of hexobarbital-metabolizing enzymes in their male offspring. However, 
such irradiation does not suppress the subsequent induction of this enzyme activity 
by phenobarbital. Actinomycin D inhibits both ontogenic and phenobarbital-induced 
increases in enzyme activity. Apparently, the X-ray-induced inhibition of hepatic 
enzymes is mediated through an effect upon the hormonal regulation of enzyme
induction, whereas the substrate-induced enzyme synthesis is independent of such 
endocrine controls. 

In young and old rats, the anti-indomethacin effect of PCN is essentially the same 
if the dose levels are adjusted to body weight. 

In pregnant women andin their neonates, the capacity to metabolize meperidine, 
pethidine and promazine is low as judged by the increased urinary excretion of 
these drugs. 

Immaturerats are especially sensitive to certain pesticides (e.g., Malathion), and 
their livers detoxify such compounds at a slow rate. 

Fernale rats are more sensitive to strychnine intoxication than males, but resist
ance increases with age in both sexes. 

Hepatic Enzymes +--

The TPO and TKT activity of rat liver is very low during fetallife but begins to 
rise a few hours after birth. This increase in TKT activity is prevented by adrenal
ectomy, and tyrosine cannot substitute for cortisol in restoring it towards normal. 
Premature delivery by cesarean section is also rapidly followed by increased TKT 
activity. Under all these conditions, the possibility to induce enzymic activity by 
cortisol coincides with delivery. 
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In guinea pigs, TKT activity is also absent during fetallife and increases to adult 
values within 24 hrs after birth. 

In chickens, enzymic activity is relatively constant during the embryonie period, 
but rises after hatching. 

Hepatic TKT activity increases in immature stressed (reciprocating shaker) rats, 
whereas intact stressed adults show no change. In stressed adrenalectomized adults, 
TKT activity dropped precipitously, whereas this was not the case in immature 
adrenalectomized rats. 

TPO activity, when present, was increased by stress in old rats, but this increase 
was abolished by adrenalectomy or hypophysectomy. From these and other obser
vations, it was concluded that "stress-activation of a pituitary mechanism that 
inhibits or represses activation of tyrosine transaminase may not function during 
early postnatallife." 

Several other enzyme mechanisms (e.g., GOT, phenylalanine hydroxylase, OKT) 
have been found tobe largely age-dependent. 

Steraids +-

Selye A35,150f41: Fernale rats are more 
sensitive to anesthesia produced by various 
steroids than are males, and young animals of 
either sex are more sensitive than adults. 

Winter & Selye A35,658f41; Winter A36, 
333/41: Fernale rats are more sensitive than 
males to the anesthetic action of progesterone, 
but this sex difference is obvious only after 
maturity. "The normal endocrirre activity of 
the testis is largely, if not entirely, responsible 
for this comparative resistance of the males 
since castration increases sensitivity in males 
but is without effect in female rats. Conversely 
the resistance of castrate males and females 
may be raised by methyl testosterone adminis
tration." 

Karnofsky et al. B69,772f52: Newborn mice 
are extremely sensitive to the anesthetic and 
Iethai effect of progesterone, but within 2-3 
days resistance develops, and by the 7th day 
the mouse can tolerate about 100 times as 
much progesterone as on the day ofbirth. "The 
rapid development ofresistance to progesterone 
within a few days after birth suggests that a 
system or mechanism has appeared which is 
capable of detoxifying, catabolizing, counter
balancing or accelerating the excretion of pro
gesterone." 

Forchielli et al. D75,874f58: The rate of Ll 4 

reduction of 11-desoxycortisol was 3-4-fold 
greater in female than in male rat liver homo
genates and in microsomal fractions contain
ing the L1 4-5a-hydrogenase. Fernale rat liver 
contains only one Ll 4-hydrogenase (5a-micro
somal), whereas the male liver contains the 
soluble Ll 4-5ß-hydrogenase as weil. Ovariecto-

my caused no marked change in enzyme titer, 
but hypophysectomy decreased it sharply. 
Curiously, ACTH, STH, and pregnant mare 
serum partially restored the enzyme Ievel in the 
hypophysectomized rat. In young animals, an 
increase in the titer of hepaticLl 4-5a-hydrogen
ase occurs prior to puberty. This fact (like the 
negative results after ovariectomy) suggests an 
independence of enzyme regulation from ova
rian hormones. 

Lehmann & Schütz H 14,215/69: The 
microsomal fraction of the liver of the mature 
human fetus metabolizes 4-HC-estrone twice 
as fast as that of the 12-week-old fetus. The 
highest rate of metabolism was found in the 
microsomal fraction of the liver of an adult 
man. "By paperchromatography, microchemi
cal reactions and crystallization to constant 
specific activity, the following metabolites were 
identified: 6a-, 6ß-, 7a-, 15a- and 16a-hy
droxyoestrone, 6a-, 6ß- and 7a-hydroxyoestra
diol-17 ß and oestriol." 

Conney et al. E 8,232 f69: The microsomal 
enzymes required for the 6ß-, 7 a- and 16a-hy
droxylation of testosterone are selectively 
influenced, as shown by the speed of their 
development with age or after treatment with 
phenobarbital or 3-methylcholanthrene. Addi
tion of chlorthion, in vitro, to hepatic microso
mes markedly inhibits the 16a-hydroxylation 
of testosterone, whereas it has a lesser effect 
on 16ß-hydroxylation and no effect on 7 a
hydroxylation. 

Cortisol ~ Age: Houck et al. E21,446/ 
63* 

Cortisone ~ Age: Hagen et al. G77, 
512/60 
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Dehydroepiandrosterone ~ Age, 
Man, Mky, Rat: Heinrichsetal.F72,860f66 

Dehydroepiandrosterone ~ Age, 
Gp, Man, Rat: Pulkkirren G39,295f66 

Estradiol ~ Age: Kuntzman et al. F27, 
893/64; Conney et al. G65,135f65; Kuntzman 
et al. G66,245f66; Nobuyoshi et al. F69,360/ 
66*; Hertogh et al. H31,447/70* 

Estrone ~ Age, Gp, Man, Rat: 
Pulkkirren G39,295/66 

Pregnanolone +- Age: Soyka et al. 
H31,803J70* 

Progesterone ~ Age: McCormack et al. 
F9,493/64*; Kuntzman et al. G66,245f66 

Synthetic Estrogens ~ Age: Noble 
A30,160/39* 

Testosterone ~ Age: Kuntzman et al. 
F27,893f64; Conney et al. G65,135f65; Kuntz
man et al. G66,245f66, G71,857f68 

Drugs +

Acetaminophen +- Age, Dog: Baader 
et al. D43,960/64* 

Acetanilide ~ Age, Rb: Fouts et al. 
H24,325f59; Fouts G77,514f62 

Acetazolamide +- Age, Mouse, Rat: 
Petty et al. F58,540/65* 

Acetophenetidin ~ Age, Gp: Jon
dorf et al. E90,586J58; Baader et al. D43,960/ 
64* 

p-Aminobenzoic Acid ~ Age, Gp: 
Dutton G 70,064/59 

o-Aminophenol ~ Age: Brown H28, 
215/57; Dutton G70,064f59; Schmid et al. G76, 
338/59; Gartner et al. E28,857J63; Baader et al. 
D43,960/64*; Flint et al. G78,603f64; Dutton 
G78,598J66 

Aminopyrine ~. Soyka G66,626f69: In rat 
liver, the aminopyrine demethylase activity 
of the microsomal fraction increased consider
ably during the first 30 days after birth. 
Evidence of an inhibitor was not found during 
this newbom period. After puberty, the 
activity in male rats was about twice as high 
as in females. Testosterone produced only an 
insignüicant rise in females. 

Aminopyrine ~ Age: Jondorf et al. 
E90,586f58; Fouts et al. H24,325f59; Fouts 
G77,514J62; Hart et al. D27,689f62, G69,761/ 
63; Dallner et al. G74,691J65, G74,693f65, 
G78,599f66; Kato G74,104J66; Kato et al. 
H 15,796/68; Klinger et al. H 30,598/68; Tardiff 
et al. H 11,752/69; Mitoma et al. H 31,720/70 

Amphetamine ~ Age, Rb: Fouts 
G77,514f62; Fouts et al. H24,325f59 

Aniline ~ Age: Kato et al. H 15,796/68; 
GrametaL G68,711J69; Elingetal. H27,047/70 

Anticoagulants +- Age: Saidi et al. 
F32,236/65*; Feuer et al. H 14,579/69 

Barbiturates ~. Garmichael D68,076f38: 
The LD50 of pentobarbital (Nembutal) in
creases with age but "there does not seem tobe 
a definite sex difference in reaction to the 
median Iethai dose of Nembutal of either 
young or old rats." In earlier observations in 
which males were found to be more resistant to 
barbiturates, the anesthetic action and not the 
Iethai effect was detennined. 

Holck & Mathieson B644f44: In rats, the 
development of tolerance to pentobarbital was 
determined by injecting increasing doses every 
90 min, day and night, for periods up to 5 days. 
Practically all 1-2-month-old rats developed 
tolerance as did adult males in contrast to 
females. Castration lowered the ability of 
adult males to develop tolerance, but did not 
do so in 2 month-old males. Ovariectomy of 
2 month-old females increased their ability to 
detoxify pentobarbital, once tolerance had 
developed. 

Hamburger et al. E61,371f47: Fernale rats 
are more sensitive than males to pentobarbital 
but not to thiopental anesthesia. Age and strain 
differences in barbiturate resistance have also 
been noted in the rat. 

Buchel D73,669f54: Review on the litera
ture, and personal observations on the increas
ed sleeping time of female as compared to male 
rats, after treatment with certain barbiturates, 
particularly hexobarbital. The increased sleep
ing time is associated with a prolonged per
sistence of the concentration of the drug in the 
blood. Gonadectomy prolongs the sleeping time 
of males but does not influence that of females. 
In immature rats no such sex difference is 
observed. 

Kato E87,340f60: Chlorpromazine pre
treatment reduces barbiturate sleeping time 
even in adrenalectomized or immature rats. 

Nair & Zeitlin G65,099f67: The hexobarbi
tal-metabolizing activity of the rat liver is 
extremely low after birth and rises gradually, 
up to the 80th day of life, to levels much 
higher in males than in females. Prenatal 
X-irradiation suppresses this normal develop
ment of enzyme activities in the male so that it 
only reaches the normal female Ievel. Irradia
tion at 21 days (total body or head alone) also 
suppresses the developmental increase of enzy
me activity, but to a lesser extent. Adults are 
still more resistant. 

Nair et al. G67,245f68: X-irradiation of 
pregnant rats result.s in male offspring defi
cient in hepatic microsomal enzymes which 
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metabolize hexobarbital. However, irradiation 
did not suppress the increase of enzyme activi
ty brought about by chemical inducers (pheno
barbital). Actinomycin inhibited both the 
ontogenic and phenobarbital-induced increases 
in enzyme activity. "The ontogenic increase 
in enzyme activity is hormone-dependent, 
while that following phenobarbital adminis
tration is independent of hormonal regulation 
as evidenced by the response in hypophysecto
mized or sexually immature animals. It is 
concluded from these results that the inhibi
tory effect of X-irradiation on the hepatic 
enzyme system is mediated through an action 
on the hormonal regulation of enzyme acti vity." 

Feuer & Liscio H 14,579/69: Review of the 
Iiterature and personal observations on the 
unusually low drug-metabolizing enzyme acti
vity of the liver in newborn rats. Among new
born rats, those weaned early had a shorter 
pentobarbital sleeping time than nonweaned 
controls. 

Klinger H25,517j70: In male rats, the LD50 

of hexobarbital in mg/kg rises from 160 to 343, 
between 12-130 days after birth; however, 
the blood concentration of hexobarbital at 
waking time is not age-dependent. The sleep
ing time is directly correlated with the speed of 
biotransformation by hepatic microsomes in 
vitro. CC14-prolongs sleeping time. Following 
acute habituation in CCI4-treated rats, the 
hexobarbital concentration of the plasma at 
waking time is comparatively high. 

Barbital(sodium) +- Age(Embryo): 
Franke et al. H31,874j66*; Kuhlmann et al. 
G74,362j70* 

Hexabarbital ~ Age: Jondorf et al. 
E90,586j5S; Fouts et al. H24,325j59; Fouts 
G77,514f62; Hart et al. D27,689j62, G69,761j 
63; Kato et al. G17,077j64; Kuntzman et al. 
F 27,893/64; Conney et al. G65,135j65; Kuntz
man et al. G66,245j66; Kupfer et al. G40,053f 
66; Yam et al. G58,163j67*; Fujii et al. H28, 
618/68*; Kato et al. H 15,796/68; Klinger et al. 
H30,598/68*; Dixon et al. H 30,692/68; Trae
ger et al. H23,856/69*; Kuhlmann et al. 
G74,362j70* 

Mephobarbital ~ Age, Fowl: Stritt
matter et al. G66,629j69 

Pentabarbital ~ Age: Boer A52,450/ 
47*, A48,817f48*; Kato E87,340/60*; Wea
therall G76,306f60*; Kato et al. G 17,077/64*; 
Kato G74,104j66; Soyka H 30,981/68; Feuer 
et al. H 14,579/69* 

Phenobarbital +- Age, Mouse, Rat: 
Petty et al. F 58,540/65*; Mitoma et al. 
H31,720j70 

Thiopental ~ Age+ Sex, Dog: Boer 
A52,450j47* 

Bilirubin ~ Age: Brown H28,215j57; 
Schmid et al. G76,338/59*; Sutherland et al. 
G78,607/61 *; Catz et al. G71,888/62*; Har
greaves et al. H30,986j62*; Flint et al. G78, 
603f64; Brown et al. G78,957j65*; Tomlinson 
et al. G76,303j66; Jacobsen et al. H30,765/67*; 
DeLeon et al. G 71,826/67*; Halac et al. G 77, 
576/69 

Carcinogens ~. Bird et al. H 30,425!70: In 
rats less than 30 days of age, DMBA or 7 -OHM-
12-MBA produces no adrenal necrosis unless 
animals are pretreated with ACTH. However, a 
single i.v. injection of 7-0HM-12-MBA on the 
17th day of gestation causes adrenal necrosis in 
the embryos as well as in the mothers. Pre
treatment with SKF 525-A protected the adi'e
nals both of the embryos and of the mothe:s. 

Benzo(a)pyrene ~ Age, Mouse: 
Epstein et al. G77,545/67* 

Carcinogens ~ Age: Noble A30,160/ 
39*; Schoental H27,417/70* 

7 ,12-Dimethylbenz(a)anthracene ~ 
Age: Ford et al. D69,790j63*; Huggins et al. 
E 35,442/63 *, G 14,366/64 * 

3-MC ~ Age, Mouse: Klein G76,354f59* 
3- Methy 1-4- monomethy laminoaz oben
zene +- Age: Bresnick et al. H215j68 

N-Nitrosodimethylamine +- Age + 
Sex+ Methyltestosterone: Venkatesa!l et 
al. H 31,273/70 

2-Naphtylamine ~ Age: Dewhm·st 
G76,687 /63* 

Carisoprodol ~ Age: Kato et al. 
G 7 4,632/61, G 17,077 j64* 

CCl4 +-Age(newborn): Dawkins G78,605/ 
63*; Reuber G73,605j70* 

C02 +- Age, Mouse, Rat: Petty et al. 
F58,540j65* 

Chloramphenicol +- Age(newborn), 
Man: Weisset al. H33,308/60* 

Chlorcyclizine ~ Age (Embryo+ 
SKF 525-A: Posner et al. H31,661f67* 

Chlorpromazine ~ Age, Rb: Fouts et 
al. H24,325j59; Fouts G77,514j62 

Codeine ~ Age, Rb: Eddy A50,050f39* 
Fouts G77,514j62 

Dirnethylaniline +- Age, Bullfrog: 
Machinist et al. H 15,503/68 

Diphenyl ~ Age, Hamster, Mouse, 
Rat, Rb: Creaven et al. G77,565f64 

Diphenylhydantoin +- Age, Mouse, 
Rat: Petty et al. F58,540/65* 

Dyes (BSP), Phenolphthalein ~ 
Age: Brown H28,215j57; Jondorf et al. 
E90,586j58; Dutton G78,598j66 
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Ethyl Ether ~ Age, Rat, Rb: 
Weatherall G76,306/60* 

Freons (112, 113) ~ Age (infant), 
Mouse: Epstein et al. G77,545/67* 

Gonadotrophins ~ Age: Zarrow et al. 
E20,351f63* 

Griseofulvin ~ Age, Mouse: Epstein 
et al. G77,545/67*; H30,997 /67* 

Indomethacin ~. Selye P ROT. 34038, 
34405: In rats of different age groups, the anti
indomethacin effect of PCN is essentially the 
same if administered at dose Ievels adjusted to 
body weight. 

Menthol~Age, Gp: Dutton G70,064f59 
Meperidine, Pethidine, Promazine ~. Ru

dofsky & Crawford E58,989f66: Apparently, 
pregnancy diminishes the capacity of women to 
metabolize meperidine and promazine, a 
change reflected in their neonates. 

Crawford & Rudofsky G42,454f66: In wo
men taking various oral contraceptives, as weil 
as in pregnant women and in neonates, the 
urinary excretion of pethidine and promazine is 
increased, suggesting interference with the de
toxication of these drugs. 

Meprobamate ~ Age: Katoetal.H27, 
665/61 *; G 17,077 /64* 

Monomethyl-4-aminoantipyrine ~ 
Age, Gp: Jondorf et al. E90,586f58 

N- Monomethy l- p -ni troaniline~ Age 
(Embryo)+ Phenobarbital (to mother), 
Man, Mouse: Pomp et al. H 14,237!69 

Morphine ~ Age: Chesler et al. A52, 
010/42* 

Morphine Derivatives ~ Age, Rb: 
Eddy A50,050f39*; Kupferberget al. E21,867/ 
63* 

Ethylmorphine ~ Age: Davies et al. 
H22,054f68; Sasame et al. G72,114f68; Gram 
et al. G68,71lf69 

Neoprontosil ~ Age, Rb: Fouts 
G77,514f62 

Nikethamide ~ Age: Brazda et al. 
B32,015f48; Wilson et al. E43,062f50* 

p-Nitroanisole ~ Age: Pomp et al. 
H 14,237/69; Strittmatter et al. G66,629f69; 
Tardiff et al. H 11,752/69; Mitoma et al. H 31, 
720(70 

p-Nitrobenzoic Acid ~ Age: Fouts 
et al. H24,325f59; FoutsG77,514f62; Hart et al. 
D27,689f62; Kato et al. H 15,796/68 

p-Nitrophenol +- Age: Dutton G78,598f 
66; Neubauret al. H 30,996/66; Pulkkinen G39, 
295(66; Halac et al. G77,576f69 

p-Nitrophenyl ~ Age, Rb: Tomlin-
son et al. G76,303f66 

Norchlorcyclizine ~ Age (Embryo) 
+SKF 525-A: Posner et al. H31,661f67* 

Pesticides ~. Brodeur & DuBois F40,590f 
65: Immature rats are more sensitive to 
malathion than adults, and their livers de
toxify the insecticide at a slow rate. Orchidec
tomy decreases, whereas testosterone increases, 
malathion detoxication. All of this suggests 
that testoids play an important role in the 
maintenance of the malathion-hydroxylating 
enzyme system. 

Al drin+- Age: Gillett G74,480f69 
Chlorthion ~ Age, Gp, Mouse, Rat: 

Neal et al. F40,198f65 
DDT ~ Age: Neal et at. 17,438/45*; 

Lauget al. A94,356f50* 
EPN ~ Age, Gp, Mouse, Rat: Neal 

et al. F40,198f65; Tardiff et al. H11,752f69 
Fenthion ~ Age: DuBois G77,578f67* 
Guthion ~ Age: Rietbrink et al. 

G26,464/64*; Du Bois G77,578/67 
Methylparathion ~ Age, Gp, Mou

se, Rat: Neal et al. F40,198f65 
OMPA ~ Age: Kato etal. G17,077f64* 
Organochlorine +- Age(newborn), 

Man: Polishuk et al. G72,380f70* 
Parathion ~ Age, Gp, Mouse, Rat: 

Neal et al. F40,198f65 
Pesticides +- Age: Brodeur et al. E33, 

487/63* 
Picrotoxin ~ Age: Holck D28,543/49* 
Phenylbutazone ~. Klinger et al. H28,896f 

70: In rats, phenylbutazone reduces hexo
barbital sleeping time and increases the fresh 
weight of the liver as well as the ability of the 
hepatic 9000 g supernatant to enhance amino
phenazone-N-demethylation. An increase in 
the ascorbic acid concentration of the liver was 
noted only in young animals, but the urinary 
excretion of ascorbic acid was as pronounced 
as after barbital treatment. Phenylbutazone 
administration to the pregnant mother failed 
to elicit an induction effect in the fetuses as 
jugded by hepatic ascorbic acid determinations 
and by ultrastructural studies of the fetallivers. 
Proliferation of the SER was obtained by 
phenylbutazone in 10-day-old or older rats, 
often in association with an increase in the 
number of Iysosomes and mitochondrial 
changes, as well as by evidence of intrahe
patic cholestasis. 

Promazine+-Age(Embryo, new born), 
Man: Crawford et al. G78,958/65* 

Strychnine ~. Poe et al. A45,388f36: 
Fernale rats are more susceptible to strychnine 
than males and, in both sexes, toxicity de
creases with age. 
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Strychnine <- Age: Kato et al. G17, 
077!64* 

Sulfanilamide <- Age: Krems et al. 
A46,116j41*; Petty et al. F58,540/65* 

Urethan <- Age, Rat, Rb: Weather
all G76,306f60* 

Zoxazolamine <- Age: Fujii et al. 
H28,618/68*; Dixon et al. H 30,692/68 

Varia~- Done G81,518j64: Review (47 pp., 
417 refs.) on differences in the drug sensitivity 
of immature and adult animals_ 

Done G81,512j66: Review (20 pp., 143 refs.) 
on "perinatal pharmacology" with a special 
section on drug-enzyme interactions. 

Goldenthal G81,411j71: Extensive tabula
tion of LD50 values for newborn and adult 
mammals (rat, mause, dog) from the Iiterature 
and the files of the U.S. Food and Drug Ad
ministration. 

Hepatic Lesions ~ 

Bucher G68,62lf63: Review on the influ
ence of age upon hepatic regeneration. 

Hepatic Enzy~nes ~ 

TPO, TKT <-. Rivlin & Knox 071,249/59: 
The TPO activity of rat liver increases with 
age and body weight, as well as after STH
injection. 

Sereni et al. C 80,562/59: TKT activity is 
very low in the livers of fetal rats, but rapidly 
increases 2 hrs after birth, reaching a maximum 
(at least twice the usual adult Ievel) at 12 hrs. 
Adrenalectomy or injection of amphenone at 
birth delays the development of this enzyme, 
whereas cortisol reverses the effect of adrenal
ectomy. 

Kenney D98,193f60: In the rat, hepatic 
TKT activity increases sharply after birth. 
This increase is prevented by adrenalectomy, 
and tyrosine cannot substitute for cortisol 
in restoring transaminase development. Me
thionine is as active as tyrosine in increasing 
the response to cortisol after adrenalectomy, 
and this process does not depend upon the 
specific substrate as such, but apparently upon 
the presence of certain amino acids. Immuno
chemical assays "are clearly incompatible with 
a mechanism of induction involving de novo 
synthesis of enzyme protein and suggest that 
adrenal steroids promote either the activation 
of an antigenically similar but enzymically 
inactive precursor protein, or the release of an 
inhibitor." 

Greengard et al. D63,145f63: In adrenalecto
mized rats, "the administration of puromycin 
inhibited the cortisone-induced elevation of 
tryptophan pyrrolase and tyrosine-a-keto-

glutarate transaminase activity as well as the 
substrate-induced elevation of the latter. 
Actinomycin D abolished the cortisone-media
ted rise in the Ievel of both enzymes but did not 
influence the tryptophan-mediated increase in 
the Ievel of tryptophan pyrrolase." In newborn 
rats, the development of hepatic TKT was inhi
bited by actinomycin, but neither adrenalec
tomy nor actinomycin irrterlered with the 
postnatal development of hepatic TPO. Appa
rently, accumulation of TPO (unlike that of 
TKT) is not under adrenal control and can 
proceed despite inhibited RNA synthesis. 

Litwack & Nemeth G26,050f65: Hepatic 
TKT activity increases in the rabbit 2-4-fold 
at birth. A similar increase is abtairred precoci
ously in the event of premature delivery by 
cesarian section, whereas proionging gestation 
delays the rise in enzymic activity. Under all 
these conditions, the ability of cortisol to cause 
a further rise in enzymic activity coincides with 
delivery. In the guinea pig, TKT is absent 
during fetal life, and increases to adult values 
within 24 hrs after birth. The enzyme activity 
in the newborn is stimulated by cortisol, 
though a single injection is without effect in 
the fetus or adult. In chickens, enzymic acti
vity is relatively constant during the embryo
nie period, but rises 2-3-fold after hatching. 

Schapiroetal. F65,746f65-66: "Infant rats, 
four and eight days after birth, respond to the 
stress of 30 minutes on a noisy reciprocating 
shaker with a !arge increase in liver aromatic 
amino acid transaminase activities. Adult rats 
exposed to the same stress do not exhibit this 
change. In the adult rat the inducing effects of 
cortisol on transaminase activities are blocked 
by this stress. These results suggest the acti
vation of a mechanism(s) in the adult rat which 
opposes the enzyme inducing effects of corti
sol." 

Schapiro et al. F67,227j66: Hepatic TKT 
activity increased in immature, stressed 
(reciprocating shaker) rats, whereas intact 
stressed adults showed no change. In the 
stressed adrenalectomized adults, TKT acti
vity markedly decreased, while in adrenalec
tomized immature rats it showed no change. 
Hypophysectomy largely abolished inhibition 
in the adults. TPO activity, when present, was 
increased by stress in old-age groups, but the 
increase was abolished by adrenalectomy and 
hypophysectomy. "The results suggest stress
activation of a pituitary mechanism that 
inhibits or represses activation of tyrosine 
transaminase and that may not function dur
ing early postnatallife." 
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Adelman H 32,850/70: Briefreview on age
dependent enzyme induction with personal Ob
servations on ACTH-induced hepatic TKT in 
the rat. 

Other Enzymes +--. Oohen & Hekhuis 93, 
220/41: GOT activity was subnormal in six 
types of mouse tumors, regenerating rat liver, 
and fetal kitten (compared with adult cat) 
tissues. Apparently, an inverse relationship 
exists between transaminase activity and 
protein synthesis. 

Knox et al. E83,47lf56: Review on metabo
lic and particularly enzymic adaptations, 
with a special section on the effect of age. 

Oonney & Burns G67,166f62: Review on 
drug metabolism in the newborn. 

Freedland et al. G66,662f62: The phenyl
alanine hydroxylase activity of rat liver 
increases with age, from embryonie life to 
50-60 days, and then declines to stabilize 
after maturity at a lower level in females than 
in males. Fasting and diets deficient in phenyl
alanine cause a rapid decrease in this enzymic 
activity. 

Oonney F88,649f67 (p. 338): A review of 
the Iiterature on enzyme induction in animals 
of different species, strains and age. 

Gillette G67,333f67: Brief review of the 
effect of age upon hepatic microsomal enzyme 
induction. 

Goldstein et al. E165f68 (p. 274): Review on 
the age factor in the induction of microsomal 
drug-metabolizing enzymes. 

Nair & DuBois G67,244f68: Review on 
hepatic microsomal enzyme induction in pre
natal and early postnatal life. 

Räihä & Kekomäki G68,114f68: In the rat, 
the OKT activity of the liver is very low in the 
fetus, exhibiting a small transient elevation 
around term; it then drops, and eventually 
reaches the high adult activity level during 
the third postnatal week. Triamcinolone given 
postnatally causes a pronounced elevation of 
OKT, but has no such effect in fetal or adult 
rats. Puromycin prevents the rise in OKT 
after triamcinolone administration. In adult 
rats fed a protein- or arginine-free diet, OKT 
activity decreases and fails to rise under the 
influence of triamcinolone. Partial hepatec
tomy or STH depresses OKT activity in the 
livers of adult rats. 

Vest et al. H 14,687/68: Brief review on 
changes in hepatic enzyme production during 
the perinatal period. 

+ GENETIO AND SPEOIES-DEPENDENT FAOTORS 
(For Data on Man cf. also "Clinical Implications") 

Steroids +-

There are considerable differences in the influence of hormones upon resistance 
in various species. The chemical basis of this genetic variation has not yet been 
adequately studied, but a few facts are known especially as regards the activation 
of enzymes by sex hormones. 

The steroid hydroxylase activity of hepatic microsomes is higher in male than 
in female rats, but no such sex difference exists in mice. Fish liver does not contain 
this enzyme. Incubation of radio-marked progesterone with hepatic microsomes 
of male rats results in the oxidation of the steroid to a morepolar fraction containing 
6ß- and 16ß-hydroxyprogesterone, whereas microsomes of female rats metabolize 
progesterone mainly by reduction of the A ring, and its subsequent transformation 
into more polar compounds. By contrast, female rabbits and guinea pigs metabolize 
progesterone by hydroxylation. There is also a species difference in the type of 
steroid metabolism induced by phenobarbital and chlordanein rats and rabbits of 
both sexes. In monkeys, phenobarbital increases the urinary elimination of 6ß
hydroxycortisol. In two strains of guinea pigs, distinguished by high and low pro
duction of hydroxylated cortisol derivatives, phenobarbital increased hepatic 
microsomal 2a-hydroxylation of cortisol, but caused no significant change in the 
6ß-hydroxylation activity in either strain. 

There is some controversy in the Iiterature concerning the existence of a sex 
difference in the susceptibility of the mouse to hydroxydione anesthesia _ (perhaps 
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owing to the use of different strains}, but in rats, the males are definitely more 
resistant. 

It has been claimed that neither thiopental nor pentobarbital anesthesia can be 
influenced by catatoxic steroids in the mouse. Our own observations failed to confirm 
this; we have obtained a significant shortening of pentobarbital sleeping time in 
female mice bypretreatment with ethylestrenol, CS-1, spironolactone, andnorbolethone. 

Kuntzman et al. F27,893f64: The steroid 
hydroxylase present in the microsome fraction 
of rat liver exhibits higher activity in male than 
in female rats, but no such sex difference is seen 
in mice. Fish liver does not contain this enzy
me. 

Kuntzman & Jacobson F35,869f65: "In
cubation of progesterone-4-014 with liver 
microsomes from adult male rats resulted in 
oxidation of the steroid to a more polar 
fraction made up of 6ß- and 16ß-hydroxy
progesterone and an unidentified U.V. absorb
ing product. In contrast, female rats metaboli
zed progesterone primarily by reduction of the 
A ring followed by subsequent metabolism to 
polar compounds. Unlike the female rat, female 
rabbits and guinea pigs metabolized progester
one by hydroxylation. With microsomes from 
immature male rats, both hydroxylation and 
reduction occurred. Chronic administration of 
phenobarbital, chlorcycline or chlordane to 
female rats caused an increased formation of 
polar metabolites but had little effect on the 
disappearance of progesterone, since the main 
pathway in the female rat isA-ring reduction. 
In contrast, chronic phenobarbital administra
tion to female rabbits increased markedly the 
metabolism of progesterone to hydroxylated 
derivatives when measured either by forma
tion of polar metabolites or by progesterone 
disappearance." 

Eirehall et al. F76,581f66: In Cebus albi
frons monkeys, phenobarbital pretreatment 
increases the urinary elimination of 6ß-hydro
xycortisol. 

Rümke G68,532f66: The anesthetic effect 
of hydroxydione is greater in female than in 
male mice. 

Burstein & Bhavnani F77,040f67: In gui
nea pigs, pretreatment with phenobarbital 
stimulated the hepatic microsomal metabolism 
of cortisol, 2a- and 6ß-hydrocortisol, but not to 
the same extent. In rats, phenobarbital pre
treatment enhanced hepatic microsomal 6ß-

hydroxylation of cortisol without causing a 
significant change in the overall metabolism of 
substrate or product. 2a-Hydroxylation of 
cortisol was not observed with rat liver micro
somes. 

Burstein F95,565f68: Pretreatment with 
phenobarbital increased hepatic microsomal 
2a-hydroxylation of cortisol in two strains of 
guinea pigs distinguished by high and low 
production of hydroxylated cortisol deriva
tives. Underthe same conditions, phenobarbital 
caused no significant change in the hepatic 
6ß-hydroxylation activity of either strain. 

Jelinek H 1,518/68: There was no d.ifference 
in the duration of hydroxydione anesthesia in 
male and female intact or gonadectomized mice. 
Pretreatment with methyltestosterone p.o. 
prolonged hydroxydione anesthesia in males 
but not in females or castrate males. Neither 
thiopental nor pentobarbital anesthesia was 
influenced by methyltestosterone. Pretreat
ment with methandrostenolone or 17 a-methyl
androst-2-ene-17 ß-ol failed to influence hydro
xydione anesthesia in mice. 

Kato et al. H34,571J71: Maleratsare more 
resistant to the anesthetic effect of progesterone 
than females. Correspondingly the formation of 
hydroxylated metabolites of this steroid is 
greater with hepatic microsomes from males, 
whereas the formation of Ll 4-reduced metabo
lites is greater with female microsomes. In mice, 
there was no such difference either in the anes
thetic action or in the in vitro metabolism of 
progesterone. In rats, the blood and tissue level 
of polar metabolites of tritiated progesterone 
was higher in males, whereas that of nonpolar 
metabolites was higher in females. "These re
sults suggest that the stronger anesthetic ac
tion of progesterone in female rats is associated 
with higher tissue Ievels of progesterone and 
Ll 4-reduced metabolites, possessing the anes
thetic action." 

Epinephrine ~ Genet, Rat, Rb: 
Inscoe et al. F70,325f66 

Drugs +-

Pretreatment with various thyroid preparations greatly increases the acetonitrile 
resistance of mice, whereas this is not so in most other species. 
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Fernale rats are more sensitive than males to various barbiturates but no such 
sex difference could be observed by most investigators in the dog, cat, rabbit, guinea 
pig, mouse, turtle or frog. However, strain differences in barbiturate resistance have 
been noted by some workers in the rat and mouse also. In Swiss mice, there is allegedly 
no sex difference in hexobarbital sleeping time. Rats can be separated into "long
sleepers" and "short-sleepers" on the basis of their response to hexobarbital. Hepatic 
"post-mitochondrial supernatant fraction" from long-sleepers possesses correspond
ingly less drug-rr.etabolizing activity than that from short-s'eer:ers not only with 
respect to hexobarbital but also as regards several other substrates. Rats that show 
a particularly long hexobarbital sleeping time are also especially sensitive to zoxa
zolamine, strychnine and methyprylon. Repeated administration of phenobarbital 
causes resistance in the rat but not in the guinea pig. 

Male rats are more sensitive to carisoprodol paralysis than females but no such 
sex difference exists in mice or guinea pigs. 

Small doses of chloroform produce fatal tubular necrosis in the kidneys of DBA 
mice, but no comparable renallesion is elicited by chloroform in other species. 

In mice, digitoxin poisoning is inhibited by CS-1, spironolactone, norbolethone, 
oxandrolone, prednisolone, progesterone, and thyroxine. Hence, contrary to earlier 
claims, mice are sensitive to catatoxic steroid actions, although in some respects 
their responsiveness differs from that of the rat. 

Indomethacin intoxication is prevented in mice by ethylestrenol, CS-1, spirono
lactone, norbolethone, and to a lesser extent perhaps, by prednisolone, andestradiol. 

Certain strains of rats which are particularly sensitive to methyprylon also have 
a low resistance to zoxazolamine, strychnine, and hexobarbital. 

Maleratsare more resistant than females to various anticholinesterase pesticides, 
whereas no such sex difference is noted in mice and guinea pigs. In mice, the lethal 
effect of dioxathion (Navadel) is strongly inhibited by ethylestrenol, norbolethone, 
prednisolone, and estradiol, but not significantly influenced by spironolactone, 
although the latter is effective in this respect in the rat. 

Picrotoxin poisoning is not significantly influenced in mice by spironolactone, 
ethylestrenol, triamcinolone, or thyroxine, whereas in rats, this intoxication is readily 
prevented by pretreatment with various catatoxic steroids. 

Acetonitrile +-

Hunt 13,889/23: Pretreatment with thy
roid preparations greatly increases the resist
ance of mice to acetonitrile, whereas the reverse 
is true in many other species. 

Anticoagulants +-

Dayton et al. D42,366f61: In the guinea pig, 
dog and man, pretreatment with barbiturates 
antagonizes the hypoprothrombinemic effect 
of coumarin anticoagulants. At the same time, 
the plasma Ievel of the coumarin is depressed. 

Goss & Dickhaus F53,987f65: Phenobarbi
tal increases the daily maintenance dose of 
bishydroxycoumarin in man. 

Robinson & MacDonald F69,377f66: 
Phenobarbital antagonizes the anticoagulant 
effect of warfarin in man. 

Barbiturates +-

Holck & Kanan 31,302/35: Fernale rats are 
more sensitive than males to various barbitu
rate anesthetics. No such sex difference could 
be detected in the dog, cat, rabbit, guinea pig, 
mouse, turtle or frog. 

Holck et al. A8,011f37: In the dog, cat, 
rabbit, guinea pig, mouse and frog (unlike in 
the rat), males are no more sensitive to hexo
barbital anesthesia than females. In mice, the 
sex difference was also absent to amobarbital, 
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but the butallylonal sleeping time was slightly 
Ionger in females. 

Hamburger et al. E61,37lj47: Fernale rats 
are more sensitive than males to pentobarbital 
but not to thiopental anesthesia. Age and strain 
differences in barbiturate resistance have also 
been noted in the rat. 

Quinn et al. G67,327j54: The biologic half
life of hexobarbital was found to be 15 min for 
mice, 60 min for rabbits, 140 min for rats, and 
260 min for dogs and man. There was an inverse 
relationship between the rate of biotransforma
tion of hexobarbital to keto-hexobarbital and 
the duration of its hypnotic effect. Male rats 
are more resistant to hexobarbital anesthesia 
than females but in the latter, resistance as weil 
as the enzyme activity of the microsomes were 
increased by testosterone. 

Jay G71,140j55: Various strains of mice 
show considerable differences in their respon
siveness to hexobarbital anesthesia. 

Quinn et al. E 89,993/58: Guinea pigs and 
mice, unlike rats, show no sex difference in the 
metabolism of hexobarbital. In the rat, the sex 
difference is also manifest with regard to anti
pyrine and amidopyrine. The difference is 
largely dependent upon the effect of sex hor
mones upon microsomal drug metabolism, al
though variations in the inherent sensitivity of 
the central nervous system may also play a 
part. 

Catz & Yaffe G37,059j61: Description of 
striking differences in hexobarbital sensitivity 
among various strains of mice. Curiously, mor
tality and sleeping time do not run parallel, 
perhaps because toxicity is due to a metabolite 
of the drug. 

Brodie G55,013j62: Review on species 
differences in the duration of action and in the 
metabolism of hexobarbital in the mouse, rat, 
guinea pig, rabbit, dog and man. Fish, aquatic 
species of frogs and aquatic Salamanders do 
not oxidize drugs in vivo, nor do their liver 
microsomes carry out the oxidative mechan
isms of N- or 0-dealkylation, hydroxylation, 
deamination and sulfoxidation, common to 
mammals. Presumably, fish can dispose of 
foreign compounds by diffusion through the 
gills, whereas aquatic frogs and salamanders 
eliminate them unchanged through their skins 
which behave as Iipid membranes. Torrestrial 
arthropods which must conserve water, e.g., 
crickets (Acheta domestica) and grasshoppers 
(Romlea microptera) metabolize hexobarbital, 
amphetamine, chlorpromazine and amidopyrine 
very rapidly. Surprisingly, aquatic athropods 
such as crayfish and Iobsters also metabolize 

these substances although at a much slower 
rate. However, these animals Iead a partly 
terrestrial existence and possess rigid gills 
which are impermeable to lipid-soluble drugs. 

Buchel & Liblau E 89,233/63: In Swiss mice, 
there is no sex difference in hexobarbital 
sleeping time or in the disappearance rate of 
this drug from the brain. 

Backus & Cohn D92,313j66: The hexobar
bital sleeping time of female mice is shorter 
than that of males, and varies also according 
to strain. In general, the length of the sleeping 
time is inversely proportional to the hexobar
bital-metabolizing potency of liver homoge
nates. 

Gessner et al. F77,776j67: In mice, "testo
sterone pretreatment produces a biphasic effect 
on the duration of action of hexobarbital, 
proionging the action initially and shortening 
the action in 4-8 days after the pretreatment. 
The early action of testosterone appears to be 
associated with an effect on the hypnotic 
property of a drug, since both hexobarbital 
and barbital sleep times are prolonged while 
the duration of action of the muscle relaxant 
chlorzoxasone remains unaffected. The long
term pretreatment with testosterone Ieads to a 
shorter duration of action of drugs that are 
deactivated by detoxification, notably hexo
barbital and chlorzoxasone, but has no effect 
on the duration of hypnosis produced by 
barbital, a drug which is predominantly 
eliminated unchanged." Folliculoids (ethinyl
estradiol, diethylstilbestrol) prolong the actions 
of both drugs. 

Mitoma et al. G69,268j67: Rats were separa
ted into "long-sleepers" and "short-sleepers" 
on the basis of their response to hexobarbital. 
"The drug-metabolizing activities of the hepa
tic postmitochondrial supernatant fraction 
from long-sleepers were less than those from 
short-sleepers with respect to hexobarbital, 
acetanilide, aminopyrine, and o-nitroanisole, 
each of which represents a different drug
metabolism pathway. This trendwas observed 
in all 5 strains of rats examined." 

Timar et al. F 82,696/67: Repeated adminis
tration of phenobarbital causes resistance in 
the rat but not in the guinea pig. 

Selye PR OT. 31380: In the mouse, the 
duration of pentobarbital anesthesia is short
ened by ethylestrenol, CS-1 spironolactone, and 
norbolethone, but not significantly by oxan
drolone, prednisolone, progesterone, triam
cinolone, DOC, hydroxydione, estradiol, or 
thyroxine, cf. Table 129. 
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Table 129. Conditioning for pentobarbital anes-
thesia in mice 

Group Treatmenta Anesthesia Mortality 
time(min)b (deadftotal) 

1 None 52± 7 0/12 
2 Ethylestrenol 4± 3*** 0/14 
3 CS-1 15± 5*** 0/13 
4 Spironolactone 19± 5** 0/13 
5 Norbolethone 1± 1*** 0/12 
6 Oxandrolone 37± 9NS 0/13 
7 Prednisolone 

acetate 37± 6NS 0/13 
8 Progesterone 43± 6NS 0/13 
9 Triamcinolone 89± 15NS 0/13 

10 Desoxycorti-
costerone 
acetate 68±14NS 0/12 

11 Hydroxydione 
sodium hemi-
succinate 97±20NS 1/14 

12 Estradiol 32± 7NS 0/13 
13 Thyroxine 91±17NS 0/13 

a In 20 g ~ mice all steroids (Groups 2-12) 
were administered (at the dose of 10 mg in 
0.2 ml water p.o. x2fday, 1st day ff.), and 
thyroxine as Na salt (at the dose of200 flog in 
0.2 ml water/100 g body weight s.c., once daily, 
1st day ff.). In addition, the mice of all groups 
were given pentobarbital (6 mg in 0.2 ml oil/ 
100 g body weight i.p. once on the 4th day). 

b Statistics: Student's t-test. 
For further details on technique of tabula

tion cf. p. VIII. 

Feller & Gerald H22,744f70: In male mice, 
pretreatment with spironolactone shortened 
pentobarbital and "testoste:rone-potentiated" 
pentobarbital sleeping times. It also increased 
liver microsomal protein, liver weight, aniline 
hydroxylation and ethylmorphine N-demethyl
ation. 

Gerald & Feller G74,092f70: In mice, 
pretreatment with spironolactone shortens 
pentobarbital sleeping time as weil as "testo
sterone-potentiated pentobarbital sleeping 
time.'' Furthermore, spironolactone enhances 
the microsomal metabolism of aniline and 
ethylmorphine, and increases hepatic weight. 
It is concluded that the in vivo protective effect 
of spironolactone is due to the induction of 
hepatic microsomal enzymes. 

Gerald & Feller G78,804f70: In mice, 
pretreatment with spironolactone reduces 

pentobarbital sleeping time and accelerates the 
hepatic microsomal metabolism of hexobarbi
tal in vivo and in vitro. 

Mitoma H25,522f70: Rats that show a long 
hexobarbital sleeping time are also particularly 
sensitive to zoxazolamine, strychnine and 
methyprylon. 

Bilirubin +--

Lüders G81,789f70: In Gunn rats which 
have a high serum bilirubin Ievel, Na-dehydro
cholate i.v. decreased theserum and increased 
the brain bilirubin content. This effect was also 
seen when the initial serum bilirubin Ievel was 
raised by infusion of bilirubin. The decrease in 
serum bilirubin induced by Na-dehydrocholate 
did not coincide with an increased biliary ex
cretion of the pigment. Indeed, Gunn rats with 

Table 130. Conditioning for digitoxin intoxica-
tion in mice 

Treatmenta Convulsionsb Mortalityb 
(positive/total) ( deadftotal) 

None 14/20 9/20 
Ethylestrenol 6/16 NS 3/16 NS 
CS-1 0/14*** 0/14*** 
Spironolactone 0/14*** 2/14NS 
Norbolethone 1/14*** 2/14 NS 
Oxandrolone 2/14*** 1/14* 
Prednisolone-Ac 3/14** 4/14NS 
Progesterone 4/14* 0/14*** 
Triamcinolone 
(2mg) 13/15 NS 14/15*** 
DOC-Ac 5/14 NS 4/14NS 
Hydroxydione 6/14 NS 1/14* 
Estradiol 7/14 NS 4/14NS 
Thyroxine 
(200 flog) 3/16*** 10/16 NS 

a The mice (20 g ~) of all groups were given 
digitoxin (1 mg/100 g body weight in 0.2 ml 
water, p.o.fday, daily from 4th day ff.). In 
addition, certain groups received thyroxine 
(200 (Lg/100 g body weight in 0.2 ml water 
+ NaOH + Tween, s.c.fday, on 1st day ff.), 
triamcinolone (2 mg/100 g body weight) and 
other steroids (10 mg/100 g body weight in 
0.2 ml water, p.o. x2fday, on 1st day ff.). 

b Convulsions were estimated on 7th day, 
and mortality listed on 9th day ("Exact 
Probability Test"). 

For further details on technique of tabu
lation cf. p. VIII. 
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bile fistulas showed that Na-dehydrocholate 
interferes with the biliary excretion of diazo
positive substances. 

Carisoprodol +-

Kato et al_ G66,023j61: Adult (but not 
immature) male rats are more sensitive to 
carisoprodol-induced muscular paralysis than 
females. Castration or treatment with SKF 
525-A abolishes the increased resistance of the 
adult male rat. Incubation of liver slices with 
carisoprodol shows that the resistance of the 
male is due to accelerated substrate inactiva
tion. No sex difference is noted in adult mice or 
guinea pigs. 

Chlorofor~n +-

Shubik & Ritchie D67,964j53: Small doses 
of chloroform produce fatal tubular necrosis in 
the kidneys of male but not of female DBA 
mice. 

Digitalis +-

Szabo et al. G79,013f71: In hamsters, spiro
nolactone and ethylestrenol pretreatment pre
vents digitoxin convulsions and indomethacin-

induced intestinal ulcers. Curiously, hamsters 
are resistant to as much as 100 mg of digitoxin 
p.o. given repeatedly, whereas 1 mg i.v. pro
duces strong convulsions. Apparently, in this 
species, the absorption of digitoxin from the 
gastrointestinal tract is deficient. Indomethacin 
intoxication is also different in rats and ham
sters since in the latter, unlike the former, the 
drug produces predominantly pyloric ulcers 
which often perforate. 

Selye P ROT. 27594, 28284, 29742, 29751: 
In mice, digitoxin poisoning is inhibited by 
CS-1 spironolactone, norbolethone, oxandro
lone, prednisolone, progesterone and thyroxine. 
Ethylestrenol, triamcinolone, DOC, hydroxy
dione and estradial are ineffective, cf. Table 130, 
p. 677. 

Ethanol+--

Jabbari & Leevy G45,526j67: Various ana
bolics (norethandrolone, testosterone, oxan
drolone) protect the liver of the rat against 
ethanol-induced fatty degeneration and various 
functional disturbances. They are also useful 
in the management of alcoholic patients. 

Table 131. Conditioning for indomethacin intoxication in mice 

Treatmenta Intestinal ulcers 
(PositivefTotal)b 
Subcuta- Intraperi- Oral 
neous torreal 

None 4/9 8/11 10j13 
Ethy lestrenal Oj5 NS 1/5 .NS 0/13 *** 

0/5 NS Oj5 * 0/12 *** 
Spironolactone Oj5NS Oj5 * Oj12 *** 
N orbolethone 0/3 NS Of5 * 2/11 ** 
Oxandrolone 2j4NS Oj5 * 4/9 NS 
Prednisolone-Ac Oj3NS 0/4 * Oj5 ** 
Progesteraue Oj4NS 2j4NS 3/9 NS 
Triamcinolone 2 mg - 4/12 * 
Triamcinolone 10 mg 0/3 NS Oj2NS 
DOC-Ac 0/3 NS 3j5NS 4/7 NS 
Hydroxydione Oj4NS 1j4NS 5/10 NS 
Estradiol Oj4NS 1/3 NS 1/8 ** 
Thyroxine 200 [Lg 2/7 NS 

.Mortality 
(DeadfTotal)b 
Subcuta- Intraperi- Oral 
neous torreal 

6/10 8/11 12/14 
1/5 NS 2/5 NS 0/13 *** 
Oj5 * Oj5 * 2/12 *** 
1/5 NS 1/5 NS 3/12 *** 
5/5 NS Oj5 * 0/11 *** 
4j5NS 1/5 NS 6/10 NS 
5j5NS 5/5 NS 4/8 NS 
5/5 NS 4/5 NS 6/12 NS 

14/14 NS 
5/5 NS 5/5 NS 
2j5NS 4j5NS 6/12 NS 
5/5NS 5/5 NS 8/11 NS 
4/5NS 3/5 NS 9/9 NS 

15/15! 

a The mice (25 g Cjl) of all groups received indomethacin s.c. 1 mgfday, from the 4th day to the 
7th day, and 2 mgjday on the 8th day ff. Thyroxine 200 [Lg/day, triamcinolone 2 or 10 mg as indi
cated, and other catatoxic steroids 10 mg x2fday, subcutaneous, intraperitoneal or oral, as 
described in the table, on the 1st day ff. Every substance was given per 100 g body weight in 0.2 ml 
water. 

b Intestinal ulcers and mortality listed on the 12th day (Statistics Fisher & Yateo). 
For further details on technique of tabulation cf. p. VIII. 



~ Genetic and Species-Dependent Factars 679 

lndornethacin +-

Szabo et al. G79,013j71: In hamsters, spiro
nolactone and ethylestrenol pretreatment pre
vents digitoxin convulsions and indomethacin 
induced intestinal ulcers. Curiously, hamsters 
are resistant to as much as 100 mg of digitoxin 
p.o. given repeatedly, whereas 1 mg i.v. pro
duces strong convulsions. Apparently, in this 
species, the absorption of digitoxin from the 
gastrointestinal tract is deficient. Indomethacin 
intoxication is also different in rats and ham
sters since in the latter, unlike the former, the 
drug produces predominantly pyloric ulcers 
which often perforate. 

44 Selye, Hormones and Resistance 

l<'ig. 28. Typical perforating 
pyloric ulcer produced by 
indomethacin in the rabbit. 
A: N aked eye view from an
terior surface. B: Histologie 
appearance of the ulcer 
which undermines the still 
well-preserved portion of 
the stomach which is cov
ered by an intact mucosa 
(PAS X 29) 

Selye PR OT. 28397: In mice, indomethacin 
intoxication can be prevented by ethylestrenol, 
CS-1,spironolactone,norbolethone and to a lesser 
extent, perhaps also by prednisolone, and estra
diol administered by various routes. Thyroxine 
appears to have an opposite effect. Progeste
rone, triamcinolone, DOC, and hydroxydione 
had little if any effect, cf. Table 131, p. 678. 

Methyprylon +-

Mitoma H26,622f70: Rats that show a long 
hexobarbital sleeping time are also particularly 
sensitive to zoxazolamine, strychnine, and 
methyprylon. 
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Morphine +--

Adler et al. G79,852f57: In Sprague-Dawley 
rats, given 140-labeled morphine, the ratio of 
bound to free morphirre is 2-3 times greater 
in the urine and plasma than in Long-Evans 
rats. The tissue of adrenalectomized rats of 
both strains contains higher concentrations of 
140-labeled morphirre than do control rats. 
Plasma bound morphirre Ievels indicate no im
pairment of morphirre conjugation. Vasopressin 
increases, whereas AOTH decreases morphirre 
sensitivity. Yet both after AOTH and after 
vasopressin, tissue concentrations of morphirre 
are either reduced or unaffected in marked can
trast to the increased values after adrenal
ectomy. Apparently, the decreased morphirre 
sensitivity induced by AOTH is not reflected 
by lower brain morphirre concentrations. 

Table 132. Conditioning for dioxathion intoxi
cation in mice 

Group 

1 
2 

3 
4 

5 

6 

7 

8 

9 

10 
11 

12 
13 

Treatmenta Prostrationb 
(Dositivc/ 
Total) 

None 8/11 
Ethyl-
estrenol 0/11 *** 
OS-1 3/11* 
Spironolac-
tone 6/11 NS 
Norbol-
ethone 0/11*** 
Oxandro-
lone 5/11 NS 
Predniso-
lone-Ac 1/11 *** 
Progester-
one 8/11 NS 
Triamcino-
lone 10/11 NS 
DOO-Ac 7/11 NS 
Hydroxy-
dione 8/11 NS 
Estradiol 0/11 *** 
Thyroxine 11/11 NS 

Mortalityb 
(DeadfTotal) 

8/11 

0/11 *** 
2/11 * 

6/11 NS 

0/11 *** 

3/11 * 

1/11 *** 

8/11 NS 

7/11 NS 
7/11 NS 

8/11 NS 
0/11 *** 

11/11 NS 

a In 20 g 'jl mice all steroids (Groups 2-12) 
were administered at the dose of 10 mg in 0.1 ml 
water, p.o., x2fday on the 1st day ff.; thyrox
ine as Na salt at the dose of 200 fl.g in 0.2 ml 
water, s.c., once daily on the 1st day ff. All 
drugs/100 g body weight. In addition, the mice 
of all groups received dioxathion 15 mg in 
0.2 ml oil/100 g body weight, p.o., once on the 
4thday. 

b Mortality was listed 24 hrs after dioxa
thion. (Statistics: Fisher & Yates.) 

For further details on technique of tabula
tion cf. p. VIII. 

Pesticides +--

DuBois & Puchala D43,878f61: Male rats 
are much more resistant than females to 
various cholinergic phosphorothioates. Male 
mice and guinea pigs are not particularly 
resistant to dimethyl phthalate (DMP). Partial 
hepatectomy andfor castration abolishes the 
comparative resistance of the male rat, where
as testosterone restores resistance in hepatec
tomized or orchidectomized rats. It is con
cluded "that androgens govern the develop
ment of this system." 

Selye P ROT. 31563, 31612: In mice, the 
Iethai effect of dioxathion is powerfully inhibi
ted by ethylestrenol, norbolethone, predniso
lone, and estradiol, and only moderately by OS-1 
and oxandrolone, but it is not influenced by 
spironolactone, progesterone, triamcinolone, 
DOO, hydroxydione, orthyroxine, cf. Table 132. 

Picrotoxin +--

Selye P ROT. 27594: In mice, pretreatment 
with spironolactone, ethylestrenol, triamcino
lone or thyroxine had little if any effect upon 
the toxicity of picrotoxin under our experi
mental conditions, cf. Table 133. 

Table 133. Conditioning for picrotoxin intoxi
cation in mice 

Treatmenta 

None 
Spironolactone 
Ethylestrenol 
Triamcinolone 
Thyroxine 

Oonvulsionsb 
(Positive/ 
Total) 

6/6 
4f6NS 
4/6NS 
6/6 NS 
6f6NS 

Mortalityb 
(DeadfTotal) 

3/6 
2/6 NS 
2/6NS 
5/6NS 
4f6NS 

a The mice (20 g 'jl) of all groups were given 
picrotoxin 0.6 mg/100 g body weight in 0.4 ml 
water, s.c., once on the 4th day. Thyroxine 
200 fl.g/100 g body weight in 0.2 ml water 
+ NaOH + Tween, s.c.fday, on the 1st day ff.; 
triamcinolone 2 mg/100 g body weight, spirono
lactone and ethylestrenol 10 mg/100 g body 
weight in 0.2 ml water, p.o. x2fday, on the 1st 
day ff. 
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b The severity of the convulsions was esti
mated 30 min after picrotoxin injection. 
Mortality was listed 24 hrs later. (Statistics: 
Fisher & Yates.) 

For further details on technique of tabula
tion cf. p. VIII. 

Strychnine, ZoxazolaTnine -t-

Mitoma H25,522j70: Rats that show a long 
hexobarbital sleeping time, are also particular
ly sensitive to zoxazolamine, strychnine, and 
methyprylon. 

Varia -t-

Kalow E695j62: A monograph on "Phar
macogenetics, Heredity and the Response to 
Drugs" containing special sections on human 
hereditary defects with altered drug response 
and racial differences in drug sensitivity. 

Meier E 690/6.3_· Monograph on "Experimen
tal Pharmacogenetics" (213 pp., about 400refs.) 
with special sections on the influence of sex 
and genetic factors, including species varia
tions, upon drug sensitivity. 

Brodie et al. F42,949f65: Considerations on 
species variations in drug sensitivity. Unlike 

most other drugs, antitumor agents (usually 
antimetabolites of alkylating compounds) inter
act with pathways of metabolism common to 
normal and neoplastic tissues. These drugs 
exert an antitumor action because, in being 
metabolized, they become enmeshed in mecha
nisms essential to the normal economy of the 
body and are usually toxic for the same reason. 
Their toxicity in various animal species agrees 
weil with the maximum tolerated doses in man 
when expressed on the basis of weight to the 
0.7 power. Species variationsarealso of lesser 
importance as regards tolerance of poorly lipo
soluble compounds, such as tubocurarine or 
ganglionic blocking agents. If a drug affects the 
target organ equally in various species, depend
able predictions might be made from experi
mental animals to man, even with regard to 
agents that are unequally metabolized, pro
vided that the effects are expressed in terms 
of plasma or tissue concentrations, rather than 
dosage per body weight. Thus, despite a 20-
to 50-fold variation in the duration of narcosis 
produced by hexobarbital and other barbitura
tes in various animal species and man, the 
plasma concentration of the drugs at waking 
time is essentially the same in various species. 

Varia+--

Guinea pigs, unlike rats and rabbits, are not protected against endotoxin by 
cortisone. Correspondingly, cortisone increases TPO in rats and rabbits but not in 
guinea pigs. Actinomycin D and ethionine augment the lethal effect of endotoxin 
and abolish the protective action of cortisone, presumably because both endogenous 
and exogenous glucocorticoids exert their prophylactic effect through the induction 
of hepatic enzymes whose synthesis can be inhibited by actinomycin D and ethionine. 

Vertebrates above the evolutionary level of amphibians respond to cortisol with 
an increased hepatic TKT activity, but lower vertebrates do not respond in this 
manner. The appearance of TKT in the course of ontogenesis, as well as the possi
bility of inducing this enzyme by glucocorticoids, is subject to considerable species 
variation. 

It is generally assumed that aquatic animals, especially fish, which can excrete 
nonpolar toxicants through the gills or skin are less dependent upon the induction 
of microsomal drug-metabolizing enzymes than are mammals, which must depend 
mainly upon renal excretion of polar compounds and polar metabolites of lipid 
soluble toxicants. 

Bacterial Toxins -t-

Berry G68,858f64: Both actinomycin D 
and ethionine increase the Iethai effect of endo
toxin in the mouse and abolish the protection 
offered by cortisone. Presumably, both endo
genaus and exogenaus glucocorticoids protect 

44* 

through the induction of hepatic enzymes 
whose synthesis can be inhibited by actinomy
cin D and ethionine. Cortisone increases TPO in 
rats and rabbits, but not in guinea pigs. Corres
pondingly, guinea pigs cannot be protected 
against endotoxin by cortisone. 
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Hepatic Lesions +-

Bucher G68,62lf63: Review on the influence 
of species and strain differences upon hepatic 
regenera tion. 

Hepatic Enzymes +-

TPO, TKT ~. Chan & Cohen D18,552{64: 
Vertebrates above the evolutionary Ievel of 
amphibians respond to cortisol with an increas
ed hepatic TKT activity. "Animals showing 
this response include the rat, guinea pig, chick, 
pigeon, horned toad (Phrynosoma cornatum), 
and painted turtle (Chrysemys picta). In con
trast, vertebrates at the amphibian Ievel or 
below failed to show this response. Animals 
failing to show this response include the bull 
frog (Rana catesbeiana), g<ass frog (Rana pipi
ens), marine toad (Bufo marinus), tiger sala
mander (Ambystoma trigrinum), mud puppy 
(Necturus), white hass (Roccus chrysops), and 
black crappie (Promoxis nigromaculatus)." 

Litv:ack & Nemeth G26,050f65: In the 
rabbit hepatic TKT activity increases 2·4-fold 
at birth in the rabbit. A similar increase is 
obtained precociously in the event of prema
ture delivery by cesarian section, whereas pro
Ionging gestation delays the rise in enzymic 
activity. Under all these conditions, the ability 
of cortisol to cause a further rise in enzymic 
activity coincides with delivery. In the guinea 
pig, TKT is absent during fetallife and increa
ses to adult values within 24 hrs after birth. 
The enzyme activity in the newborn is stimula-

ted by cortisol, though a single injection is 
without effect in the fetus or adult. In chickens, 
enzymic activity is relatively constant during 
the embryonie period, but rises 2-3·fold after 
hatching. 

Other Enzymes ~. Brodie & Maiekel 
G67,800f62: Review (25 pp., no refs.) on the 
authors' work on microsomal drug-metaboliz
ing enzymes in fish, amphibia, reptiles, birds 
and mammals. 

Conney & Burns G67,166f62: Review on 
species diffeTences in drug metabolism with 
special emphasis upon microsomal enzyme 
induction. 

Conney F88,649f67 (p.338): A reviewofthe 
Iiterature on enzyme induction in animals of 
different species, strains and age. 

Goldstein et al. El65f68 (p. 266): Review on 
species and strain differences as factors in
fluencing the induction of drug·metabolizing 
microsomal enzymes. 

Kato et al. H 11,851{69: Studies on the 
effect of thyroxine upon hepatic microsomal 
enzyme induction by various drugs in diverse 
species. 

Dewaide G80,406f70: Comparative studies 
on the effect of adaptation to cold or heat 
upon hepatic drug oxidation in various species. 
Contrary to earlier claims, drug metabolizing 
enzymes do play a decisive role in the resistance 
of fishes to changes in their environment. "The 
effect of a change of ambient temperature on 
the liver of the hamster, rat, roach, and trout 
becomes manifest in an almost equal way for 
the different species." 

+ IONIZING RAYS 

Drugs +-

In the rat, X-irradiation of the head increases the anesthetic effect of such bar
biturates as thiopental, barbital and pentobarbital. However, the induction by 
phenobarbital of resistance to pentobarbital is not inhibited. X-irradiation of entire 
23-day-old male rats, or of the head only, inhibited the rapid increase in hexobarbital
metabolizing microsomal oxidases following hexobarbital pretreatment in the same 
manner as did hypophysectomy. Normally, the hexobarbital metabolizing activity 
of rat liver is extremely low after birth, but rises rapidly up to the age of 80 days, 
to Ievels much higher in males than in females. Prenatal X-irradiation suppresses 
this normal development of enzyme activities in the male so that it reaches only 
the normal female Ievel. The effect of the irradiation decreases as the animals mature. 
In adult rats, selective irradiation of the head does not inhibit microsomal enzyme 
induction by phenobarbital but does, nevertheless, increase the anesthetic effect, 
presumably by raising the permeability of the blood-brain barrier. 
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In summary, it may be said that whereas the ontogenic increase in enzyme 
activity is hormone dependent, the phenobarbital-induced induction is not, since 
it is evident even in hypophysectomized or sexually immature animals. Presumably, 
the inhibitory effect of X-irradiation is due to interference with the hormonal regu
lation of enzyme activity. 

In weanling male rats, total body X-irradiation or irradiation of the head only 
inhibits the development of microsomal enzymes which metabolize the pesticide 
Guthion. 

Barbiturates +--

Nair et al. F53,576f65: In the rat, X-irra
diation of the head considerably enhanced the 
anesthetic effect of thiopental, barbital, and 
pentobarbital. The induction by phenobarbital 
of resistance to subsequent pentobarbital 
anesthesia was not inhibited by cephalic 
X-irradiation. 

Nair G67,247f67: In adult male rats, 
selective irradiation of the head did not inhibit 
hepatic microsomal enzyme induction by 
phenobarbital. In suchexperiments, the increas
ed anesthetic effect of the barbiturate is ascri
bed to enhanced permeability of the blood
brain barrier. 

Nair & Bau G67,246f67: Exposure of rats 
to X-irradiation in utero or during early post
natallife suppresses the hexobarbital-metabol
izing enzyme system in the liver. Hypophysec
tomy or irradiation of the head (but not of the 
body with the head shielded) has a similar 
effect in adult rats. 

Nair & Zeitlin G65,099f67: The hexobar
bital-metabolizing activity of the rat liver is 
extremely low after birth and rises gradually up 
to the age of 80 days to levels much higher in 
m•IPs than in females. Prenatal X-irradiation 
suppresses this normal development of enzyme 
activities in the male so that it only reaches the 
normal female level. Irradiation at 21 days 
(total body or head alone) also suppresses the 
developmental increase of enzyme activity, but 
to a lesser extent. Adults were still more 
resistant. 

Yam & DuBois G58,163f67: In 23-day-old 
male rats, X-irradiation of the whole animal, 
or the head only, inhibited the rapid increase in 
hexobarbital-metabolizing hepatic microsomal 
oxidase normally obtained by hexobarbital 
treatment. Hypophysectomy produced the 
same result. 

Nair et al. G67,245f68: X-irradiation of 
pregnant rats results in male offspring deficient 
in the hepatic microsomal enzymes which me
tabolize hexobarbital. However, irradiation did 
not suppress the increase of enzyme activity 
brought about by chemical inducers (pheno-

barbital). Actinomycin inhibited both the 
ontogenic and phenobarbital-induced increases 
in enzyme activity. "The ontogenic increase 
in enzyme activity is hormone-dependent, while 
that following phenobarbital administration 
is independent of hormonal regulation as evi
denced by the response in hypophysectomized 
or sexually immature animals. It is concluded 
from these results that the inhibitory effect 
of X-irradiation on the hepatic enzyme system 
is mediated through an action on the hormonal 
regulation of enzyme activity." 

Nair et al. G67,304f68: Comparative studies 
suggest that the induction of drug-metabolizing 
enzymes by phenobarbital in the rat can be 
inhibited by both X-irradiation and actino
mycin, but through different mechanisms. 

Carcinogens +-

Terayama & Takata F69,475f66: "Whole 
body irradiation of rats with Co60-y rays did not 
affect either the aminoazo dye N-demethylat
ing activity or the hydroxylating activity of 
rat-liver. It also had no significant effect on the 
induction of the enzymatic activities by 
methylcholanthrene. The ionizing irradiation, 
however, appeared to increase the reduction of 
enzymatic activity following partial hepatecto
my." 

Pesticides +-

Hietbrink & DuBois F65,296f66: In 
weanling male rats, total body X-irradiation 
inhibits the development of the hepatic 
microsomal enzyme fraction that catalyzes the 
oxydative desulfuration of Guthion. Shielding 
of the liver and testes does not prevent this 
inhibition, whereas irradiation of the head area 
(while the remainder of the body is shielded) 
produces a degree of inhibition similar to that 
obtained by total body irradiation. "The same 
dose of irradiation did not inhibit the enzyme 
development in hypophysectomized weanling 
rats. Thus, the pituitary is necessary for the 
radiation effect, but involvement of the pitui
tary is not the result of a radiation-induced 
deficiency of pituitary hormones." 
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Varia+--

Studies on the effect of X-irradiation upon microbial infection, endotoxin poisoning 
and hepatic regeneration are not particularly instructive in connection with the 
hormonal regulation of resistance. 

Among the enzymic changes induced by total body X-irradiation in the rat, a 
dose-dependent increase in TPO activity is noteworthy in that it occurs within a 
few hours, but only in the presence of the adrenals. The substrate induction of TPO 
is stimulated by X-irradiation applied 24 hrs earlier. Induction by cortisol is initially 
stimulated but later inhibited by X-irradiation. 

Microorganisms and Their Toxins +--

Oremer &: Watson 037,986/57: Deposition 
of endotoxin of S. typhosa was foilowed in 
normal and stressed rabbits by the fluorescein 
tagging technique. "Pretreatment with cortisone 
and x-irradiation did not affect initial phagocy
tosis of toxin but inhibited degradation and 
elimination of toxin by the RES." 

Vick F79,609f67: X-irradiation prolongs 
the survival of dogs following subsequent 
endotoxin treatment. 

Highman et al. H 19,382/69: In rats exposed 
to X-irradiation or hypoxia, i.v. injection of 
Streptococcus mitis produces severe bacterial 
endocarditis. "The radioprotective compound, 
dimethyl sulfoxide (DMSO), did not affect the 
lesions in nonirradiated animals but reduced 
the incidence and severity of lesions in irradia
ted rats." 

Hepatic LesioliS +--

Fabrikant H 8,091/68: In mice, X-irradia
tion interferes with hepatic regeneration after 
partial hepatectomy. A radiation free interval 
prior to partial hepatectomy improves the 
regenerative capacity of the liver. 

Zelioli-Lanzini H 19,493/69: In rats, small 
doses of X-rays as weil as hepatic extracts 
improve liver regeneration following partial 
hepatectomy. 

Hepatic Enzymes +--

TPO, TKT+-. Thomson &: Mikuta B90,975f 
54: "Total-body X-irradiation produces within 
a few hours a dose-dependent increase in the 
tryptophan peroxydase-oxydase system of rat 
liver. The increase does not occur in adrenal
ectomized rats, and hence cannot be construed 
as a direct effect of X-irradiation." After 
hypophysectomy, enzyme induction became 
progressively less pronounced as adrenal 

atrophy developed. ACTH restored the ability 
of the hypophysectomized rat to respond with 
enzyme induction. 

Benes &: Zicha G67,159f69: Exposure to 
1400 R does not inhibit the TPO activity of rat 
liver. In fact, substrate induction of TPO is 
stimulated by X-irradiation applied 24 hrs 
earlier. Induction by cortisol is initiaily stimu
lated and then, inhibited by X-irradiation. 
X-irradiation before partial hepatectomy inhib
its the increase in TPO normally observed 
12 hrs after the operation. Similar results are 
obtained by actinomycin D applied 1 hr after 
partial hepatectomy. "The diminished synthe
sis of tryptophan oxygenase in irradiated 
regenerating rat liver tissue, as weil as the de
crease of hormonal induction after the irradia
tion can be explained by the inhibition of the 
specific messenger RNA's synthesis." 

Other Enzmyes +-. Brin &: McKee 031,261/ 
56: In the rat, various stressors (total body 
X-irradiation, nitrogen mustard, starvation) 
as weil as cortisone increase glutamic-aspartic 
and glutamic-alanine transaminase activities in 
the liver. Adrenalectomy decreases the activity 
of these enzymes. The glutamic-alanine enzyme 
is more sensitive to stress than the glutamic
aspartic enzyme. 

Gresham &: Pover G58,354f68: In the rat, 
alkaline RNAse Ievels increase in the mucosa 
of the small intestine after total body or selec
tive head X-irradiation, as weil as after treat
ment with such radiomimetic drugs as chlor
ambucil or busulfan but not after treatment 
with ACTH, cortisol or various stressors. Still, 
a relationship to the G.A.S. is suspected 
because blockade of the normal neuroendocrine 
responses to stress by combined treatment with 
morphine + pentobarbital blocked the intesti
nal RNAse response to X-irradiation. The lat
ter was also lacking in newbom rats in which 
hypothalamic control of anterior pituitary 
function has not yet developed. 



-<- Hypoxia 685 

+- ULTRAVIOLET RAYS 

In mice, daylight or ultraviolet irradiation increases acetonitrile resistance even 
after thyroidectomy; hence, this effect of the rays is not necessarily mediated through 
the thyroid. 

Paal18,183f33: In mice, exposure to light 
greatly influences sensitivity to acetonitrile. 
Even after thyroidectomy, daylight as well as 
ultraviolet irradiation increase the MLD of 
acetonitrile. Hence, resistance to this drug is 

not always influenced through variations in 
thyroid activity. 

Ellinger 78,163/38: In mice, ultraviolet irra
diation increases resistance against acetonitrile, 
presumably through activation of the thyroid. 

+- HYPOXIA 

In mice, reduced oxygen tension does not necessarily diminish and may even 
increase resistance to X-rays. 

Barbiturates <-

DeFeo et al. H 32,863/70: "Mice under acute 
hypobaric conditions exhibited lower Ievels of 
pentobarbital in the body at the time of awak
ening than did control mice at room atmo
sphere. The fact that the hypoxic animals re
main asleep at otherwise inadequate concen
tration of drug suggests enhanced sensitivity 
to barbiturates." The pentobarbital concentra
tion of the body declined at a subnormal rate 
in mice exposed to hypobaric hypoxia. In iso
lated mice (1 per cage), the duration of hexo
barbital, pentobarbital, barbital or chioral hy
drate sleeping time was markedly reduced in 
comparison with controls kept in a more nor
mal social environment (10 per cage). The mag
nitude of the reduction of sleeping time was 
greatest with hexobarbital, and least with bar
bital. Furthermore, "in vitro studies showed 
that the hepatic microsomal fractions isolated 
from socially deprived mice metabolized hexo
barbital at a rate higher than the hepatic frac
tions isolated from control mice." In male mice, 
in which aggressive behavior develops follow
ing prolangend deprivation of social interaction 
(isolation), hexobarbital sleeping time was also 
reduced. In females which did not develop 
fighting behavior, the reduction in hexobarbi
tal sleeping time was likewise evident which 
"would suggest that development of aggressive 
behavior during isolation has a different bio
logical basis and is not related to the alteration 
in pharmacological activity." 

Medina & Merritt G81,699f70: In mice, the 
in vivo effect and hepatic metabolism of various 
barbiturates, zoxazolamine and other drugs are 
significantly altered by a reduced barometric 

pressure, but the action of this stressor largely 
depends on the length of exposure. 

Bacteria +- cf. also Selye G60,083f70, 
pp. 455, 456. 

Highman et al. H 19,382/69: In rats exposed 
to X-irradiation or hypoxia, i.v. injection of 
Streptococcus mitis produces severe bacterial 
endocarditis. "The radioprotective compound, 
dimethyl sulfoxide (DMSO), did not affect the 
lesions in nonirradiated animals but reduced 
the incidence and severity of lesions in irradia
ted rats." 

loni:;sing Rays +-

Smith et al. B48,252f48: In mice, reduced 
oxygen tension did not adversely influence 
survival following X-irradiation. 

Limperos B50,944f50: In X-irradiated mice, 
"low oxygen atmosphere exerts a protective 
effect possibly because it decreases the concen
tration of OH and H02 radicals and of H 20 2." 

Hepatic En:;symes +-

Kato & Gillette F 57,817!65: The metabolism 
of aminopyrine and hexobarbital by hepatic 
microsomes of male rats is impaired by adre
nalectomy, castration, hypoxia, ACTH, formal
dehyde, epinephrine, morphine, alloxan or 
thyroxine. The metabolism of aniline and zoxa
zolamine is not appreciably decreased by any 
of these agents; in fact, hydroxylation of 
aniline is enhanced by thyroxine or alloxan. 
Apparently, the treatments impair mainly the 
sex-dependent enzymes. Accordingly, the 
corresponding enzymic functions of the hepatic 
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microsomes of female rats are not significantly 
impaired by the agents which do have an 
inhibitory effect in males. 

Agarwal & Berry G66,480f67: Brief mention 
of unpublished experiments showing that mice 

"exposed to hypoxic stress clearly establish 
that enzyme induction occurs in the absence of 
exogenous hormone, and hence from stress 
alone, and that this induction is also subject to 
inhibition by endotoxin." 

+- TEMPERATURE VARIATIONS 

Variations in atmospheric temperature may greatly influence barbiturate toxicity. 
Rats kept in the cold for several weeks show an increased hexobarbital sleeping time 
which does not correspond to an increased hexobarbital metabolism of the liver in 
vitro. 

Lynestrenol reduced, whereas mestranol prolonged the duration of pentobarbital 
and hexobarbital anesthesia in mice. The effect of the luteoid was inhibited, whereas 
that of the folliculoid was increased when pentobarbital was prevented from inducing 
hypothermia. 

During the acute phase of CCI4 intoxication, the induction of TKT and TPO 
activity in the livers of rats is diminished by the stress of exposure to cold and the 
associated decrease in corticosterone production. However, after chronic hepatic 
injury is induced by repeated doses of CC14 , TKT and TPO induction by cold or 
exogenaus corticosterone may be virtually normal. 

In mice, exposure to the stress of cold decreases resistance to endotoxin, possibly 
because of an initial "depletion of corticoid reserves." Cortisone protects even against 
the combined effect of endotoxin + cold. After one week of acclimatization to low 
temperatures, endotoxin resistance is increased, perhaps owing to the induction 
of excess TPO. In senescent mice, the induction of TKT by cold is delayed. 

Drugs +-

Barbiturates ~. Richards 79,646!41: The 
toxicity of thiopental to frogs is higher at 10 
than at 20° 0, but this does not hold true of 
paraldehyde. 

Blackham & Spencer G69,913f69: Mestranol 
(a folliculoid) prolonged, while lynestrenol (a 
luteoid) reduced the duration of pentobarbital 
and hexobarbital sleep in mice. Barbital was 
not affected. The effects of lynestrenol were 
abolished by SKF 525-A, while those of 
mestranol were markedly potentiated. Lynest
renol increased, whereas mestranol and SKF 
525-A reduced the rate of clearance of barbitu
rate from the plasma. The effect of lynestrenol 
disappeared and that of mestranol was in
creased when pentobarbital was prevented 
from inducing hypothermia. 

Hässler et al. H23,853f69: Male rats are 
more resistant than females to the anesthetic 
effect of hexobarbital. In rats raised under 
extreme conditions of stress (cold or repeated 
periods of fasting) hexobarbital sleeping time 
is prolonged. 

Kalser & Kunig G65,21lf69: "Rats exposed 
to 5° for at least 3 days and for as long as 
7 weeks sleep Ionger than their age-matched 
25° controls when given hexobarbital. This 
increase in sleep time does not correspond with 
a diminished metabolism in vitro, since the 
rate of metabolism by the liver of the cold
exposed rats remains essentially constant for 
the entire 7 weeks." 

Carbon Tetrachloride ~. Murphy & Malley 
G68,408f69: Studies on hepatic TKT, alkaline 
phosphatase (AP), and tryptophan pyrrolase 
(TP) in relation to stress and 0014-intoxication 
in the rat. "Liver TKT elevation, but not AP 
elevation, was prevented by adrenalectomy 
prior to 0014• Experiments on rats subjected 
to simultaneaus acute cold stress and 0014 

indicated that, during the acute phase of 0014 

hepatotoxicity, their livers had reduced capa
city for induction of TKT and TP by endo
genaus corticosterone. However, chronically 
injured livers of rats given repeated doses of 
0014 were fully responsive to the TKT- and TP
inducing effects of exogenous corticosterone 
or acute cold stress." 
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Chloral Hydrate~. Fastier et al. 037,038/ 
57: In mice, chioral hydrate sleeping time is 
increased by epinephrine, norepinephrine, 
phenylephrine, methoxamine, 5-HT, hista
mine, ergotamine, yohimbine, and atropine. 
"It is suggested that some, at least, of the drugs 
which prolong the effects of hypnotics do so by 
virtue of a hypothermic action." Vasopressin, 
cortisone and DOC did not prolong chioral 
hydrate sleeping time at the doses tested. 

Cholesterol ~. cf. Selye G60,083j70, p. 453. 

Dinitrophenol ~. Haydu & Wolfsan 077, 
942j59: In mice, the toxicity of DPN is 
increased by exposure to either cold or heat; 
the effect of temperature extremes is further 
aggravated by cortisone. 

l\'lagnesium ~. cf. Selye G60,083j70, pp. 
453,455. 

Tyrosine ~. Fuller G75,131j70: In rats, 
exposure to cold, as weH as treatment with 
cortisol or glucagon after adrenalectomy, indu
ced TKT activity in the liver but not in the 
brain. Apparently, the TKT "of brain differed 
from the enzyme in liver since it did not exhibit 
diurnal variations of activity and was not 
affected by hormones, drugs, or stress." 

Varia ~. Keplinger et al. G70,208j59: In 
rats, the acute i.p. toxicity of 58 drugs was 
compared at 8°, 26°, and 36° C. "Except for 
strychnine, chlorpromazine, and promazine, 
all compounds were most toxic at 36° C. 
Strychnine was equally toxic at 8° and 36° C, 
while promazirre and chlorpromazine were most 
toxic at 8° C." 

Furner & Stitzel G54,558J68: The hepatic 
microsomal metabolism of ethylmorphine, 
aniline, and hexobarbital is diminished in vitro 
by previous adrenalectomy in the rat. Pheno
barbital pretreatment of adrenalectomized rats 
raised the metabolism of all three substrates 
above the Ievel characteristic of otherwise 
untreated, adrenalectomized controls. Expo
sure of adrenalectomized rats to cold stress, 
or treatment with cortisol, increased the meta
bolism of aniline and ethylmorphine, but fur
ther depressed that of hexobarbital. In intact 
rats, cold stress diminished hexobarbital 
metabolism in vitro. Apparently, both stress 
and phenobarbital can bring about changes in 
hepatic drug metabolism independent of the 
presence of the adrenals, and the two agents 
act through different mechanisms, since 
phenobarbital invariably stimulates, whereas 
stress either increases or decreases microsomal 
enzyme activity, depending upon the drug 
pathway examined. 

Bacterial Toxins +--

Previte & Berry E 89,101 j63: In mice, 
exposure to the stress of cold decreases resist
ance to endotoxin, perhaps because of an 
initial "depletion of corticoid reserves." 
Cortisone protects even against the combined 
effect of endotoxin + cold. 

Berry F69,416j66: When exposed to 
extremes of temperature, the resistance of mice 
to the Iethai effect of endotoxin is greatly 
reduced. "It is believed that endotoxin sensi
tizes mice to heat and cold rather than these 
temperatures sensitizing to endotoxin. After 
1 week of acclimatization at 5°C of 37°C, the 
LD5o of endotoxin increased, respectively, to 
790 [Lg and 260 ftg. Inducibility of the liver 
enzyme tryptophan pyrrolase, believed to play 
a role in an animal's response to endotoxin, was 
evaluated at each invironmental temperature. 
Only at the extremes was it suppressed." 

Venoms +--

Stahnke F57,253j65: In rats treated with 
various scorpion and snake venoms, resistance 
was decreased by pretreatment with heat, cold 
or epinephrine. In all three cases, the change 
in resistance is ascribed to stress as such. 

Oittadini et al. G76,028j70: In X-irradiated 
mice, the formation of hemopoietic islets in the 
spieen is inhibited by dexamethasone, ACTH 
or the stress of exposure to cold. 

Immune Reactions +-- cf. Selye G60,083j 
70,pp. 453,455,456. 

Hepatic Enzymes +--

Metzenberg et al. D86,024j61: Thyroxine 
induces carbamyl phosphate synthetase in 
hepatic microsomes of the liver in tadpoles. 

Davis D92,322j63: The decarboxylation of 
o-tyrosine and 5-hydroxytryptophan by livers 
of adrenalectomized rats, given water, was 
significantly lower than in controls. No signifi
cant effects on decarboxylation of these sub
strates were observed in adrenalectomized 
animals given NaCl, or in intact animals 
treated with DOC or exposed to cold. On the 
other hand, cortisone increased the inherent 
hepatic decarboxylating activity for both 
substrates, in normal as weil as in pyridoxine
deficient rats. 

Finch et al. G71,208j69: In senescent mice, 
the induction of hepatic TKT by exposure to 
cold is delayed in comparison with young mice. 
Corticosterone and insulin are equally effective 
in this respect in mice of both age groups. 
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Klain & Hannon H13,174f69: In rats, 
exposure to cold induces an increase in the 
hepatic glucose-6-phosphatase, fructose-1,6-
diphosphatase, phosphoenolpyruvate carbo
xykinase and glutamic-pyruvic transaminase, 
presumably as a consequence of increased 
corticoid and thyroid hormone production. 

Dewaide G80,406(70: Comparative studies 
on the effect of adaptation to cold or heat upon 

hepatic drug oxidation in various species. Con
trary to earlier claims, drug metabolizing en
zymes do play a decisive roJe in the resistance 
of fishes to changes in their environment. "The 
effect of a change of ambient temperature on 
the liver of the hamster, rat, roach, and trout 
becomes manifest in an almost equal way for 
the different species." 

+-STRESSORS 

The effect of stress on the action of various pathogens is of special importance 
in connection with our topic, since stress can influence resistance through its effect 
upon the secretion of hormones as well as through nonhormonal mechanisms. 
It can also both diminish susceptibility to disease through "cross-resistance" and 
increase it by the activation of various "conditioning" mechanisms. 

Steroids +-

The effect of stressors upon the biogenesis, metabolism and especially the hy
droxylation of steroids by hepatic microsomes has been the subject of extensive 
studies. In connection with our topic, it is of special interest that the infarctoid 
cardiopathies produced by various corticoids + sodium salts are very regularly 
aggravated by diverse stressors, including even the noise made by a loud bell. 

Rats pretreated with various stressors are particularly sensitive to progesterone 
anesthesia. 

Selye A36,210f41: Rats pretreated with 
various stressors become particularly sensitive 
to progesterone anesthesia. 

Mäkinen et al. E20,847f63: Gonjoint 
treatment with cortisone + NaCl produces 
myocardial necroses in orchidectomized but not 
in normal male rats. Testosterone restores the 
resistance of the male castrates to normal, whe
reas concomitant exposure to the stress of a 
loud bell aggravates the cardiopathy. 

Kuntzmanetal.G66,245f66: Review (11 pp., 
19 refs.) on factors influencing steroid hydro
xylases in hepatic microsomes. 

Corticoids +- cf. Selye 050,810f58, pp. 88, 
114-122, 143; 092,918(61, pp. 58, 75, 254; 
G60,083f70, pp. 446, 449, 452, 457, 459, 462. 

Corticosterone +-Stress (Cold): Maik
kel et al. G41,515/66* 

Cortisol ~ Stress (Tourniquet 
shock): Firschein et al. 030,553/57* 

Cortisone ~ Stress + Genetics, 
Mouse: Wragg et al. B74,080/52* 

Estradiol ~ Stress (Cold): Inscoe et 
al. F70,325f66 

Nonsteroidal Hormonesand Hormone-Like Substances +-

In rabbits, epinephrine arteriosclerosis can be prevented by concurrent exposure 
to electroshock. There is very little evidence to suggest that sublethal amounts of 
catecholamines can be detoxicated by catatoxic steroids that increase hepatic drug 
metabolism; acute epinephrine or norepinephrine poisoning is actually aggravated 
by the syntoxic glucocorticoids. 

In rabbits, the organ changes produced by heavy thiouracil intoxication can be 
prevented by electroshock. 

In rats, the stress of restraint tends to prevent parathyroid hormone overdosage. 
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In mice sensitized with pertussis vaccine, the incrcased sensitivity to histamino 
and 5-HT is inhibited by various stressors. In rats, the renal necroses elicited by 
acute 5-HT intoxication are also inhibited by forced restraint. This protection occurs 
even after adrenalectomy and is not shared by cortisol, hence here the action of 
stress is presumably not mediated through glucocorticoid secretion. 

Epinephrine +- cf. also Selye B40,000f50, 
p. 55; B58,650f51, pp. 322, 373; G60,083f70, 
pp. 446, 450, 457. 

Delfini B52,659f50: In rabbits, epinephrine 
arteriosclerosis can be prevented by concurrent 
exposure to electroshock. 

Epinephrine ~ Stress (Cold): Ins· 
coe et al. F70,325f66 

Hypophyseal Horm,ones +- cf. Selye B40, 
000/50, p. 616. 

STH +- cf. also Selye G60,083f70, p. 457. 
Wakabayashi et al. H27,784f70: In rats, 

exposure to stressors [kind not stated (H.S.)] 
or administration of dexamethasone suppresses 
plasma STH (radio-immunoassay) both in the 
presence and in the absence of the adrenals. 
Adrenalectomy increases plasma STH. [These 
findings support the view that during stress
perhaps owing to increased ACTH andjor 
glucocorticoid secretion, the "shift in pituitary 
hormone production" results in a diminished 
STH secretion (H.S.).] 

Thyroid Horm,ones +- cf. also Selye 050, 
810!58, p. 88; 092,918/61, p. 121. 

Baraldi B52,651f50: In rabbits, the organ 
changes produced by heavy methylthiouracil 
intoxication can be prevented by electroshock. 

Parathyroid Horm,one +- cf. also Selye 
G60,083f70, pp. 446, 451. 

Tuchweber et al. G46,759f68: Pretreatment 
with thyroxine or calcitonin inhibits the soft 
tissue calcification and osteitis fibrosa induced 
by parathyroid extract overdosage. In the 
event of concurrent administration, the effect 
of the two protective hormones is summated. 
Thyroxine retains its effect upon calcium 
metabolism in thyroparathyroidectomized or 
adrenalectomized but not in nephrectomized 
rats. The stress of restraint likewise prevents 
parathyroid overdosage, but the associated 
bioehemical changes are different from those 
caused by thyroxine. 

Histamine, 5-HT +- cf. also Selye B40, 
000/50, p. 55. 

Munoz E8,473f64: In mice sensitized with 
B. pertussis, the development of increased 
sensitivity to histamine or 5-HT is inhibited by 
various stressors. 

Selye et al. E24,146f64: The renal necroses 
normally produced by acute intoxication with 
5-HT, can be inhibited by forced restraint both 
in intact and in adrenalectomized rats. Corti
sol has no such inhibitory effect; hence, the 
action of stress is not mediated through 
glucocorticoid secretion. 

5-HT ~ Stress (Cold): Inscoe et al. 
F70,325f66 

Drugs +-

The effect of numerous drugs can be either increased or decreased by pretreatment 
or concurrent treatment with stressors. Such interactions are important in the 
pathogenesis of the so-called "pluricausal diseases," in which stress plays a decisive 
but not an exclusive role. 

In particular, stress can greatly alter the toxicity of agar (thrombohemorrhagic 
syndromes), amphetamine, anaphylactoidogens and antibiotics. In combination with 
several indirect anticoagulants, stress can elicit the "hemorrhagic syndrome of 
Jaques." 

The anesthetic effect of various barbiturates is prolonged in rats pretreated with 
various toxic organ extracts, casein or colchicine, presumably as a consequence of 
their stressor effect. A similar prolongation of barbiturate sleeping time has been 
noted following treatment with toxic drugs, electroshock, etc. 
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On the other hand, the sedative effect of hexobarbital and pentobarbital (unlike 
that of barbital) was diminished by tourniquet stress in intact but not in hypophys
ectomized or adrenalectomized rats. In intact rats, ACTH or cortisone decreases 
hexobarbital sleeping time, whereas SKF 525-A blocks the protective action of 
stress; hence, protection by stressors has been ascribed to the liberation of gluco
corticoids. The blood levels of hexobarbital, pentobarbital and meprobamate (but 
not of phenobarbital) were diminished by tourniquet stress in intact but not in 
hypophysectomized or adrenalectomized rats. However, many of these experiments 
gave inconsistent results, presumably because stress has a dual action in general, 
inhibiting barbiturate anesthesia through the liberation of glucocorticoids but 
aggravating it perhaps through some extra-adrenal mechanism. 

For the effect of stressors upon the toxicity of other drugs, consult the Abstract 
Section. However, in evaluating all these data, we must keep in mind that timing 
is particularly important here, since pretreatment or concurrent treatment with 
stressors may affect potential pathogens in opposite ways. 

N -Acetyl-p-aminophenol ~ Stress 
(Cold): Inscoe et al. F70,325f66 

N -Acetyltyramine ~ Stress (Cold): 
Inscoe et al. F70,325f66 

Agar +- cf. Selye E5,986f66, p. 150. 

Arninopyrine +-

NakaniBhi et al. G79,299f70:"Cold exposure 
or immobilization of intact or adrenalectomized 
rats significantly impaired side-chain oxidation 
of hexobarbital and N -demethylation of amino
pyrine in vitro. In contrast, p-hydroxylation 
of aniline in vitro was not affected under stress 
conditions." The pertinent Iiterature is some
what Contradietory but, possibly, the effect of 
stress on drug-metabolizing enzyme induction 
may vary with the substrate employed. 

Arnphetarnine +-

Clark et al. F92,621f67: Crowding increases 
the toxicity of amphetamine in the mouse. 
"The administration of either dexamethasone, 
ethanol, glucose, 2-deoxy-d-glucose or diphe
nylhydantoin reduced the excitement, hyper
activity and morality in aggregated mice given 
d-amphetamine. The reduction in mortality 
was proportional to the decrease in excitement 
and hyperactivity." 

Amphetamine ~ Stress, Mouse: 
Rardinge et al. E26,072f63* 

Anaphylactoidogens +- cf. Selye B40,000f 
50, pp. 56, 754; G46,715f68, pp. 209, 212. 

Aniline+-

Stitzel & Furner G48,920f67: In rats, stress 
(cold) increases the rate of p-hydroxylation of 
aniline and N-dealkylation of ethylmorphirre 

simultaneously with an increase in adrenal 
ascorbic acid content. The stress-induced stimu
lation of microsomal metabolism and adrenal 
ascorbic acid Ievels are additive with those pro
duced by phenobarbital. "It is tentatively con
cluded that stress and phenobarbital appear to 
act through different mechanisms in inducing 
increases in enzyme activity, although each 
treatment may have a common final step, 
namely an increased net synthesis of enzyme 
protein." 

NakaniBhi et al. G79,299f70: "Cold exposure 
or immobilization of intact or adrenalectomized 
rats significantly impaired side-chain oxidation 
of hexobarbitel and N -demethylation of amino
pyrine in vitro. In contrast, p-hydroxylation 
of aniline in vitro was not affected under stress 
conditions." The pertinent Iiterature is some
what Contradietory but, possibly, the effect of 
stress on drug-metabolizing enzyme induction 
may vary with the substrate employed. 

Antibiotics +- cf. Selye G60,083f70, pp. 
460, 464, 465. 

Anticoagulants +-

JaqueB G70,979f68: Review (30 pp., 13 
refs.) on the "hemorrhagic stress syndrome" 
that is produced in various mammals treated 
with indirect anticoagulants (e.g., phenindione, 
dicoumarol) and then exposed to stress or 
treated with DOC, ACTH, or STH. Conversely, 
cortisone, epinephrine, ephedrine and adreno
chrome inhibit this syndrome. 

Barbiturates +-

MaBBon B1,217f46: In male rats, pretreat
ment for 6 days with crude pituitary powder 
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s.c. "slightly prolonged the duration of 
anesthesia with phanodorn, thioethamyl, neo
nal, delvinal, nostal and amytal, and greatly 
prolonged (2 to 5 times) with pentothal, 
seconal, allyl pental, nembutal, evipal, per
noston and sigmodal." There was no difference 
between the pretreated and control rats as 
regards the anesthetic effect of phenobarbital, 
probarbital, barbital, aprobarbital, allobarbital 
and chioraL "The action of pituitary prepara
tions is not specific but can also be obtained 
with preparations from various argans and with 
foreign proteins." Hepatic darnage is conside
red to be a likely cause of the prolongation of 
anesthesia under these conditions. 

Masson 94,205!47: Various tissue extracts 
(anterior pituitary, thymus, pancreas, liver, 
kidney, spieen, testis, brain) as weil as casein 
s.c. decrease resistance to pentobarbital 
anesthesia in male rats. On the other hand, 
"among eight damaging agents given in doses 
sufficient to elicit an alarm reaction, only 
colchicine and atropine prolonged the duration 
of anesthesia, because of their high degree of 
toxicity." Yet, the prolongation of barbiturate 
anesthesia by pituitary extracts must be 
ascribed to a nonspecific stressor effect. 

Cook et al. D23,923f54: A review of the 
Iiterature shows that barbiturate anesthesia 
can be prolonged by alcohol, cholesterol, 
antihistaminics, histamine, certain nitrates, 
thiamine, ascorbic acid, cystine, disulfiram, 
glycerin and many other agents. 

Kato E87,340f60: Mention of unpublished 
experiments which show "that, in rats pre
treated with electroshock, the sleeping-time 
induced by barbiturates (48-72 h later) is 
much Ionger than in normal animals." 

Rupe et al. E26,910f63: Thesedative effect 
of hexobarbital and pentobarbital, but not of 
barbital, was diminished by tourniquet stress, 
in the intact but not in the hypophysectomized 
or adrenalectomized rat. In intact rats, ACTH 
or cortisone decreases hexobarbital sleeping 
time, the same as stress does, whereas SKF 
525-A completely blocks the protective action 
of the latter. Presumably "the stress effect on 
the duration of drug action is mediated through 
increased drug metabolism." 

Driever & Bousquet G31,872f65; Driever et 
al. F73,812f66: In rats with tourniquet stress, 
the blood Ievels of hexobarbital, pentobarbital 
and meprobamate, but not of phenobarbital, 
were diminished after injection of these drugs. 
These effects are prevented by hypophysecto
my or adrenalectomy. Pentabarbital blood 
Ievels are lowered in adrenalectomized rats by 

corticosterone, but not by ACTH, whereas 
in hypophysectomized rats, both these hormo
nes are active. "The ability of stress situations 
to stimulate drug metabolism and its depend
ence upon an intact pituitary-adrenal axis is 
suggestive of a regulatory function of the 
endocrine system in mediating a rapid induc
tion of liver microsomal enzymes responsible 
for drug metabolism." [An addendum states 
that the experiments could not be repeated in 
the summer (H.S.).] 

Wooles & Borzelleca F93,374f66: Repeated 
administration of zymosan i.v. prolongs 
hexobarbital, pentobarbital, and barbital 
sleeping time in the mause. This effect is 
ascribed to stimulation of the RES. 

Dairman & Balazs G78,636f70: Individual
ly caged rats tend to become aggressive; they 
show enlarged adrenals and thyroids, but 
atrophic spleens and thymus glands as compa
red with community-caged controls. This has 
been referred to as "isolation stress." Indivi
dually caged rats also exhibit diminished 
barbiturate sleeping times, possibly as a con
sequence of microsomal enzyme induction. 

DeFeo et al. H 32,863/70: "Mice under acute 
hypobaric conditions exhibited lower Ievels of 
pentobarbital in the body at the time of awak
ening than did control mice at room atmo
sphere. The fact that the hypoxic animals re
main asleep at otherwise inadequate concentra
tion of drug suggests enhanced sensitivity to 
barbiturates." The pentobarbital concentration 
of the body declined at a subnormal rate in 
mice exposed to hypobaric hypoxia. In isolated 
mice (1 per cage), the duration of hexobarbital, 
pentobarbital, barbital or chioral hydrate sleep
ing time was markedly reduced in comparison 
with controls kept in a more normal social 
environment (10 per cage). The magnitude of 
the reduction of sleeping time was greatest 
with hexobarbital, and least with barbital. 
Furthermore, "in vitro studies showed that the 
hepatic microsomal fractions isolated from so
cially deprived mice metabolized hexobarbital 
at a ratehigher than the hepatic fractions iso
lated from control mice." In male mice, in 
which aggressive behavior develops following 
prolonged deprivation of social interaction (iso
lation), hexobarbital sleeping time was also re
duced. In females which did not develop fight
ing behavior, the reduction in hexobarbital 
sleeping time was likewise evident which "would 
suggest that development of aggressive be
havior during isolation has a different biolog
ical basis and is not related to the alteration in 
pharmacological activity." 
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Nakanishi et al. G79,299f70: "Cold exposure 
or immobilization of intact or adrenalectomized 
rats significantly impaired side-chain oxidation 
of hexobarbital and N -demethylation of amino
pyrine in vitro. In contrast, p-hydroxylation 
of aniline in vitro was not affected under stress 
conditions." The pertinent Iiterature is some
what contradictory but, possibly, the effect of 
stress on drug-metabolizing enzyme induction 
may vary with the substrate employed. 

Sethy et al. G77,511f70: In rats, pento
barbital sleeping time is reduced immediately 
after stress (centrifugation), but returns to 
normal eight hours later. In adrenalectomized 
animals, this effect of stress is abolished. 

Weiner et al. H 24,942/70: In rats, glucagon, 
alloxan and starvation all increased hexobarbi
tal sleeping time. This effect was markedly 
antagonized by insulin. Perhaps, cyclic AMP 
may be involved since theophylline greatly in
creases the action of glucagon. This synergism 
also occurrred in isolated, perfused rat livers 
and, hence, "inhibition ofhexobarbital metabo
lism by cyclic AMP would appear to be me
diated in the liver." 

Barbiturates +-- Stress: Rupe et al. 
E26,910/63*; Bosquet et al. F35,073/65*; 
Driever et al. 031,872/65*, F73,812/66* 

Hexobarb ital +-- Stress: Rupe et al. 
E26,910/63*; Bosquet et al. F35,073/65* 

Pentabarbital +-- Stress: Driever et 
al. 031,872/65*, F73,812f66* 

Bromben111ene +--

Schultz Bl8,183f46: In rabbits, the detoxi
cation of brombenzene as mercapturic acid is 
enhanced by the presence of a sterile abscess. 
Presumably, "a specific metabolic reaction can 
utilize the tissue breakdown products resulting 
from the formation of a sterile abscess." 

Bromides +--

Prioreschi 068,485/59: In the rat,exposure 
to stress intensifies NaBr anesthesia. 

Calcium +-- cf. Selye G60,083f70, pp. 446, 
452,453. 

Carbon Tetrachloride +--

Oalvert & Brody 082,653/60: "A hypo
thesis is proposed which states that the charac
teristic hepatic changes seen after the adminis
tration of carbontetrachloride are the result of 
stimulation of central sympathetic areas which 
produce a massive discharge of the peripheral 
sympathetic nervous system." This hypothesis 
is based mainly upon the observation that in 
rats, adrenergic blocking agents, reserpine, 
adrenalectomy, and section of the spinal cord 

are all effective in preventing the changes 
characteristic of 0014 intoxication. [The possi
bility that the protection might be due to stress 
or the associated hypothermia has not been 
considered. (H.S.).] 

Carcinogens +--

Wheatley et al. F68,548f66: Partial hepat
ectomy protects the adrenals of the rat 
against the hemorrhagic necrosis produced by 
DMBA. On the other hand, "operative stress," 
as in sham-hepatectomy or nephrectomy, ac
tually increases the susceptibility of the adre
nals to DMBA. Other factors influencing 
DMBA-induced adrenal necrosis are reviewed. 

Somogyi G70,416f70: In rats, spironolac
tone inhibits the adrenocortical necrosis, 
carcinogenicity and hemopoietic-tissue-damag
ing action of DMBA. Ethylestrenol, SC-1, and 
norbolethone are also effective against the 
DMBA-induced adrenal necrosis. Spirono
lactone likewise protects against the adreno
corticolytic effect of 7-0HM-MBA. Thus, the 
anti-DMBA action of spironolactone does not 
seem to be based on the blockade of the trans
formation of the carcinogen into this suppo
sedly more active metabolite. The preventive 
action of spironolactone is abolished by ethio
nine, suggesting the involvement of active 
protein synthesis. The DMBA-induced adrenal 
lesions are aggravated by estradiol, testoster
one, methyltestosterone, cortisol, triamcinolone, 
and prednisolone, as weil as by the stress of 
muscular work or restraint. The aggravation 
of adrenal necrosis by estradiol is diminished 
but not abolished by hypophysectomy. 

Somogyi & Kovacs G70,482j70: In rats, the 
stress of restraint or of forJed muscular exer
cise significantly increases the adrenocorticoly
tic effect of DMBA. Spironolactone can abolish 
this stress-induced aggravation. The mammary 
carcinogenicity of DMBA is not influenced by 
stress. 

Carrageenin +-- cf. Selye E 5,986/66, p.l50. 

Chloral Hydrate +--

DeFeo et al. H 32,863/70: "Mice under acute 
hypobaric conditions exhibited lower Ievels of 
pentobarbital in the body at the time of awak
ening than did control mice at room atmo
sphere. The fact that the hypoxic animals re
main asleep at otherwise inadequate concentra
tion of drug suggests enhanced sensitivity to 
barbiturates." The pentobarbital concentration 
of the body declined at a subnormal rate in 
mice exposed to hypobaric hypoxia. In isolated 
mice (1 per cage), the duration ofhexobarbital, 
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pentobarbital, barbital or chioral hydrate sleep
ing time was markedly reduced in comparison 
with controls kept in a more normal social 
environment (10 per cage). The reduction of 
sleeping time was greatest with hexobarbital, 
and least with barbitaL Furthermore, "in vitro 
studies showed that the hepatic microsomal 
fractions isolated from socially deprived mice 
metabolized hexobarbital at a rate higher than 
the hepatic fractions isolated from control 
mice." In male mice, in which aggressive be
havior develops following prolonged depriva
tion of social interaction (isolation), hexobarbi
tal sleeping time was also reduced. In females 
which did not develop fighting behavior, the 
reduction in hexobarbital sleeping time was 
likewise evident which "would suggest that de
velopment of aggressive behavior during isola
tion has a different biological basis and is not 
related to the alteration in pharmacological 
activity." 

Chlorides +-- cj. Selye C92,918f61, p. 88; 
G60,083f70, pp. 460, 464. 

Chloroform +-

Ravdin et al. B25,566f39: In rats, xanthine, 
allantoin, caffeine, sodium ricinoleate and 
Suspensions of colloidal carbon injected s.c. 
protect the liver against injury from chloro
form, presumably as a consequence of the 
resulting inflammatory reaction which is 
associated with the absorption of protein split 
products. This would also explain the protec
tive effect of various hepatic extracts (includ
ing Yakriton) and of high protein diets. 

Cholesterol +-- cf. also Selye C92,918f61, 
p. 229; G60,083f70, pp. 445, 447, 457, 458, 459, 
464, 486, 487. 

Fig. 29. Aggravation by stress 
ol DMBA-indueed adrenoeorti
eal neerosis. Adrenals of rat 
given threshold amounts of 
DMBA. A: Without exposure 
to stress, this amount of the 
carcinogen causes no obvious 
adrenal change. B: Following 
exposure to stress of restraint 
increases sensitivity to the car
cinogen and results in severe 
adrenocortical necrosis and 
hemorrhage. [Courtesy of So
mogyi & Kovacs.] 

Conney & Kuntzman G70,540f70: Review 
on the metabolism of cholesterol as influenced 
by the induction of hepatic drug-metabolizing 
enzymes. 

Ethanol+-

Fazekas & Rengei G58,27lf68: In rats, not 
pretreated with ethanol, the alcohol-dehydro
genase (ADH) activity of the liver, heart, and 
kidneys is diminished by adrenalectomy. Upon 
s.c. administration of ethanol, the ADH-acti
vity of the liver increases both in intact and in 
adrenalectomized rats. The authors speculate 
that ADH-activity may result not only in the 
microsomes but also in other cellular fraction, 
and that part of the enzyme induction may be 
due to the stressor effect of ethanoL 

Formaldehyde+-- cf. Selye B40,000f50,p. 
387; B58,650f51, p. 248. 

Ganglioplegics +-

Selye G 70,448!70: In rats, intoxication with 
TEA, hexamethonium and pentolinium could 
be prevented by all of the seven glucocorticoids 
tested. On the other hand, glucocorticoids 
offered no protection against trimethaphan, 
mecamylamine, trimethidinium or pempidine. 
Typical catatoxic steroids (ethylestrenol, 
CS-1, spironolactone, norbolethone, oxandro
lone) as weil as progesterone, DOC, and hydro
xydione failed to offer significant protection 
against hexamethonium or TEA. Various 
stressors (hone fractures, fasting, spinal cord 
transection and formalin) gave excellent pro
tection against TEA, whereas others (restraint, 
cold) did not. "Since even !arge doses of ACTH 
are ineffective in this respect the anti-TEA 
effect of stressors cannot be ascribed merely to 
increased corticoid secretion." 
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lndomethacin +--

Selye P ROT. 22977,22161: In rats (100 g 'i') 
various severe stressors (restraint, spinal cord 
transection, intestinal traumas, hone fractures, 
formalin injections) did not significantly moiify 
the development of perforating intestinal 
ulcers. 

Isoproterenol-<--- cf. Selye G60,083f70, pp. 
453,455. 

Lipids, Fatty Acids +--

Oonney & Kuntzman G70,540f70: Review 
on the metabolism of fatty acids as influenced 
by the induction of hepatic drug-metabolizing 
enzymes. 

Magnesium+-- cf. Selye 092,918/61, p. 88; 
G60,083f70, pp. 460, 464. 

Mepro bamate ~ Stress: Rupe et al. 
E26,910f63*; Bousquet et al. F35,073f65*; 
Driever et al. F73,812/66* 

a-Methyltyrosine +--

SmookleT & Buckley H 32,862/70: In rats, 
exposure to a combination of stressors (noise, 
flashing lights, oscillation of the cage) causes 
pronounced hypertension and increased sensi
tivity to salicylate (gastric ulcers) and reserpine 
(mortality) intoxication. a-Methyltyrosine pre
vents the stress-induced hypertension, perhaps 
because it reduces the Ievel of catecholamines 
by inhibiting their synthesis but leaving the 
eatecholamine binding system intact. "The 
combination of a reduced amount of liberated 
transmitterplus rapid inactivation by an intact 
binding system may serve to dampen the stress
induced activation of central sympathetic cen
ters." Whereas both reserpine and a-methyl
tyrosine prevent the stress-induced hyper
tension, the former does, whereas the latter 
does not cause mortality. 

Morphine +--

Stitzel & Furner G48,920j67: In rats, stress 
(cold) increases the rate of p-hydroxylation of 
aniline and N-dealkylation of ethylmorphine 
simultaneously with an increase in adrenal as
corbic acid content. The stress-induced stimu
lation of microsomal metabolism and adrenal 
ascorbic acid Ievels are additive with those pro
duced by phenobarbital. "It is tentatively con
cluded that stress and phenobarbital appear to 
act through different mechanisms in inducing 
increases in enzyme activity, although each 

treatment may have a common final step, 
namely an increased net synthesis of enzyme 
protein." 

Nicotine -<---

Beckett & Triggs G70,154f67: In man, 
nicotine excretion in the ur:ne following 
intravenous injection of nicotine, smoking or 
inhalation of nicotine vapor is greater among 
nonsmokers than among smokers. The differ
ence is ascribed to the induction of drug
metabolizing enzymes by nicotine. Following 
discontinuation of smoking, the accelerated 
nicotine metabolism persists for many months. 

p-Octopamine ~ Stress (Cold): 
Inscoe et al. F70,325f66 

Papain +- cf. Selye 050,810/58, p. 106; 
092,918/61, pp.102, 266; G60,083f70, pp. 446, 
450, 459, 460. 

Perchlorates +-

Selye & Bajusz 055,656/59: A great variety 
of stressors sensitizes the rat to the production 
of spastic muscular contractions by NaCl04 • 

Permanganates +- cf. Selye D15,540f62, 
p 302. 

Pesticides +--

Brown G78,684j70: In rats, various forms 
of stress (exercise, starvation, temperature 
variations) decrease the blood and tissue clear
ance of DDT and of its metabolites. 

Gish & Ohura G80,046j70: In Japanese 
quails, sensitivity to DDT is increased by star
vation and during the breeding season. Males 
are more sensitive than females. 

Phenol+-

Samaras & Dietz 056,733/58: In mice, 
pretreatment with "swimming stress" in
creases sensitivity to the production of intense 
convulsions by phenol s.c. Cortisol does not 
modify phenol intoxication. 

Phenol~ Stress (Cold): Inscoe et al. 
F70,325f66 

Plasmocid +- cf. Selye 092,918/61, pp. 95, 
96, 266; G60,083f70, pp. 459, 460. 

Potassium +- cj. Selye 092,918/61, pp. 82, 
257; G60,083f70, pp. 447, 452, 460, 464. 

Reserpine -<---

Smookler & Buckley H 32,862/70: In rats, 
exposure to a combination of stressors (noise, 
flashing lights, oscillation of the cage) causes 
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Fig. 30. Proteetion by restraint against papain. Both rats received the same dose of papain i.p. 
A: Many "tigroid necroses" in the otherwise untreated control. All rats of this group died within 
48 hrs. B: No lesion in rat restrained (8 hrs) on day preceding papain injection. All animals of 

this group survived. [Selye C92,918/61. Courtesy of Charles C Thomas.] 

pronounced hypertension and increased sensi
tivity to salicylate (gastric ulcers) and reserpine 
(mortality) intoxication. 0(-Methyltyrosine pre
vents the stress-induced hypertension, perhaps 
because it reduces the Ievel of catecholamines 
by inhibiting their synthesis but leaving the 
catecholamine binding system intact. "The 
combination of a reduced amount of liberated 
transmitterplus rapid inactivation by an intact 
binding system may serve to dampen the stress
induced activation of central sympathetic cen
ters." Whereas both reserpine and 0(-methyl
tyrosine prevent the stress-induced hyperten
sion, the former does, whereas the latter does 
not cause mortality. 

Salicylates -

Smookler & Buckley H 32,862/70: In rats, 
exposure to a combination of stressors (noise, 
flashing lights, oscillation of the cage) causes 
pronounced hypertension and increased sensi
tivity to salicylate (gastric ulcers) and reserpine 
(mortality) intoxication. 0(-Methyltyrosine pre
vents the stress-induced hypertension, perhaps 
because it reduces the Ievel of catecholamines 
by inhibiting their synthesis but leaving the 
catecholamine binding system intact. "The 
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combination of a reduced amount of liberated 
transmitterplus rapid inactivation by an intact 
binding system may serve to dampen the stresE
induced activation of central sympathetic cen
ters." Whereas both reserpine and 0(-methyl
tyrosine prevent the stress-induced hyperten
sion, the former does, whereas the latter does 
not cause mortality. 

Salicylic Acid ~ Stress (immobili
zation) + Pregnancy: Goldman et al. 
E35,710/63* 

Synephrine ~ Stress (Cold): Inscoe 
et al. F70,325f66 

Tyramine ~ Stress (Cold): Inscoe 
et al. F70,325f66 

Tyrosine-

Alam et al. G53,636f67: In rats fed low
protein diets, excessive tyrosine intake depres
ses growth and causes characteristic lesions in 
the paws and eyes. Injections of cortisol or 
stress produced by infusorial earth i.p. pre
vented the manifestations of tyrosine intoxi
cation, presumably as a consequence of hepatic 
microsomal TPO induction. The effect of 
infusorial earth i.p. is ascribed to the resulting 
stress-induced increase in corticoid secretion. 
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Fig. 31. Protection by restraint against DHT. Both rats received the same DHT-treatment during 
4 days. In addition, one (A, C), was restrained on the first (3 hrs), third (5 hrs) and fifth (7 hrs) 
day. A, C: DHT alone produced the usual predominantly vascular calcification (white calcareous 
rings along the course of the major coronary branches) and, almost exclusively cortical, nephro
calcinosis with renal hypertrophy. B, D: The stress of restraint prevented this effect. [Selye 

C92,918/61. Courtesy of Charles C Thomas.] 
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Fig. 32. Proteetion by restraint against 
DHT. Both rats received the same 
DHT-treatment. A + B: Intense "tig
roid" and vascular calcification of the 
myocardium (visible on the cut surface 
of the heart) and calcification of the 
aorta, shown by blackening upon treat
ment with silver nitrate. C + D: Pre
vention of this calcification by repeat
ed pretreatment with short periods of 
restraint. [Selye et al. 091,680/61. 
Path.-Biol.] 

Vitamin A +-

Greaves & Schmidt A 48,725/36: In rats, 
laparotomy and various toxic agents failed to 
influence vitamin-A requirements, but these are 
increased by thyroxine or desiccated thyroid, 
and decreased by thyroidectomy. 

VitaminD,DHT+-cf.SelyeC50,810f58,pp. 
90, 115; C92,918f61, pp. 179, 181, 260, 266; 
D15,540f62, pp. 261, 282; G60,083f70, pp. 446, 
451, 459, 461. 

Zoxazolamine ~ Stress: Bousquet et 
al. F35,073f65* 

Varia +-

Fouts et al. G68,041 f61: Partially hepatecto
mized rats are deficient in the ability to oxidize 
the side-chain of hexobarbital or the ring-
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sulfur of ehlorpromazine, and to reduce the 
nitro-group of p-nitrobenzoie aeid. Full reco
very of these activities occurs only after com
plete regeneration of the hepatic mass (about 
ten days after operation). 0-dealkylation of 
eodeine is impeded only during the first few 
days, when the regeneration is most active. 
Sham- hepatectomy(with exteriorization of the 
liver) has a similar, though much less pronoun
ced effect. 

Bousquet et al. F 35,073/65: In rats with 
stress produced by applying a tourniquet around 
one hind limb for 2.5 hrs, the toxicity of hexo
barbital, pentobarbital, meprobamate and zoxa
zolamine was significantly diminished, whereas 
that of barbital and phenobarbital remained 
unaffected. Pretreatment with ACTH or 
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corticosterone stimulated the effect of stress. 
After hypophysectomy or adrenalectomy, 
stress failed to offer the usual protection. [The 
barbiturates and zoxazolamine appear to have 
been administered immediately after release 
of the tourniquet, but this is not specifically 
stated. Allegedly, a single injection of 50 [Lg 
per animal sufficed to offer protection (H.S.).] 

Diet (Co1nplex) +- cf. Selye G60,083f70, p. 
452. 

Parasites +-

Noble G81,736j71: In hamsters, various 
stressors as weil as glucocorticoids aggravate 
infection with Leishmania braziliensis. 

Varia*-

Innumerable publications deal with the effect of stressors upon microbial infections 
and the stressor effect of the infections themselves. 

Rats, in which tolerance to bacterial endotoxins is induced by repeated daily 
injections, become highly resistant also to traumatic and hemorrhagic shock, but 
rats adapted to traumatic shock do not develop any significant degree of endotoxin 
tolerance. In general, exposure to stress increases mortality from endotoxin shock 
in various species of animals. 

In rats, resistance to the venoms of scorpions and snakes is decreased by pretreat
ment with various stressors (heat, cold, epinephrine.) 

It has been claimed that in mice, moderate sensitivity to various stressors is 
associated with the highest X-ray tolerance, whereas individuals especially sensitive 
or insensitive to stress have a low X-ray tolerance. In rats, repeated exhaustive 
muscular exercise after X-irradiation increases the ensuing mortality. 

For the extensive Iiterature on the effect of stressors upon the response to subse
quent exposure to the same or other stressors (that is "nonspecific cross-resistance"), 
the reader must be referred to our earlier monographs quoted in the Abstract Section. 

Among the first studies on the mechanism through which stress-induced hormone 
secretion could affect resistance are those dealing with defensive enzyme induction. 
Tryptophan induces hepatic TPO both in intact and in adrenalectomized rats, but 
various stressors which are equally effective in intact animals are ineffective in the 
absence of the adrenals. These findings called attention to the fact that in addition 
to substrate-induced hepatic enzyme activity, there is a second corticoid-mediated 
response which produces essentially the same results and is presumably responsible 
for much of the stress-induced nonspecific resistance. In agreement with this inter
pretation, hypophysectomy also prevents stress-induced TPO induction in rat liver. 
In intact rats, an i.p. injection of diatomaceous earth acts as a strong stressor and 
increases hepatic TKT activity. This effect is abolished by adrenalectomy, whereas 
cortisol is a good inducer of TKT both in intact and in adrenalectomized rats. In 
the latter, the effect of small doses of cortisol is potentiated by a simultaneaus admini
stration of either tyrosine or diatomaceous earth. Presumably, the glucocorticoid 
not only induces TKT but also acts as a conditioning agent for TKT activation 
both by its substrate and by nonspecific stress. The induction of TPO is regulated 
essentially in the same manner. 

There is some evidence that at least certain stressors (reciprocating shaker) can 
stimulate corticoid secretion without any change in hepatic TKT or TPO activity. 
This was ascribed to the activation of mechanisms which specifically inhibit the 
induction of enzymes by glucocorticoids. However, the possibility must also be 
considered that certain types of stressors do not produce a sufficient quantity of 
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glucocorticoids for effective enzyme induction. Extensive investigations have shown 
that cortisol enhances enzyme synthesis following an increased rate of synthesis of 
ribosomal transfer and "DNA-like" RNA. A repressor can inhibit enzyme synthesis 
at the translational Ievel because inhibition of RNA synthesis prolongs corticoid
induced increases in enzyme synthesis. 

Addition of cortisol to the blood perfused through a normal rat liver in vitro 
induces TPO, whereas this is not the case with livers of rats bearing large Walker 
tumors. The inhibition of induction is ascribed to a "toxohormone" which arises in 
the tumor tissue. This finding again suggests that stress may be associated not only 
with enzyme-inducing but also with induction-inhibiting mechanisms. 

During the first days of life, rats exposed to the stress of a noisy reciprocating 
shaker respond with a large increase in TPO and TKT, whereas adult rats do not 
exhibit this change. Presumably, an induction-opposing mechanism is more devel
oped in the adult than in the infant rat. In stressed adrenalectomized adults, TKT 
activity decreased markedly, whereas this was not the case in adrenalectomized 
immature rats. Hypophysectomy essentially abolished the inhibition in adults. 

There is some evidence that STH may play a role in the repression of TKT 
induction by stressors. In any event, STH inhibits the synthesis of hepatic TKT in 
intact, hypophysectomized er adrenalectomized rats. Stress (reciprocating shaker) 
had no effect on hepatic TKT of intact rats, but increased TPO activity, although 
both these enzymes are corticoid inducible. Similarly stressed adrenalectomized 
rats exhibited a decreased TKT activity with no change in TPO. This inhibition 
was abolished by hypophysectomy. STH inhibited induction of TKT by cortisol, but 
had no effect upon cortisol-induced TPO activity. 

The claim that the stress of forced muscular work, immobilization or cold can 
increase hepatic TPO activity even in adrenalectomized (though not in hypophys
ectomized) rats, requires confirmation. 

Extensive studies on rats and rabbits exposed to various types of stress suggest 
that lysosomal hydrolases are released from the liver and intestine under the influence 
of various stressors and that this process may play a decisive role in the develop
ment of irreversible shock. The increase in lysosomal stability produced by gluco
corticoids may constitute an important defensive response. 

For the effect of stress upon GOT, GPT, DNA- and RNA-polymerase and other 
enzyme activities influenced by stress cf. the Abstract Section. 

Microorganisrns and Venoms ~ 

Bacteria +--, cf also Selye G60,083j70, pp. 
447, 453. Schäfer B99,955j54: Monograph 
(127 pp., numerous refs.) on the role of endo
crine factors in tuberculosis. Special sections 
are devoted to the hormones of the thyroid, 
parathyroid, thymus, adrenals, pancreas and 
gonads. The hormonal defense reaction is 
viewed especially as a manifestation of the 
G.A.S. 

Munoz E8,473j64: In mice sensitized with 
B. pertussis, the development of increased 

sensitivity to histamine or 5-HT is inhibited by 
various stressors. 

Bacterial Toxins+-- cf. also Selye E5,986j66, 
p. 119; G60,083f70, pp. 464, 465. Zweifach 
& Thomas D91,826f57: "Rats in which toler
ance to bacterial endotoxin is induced, by repea
ted doses given daily, become highly resistant 
to the Iethai effects of both drum trauma and 
hemorrhagic shock. However, rats in which the 
adaptation to traumatic shock is produced by 
repeated exposure to drum trauma, do not 
develop a significant degree of tolerance to 
Iethai doses of endotoxin." 
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Renaud 077,620/63: Review of the Iitera
ture showing that exposure to stress greatly 
increases mortality in rats, rabbits and guinea 
pigs given E. coli endotoxin. 

Venoms ~. Stahnke F57,253f65: In rats 
treated with various scorpion and snake 
venoms, resistance was decreased by pretreat
ment with heat, cold or epinephrine. In all 
three cases, the change in resistance is ascribed 
to stress as such. 

Immune Reactions +- cf. Selye B40,000f 
50, p. 752. 

Ionizing Rays +- cf. also Selye B87,000f 
52, p. 58; B90,100f53, p. 83; 01,001/54, p. 293. 

Kimeldorf et al. B49,240f50: In rats, 
repeated exhaustive muscular exercice (swim
ming) after X-irradiation increases the result
ing mortality. 

V acha & PospiSil H 17,170/69: In mice, 
moderate sensitivity to various stressors is 
associated with the highest X-ray tolerance. 
Individuals exhibiting a specially mild or 
severe stress reaction are comparatively intoler
ant to X-irradiation. 

Hypoxia and Hyperoxygenation +-

Oampbell A14,903f37: In rats exposed to 
six atmospheres of oxygen in a pressure cham
ber, subsequent decompression is better tolera
ted at low than at high external temperatures. 
"Using an external temperature of 24° C and 
white rats of about 80 g, the following substan
ces, administered subcutaneously, are found 
to enhance oxygen poisoning: thyroxin (0.4 mg), 
dinitrophenol (1.5 mg), ac-tetrahydro- ß-naph
thylamine (0.5 c.c., 1 p.c.), adrenaline (0.02 mg), 
pituitary extract (posterior lobe, above 3.5 
units), insulin (0.025 u.) and eserine (0.045 mg 
administered with atropine 0.075 mg). These 
doses in themselves are harmless." 

Berry et al. H2,124f68: Studies on the 
influence of hypoxia, glucocorticoids and 
endotoxin on hepatic enzyme induction and 
survival in mice. "Endotoxin inhibited the 
induction of tryptophan oxygenase, prevented 
the increase in liver glycogen, induced the 
transaminase, and increased the lethality of 
simulated altitude. Cortisone increased survi
val at all altitudes except the highest. These 
observations emphasize the importance of 
these metabolic adjustments for the survival 
of animals subjected to hypoxic stress. 

Hepatic Lesions+- cf. also "Hepatic Lesions" 
as Agents 

Bucher et al. G72,546f69: Review of the 
humoral factors responsible for hepatic re-

generation following partial hepatectomy. 
Hepatic DNA synthesis is stimulated in intact 
rats by parabiosis or cross-circulation with 
partially hepatectomized partners. Further
more, tiny liver grafts implanted outside the 
portal area proliferate in response to partial 
ablation of the parent organ. Various stressors 
inhibit hepatic regeneration in partially hepat
ectomized rats, but this effect is not reprodu
ced by ATCH or cortisol. On the other hand, 
adrenalectomy increases hepatic regeneration. 

Moolten et al. H 30,606/70: In rats, the rise 
in hepatic DNA synthesis after partial hepat
ectomy is accelerated by surgical interven
tions or STH. Cortisone, cortisol and ACTH 
were ineffective. Neither stress nor STH stimu
lated DNA synthesis significantly in nonhepat
ectomized rats. 

Hepatic Enzymes +-

TPO, TKT ~. Knox B71,418f51: Trypto
phan induces hepatic TPO both in intact and 
in adrenalectomized animals. Various other 
compounds (including epinephrine and hista
mine) which, to a lesser extent, have the same 
effect in intact animals, fail to act after adre
nalectomy. "The first mechanism has been 
identified as that of enzyme adaptation, 
previously known only in micro-organism, 
and the second has been identified as the 
stress reaction, acting through the adrenal 
glands." 

Wood et al. 027,721/56: In mice, bearing 
sarcoma implants, the hepatic TPO activity 
was first diminished, but rose above normal 
as the neoplasms grew. "Changes analogous 
to this biphasic depression and elevation of the 
enzyme Ievel in tumor-bearing animals could 
be produced in control mice by growth hormo
ne and by adrenal-stimulating stress, respecti
vely." 

Lin & Knox 073,824/58: In rats, the hepa
tic TKT activity increased after treatment 
with cortisone, cortisol, or corticosterone, and 
L-tyrosine. This effect was observed also 
following adrenalectomy. On the other hand, 
a comparable effect of other amino acids was 
probably due to stress. "That a nonspecific 
stress-producing agent could actually increase 
the Ievel of tyrosine-a-ketoglutarate trans
aminase was further supported by the results 
obtained with a compound which is unrelated 
to tyrosine metabolism. Injections of propylene 
glycol in doses of 0.5 ml per 100 gm of body 
weight caused the Ievel of this enzyme to 
increase to an average of 1390 units in three 
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intact rats." Adrenalectomized rats did not 
support this dose of propylene glycol. 

Knox G67,799f58: Review of the Iiterature 
and personal observations Iead to the conclu
sion that hepatic microsomal TPO activity 
plays an important role in metabolic adapta
tion to stress. Stressors act through the pitui
tary and adrenalaxis uponhepaticTPO, where
as tryptophan, STH and cortisol may act 
upon the liver directly. 

Maiekel & Brodie 083,071!60: TPO in rat 
liver is increased by ACTH, cortisone, or 
cortisol, as weil as by various stressor agents 
and barbiturates. Hypophysectomy prevents 
the effect of stressors and of barbiturates, 
suggesting that the latter act through the 
pituitary-adrenal system. 

Kenney & Flora D12,237f61: Tryptophan 
and i.p. injections of diatomaceous earth 
(Celite) were as effective as tyrosine in inducing 
increases in hepatic TKT in intact, but not in 
adrenalectomized rats. Cortisol was an effective 
inducer at low doses in both intact and adre· 
nalectomized animals. In the latter, the effect 
of a small dose of cortisol was potentiated by si
muhaneous administration of tyrosine, methio
nine or diatornaceous earth. "It is concluded 
that induction of tyrosine transaminase is 
entirely mediated by adrenal horrnone." In 
not adrenalectomized rats, diatomaceous earth 
i. p. is believed to act as a stressor through 
adrenocortical stimulation. 

Knox G51,969f62: Review on the effect of 
stress upon hepatic TPO production. In 
adrenalectomized animals, only tryptophan of 
a series of analogues induces this enzyme, 
whereas, in intact rats, various stressors, ACTH, 
cortisone, cortisol and corticosterone (but not 
DOC) do so. "The recognition of the adrenal 
horrnone-induced adaptation of the trypto
phan pyrrolase has provided the unified 
explanation for a large number of different 
stressful stimuli which increase the enzyme 
Ievel." 

Geller et al. G22,722f64: In rats, hepatic 
TPO and TKT activities are increased 3.5 hrs 
after i.p. injection of cortisol, but no such 
activation was seen after stress (animals 
placed in a mechanical shaker) which causes 
an increase in adrenal and plasma glucocorti
coids, as weil as a depletion of adrenal ascorbic 
acid. Possibly, the amount of glucocorticoid 
secreted was not equivalent to that injected. 

Schapiro et al. G21,848f64: In the rat, cor
tisol greatly increases hepatic TPO, TKT and 
tryptophan transarninase activity, whereas 
stress (reciprocrating shaker) stimulates corti-

coid secretion without any change in hepatic 
transaminase or pyrrolase activity. Apparently, 
stress activates not only the adrenal cortex, 
but also the mechanisms which block the 
induction of these enzymes by corticoids, be
cause shaker stress inhibited the elevation of 
hepatic transaminase that occurred following 
cortisol, although it did not block the elevation 
of tryptophan pyrrolase in the rat. 

Kenney & Albritton G64,557f65: Review of 
the Iiterature suggesting that transaminase 
induction in response to stressors can be due to 
corticoid secretion during the stress reaction. 
Cortisol enhances enzyme synthesis foilowing 
an increased rate of synthesis of ribosomal 
transfer and "DNA-like" RNAs. The present 
experiments confirrn the view that repressor(s) 
can inhibit enzyme synthesis at the transla
tionallevel because inhibition of RNA synthesis 
can prolong the corticoid-induced increase in 
enzyme synthesis under suitable conditions. 
"Administration of stressing agents (tyrosine, 
Celite) to adrenalectomized rats initiates a high
ly selective repression of the synthesis of hepa
tic tyrosine-a-ketoglutarate transaminase. The 
enzyme Ievel falls with a tl/2 of about 2.5 hr. 
Immunochemical measurement of the rate of 
enzyme synthesis indicates that it is reduced 
essentiaily to zero in stressed, adrenalectomized 
rats, whereas labeling of total liver soluble 
proteins is unaffected. Actinomycin does not it
self influence the enzyme Ievel, but it blocks 
the stress-initiated repression of enzyme syn
thesis, indicating that repression acts at the 
translational Ievel, whereas initiation of 
repression involves transcriptional processes." 
In hypophysectomized rats stressors are inef
fective and preliminary data suggest that 
STH is responsible for transaminase repression. 

Nomura et al. G33,405f65: Various forms of 
stress (forced exercise, immobilization, cold), 
as weil as the administration of chlorproma
zine, increased the TPO activity of the liver in 
both intact and adrenalectomized, but not in 
hypophysectomized, rats. 

Shiba et al. G31,114f65: The addition of 
cortisol to the blood perfused through a normal 
rat liver in vitro induced hepatic TPO, whereas 
this was not the case with livers of rats bearing 
large Walker tumors. The inhibitory effect 
upon enzyme induction is ascribed to "toxo
horrnone" (an extract of Walker tumors), 
since addition of a toxohormone preparation to 
the perfusion fluid also prevented enzyme 
induction by cortisol. 

Schapiro et al. F65,746f65---66: "Infant 
rats, four and eight days after birth, respond to 
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the stress of 30 minutes on a noisy reciprocating 
shaker with a large increase in liver aromatic 
amino acid transaminase activities. Adultrats 
exposed to the same stress do not exhibit this 
change. In the adult rat the inducing effects of 
cortisol on transaminase activities are blocked 
by this stress. These results suggest the acti
vation of a mechanism(s) in the adult rat which 
opposes the enzyme inducing effects of corti
sol." 

Schapiro et al. F67,227f66: Hepatic TKT
activity increased in immature, stressed 
(reciprocating shaker) rats, but not in intact 
stressed adults. In the stressed adrenalectomi
zed adults, TKT activity markedly decreased, 
while adrenalectomized immature rats showed 
no change. Hypophysectomy largely abolished 
inhibition in the adults. TPO activity, when 
present, was increased by stress in old-age 
groups, but the increase was abolished by 
adrenalectomy and hypophysectomy. "The 
results suggest stress-activation of a pituitary 
mechanism that inhibits or represses activation 
of tyrosine transaminase and that may not 
function during early postnatallife." 

Agaru:al & Berry G66,479f66: In the mouse, 
stress prcduced by i.p. injection of celite or 
bentorrite causes no significant change in 
hepatic TPO activity at the time when sen
sitization to endotoxin is already developed. 
The inducibility of TPO is delayed by injec
tions of cortisone at a time when the hormone 
protects against endotoxin. Still, the results are 
considered to be "in agreement with the con
cept that maintenance of liver (TPO) is 
necessary for continued survival of endotoxin 
poisoned mice. The absence of change in this 
enzyme seen in celite- and bentonite-injected 
mice sensitized to endotoxin is an apparent ex
ception." Presumably, "suppression of TP
activity is not the only way in which mice may 
be sensitized to endotoxin." 

Kenney G50,810f67: In intact, hypophys
ectomized or adrenalectomized rats, STH 
inhibits the synthesis of hepatic TKT. The rate 
of enzyme synthesis is reduced nearly to 0 
(immunochemical-isotopic analyses), whereas 
labeling of the bulk of the liver proteins is 
increased by STH. Repression is blocked when 
RNA synthesis is inhibited by actinomycin. 
STH also appears to play a role in the repres
sion of TKT induction by stressors. A hypo
physectomized and an intact rat were united 
by parabiosis. When the pituitary-bearing 
member was stressed by tyrosine i.p., repres
sion occurred in the livers of both treated and 
untreated (hypophysectomized) animals. Trans-

aminase Ievels were unchanged in a single ex
periment, where the stressing agentwas admi
nistered to the hypophysectomized partner. 

Schapiro H2,360f68: Stress (30 min 
rough agitation in a noisy laboratory shaker) 
had no effect upon the corticoid sensitive 
enzyme TKT in the liver of the intact rat, but 
it increased TPO activity, which is likewise 
corticoid inducible. Adtenalectomized rats 
similarly stressed exhibited a decreased TKT 
activity with no change in TPO. This inhibitory 
effect was abolished by hypophysectomy. STH 
inhibited induction of TKT by cortisol but 
had no effect upon cortisol-induced TPO 
activity. The opposing actions of STH and 
glucocorticoids may be involved in adaptive 
reactions to stress. 

Finch et al. G71,207f69: In mice, various 
stressors (cold, shaking) cause a rapid and 
transient increase in hepatic TKT activity 
during fasting. Recent feeding or adrenalecto
my inhibits TKT induction by cold. 

GelZer et al. H 8,414/69: The stress of 
laparotomy increases hepatic TKT activity in 
intact, but not in the adrenalectomized rat, 
which actually responds in an inverse manner. 
Hypophysectomy eliminates some, but not all 
of this laparotomy-induced repression. Under 
these conditions, the TPO- and the TKT
responses are somewhat different. 

Schapiro et al. H 12,411/69: Brief abstract 
stating (without giving experimental details) 
that "the servere stress of laparotomy in the 
intact adult rat induces a !arge corticoid
dependent increase in transaminase activity. 
STH administered simultaneously, or one hour 
before laparotomy will completely inhibit this 
enzyme increase. During the early postnatal 
period, however, STH will not block trans
aminase induction caused by cortisol or lapa
rotomy." 

Lysosomal Hydrolases <--. Janoff et al. 
D35,553f62: Studies on the hepatic lysosomal 
enzymes of rats and rabbits after traumatic or 
endotoxin shock, adrenalectomy, or treatment 
with cortisone suggested that "a) disruption 
of Iysosomes and release of their contained 
enzymes in free, active form may occur in liver 
and intestine of shocked animals. b) The 
activation of lysosomal hydrolases within 
cells and their release into the circulation may 
play an important role in exacerbating 
tissue injury and accelerating the development 
of irreversibility during shock. c) The increased 
stability of lyosomes of tolerant and of corti
sone-treated animals may constitute an impor-
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tant component of the resistance of these 
animals to shock." 

GOT, GPT ~. Brin & McKee C31,261j56: 
In the rat, various stressors (total body 
X-irradiation, nitrogen mustard, starvation) as 
weil as cortisone increase GOT and GPT activi
ties in the liver. Adrenalectomy decreases the 
activity of these enzymes. The glutamic-alanine 
enzyme is more sensitive to stress than the 
glutamic-aspartic enzyme. 

Hänninen & Hartiala F76,119j67: In the 
rat, the stress of restraint causes within 12 hrs 
a linear increase in hepatic GOT to 4 times the 
initiallevel. This effect was partially inhibited 
by actinomycin D and totally by adrenalec
tomy. 

DNA-, RNA-Polymerase ~. Gresham & 
Pover G58,354J68: In the rat, alkaline RNAse 
Ievels increase in the mucosa of the small 
intestine after total body or selective head 
X-irradiation, as weil as after treatment with 
such radiomimetic drugs as chlorambucil or 
busulfan but not after treatment with ACTH, 
cortisol or various stressors. Still, a relationship 
to the G.A.S. is suspected because blockade of 
the normal neuroendocrine responses to stress 
by combined treatment with morphine + pen
tobarbital blocked the intestinal RNAse 
response to X-irradiation, and the latter was 
also lacking in newborn rats in which hypotha
lamic control of anterior pituitary function 
has not yet developed. 

Simek et al. H 13,837!68: Comparative 
studies on DNA synthesis, fatty acid content, 
and weight regeneration in the liver remnant 
of partially hepatectomized rats after treat
ment with cortisol, ACTH and various stressor 
agents. 

Trypsin~ cj. Selye C92,918j61, p. 106. 

Other Enzymes ~. Remmer C73,857j58: 
Drug-metabolizing enzyme formation in hepa
tic microsomes of adrenalectomized rats is 
inhibited unless the rats receive glucocorticoid 
treatment. The decreased general resistance 
of adrenalectomized animals may depend 
upon an interference with defensive enzyme 
formation. 

Terayama & Takata F69,475J66: The N
demethylating activity of rat liver is consi
derably reduced during regeneration after 
partial hepatectomy but, for a much shorter 
period, also after sham-operations. 

Morton & Chatjield G73,681j70: In rats 
with adjuvant arthritis, "the liver microsomal 
N-demethylase and NADPH2-oxidase enzyme 
activity and Ievels of cytochrome P-450 are 
greatly reduced. This implies a reduced capa
city for the oxidative metabolism of steroids 
and foreign compounds in adjuvant arthritic 
rats which should influence the toxicity and 
half-life of any administered compound. The 
ability of the liver to form ß-glucuronide 
conjugates is also reduced." 

-+-VARIA 

Here, we shall briefly discuss the effect upon resistance and particularly upon 
hepatic detoxication, of a few additional agents which are only indirectly, related to 
hormonal mechanisms, if at all. 

-«-- Parabiosis 

The factors regulating the intense mitotic proliferation induced by partial hepat
ectomy in the regenerating liver remnant have aroused the interest of many investi
gators. If two rats are joined in parabiosis, one being partially hepatectomized, mitotic 
proliferation is stimulated to some extent even in the intact partner. It was concluded 
that some blood-borne humoral factor is involved in this type of growth stimulation. 
Although this claim has been contradicted, negative data have been ascribed to the 
inadequate establishment of a cross-circulation, especially since even tiny liver 
grafts implanted outside of the portal area proliferate in response to partial ablation 
of the parent organ. 

In another experiment, a hypophysectomized and an intact rat were united by 
parabiosis. When the pituitary-bearing member was stressed, hepatic TKT induction 
was repressed in both partners. Since repression can also be obtained by STH, this 
hormone was held responsible for the stress-induced repression. 
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+-- Diurnal Variations 

In rats, the incorporation of radioactive acetate into cholesterol reaches a maxi
mum at about midnight, and a minimum at about noon. 

Hepatic hexobarbital oxidase induction is likewise subject to a light-dependent 
circadian rhythm. TKT activity in rat liver undergoes also considerable diurnal 
change. 

+-- Nervous Lesions 

In rats, the anesthetic effect of progesterone is prevented by pretreatment with 
atropine, and intensified by vagotomy, but it remains to be seen whether these 
actions are specific. 

+--Tumors 

In young rats transplants of a pituitary mammotrophic tumor did not prevent 
the induction by phenobarbital of hepatic microsomal hexobarbital- and amino
pyrine-metabolizing enzymes. However, the normal development of these enzyme 
systems was inhibited, presumably by the STH, AOTH, LTH or other hormones 
secreted by the hypophysial neoplasms. 

Tumor transplants and tumor extracts have also been shown to affect microsomal 
steroidases in the rat liver. 

In mice, small subcutaneous sarcoma implants depress the hepatic TPO activity, 
whereas large tumors have an opposite effect. In intact (unlike in adrenalectomized, 
ascites-tumor-bearing) mice, hepatic TKT activity is elevated. 

The growth of Walker tumors and transplantable hepatomas, unlike that of 
Jensen sarcomas and Murphy lymphosarcomas, is increased by partial hepatectomy 
in the rat. It has been postulated that the regenerating liver may release humoral 
agents which stimulate the growth of some neoplasms. Oonversely, both in rats and 
in mice, hepatic regenerationwas enhanced by the presence of growing tumor tissue 
irrespective of whether the latter was affected by partial hepatectomy. 

~ Parabiosis 

Christensen & Jacobsen A49,204j49; Bucher 
et al. D42,066j51: In rats, the mitotic rate in 
the liver remnant reaches a maximum 48 hrs 
after partial hepatectomy. If two rats are 
united by parabiosis, one being partially hepat
ectomized, some increase in mitotic prolifera
tion occurs also in the nonhepatectomized 
partner, suggesting the formation of cell 
division stimulating substances. 

Bielschowsky & Hall G71,797f51: In intact 
female rats joined in parabiosis with gonad
ectomized litter-mates, AAF induced a 50% 
incidence of malignant tumors, mostly of the 
granulosa. The gonadectomized partners were 
free of neoplastic lesions. 

Bucher G68,621j63 (p. 281): Review of the 
conflicting data on the stimulation of hepatic 
regeneration in the intact partner of a pair 

of parabiotic rats in which the other partner is 
partially hepatectomized. Apparent contra
dictions may be due to differences in the 
efficiency of the cross-circulation. 

Kenney G50,810j67: In intact, hypophys
ectomized or adrenalectomized rats, STH inhi
bits the synthesis of hepatic TKT. The rate of 
enzyme synthesis is reduced nearly to 0 
(immunochemical-isotopic analysis), whereas 
labeling of the bulk of the liver proteins is 
increased by STH. Represssion is blocked 
when RNA synthesis is inhibited by actino
mycin. STH also appears to play a role in the 
repression of TKT induction by stressors. A 
hypophysectomized and an intact rat were 
united by parabiosis. When the pituitary
bearing member was stressed by tyrosine i.p., 
repression occurred in the livers of both 
treated and untreated (hypophysectomized) 
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animals. TKT Ievels were unchanged in a 
single experiment where the stressing agent 
was administered to the hypophysectomized 
partner. 

Bucher et al. G72,546j69: Review of the 
humoral factors responsible for hepatic regener
ation following partial hepatectomy. Hepatic 
DNA synthesis is stimulated in intact rats by 
parabiosis or cross-circulation with partially 
hepatectomized partners. Furthermore, tiny 
liver grafts implanted outside the portal area, 
proliferate in response to partial ablation of the 
parent organ. Various stressors inhibit hepatic 
regeneration in partially hepatectomized rats, 
but this effect is not reproduced by ACTH or 
cortisol. On the other hand, adrenalectomy 
increases hepatic regeneration. 

+- Diurnal Variations 

Barbiturates <-. Roberts et al. H 31,840!70: 
In rats, the degradation of marked barbitu
rates by hepatic microsomal enzymes in vitro 
reached a maximum at 8.00 A.M. and a mini
mum at 8.00 P.M. The diurnal rhythm in vivo 
was much less pronounced. "A variation in the 
sensitivity of the central nervaus system to 
barbiturate has also been observed, rats being 
least sensitive at a time when they were 
normally highly active." The Iiterature on 
diurnal variations in drug metabolism is briefly 
reviewed. 

Cholesterol <-. Hamprecht G69,560j69: In 
rats, the incorporation of radioactive acetate 
into cholesterol is subject to pronounced 
diurnal variations with a minimum at about 
noon, and a maximum at midnight. 

Hepatic Enzymes<-. Nair et al. G67,250j69: 
Hepatic hexobarbital oxidase induction is 
inhibited by head X-irradiation, hypophysec
tomy or bilateral electrolytic lesions in the 
posterior hypothalamus. The in vitro data 
were verified by measurements of the hexabar
bitat sleeping time. "It is suggested that the 
rnicrosomal enzyme system metabolizing hexo
barbital is normally under the regulatory 
control of hypothalamo-hypophyseal hormo
nal activity. The light dependent circadian 
rhythm for this enzyme, recently reported by 
us, is also consistent with this interpretation." 

Oiven et al. H 12,169/69: TKT activity in 
rat liver undergoes a 4-fold diurnal change, 
which is independent of steroid secretion, 
although the enzyme is inducible by glucocorti
coids. 

+- Nervaus Lesions 

Selye A35,659f41: "In rats, pretreatment 
with atropin prevents, while vagotomy actually 
intensifies the anesthetic action of progester
one." 

+- Tu~nors (in Ani~nals) cf. also Carcino
gens under Drugs 

Wilson G63,125f68: In young rats, trans
plants of a pituitary mammotrophic tumor 
"did not prevent an increase in the liver 
microsomal metabolism of hexobarbital or 
the formation of formaldehyde from amino
pyrine which followed phenobarbital pretreat
ment. High Ievels of somatotropin, corticotro
pin, and prolactin in blood, or possibly some 
other unknown factors produced by this 
tumor, appeared to prevent the normal 
development of the liver enzyme system which 
metabolized hexobarbital, aminopyrine, and 
p-nitrobenzoic acid in the rat." 

Wood Jr. & Knox D81,779j54: In mice 
bearing small subcutaneous sarcoma implants, 
the hepatic TPO activity was depressed, 
whereas animals with large tumor transplants 
showed a marked increase in the activity of 
this enzyme. 

Paschkis et al. 08,982/55: In rats, the 
growth of Walkertumorsand of transplantable 
hepatomas, unlike that of Jensen sarcomas and 
Murphy lymphosarcomas, was increased after 
partial hepatectomy. Perhaps "the regenerat
ing liver may release a humoral agent causing 
increased growth of some tumors." Hepatic 
regeneration was enhanced by the presence of 
a growing tumor regardless of whether the lat
ter was influenced by partial hepatectomy or 
not. 

Gershbein E71,030f63: In rats, s.c. trans
plantation of Walker or Flexner-Jobling 
tumors did not significantly alter the extent 
of hepatic regeneration. However, under 
certain circumstances, partial hepatectomy 
accelerated tumor growth. 

Kato G54,276f67: In intact, unlike in 
adrenalectomized, ascites-tumor-bearing mice, 
the hepatic TKT activity is elevated. 

Rosene Jr. G71,661f68: In mice, partial 
hepatectomy greatly elevates mitotic prolifer
ation in the liver, which reaches a peak on the 
third day after the operation and returns to 
near normal by the fifth day. Injections of 
Ehrlich ascites tumor homogenates modera
tely accelerated the rate of hepatic mitosis. 
Partial hepatectomy accelerated tumor cell 
prolifera tion. 
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Saint-Omer et al. G71,148j68: In mice 
bearing ascites tumors, mitotic proliferation 
and regeneration of the liver after partial 
hepatectomy is delayed. 

Konishi H 14,720/69: Changes in ..1'
steroid hydrogenase activity in rat liver after 
tumor implantation. 

Takaha8hi & Kato H 15,250/69: Studies on 
changes in hepatic microsomal steroidases 
induced in rats by treatment with toxohormone 
(a Walkertumor extract). 

Theologides & Zaki H19,577j69: In C3H 
mice bearing transplanted mammary carci
nomas s.c., increased mitotic activity in the 
liver remnant after partial hepatectomy began 
earlier than in controls. 

Wilson H 34,926/71: In rats, implants of 
mammotropic tumor (which secretes STH, 
ACTH and LTH) decreased the hepatic me
tabolism of hexobarbital and aminopyrine. 
Similar but much less pronounced changes 
were observed in rats bearing very !arge Walker 
tumors. 



VIII. CLINICAL IMPLICATlONS 

To evaluate the clinical applicability of the hormonal regulation of resistance, 
a few introductory words may be in order. 

We need say little here about the major applications of syntoxic hormones, 
particularly glucocorticoids ( e.g., in inflammatory diseases or as immunosuppressants ), 
since these have been extensively discussed in our earlier monographs on stress, and 
are by now generally known. Suffice it to call attention to the possible future clinical 
applicability of a few new syntoxic hormones which, in animals, have proven their 
value as antagonists of systemic intoxications with various drugs (e.g., ganglionic 
blocking agents, lathyrogens, endotoxins, certain barbiturates). These effects are 
manifest even in the presence of normally functioning adrenals. They suggest that 
glucocorticoids do not merely act against the excessive stress-sensitivity of hypocorti
coid organisms or as anti-inflammatory compounds, but possess certain rather 
specific protective effects against some toxicants. It remains to be seen to what 
extent these prophylactic actions are due to so-called "physiologic antagonisms" 
between certain effects of glucocorticoids and toxicants which happen to be opposed 
(e.g., the glyconeogenic effect which prevents insulin hypoglycemia; the potassium 
loss which counteracts potassium intoxication.) 

Here we shall try to survey primarily the possible clinical uses of catatoxic hor
mones under the following headings: 

1. Hepatic microsomal drug metabolism in man 
Contraceptives 
Other steroids 
Barbiturates 
Diphenylhydantoin 
Other drugs (glutethimide, griseofulvin, salicylates, etc.) 

2. Diseases 
Hyperbilirubinemia 
Adrenal tumors and Cushing's syndrome 
Other diseases (cardiac diseases, hepatic lesions, osteoporosis, galactosemia, 
v. Gierke's disease, endotoxin shock) 

3. Pregnancy (abortifacient action of microsomal enzyme inducers) 

1. HEPATIC MICROSOMAL DRUG METABOL/SM IN MAN 

There is ample evidence that many of the drugs which have been shown to induce 
drug-metabolizing enzymes in animals exert the same effect in man. Of these inducers, 
contraceptives, barbiturates, diphenylhydantoin, glutethimide, meprobamate, phe
nylbutazone and griseofulvin have received the greatest attention. Among the sub
strates whose metabolism is accelerated by these inducers are various steroids, 
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anticonvulsants, anticoagulants, bilirubin, meprobamate, aminopyrine, salicylamide 
and many others. Chlorinated insecticides are particularly effective enzyme inducers 
in man, but their use is limited by their toxicity. Smoking during pregnancy may 
induce benzpyrene hydroxylase in the placenta. 

The widespread use of contraceptives poses an especiaily important problem, 
in that some of them may induce microsomal enzymes which interfere with the action 
of various drugs, and in turn, other microsomal enzyme inducers may inactivate the 
contraceptives. In addition, these pills may interfere with hepatic function in general 
(as reflected by dernonstrahle increases in GOT, GPT, bilirubin or prolonged BSP 
retention) and thereby enhance the action of drugs. Liver biopsies have repeatedly 
revealed signs of hepatoceilular damage, proliferation of the SER, and intrahepatic 
cholestasis. The commonly used oral contraceptives contain foiliculoids and luteoids 
in combination; hence, it is often difficult to verify which of the two components 
is responsible for an observed change. Some authors claimed that hepatotoxicity is 
primarily referrable to the foiliculoid component, whereas stimulation of drug 
metabolism is predominantly due to the luteoid element, but this view has been 
chailenged. 

Foilowing administration of meperidine, pethidine or promazine, women on oral 
contraceptives, like pregnant women, excreted a !arger than normal amount of 
these drugs unchanged in the urine. Similar effects were observed in neonates as weil 
as in males given stilbestrol or progesterone. Apparently, pregnancy diminishes the 
capacity to metabolize meperidine, pethidine and promazine, a change also seen in 
neonates and subjects taking oral contraceptives. 

The plasma tyrosine level is sometimes significantly decreased in women taking 
contraceptives, presumably because the folliculoid component stimulates the pro
duction of glucocorticoids which elevate the TPO activity. This view is supported 
by observations in rats, in which estradiol increases hepatic TPO, TKT and GPT. 

In man, barbiturates (e.g., phenobarbital) increase tolerance to digitoxin by 
enhancing its conversion and urinary excretion as digoxin. Because of its almost 
negligible hypnotic effect, phetharbital has been used by some clinicians and was 
shown to increase urinary excretion of 6ß-hydroxycortisol in man. Phenobarbital 
also accelerates the plasma clearance of i.v. injected cortisol. Heptabarbital and 
several other barbiturates increase the hepatic destruction of bishydroxycoumarin as 
weil as of related anticoagulants. This fact is of considerable practical importance, 
since in patients receiving both types of drugs simultaneously, the dosage of the 
anticoagulant must be raised in order to obtain the usual action. Furthermore, 
when barbiturate administration is suddenly stopped, the effect of the anticoagulant 
may rise sufficiently to cause severe hemorrhagic complications. 

A farmer from an area of heavy pesticide usage was given phenobarbital and 
diphenylhydantoin for the treatment of epilepsy. His blood levels of DDT, DDE, 
dieldrin and hepatachlor were far below those of other farmers living in the same area. 

In man, diphenylhydantoin increases 6-hydroxycortisol excretion and simultane
ously decreases the elimination of conjugated tetrahydro derivatives. As previ
ously stated, diphenylhydantoin diminishes the blood level of various pesticides 
in man. 

Following prolonged treatment with diphenylhydantoin, usuaily in combination 
with barbiturates, osteomalacia-like changes have been observed to develop in 
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epileptic patients. These skeletallesions respond well to vitamin-D compounds, and 
have been attributed to the acceleration of vitamin-D metabolism by enhanced 
microsomal enzyme activity. 

In cases of glutethimide abuse, the gradual development of tolerance is apparently 
due to a transient acceleration of its own metabolic inactivation. 

The anticoagulant activity of warfarin is sometimes markedly depressed in 
patients treated with griseofulvin. This has been ascribed to an accelerated metabolic 
degradation of the anticoagulant. 

In patients with rheumatoid arthritis, the plasma clearance of radiomarked 
indomethacin is accelerated, and its urinary excretion diminished by acetylsalicylic 
acid. However, this effect has been ascribed to diminished gastrointestinal absorption 
rather than to accelerated metabolic degradation of indomethacin. 

In patients given phenylbutazone, the urinary excretion of 6ß-hydroxycortisol is 
increased, whereas the elimination of 17 -OHCS is decreased. It will be recalled that 
6ß-hydroxycortisol formation from cortisol is enhanced by hepatic microsomes 
of guinea pigs in vitro, following pretreatment of the animals with phenylbutazone 
In VlVO. 

Reviews 
Williams G77,567f63: Review (21 pp., 84 

refs.) on drug detoxication mechanisms in man. 
Burns & Conney G71,448f64: Review 

(25 pp., 57 refs.) on the therapeutic implica· 
tions of drug-metabolism in man. 

Conney F88,649f67 (p. 348): Review of the 
Iiterature on enzyme induction in man. 

Mannering G71,818f68 (pp. 74, 90): Re
view on species differences in susceptibility to 

Inducing agent Substrate 

Phenobarbital Diphenylhydantoin 
Digitoxin 
Griseofulvin 
Coumadin 
Bishydroxycoumarin 

Salicylamide 
Bilirubin 

Barbital Dipyrone 

Heptobarbital Acenocoumarin 
Biscoumacetate 
Bishydroxycoumarin 

Diphenylhydantoin Cortisol 

Glutethimide Glutethimide 

Meprobamate Meprobamate 

Phenylbutazone Aminopyrine 

Griseofulvin Coumadin 

the induction of hepatic microsomal drug
metabolizing enzymes. Special attention is 
given to the induction of drug-metabolizing 
enzymes in man. 

Mannering G75,979j69: Review (4 pp., 32 
refs.) briefly summarizing the salient facts 
about stimulation and inhibition of drug me· 
tabolism. Observations of drug-induced stimu
lation of drug metabolism in man are tabulated 
as follows: 

Reference 

Cucinell et al., 1965 
Jelliffee and Blankenhorn, 1966 
Busfield et al., 1963 
Robinson and MacDonald, 1966 
Cucinell et al., 1965; Corn and Rockett, 1965; 
Goss and Dickhaus, 1965 
Crigler and Gold, 1966 
Yaffe et al., 1966; Crigler and Gold, 1966 
Remmer, 1962 

Catalano and Cullen, 1966 
Catalano and Cullen, 1966 
Catalano and Cullen, 1966 

Werket al., 1964 

Schmid et al., 1964 

Donglas et al., 1963 

Chen et al., 1962 

Catalano and Cullen, 1966 
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Mannering G74,881f71: Review of the 
Iiterature concerning drugs known to influence 
metabolism of other drugs in man. The follow· 
ing drugs have been shown to induce increased 
rates of metabolism of coumarins in man: 
barbiturates, chioral hydrate, griseofulvin and 
meprobamate. Phenobarbital stimulates the 
metabolism of diphenylhydantoin, griseo
fulvin, digitoxin, and the glucuronidation of 
salicylamide in man. Phenylbutazone increases 
the metabolism of aminopyrine, whereas 
meprobamate and glutethimide enhance their 
own rates of metabolism in man. Ohlorinated 
insecticides are particularly effective in this 
respect. For example, DDT shortens the plas
ma half-lives of antipyrine in man. 

Clinical lmplications 

Prescott H 19,333/69: Review (5 pp., 
89 refs.) on pharmacokinetic drug interactions 
with special reference to clinical problems. 

Tuohy G66,351f69: Brief review (3 pp., 
26 refs.) on microsomal drug-metabolizing 
enzyme induction as it affects clinical medi· 
eine. 

+-- Contraceptives 

Eisalo et al. F 18,828/64: In postmenopausal 
women treated during 28 days with contra
ceptive pills containing various folliculoids and 
luteoids, hepatic impairment was regularly 
dernonstrahle by increased serum GOT and 
GPT Ievels associated with BSP retention. 
The luteoid component in itself was inactive, 
but the folliculoid showed essentially the same 
hepatotoxic activity as the whole drug. 

Palva & Mustala F21,067f64: In women 
taking contraceptive pills, hepatotoxic darnage 
is clearly dernonstrahle by increased BSP 
retention associated with a rise in serum 
bilirubin and GOT. 

Borglin F40,990f65: Among 36 patients 
treated with oral contraceptives "in only a few 
instances did the values obtained deviate from 
normal-namely, an increase of the transami
nase activity and a slight increase of the BSP 
retention. The serum alkaHne phosphatase 
values, the serum bilirubin Ievel, and the 
thymol turbidity tests were invariably normal. 
In those cases where abnormal laboratory 
values were noted, the S.G.P.T. proved the 
most sensitive value." 

Oullberg et al. F34,942j65: "A case of 
jaundice which appeared during treatment 
with the oral contraceptive Lyndiol is repor
ted. It is probable that the jaundice was 

caused by the drug. Labaratory data of the 
case include elevated Ievels of bilirubin, 
alkaHne phosphatases, and transaminases. 
Biopsy of the liver showed intrahepatic 
cholestasis and hepatocellular damage." The 
relevant Iiterature is reviewed. 

Swyer & Little F42,188f65: Review of the 
literature, and personal observations on the 
rarity of hepatic darnage among women who 
have used various oral contraceptives for long 
periods. 

Orawford & Rudofsky G42,454f66: In 
women taking various oral contraceptives, as 
weil as in pregnant women and in neonates, 
the urinary excretion of meperidine and pro
mazirre is increased, suggesting inteTference 
with the detoxication of these drugs. 

Rudofsky & Orawford E58,989f66: Follow
ing administration of meperidine or promazirre 
"pregnant women, women on oral contracep
tives and neonates excreted significantly more 
unchanged meperidine than normeperidine, 
whereas the reverse held for the male 'controls' 
and other female groups. Pregnant women, 
women on oral contraceptives and neonates 
excreted more unchanged and minimally 
degraded promazirre than nonpregnant wo
men. Stilbestrol and pTogesterone each changed 
the pattern of excretion by male subjects 
toward that associated with pregnancy." 
Apparently, pregnancy diminishes the capa
city to metabolize meperidine and promazine, 
a change reflected in neonates and subjects 
taking oral contraceptives. 

Conti & Neglia H30,753j68: In 18 women 
kept on contraceptive pills (norethinodrel + 
mestranol) up to six months, no derangement 
in hepatic function tests (GOT, GPT, serum
proteins, cholest3rol, bilirubin) was noted. Yet, 
the authors recommend caution in the use of 
such contraceptives in women with hepatic 
disease. 

Larsson-Oohn G74,875f69: In women con
tinuously taking norethindrone (NET) or 
chlormadinone acetate (OMA), no significant 
changes were observed in serum alanine 
aminotransferase activity or BSP clearance. 
Apparently "low doses of NET and OMA have 
a lower tendency to influence liver function 
than combined oral contraceptive agents." 

Mowat & Arias G74,246f69: "Oral contra
ceptive agents cause a predictable and revers
ible fall in hepatic excretory function in all 
subjects appropriately tested." At the same 
time, there is induction of hepatic drug
metabolizing enzymes which may alter the 
responsiveness of women to various drugs, 
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and conversely, others have shown that the 
uterotrophic effect of oral contraceptives is 
reduced by phenobarbital, at least in rats. 
"We can only speculate as to what this may 
mean for the insomniac on phenobarbitone 
who relies on the pill for contraception." 

Perez et al. H 14,794/69: In women on oral 
contraceptives ( chlormadinone + mestranol 
or noretisterone + ethinylestradiol) for 
1-6 months, liver biopsies showed prolifera
tion of the SER, whereas after 12-30 months, 
there were also often striking changes in the 
shape and size of the mitochondria, with the 
development of paracrystalline inclusions. 
Liver function tests were unaltered. 

Eisalo H29,326f70: In women on various 
types of contraceptive pills containing luteoids 
and folliculoids, the most common anomalies 
of hepatic functions are elevation of SGOT and 
SGPT with increased BSP-retention. 

Kreek & Bleisenger G77,590f70: "Classifica
tion of patients developing abnormal liver 
function tests or clinical jaundice while receiv
ing oral contraceptive agents is proposed. 
The results of a recent study concerning the 
effects on liver function of low dose estrogen
progestin replacement therapy in menopausal 
and post-menopausal females are discussed." 

Luhby et al. H 32,376/70: In women taking 
ethinylestradiol-containing contraceptives, 
there develops a derangement in tryptophan 
metabolism associated with "functional" vita
min-B6 deficiency. 

Martinez-Manautou et al. H 30,302/70: In 
women treated for several years with oral 
contraceptives containing a luteoid (chlormadi
none acetate) with or without folliculoids "a 
moderate dilatation and vesiculation of the 
rough and smooth surfaced endoplasmic reti
culum both in the women treated with micro
doses of progestogens, andin those treated with 
a combination of progestogens and oestrogens. 
A more marked vesiculation of this organeile 
was present in those women under sequential 
medication. Elongation of mitochondria with 
crystalloid inclusions in their matrices was 
found in 5 to 10% of the whole population of 
mitochondria per cell examined in the chlor
madinone treated women." 

Rose & Braidman H25,726f70: In rats, 
estradiol increases hepatic TPO, TKT and 
GPT. The depression which develops in some 
women using contraceptive pills may be due to 
an increased metabolism of tryptophan to 
nicotinic acid ribonucleotide, and to a raised 
aminotransferase activity which may divert 
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pyridoxal phosphate away from other me
tabolic functions, including 5-HT synthesis. 

Rose & Oramp G75,215f70: In women using 
folliculoid-luteoid contraceptives, the plasma 
tyrosine Ievel is significantly decreased. Two 
women treated with ethinylestradiol alone 
showed a similar decrease of plasma tyrosine. 
"It is suggested that increased Ievels of gluco
corticoids, due to the action of oestrogen, 
induce elevated Ievels of tyrosine aminotrans
ferase, and that as a consequence there is an 
enhanced rate of degradation of the amino acid 
in the Ii ver." 

~ Other Steraids 

Kory et al G75,742f59: In patients given 
norethandrolone to induce weight gain, 
abnormal BSP retention is frequently noted 
but other evidence of hepatic darnage is 
exceptional. 

Marquardt et al. D82,860f61: In man, 6 ana
bolic testoids increased BSP retention, creatine 
and creatinine excretion in the following order 
of decreasing potency: norethandrolone, SC-
7294, methandrostenolone, fluoxymesterone, 
methyltestosterone and SC-6507. 

Kleiner et al. F47,209f65: In women on oral 
contraceptives (norethynodrel and mestranol), 
BSP-excretion through the bile was impaired. 
The effect is ascribed to the luteoid component 
since estradiol does not cause BSP-retention. 

Aspinall H 32,269/70: In rats, spironolac
tone can inhibit the ulcerogenic effect of indo
methacin without blocking its antiphlogistic 
property (adjuvant arthritis test). This disso
ciation may be due to 1. a direct protective ac
tion of spironolactone upon the intestinal tract, 
2. the formation of indomethacin metabolites 
which retain antiphlogistic but loose ulcero
genic properties or 3. a mere diminution of 
indomethacin activity to a Ievel sufficient to 
inhibit inflammation without causing intestinal 
ulceration. 

Linet G79,963f70: Detailed review of the 
Iiterature and personal observations on the 
effect of anabolic testoids upon glucocorticoid 
overdosage in animals and man. Special atten
tion is given to the effect of anabolic testoids 
upon glucocorticoid-induced loss ofbody weight 
and other metabolic changes, adrenal atrophy, 
osteoporosis, wound healing, inflammation and 
gastric ulcer formation. Antiglucocorticoids de
void of anabolic properties are also surveyed. 
In clinical medicine, various forms of hyper
glucocorticoidism are not, or only moderately, 
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improved by treatment with anabolic testoids. 
[Excellent source of pertinent references (H. 
S.).] 

Nelson &: Lanza G80,151f70: In nine pa
tients with massive hepatic necrosis due to viral 
hepatitis, prednisone proved to be a valuable 
adjunct to treatment. 

Slw,fer &: Adicoff G80,179f70: In dogs, tetra
hydrofurfuryl alcohol (THF A), despite its re
semblance to the Iactone moiety of digoxin, 
offerB no protection against the latter com
pound in vivo. The authors emphasize that 
despite these "negative results, the develop
ment of a specific nontoxic pharmacological 
antagonist to digitalis would be of major clinical 
importance." [These investigators appear to be 
unaware of the inhibition of digitalis toxicity 
by spironolactone (H.S.).] 

Tolckmitt G77,793f70: In man, prednisolone 
increases the tumover of tryptophan with a 
shortening of its biologic half-life. Methan
drostenolone exerts an inverse effect. 

-Barbiturates 

Burstein &: Klaiber F31,533f65: In man, 
phenobarbital increases urinary excretion 
of 6-hydroxycortisol. This effect is tentatively 
ascribed to "enhancement of cortisol 6ß
hydroxylase activity by enzyme induction." 

Jelliffe &: Blankenhorn E65,188j66: In man, 
pretreatment with phenobarbital increases 
tolerance to digitoxin by enhancing its con
version to, and urinary excretion as, digoxin. 
"These findings show that phenobarbital 
stimulates the metabolic conversion of digi
toxin to digoxin, possibly by its marked 
effect upon smooth endoplasmic reticulum 
(ER) of mammalian hepatic cells." 

Kuntzman et al. G57,741j68: In man, 
chronic treatment with phetharbital greatly 
increases urinary excretion of 6ß-hydroxy
cortisol, but not that of 17-0HCS, suggesting 
that an enhanced adrenal output of cortisol is 
not responsible for the observed rise in 6ß
hydroxycortisol elimination. In the guinea 
pig, this nonhypnotic barbiturate increases the 
6ß-hydroxycortisol-forming ability of the 
hepatic microsomes. 

Aggeler &: 0' Reilly G68,730j69: In man, 
pretreatment with heptabarbital diminished 
the reduction in prothrombin Ievel, the amount 
of bishydroxycoumarin in plasma, and the 
half-life of bishydroxycoumarin more markedly 
after p.o. than after i.v. administration of the 
anticoagulant. Unchanged bishydroxycoumarin 
was found in the stool only after p.o. adminis-

tration. Presumably, part of the response to 
heptabarbital was caused by increased hepatic 
enzymic destruction of bishydroxycoumarin 
although, in the event of p.o. administration, 
decreased absorption from the gastrointestinal 
tract also played a role. 

Davies et al. G77,532j69: In patients ex
posed to DDT, treatment with diphenylhydan 
toin or (to a lasser extent) with phenobarbital 
resulted in a decrease in the plasma Ievel of 
DDE, the principle metabolite of DDT. 

Glogner &: Ermert H27,073f70: In man, 
the de-ethylation of phenacetin cannot be 
accelerated by methylphenobarbital, a good 
hepatic microsomal enzyme inducer. It is 
assumed that, under ordinary conditions, 
in man, the transformation of phenacetin into 
its metabolite N-acetyl-p-aminophenol (NA
p AP) is optimal, and hence not subject to 
acceleration. [The possibility has not been 
considered that certain inducers are substrate 
specific, and that methylphenobarbital may 
not be a potent inducer of phenacetin-me
tabolizing enzymes (H.S.).] 

Morselli et al. G76,129j70: In man, pheno
barbital accelerates the plasma clearance of 
cortisol injected i.v. 

Riegelman et al. H27,268j70: In healthy 
men, phenobarbital failed to influence the 
metaboliBm of griseofulvin. However, the ab
sorption of the orally administered antibiotic 
was considerably diminished. The barbiturate 
may increase the secretion of bile which in 
turn would stimulate peristalsis. There is some 
evidence of increased bile secretion and en
hanced biliary elimination of dyes following 
barbiturate treatment in animals. 

Sehoor H28,965f70: A farmer from an area 
of heavy pesticide usage, was given phenobar
bital and diphenylhydantoin for the treatment 
of epilepsy. His blood Ievels of DDT, DDE, 
diledrin and heptachlor were far below those 
of other farmers living in the same area. It is 
assumed that either the drugs activated, 
microsomal enzymes which destroy the pesti
cides or "that the pesticides are bound by 
serumproteins, and are consequently relatively 
inert. The action of the drugs on the pesticides 
depends on the competition of both for the 
same binding sites on the proteins." 

Sotaniemi et al. G78,917j70: In epileptic 
patients treated simultaneously with pheno
barbital and diphenylhydantoin, the serum 
Ievels of both drugs were significantly lower 
than in those given one of these drugs only. 
Presumably, the two drugs aceeierate each 
other's metabolism. 
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+- DDD cf. "Cushing'a Diaeaae" 

+- Diphenylhydantoin 

Werket al. F20,780f64: In man, diphenyl
hydantoin increases the 6-hydroxycortisol 
excretion and decreases the elimination of 
conjugated tetrahydro derivatives. These 
effects were accentuated by ACTH. 

Werket al. G67,762f66: In man, "diphenyl
hydantoin alters cortisol catabolism by increas
ing 6-hydroxylation and decreasing A-ring 
reduction; it may also inhibit ACTH release." 
In two women with nontumorous Cushing's 
syndrome, diphenylhydantoin diminished the 
urinary output of 17-0HCS and increased that 
of 6-0H cortisol. 

Choi et al. H 12,299/69: Brief abstract on 
the enhancement of tissue uptake and turnover 
of cortisol by diphenylhydantoin in man. 

Davitset al. G 77,532/69: In patients exposed 
to DDT, treatment with diphenylhydantoin or 
(to a lasser extent) with phenobarbital resulted 
in a decrease in the plasma Ievel of DDE, the 
principle metabolite of DDT. 

Tyler et al. G79,955f69: In epileptic patients 
on diphenylhydantoin, a negative metyrapone 
test for pituitary insufficiency may result from 
increased glucuronic acid conjugation of me
tyrapone by the liver. 

Schoor H28,965f70: A farmer, from an 
area of heavy pesticide usage was given 
phenobarbital and diphenylhydantoin for the 
treatment of epilepsy. His blood Ievels of DDT, 
DDE, dieldrin and heptachlor were far below 
those of other farmers living in the same area. 
It is assumed that either the drugs activated 
the microsomal enzymes which destroy the 
pesticides or "that the pesticides are bound by 
serumproteins, and are consequently relatively 
inert. The action of the drugs on the pesticides 
depends on the competition of both for the 
same binding sites on the proteins." 

Sotaniemi et al. G78,917f70: In epileptic 
patients treated simultaneously with pheno
barbital and diphenylhydantoin, the serum 
Ievels of both drugs were significantly lower 
than in those given one of these drugs only. 
Presumably, the two drugs aceeierate each 
other's metabolism. 

Westmoreland & BassG80,590f71: Pregnant 
rats are unusually sensitive to the toxic effects 
of diphenylhydantoin, and show a more pro
longed and intense rise in the blood Ievel of the 
drug than do nonpregnant controls. The drug 
is readily transported across the placenta and 
may damage the fetus. Presumably, "inhibi-
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tion of hydroxylation in maternalliver by high 
concentrations of female sex hormones is a 
probable mechanism for the accumulation of 
toxic concentrations of the drug in the tissues 
of the pregnant rat and fetus." 

+- Glutethimide 

Schmid et al. G34,008f64: "In two cases of 
glutethimide abuse, it was demonstrated that 
tolerance to glutethimide is due to marked 
acceleration of its metabolic inactivation. 
After a 20-day withdrawal eure, the metaboliBm 
of glutethimide was found to have reverted to 
normal." 

Corn H 33,065/66: In man, phenobarbital 
or glutethimide treatment decreases the life 
span of warfarin. 

+- Griaeofulvin 

Cullen & Catalano G68,707f67: In three 
out of four patients, the anticoagulant activity 
of warfarin was significantly depressed by 
concurrent treatment with griseofulvin, but it 
returned to the initiallevel after discontinua
tion of the latter drug. Possibly, griseofulvin 
induces enzymes which metabolize warfarin. 

+- Salicylatea 

Jeremy & TOWBon G77,324f70: In patients 
with rheumatoid arthritis, ~'C-2-indometha

cin plasma clearance is accelerated and urinary 
excretion decreased by acetylsalicylic acid. 
"The study showed interference between 
aspirin and indomethacin, the mechanism 
possibly being due to decreased gastro-intesti
nal absorption. This could account for clinical 
reports that the combination of the two drugs 
was no better than aspirin alone." 

+- Phenylbuta111one 

Kuntzman et al. G67,76lf66: In men given 
cortisol, the urinary excretion of 6ß-hydroxy
cortisol is increased by phenylbutazone. At the 
same time, the urinary excretion of a non
polar 17-hydroxycorticosteroid is diminished. 
Similar changes in the pattern of endogenous 
urinary corticoids were observed in man treated 
with phenylbutazone without exogenous corti
sol administration. 

Poland et al. G78,061f70: In men who work 
in DDT factories, the serum DDT Ievel was 
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20-30 timesthat in a control population. The 
serum half-life of phenylbutazone was 19% 
lower and the urinary excretion of 6 ß-cortisol 
57% higher in the DDT factory workers. 

+- Thyroxine 

Owens etal. D21,725f62: In man, D-thyrox
ine potentiates the anticoagulant action of 
warfarin. 

Solomon & Schrogie H 1,868/68: In women, 
thyroxine greatly potentiates the anticoagulant 
effect of warfarin. Analysis of the data (accord
ing to the method of Lineweaver and Burk) 
suggests that an increased affinity of the drug 
for its receptor site is responsible for the 
potentiation of its effect. The Iiterature on the 
increase in the response to various indirect 
anticoagulants by thyroxine in man is briefly 
reviewed. 

2. DISEASES 

Hyperbilirubinemia +-

The various types of hyperbilirubinemia may be considered here conjointly, 
especially since some of them are closely related to each other, and since in many 
instances the clinical descriptions do not permit exact classification. According to 
an extensive study on 23,000 infants observed during the first eight months of life, 
there seems to exist a positive relationship between increasing neonatal hyperbili
rubinemia and the incidence of low motor andfor mental scores. It appears therefore, 
that the development of the central nervous system may be inhibited by jaundice 
even in the absence of severe kernicterus; hence, prophylactic and therapeutic mea
sures designed to diminish neonatal hyperbilirubinemia may havefar-reaching effects 
upon the intellectual development of mankind, and deserve most serious con
sideration. 

In newborn infants, barbiturates (e.g., phenobarbital) may induce a glucuronide 
conjugating enzyme system and considerably lower the serum bilirubin concen
tration in congenital, unconjugated hyperbilirubinemia, kernicterus and various 
other types of jaundice. The effect is not due entirely to bilirubin conjugation, but 
in part also to the proven effect of barbiturates upon biliary excretion. There is also 
some evidence that barbiturates induce an acceptor protein "Y", which takes up 
bilirubin as well as BSP and may play a crucial part in hepatic detoxication. The 
most important contraindication to this form of treatment is that at effective dose 
levels, phenobarbital causes drowsiness. In adult epileptic patients, the total bilirubin 
level is considerably reduced by phenobarbital. In Chinese babies, among whom 
neonatal jaundice is very common (as a consequence of ABO incompatibility, 
glucose-6-phosphatase dehydrogenase deficiency, cephalhematoma and other causes), 
phenobarbitallikewise proved tobe effective. 

In 10 out of 13 patients with Gilbert's syndrome, phenobarbital induced a rapid 
fall in plasma bilirubin. A beneficial result was also noted in a patient with hepatitis 
followed by chronic unconjugated hyperbilirubinemia. In the Crigler-Najjar-syn
drome, favorable effects have been obtained with phenobarbital only if the glu
curonyltransferase activity was not completely absent to start with. 

Unlike phenobarbital, DDT causes no drowsiness when administered for the 
treatment of neonatal hyperbilirubinemia, yet it appears to be equally effective. 
In patients with constitutional hyperbilirubinemia (Gilbert or Meulengracht syn
drome}, induction of hepatic microsomal enzymes by DDT or BDT is followed by 
remissions. DDT appears to have the same efficacy in "physiological" as in familial 
unconjugated hyperbilirubinemia with nonhemolytic jaundice. 
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Certain studies suggest that human milk contains steroids which may cause 
unconjugated hyperbilirubinemia. Early observations implied that the responsible 
factor may be pregnane-3a,20a-diol, since this steroid allegedly does induce hyper
bilirubinemia when fed to normal full term infants, in amounts corresponding to 
those isolated from human milk. However, subsequent investigations failed to 
confirm this claim. In fact, neither pregnane-3a,20ß-diol nor pregnane-3a,20a-diol 
inhibited bilirubin conjugation by human liver slices or by solubilized human liver 
microsomes. On the other hand, estradiol was effective in this respect. In newborn 
infants, progesterone increased folliculoid excretion and serum bilirubin concen
trations. Hence, sex steroids in mother's milk may influence the course of neonatal 
jaundice. 

The common association of congenital myxedema with prolonged icterus neo
natorum suggested a relationship between the thyroid and jaundice of the newborn. 
In support of this assumption, T3 decreased peak bilirubin Ievels in both mature and 
premature infants but significantly only in the latter. 

Adrenal Tumorsand Cushing's Syndrome+--

Since hepatic microsomal enzyme inducers have been shown to aceeierate the 
metabolic degradation of steroids, including corticoids, it was natural to test their 
possible efficacy in the treatment of hypercorticoidism. 

In patients with Cushing's disease, a barbiturate (N-phenylbarbital, or phenethar
bital) caused a moderate decrease in the metabolic clearance and production rates 
of testosterone, associated with an appreciable decrease in urinary excretion of 
androsterone, etiocholanolone, and 11-oxyketosteroids. However, the clinical useful
ness ofthisform of therapy remains to be demonstrated. 

DDD was tested as a possible treatment for hypercorticoidism because, in dogs, 
it causes adrenocortical necrosis and involution. However, its effects, like those of 
DDT, may be due in part to the powerful microsomal enzyme-inducing properlies 
of these pesticides. Allegedly, o,p'-DDD can cause regression of metastatic adrenal 
cancer in man, at the sametime inhibiting its hormone secretion. The compound is 
said to suppress even the normal hormonal secretion of the human adrenal cortex. 
On the other hand, patients given large amounts of exogenous cortisol, like those 
with Cushing's disease, respond to o,p'-DDD with a prompt decrease of urinary 
17-0HCS excretion and plasma 17-0HCS Ievels. From these and other metabolic 
studies it was concluded that o,p' -DDD altered the extra-adrenal metabolism of 
cortisol so as to decrease the proportion of cortisol excreted as tetrahydrocortisol 
and tetrahydrocortisone, whereas 6ß-hydroxycortisol eliminationwas increased. In 
the rat, 6ß-hydroxycortisol is a potent inhibitor of the induction of hepatic TPO by 
cortisol. Hence the induction by o,p' -DDD of 6ß-hydroxycortisol, the direct adrenal 
damaging effect of the pesticide, as weil as the induction of steroid inactivating 
hepaticmicrosomalenzymesmay all participate in the productionof clinical improve
ment. 

The cortisol-binding capacity of the plasma does not seem to be significantly 
affected by o,p' -DDD in patients with Cushing's disease. 
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Other Diseases +--

It was reasonable to suspect that the use of microsomal enzyme inducers might 
be of value in the prophylaxis and treatment of various additional diseases in whose 
pathogenesis, endogenous or exogenous toxicants play an important role. This was 
to be expected especially in maladies related to an excess of steroid hormones, 
cholesterol and other known substrates of microsomal enzymes. This therapeutic 
approach was primarily based upon animal experiments. 

For example, the use of spironolactone in mineralocorticoid hypertension was 
introduced because of the potent antimineralocorticoid effect of this steroid, but 
later investigations have shown that it also possesses catatoxic activities against 
many other substrates, and hence, part of its beneficial action may be due to the 
accelerated detoxication of endogenous steroids and other compounds. 

In cholesterol-fed rabbits, phenobarbital diminishes atherosclerosis and hyper
cholesterolemia. It remains to be seen whether this effect of folliculoids and thyroid 
hormones in experimental atherosclerosis, as well as in certain clinical cardiovascular 
diseases, is related to a catatoxic activity. 

Anabolie agents have been claimed to be beneficial in the treatment of certain 
hepatic lesions, such as virus hepatitis, in man. On the other hand, several steroids 
in common clinical use- especially testoids and the folliculoids contained in con
traceptive pills- can cause hepatic lesions of possible practical significance. Only 
extensive clinical tests will be able to reveal whether the typical catatoxic steroids, 
such as PCN or CS-1 can be used therapeutically in liver diseases, which darnage 
the hepatic parenchyme and thereby interfere with detoxication processes. However, 
animal experiments suggest that after partial hepatectomy such steroids do improve 
resistance to many drugs in that they compensate for the loss of liver tissue by 
increased drug-metabolizing enzyme induction in the remnant. Furthermore, mitotic 
regeneration of healthy hepatic tissue is enhanced by catatoxic steroids afterpartial 
hepatectomy. 

Since prostatic hypertrophy and certain types of hormone-dependent cancers 
(prostatic, mammary) are beneficially influenced by gonadectomy, it is conceivable 
that the induction of steroidases by hormonally inactive catatoxic steroids may be 
beneficial here also. The same considerations apply to various endogenous intoxi
cations by hormone-producing neoplasms, porphyria, etc. Indeed, there may even 
exist specific diseases of the endoplasmic reticulum with defects in microsomal 
enzyme production, but meanwhile we have no evidence for this. 

It is unlikely that the beneficial effect of anabolics in osteoporosis, or of proge
sterone in congenital galactosemia, are related to hepatic enzyme induction, but this 
possibility should be more seriously considered in relation to the favorable effects 
exerted by glucocorticoids in v. Gierke's glycogen storage disease and in endotoxin 
shock. 

Hyperbilirubinemia +- cf. al8o Bilirubin 
underDrugs 

BoggB et al. G71,887j67: Data on 23,000 
infants who have been observed from birth 
to eight months of age "appear to indicate 

a positive relationship between increasing 
neonatal hyperbilirubinemia and the incidence 
of low motor andjor mental scores attained at 
8 months." 

KoiviBto et al. G78,915j70: The serum 
bilirubin Ievel of neonates whose mothers had 
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been given estradiol for induction of Iabor was 
considerably higher than normal. 

+- Barbiturates. Yaffe et al. G67,125j66: 
In a female infant with congenital unoonjuga· 
ted hyperbilirubinemia, phenobarbitallowered 
the serum bilirubin concentration. "This 
constitutes the first indication of the apparent 
induction of a glucuronide-conjugating enzyme 
system by phenobarbital in man and therefore 
may also represent the first therapeutic 
application of enzyme induction." 

Crigler Jr & Gold G68,552J66; G68,705j67: 
Phenobarbital lowers the serum bilirubin 
concentration in infants with oongenital 
nonhemolytic jaundice and marked kernic
terus. 

Thompson & WilliamtJG71,813j67; Kreek & 
Bleisenger G71,811j68; Maurer et al. G71,810J 
68; Trolle G71,807j68; G71,809j68: In various 
forms of icterus, serum bilirubin can be depres
sed by treatment with phenobarbital. 

McMullin G77,713j68: Neonates with 
comparatively high serum bilirubin Ievels 
showed a decrease in bilirubinemia foilowing 
treatment with phenobarbital. 

Trolle G77,159j68: In low-birth-weight 
infants treated with phenobarbital during the 
first 3 days of life, the first week mortality rate 
was 34/1000, whereas in controls it was 
101/1000. This improvement may have been 
due to suppression of hyperbilirubinemia, but 
this point was not checked in the present 
investigation. 

AnonymOUB H 19,246/69: Editorial on the 
beneficial effects of immediate postnatal 
barbital treatment upon neonatal hyperbiliru
binemia, and its secondary consequences. The 
beneficial effect of phenobarbital may not be 
due entirely to increasing bilirubin conjuga
tion, but in part also to its proven enhancing 
effect upon biliary excretion. There is also 
some evidence that barbiturates induce an 
acceptor protein "Y" which takes up bilirubin 
as weil as BSP and may play an important role 
in hepatic detoxication. The necessary dose of 
phenobarbital may cause drowsiness, but DDT 
is equaily effective, both in "physiological" 
and in congenital unoonjugated hyperbiliru
binemia, at weil tolerated dose Ievels. 

Arias et al. G72,103j69: In patients with 
chronic nonhemolytic unconjugated hyper
bilirubinemia and glucuronyl transferase defi
ciency, phenobarbital exerted a dramatic 
therapeutic effect. 

Crigler Jr. G72,545j69: Historical remarks 
on the use of phenobarbital in infants with 
nonhemolytic hyperbilirubinemia. 

Crigler & Gold H7,119j69: In a male infant 
with congenital nonhemolytic, unconjugated 
hyperbilirubinemia and severe kernicterus, 
phenobarbitaldecreased serum bilirubin, where
as T3, STH and testosterone had little or no 
effect. During phenobarbital treatment, liver 
specimens obtained by biopsy showed prolifer
ation of the SER and an increased in vitro 
capacity to conjugate p-nitrophenol. 

CunningluJ,m et al. G77,715j69: In healthy 
full-term neonates, phenobarbital given daily 
from the time icterus neonatorumfirstappear
ed about 24 hrs after birth, serumbilirubin 
Ievels did not differ significantly from those of 
untreated controls. "Once unconjugated hyper
bilirubinaemia exists in the neonate, it is 
unresponsive to phenobarbitone." Apparently, 
treatment has to start prior to or immediately 
after birth. 

Ertel & Newton Jr. G68,390j69: "These 
studies suggest that phenobarbital is the agent 
of choice for therapy of congenital hyperbiliru
binemia. The medical indications for therapy 
are the prevention of kemicterus and the 
psychological advantage of randering these 
children anicteric." 

Powell et al. H 17,195j69: It was noted 
previously that pre-eclamtic toxemia is 
associated with a reduction in the incidence 
and severity of nonhemolytic jaundice in the 
neonate. Reexamination of these data have 
now shown "that for nontoxa.emic mothers 
receiving any barbiturate at any time there 
was a slight but statistically insignificant 
reduction (11.3%) in incidence of jaundice in 
their infants. Toxaemic mothers not receiving 
barbiturate had a similar insignificant reduc
tion (10.4%). WhenbothP.E.T.and barbitura
te were present together, however, the reduc
tion was 30.7% and this was statisticaily 
significant (P < 0.01)." 

Ramboer et al. H 12,643/69: Controiled 
trials of phenobarbital therapy in neonatal 
jaundice. 

Thompson et al. G71,801j69: In a boy 
with familial unconjugated, nonhemolytic 
jaundice who had previously shown a good 
response to phenobarbital, DDT (dicophane) 
also rapidly reduced the plasma bilirubin. 

Thompson et al. G71,802J69: In epileptic 
patients, the plasma-total-bilirubin Ievel is 
considerably reduced by phenobarbital, pre
sumably "by the persistent induction of 
glucuronyl tra.nsferase or by increased excret
ion of bilirubin from the hepatic ceil." 

Walker et al. G77,714j69: Earlier studies 
suggested that neonatal jaundice is compara-
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tively rare in the infants of mothers who were 
treated with barbiturate for preeclampsia. 
In reexamining the question, "no significant 
difference between the infants of mothers 
receiving or not receiving barbiturate could be 
demonstrated. It is confirmed that hyperbili
rubinaemia is less common in infants or women 
with pre-eclamptic toxiaemia. The apparent 
effect of toxaemia could not be explained as a 
feature secondary to the administration of 
barbituratein these patients." 

Yeung &: Field G73,82lf69: In Chinese 
babies, among whom neonatal jaundice is very 
common, phenobarbital therapy reduced bili
rubin Ievels when these were high as a con
sequence of ABO incompatibility, glucose-6-
phosphate dehydrogenase deficiency, cephal
hematoma and other causes. The relevant Iite
rature is discussed in detail. 

Bekrman &: FiBher G75,312f70: Review 
(4 pp., 16 refs.) on the use of phenobarbital for 
neonatal jaundice in man. 

Blaok &: Sherlock H26,290f70: In 13 pa
tients with Gilbert's syndrome, phenobarbital 
induced a rapid fall in plasma bilirubin, and 
in 3 of the 10 symptomatic patients the symp
toms improved. The reduction in plasma 
hiliruh in was associated with, and thought to be 
the results of, an increased hepatic bilirubin 
UDP-glucuronyl transferase activity. 

ChriBtoforov et al. G77,086f70: The hetero
zygous Gunn rat has a lower capacity for 
bilirubin excretion than the Wistar rat. How
ever, this defect can be corrected by pheno
barbital. 

Jouppila &: Suonio G78,916f70: In neo
nates of toxemic mothers who were treated 
with phenobarbital during the last two weeks 
of pregnancy, the serum bilirubin content 
dropped below the controllevel. 

KobayaBhi et al. H28,794f70: In a 30-year
old male with Gilbert's syndrome, phenobarbi
tal restored the serum bilirubin Ievel to normal, 
and at the same time caused pronounced 
proliferation of the SER. Less pronounced but 
qualitatively similar changes were observed in 
a patient with Dubin-Johnson's syndrome. 

Levin et al. G73,664f70: From a study on 
24 babies given phenobarbital for three days 
after the first appearance of jaundice, "it is 
concluded that phenobarbitone has no place 
in the management of established neonatal 
jaundice." 

LtiiderB H24,062f70: Review (8 pp., 117 
refs.) on the use of barbiturates, particularly 
phenobarbital, in the treatment of neonatal 
hyperbilirubinemias. In the Crigler-Najjar-syn-

drome, beneficial effects can be expected only 
if the glucuronyltransferase is not completely 
absent to start with. Among the major dangers 
of prolonged barbiturate treatment, the 
following are mentioned (mainly on the basis 
of animal experiments): depression of the cen
ral nervous system, increased perinatal morta
lity (in animals pretreated during gestation), 
derangement of steroid hormone and choleste
rol metabolism, inhibition of thyroid hormone 
production, intrahepatic cholestasis, barbitu
rate withdrawal or hypersensitivity symptoms, 
and hepatic enlargement. 

Maurer H29,765f70: Review (8 pp., 
9 refs.) on the reduction in serum bilirubin 
of neonates after barbital treatment of the 
mother. Essentially similar results are obtained 
by exposure of premature infants to artificial 
light. Possibly, "photodecomposition is a 
normal alternate route of excretion of bilirubin 
and is increased or activated in newbom in
fants by the use of light." Hence possibly 
combined barbiturate and phototherapy may 
prove especially efficacious. 

McMullin et al. H 31,772!70: In infants 
affected by Rhesus hemolytic disease, pheno
barbital, given from the first few hours of life, 
is of considerable value. 

Oya et al. H28,966f70: In a patient with 
hepatitis, followed by chronic unconjugated 
hyperbilirubinemia, phenobarbital corrected 
the jaundice and caused a considerable drop 
in plasma bilirubin. 

Specchia H27,907f70: In an adult patient 
with nonhemolytic indirect hyperbilirubinemia, 
treatment with phenobarbital was followed by 
a marked decrease in blood bilirubin and 
icterus. 

Stern et al. G76,135f70: In full-term 
newboms, phenobarbital, given during the 
first four days of life, significantly lowered the 
serum concentration of indirect bilirubin. 
In vivo glucuronidation 1f salicylamide was 
similarly increased "suggesting that the effect 
of phenobarbital in reducing serum bilirubin 
Ievels is mediated, at least in part, by enhanced 
glucuronide formation." 

Thaler et al. H23,990f70: In patients auf
fering from various forms of jaundice, micro
somal enzyme induction was studied in biopsy 
material, simultaneously with a quantitative 
analysis of the biliary excretion of i.v.-admi
nistered 131I-Rose-Bengal, a cholephil whose 
excretion does not require biotransformation. 
The results indicate that phenobarbital (PB) 
"induces an enzyme essential to drug and 
steroid metabolism in human liver. PB also 
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stimulates hepatic excretion of inert dyes and 
endogenous cholephils, e.g., Rose Bengal and 
conjugated bilirubin, respectively. Enzyme 
induction and excretory stimulation can 
occur independently. These effects are grea
test in patients with relatively well preserved 
hepatic functions, suggesting diagnostic and 
therapeutic applications of PB in several 
cholestatic conditions." 

Theile &: Reich G73,421f70: In premature 
infants, 5 mg of phenobarbitalfkg i.m., daily, 
decreased the serum bilirubin Ievel; the effect 
was more pronounced with higher dosages; 
however these caused marked sedation. 

Vest et al. H 32,456/70: Description of bene
ficial results in phenobarbital treated babies 
with neonatal hyperbilirubinemia. 

Windorfer H28,824f70: Review and perso
nal observations on the treatment of neonatal 
icterus with phenobarbital. 

Felsher et al. H 34,479{71: In patients with 
hepatic cirrhosis and elevated unconjugated 
serum hiliruhirr values, phenobarbital inhibited 
the previously demonstrated acute rise in serum 
hiliruhirr during fasting. 

Felsher et al. H34,480j71: In patients with 
acute icteric viral hepatitis, the hepatic glucu
ronyl transferase activity is enhanced by 
pheno barbital. 

Hunter et al. H36,993f71: In epileptic pa
tients, the urinary excretion of D-glucaric (a 
metabolite of glucuronic acid) is considerably 
increased during phenobarbital treatment. Sim
ilar observations have been made in patients 
with Gilbert's syndrome after administration 
of various drugs known to induce hepatic en
zymes. Because ofits simplicity and sensitivity, 
the D-glucaric acid excretion test is recom
mended for the clinical assessment of drug
metabolizing enzyme induction. It is note
worthy, however, that except in primates and 
guinea pigs, glucuronolactone is converted to 
ascorbic acid and, in the rat, inducers of drug 
metabolizing enzymes increase the excretion of 
ascorbic acidrather than of D-glucaric acid. 

+-- DDD, DDT. Anonymaus H 19,246{69: 
Editorial on the beneficial effects of immediate 
postnatal barbital treatment upon neonatal 
hyperbilirubinemia and its secondary conse
quences. The necessary dose of phenobarbital 
may cause drowsiness, but DDT is equally 
effective, both in "physiological" and in 
congenital, unconjugated hyperbilirubinemia, 
at well-tolerated dose Ievels. 

Thompson et al. G71,801f69: In a boy 
with familial unconjugated, nonhemolytic 
jaundice who had previously shown a good 

response to phenobarbital, DDT (dicophane) 
also rapidly reduced the plasma bilirubin. 

Greim G76,366f70: In patients with consti
tutional hyperbilirubinemia (Gilbert- or Meu
lengracht syndrome) as weil as in Cushing's 
disease, the stimulation of hepatic microsomal 
enzyme induction by DDT or DDD is followed 
by remissions. Because of its corticolytic 
effect in the dog, it had been assumed that 
DDD acts by blocking corticoid production, 
but in vitro experiments with rat liver micro
somes show that DDD and DDT increase the 
metabolism of corticoids, and hence, their 
therapeutic effect is ascribed to this action. 

+-- Steroids. Arias et al. G76,756f63: In neo
nates, unconjugated hyperbilirubinemia is of
ten associated with breast feeding. The milk 
contains a factorthat inhibits glucuronide for
mation in vitro by rat, guinea pig and rabbit 
liver microsomes. 

Arias &: Gartner F21,711j64: "Uncon
jugated hyperbilirubinaemia can be produced 
in very young, full-term infants by feeding 
pregnane-3(a), 20(ß)-diol in amounts equiva
lent to that isolated from inhibitory human 
milk." 

Ramos et al. G38,868f66: Newborn infants 
fed pregnane-3ot, 20ot-diol or pregnane-3ot, 20 ß
diol from the fifth to the tenth day of life 
showed no anomaly in serum bilirubin Ievels 
or in the rate of the physiologic decline of the 
hiliruhirr values. "In the doses used these two 
pregnanediol isomers arenot responsible for the 
conjugation inhibition effect seen in the breast 
milk of infants with 'physiologic' jaundice." 

Kreek et al. F92,343f67: Review of the Iite
rature and personal observations suggesting 
that idiopathic cholestatic jaundice during 
pregnancy may result from increased folliculoid 
production and is aggravated by challenge with 
ethinylestradiol. 

KTeek et al. G51,605f67: In one patient, 
cholestatic jaundice recurred during each of 
eight pregnancies, and during periods of menor
rhagia. Liver biopsies revealed intrahepatic 
cholestasis during pregnancy with a return to 
normal after delivery. An identical picture with 
jaundice and abnormal liver function was ob
tained upon treatment of the patient with 
ethinylestradiol. 

Crigler &: Gold H7,119f69: In a male 
infact with congenital nonhemolytic, uncon
jugated hyperbilirubinemia and severe kern
icterus, phenobarbital decreased serum biliru
bin, whereas T3, STH and testosterone had 
little or no effect. During phenobarbital 
treatment, liver specimens obtained by biopsy 
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showed proliferation of the SER and an 
increased in vitro capacity to conjugate 
p-nitrophenol. 

Adlard & Lathe G74,759f70: In newborn 
infants, jaundice develops more frequently 
on breast feeding than on cow's milk, and 
earlier investigators assumed that 3a, 20ß
pregnanediol present in human milk may 
competitively inhibit glucuronyl transferase, 
thereby interfering with bilirubin clearance. 
The present observations suggest that "neither 
3a, 20ß-pregnanediol nor 3a, 20a-pregnane
diol inhibited conjugation by human liver 
slices or by solubilized human liver microsomes. 
3a, 20ß-pregnanediol is unlikely to be the 
inhibitor causing breast milk jaundice." How
ever, estriol inhibited conjugation by human 
liver slices. 

Rosta et al. G77,094f70: In 4 cases of neo
natat jaundice, an increased pregnanediol 
content was observed in the mother's milk, 
but on the whole, "clinical trials failed to 
support the role of steroid inhibition in our 
cases of protracted neonatal jaundice." 

Sas & Herczeg G77,093f70: In newborn 
infants, progesterone increases folliculoid ex
cretion and serum bilirubin concentrations. 
Sex steroids in mother's milk may influence 
the course of neonatal jaundice. 

+---- Thyroid Hormones. Akerren G76,866f54: 
Compilation of 10 cases of congenital myxedema 
with prolonged icterus neonatorum. A rela
tionship between the thyroid and jaundice of 
the newborn is suspected. 

Less & Ruthven 074,543/59: "In a trial of 
L-triiodothyronine by mouth in the treatment 
of neonatal hyperbilirubinaemia, mean peak 
bilirubin Ievels were decreased in both mature 
and premature-treated infants compared with 
controls, but this difference was statistically 
significant in the premature group only .... 
Triiodothyronine may act by stimulating the 
maturation of glucuronyl transferase and 
other enzyme systems which are responsible 
for conjugating bilirubin." 

MacGillivray et al. G48,968f67: In a new
born with congenital myxedema and hyper
bilirubinemia, Ta treatment caused a prompt 
fall in bilirubin and improvement of hypo
thyroidism. Aceidental withdrawal of treat
ment was followed by an early recurrence of 
both jaundice and myxedema. Earlier reports 
of an association between intense neonatal 
jaundice and congenital myxedema are re
viewed. 

+- Pregnaney. Kreek et al. F92,343f67 :Re
view of the literature and personal observations 

suggesting that idiopathic cholestatic jaundice 
during pregnancy may result from increased 
folliculoid production and is aggravated by 
challenge with ethinylestradiol. 

Kreek et al. G51,605f67: In one patient, 
cholestatic jaundice recurred during each of 
eight pregnancies, and during periods of menor
rhagia. Liver biopsies revealed intrahepatic 
cholestasis during pregnancy with a return to 
normal after delivery. An identical picture with 
jaundice and abnormal liver function was ob
tained upon treatment of the patient with 
ethinylestradiol. 

+-Light. Giunta & Rath H 35,532/69; Lucey 
H 35,539/69: In the newborn and especially in 
premature babies, exposure to light diminishes 
the risk of hyperbilirubinemia. 

Adrenal Tumorsand Cushing's 
Syndrome +-

+---- Aminoglutethimide. Bochner et al. H 31, 
656/69: In a patient with metastatic adreno
cortical carcinoma and Cushing's syndrome, 
DDD caused gradual diminution in the size 
of metastases and some fall in 17 -hydroxycorti
coid excretion. Aminoglutethimide caused 
clinical evidence of hypocorticoidism despite 
an increase in the size of the metastases. 

+---- Barbiturates. Southren et al. H 8,265/69: 
In patients with Cushing's disease, N-phenyl
barbital (phenetharbital) caused "a moderate 
decrease in the metabolic clearance and plasma 
production rates of testosterone. In addition, 
there occurred an appreciable decrease in the 
urinary excretions of androsterone, etiochola
nolone and the 11-oxyketosteroids, associated 
with an increased excretion of polar metabo
lites of testosterone." 

+---- DDD. Sheehan et al. B77,668f53: In a 
woman with Cushing's syndrome, no beneficial 
results could be obtained by DDD, suggesting 
that the human adrenal may be resistant to 
this compound. 

Bergenstal et al. G74,073f59: "Preliminary 
observations with the use of o,p'-DDD have 
shown it capable of producing regression of 
metastatic adrenal cancer in man and inhibi
tion of its hormonal secretion. At the present 
time this appears to be reversible. o,p'DDD 
has likewise suppressed the function of the 
normal human adrenal." 

Bergenstal et al. 094,436/60: o,p'-DDD 
causes regression of adrenocortical carcinoma 
metastases in some, but not in all, patients. 

Wallace et al. E89,875f61: In two cases of 
Cushing's syndrome due to adrenocortical 
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hyperplasia, clinical improvement and dimished 
excretion of 17 -hydroxycorticosteroids and 17-
ketosteroids were obtained by o,p' -DDD. 

Geyer D27,915j62: In a patient with 
Cushing's syndrome o,p'-DDD caused remis
sion of the disease manifestations. 

Geyer & Schüller D38,170j62: Both in 
normal man and in patients suffering from 
various forms of adrenocortical hyperactivity, 
o,p' -DDD was found to be beneficial. 

Bar-Hay et al. G 1,283/64: A 10-year-old 
girl with nontumorous Cushing's syndrome 
showed dramatic improvement following 
treatment with o,p'-DDD. 

Bledsoe et al. E20,690j64: In patients with 
Cushing's disease or given large amounts of 
exogenous cortisol, treatment with o,p' -DDD 
resulted in "a prompt 50-80% decrease in 
urinary 17 -OHCS, regardless of whether the 
patient's source of cortisol was endogenous or 
exogenous. Plasma 17 -OHCS Ievels and cortisol 
secretion rates, however, did not fall. Evalua
tion of the pattern of cortisol metabolites 
excreted in the urine of these patients revealed 
that o,p'DDD altered the extra-adrenal me
tabolism of cortisol so as to decrease the pro
portion of cortisol excreted as tetrahydro
cortisol and tetrahydrocortisone and to in
crease the proportion excreted as 6,8-hydroxy
cortisol." 

Pichler G43,794j66: In a young girl with 
adrenal hyperplasia and Cushing's syndrome 
"complete remission" was obtained after 
7 months of DDD treatment. Pigmentation 
and decreased steroid excretion were noted at 
this time. However, 9 months after disconti
nuation of treatment, urinary steroid secretion 
increased again. The effect is ascribed to a 
blockade of corticoid production by the adre
nals. 

Southren et al. F63,163j66: In two patients 
with Cushing's syndrome, a remission with a 
reduction of urinary and plasma 17-0H-CS 
levels has been obtained by treatment with 
o,p'-DDD. 

Southren et al. F73,262j66: o,p'-DDD 
accelerates the metabolism of infused cortisol-
7-3H in a patient with Cushing's disease, as weil 
as in an adrenalectomized castrated subject. 

Southren et al. F 66,647j66: Clinical improve
ment has been observed in Cushing's syndrome 
after treatment with o,p' -DDD. This effect 
might have been due to a direct interference by 
o,p' -DDD with the biologic action of cortisol 
or by giving rise to cortisol metabolites which 
inhibit cortisol competitively at the effector 
site. In the rat, o,p'-DDD had no effect upon 

the induction of TPO in the liver, whereas 
6,8-hydroxycortisol was found to be a potent 
inhibitor of cortisol action in this test system. 
Since o,p'-DDD induces 6,8-hydroxycortisol, 
the protective effect may have been due to the 
latter. 

Bochner et al. H 31,656/69: In a patient with 
metastatic adrenocortical carcinoma and Cush
ing's syndrome, DDD caused gradual diminu
tion in the size of metastases and some fall in 
17 -hydroxycorticoid excretion. Aminoglute
thimide caused clinical evidence of hypocorti
coidism despite an increase in the size of the 
metastases. 

Temple Jr. et al. H 17,091/69: In patients 
with Cushing's disease, o,p' -DDD diminished 
cortisol secretion. Since adrenal responsiveness 
to ACTH infusionwas reduced and the adrenals 
showed electron-microscopic changes in the 
mitochondria of the fasciculata, the effect was 
ascribed to the adrenolytic action of the 
drug. 

Burger et al. H28,702j70: In patients with 
Cushing's disease, the cortisol-binding capacity 
(CBC) of the plasma was not significantly 
altered by o,p' -DDD. 

Greim G76,366j70: In patients with consti
tutional hyperbilirubinemia (Gilbert- or Meu
lengracht syndrome) as weil as in Cushing's 
disease, the stimulation of hepatic microsomal 
enzyme induction by DDT or DDD is followed 
by remissions. Because of its corticolytic effect 
in the dog, it had been assumed that DDD acts 
by blocking corticoid production, but in vitro 
experiments with rat liver microsomes show 
that DDD and DDT increase the metabolism 
of corticoids, and hence, their therapeutic effect 
is ascribed to this action. 

Hellman et al. H28,347j70: In a patient 
with Cushing's syndrome, treatment with 
o,p' -DDD "converted the cortisol secretory 
pattern from a well-defined series of peaks and 
valleys to an almost Ievel pattern fluctuating 
about the lowest plasma concentration mea
sured in the untreated state." The changes in 
plasma cortisol pattern are ascribed to direct 
adrenal damage. 

Other Diseases +-

Cardiac Diseases +-- cf. also Selye G60,083j 
70. Salvador et al. G68,113j67: Pretreatment 
with phenobarbital diminished hypercholeste
rolemia and atherosclerosis in cholesterol-fed 
rabbits. The cholesterol content of the aorta 
was likewise diminished. 
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Orrenius et al. E8,231f69: Review of the 
literature, and personal observations on the 
increase in the synthesis of cholesterol from 
uc-acetate obtained by phenobarbital pre
treatment in rats and hamsters. 

Tourniaire et al. G66,481f69: "Spironolac
tone is now the drug of choice in severe heart 
failure complicated by increased myocardial 
sensitivity. It enables one to stop other drugs 
such as digitalis and salt diuretics which are 
liable to increase the arrhythmia and Iead to 
fibrillation. This action on myocardial 
excitability in heart failure may probably be 
explained by the antagonism between spirono
lactone and aldosterone in the kidney and its 
effects on potassium metabolism." 

Hepatie Lesions +-, Krüskemper & Noell 
G48,300f66: Methyltrienolone (17 a-methyl-4, 
9, 11-estratriene-17 ß-ol-3-one), though a strong 
anabolic agent, is definitely hepatotoxic as 
judged by various function tests in man. 

OaviletJ H 30,761/68: In patients receiving 
massive doses of stanozolol for the treatment 
of aplastic anemia, indications of significant 
hepatic disturbances were not observed. 

.Adlercreutz H21,321f70: Review (34 pp., 
about 240 refs.) on folliculoid metabolism in 
liver disease. 

Jannuzzi et al. H27,335f70: In patients with 
viral hepatitis, various anabolics, including 

stanozolol and 4-chlorotestosterone, exert a 
beneficial effect. 

Osteomalaeia +-. Dent et al. H 30,946!70; 
Richens & RQWe H30,947f70: In four epileptic 
patients, osteomalacia developed during long
term treatment with diphenylhydantoin and 
barbiturates. Vitamin D exerted a curative 
effect. "It is suggested that drug-mediated en
zyme induction may be the mechanism 
responsible by causing a greatly increased 
inactivation of vitamin D in these patients." 

Osteoporosis +-, Beather G67,332f63: SKF-
6612 is recommended for the treatment of 
osteoporosis in man, owing to its anabolic 
effect. 

Galaetosemia +-, PetJch et al. 079,957/60: 
"Administration of progesterone to three 
prepubertal patients with congenital galacto
semia resulted in a significant increase in 
ability to oxidize a tracer dose of galactose-1-
C14 to C140 2." 

v. Gierke's Disease +-,MosetJ et al. G40,253f 
66: In a patient with glycogen storage disease, 
triamcinolone caused a 4-fold increase in 
hepatic glucose-6-phosphatase activity. 

Endotoxin Shoek +-, Weil et al. G68,706f 
62: In man, combined treatment with gluco
corticoids ( cortisol, prednisone, dexamethasone) 
and vasoactive agents (especially metaraminol) 
is particularly efficacious in preventing endo
toxin shock. 

3. PREGNANOY (ABORTIFAOIENT ACTION OF HEPATIO 
MIOROSOMAL ENZYME INDUOERS) 

It has been noted some time ago that in dogs, DDD tends to produce abortion, 
and in rats, phenobarbital increases embryonie death causing subcutaneous hemor
rhages in the fetuses. The placentas of the rats so treated were small and showed an 
increased demethylation activity. Our own hitherto unpublished observations 
suggest that various catatoxic steroids such as ethylestrenol, spironolactone and 
CS-1 interrupt pregnancy in the rat and, if administered after delivery, interfere 
with lactation. It is tempting to assume that these effects result from the induction 
by catatoxic steroids of microsomal enzym.es that metabolize the hormones necessary 
for the maintenance of gestation and milk production; yet, in our experience, highly 
catatoxic amounts ofPCN and phenobarbital failed to interrupt pregnancy in the rat. 

Dille 45,154/34: In cats, guinea pigs and 
rabbits, a single anesthetic dose of barbital or 
amital does not interrupt pregnancy, but "in 
no case where barbiturates were administered 
over a major part of pregnancy was a suc
cessful delivery obtained." 

Oourrier 86,924/45: Monograph (396 pp., 
about 1250 refs.) on the endocrinology of gesta
tion, with a special section (70 pp.) on hor-

monal interventions which interrupt preg
nancy. An excellent survey ofthe Iiterature up 
to 1945. 

Nichols & Hennigar 048,736!57: In dogs, 
DDD tends to produce abortion. 

Pincus E689f65: Monograph (360 pp., 1459 
refs.) on the control of fertility. Special atten
tion is given to the abortifacient action of drugs 
and hormones. 
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Badarau et al. G69,247f68: In rats, various 
adrenal and ovarian steroids can produce ne
crosis of the trophoblast during the early stages 
of gestation. In certain steroid combinations, 
a mutual antagonism has been noted. [The 
cursory descriptions in this brief abstract do 
not permit evaluation of the data (H.S.).] 

Einer-Jensen G75,787f68: Review of the 
Iiterature on the abortifacient action of natural 
and artificial folliculoids. Personalobservations 
show that in the dog, mouse, rat and rabbit, 
early pregnancy can be interrupted with 
comparatively small doses of "F6066" [Bis(p
acetoxyphenyl)-cyclohexylidene-methane] and 
"F6103" [Bis-(p-acetoxyphenyl)-2-methyl
cyclohexylidene-methane.] 

Jacob & Morris G73,856f69: In rabbits, 
norethindrone, testosterone, dehydrotestoster
one and certain so-called "nonsteroidal anti
folliculoids" inhibited implantation when given 
during the first three days after copulation. 
With the exception of chlormadinone, all these 
compounds showed some degree of folliculoid 
(uterotrophic) activity which parallals the anti
fertility potency. Progesterone and chlor
madinone failed to inhibit implantation under 
similar conditions. 

Morrison & Kilpatrick G69,282f69: Obser
vation of a personal case and report of several 
others from the literature, showing that in 
women taking glucocorticoids during preg
nancy, estriol excretion is diminished. "The 
effect could be the result of direct depression 
of the placental enzymic systems." 

Szontagh & Kovacs G73,899f69: Brief post
coital treatment with dienestrol prevents preg
nancy in women. 

Adams & Wagner G80,309f70: In cattle, 
dexamethasone i.m. readily induces parturition 
during late pregnancy. In ewes, it is much less 
effective. The plasma corticoid Ievel spontane
ously rises just prepartum in cattle and ewes. 
"This abrupt elevation in matemal plasma cor
ticoids may result from increased synthesis by 
the fetal adrenals and provide the signal for 
termination of the pregnancy." Early Iiterature 
on the effect of corticoids, ACTH and hypo
physectomy upon pregnancy is reviewed. 

Bacic et al. G75,837f70: In women, the ad
ministration of !arge doses of ethinylestradiol 
during early pregnancy failed to cause abortion 
or bleeding. It is concluded that, unlike in 
several other species, folliculoids arenot reliable 
abortifacients in man. 

Bacic et al. H28,711f70: In women, the 
artificial folliculoid F -6103 (Bis-(p-acetoxy
phenyl) -2 -methyl-cyclohexylidene- methane) 

has no abortifacient effect, although earlier 
studies showed that it does interrupt early 
pregnancy in rats and mice. 

Fahim et al. G77,383f70: In pregnant rats, 
phenobarbital given throughout gestation 
"results in a significant increase in embryonie 
death and a 28 per cent incidence of fetal 
subcutaneous hemorrhage. Placentas of treated 
animals weighed less than controls and exhibi
ted a significant increase in demethylation 
activity." 

Jean H 33,486/70: In mice and rats, estra
diol dipropionate injected on the 14th day of 
gestation failed to interrupt gestation but mod
erately diminished the subsequent growth of 
the offspring. 

Jean & Jean H 33,485/70: In rats and mice, 
estradiol injected during the second third of 
gestation interferes with parturition and causes 
considerable fetal and perinatal mortality. The 
earlier Iiterature on postcoital contraception by 
folliculoids and testoids is reviewed. 

O'Leary et al. G80,260f70: In women living 
in areas where DDT and DDE are extensively 
used for pest control, spontaneaus abortions 
are not correlated with the blood pesticide 
Ievels. There is no reason to believe that the 
pesticides have a significant abortifacient ac
tion. 

Nocke et al. H29,580f70: Brief abstract 
indicating that in pregnant women, spirono
lactone decreases the urinary elimination of 
folliculoids, 17 -hydroxycorticoids and 17-
oxosteroids. It is concluded that spironolactone 
"may have an influence on the biogenesis and/ 
or metabolism of steroid hormones." 

Meyers G77,432f70: In rats, stimulation of 
the sterile uterine horn of the 1-4th day of 
pregnancy does not Iead to the usual deciduoma 
formation whether the animals are intact or 
ovariectomized and maintained on progester
one + esterone. However, the deciduoma 
response (DR) produced by trauma with a 
needle or intra-uterine instillation of oil was not 
equally influenced by the antifolliculoids 
I.C.I. 46474, CN-55945-27, U-11100A, and 
U-11555A. "The oil-induced, but not the 
trauma-induced DR, in intact pregnant rats 
was completely inhibited by all the anti
estrogenie compounds when they were given 
on Day 4, while administration of the same 
drugs on Day 1 prevented both the oil-induced 
and the trauma-induced DR. Implantation 
was uniformly prevented by these compounds 
after administration on either Day 1 or Day 4. 
It was concluded that, in the rat, oil installa-
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tion is preferable to the use of trauma for deci
duoma induction, since it more closely resem
bles the conditions under which implantation 
takes place." 

Sananea & Payelwyos G78,230f70: In rats, 
deciduoma formation is inhibited by actino-

mycin D presumably by interfering with 
RNA formation. 

Block et al. H 34,907 f71: In mice, unlike in 
rats, TMACN administered during gestation 
often causes fetal absorption but no gross mal
formations in the reproductive tract. 

SUMMARY 

In the preceding pages we have surveyed evidence suggesting that catatoxic 
steroids may be of use in patients suffering from the most varied forms of endogenous 
or exogenous intoxications with bilirubin, steroids, digitalis compounds, pesticides, 
carcinogens, etc. In addition, knowledge of the catatoxic mechanism is indispensable 
in evaluating the possible effect that enzyme-inducing hormones or drugs (e.g., 
contraceptive pills, antimineralocorticoids, barbiturates, anticonvulsants) may exert 
upon the efficacy of simultaneously administered pharmaceuticals and vice versa, 
since many inducers are also substrates for inducible microsomal enzymes. 

Furthermore, attention is called to the fact that catatoxic steroids are compara
tively ineffective in attacking near physiologic Ievels of hormones and other normal 
body constituents. Yet they may interfere with pregnancy and lactation, through 
the enhanced metabolic degradation of the excess steroids necessary for the main
tenance of these states, or through other mechanisms. 

Finally, catatoxic steroids may be useful when only topical drug or hormone 
actions are required. Here these steroids would selectively prevent undesirable 
systemic side effects through the induction of hepatic microsomal enzymes which 
could degrade only the blood-borne fraction of the topical medications. 
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HEPATIO TISSUE+-

Of. also Hepatic Lesions + Steroids p. 354 

+-Steroids 

In general it may be said that glucocorticoids decrease, whereas catatoxic steroids 
increase, the weight of the liver in various species. However, these effects largely 
depend upon a variety of conditioning factors such as the dosage of the hormones, 
as weil as the age, diet and species of the animals under investigation. Here we shall 
deal only with those changes which have been shown or at least suspected to be 
related to adaptive enzyme formation. 

+ Corticoids. In the fowl, DOC causes hypertrophy and hyperplasia of the liver. 
This is all the more remarkable since after adrenalectomy, DOC is singularly ineffec
tive in promoting hepatic regeneration induced by partial hepatectomy. Conversely, 
heavy overdosage with cortisone causes involution and sometimes even focal necrosis 
of hepatic tissue in the rat and mouse. Unilateral nephrectomy which sensitizes 
the rat to many of the toxic actions of DOC, very markedly increases its ability to 
enlarge the liver. 

On the other hand, in the rabbit, cortisone causes pronounced increase in liver 
weight with glycogen deposition and cellular hypertrophy, whereas DOC is ineffective 
in this respect. Small doses of cortisone may even cause hepatic enlargement in 
rats when liver weight is expressed as a percentage of body weight. However, at 
high dose Ievels the general catabolic action of the hormone predominates. 

Flumedroxone and its unsaturated analogue cause hepatic enlargement and SER 
proliferation in mice and rats. Furthermore in mice, the mean mitochondrial volume 
increased 4-fold after cortisone treatment, possibly as a result of mitochondrial 
fusion. 

+ Adrenalectomy. In adrenalectomized mice, cortisone increases protein synthesis 
in the liver with the formation of heavy polysomes during the first hour. After 3 hrs 
cortisone represses protein synthesis under otherwise comparable conditions. 

In adrenalectomized rats, the number of hepatic mitochondria and Iysosomes 
increases and vesicular forms of endoplasmic reticulum arise around the Golgi 
complexes. All these changes are prevented by cortisol. 

+ Folliculoids. In C3H mice, chronic treatment with estradiol or diethylstilbestrol 
increases hepatic weight. A similar increase is obtained in pullets by estradiol. In 
the mouse, stilbestrol derivatives induce mitochondrial swelling and dilatation of 
the RER with considerable changes in the activity of various enzymes but no obvious 
proliferation of SER. 

Heavy overdosage with natural and artificial folliculoids may cause enlargement 
of the liver hepatitis, hepatic necroses, and even death with severe icterus in certain 
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strains of mice. In immature pullets, thyroxine antagonizes the hepatic changes 
produced by estradiol. 

The hepatotoxic effects of folliculoids in man have been discussed in the section 
on "Clinical Implications," especially in connection with oral contraceptives. 

+ Luteoids. In hamsters, progesterone increases hepatic weight and causes 
proliferation of the SER accompanied by chemically dernonstrahle augmentation 
of microsomal phospholipid content. The changes are similar to those produced by 
barbiturates. In rats, lynestrenol causes increased vacuole formation in the Golgi 
apparatus without any alterations in the endoplasmic reticulum. 

+ Testoids. In mice, large doses of testosterone failed to produce significant 
changes in hepatic weight, although in rats it does elicit moderate hepatic hyper
trophy. The capacity to excrete conjugated bilirubin is impaired in rats by norethan
drolone and even more strikingly by icterogenin. Simultaneously, ultrastructural 
changes appear in the hepatocytes and bile canaliculi. 

Methyltrienolone, a strong anabolic agent, is definitely hepatotoxic as judged by 
various function tests in man. In partially hepatectomized rats, the fat and phos
phatase accumulation in the liver remnant is enhanced by prednisolone but not 
significantly affected by 4-chlorotestosterone. 

Norbolethone produces pronounced proliferation of the SER in the hepatocytes 
of the rat presumably reflecting increased microsomal-enzyme induction. 

+ Antitestoids. In rats, cyproterone stimulates the proliferation of the SER 
in hepatocytes presumably again as a manifestation of microsomal enzyme induction. 

+ Catatoxic Steroids in General. Both in intact andin partially hepatectomized 
rats, spironolactone increases hepatic weight and the mitotic activity of hepatocytes. 
Several of the most active catatoxic steroids (spironolactone, norbolethone, CS-1, 
ethylestrenol) stimulate the SER of the hepatocytes in the rat. Progesteraue and 
testosterone are much less effective. However, alterations in the endoplasmic reti
culum are also produced by noncatatoxic steroids (estradiol) and nonsteroidal 
folliculoids (stilbestrol). "Thus it can be concluded that there is no close correlation 
between the catatoxic potency and the proliferation of the SER although all the 
catatoxic compounds tested lead to a marked transformation of the endoplasmic 
reticulum in the hepatocytes." 

PCN, one of the most active catatoxic steroids, induces intense proliferation 
of the SER in the hepatocytes of the rat. This is accompanied by swelling of the 
mitochondria and a moderate increase in the lipid content of hepatocytes as well 
as by some hypertrophy of the microvilli in the bile canaliculi. 

+ Other Steroids. Wehave already mentioned the great capacity of icterogenin 
to reduce the elimination of conjugated bilirubin, without producing any obvious 
light microscopic changes in the liver. Electron microscopic lesions are noted however 
in hepatocytes and bile canaliculi. 

For an extensive study concerning the effect of various steroids, thyroxine and 
phenobarbital upon body and organ weights in rats, cf. Table 140, p. 860. 

+- Nonsteroidal Hormones and Hormone-Like Substauces 

+ Anterior Pituitary Hormones. It had long been noted that in rats, treatment 
with crude anterior lobe extract causes a disproportionate increase in hepatic weight. 
From this it has been concluded that certain anterior pituitary extracts selectively 
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stimulate hepatic growth and that the hepatotrophic effect is not merely due to 
their STH content. The anterior pituitary extracts not only increase hepatic size 
but produce extreme polymorphism of hepatocyte nuclei and an outhurst of mitotic 
divisions some of which are abnormal and conducive to the formation of large 
polymorphonuclear giant cells. In addition, crude lyophilized anterior pituitary 
may cause infiltration of the hepatic stroma with hemopoietic cells and megakaryo 
cytes. It remains to be seen however whether these latter effects are due to a specific 
hormone or to impurities in the crude hypophyseal extracts. Curiously in intact 
(unlike in hypophysectomized) rats, purified STH also causes disproportionate 
hepatic enlargement possibly by stimulating the secretion of a hypophyseal hepato
trophic principle. 

ACTH causes hepatic steatosis in rats especially if they are maintained on high
carbohydrate diets or force-fed. Particularly pronounced hepatotrophic effects have 
been obtained in rats upon combined treatment with ACTH + STH. The production 
of fatty livers by purified ACTH is prevented by adrenalectomy in the rat. 

+ Thyroid Hormones. High doses of thyroxine may cause functional and occa
sionally even structural hepatic darnage in various species and even in man (Selye 
94,572/49). 

In rats, thyroid feeding increases hepatic weight and produces diffuse basophilia 
with palisade-like basophilic rods in the cytoplasm of the hepatocytes, but similar 
changes have been described previously using a variety of stressor agents (epine
phrine, bleeding). Thiourea also stimulates mitotic proliferation in the rat liver. 
The ESR shows no important changes in rats overdosed with thyroxine or in thyro
toxic patients. 

+ Pancreatic Hormones. In mice, insulin causes some increase in the mean 
mitochondrial volume of hepatocytes. 

+-- Drugs 

In the rat, hepatic microsomal-enzyme induction by barbiturates (e.g. pheno
barbital) is regularly associated with a pronounced proliferation of the hepatic 
SER, apparently at the expense of the RER. Essentially similar changes are produced 
by barbiturates in the rabbit and hamster. These morphologic abnormalities are 
usually first seen around the central parts of the lobule gradually spreading to the 
periphery. Concurrent treatment with SKF 525-A further aggravates these changes 
but in itself SKF 525-A produces no detectable anomalies in the hepatocytes. In 
ratfl, a single injection of phenobarbital suffices to stimulate the SER. Enzyme 
histochemical studies on rats treated with phenobarbital suggested that NADPH 
tetrazolium red is directly involved in the hydroxylation chain, whereas G6PD and 
ICD are more indirectly affected. 

CC14 greatly increases the proliferation of the SER in hepatocytes but apparently 
it stimulates only the synthesis of abnormal microsomal membranes, since protein 
synthesis is greatly impaired, whereas incorporation of 35P into the membrane 
phospholipids is enhanced. 

Chlorazanil, a diuretic drug, depresses mitotic division in the regenerating liver 
of the mouseafterpartial hepatectomy. 

In rats, clofibrate first causes deformation of hepatic mitochondria and depletion 
of succinic oxidase and after 12 hrs proliferation of the SER. 

47 Selye, Hormones and Resistance 
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Sublethai doses of digitoxin cause proliferation of the hepatic SER in the rat 
with enzyme changes which have been interpreted as suitable for the enhancement 
of glycoside metabolism. However, our in vivo experiments showed no increase 
in digitoxin resistance following pretreatment with the same compound. 

In rats treated with metyrapone, the SER of the hepatocytes becomes hyper
trophic concurrently with a loss of glycogen. This effect is not obtained in vitro when 
liver slices are incubated with metyrapone. 

Various pesticides, which act as microsomal enzyme inducers, stimulate the 
proliferation of the SER in the hepatocytes of the rat. DDT is particularly effective 
in this respect and in addition produces inclusion bodies with myelin-like capsules. 

In the hepatocytes of the rat, dieldrin (a chlorinated hydrocarbon pesticide) 
produces characteristic lesions which develop in three stages: 1. Increase in liver 
weight and microsomal protein, with SER proliferation, associated with increased 
activity of aniline hydroxylase and p-nitroreductase as weil as a rise in the concen
tration of P-450 hemoprotein. 2. A "steady state" in which the elevated Ievels are 
maintained and tolerance to otherwise fatal doses of dieldrin develops. 3. A "stage 
of decompensation" elevation of liver weight, microsomal proteins, and P-450 
persists, and the SER is abundant but drug-handling enzyme ability is diminished. 
The authors speak of a hypoactive hypertrophic SER which reflects a stage of 
exhaustion. [It is interesting to speculate upon the similarity between these three 
stages and those of the G.A.S. (H.S.).] 

In rats, large parenteral doses of salicylates increase a number of peroxisomes 
in multivesicular bodies around the Golgi zone of the hepatocytes but the endo
plasmic reticulum remains normal. 

In addition to those mentioned above, a large variety of other drugs are capable 
of stimulating the SER of hepatocytes. However, not all of these are effective 
enzyme inducers. 

+- Steraids 

~ Corticoids. Selye A 56,607 f43: In chickens, 
chronic treatment with DOC or methyl
testosterone produces hepatic enlargement. 

Selye and Pentz A59,789f43: In the rat, 
many of the toxic manifestations of DOC 
overdosage are considerably increased by uni
nephrectomy + NaCI administration. Under 
these conditions, DOC also produces an unusu
ally pronounced hepatic enlargement. 

Antopol B47,052f50: In mice, heavy 
cortisone overdosage produces considerable 
atrophy of the liver associated with other 
manifestations of the alarm reaction. 

Selye B40,000f50: Early observations on 
the induction of hepatic hypertrophy by DOC 
in the fowl and rat. Cortisone causes involution 
and sometimes focal necrosis in the rat liver. 
Unilateral nephrectomy which sensitizes the 
rat to many toxic actions of DOC, markedly 
increase~ its ability to enlarge the liver. 

Timiras & Koch B53,947f51; B54,551f52: 
In the rabbit, cortisone causes a pronounced in
crease in liver weight with glycogen deposition 
and cellular hypertrophy; DOC has no such 
effect. 

Clark Jr. & Pesch C 18,864/56: In female 
rats kept on an adequate diet, cortisone 
increases hepatic weight and protein content, 
although it arrests somatic growth. On a 
protein-deficient diet, cortisone increases the 
relative weight of the liver and maintains its 
protein content. 

KorenchevBky 018,714/56: In male rats, 
testosterone and to a lesser extent cortisone 
increased hepatic weight. 

KlatBkin G65,221f63: Review (103 pp., 
809 refs.) on toxic and drug-induced hepatitis 
with special sections on the hepatotoxic effect 
of testoids, corticoids, thioureas, luteoids, folli
culoids and oral antidiabetics. 

Koike et al. H 15,766/68: In adrenalectomi
zed mice, cortisone increases protein synthesis 
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in the liver with the formation of heavy poly
somes within about 30-60 min. However, 
after 3 hrs, cortisone represses protein syn· 
thesis in the mouse liver, and the repressive 
factor is present in the polysomal fraction and 
the S-105 fluid. The early and late effects of 
cortisone are similar in intact mice. The 
"cytoplasmic repression" factor of the S-105 
fluid is !arger than that of the polysomal frac
tion. 

Birchmeier G69,512f69: In mice, hepatic 
ultrastructure studies were performed after 
temporary treatment with cortisone or insulin. 
"The mean mitochondrial volume increased up 
to fourfold in the cortisone-treated series and 
to a much lesser extent in the insulin-treated 
series. The increase in mean mitochondrial 
volume was balanced by a decrease in the 
number of mitochondria per cell such that the 
total cell mitochondrial volume remained 
relatively constant. It is suggested that the 
changes in mitochondrial volume and number 
were a result of mitochondrial fusion. These 
changes were temporary. Ten days after the 
hormone treatment the cells were only slightly 
different from the control cells." 

Hines G68,829f69: Flumedroxone and its 
unsaturated analogue cause liver enlargement 
and proliferation of the SER in hepatocytes 
of mice and rats. This change may be related 
to the induction by these steroids of certain 
esterases as previously reported. 

Garg et al. G79,011f71: In rats, betametha
sone and dexamethasone cause mild dilatation 
and irregularities of the RER in hepatocytes. 
There is a marked increase in the amount of 
glycogen granules, and the mitochondria show 
slight swelling and partial loss of cristae. 

<- Adrenalectomy. Koike et al. H 15,766/68: 
In adrenalectomized mice, cortisone increases 
protein synthesis in the liver (with the forma
tion of heavy polysemes) within about 30-60 
min. However, after 3 hrs, cortisone represses 
protein synthesis in the mouse liver, and the 
repressive factor is present in the polysomal 
fraction and the S-105 fluid. The early and late 
effects of cortisone are similar in intact mice. 
The "cytoplasmic repression" factor of the 
S-105 fluid is !arger than that of the polysomal 
fraction. 

Skigei H27,112f69: In rats, adrenalectomy, 
changed the ultrastructure of hepatocytes by 
reducing the glycogen areas, increasing the 
number of mitochondria and Iysosomes, and 
inducing vesicular forms of endoplasmic reti
culum around the Golgi complexes. All these 
changes are prevented by cortisol. In partially 
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hepatectomized rats, adrenalectomy and corti
sol also exert antagonistic effects upon hepato
cyte ultrastructure. 

Dardachti et al. G79,006f71: In rats, 
metyrapone stimulates the proliferation of 
SER, even after adrenalectomy. 

<- Folliculoids. Selye A 18,206/39: In certain 
strains of mice, heavy overdosage with estra
diol or diethylstilbestrol produces considerable 
increase in the weight of the liver often 
associated with hepatitis, hepatic necrosis, 
severe icterus and even death. Estrone and 
estradiol are somewhat less toxic than diethyl
stilbestrol. 

Selye & Stevensan 77,177!40: In Strong's 
C3H strain mice, the liver shows a transitory 
increase in weight under the influence of 
chronic treatment with estradiol or diethyl
stilbestrol. 

Oommon et al. B23,003f48: In immature 
pullets, estradiol increases the weight, as well 
as the fat and protein content of the liver. 
Concurrent treatment with testosterone does 
not modify these changes but thyroxine i. v. 
antagonizes them. 

Kottra & Kappas F79,911f67: Review 
(7 pp., 40 refs.) on the hepatotoxic action of 
various steroids (particularly folliculoids) espe
cially in man. 

Kemmer & Müller F89,190f67: In the 
mause, "oestrastilben D" induces mitochon
drial swelling and a dilatation of the RER 
associated with a considerable change in 
activity of various enzymes, but no obvious 
proliferation of the SER. 

Klatskin G65,221f69: Review (103 pp., 
809 refs.) on toxic and drug-induced hepatitis 
with special sections on the hepatotoxic effect 
of testoids, corticoids, thioureas, luteoids, 
folliculoids and oral antidiabetics. 

<- Luteoids. Emans & Jones H20,754f68: 
In hamsters, progesterone increases liver weight 
and the proliferation of the SER accompanied 
by chemically dernonstrahle augmentation of 
microsomal phospholipid content. The chan
ges are similar to those produced by pheno
barbital. Presumably "stimulation by steroids 
may be responsible in part for the maintenance 
of microsomal hydroxylases and smooth 
reticulum in the normal hepatic cell." 

Klatskin G65,221f69: Review (103 pp., 
809 refs.) on toxic and drug-induced hepatitis 
with special sections on the hepatotoxic effect 
of testoids, corticoids, thioureas, luteoids, 
folliculoids and oral antidiabetics. 

Bart6k et al. G74,513f70: In rats, six day 
treatment with lynestrenol caused no light 
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Fig. 33. Effeet of norbolethone upon the SER in the hepatoeytes. A : Normal hepatocyte of a rat. 
Nucleus (N), mitochondrion (M), rough endoplasmic reticulum (RER), smooth endoplasmic 
reticulum (SER). X 16,400. B: Hepatocyte after 5 days of norbolethone treatment. Marked pro
liferation of the SER with comparative scarcity of RER. One vesicle of the SER is continuous 

with a microbody (arrow). X 16,800. [Gardell et al. G60,062j70. Courtesy of J. Micr.] 



Fig. 34. Eft'ect of spironolactone upon the SER of hepatocytes. A: Untreated rat. Portion of 
hepatocyte showing the normal nucleus (N), RER and mitochondria (M). X 13,400. B: Spiro
nolactone-treated rat. Portions of two hepatocytes. The SER is increased, the mitochondria are 
essentially normal. Parts of the Golgi complex (G) are visible, as weil as Iysosomes (L), biliary 
canaliculi (BC) and the cell border (CB). X 10,600. C: Portions of two other hepatocytes in a 
spironolactone-treated rat. There is again proliferation of the SER. Note also mitochondrion and 

cell border. X 19,500. [Kovacs et al. G60,045/70. Courtesy of Z. ges. exp. Med.] 



Fig. 35. Ultrastructural changes induced by PCN in the hepatocytes. A: Untreated control rat. 
Portions of two hepatocytes showing characteristic features of rough endoplasmic reticulum 
(RER), mitochondria (M), biliary canaliculus (BC) and of the cell border (CB) between the two 
hepatocytes. X 12,000. B: PCN-treated rat. Accumulation of smooth endoplasmic reticulum (SER) 
in a portion of the hepatocyte in small Iipid grannies (L). X 11,000. [Garg et al. G70,474/70. 

Courtesy of J. Pharm. Pharmacol.] 



Fig. 36. Proteetion by spironolactone against cardiopathy produced by digitoxin + Na2HP04 + oil. 
A: Apex of myocardium in the rat after 72 hrs of cardiotoxic treatment. There is an advanced 
stage of necrosis, the myofibrils (MY) are almost completely destroyed and the glycogen granules 
have virtually disappeared. The mitochondria (M) show vacuoles with destruction of their in
ternal structure. Occasionallipid (L) granules are visible. X 20,000. B: Region from the cardiac 
apex of a rat which in addition to the cardiotoxic treatment has received spironolactone. The 
ultrastructure is virtually normal. Z-band (Z), sarcoplasmic reticulum (SR). X 14,000. [Gardell 

et al. G60,065/70. Courtesy of Path. Bio!.] 
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microscopicaily visible hepatic changes but the 
electron microscope revealed increased vacuole 
formation in the Golgi apparatus without any 
alterations of the endoplasmic reticulum. 

<--- Testoids. Selye A18,308f39: In mice, 
large doses of testosterone sufficient to cause 
ovarian and adrenal atrophy as weil as renal 
hypertrophy did not significantly alter the 
weight of the liver. 

Common et al. B23,003J48: In immature 
puilets, estradiol increases the weight, as weil as 
the fat and protein content of the liver. 
Concurrent treatment with testosterone does 
not modify these changes but thyroxine i.v. 
antagonizes them. 

Korenchevsky 018,714/56: In male rats, 
testosterone and, to a lesser extent, cortisone 
increased hepatic weight. 

Goldfischer et al. D20,605f62: In rats treated 
with norethandrolone, and even more strikingly 
in those given icterogenin, the capacity to 
excrete conjugated bilirubin is impaired al
though light microscopicaily no obvious hepatic 
change is noted. There are, however, histoche
mical and electron microscopic lesions in 
hepatocytes and bile canaliculi. 

Krüskemper & Noell G48,300f66: Methyl
trienolone (17 a-methyl-4,9,11-estratriene- 17 ß
ol-3-one), though a strong anabolic agent, 
is definitely hepatotoxic as judged by various 
function tests in man. 

Petzold & Ziegler F92,832f67: The fat and 
phosphatase accumulation in the liver remnant 
of partiaily hepatectomized rats is enhanced by 
prednisone. 4-Chlorotestosterone does not 
significantly affect the tissue phosphatase but 
delays the removal of fats from the liver. 

Klatskin G65,221f69: Review (103 pp., 
809 refs.) on toxic and drug-induced hepatitis 
special sections on the hepatotoxic effect of 
testoids, corticoids, thioureas, luteoids, folli
culoids and oral antidiabetics. 

Gardell et al. G60,062f70: In the rat, 
norbolethone an active catatoxic steroid pro
duces pronounced proliferation of the SER in 
hepatocytes, presumably a morphologic reflec
tion of increased microsomal enzyme produc
tion. 

Mikuni et al. H28,797f70: In rats, nor
ethandrolone decreased iodipamide (Biligrafin) 
excretion into the bile. In electron micrographs, 
the pinocytic vesicles and Iysosomes of Kupffer 
ceils and hepatocytes contained a homogenous 
material interpreted to be deposits of the 
injected X-ray contrast medium. 

<--- Antitestoids. Kovacs et al. G70,476f71: 
In rats, cyproterone acetate p.o. causes marked 

proliferation of the SER in hepatocytes, 
perhaps reflecting microsomal-enzyme induc
tion. 

<--- Catatoxic Steroids. Horvath et al. G70, 
405/70: Both in intact and in partiaily hepa
tectomized rats, spironolactone increases the 
weight of the liver and the mitotic activity of 
hepatocytes. 

Horvath et al. G70,408f70: In rats "treat
ment with the most active catatoxic steroids 
(spironolactone, norbolethone, SC-11927, ethyl
estrenol) invariably induced marked prolifera
tion of the SER. Progesterone and testosterone 
had a less pronounced effect. However, alter
ations of the endoplasmic reticulum can also 
be produced by some non-catatoxic steroids 
(estradiol) or non-steroidal compounds (stil
bestrol). Thus it can be concluded that there 
is no close correlation between the catatoxic 
potency and the proliferation of the SER 
although all the catatoxic compounds tested 
Iead to a marked transformation of the endo
plasmic reticulum in the hepatocytes." 

Kovacs et al. G60,045f70: In the rat, 
spironolactone given in amounts suitable to 
produce a catatoxic effect causes marked 
proliferation of smooth-surfaced endoplasmic 
reticulum in hepatocytes. This change presum
ably reflects and induction of drug-metaboliz
ing microsomal enzymes and may explain why 
spironolactone protects against the injurious 
effects of different compounds. 

Garg et al. G70,474f70: In rats, PCN causes 
proliferation of the SER in the hepatocytes, 
with some sweiling of the mitochondria and a 
moderate increase in the Iipid content of 
hepatocytes, as weil as some hypertrophy of the 
microvilli in the bile canaliculi. 

Garg et al. G60,031f71: In rats, PCN p.o. 
induced proliferation of the SER in hepato
cytes. At the high dosage used, it also caused 
disorganization of the RER, a slight increase 
in ribosome granules and lipid droplots with 
mitochondrial injury and myelin figure forma
tion. 

Garg et al. G79,002f71: In rats, PCN p.o. 
induces proliferation of SER even aftor 
hypophysectomy. 

Garg et al. G70,495f71: In rats, phenoba:·
bital, 3-MC, spironolactone, cyproterone and 
PCN cause proliferation of the SER in hepato
cytes without producing marked changes in 
other cell organelles. In comparing electron 
microscopic with biochemical and toxicity 
studies "it seems that there is no obligatory 
parailelism between SER proliferation a.nd 
catatoxic potency. However, it is clear that ail 
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catatoxic substances tested so far, lP-ad to SER 
accumulation.'' 

Garg et al. G79,008f71: In rats, hypophys· 
ectomy causes a decrease of SER and glycogen 
granules as weil as disorganization ofthe RER. 
PCN induces SER proliferation in the hepato
cytes even after hypophysectomy. 

Garg et al. G79,030f71: In rats, neither spiro
nolactone nor PCN prevents the dilatation, 
disorganization and breakdown of the RER 
induced by dactinomycin. 

Horvath et al. G70,490f71: In rats, the SER 
of the hepatocytes proliferates under the 
influence of CS-1. Ethylestrenol, oxandrolone, 
and hydroxydione are less effective; progester
one, testosterone, estradiol, stilbestrol, predni
solone, triamcinolone, and DOC are virtually 
inactive in this respect. 

Khandekar et al. G79,014f71: In rats, cyclo
heximide elicited nucleolar alterations in he
patocytes with disruption, dilatation, degranu
lation and ballooning of the RER. Accumula
tion of SER also occurred when spironolactone 
or PCN was administered one hour before cyclo
heximide. It is concluded "that the steroids 
enhance the metabolic degradation of cyclo
heximide and thus SER proliferation is not in
hibited; that this morphologic change does not 
always denote enzyme induction and the two 
can therefore be dissociated; or that SER ac
cumulation is a nonspecific response to cellular 
injury." 

Khandekar et al. G79,026f71: In rats, the 
hepatic SER proliferation induced by spirono
lactone or PCN is not prevented by concurrent 
administration of cycloheximide. Either the 
catatoxic steroids enhance the metabolic de
gradation of cycloheximide (thereby blocking 
its effect upon the SER) or this morphologic 
change does not necessarily indicate active 
enzyme induction. 

Solymoss et al. G79,015f71: In rats, PCN 
(unlike the naturally-occurring pregnenolone) 
enhances the plasma clearance of pentobarbital 
and the production of 14C-pentobarbital me
tabolites. It also increases liver weight, micro
somal protein concentration, NADPH-cyto
chrome c-reductase activity and cytochrome 
P-450 content. It is concluded "that micro
somal enzyme-induction accounts for the re
markable resistance-increasing effect of this 
steroid against many toxicants." 

Szabo et al. G79,024f71: In rats, PCN in
creases resistance to indomethacin, hexobarbi
tal, progesterone, zoxazolamine and digitoxin, 
both in the presence and in the absence of the 
pituitary. Hypophysectomy also fails to prevent 

the induction of SER proliferation in the 
hepatocytes. 

Tuchweber et al. G79,020f71: In rats, PCN 
causes liver hypertrophy with SER prolifera
tion, even if administered during pregnancy. 

Tuchweber et al. G79,03lf71: In pregnant 
rats, PCN produces the usual characteristic 
SER accumulation associated with the forma
tion of intramitochondriallamellae whose signi
ficance is not clear. 
~ Other Steroids. Goldfischer et al. D20,605f 

62: In rats treated with norethandrolone, and 
even more strikingly in those given icterogenin, 
the capacity to excrete conjugated bilirubin 
is impaired although light microscopically no 
obvious hepatic change is noted. There are, 
however, histochemical and electron microscop
ic lesions in hepatocytes and bile canaliculi. 

Kottra & Kappas F79,9llf67: Review 
(7 pp., 40 refs.) on the hepatotoxic action of 
various steroids (particularly folliculoids) 
especially in man. 

Song & Kappas G68,413f68: Review 
(48 pp., numerous refs.) on the influence of 
folliculoids, luteoids and pregnancy upon the 
structure and chemical composition of the 
liver. 

Song et al. G 70,575/69: Review (34 pp., 
390 refs.) on the effect of various steroid 
hormones and pregnancy upon hepatic func
tion in animals and man. 

+-- Nonsteroidal Hormones and Horrnone
Like Substances 

~ Anterior Pituitary Hormones. Selye A 75, 
044/44: In rats, crude lyophilized ante;:ior 
pituitary extracts cause not only hepatic 
enlargement, but also infiltration of the liver 
with hemopoietic cells and megakaryocytes. 
However, this response may not be entirely 
specific since various impure protein extracts 
(especially if they are infected) can cause 
ectopic hemopoiesis in rodents. 

Selye and Nielsen 84,644/44: In rats, crude 
anterior pituitary extracts cause disproportio
nate hepatic weight increase, hence the effect 
cannot be merely considered to be one aspect 
of the general growth-promoting effect of 
pituitary STH. 

Baker et al. B26,490f48: In rats maintained 
on a high-carbohydrate diet, ACTH produced 
a specially pronounced hepatic steatosis. 

Li and Evans B29,320f48: In intact 
(unlike in hypophysectomized) rats, purified 
STH causes disproportionate hepatic enlarge
ment, possibly by stimulating the secretion of 
a hypophyseal "hepatotrophic principle." 
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Payne B32,809f49: In rats (especially if 
they are maintained on high carbohydrate diets 
or force-fed) ACTH causes fatty degeneration 
of the liver. This effect can be prevented by 
adrenalectomy. Particularly pronounced hepa
totrophic effects are obtained in rats upon 
combined treatment with ACTH + STH. 

Selye 94,572/49: In rats, treatment with 
crude anterior pituitary extracts causes a dis
proportionate increase in hepatic weight. Parti
cularly pronounced hepatotrophic effects have 
been obtained in rats upon combined treatment 
with ACTH + STH. 

Garg et al. G79,008f71: In rats, hypophys
ectomy causes a decrease of SER and glycogen 
granules as well as disorganization ofthe RER. 
PCN induces SER proliferation in hepatocytes 
even after hypophysectomy. 
~ Thyroid Hormones. Common et al. B23, 

003/48: In immature pullets, estradiol increa
ses the weight, as weil as the fat and protein 
content of the liver. Concurrent treatment with 
testosterone does not modify these changes but 
thyroxine i.v. antagonizes them. 

Selye 94,572/49: High doses of thyroxine 
may cause functional or even structural hepatic 
darnage in various species including man. 

Stenram B69,173f52: In rats, thyroid 
feeding increases hepatic weight and produ
cesdiffuse basophilia and palisade-like basophi
lic rods in the cytoplasm of the hepatocytes. 
Similar structures had been described pre
viously, by others, after epinephrine treatment 
or acute bleeding. 

Fautrez et al. 023,124/55: In rats, thiourea 
stimulates mitotic proliferation in hepatocytes. 

Scharf et al. F69,957f66: In rats, chronic 
treatment with methylthiouracil of paroxy
propion (POP) produces essentially similar 
hepatic lesions. T2 reduces liver glycogen and 
the size of the hepatocytes. Single large doses 
of alloxan cause severe necrotizing lesions 
followed by cell proliferation. Concurrent 
treatment with methylthiouracil inhibits the 
alloxan-induced hepatic lesions and diminishes 
mortality. 

Funahaski F98,400f67: In rats overdosed 
with thyroxine, as well as in thyrotoxic pa
tients, the hepatic SER shows no important 
changes. 

Klatskin G65,221f69: Review (103 pp., 809 
refs.) on toxic and drug-induced hepatitis with 
special sections on the hepatotoxic effect of 
testoids, corticoids, thioureas, luteoids, follicu
loids and oral antidiabetics. 

Stenram G70,339f69: The literature on the 
effects of thyroid hormone upon the ultra-

structure of hepatocytes is reviewed. Personal 
observations on the rat, show disappearance 
of cytoplasmic glycogen. "Mitochondria, endo
plasmic reticulum, and free ribosomes and 
polysomes are evenly distributed all over the 
cytoplasm. There seems to be an increase in the 
ratio of free to membrane-bound ribosomes and 
polysomes in the thyroid-fed. rats." 
~ Pancreatic Hormones. Birchmeier G69, 

512/69: In mice, hepatic ultrastructure studies 
were performed after temporary treatment 
with cortisone or insulin. "The mean mito
chondrial volume increased up to fourfold in 
the cortisone-treated series and to a much lesser 
extent in the insulin-treated series. The increase 
in mean mitochondrial volume was balanced 
by a decrease in the number of mitochondria 
per cell such that the total cell mitochondrial 
volume remained relatively constant. It is 
suggested that the changes in mitochondrial 
volume and number were a result of mitochon
drial fusion. These changes were temporary. 
Ten days after the hormone treatment the cells 
were only slightly different from the control 
cells." 

+-Drugs 

~ Barbiturates. Remmer & Merker D61, 
064/63: In the rat, hepatic microsomal-enzyme 
induction by phenobarbital is associated with 
a proliferation of the hepatic SER. 

Remmer & Merker E36,389f63: In the 
rabbit, "repeated administration of pheno
barbital and several other drugs results in a 
quantitative increase of the smooth endoplas
mic reticulum of the liver cell. The marked 
increase in drug-metabolizing enzymes is found 
to occur in this enlarged smooth membrane 
fraction of the endoplasmic reticulum." 

Janes & Armstrang F51,262f65: In the 
hamster, the hepatic SER undergoes hyper
trophy following treatment with phenobarbital 
and, at the same time, cholesterol biosynthesis 
is increased. 

Orrenius et al. G66,249f65: Ultrastructural 
studies on the hepatic endoplasmic reticulum 
in relation to phenobarbital-induced synthesis 
of microsomal drug-metabolizing enzyme sys
tems in the rat. 

Burger & Herdsan G66,499f66: In the rat, 
phenobarbital causes liver enlargement and 
ultrastructural changes characterized by 
"proliferation of smooth endoplasmic reticu
lum with concomitant shortening and disper
sion of rough endoplasmic cisternae, mito
chondrial abnormalities, and the development 
of myelin figures. The morphologic abnorma-
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lities at first affect only central cells, but 
progressively involve cells further out in the 
lobule so that after medication for 10 days 
most of the lobule is involved. Nevertheless, a 
peripheral zone of normal-looking cells is 
always present." Concurrent treatment with 
SKF 525-A further aggravates these changes, 
but SKF 525-A itself causes no detectable 
abnormalities in the liver. 

Koudstaal & Hardonk G69,482f69: In male 
rats given phenobarbital i.p., "enzymhisto
chemically an increase in activity was noted 
for NADPH tetr. red., G6PD, ICD, and Naftol 
AS-D·esterase; a decrease was seen in G6Pase 
and glycogen, but no difference was found in 
NADH tetr. red. From these results it has been 
suggested that NADPH tetr. red. is directly 
involved in the hydroxylation chain, while 
G6PH and ICD are more indirectly involved." 

Chiesara et al. G75,314f70: In rats, a single 
injection of phenobarbital suffices to stimulate 
the SER and to increase the hexobarbital and 
strychnine-metabolizing enzyme activity of the 
hepatic microsomes. The effect of partial 
hepatectomy, performed either immediately 
before or at various times after the administra
tion of the inducer drug, was investigated in 
relation to these phenomena. 

Franken & Hagelskamp H28,823f70: Re
view (4 pp., 58 refs.) on hepatic lesions produ
ced by barbiturates. 

Brodie et al. G80,473j71: In rats, pretreat
ment with phenobarbital greatly facilitates the 
production of hepatic necrosis by bromoben
zene and other chemically inert halogenated 
hydrocarbons. Radioautographie and other 
studies suggest that "a number of aromatic 
halogenated hydrocarbons are converted by 
microsomes in vitro to active intermediates 
which form covalent complexes with gluta
thione (GSH)." 

+-- Carbon Tetrachloride. M eldolesi et al. 
G69,793f68: In rats, CCI4 greatly increases the 
proliferation of the SER in hepatocytes and the 
incorporation of 32P in structural membrane 
phospholipids. Concurrently, protein synthesis 
is greatly impaired. Presumably, CC14 stimula
tes the rate of synthesis only of abnormal 
microsomal membranes. 

Smuckler G80,996j68: Brief report on the 
structural and functional alterations of the 
endoplasmic reticulum in the hepatocytes of 
rats intoxicated with CC14• "The morphological 
alterations that have been observed include a 
dilation and vesiculation of the cisternae of the 
endoplasmic reticulum, a loss of ordered array 
of free ribosomes in the cytoplasm and on the 

endoplasmic reticulum, a disperaal of ribo
somes from the membrane surface, and the 
formation of dense smooth-membrane aggrega
tes." The associated changes in protein syn
thesis, microsomal electron transport, etc., are 
briefly noted. 

+-- Chlorazanil. Hyde & Davis F82,461f66: 
Both cortisol and the diuretic drug chlorazanil 
depress mitotic division in the regenerating 
liver of the mouse, following partial hepatec
tomy. 

+-- Clofibrate. Kaneko et al. H 19,398/69: 
In rats, clofibrate at first causes deformation 
of hepatic mitochondria and depletion of 
succinic oxidase but these changes disappear 
within 24 hrs. At 12 hrs after administration 
of the drug, the SER proliferates, reaching 
maximal development on the 4th day conjoint
ly with an increase in drug-metabolizing en
zyme activity. After 24 hrs there begins an 
increased formation of microbodies without 
nucleoides. 

+-- Dieldrin cf. Pesticides 
+-- Digitalis. Arcasoy & Smuckler 063,705/ 

69: In the rat, a single sublethal dose of digi
toxin causes proliferation of the hepatic SER 
and, concomitantly, an increase in aromatic 
ring hydroxylation and microsomal cytochrome 
P-450. Presumably, "digitoxin may induce in 
the liver enzyme systems capable of glycoside 
metabolism." 

+-- Ethanol. Leevy & Paurrl{lartner G 72,234/ 
68: In three volunteers who developed alcoholic 
hepatitis on an ethanol + low-protein regimen, 
jaundice appeared only in advanced stages of 
liver necrosis and inflammation. In earlier 
stages, there was proliferation of SER which 
was further increased by norethandrolone and 
yet, this anabolic reduced serum bilirubin. 

Mincis H 30,210!70: In patients, hepatic 
biopsies taken after ingestion of large amounts 
of ethanol show various ultrastructurallesions 
including the proliferation of SER lamellae 
which take on a vesicular form. 

+-- Metyrapone. Magalhäes & Magalhäes 
G76,648f70: In rats treated with metyrapone, 
the SER of the hepatocytes becomes hyper
trophic currently with glycogen depletion. He
patic slices incubated with metyrapone show 
no ultrastructural changes. The effect of mety
rapone is ascribed to increased production of 
Uß-hydroxylated corticoids. 

Dardachti et al. G79,006f71: In rats, mety
rapone stimulates the proliferation of SER, 
even after adrenalectomy. 

+-- Pesticides. Ortega G76,671f66: Detailed 
description of the electron microscopic changes 
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in the livers of rats treated with DDT. There 
was marked proliferation of the SER, inclu
sion bodies appeared to represent specialization 
of this system with myelin-like capsules. These 
changes were compatible with protein synthe
&is, glycogen storage and normal weight gain. 
Necrosis, cirrhosis or bile-duct proliferation 
were not observed. 

Ortega H 16,674!69: In rats pretreated with 
DDT for four months, partial hepatectomy 
was followed by an essentially normal liver re
generation, yet it developed much more 
rapidly than after DDT or partial hepatectomy 
alone. 

Hutterer et al. G66,323f69: In rats given 
daily injection of dieldrin (a chlorinated 
hydrocarbon pesticide) i.p. hepatic changes 
developed in three stages. "The first stage, 
that of induction, is characterized by an in
crease in liver weight, microsomal protein, 
smooth endoplasmic reticulum, the activity of 
aniline hydroxylase and p·nitroreductase, and 
the concentration of P-450 hemoprotein. During 
the second stage, a 'steady state,' the elevated 
Ievels are maintained and tolerance to other
wise fatal doses of dieldrin prevails. In the 
third stage, that of decompensation, elevation 
of liver weight, microsomal proteins, and 
P-450 hemoproteins persists, and the smooth 
endoplasmic reticulum appears as abundant 
as in the previous stages, but the activity of the 
drug-handling enzymes decreases. The smooth 
endoplasmic reticulum, however, in this last 
stage consisted of packed tubules. This hypo
active, hypertrophic, smooth endoplasmic 
reticulum is accompanied by biochemical and 
morphologic alterations of mitochondria." 
3'-Methyl-4-dimethylaminoazobenzene (butter 
yellow) produces an essentially similar but 
accelerated three-stage response. 

Kimbrough et al. G81,969f71: In rats, DDT 
and dieldrin reduce hexobarbital sleeping time, 
increase liver weight and cause proliferation of 
the SER with the formation of a typical mito
chondria which often contain numerous longi
tudinally arranged parallel cristae. 

~ Phenylbutazone. Klinger et al. H28,896f 
70: In rats, phenylbutazone reduces hexobar
bital sleeping time and increases the fresh 
weight of the liver as well as the ability of the 
hepatic 9000 g supernatant to enhance amino
phenazone-N-demethylation. An increase in 
the ascorbic acid concentration of the liver was 
noted only in young animals but urinary 
excretion of ascorbic acid was as pronounced as 
after barbital treatment. Phenylbutazone 
administration to the pregnant mother failed 

to elicit an induction effect in the fetuses as 
judged by hepatic ascorbic acid determinations 
and by ultrastructural studies ofthe fetallivers. 
Proliferation of the SER was obtained by 
phenylbutazone in 10-day-old or older rats, 
often in association with an increase in the 
number of Iysosomes and mitochondrial 
changes as well as by evidence of intrahepatic 
cholestasis. 

~ Salicylates. Bullock et al. G73,368f70: In 
rats, given large parenteral doses of Na
salicylate, there was an electronmicroscopically 
detectable "early increase in the number of 
peroxisomes, and multivesicular bodies were in 
evidence around the Golgi zone. The endoplas
mic reticulum and attached ribosomes exhibited 
a normal appearance." The corresponding 
changes in plasma and hepatic enzyme activity 
are described. 

+-- W-1372. Khandekar et al. G79,016f71: In 
rats, W-1372 in oil p.o. causes hepatic steatosis 
with liposome accumulation, dilatation dis
organization, ballooning and degranulation of 
the RER. 

Kovacs et al. G79,003f71: In rats, W-1372 
causes electron microscopic changes in the liver 
characterized by "accumulation of lipid drop
lets and Iiposomes, progressive dilatation, 
disorganization and degranulation of the RER, 
injury to mitochondria and distension of the 
sacs of the Golgi apparatus." [This is of interest 
in view of earlier findings showing that depend
ing upon dosage, W-1372 can produce hepatic 
necrosis and death or induce resistance to many 
of the drugs amenable to detoxication by 
catatoxic steroids (H.S.).] 

Selye &: Lefebvre G79,006f71: In rats, 
W-1372 causes hepatic enlargement and fatty 
degeneration, often with necrosis, if the com
pound is administered in vegetable oil. W-1372 
is much less toxic when given in propylene 
glycol, mineral oil or DMSO, and virtually 
nontoxic in water. 

+-- Hepatic Lesions 

Rigatuso et al. G80,722f70: In rats, partial 
hepatectomy enhances microbody formation in 
the liver remnant. "It is suggested that the 
formation of new microbodies from pre-exist
ing microbodies may be an important general 
method of microbody proliferation." 

Rohr et al. H 30,433/70: In rats, an ultra
structural morphometric study of liver cells 
has been performed during the early regenera
tive phaseafterpartial hepatectomy. 
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Stenram et al. H 30,015/70: In rats fed low
or high-protein diets, liver ultrastructure and 
RNA-labelling was studied afterpartial hepat
ectomy. "The results suggest that the protein
deprived rats have a good ability toregenerate 
liver cell structurcs afterpartial hepatectomy, 
that their enlarged liver cellnucleoli have a high 
synthesis of RNA, and that the processing and 
delivering of nucleolar RNA to the cytoplasm 
proceeds in anormal way." 

+- Bile Duct Ligation 

Hutterer et al. G75,925f70: In rats, 4 days 
after bile duct ligation the activity of amino
pyrine demethylase was greatly decreased, 
while the content of cytochrome P-450 and the 
activities of aniline hydroxylase, NADPH
cytochrome c reductase, and cytochrome P-450 
reductase were only slightly decreased in the 
hepatic microsomes. Binding of type II sub
strate to cytochrome P -450 was unimpaired and 
its modifier effect on P-450 reductase was in
tact. The binding of type I substratewas great
ly decreased, and its stimulating effect on 
P-450 reductase was abolished. Presumably 
cholestasis alters the type I binding sites of the 
hepatic SER, which is responsible for the 
hypoactivity of the biotransformation system. 

+-Sex 

Koudstaal and Rardank G78,115f70: Enzy
me histochemical studies suggest that "the 
difference in hydroxylating capacity between 
male and female rats may be caused by the 
fact that the number of cells with hydroxyla
ting activity in the liver lobule, as judged by the 
NADPH-nitro-BT reductase and Naphthol
AS-D esterase activity, is higher in male than 
in female rats." 

+-Tumors 

Theologides & Zaki H 19,577!69: In C3H 
mice bearing transplanted mammary carcino
mas s.c., increased mitotic activity in the liver 
remnarrt after partial hepatectomy began ear
lier than in controls. 

Kovacs et al. G46,737j71: In rats bearing 
Walker tumor transplants, the RER is dilated, 
disorganized and degranulated, whereas the 
SER proliferates. 

+-Varia 

Fouts D43,347f62: A review of evidence 
suggesting that the SER of the Ii ver is respon
sible for the induction of drug-metabolizing 
enzymes. 

Remmer G67,786f64: Review (20 pp., 55 
refs.) on the relationship between hepatic 
microsomal-enzyme induction and the devel
opment of the SER. 

Fouts & Rogers F29,497f65: In the rat, 
"phenobarbital and chlordane stimulate a varie
ty of microsomal drug metabolisms and also 
appear to cause a marked proliferation of 
smooth-surfaced endoplasmic reticulum (SER) 
in the hepatic cell. Benzpyrene and methyl
cholanthrene stimulate only a few microsomal 
drug metabolizing enzymes and do not appear 
to cause any pronounced increase in hepatic 
cell SER." 

Conney F88,649f67 (p. 334): Review of the 
Iiterature on the participation of the SER in 
the induction of drug-metabolizing hepatic 
enzymes. 

Meldolesi G66,063f67: A review of the 
Iiterature shows that the following drugs are 
capable of producing hypertrophy of the SER: 
ethionine, dimethyl-, and diethylnitrosamine, 
2-aminofluorene, flurenyldiacetamide, thio
acetamide, p-dimethylaminoazobenzene, 3-4-
benzopyrene, p-dimethylcholanthrene, a
naphthylisothiocyanate, SKF 525-A, carbon 
tetrachloride, chlordane, DDT, ethanol, phos
phorus, phenobarbital, Bax 422 Z (a thiohydan
toin derivative), cysteine, 2-methyldiazoben
zene, nikethamide, tolbutamide. In some cases, 
this hypertrophy is associated with an in
creased, in others with a decreased microsomal 
enzyme activity. Possibly, "SER hypertrophy 
may be produced by one and the same mecha
nism and all substances capable of producing 
SER hypertrophy may act as inducers of 
microsomal enzymes, thus stimulating hepatic 
cell to produce both endoplasmic reticulum 
membranes and enzymes. However, some of 
these substances, or their metabolites, are 
inhibitors of protein synthesis. In this case 
synthesis of new enzyme molecules is impossible 
and the response of the hepatic cell to the 
pharmacological stimulus is limited to the 
formation of the SER membranes." 

Gran G80,994j68: Monograph (101 pp., nu
merous refs.) representing the proceedings of 
a symposium on the "Structure and Function 
of the Endoplasmic Reticulum in Anima! Cells." 

Mannering G71,818f68 (p. 78): Review of 
the Iiterature on the production of mitosis in 
the enlarged livers of rats treated with pheno
barbital, nikethamide, chlorcyclizine and hexa
chlorocyclohexane. 

Claude E8,217f69: Review on "Microsomes, 
Endoplasmic Reticulum and Interactions of 
Cytoplasmic Membranes." 
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EXTRAHEPATIC TISSUES +-
Endocrine Glands +-

Partial hepatectomy protects the rat against the production of adrenal necrosis 
by DMBA. A similar inhibition is obtained by 0014 pretreatment. 

In patients treated with spironolactone, concentric lamellar formations ("spironol
actone bodies") develop in the adrenal cortical cells. Electronmicroscopie;.Ily, these 
phospholipid-containing structures correspond to concentric whorls of SER which 
may reflect a compensatory increase in mineralocorticoid secretion. 

In rats, phenobarbital and PON produce thyroid hypertrophy and hyperplasia 
which are inhibited by hypophysectomy or thyroxine. These changes may correspond 
to an increased TTH secretion evoked by interference with the biosynthesis of 
thyroid hormones or an increase in their metabolic degradation. 

Other Tissues +--

In rats treated with DDT or some of its analogues, a folliculoid effect upon the 
uterus occurs even after ovariectomy. The effect is inhibited by 0014 and may depend 
upon the conversion of DDT into folliculoids. 

Spironolactone pretreatment inhibits the ultrastructural changes characteristic 
of the myocardial necroses produced in rats by digitoxin + Na2HP04 + oil. 

An entirely unexpected side effect of one of the steroids tested for catatoxic 
activity was its anticoagulant property, which resulted in multiple hemorrhages 
affecting primarily the facial connective tissue and the thymus of the rat. Such 
changes had been seen exceptionally in our earliest work with PON, and even than 
only with huge doses (25 mg twice daily p.o.). Little attentionwas attached to this 
side effect since as much as 30-50 !Lg of PON possesses sufficient catatoxic potency to 
protect the rat against otherwise fatal doses of indomethacin or digitoxin. However, 
recently we noted that very small doses of androstanolone-5ß-carbonitrile (AON) 
occasionally produce a similar hemorrhagic syndrome within a few days, although 
the compound appears to be totally devoid of catatoxic activity. These findings 
suggest that the anticoagulant effect of steroids can be separated from their catatoxic 
potency; indeed, it may represent another independent pharmacologic action, since 
AON is not known to possess any of the classical hormonal properties either. Yet, 
further work will be required to prove this point with certainty, since death from 
multiple hemorrhages interferes with the bioassay of AON at high dose Ievels. In 
any event the production of hemorrhages is so inconstant that it may depend on 
variable amounts of some contaminant. 

Endocrine Glands +-

Wheatley et al. F68,548f66: Partial hepatec
tomy protects the adrenals of the rat against 
the hemorrhagic necrosis produced by DMBA. 
On the other hand, "operative stress," as in 
sham-hepatectomy or nephrectomy, actually 
increases the susceptibility of the adrenals to 
DMBA. Other factors influencing DMBA
induced adrenal necrosis are reviewed. 

Oolafranceschi & Tosi G61,860f67: The 
induction of adrenal necrosis by DMAB is 
inhibited in the rat by pretreatment with CC14 

or partial hepatectomy. The results confirm 
the view that DMBA becomes toxic only after 
it is metabolized in the liver. 

Japundzic G74,862f69: In rats, pheno
barbital produces thyroid enlargement with 
hypertrophy and hyperplasia of the follicular 
cells. This effect is inhibited by hypophysecto-



Extrahepatic Tissues +--

Fig. 37. Multiple hemorrhages pro
duced by androstanolone 5ß-carboni
trile (ACN). All rats received 500 [Lg 
of androstanolone 5ß-carbonitrile x2/ 
day p.o. Mortality began on 4th day 
and all animals were dead on 5th day 
from multiple hemorrhages. A: Diffuse 
hemorrhagic infarction of the thymus 
(arrow). B: Severe hemorrhages near 
the upper pole of the left Jung with 
minor hemorrhages near the cranial 
tip of the thymus (arrows). C: Enor
maus hemorrhage affecting all retro
peritoneal organs except part of the 
right kidney (arrow) 
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my or thyroxine and may therefore be ascribed 
to increased TSH secretion. Earlier data on the 
effect of thiopental and other barbiturates 
upon the thyroid are reviewed. Possibly 
barbiturates interfere with the biosynthesis of 
thyroid hormones, increase their metabolic 
degradation or their storage in the liver. 

Davia & Medline G76,6llf70: Description 
of concentric lamellar formations, the so-called 
"spironolactone bodies," in the adrenal corti
cal cells of patients treated with spironolac
tone. Earlier Iiterature is described. "These 
phospholipid-containing bodies, as disclosed by 
electron microscopy, are concentric whorls of 
smooth membranes arranged in a pattern 
similar to that in many organs under experi
mental conditions ... the authors believe that 
these structures represent a compensatory 
attempt on the part of the cell to produce 
increased mineralocorticoid.'' 

Selye G70,480f71: In rats, unusually large 
doses of PON produce thyroid hyperplasia and 
hypertrophy. 

Other Tissues +--

Welch et al. G65,737f69: In rats, DDT and 
some of its analogs exhibit a folliculoid effect 

upon the uterus, even after castration. Since 
this action is inhibited by 0014, it may depend 
on the conversion of DDT analogs into folli
culoids. 

Gardell et al. G60,065f70: In rats, spirono
lactone pretreatment inhibits the ultrastruc
tural changes characteristic of the myocardial 
necroses induced by digitoxin + Na2HP04 

+ corn oil. 
Selye PR OT. 35304: In rats 500 !Lg of 

androstanolone-5 ß-carbonitrile (AON) x2fday 
p.o. occasionally causes multiple, eventually 
fatal, hemorrhages affecting most frequently 
the thymus and the retroperitoneal organs, 
but sometimes also the lung, the facial connec
tive tissue and other sites. The blood remains 
incoagulable even many hours after being shed. 
Subsequent experiments have shown that 
almost the same effect is produced at a dose 
Ievel of 100 !Lg x2fday or even less. When 
given at enormous dose Ievels (e.g., 25 mg 
x2fday p.o.), PON can produce similar mani
festations, but AON is the only steroid known 
to possess a high degree of anticoagulant 
potency. It remains tobe seen whether any of 
the naturally occurring steroids can exert 
similar effects under appropriate conditions. 



X. THEORIES 

In this last section, we shall survey the theories concerning the role of hormones 
in the maintenance of resistance in general, as weil as current concepts concerning 
certain links in the mechanism of individual, hormonally controlled resistance 
phenomena. This chapter is based upon what we have learned from the entire 
Iiterature on the subject as listed in all the other sections of this monograph. Hence, 
the abstracts supporting our discussion will often be found elsewhere in this book; 
only those of the most pertinent original publications are reproduced here. In agree
ment with the general principles that have guided us throughout this treatise, 
major emphasis will be placed upon the newly discovered catatoxic actions of steroids, 
particularly on their effect upon general resistance through the induction of hepatic 
enzymes. However, for comparative purposes, some resistance effects of syntoxio 
hormones and a few extrahepatic defense mechanisms will also be considered. 

The main theoretic problems shall be classified as follows: 

1. Hepatic participation in general; 
2. The role of hepatic enzymes; 
3. SER and microsomes; 
4. RNA and DNA; 
5. Lysosomes; 
6. Reticulo-endothelial system (RES); 
7. Hepatic glycogen; 
8. Vitamin C; 
9. Defense against "natural" vs. "foreign" compounds; 

10. Stressors; 
11. Romeostasisand the nonspecificity of steroid-induced resistance. 

1. HEPATIO PARTIOIPATION IN GENERAL 

cf. also Abstract Sections under "History," "General Pharmacology," 
"+ Hepatic Lesions" 

It has been demonstrated beyond any possible doubt that most of the known 
protective effects of steroids against exogenous or endogenous toxicants depend 
upon the stimulation of defensive responses in hepatic tissue. Perhaps, most impor
tant among thesedefensive reactions is the induction of the so-called drug-metaboliz
ing microsomal enzymes. However, undoubtedly other phenomena arealso involved 
in many cases: activation of enzymes which regulate intermediate metaboliBm in 
general provides building blocks for structural or enzymic proteins; stimulation of 
the Kupffer cells or increased storage in hepatocytes can offer temporary protection 
against acute flooding of the blood with poisons until they are gradually excreted 
or inactivated through other mechanisms. 

48 Selye, Hormones and Reslstance 
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Yet, the liver is rarely the only organ involved in detoxication. Usually, toxicants 
are first subjected to biotransformation - for example in the SER - into compounds 
especially suitable for elimination through the urine or bile. In this respect, the 
transformation of a nonpolar toxicant into a morepolar metabolite offers the advan
tage of making it unsuitable for reabsorption by the renal tubules after its filtration 
through the glomerulus; normally the ready reabsorption of lipid soluble compounds 
prevents their elimination. However, even the hormonal control of biliary excretion 
depends not only upon a cholagogue effect; it is also modified by biotransformations 
which render compounds more or less suitable for excretion into the bile. 

Evidence showing the relative importance of these hepatic activities has been 
obtained by many techniques, e.g.: the increase in sensitivity to toxicants induced 
by partial or complete hepatectomy and hepatotoxic agents, or the decrease in 
the in vivo activities of many agents when they are forced to traverse the liver 
before getting into the general circulation. The latter can be accomplished in many 
ways, for example by administration per os or through the portal vein, injection 
of drugs and hormones (or implantation of hormone-producing glands) into the 
spieen or other parts of the portal area. 

Additional evidence of hepatic detoxication has been obtained by the demon
stration that certain toxicants are inactivated by incubation with liver slices, liver 
homogenates and various liver fractions (e.g., those rich in microsomes). Biliary 
excretion has been followed by the chemical determination of toxicants or their 
metabolites in bile obtained through a fistula. The importance of the enterohepatic 
circulation could frequently be demonstrated by the observation that the effects 
of a drug are diminished or abolished following ligature of the choledochus. As has 
been shown by the literature cited in the sections referred to, virtually all these 
forms of hepatic participation in detoxication mechanisms are influenced by one or 
the other hormonal principle. 

In connection with the action of catatoxicsteroids, themostimportant mechanisms 
involved in hepatic detoxication are the induction of enzymes in the membrane 
systems of the endoplasmic reticulum which become smooth (SER) and break up 
into small vesicles, the microsomes. 

Zondek 30,531/34: Estrone injected into 
a mouse rapidly disappears and can no Ionger 
be extracted from its tissues. On theoretic 
grounds, it is assumed that hepatic enzymes 
are responsible for this inactivation. 

Weiner et al. H24,942f70: In rats, glucagon, 
alloxan and starvation all increased hexobarbi-

tal sleeping time. This effect was markedly an
tagonized by insulin. Perhaps, cyclic AMP may 
be involved since theophylline greatly increases 
the action of glucagon. This synergism also oc
curred in isolated, perfused rat livers and, 
hence, "inhibition of hexobarbital metabolism 
by cyclic AMP would appear to be mediated 
in the liver." 

2. THE ROLE OF HEPATIO ENZYMES 

It has been demonstrated in various ways that synthesis of new enzyme protein, 
rather than mere enzyme activation, is involved in the increased biotransformation 
of various substrates by hormonal and nonhormonal catatoxic substances. For example 
in the rat, the induction of hepatic TKT by cortisol is associated with an equivalent 
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increase in enzyme antigen. Tryptophan also induces significant increases in hepatic 
TKT activity. Isotope incorporation studies, combined with the analysis of the time 
course of changing enzyme Ievels, indicate that cortisol accelerates the rate of enzyme 
synthesis, whereas tryptophan acts predominantly by decreasing the rate of enzyme 
degradation. Certain additional studies suggest, however, that some enzyme activa
tion may also play a role in connection with the augmentation of TPO and TKT. 

The defensive role of TPO induction has by no means been demonstrated. It 
is true that in mice, endotoxin lowers TPO, whereas glucocorticoids which increase 
endotoxin resistance augment TPO activity. However, a-methyltryptophan main
tains TPO activity without increasing survival and 5-hydroxytryptophan lowers 
TPO activity without sensitizing to endotoxin. 

The so-called nonspecific drug-metabolizing hepatic enzymes are presumably 
subject to similar regulatory mechanisms. It is difficult to understand why these 
systems are so largely nonspecific. It has been assumed that either a multitude of 
specific oxidases or an oxidase of remarkable nonspecificity is at work. There are 
arguments in favor of both these possibilities. It must not be forgotten however 
that the degree of the nonspecificity of protection (and hence presumably of enzyme 
induction) is subject to great variations. Probably none of the microsomal enzyme 
inducers is completely specific, but some act only against few, others against many 
toxicants, and the particular combination of substrates inactivated by any one 
inducer is quite unpredictable. It is also impossible to determine from in vitro data 
alone whether inhibitors of cytochrome P-450 enzymeswill significantly block the 
metabolism of drugs in vivo. In view of the innumerable factors which can influence 
the synthesis, degradation, activation and inactivation of the microsomal enzymes 
(as well as of the inducers, the toxicants and their metabolites) in the living organism, 
our approach to these problems must meanwhile depend almost entirely on empiricism. 

W ork on catatoxic steroids has brought out with particular clarity one additional 
complication, namely that the enzyme inducers may or may not enhance their own 
metabolic degradation. Thus, spironolactone enhances not only the inactivation 
of digitoxin and indomethacin but also its own metabolism as judged by blood 
clearance rates. However, the capacity of the catatoxic steroids to inactivate them
selves is limited, and hence, they continue to detoxify drugs in chronic experiments 
for many weeks or months as long as the toxicant is administered in combination 
with an appropriate inducer. As soon as administration of the latter ceases, the 
toxicant again exhibits its usual effects indicating that whatever the mechanism 
of enzymic defense, its persistence depends upon continued stimulation by the 
inducer. 

TPO, TKT 

Kenney E89,716j62: In the rat, the induc
tion of hepatic TKT by cortisol is associated 
with an equivalent increase in enzyme antigen. 
A cross-reactive precursor could not be detect
ed in any of the subcellular liver fractions. 
Induction in the presence of 14C-labeled 
amino acids results in extensive labeling of 
transaminase, with or without induction. 

48• 

Rosen &: Milholland E32,652f63: Trypto
phan induced significant increases in hepatic 
TKT activity in intact and in adrenalectomized 
(NaCI-maintained) rats. Tyrosine, histidine and 
methionine slightly depressed the hepatic TKT 
activity of the adrenalectomized rats. Analo
gues of tryptophan (including D-tryptophan, 
acetyl-L-tryptophan, indole, DL-5-hydroxy
tryptophan and 5-HT i.p.) increase both TKT 
and TPO activity by 50-300% in the livers 
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of intact or adrenalectomized rats. 5-HT and 
DL-5-hydroxytryptophan were most active. 
After hypophysectomy, the response of each 
of these enzymes to tryptophan gradually 
diminished. After 6 months, tryptophan, 5-
hydroxytryptophan and 5-HT failed to cause 
significant increases in the hepatic activity of 
these enzymes, but cortisol remained highly 
effective, causing increases in both enzyme 
activities comparable to those seen in intact 
or adrenalectomized rats. "Experiments with 
two known inhibitors of protein synthesis, DL
ethionine and puromycin, indicate that a major 
fraction or the induced activity of tryptophan 
pyrrolase seen in adrenalectomized or hypo
physectomized rats treated by injection with 
tryptophan is due to activation rather than 
synthesis of new enzyme protein. The responses 
of tryptophan pyrrolase and tyrosine trans
aminase inliverfollowing cortisoladministration 
appear to be mainly the result of the synthesis 
of each of these enzymes." 

Schimke et al. G24,293f65: In adrenalecto
mized rats, both cortisol and tryptophan 
increase hepatic TPO, but a particularly 
pronounced rise is obtained by combined treat
ment with both these agents. An analysis of the 
time course of changing enzyme levels, and the 
results of isotope incorporation studies indicate 
that cortisol increases the rate of enzyme 
synthesis, whereas tryptophan decreases the 
rate of enzyme degradation. 

Moon & Berry G57,245f68: "Using substra
te induction as a tool, we attempted to deter
mine the role of tryptophan pyrrolase in the 
response to endotoxin in mice. Previous results 
have shown that the administration of the 
LD50 of endotoxin lowers tryptophan pyrrolase 
activity. a-Methyltryptophan was found to 
maintain tryptophan pyrrolase activity above 
control levels in endotoxin-poisoned mice 
without increasing survival. 5-Hydroxytrypto
phan, by contrast, lowered tryptophan pyrro
lase activity but did not sensitize mice to 
endotoxin. These results suggest that trypto
phan pyrrolase per se does not play a uniqua 
role in survival of mice poisoned with endo
toxin." 

Microsomal Erusymes 

Karlson & Sekeris F73,338f66: Review of 
the Iiterature and personal observations on the 
biochemical mechanisms of hormone actions. 
It is postulated "that hormones may act as 
gene activators •.• Gene activation would lead 
to production of messenger-RNA and induced 
enzyme synthesis." 

Conney F88,649f67 (p. 330): Review on 
the role of enzyme synthesis and degradation 
in the induction of drug-metabolizing activity. 

Mannering G71,818f68 (pp. 57, 84): The 
comparative nonspecificity of detoxication by 
microsomal enzymes suggests "that a multi
tude of oxidases of remarkable substrate 
specificity exists or, at the other extreme, that 
an oxidase of remarkable nonspecificity exists." 
The arguments for and against each of these 
possibilities are carefully reviewed. 

Mannering G71,818f68 (p. 79): Review of 
the data suggesting that inducers actually 
increase the synthesis of new hepatic micro
somal drug-metabolizing enzyme proteins. 

Selye et al. G60,020f69: The antianesthetic 
and antidigitoxin activities of spironolactone 
and norbolethone may depend upon competi
tive inhibition or induction of hepatic micro
somal enzymes. 

VariO'U8 authors G68,203f69: Review (27 pp., 
42 refs.) on "Application of metabolic data to 
the evaluation of drugs. A report prepared by 
the Committee on Problems of Drug Safety of 
the Drug Research Board, National Academy 
of Sciences-National Research Council." 
A !arge section of this report is devoted to the 
inactivation of drugs by microsomal enzymes. 
It is emphasized that "it is difficult to predict 
from in vitro data alone whether inhibitors of 
the cytochrome P-450 enzymes will significant
ly block the metabolism of drugs in laboratory 
animals and in patients." Furthermore, 
"phenobarbital administration leads to an 
increase in virtually all known enzymatic 
pathways by causing an increase in both 
NADPH cytochrome C reductase and cyto
chrome P-450. Although phenobarbital is 
known to act by increasing the synthesis of 
enzyme protein, it may also act by slowing the 
turnover of the various components of the 
endoplasmic reticulum." 

Solymoss & Selye G70,409j70: Rats given 
daily treatment with normally fatal amounts of 
indomethacin or digitoxin can survive for 
an apparently indefinite period if they are 
concurrently treated with spironolactone or 
oxandrolone. Upon interruption of catatoxic 
steroid administration, death ensues within a 
few days. "Spironolactone enhances not only 
the degradation of digitoxin and indomethacin 
but also its own metabolism as judged by their 
disappearance rate from the blood. However, 
the capacity of the steroids to inactivate 
themselves is limited and, hence, they continue 
to detoxify both drugs, even in chronic 
experiments." 
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3. SER and MICROSOMES 
cf. also Electron Microscopic Data under "Morphology" 

It appears to be weil established that the induction of microsomal enzymes 
takes place within the endoplasmic reticulum. The electron microscopic expression 
of such enzyme induction is the gradual transformation of the rough into the smooth 
ER whose membrane systems eventually are broken up into vesicles which may 
become very !arge and give the cytoplasm a spongy appearance. It is assumed that 
the substrates enter these vesicles and are therein destroyed by the induced enzymes. 
For several of the enzyme activities, both the microsomes and soluble cell consti
tuents are necessary as shown by the fact that pure microsomes isolated by ultra
centrifugation are active only if supernatant cytosol is added. 

There is some doubt about the relative participation in detoxication of the 
highly substrate specific amino acid deaminating (TPO, TKT) enzymes and the 
relatively nonspecific microsomal enzymes. Glucocorticoids, which are good inducers 
of TPO and TKT, shorten barbiturate and meperidine sleeping time and combat 
endotoxin shock. However, these latter effects may be unrelated to the activation 
of TPO and TKT; they have been tentatively ascribed to the induction of microsomal 
enzymes by glucocorticoids. 

Several review articles Iist the many drugs and hormones capable of transforming 
the RER into an SER, simultaneously activating microsomal enzymes. Among 
these there are even typical hepatotoxic substances such as CCI, which increase 
the SER in hepatocytes and enhance the incorporation of 32P in structural membrane 
phospholipids. Yet, concurrently, protein synthesis is impaired presumably because 
CC14 stimulates the rate of synthesis only in abnormal microsomal membranes. 

Recent studies suggest that cortisol, which is a substrate for microsomal enzymes, 
is bound rapidly in the SER of hepatocytes, poorly in the RER, and virtually not 
at all in ribosomes. 

Microsomal mixed function oxidases and cytochrome P-450 are relatively more 
concentrated in the SER than in the RER. Curiously, benzpyrene does not affect 
the SER or microsomal protein although it stimulates the biotransformation of 
many substrates. Apparently, this carcinogen acts through a mechanism different 
from that of the barbiturates and of most other drug-metabolizing enzyme inducers. 

Certain herbicides inhibit the induction by phenobarbital of cytochrome P-450 
and of drug hydroxylase activity, yet, they do not prevent the proliferation of the 
SER. Presumably, induced increases in cytochrome P-450 and proliferation of the 
SER are controlled by separate mechanisms. 

Review of the entire pertinent Iiterature suggests that most, if not all, typical 
catatoxic steroids do induce proliferation of the SER but not all steroids that produce 
this latter effect arealso potent inducers of resistance in vivo. It is possible that follow
ing excessive or abnormal stimulation of the SER, its enzyme-producing activity 
declines without there being any morphologically detectable manifestations of its 
functional exhaustion. 

Bucher & McGarrahan G67,470j56: For the 
biosynthesis of cholesterol from acetate in 
vitro, both microsomes and soluble cell 
constituents of the rat liver are required. 
In vivo, over 90% of newly formed cholesterol, 

obtained shortly after the injection of labeled 
acetate, is in the microsomal fraction. 

Remmer D86,728j58: In the rat, cortisone 
and prednisolone shorten the meperidine and 
hexobarbital sleeping time as weil as the 
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detoxication of these sedatives by liver slices. 
This effect is tentatively ascribed to an acti
vation of hepatic microsomal enzymes, since 
the known effect of glucocorticoids upon the 
deamination of amino acids depends upon 
highly substrate-specific enzymes. 

Fouts G79,654j61: When SER and RER 
partielas of rabbit liverare separated by ultra
centrifugation in various sucrose gradients, 
the NADPH oxidase and drug-metabolizing 
enzyme activity can be shown to be higher in 
the SER than in the RER. 

Remmer & Merker E36,389j63: In the 
rabbit, "repeated administration of pheno
barbital and several other drugs results in a 
quantitative increase of the smooth endoplas
mic reticulum of the liver cell. The marked 
increase in drug-metabolizing enzymes is found 
to occur in this enlarged smooth membrane 
fraction of the endoplasmic reticulum." 

Fouts & Rogers F29,497J65: Benzpyrene 
and methylcholanthrene which stimulate only 
few microsomal drug-metabolizing enzymes do 
not cause any pronounced increase in the SER 
of hepatocytes. 

Gonney F88,649j67 (p. 336): Review on the 
effect of drugs on electron transport systems 
in liver microsomes. 

Meldolesi G66,053j67: A review of the 
Iiterature shows that the following drugs are 
capable of producing hypertrophy of the SER: 
ethionine, dimethyl-, and diethylnitrosamine, 
2-aminoflourene, flurenyl diacetamide, thio
acetamide, p-dimethylaminoazobenzene, 3-4-
benzopyrene, p-dimethylcholanthrene, a-naph
thylisothiocyanate, SKF 525-A, carbon tetra
chloride, chlordane, DDT, ethanol, phosphorus, 
phenobarbital, Bax 422 Z (a thiohydantoin 
derivative), cysteine, 2-methyldiazobenzene, 
nikethamide, tolbutamide. In some cases, 
this hypertrophy is associated with an increas
ed, in others with a decreased, microsomal 
enzyme activity. Possibly, "SER hypertrophy 
may be produced by one and the same mecha
nism and all substances capable of producing 
SER hypertrophy may act as inducers of 
microsomal enzymes, thus stimulating hepatic 
cell to produce both endoplasmic reticulum 
membranes and enzymes. However, some of 
these substances, or their metabolites, are 
inhibitors of protein synthesis. In this case 
synthesis of new enzyme molecules is impossible 
and the response of the hepatic cell to the 
pharmacological stimulus is limited to the 
formation of the SER membranes." 

Meldolesi et al. G69,793j68: In rats, CC14 

greatly increases the proliferation of the SER 

in hepatocytes and the incorporation of 32P in 
structural membrane phospholipids. Concur
rently, protein synthesis is greatly impaired. 
Presumably CC14 stimulates the rate of syn
thesis only of abnormal microsomal mem
branes. 

ManneringG71,818j68 (pp. 52, 78): Review 
on the participation of the SER in drug me
tabolism. 

Hutterer et al. G66,323j69: In rats, treated 
with dieldrin, serial ultrastructural studies of 
the liver showed a three-stage response. "The 
first stage, that of induction, is characterized by 
an increase in liver weight, microsomal protein, 
smooth endoplasmic reticulum, the activity of 
aniline hydroxylase and p-nitroreductase, and 
the concentration of P-450 hemoprotein. 
During the second stage, a 'steady state,' 
the elevated levels are maintained and toler
ance to otherwise fatal doses of dieldrin prevails. 
In the third stage, that of decompensation, ele
vation of liver weight, microsomal proteins, 
and P -450 hemoprotein persists, and the smooth 
endoplasmic reticulum appears as abundant as 
in the previous stages, but the activity of the 
drug-handling enzymes decreases. The smooth 
endoplasmic reticulum, however, in this last 
stage consisted of packed tubules. This hypo
active, hypertrophic, smooth endoplasmic reti
culum is accompanied by biochemical and 
morphologic alterations of mitochondria." 
3-Methyl-4-dimethylaminoazobenzene caused 
a rapid decompensation without significant 
steady state. Literature concerning other ob
servations on hypoactive hypertrophic SER is 
summarized. 

Mayewski & Litwack G70,720j69: In 
adrenalectomized rats, radioactive cortisol is 
bound rapidly to the SER of hepatocytes, 
poorly to the RER and virtually not at all to 
the ribosomes. 

Williams & Rabin G77,164j69: In rats, 
the effect of aflatoxin B1 and steroid hormones 
on polysome binding to microsomal membranes 
has been measured by the activity of an en
zyme-catalyzing disulfide interchange. Corti
costerone and, to a much lesser extent cortisol, 
antagonizes the effect of aflatoxin, presumably 
by competition at a site on microsomal mem
branes responsible for polysome binding. The 
authors postulate the "simple hypothesis that 
a steroid hormone, related to corticosterone, can 
occupy specific sites on the membrane and that, 
when these sites are occupied, polysome bind
ing can occur. The difference between 'rough' 
and 'smooth' endoplasmic reticulum would 
then be that the specific sites of the former are 
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occupied by hormone, whereas those of the 
latter are not." 

Fouts G76,868f70: Review of the literatme 
showing that in rats and rabbits, microsomal 
mixed-function oxidases and cytochrome 
P-450 are relatively more concentrated in the 
SER than in the RER. It is noteworthy, 
furthermore, that benzpyrene treatment does 
not affect hepatic weight, microsomal protein 
or the appearance of the SER in the rat liver, 
indicating that this carcinogen acts through 
a mechanism different from that of barbiturates 
and of most other microsomal drug-metaboliz
ing enzyme inducers. 

Raisfeld et al. G75,045f70: In rats, the 
herbicide 3-amino-1,2,4,-triazole inhibits the 
induction by phenobarbital of cytochrome 
P-450 and drug hydroxylase activity, but does 
not prevent the proliferation of the SER in 
hepatocytes. Presumably "induced increases 
of cytochrome P-450 and of the membranes 
of endoplasmic reticulum may be controlled by 
separate mechanisms." 

Stenger G74,578f70: Review (21 pp., 177 
refs.) with special reference to the alterations 
in RER and SER produced by various agents 
and the relationship of these changes to glyco
gen and drug metabolism. 

Stenger et al. G78,940f70: In rats, pretreat
ment with phenobarbital in doses which cause 
proliferation of the SER and a decrease in 
hexobarbital sleeping time greatly diminished 
resistance to the fatal effects of 0014• Pheno
barbital pretreatment delayed the onset of 

0014-induced hepatic necrosis, but greatly ag
gravated its eventual severity. "This altered 
hepatotoxic response might be related either 
to the increase of smooth-surfaced membranes 
or to the augmentation of drug-metabolizing 
enzyme systems in the livers of the pheno
barbital-pretreated animals." 

Garg et al. G79,002f71: In rats, PON p.o. 
induces proliferation of SER even after hypo
physectomy. 

Garg et al. G70,495f71: In rats, phenobarbi
tal, 3-MO, spironolactone, cyproterone, and 
PON cause proliferation of the SER in hepato
cytes without producing marked changes in 
other cell organelles. In comparing electron
microscopic with biochemical and toxicity 
studies "it seems that there is no obligatory 
parallelism between SER proliferation and 
catatoxic potency. However, it is clear that all 
catatoxic substances tested so far, lead to SER 
accumulation." 

Khandekar et al. 079,026/71: In rats, the 
hepatic SER proliferation induced by spirono
lactone or PON is not prevented by concurrent 
administration of cycloheximide. Either the 
catatoxic steroids enhance the metabolic de
gradation of cycloheximide (thereby blocking 
its effect upon the SER) or this morphologic 
change does not necessarily indicate active 
enzyme induction. 

Kovacs et al. G46,737f71: In rats bearing 
Walkertumor transplants, the RER is dilated, 
disorganized and degranulated, whereas the 
SER proliferates. 

4. RNA and DNA 

The many and often conflicting concepts concerning the manner in which RNA 
and DNA participate in the induction of microsomal enzymeswill be described in 
the following Abstract Section. However, it would by far exceed the scope of this 
monograph and the competence of its author to attempt a critical integration of 
all pertinent data. 

Feigelson et al. D25,364f62: The induction 
of hepatic TPO by tryptophan or cortisone in 
the rat is used as a model for the study of 
interrelations between hormonal- and substra
te-dependent enzyme induction processes. 
Following i.p. administration of either inducer, 
there is a rise in liver TPO activity, reaching a 
maximum after 4-5 hrs, the peak being 
higher for tryptophan than for cortisone. 
Judged by uo.glycine and 32P-orthophosphate 
incorporation experiments, both tryptophan
and cortisone-induced stimulation of protein 

metabolism follow the same time course, but 
their effects on RNA metabolism do not 
coincide. Tryptophan causes no increase in 
RNA turnover, while the enzyme level is 
rising. When enzyme activity has returned to 
normal, precursor incorporation into RNA is 
stimulated. Oortisone, on the other hand, 
markedly stimulates RNA turnover with a peak 
at 4 hrs corresponding to peak enzyme levels. 
The pattern of incorporation of the purine 
precursor, glycine-2-140, into the RNA of 
various hepatic subcellular fractions showed 
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that cortisone increases precursor incorpora
tion into the proteins of allliver cell constitu
ents, but much less than into RNA. On the 
basis of these and many other experiments 
concerning the mechanism of enzyme induc
tion, a hypothesis is proposed according to 
which the difference between enzyme and 
hormone induction might be explained. "This 
hypothesis rests on the assumption that the 
increase in enzyme activity, in excess of that 
due to hematin activation, is due to the 
presence of increased Ievels of enzyme protein 
derived from an increased rate either of enzyme 
protein synthesis or of release. It is herein 
proposed that apotryptophan pyrrolase is 
synthesized at a specific vacant enzyme-form
ing site. Furthermore, it is postulated that 
apoenzyme molecules (E) on the enzyme
forming site or template are in dynsmic 
equilibrium with the apoenzyme molecules of 
the cytoplasm. Holoenzyme molecules (EH), 
however, are incapable of binding at this site. 
It follows that saturation of apotryptophan 
pyrrolase with hematin, promoted by trypto
phan, would render many enzyme-forming 
sites vacant, thus shifting the equilibrium 
toward further enzyme protein synthesis. With 
the fall in intracellular tryptophan concentra
tion, EH combination would be retarded, apo
tryptophan pyrrolase would accumulate, oc
cupying the enzyme-forming site, and inhibit 
its own synthesis; a gradual return to basal 
enzyme Ievels would then take place. In this 
manner, a tryptophan-regulated saturation of 
the enzyme with hematin cofactor would con
trol the synthetic rate and the Ievel of this 
enzyme in liver. Cortisone clearly influences 
the Ievel of tryptophan pyrrolase by a different 
mechanism. As indicated by the arrow, it is 
proposed that cortisone may stimulate enzyme 
protein synthesis by interfering with the equi
librium between the template-bound and solu
ble apotryptophan pyrrolase in such a way as 
to prevent the accumulated apotryptophan 
pyrrolase from binding to the template and 
inhibiting its own synthesis. This interference 
might be envisaged as a cortisone-induced al
teration of the structure of the apotryptophan 
pyrrolase, or as a change in the ribosome 
itself." 
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Feigelson &: Feigel8on D59,123f63: In rat 
liver tissue, "cortisone rapidly elevates in
corporation of glycine-2-C14 into acid-soluble 
adenine nucleotides as weil as into RNA. 
Intraperitoneal administration of a variety of 
L- and D-amino acids, NH,+, and glutamine 
into adrenalectomized rats imitated corti
sone by stimulating glycine-2-Cu incorpora
tion into acid-soluble and RNA purines. 
Although liver adenosine triphosphate Ievels 
rise after cortisone administration, such altera
tions in ATP per se do not influence the rate of 
precursor incorporation into RNA or protein. 
On the basis of these findings, it is proposed 
that increased amino acid deamination, impli
cit in the gluconeogenic action of the gluco
corticoids, results in the Iiberation of a-amino 
nitrogen moieties that mediate the cortisone
induced increases in hepatic purine biosynthetic 
rates." 

Knox D66,995f63: The "push-pull theory" 
of enzyme induction is formulated on the basis 
of experiments concerning the production of 
TPO and TKT by cortisol or by the respective 
substrates in intact and adrenalectomized rats. 
As illustrated by the diagram on p. 751, the 
substrate-type induction "pulls protein synthe
sis through the existing templates and, by de
pleting the species of marked enzyme, slows the 
rate of enzyme degradation. The hormone-type 
induction acts by causing the production of 
more of the limited, essential species of RNA 
that is necessary for making the tryptophan 
pyrrolase. Thus hormonal induction pushes 
additional enzyme synthesis through the pro
vision of additional RNA templates." 

Lindergren G66,494f63: Discussion of the 
receptor-hypothesis of induction of gene-con
trolled adaptive enzymes. 

Garren et al. G28,021f64: In adrenalectomi
zed rats, a single i.p. injection of cortisol 
produces an increase in hepatic TPO and TKT 
activity. Actinomycin D did not inhibit synthe
sis of these enzymes, but blocked their induc
tion when injected early after cortisol adminis
tration. Actinomycin D and fluorauraeil 
stimulated TPO and TKT synthesis when 
injected 5 hrs or later after cortisol. "It is 
proposed that repression of the synthesis of 
these enzymes occurs at the Ievel of messengar 
RNA translation." 

Knox G65,171f64: Observations on adrenal
ectomized rats Iead to the distinction between 
two types of TPO induction, one called the 
"hormone type" because glucocorticoids act 
this way. Thus, in adrenalectomized rats, 
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Model of the two known mechanisms of enzymic adaptation in animal tissues: sub
strate-type induction, which accumulates more total enzyme by combining with the free 
enzyme in effective equilibrium with its precursors, and hormone-type induction, which 

provides more of the limiting RNA species for the specific enzyme synthesis. 

cortisol increased the amount of some limiting 
RNA moiety, thereby augmenting enzyme 
synthesis. This action is prevented by actino
mycin through the inhibition of RNA synthesis 
as well as by puromycin, which inhibits protein 
synthesis. The second form or "substrate type" 
of induction is obtained by tryptophan which 
increases the amount of TPO without simulat
ing RNA synthesis. This increase is not 
prevented by actinomycin although it is, of 
course, blocked by puromycin, which inhibits 
protein synthesis. These and other Observa
tions led to the formulation of the "push-pull" 
theory of enzyme induction which is illustrated 
on p. 752. 

GelboinF62,759f65: Review of the Iiterature 
on the role played by RNA in the induction of 
hepatic microsomal enzymes. 

Greenman et al. G35,063f65,· WiekB et al. 
G35,046f65: Studies on the stimulation of 
hepatic 32P-RNA synthesis in adrenalectomized 
rats treated with cortisol. 

Binger &: MaBon G66,500f65: Na-benzoate 
increased hepatic TKT activity both in intact 
andin NaCI-maintained adrenalectomized rats. 
Among 31 cyclic compounds tested for this 
inducing ability after adrenalectomy, only 
cortisol, its hemisuccinate and diethylstil
bestrol disulfate were more effective than 
benzoate. Curiously, enzyme induction by 
cortisol was actually enhanced after adrenalec
tomy. "Strang inhibition of the increase by 
injected puromycin and actinomycin D, 
compounds which inhibit protein and RNA 
synthesis respectively, suggests that the 
benzoate-mediated effect occurred by a mecha
nism involving increases in protein and RNA 
synthesis. In this respect, the effect of benzoate 
resembles that of the glucocorticoids." 

TmnkinB et al. G35,353f65: Following a 
single injection of cortisol into adrenalectomi
zed rats, the hepatic TPO and TKT Ievels 
rise. "Although actinomycin D blocks the 
initial steroid-induced increase, Iater adminis
tration of the antibiotic (or of 5-fluorouracil) 
causes an increase in the Ievels of these enzy
mes. A mechanism is proposed to account for 
the late response to inhibitors of RNA synthe
sis in which a 'cytoplasmic repressor' can inhibit 
the translation of the messengar RNA's 
corresponding to tryptophan pyrrolase and 
tyrosine transaminase. Cytoplasmic repression 
is postulated to depend on continued RNA and 
protein synthesis, and the 'repressor' is thought 
to have a rapid rate of turnover." 

Griffin &: Cox F86,851f66: "The induction 
of alkaline phosphatase by prednisolone in 
HeLa cell cultures appears to occur at the 
Ievel of protein synthesis (translation) as a 
result of a steroid-induced change in the 
conformational state of the enzyme during its 
synthesis." 

TmnkinB et al. G49,588f66: Glucocorticoids 
stimulate TKT induction in rat hepatoma 
cells in vitro. Inhibitor and immunochemical 
experiments indicate that the corticoids do not 
activate a precursor but increase the nurober 
of enzyme protein molecules. Apparently, the 
hormones exert some control at the Ievel of 
translation of the transaminase messengar by 
antagonizing a repressor of messengar function. 
"It cannot yet be determined whether the 
presumed increase in messengar concentration 
occurs as a secondary response to the Stimula
tion of translation, or whether there is a direct 
effect of the hormone on gene transcription." 

Conney F88,649j67 (pp. 330, 333, 334): 
Review on the role of enzyme synthesis and 



7 52 Theories 

Hormone-Type Substrate-Type 

Steady State 

Protein Synthesis 

Active Amino Acids, etc. 

Template t:. Puromycin 

RNA v=kRNA 

~ES~ 

DNA~i~ 

Actinomycin 

Enzyme ~ E CoS-P 

v=kEl ~ E Co /.' 

(E+I~EI) 

Degradation 

The "push-pull" model of enzyme inductions in animal tissues. In the steady state of 
enzyme synthesis and degradation, accumulations of total enzyme are "pushed" by tempo
rarily increased synthesis of nascent enzyme (E) through the extra RNA templates produced by 
hydrocortisone (hormone-type induction), or "pulled" by the temporary specific combina
tion of substrates, coenzymes, and inhibitors with the nascent enzyme (substrate-type 
induction). Sites of action are indicated for actinomycin, which distinguishes between the 
two mechanisms, and of puromycin. 

degradation in the induction of drug-metaboliz
ing activity. 

Drews & BrawermanG52,150{67: Studies on 
changes in RNA-synthesis in the rat liver 
during regeneration and after cortisol adminis
tration. The relationship between enzyme 
induction and RNA-synthesis is discussed. 

Gelboin G53,802{67: Review (81 pp., 
about 90 refs.) on enzyme induction in connec
tion with carcinogenesis and gene action. 

Gelehrter & Tomleins G51,315j67: Dexa
methasone induced a 3-15-fold increase in TKT 
activity in hepatoma cells of the rat (in tissue 
culture) but no increase in total RNA nor its 
synthesis as measured by the rate of incorpora
tion of labeled precursors. Various experiments 
also failed to demonstrate gross stimulation of 
RNA synthesis associated with enzyme induc
tion by steroid hormones in vivo, "suggesting 
that these changes arenot an essential part of 
the mechanism of enzyme induction by gluco
corticoids." 

GrosBman & Mavrides G46,206j67: Studies 
on the kinetics of cortisol-induced hepatic TKT 

activity in adrenalectomized rats. "Puromycin 
inhibited enzyme synthesis when it was given 
during the initial phase of induction. However, 
it unexpectedly caused a rapid reappearance of 
enzyme activity following its administration 
during the inactivation phase. This potentiated 
response is consistent with other observations 
which Iead to the idea that a repressor is formed 
about 4 hours after hormone administration 
and that inhibition of repressor synthesis 
allows, at least temporarily, continued synthe
sis of enzyme." The inactivator appears to de
pend upon pituitary function, since adrenalec
tomized and hypophysectomized rats showed 
little or no inactivation phase following 
cortisol treatment. 

Peterkofsky & Tomkins G52,839j67: TKT 
can be induced by dexamethasone in tissue 
cultures from Morris hepatoma 72880. Cyto
sine arabinose completely inhibits DNA synthe
sis in these cells, but does not affect RNA 
synthesis or enzyme induction. Conversely, 
mitomycin C and actinomycin D preferentially 
inhibit RNA synthesis and completely block 
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induction. Kinetic experiments in which 
actinomycin D was added at increasing inter
vals after dexamathasone suggest that messen
gar RNA accumulates during the early phase 
of induction. From these and othar Observa
tions, it is concluded "that messengar RNAfor 
both tyrosine aminotransferase and general 
cell protein are relativaly stable. After inhibi
tion of protein synthesis by cyclohaximide, 
tyrosine aminotransfarase activity decreased 
axponentially with a half-lifa of seven hours, 
and this rate was not affacted by aithar steroid 
or actinomycin." 

Benes & Zieha G67,159f69: Exposura to 
1400 R does not inhibit tha TPO activity of rat 
liver. In fact, substrate induction of TPO 
is stimulated by X-irradiation applied 24 hrs 
earlier. Induction by cortisol is initially 
stimulated and then, inhibited by X-irradia
tion. X-irradiation bafore partial hapatectomy 
inhibits tha increase in tryptophan oxygenase 
normally observed 12 hrs after tha operation. 
Similar results are obtainad by actinomycin D 
applied one hour after partial hepatectomy. 
"The diminished synthesis of tryptophan 
oxyganase in irradiated reganarating rat liver 
tissue, as weil as the decrease of hormonal 
induction after the irradiation can be explainad 
by the inhibition of the specüic messengar 
RNA's synthesis." 

Lindegren E8,182f69: Review of the recep
tor hypothesis of gene action. 

Tomkins et al. H 19,499/69: Review of the 
evidence in favor of the following theory of 
enzyma induction by steroids. 
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Theory of enzyme induction in mammalian 
cells. Tha configuration shown on tha laft is 
assumed to axist during tha inducibla phasas of 
the cell cycle, whila that on tha right, during 
tha noninducible phases. Tha GS refers to tha 
structural gene for the inducible anzyma, while 
GR refers to the regulatory gene. During the 
inducible periods, GS is transenbad and the 
resulting messenger, M, can be translated to 
form the enzyme. The GR is likewise transcribed 
and its messengar translated to produce the 
protein R. The R combines reversibly with M 
to produce the inactive complax MR which 
Ieads to M degradation. The R itself is labile, 
as shown by the thin arrow leading away from 
R. The inducer is indicated to inactivate R by 
an unknown mechanism. During the nonindu
cible phases of the cycle, neither GS nor GR 
is transcribed, but M can be translated. 
Although for the case of tyrosine aminotrans
ferase the degradation of the enzyme might also 
be depicted, we have not done so because its 
concentration is not regulated by changing the 
rate of its inactivation under constant cultural 
conditions. 

5. LYSOSOMES 

According to certain investigators an excess of vitamin A or ultraviolet irradiation 
may liberate lysosomal proteases; this effect is counteracted by glucocorticoids, 
such as cortisol, allegedly through the stabilization of lysosomal membranes. A 
similar mechanism has been invoked to explain the protective action of glucocorti
coids against endotoxins which are also thought to cause darnage by the release 
of lysosomal enzymes. The interactions between glucocorticoids and other toxicants 
may likewise act by preventing a kind of autointoxication with lysosomal proteases. 
This concept appears to have been confirmed using many model systems, yet, it is 
not uniformly agreed to play a decisive role in glucocorticoid-induced resistance 
phenomena in vivo. In particular, serum Ievels of ß-glucuronidase (presumed to 
reflect lysosomal enzyme release) do not correlate with survival in rats given cortisol 
during tourniquet shock. In fact, even in vitro studies suggest that neither glucocorti
coids nor nonsteroidal anti-inflammatory drugs stabilize Iysosomes with respect to 
the release of enzymes, when the Iysosomes are thermally labilized. 
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Weisamann D10,768f61: In larvae of 
Xenopus laevis, hone absorption and other 
m.anüestations of vitamin-A overdosa.ge were 
acoelerated by cortisol. "This was held to be 
due to Iiberation of vita.min A from hepatic 
stores by the steroid, and is in contra.st to the 
retardation of hypervitaminosis A by hydro
cortisone in vitro." Presumably an exoess of 
vita.min A causes relea.se of cathepsins from 
intra.cellular Iysosomes. 

Weisamann & Dingle D14,268f61: The 
hepatio lysosomal protea.ses of the rat a.re 
relea.sed by ultraviolet irradiation in vitro and 
this effect is grea.tly diminished by pretrea.tment 
of the animals with cortisol in vivo. 

Weisamann & Fell D46,242f62: The dama.ge 
caused to fetal rat skin explants by ultraviolet 
irra.diation oan be inhibited by the addition 
of cortisol to the culture medium. This protec
tion "might be due, at least in pa.rt, to a reduoed 
proteolytic aotivity in the damaged tissue 
through a sta.bilising aotion of the hormone on 
the Iysosomes." 

Weisamann & Thomas D23,630f62: Follow
ing endotoxin treatment in vivo, the hepatio 
Iysosomes of the rabbit relea.se their enzymes 
rea.dily upon ultraviolet irradiation. This 
increa.sed lability is in turn prevented by 
pretrea.tment of the animals with cortisone 
for three days before endotoxin administration. 
Apparently, "one aotion of endotoxin is to 
release acid hydrolases from particulate form 
within oells, and that glucocorticoids serve to 
sta.bilize such partiales against injury by 
several agents." 

Weisamann & Tkomaa D65,709f63: Various 
in vivo and in vitro experiments "are compat
ible with the hypothesis that exoess vita.min A 
releases acid hydrolases from liver and cartilage 
Iysosomes in vivo and in vitro, and that 
cortisone anta.gonizes this action." This inter
aotion may explain earlier observations on the 
protective effect of glucocorticoids against 
intoxication with vita.min-A. 

Janoff G68,991f64: A review of the Iitera
ture and personal observations. It is concluded 
that "(1) disruption of Iysosomes andrelease of 
their conta.ined enzymes in free, active form 
occurs in the liver of shocked animals; (2) 
the activation of lysosomal hydrolases within 
oe11s and their release into the ciroulation may 
play an important role in exaoerbating tiBBue 
injury and acoelerating the development of 
irreversibility at the oellular Ievel during shock; 
(3) rendering animals tolerant or pretreating 
them with cortisone selectively stabilizes 
Iysosomes and this effect may constitute an 

important component of the resistanoe of such 
animals to shock; (4) the exa.oerbating effeot 
of reticuloendothelial-blocking colloids on the 
lethality of shock prooedures may be due, in 
part, to a direct action of these agents on 
Iysosomes." 

Janoff & Kaley E8,484f64: Review of the 
Iiterature supporting the conoept that endo
toxins act by disruption of Iysosomes with 
relea.se of their conta.ined enzymes and that 
cortisone protects against the resulting shock 
by sta.bilizing lysosomal membranes. 

Weisamann & Tkomaa E4,216f64: Review 
(30 pp., 81 refs.) on the stabilizing action of 
glucocorticoids upon lysosome membranes. 

Weisamann & Tkomaa E8,482f64: Review 
of the Iiterature showing that cortisone, unlike 
DOC, sta.bilizes hepatic microsomal membranes 
against the permeability-increa.sing effect of 
endotoxin. 

Replogle et al. G40,447f66: In patients with 
cardiopulmonary bypass, dexamethasone pre
treatment appeared to improve the clinical 
condition and diminished the serum beta.
glucuronidase and LDH Ievels. It is assumed 
that postoperative complioations following 
cardiopulmonary bypass may be related in part 
to damage of lysosome membranes and that 
"massive doses ofdexametha.sone may stabilize 
the lysosome membrane during periods of 
circulatory stress." 

Serkes et al. F92,105f67: Cortisol administ
ered to tourniquet-traumatized rats in infusion 
fluid lowered serum ß-glucuronidase but did 
not prolong survival time. "Serum Ievels of 
beta.-glucuronidase presumed to reflect lyso
somal enzyme release, did not correlate with 
survival." 

Ja1W8ki et al. E7,896f68 (p. 280): Review 
suggesting that many of the actions of gluco
corticoids-partioularly their inhibition of 
ultraviolet ray injury, vitamin-A overdosa.ge 
and endotoxin shock-are due to the stabili
zation of lysosomal membranes which prevents 
the esoape of toxic lysosomal enzymes. 

Lefer & Martin H7,806f69: In oats, "phar
macologio doses of cortisol or dexametha.sone 
given intravenously prior to induction of 
hemorrhagic shock prolonged survival signifi
oantly after reinfusion of all shed blood. High 
doses of aldosterone were ineffeotive in pro
Ionging survival, as was cortisol when a.dminist
ered at the time of reinfusion. • • • Gluco
corticoids may prevent the disruption of 
Iysosomes andfor prevent proteases from being 
released into the blood." 
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Brown &: Schwartz H 14,096/69: In vitro 
studies on the hepatic Iysosomes of the rat 
suggest that "neither steroidal nor non-steroi
dal anti-inflammatory drugs, in general, 
stabilized Iysosomes with respect to release of 
enzymes when the Iysosomes were labilized 
thermally •.•. That anti-inflammatory drugs 
exert their prime pharmacologic action at the 
Ievel of the lysosome is thus very doubtful." 

Curreri et al. H ll,li2/if69: In rabbits with 
cholesterol atherosclerosis various hydrolytic 
enzymes present in Iysosomes (ß-glucuronidase, 
acid phosphatase, cathepsin and aryl sulfatase) 
showed a marked increase in activity. Cortisone 
inhibited this atherosclerosis and the increased 
enzyme activity despite very high Ievels of 
serum cholesterol. 

Weissmann G79,8/i/if69: Review (20 pp., 
105 refs.) on "The Effects of Steraids and 
Drugs on Lysosomes." Special attention is 
given to the effect of lysosome stabilization by 
gluoocorticoids which may be responsible for 
the prevention by these steroids of endotoxin 
shock, etiocholanolone fever, hypervitaminosis 
E and other oonditions. 

Lewis et al. G80,342f70: In general, gluco
oortiooids stabilize rabbit liver Iysosomes in 
vitro, although at very high concentrations 
they have an inverse effect. Etiocholanolone, 
a pyrogenic steroid, has a lytic action on Iyso
somes, even at oomparatively low concentra
tions. 

Polliack et al. H 32,366/70: In hamsters, 
tumor formation by topical application of 
DMBA to the cheek pouch is partially sup-

preBBed by ooncurrent application of oortisone, 
perhaps owing to depreBBion of DNA synthesis 
and of mitotic activity be the hormone. "Cor
tisone stabilizes biological membranes; its ac
tion on cell multiplication may be related to de
creased membrane permeability with oon
sequent inhibition of release of lysosomal en
zymes which play a part in early stages of cell 
division. Decreased membrane permeability 
may also have resulted in less effective pene
tration of carcinogen into cells. Results are in 
accordance with those of previous studies, 
which demonstrated promotion of tumor for
mation by labilizers of biological membranes 
such as vitamin A and estrogen." 

Symons et al. G80,34/if70: Rahbit hepatic 
Iysosomes take up 3H-labeled oortisol and oor
tisone from the surrounding medium in vitro. 
It may be that the lytic effect exerted by high 
doses of glucooortiooids upon Iysosomes is due 
to structural changes produced in the mem
brane. 

Glenn &1 Lefer H 34,/i76f71: In cats sub
jected to hemorrhagic shock, methylpredniso
lone increased survival time in proportion to 
a diminution of plasma Ievels of a myocardial 
depressant factor (MDF) and of the lysosomal 
enzymes, ß-glucuronidase and plasma cathep
sin-like activity (PCLA). Presumably, "methyl
prednisolone exerts a protective effect in 
hemorrhagic shock by preventing the release 
oflysosomal enzymes which may be responsible 
for the formation ofMDF, a peptide implicated 
in the reduction of myocardial contractility 
during postologemic shock." 

6. RETIOULO-ENDOTHELIAL SYSTEM (RES) 

It is generally agreed that the RES helps to prevent sudden flooding of the 
circulation with blood-bome particulate substances. It is more questionable whether 
some particles engulfed by the RES cells are topically digested; certainly most of 
them are gradually released (through shedding and decomposition of the phagocytes) 
for subsequent degradation in other tissues andfor eventual excretion. It has been 
suggested that RES cells also participate in the enzymic degradation of soluble 
toxicants. In isolated RES cells, acetylation of foreign compounds has allegedly 
been demonstrated. Furthermore, such RES active agents as Thorotrast or endotoxin 
lower the hepatic TPO (but not TKT) activity and prevent oortisol from inducing 
these enzymes in the isolated perfused liver. It has been assumed that the RES cells 
can produce some "inhibitory substances." 

The interpretation of pertinent data is somewhat complicated by the fact that 
the same particulate substances can both inhibit and stimulate RES cells depending 
upon dosage and other factors. Still, it is of oonsiderable interest that there exists 
some relationship between the functional status of the RES and drug detoxication. 
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Thus, in mice, various compounds which decrease the blood clearance of colloidal 
carbon, prolong hexobarbital anesthesia; however, the same is true of zymosan, 
endotoxin and stilbestrol, which enhance RES activity. On the other hand, typical 
catatoxic drugs (e.g., phenobarbital) and inhibitors of drug-metabolizing enzymes 
(e.g., SKF525-A) do not appreciably alter RES activity. 

These and many other observations suggest that the RES may participate in 
drug metabolism but its role remains to be elucidated and it certainly does not 
appear to be as important as that of the hepatic parenchyme. 

Govier F57,820f65: In rabbits, acetylation 
of sulfanilamide and p-aminobenzoic acid ( one 
of the major routes of metabolism of acryl
amines) has been examined utilizing isolated 
intact hepatic and RES cells of various other 
tissues. "The acetylation of these compounds, 
usually attributed to the liver, was found to 
occur in cells of the reticulo-endothelial system. 
No acetylation could be demonstrated in the 
hepatic parenchymal cells. Lung and spieen, 
organs known to contain a high percentage 
of reticuloendothelial cells, were also found to 
acetylate these compounds." 

Agarwal et al. G65,716f69: In the rat, 
both S. typhimurium endotoxin and Thoro
trast lowered hepatic TPO activity, and pre
vented cortisol from inducing this enzyme in 
the isolated, perfused Iiver. Under these 
conditions, the TKT activity of the liver 
remained unaffected. Partial purification of 
hepatic TPO induced by endotoxin or Thoro
trast indicated the presence of some inhibitory 
substance. "Since histological studies revealed 
that thorotrast is localized in Kupffer cells, it is 
suggested that the reticuloendothelial system 
contributes to the control of enzyme induction 
in rat Ii ver." 

Benveniste et al. G80,804j70: In axenic mice, 
the phagocytic function of the RES is regularly 
depressed by prednisolone. Holoxenic mice are 
more resistant to this effect. Various Observa
tions suggest "that depression of the immune 
response by cortisone, obtained under septic 
conditions, is more probably related to a lym
phoid atrophy than to a depression of the 
RES." 

Greisman & Woodward G80,339f70: In rab
bits, extensive studies (RES blockade, liver 
perfusion, etc.) "fully support the concept that 
tolerance to the pyrogenic activity of bacterial 
endotoxin is based upon increased uptake of 
the toxin by hepatic Kupffer cells which have 
become refractory to further release of endo
genaus pyrogen." 

Munson et al. H22,843j70: "Drugs which 
alter the phagocytic activity of the RES have 
been shown to prolong barbiturate anesthesia. 
In this study, these Observations were extended 
to include agents which decrease RES activity. 
Methyl palmitate, thorium dioxide and pyran 
copolymer (PCP) markedly decreased the 
intravascular clearance of colloidal carbon and 
prolonged hexobarbital anesthesia. Zymosan, 
endotoxin, diethylstilbestrol and PCP enhance 
RES activity and also prolong hexobarbital 
narcosis. Conversely, chlorcyclizine, SKF 525A 
and phenobarbital, which markedly alter drug 
metabolism, didnot alter RESactivity. PCP and 
zymosan prolonged the half life of hexobarbital 
in brain, liver and serum. Hexabarbital 
metabolism was markedly depressed in 9000x g 
liver supernatant fractions from PCP and 
zymosan-treated mice. Further studies demon
strated that the inhibition of barbiturate 
metabolism was non-competitive. PCP and 
SKF 525 A were additive in microsomal 
inhibitory ability whereas chlorcyclizine, given 
in a protocol which stimulates microsomal 
enzyme activity, reverses the inhibitory 
effect of zymosan. The toxicity of cyclo
phosphamide, which requires hepatic micro
somal enzyme activity for cytotoxicity, was 
markedly enhanced by PCP suggesting the en
zymes necessary for the activation of cyclo
phosphamide are stimulated by PCP." 

Song & Kappas G80,521j70: Review (21 pp., 
215 refs.) on the "Influence of Hormones on 
Hepatic Function" with special sections on 
their effect upon phagocytosis, drug metabo
lism and biliary excretion. Folliculoids stimu
late whereas glucocorticoids inhibit the RES, 
whereby they may influence drug resistance. 

Wooles & Munson G78,975f71: Review of 
the Iiterature and personal observations on mice 
suggest that there is a relationship between the 
functional activity of the RES and the dura
tion of hexobarbital anesthesia. It is suggested 
that the RES plays an important role in drug 
detoxication. 
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7. HEPATIO GLYOOGEN 

Glucocorticoids which protect mice against bacterial endotoxins also increase 
hepatic glycogen stores, whereas the noxious endotoxins deplete the liver of its 
glycogen content. In alloxan diabetic rats, hexobarbital and aminopyrine me
tabolism is depressed in vitro. These and several studies on the effect of insulin upon 
such enzyme activities raised the suspicion of some relationship between hepatic 
glycogen and drug-metabolizing enzyme activity. 

This view appeared to receive further support from the observation that SKF 525-A 
and other inhibitors of enzyme activities share the property of reducing liver glycogen. 
However, it must be kept in mind that virtually all stressors, if sufficiently severe, 
reduce liver glycogen and hence a causal relationship between this change and 
responsiveness to enzyme inducers is difficult to prove. Besides, PAS, which increases 
heptic glycogen, also prolongs hexobarbital sleeping time and it has been assumed 
that, here, the glycogen infiltration of the liver is responsible for the enzyme inhi
bitory effect. 

Berry et al. 073,198/59: Mice of different 
strains were protected by cortisone against 
the Iethai effect of various bacterial endotoxins. 
The effect may be related in some way to the 
hepatic glycogen stores which are depleted by 
endotoxin and increased by cortisone. 

Dixon et al. E35,705f63: In alloxan-diabe
tic rats, "a depressed metaboliBm of hexobarbi
tal and aminopyrine in vitro, an increased 
in vitro hydroxylation of aniline, and a 
prolonged in vivo effect of hexobarbital were 
evident. The 0-dealkylation of codeine was 
unaffected by the chronic diabetic state. 
Insulin treatment returned the rate of me
tabolism of hexobarbital to normal Ievels but 
had no effect on aminopyrine metabolism. Me
tabolism of aniline was decreased below the 
normal rate after insulin treatment. Pheno
barbital treatment of diabetic animals resulted 
in a stimulation of most of the drug metaboliz
ing enzyme systems studied. However, the 
hydroxylation of aniline by livers from diabetic 
rats treated with phenobarbital was decreased." 
A relationship between hepatic glycogen and 
drug-metabolizing enzyme activity is suspect
ed. 

Rogers et al. E31,897f63: In rats, PAS 
feeding induces glycogen infiltration of the 
liver and prolongation of hexobarbital sleeping 
time. This is apparently due to its diminished 
ability to excrete the barbiturate. The in vitro 
metabolism of hexobarbital and aminopyrine, 
by the microsomes of rats pretreated with PAS, 
is diminished. Acute administration of PAS had 
no effect on hexobarbital sleeping time, nor 
did addition of PAS in vitro inhibit drug
metabolizing enzymes. There may exist 
some relationship between hepatic glycogen 
deposition and changes in the SER. This might 
account for the inhibitory effect ofP AS which is 
definitely different from that of chlorampheni
col and SKF 525-A. 

Rogers & FO'Uts F27,894f64: In studies with 
SKF 525-A and other inhibitors, a relation
ship has been noted between reduced glycogen 
content of hepatocytes and low enzymic 
activities. 

Stenger G74,578f70: Review (21 pp., 177 
refs.) with special reference to the alterations 
in RER and SER produced by various agents 
and the relationship of these changes to glyco
gen and drug metabolism. 

8. VITAMIN 0 

Induction of hepatic microsomal drug-metabolizing enzymes is usually associated 
with increased ascorbic acid synthesis and a rise in the urinary elim.ination of vita
min C. However, a loss of urinary ascorbic acid is characteristic of stressors, and 
incidentally, ahared not only by microsomal enzyme inducers but also by SKF525-A 
and other inhibitors of induction. 
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Longenecker et al. A47,520f40: In rats, 
various barbiturates, paraldehyde, chloro
butanol, aminopyrine, antipyrine, phenols, 
salicylates, suHanilamide, suHapyridine, and 
several other compounds increased ascorbic 
acid excretion. Earlier work had shown that 
vitamin C helps in the detoxication of such 
compounds as elementary phosphorus, phenol, 
phenylquinolinecarboxylic acid, benzene, Iead 
and arsenicals. "No evidence was obtained to 
indicate that the urinary ascorbic acid was 
conjugated with any of the toxic substances 
fed, but its endogenous production appeared to 
be related to the animal's detoxication proces-
ses." 

Kato et al. D27,768f62: In rats, urinary 
vitamin-C excretion was enhanced by pretreat
ment with inhibitors of microsomal drug 
metabolism such as SKF 525-A, Lilly 18947, 
Lilly 32391 and MG 3062. Apparently in this 
respect the inducers and inhibitors of micro
somal enzymes exert similar effects. [The 
possibility that the increase in ascorbic acid 
excretion may have been due to the stressor 
effect of the drugs should also be considered 
(H.S.).] 

Stitzel &: Furner G48,920f67: In rats, stress 
(cold) increases the rate of p-hydroxylation of 
aniline and N-dealkylation of ethylmorphine 
simultaneously with an increase in adrenal 
ascorbic acid content. The stress-induced Stimu
lation of microsomal metabolism and adrenal 
ascorbic acid Ievels are additive with those pro
duced by phenobarbital. "It is tentatively con
cluded that stress and phenobarbital appear to 
act through different mechanisms in inducing 
increases in enzyme activity, although each 
treatment may have a common final step, 
namely an increased net synthesis of enzyme 
protein." 

Mannering G71,818f68 (pp. 61, 97): Re
view of data showing that induction of hepatic 
microsomal drug-metabolizing enzymes is 
usually associated with increased ascorbic acid 
synthesis. 

Klinger et al. H28,896f70: In rats, phenyl
butazone reduces hexobarbital sleeping time 
and increases the fresh weight of the Iiver as 
well as the ability of the hepatic 9000 g super
natant to enhance aminophenazone-N-de· 
methylation . .An increase in the ascorbic acid 
concentration of the liver was noted only in 
young animals, but urinary excretion of 
ascorbic acid was as pronounoed as after 
barbital treatment. Phenylbutazone administ
ration to the pregnant mother failed to elicit 
an induction effect in the fetuses as judged by 
hepatic ascorbic acid determinations and by 
ultrastructural studies of the fetal livers. 
Proliferation of the SER was obtained by 
phenylbutazone in 10-day-old or older rats, 
often in association with an increase in the 
number of Iysosomes and mitochondrial 
changes as well as by evidence of intrahepatic 
cholestasis. 

Hunter et al. H 36,993/71: In epileptio pa
tients, the urinary excretion of D-glucaric (a 
metabolite of glucuronic acid) is considerably 
increased during phenobarbital treatment. 
Similar observations have been made in pa
tients with Gilbert's syndrome after adminis
tration of various drugs known to induce he
patic enzymes. Because of its simplicity and 
sensitivity, the D-glucaric acid excretion test 
is recommended for the clinical assessment of 
drug-metabolizing enzyme induction. It is note
worthy, however, that except in primates and 
guinea pigs, glucuronolactone is converted to 
ascorbic acid and, in the rat, inducers of drug 
metabolizing enzymes increase the excretion 
of ascorbic acid rather than of D-glucaric acid. 

9. DEFENSE AGAINST "NATURAL" VS. "FOREIGN" OOMPOUNDS 

It had been thought initially that the microsomal enzyme systems in the liver 
may be there just to detoxicate foreign compounds. It seemed tempting to "speculate 
that these systems are not essential to the normal economy of the body, but operate 
primarily against the toxic influences of foreign compounds that gain access to the 
body from the alimentary tract." It has been assumed, furthermore, that perhaps 
the SER membranes are ordinarily permeable only to nonpolar compounds, which 
would present "a plausible picture of the way the body protects its essential sub
strates from wasteful metabolism due to the non-specific microsomal enzyme." 
Indeed, the view that the microsomal enzyme system exists merely to attack foreign 
material has led to the suggestion that the substrates of microsomal mixed-function 
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oxygenases should be designated as "xenobiotics" (from the Greek "xenos" and 
"bios" for "stranger to life"). However, in many cases it is difficult to draw a sharp 
line of demarcation between "natural" and "foreign" compounds. In mice and rats 
kept on soft wood bedding of either cedar, white pine, or ponderosa pine, several 
drug-metabolizing hepatic enzymes were induced and hexobarbital sleeping-time 
was reduced. Apparently, the microsomal enzyme mechanism of an animal can be 
significantly altered by changes in its natural habitat. 

Finally, numerous recent observations, especially with catatoxic steroids, but 
also with many nonsteroidal enzyme inducers, have amply demonstrated that these 
can stimulate the microsomal enzyme systems to metabolize such natural compounds 
as tyrosine, hormones, cholesterol, bilirubin, and many others. For reasons explained 
in the Introduction, we prefer to think of the catatoxic compounds as especially 
suited for the detoxication of abnormally high blood concentrations of substrates, 
be they "natural" or "foreign"; their metabolizing activities are much less evident 
at near physiologic concentrations of the substrates. In this sense, the catatoxic 
substances are primarily guardians of homeostasis (cf. also p. 763.). 

Brodie et al. G66,772j55: Although SKF 
525-A inhibits various hepatic microsomal
enzyme activities in the rabbit's liver it is rela
tively nontoxic and, hence, "one can speculate 
that these systems are not essential to the 
normal economy of the body, but operate pri
marily against the toxic influences of foreign 
compounds that gain access to the body from 
the alimentary tract." 

Brodie 012,157 J56: "The microsomal enzy
me systems in liver may be there just to 
'detoxicate' foreign compounds .... We have 
found no normal substrate which is metaboli
zed by the drug enzyme systems in microso
mes. . . . If we think of the microsomes as 
particles with a membrane which will, ordi
narily, pass non-polar compounds but not 
polar compounds, we have a plausible picture 
of the way the body protects its essential 
substrates from wasteful metabolism due to the 
non-specific microsomal enzymes." 

Williams G73,007f62: In connection with 
the theory that drug detoxication depends upon 
a special class of microsomal enzymes, it is 
noteworthy that several toxic compounds for
eign to the body, can be metabolized by "nor
mal enzymes" which perform a physiologic role 
in ordinary metabolism. This is well illustrated 
by the following table: 

Franklin G32,826j65: When incubated un
der appropriate conditions with hepatic 
microsomes of male rats, "morphine, atropine, 
aminopyrine, lysergic acid, streptomycin, 
eserine, caffeine, N-methyl urethan, and 
6-amino-N-methyl nicotinamide were N-de
methylated at various rates. Those compounds 
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Table 134. Some foreign compounds metaboliz
ed by "normal enzymes" 

Foreign compound 

p-Nitrobenzyl alcohol 
(and some other 
foreign alcohols) 

p-Nitrobenzaldehyde 
(and other foreign 
aldehydes) 

Benzylamine 
Procaine 

Succinylcholine 
8-Azaguanine 

Azuridine 
2: 6-Diaminopurine 
6-Mercaptopurine 
6-Thioxanthine 
4-Aminopyrazolo-

pyrimidine 

"Normal" enzyme 
acting on foreign 
compound 

alcohol dehydrogenase 
aldehyde 

dehydrogenase 

monoamine oxidase 
non-specific plasma 

cholinesterase 
guanase, purine nu
cleotide phosphorylase 
nucleosidase 

xanthine oxidase 

not demethylated wereN-methyl nicotinamide, 
N-methyl glycine, betaine, N-methyl guanidi
ne, creatine, and methylamine. None of the 
compounds tested which occur naturally in 
mammalian tissues were demethylated, where
as those from exogenaus sources were 
demethylated." Of the tested foreign com
pounds, only ephedrine was not demethylated. 
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Mason et al. F51,528f66: The a.uthors 
recommend the term "xenobiotics" (from the 
Greek "xenos" and "bios" for "stranger to 
life") for compounds which "a.re foreign to the 
meta.bolic network of the organism." It is 
clearly recognized that the mixed-function 
oxidases responsible for the degradation of 
many xenobiotic compounds arealso participat
ing in the metabolism of steroids, Iipids and 
other normal components of the body and 
food. 

V esell F 88,031/67: In mice and rats kept on 
softwood bedding of either red cedar, white 
pine, or ponderosa pine, three drug-metaboliz
ing hepatic enzymes (morphine N-demethylase, 
aniline hydroxylase, and hexobarbital oxidase) 
were induced. Hexabarbital sleeping time was 
reduced. Apparently, the drug-metabolizing 
enzyme mechanism of an animal can be signi
ficantly altered by changes in its natural 
habitat. 

Gillette et al. E8,216f69: The term "xeno
biotics" is used (in the preface of a symposium 

on "Microsomes and Drug Oxidations") to 
denote the substrates which "are metabolized 
by mixed-function oxidases localized in the 
endoplasmic reticulum of the liver." 

Oalhoun et al. H34,806f71: In immature 
rats, the uterotrophic effect of mestranol or 
norethynodrel was affected by numerous drugs. 
"Pretreatment with phenobarbital or SKF 
525 A was found to decrease and increase, re
spectively, the uterine wet weight in controls 
as weil as in mestranol-treated groups. Of the 
other drugs tested, only tolbutamide increased 
uterine wet weights in both control and 
mestranol-treated groups. In addition, the re
sponse to mestranol was increased following 
pretreatment with p-aminosalicylic acid, chlor
promazine, and imipramine and decreased fol
lowing diphenylhydantoin, phenylbutazone, or 
scopolamine pretreatment. The response to 
norethynodrel was decreased after pretreat
ment with phenobarbital or diphenylhydantoin 
and increased following SKF 525A pretreat
ment." 

10. STRESSORS 

The very first indication of an improvement of nonspecific resistance by steroids 
was based on the observation that adrenalectomized animals are extraordinarily 
sensitive to virtually every kind of damage and that their resistance can be restored 
by treatment with glucocorticoids. It was difficult to imagine an antidote that could 
impart such a wide spectrum of protection unless the glucocorticoids would act by 
antagonizing a common endogenous endproduct of exposure to any type of stressor 
or would induce a similarly nonspecific protective enzyme mechanism. In fact, 
conceivably both types of defense against stressors may be of importance: gluco
corticoids might help to increase resistance to some such common metabolites as 
histamine, or to some byproduct of energy liberation, which would be produced 
under the influence of the most diverse stressors. In addition, a stress-induced 
increase in some endogenous substances (e.g., catatoxic steroids) might evoke non
specific multipurpose oxygenases which could inactivate a great variety of toxicants. 

In support of the view that many stimuli may induce enzyme systems which act 
through common pathways, it has been emphasized that an increase in TPO-produced 
by histidine, epinephrine or histamine and other compounds - occurs as a conse
quence of stress with the resulting increase in glucocorticoid secretion. Even X
irradiation, starvation or terminal tumor growth can enhance TPO activity through 
this mechanism. Accordingly, adrenalectomy prevents this form of stress-induced 
enzyme synthesis, whereas the glucocorticoid or substrate-induced TPO synthesis 
proceeds unimpeded. 

These and other observations led to the conclusion that hepatic TPO activity 
plays an important role in metabolic adaptation to stress. The stressors are thought 
to act upon hepatic TPO induction through the pituitary-adrenal axis, whereas 
STH and cortisol may act directly. There is some evidence that STH actually inhibits 
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certain hepatic enzyme induction mechanisms and it is conceivable that stress 
exerts a corresponding action either directly or through the intermediary of the 
pituitary. If so, exposure to stress would have a dual effect in that the inhibitory 
actions just mentioned could be compensated, or even overcompensated, by enhanced 
glucocorticoid production. 

The fact that adrenalectomized rats are extraordinarily sensitive to endotoxin 
and that cortisone antagonizes this effect both in the absence and in the presence 
of the adrenals appeared to support the concept of a close relationship between 
stress and enzymic defense. Curiously, the adrenals of mice given endotoxin failed 
to respond sufficiently to exogenous ACTH. It must be kept in mind however, that 
enormous doses of glucocorticoids are required to antagonize the fatal effect of 
endotoxin and it is unlikely that the glands could produce equivalent amounts 
under the influence of either exogenous or endogenous ACTH. 

Hypoxia produces enzymic changes reminiscent of those elicited by endotoxin, 
and cortisone increases survival at high altitudes. These and other observations led 
to the conclusion that hypoxia also acts upon enzyme induction as a stressor and 
is correspondingly subject to the protective effect of cortisone. 

Perhaps the most interesting recent observations in this connection are those 
showing that complete blockade of sympathetic function achieved by various means 
increases mortality from endotoxin or histamine as markedly as does adrenalectomy. 
This decrease in resistance is counteracted by treatment with epinephrine alone, 
whereas cortisone offers only partial protection. Presumably sympathetic stimulation 
is "the first line of defense against vasomotor disturbances elicited by endotoxin 
and histamine." On the other band, the lethal effect of formalin or tourniquet shock, 
which is also greatly increased by adrenalectomy, is not increased by sympathetic 
blockade. Furthermore, cortisone counteracts the toxicity of these latter stressors 
in adrenalectomized rats suggesting that "formalin and tourniquet shock is initiated 
by a mechanism which differs from that elicited by histamine and endotoxin." 

Knox et al. E83,471f56: Review of the 
Iiterature suggesting that many stimuli which 
induce specific enzyme systems may act 
through common pathways. This is especially 
true of adaptive reactions to stress. "Thus 
increases in the tryptophan peroxidase produ
ced by the administration of histidine, of 
epinephrine, of histamine, and of certain other 
compounds were found to occur by the common 
mechanism of adrenal cortical stimulation. 
Other stressing conditions suchasX-irradiation, 
starvation, and terminal tumor growth have 
also been recognized to increase this enzyme by 
the same mechanism. These effects can all be 
eliminated by adrenalectomy, and thus can be 
distinguished as a group from the increase in 
tryptophan peroxidase induced by substrate 
administration. Further investigation along 
these lines of changes in other specific proteins 
which occur with X-irradiation, starvation, 
stress, or other agents causing adrenal cortical 

49• 

stimulation (e.g. colchicine) may be expected to 
identify still more adrenal hormone-induced 
adaptations." 

Knox G67,799f58: Review of the Iiterature 
and personal Observations Iead to the conclu
sion that hepatic microsomal TPO activity plays 
an important role in metabolic adaptations to 
stress. Stressors act through the pituitary
adrenal axis upon hepatic TPO whereas 
tryptophan, STH and cortisol may act upon 
the liver directly. 

Berry et al. 073,199/59: The observation 
that adrenalectomized rats are extraordinarily 
sensitive to endotoxin strengthens the stress 
concept and would "place injections of endo
toxin in the category of 'stressful situation'. 
Completely contradictory to this notion is the 
totallass in the ability of the adrenals of mice 
given endotoxin to respond to exogenaus 
ACTH ••• These results might be explained by 
a destruction or inactivation of ACTH in vivo. 
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One is still at a loss, however, to understand 
why adrenalectomized animals should be more 
susceptible to endotoxin poisoning unless it is 
assumed that adrenal hormones other than 
glycocorticoids act beneficially against endo
toxin." [Here, the antagonism between gluco
corticoids and endotoxin was tested mainly by 
changes in glyconeogenesis (liver and muscle 
glycogen, total carbohydrate of carcass, 
urinary nitrogen). Hence, the alternative 
hypothesis should also be considered that these 
effects of endotoxin could be antagonized by 
the large dose of cortisone (5 mg p.o.), whereas 
the glucocorticoids Beereted under the influence 
of ACTH did not, suffice to block these bio
chemical consequences of endotoxin poisoning 
(H.S.).] 

lnscoe & Axelrod Dl,700f60: In rats, ex
posure to stress (cold) depressed the ability of 
the liver to produce o-aminophenol glucuronide. 
However, this was due only to a diminution of 
microsomal protein per gram liver. The ability 
of microsomes to hydroxylate acetanilide was 
stimulated by exposure to cold, whereas N
demethylation of meperidine and methadon 
was depressed. Apparently, the effect of stress 
upon drug-detoxication depends upon the sub
atrate used. 

Rupe et al. E26,910f63: In rats, stress pro
duced by placing a tourniquet on one hind leg 
decreases the pharmacologic response to hexo
barbital, meprobamate and pentobarbital. This 
effect is prevented by hypophysectomy or adre
nalectomy, but simulated by ACTH or corticos
terone. No such effect on stresswas noted with 
barbital, a compound not metabolized by hepa
tic microsomal enzymes. Furthermore, the pro
tective effect of stress is counteracted by SKF 
525-A. Apparently, the "pituitary-adrenal ac
tivity exerts a regulating infiuence on drug 
responses." 

Bousquet et al. F 35,073/65: In rats, stressed 
by application of a tourniquet to one hind leg, 
the duration ofresponse to hexobarbital, pento
barbital, meprobamate and zoxazolamine is 
significantly reduced, but only in the presence 
of both the pituitary and the adrenal glands. 
Pretreatment with ACTH or corticosterone 
simulates the effects of stress in shortening 
hexobarbital anesthesia. "It is suggested that 
the pituitary-adrenal axis serves a regulatory 
function with respect to duration of drug re
sponses which may be mediated by an altera
tion of drug metabolism." 

Juchau et al. E50,728f65: In rats, benz
pyrene hydroxylase activity can be induced 
even in the perfused liver in which systemic 

stress and the actions of the pituitary-adrenal 
axis cannot intervene. 
Stitzel &: Furner G48,920f67: In rats, stress 
(cold) increases the rate of p-hydroxylation of 
aniline and N-dealkylation of ethylmorphine 
simultaneously with an increase in adrenal 
ascorbic acid content. The stress-induced stimul
lation of microsomal metabolism and adrenal 
ascorbic acid levels are additive with those 
produced by phenobarbital. "It is tentatively 
concluded that stress and phenobarbital ap
pear to act through different mechanisms in 
inducing increases in enzyme activity, although 
each treatment may have a common final step, 
namely an increased net synthesis of enzyme 
protein." 

Berry et al. H2,124f68: Studies on the 
influence of hypoxia, glucocorticoids and 
endotoxin on hepatic enzyme induction and 
survival in mice. "Endotoxin inhibited the 
induction of tryptophan oxygenase, prevented 
the increase in liver glycogen, induced the 
transaminase, and increased the lethality of 
simulated altitude. Cortisone increased survi
val at all altitudes except the highest. These 
observations emphasize the importance of 
these metabolic adjustments for the survival 
of animals subjected to hypoxic stress." 

Furner & Stitzel G54,558f68: In rats, adre
nalectomy reduces the rate of metabolism of 
ethylmorphine, aniline and hexobarbital. Cor
tisol or stress (cold) stimulates ethylmorphine 
and aniline metabolism, even in adrenalecto
mized animals, whereas phenobarbital enhances 
the metabolism of all three compounds. Ap
parently, "both stress and phenobarbital can 
bring about changes in drug metabolism inde
pendent of the presence of an intact adrenal." 

Krawczak & Brodie H25,296f70: In rats, 
complete blockade of sympathetic function can 
be achieved by demedullation combined with 
reserpine-like agents (depleting catecholamine 
stores), bretylium-like agents (preventing 
nerve impulse from releasing catecholamines) 
or ganglioplegics. Following such total sym
pathetic blockade, mortality from histamine 
or endotoxin is as markedly increased as by 
adrenalectomy. Pretreatment with epinephrine 
alone counteracts the increased lethality of 
endotoxin and histamine after sympathetic 
blockade. Cortisone pretreatment only partial
ly corrects the sensitization by adrenalectomy, 
whereas cortisone + epinephrine offers com
plete protection against these agents. Presum
ably, sympathetic stimulation is "the first line 
of defense against the vasomotor disturbance 
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elicited by endotoxin and histamine." The 
Iethai effect of formalin or tourniquet shock 
is likewise greatly increased by adrenalectomy 
but, in contrast to that of endotoxin and hista
mine, it cannot be increased by sympathetic 
blockade. Furthermore, cortisone alone coun-

teracts the toxicity of these stressors in adre
nalectomized rats. Apparently "formalin and 
tourniquet shock is initiated by a mechanism 
which differs from that elicited by histamine 
and endotoxin and does not primarily involve 
the sympathetic system." 

11. ROMEOSTASIS AND THE NONSPEOIFIOITY OF 
STEROID-INDUOED RESISTANOE 

Two of the most intriguing problems in connection with the hormonal regulation 
of resistance are that: 

1. The actions of the adaptive hormones are primarily homeostatic; they readily 
correct severe deviations from the norm but have little or no effect upon near normal 
blood and tissue concentrations of most chemical compounds. 

2. The defensive actions of protective hormones are largely nonspecific; they raise 
the resistance of the body against the damaging actions of many toxicants upon the 
most diverse organs. 

We have already touched upon the first problern in the previous sections in 
connection with the old debate about whether catatoxic compounds act only against 
"foreign compounds" and came to the conclusion that this is not the case, at least 
not in the original formulation of this concept. These compounds do act against 
numerous natural constituents of the body, but mainly if the latter are present in 
abnormally large amounts. This postulate is, of course, most readily fulfilled with 
"foreign compounds" (e.g., barbiturates) which are "present in abnormally large 
amounts" whatever their blood concentration. 

One must also consider the possibility that the magnitude of a detoxifying 
reaction may depend primarily on the amount of substrate present. If an enzyme 
system is more than sufficient to cope with near physiologic amounts of substrates, 
induction of further enzymic activity can be beneficial only when abnormally high 
demands are imposed by considerable increase in substrate concentration. In other 
words, under near-physiologic circumstances, the available enzyme concentration is 
not the rate-limiting factor in detoxication. 

We also saw that the glucocorticoids are most effective in raising resistance to 
stress towards normal, but not above a near-physiologic Ievel. This was probably one 
of the first pertinent observations. It seemed odd that small doses of the earllest 
impure cortical extracts should be so eminently effective in restoring the subnormal 
resistance of adrenalectomized rats to a stressor such as cold, whereas even large 
amounts of the same preparations (or of the subsequently discovered highly potent 
synthetic glucocorticoids) failed to make intact rats more than normally resistant to 
cold. Yet, selectively homeostatic actions of drugs are not unprecedented: anti
pyretics are highly active in decreasing fever but cause no hypothermia; antiphlo
gistics combat inflammatory edema but do not diminish the hydration of normal 
tissues. 

It remains to be seen why this type of homeostatic arrangement is effective 
against so many potential pathogens. We have no definite information about this 
point but, for example in the case of glucocorticoids, it is conceivable that their effect 
upon capillary permeability, or membrane permeability in general, endows them with 
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the properlies of "tissue tranquilizers" in that, by diminishing fluid transport and 
metabolic turnover, they paralyze topical reactivity in general. This would explain 
why they are "syntoxic" and facilitate tolerance of potential irritants even without 
attacking the latter. This hypothesis is also compatible with the observation that 
the defensive effect of syntoxic compounds is so largely nonspecific, since innumer
able agents cause darnage not bydirectlydestroying or attacking tissues, but by evok
ing excessive reactions through their irritating effect. 

But how could we explain the almost equally great nonspecificity of the protective 
effect of catatoxic steroids which act against different toxicants and through a differ
ent mechanism 1 These hormones (or at least the great majority of those among 
them that have been adequately studied) act by destroying pathogens, not by 
rendering tissues insensitive to them. Furthermore, catatoxic steroids are most 
effective in raising resistance far above normal whereas syntoxic steroids are especial
ly efficacious in restoring the subnormal stress-resistance of the hypocorticoid 
organiBm to the normal level. In other words, here again, the actions of catatoxic 
compounds are virtually the opposite of those elicited by syntoxic steroids. 

In both these instances it is difficult to imagine through what chemical mecha
nisms the same steroid could offer nonspecific resistance against so many kinds 
of damaging agents, especially since this nonspecificity, though considerable, is not 
absolute. Both syntoxic and catatoxic steroids protect against numerous potential 
pathogens, quite unrelated in their chemical structure or toxicologic activities; yet 
both types of hormones offer considerable protection against some, but Iittle or none 
against other forms of damage. In the case of the catatoxic steroids it is highly 
unlikely that Nature would have foreseen a specific enzyme for the destruction of 
each of the many substrates which they detoxify, including even newly synthesized 
toxicants to which no defense mechanism could have been developed during evolution 
of the species or the individual. On the other hand, if the body would manufacture 
a single enzyme (or a small set of enzymes) with an enormous range of detoxifying 
power, how could this protection nevertheless be specific to some extent in that 
certain catatoxic compounds are more selectively effective or ineffective against 
individual toxicants. 

In reviewing all our data concerning the effect of hormones upon resistance, and 
particularly the Synoptic Tables 138 and 139 it appears that, at least in theory, we 
should distinguish between the following actions: 

I. N onspecific detoxication. The power of many steroids to protect against a large 
nurober of apparently unrelated toxicants. 

ll. Nonspecific toxication. The property of decreasing resistance to many toxi
cants. 

111. Specific detoxication. The ability of increasing resistance selectively to one, 
or only a few, of the toxicants tested. 

IV. Specific toxication. The selective diminution of resistance to one or few toxi
cants. 

It is remarkable that most catatoxic steroids exhibit the "Type I" action in that 
they increase nonspecific resistance to many agents. Only very few, if any, catatoxic 
steroids show a "Type II" effect, although to some extent this may be true of estradiol 
and of the only nonsteroidal hormone in our series, thyroxine. These do impair 
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resistance to numerous toxicants; yet, their effect is by no means as pronounced or 
general as that of actinomycin, puromycin, ethionine or SKF 525-A, which interfere 
with various steps in enzyme-protein synthesis or function. Finally, among the 
intoxications included in our series, only few are specifically prevented or aggravated 
by steroids, thyroxine or phenobarbital. 

W e cannot explain the great predominance of "Type I" activity among the cata
toxic steroids nor do we understand through what mechanism a single compound 
could provide resistance against so many toxicants. However, as a tentative worlring 
hypothesis, it is tempting to assume the existence of some nonspecific "common pre
requisites" which might participate, and even be rate-limiting, in numerous chemical 
reactions that influence resistance. This could be achieved by general regulators of 
enzyme synthesis and degradation, as well as by factors influencing the availability 
of common co-enzymes or of substrates which provide the energy necessary for the 
most diverse chemical reactions. Similarly, very different types of defensive re
sponses could be modified by factors affecting membrane permeability (e.g., fat 
solubility), or the binding of toxicants to blood proteins. 

To take the most common "Type I" effect as an example, it may be postulated 
that some common prerequisites of defense reactions are used up in the fight against 
stress or for the development of resistance to substrates of catatoxic steroids. If so, 
the need for such adjuvant substances would be a nonspecific prerequisite for the 
activation of many specific defense reactions. The syntoxic and catatoxic steroids 
may produce such common adjuvants and thereby exert a highly nonspecific pro
tective effect. Understandably, supplements of the common prerequisites (provided 
through appropriate steroid treatment) would have little effect under near-physiologic 
circumstances when they are in ample supply to start with. Conversely, at times of 
excessive demands, an appropriate increase in the availability of the common ad
juvants may be the decisive rate-limiting factor in the development of resistance to 
many agents. 

In summary, we might assume as a tentative working hypothesis that the pro
tective steroids (both syntoxic and catatoxic) activate a limited number of com
paratively nonspecific enzyme systems which can attack diverse substrates by facili
tating prototypes of biotransformation reactions ( e.g., oxidation, reduction, conjuga
tion) and by providing "common adjuvants" (cofactors, energy yielding substances) 
which enhance many types of enzymic responses. 

On the other hand, certain protective sterotds are selectively effective against 
certain toxicants or, conversely (despite a very general protective effect), selectively 
fail to induce resistance against certain drugs. This fact might be ascribed to specific 
characteristics of either the substrates or the protective steroids which happen to 
block the degradation of individual toxicants or interfere with their effect by fortuitous 
pharmacologic synergisms or antagonisms. Such interactions could occur either at 
the site of enzyme induction or even in the peripheral target organs. Furthermore, 
a certain type of enzymic reaction (e.g., S-demethylation, aliphatic oxidation or 
aromatic hydroxylation) may abolish the damaging effects of many toxicants and 
yet have no effect or actually aggravate those of others, depending upon the pharma
cologic properties of the resulting metabolites. It is not unexpected therefore that 
the enzyme induced by very "broad spectrum" catatoxic steroids may selectively 
be without avail in offering protection against a given substrate and conversely that 
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the su bstrate easily deto:xified by numerous steroids may be resistant to one of 
them. 

The following schematic drawing may help to remernher what we consider tobe 
the principal facts concerning the observations just mentioned. At least in theory, 
we assume the existence of four basic types of hormonal infl.uences upon re
sistance. 

~ ~ +-Type III 

1..:::::~::::: -~:~:~::.]·::::~:::::l:::::;·::::l·:ö-:-;~:-;;;:1.:-:-:-:-~:;;;:[~~i,~:·:_: I:::::~:::::I.=:.:_:;:_:_:::I::-:-:!:Z-:-:-::1: i~: ~I~ 
'===~=~=J +-Type IV 

Here, the horizontal bar represents a series of ten intoxications (the consecutively 
numbered squares). The numbers themselves indicate the amenability ofthese intoxi
cations to various types of hormonal regulations. In this theoretical series, every 
toxicant (1-10) is shown as amenable to the nonspecific detoxication of "Type 1". 
The narrow shaded lower part of this series would correspond to nonspecific toxication 
of the "Type II" variety, but it is questionable whether any hormone actually pos
sesses sufficiently nonspecific toxifying actions to fulfill the requirements for this 
hypothetic category. Among those tested, several (thyroxine, folliculoids) tend to 
enhance the toxicity of many agents, but no hormone or hormone derivative pos
sesses as broad a spectrum of toxicant actions as the detoxicant effects of "Type I" 
steroids or the resistance aggravating actions of such antagonist drugs, as SKF 525-A, 
puromycin or actinomycin. 

"Type III," specific detoxication, is indicated by the squares 2A and 7 A, whereas 
"Type IV," specific toxication, is represented by 9B. The same intoxication is not 
necessarily amenable to modification by specific (Type III & IV) and nonspecific 
(Type I & II) conditioning agents; in fact these positive and negative conditioning 
effects (detoxication and toxication) obviously cannot occur at the same time as 
might be implied by the drawing, which only attempts to illustrate all possibilities. 
Spironolactone definitely possesses considerable "Type I" activity, but its protective 
effect upon mercury intoxication is specific (Type III). On the other hand, triamcino
lone and other glucocorticoids may exert specific protective actions (Type III) against 
various ganglionic blocking agents, lathyrogens or inflammation without possessing 
nonspecific catatoxic properlies of "Type I." 

It remains to be shown whether this attempt at a classification will prove to be 
of heuristic value, but it is clear that any attempt to explain the relative non
specificity of catatoxic steroids must be compatible with the fact that none of them 
has an identical protective spectrum; the type and degree of protection they offer 
against different toxicants is as individualistic as the fingerprints or the genetic code 
ofa man. 
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Solymoss et al. G79,023J71: lnrats, pretreat
ment with PCN or spironolactone increases 
liver weight, glutathione S-aryltransferase ac
tivity and bile flow. At the same time, the 
plasma clearance and biliary excretion of BSP 
and its conjugated metabolites are enhanced. 
Ethylestrenol likewise increases liver weight 
but does not alter the other parameters men
tioned above. Spiroxasone, SC-9376 and CS-1 
(antimineralocorticoids), unlike norbolethone 
and oxandrolone (anabolics), also enhance 
plasma clearance of BSP, probably through 
the same mechanism. In contrast to these ef
fects of pretreatment, administration of spiro-

nolactone, ethylestrenol or estradiol immedi
ately before BSP delays plasma clearance of 
the dye, probably through competitive inhibi
tion of biliary excretion. SKF 525-A does not 
suppress the enhanced BSP clearance induced 
either by spironolactone or by phenobarbital. 
[Although the authors did not evaluate their 
data from this point ofview, these observations 
clearly show that the catatoxic activity of ste
roids is not merely the result of hepatic micro
somal drug metabolizing enzyme induction. It 
may also be mediated through extramicrosomal 
enzyme mechanisms or even through enhanced 
biliary excretion (H.S.).] 



XL SYNOPSIS OF PHARMACO-CHEMICAL AND 
PHARMACO-PHARMACOLOGIC INTERRELATIONS 

In analyzing the mechanisms through which hormones can influence resistance, 
we must consider first the various forms of drug interactions in general and second 
the structural prerequisites for the protective actions of hormones. It is obvious that 
drugs and hormones may interact by influencing each other's absorption, excretion, 
distribution within the organism, metabolism, as weil as by direct chemical or 
pharmacologic interactions that occur between drugs in vivo. However, these mecha
nisms are the subject of general pharmacology and hence they will only receive 
cursory attention here. 

The principal objective of this section is to correlate the many experiments which 
we performed to obtain material for a glimpse into the structural (chemical) or 
pharmacologic prerequisites for the ability of steroids to protect the body against 
toxicants. 

VARIOUS FORMS OF DRUG INTERACTIONS 

In discussing the various forms of interactions between drugs (including hor
mones), several mechanisms must be considered, for example: 

1. The gastrointestinal absorption of one drug can be affected by another which 
alters the pH of the alimentary tract, the permeability of its epithelium or peristalsis. 

2. Drugs may affect the renal, biliary, or intestinal excretion of other drugs. 
3. One drug may alter the distribution of another drug within the organism, e.g.: 
a) by altering the permeability of the hemato-encephalic barrier; 
b) by competing for shared protein-binding sites in the plasma, thus augmenting 

the biologic activity of the displaced drug; 
c) by competing for receptor sites in tissues, thus diminishing the activity of the 

displaced drug. 
4. Drugs may affect the synthesis, degradation or activity of microsomal and 

extramicrosomal drug-metabolizing enzymes. 
5. Direct chemical interactions between drugs (e.g., chelation) may lead to their 

inactivation in vivo. Addition of a pharmacologically inert radical to a potent drug 
may also alter the susceptibility of the latter to microsomal enzyme activity (e.g., 
morphine and barbital are resistant, whereas ethylmorphine and phenobarbital 
are highly susceptible to degradation by microsomal enzymes). Such an "opsoni
zation" by addition of a radical may increase the liposolubility of a drug and hence, 
its capacity to penetrate through membranes. This type of synthesis has not been 
definitely proven to occur in vivo, but it may play a role in drug interactions. 

6. Direct pharmacologic interactions between drugs (e.g., between a vasoconstrictor 
and a vasodilator, or between two vasodilators) may lead to an increase or a decrease 
in their activity. 
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Drug Interactions in General 

Fouta G77,566f64: Review (5 pp., 18 refs.) 
on the effect of drugs upon drug metabolism. 

Molver G78,39Jf65: Review (4 pp., 43 refs.) 
on drug incompatibilities. 

Remmer G78,385f65: Review (24 pp., 
156 refs.) on the mechanism of drug inter
actions. 

Gillette G78,390f67: Review (19 pp., 96 refs.) 
on theoretical aspects of drug interaction. 

Mclver G77,708f67: Review (6 pp., 41 refs.) 
on drug incompatibilities. 

Block & Lamy G81,054f68: Review (6 pp., 
82 refs.) on therapeutic incompatibilities ofim
portance to pharmacists. 

Bartslwrn G78,178f68: Greatly simplified 
but excellent revue (8 pp., about 35 refs.) 
enumerating various ways in which drugs can 
interact and illustrating each type with a few 
examples. 

Bartshorn G81,056f68: Review (4 pp., 17 
refs.) with practical hints on drug interactions 
useful to the pharmacist. 

BartshornG81,057f68: Review (7pp., 3refs.) 
consisting mainly of tables concerning drug 
interactions. 

BussarG81,059f68: Review (11 pp., 82refs.) 
on drug incompatibilities. 

Pelissier & Burgee, Jr. G79,655f68: Abrief 
guide to drug incompatibilities irrespective of 
the underlying mechanism. 

Block & Lamy G81,052f69: Review (5 pp., 
27 refs.) on drug interactions with tabular sum
maries on changes in metabolism, binding to 
plasma and urinary pH changes produced by 
one substance which may alter the activity of 
another compound. 

Dunphy G77,712f69: Review (11 pp., 
about 30 refs.) on drug interactions with an 
outline of an extremely simplified index listing 
a few examples of these. 

Bartshorn G81,055f69: Review (7 pp., 33 
refs.) on interactions among anti-infective 
agents. 

BussarG 81,053 f69: Practical hints concern
ing drug interactions of interest to the phar
macist. 

Visconti G77,709f69: Review (10 pp., no 
refs.) on how drug interaction information may 
be used preventively. 

Arii!ns G79,943f70: Review (48 pp., about 
160 refs.) on drug interactions with special re
ference to antagonisms, metabolic inactivation 
and metabolic activation. [Excellent summary, 
but the poor English is difficult to follow 
(H.S.).] 

Neumann G80,018f70; G80,550f70: Review 
(5 pp., no refs.) on drug interactions in the 
style of a postgraduate lecture. 

Mannering G74,88lf71: Review of the 
Iiterature on drug interactions in generalleads 
to the conclusion that "a drug may alter the 
action of another drug in several ways: 
a) by producing one or more effects similar 
or opposite to those of the drug in question, 
b) by direct chemical or physical interaction 
of drugs, c) by displacement of drugs bound 
to plasma or other proteins, d) by altered 
renal clearance of drugs, e) through condition
ing by previous drug effects, f) by interaction 
of drugs with receptor sites, and g) by inhibi
tion or stimulation of the metabolic site. 
Examples of all of these interactions are given 

" 
Lipid Solubility 

Brodie G55,013f62: "Metabolism of the 
microsomal enzymes seems to be governed by 
Iipid solubility, for only substances that are 
highly Iipid soluble are metabolized by 
microsomes." 

Mannering G71,818f68 (p. 74): A survey 
of the Iiterature shows that compounds with 
low Iipid solubility are poor inducers of drug
metabolizing microsomal enzymes, whereas 
potent inducers are, in general, highly soluble 
in organic solvents. [Y et all steroids are Iipid 
soluble but arenot good inducers (H.S.).] 

Carriers 

Baird & Reid G51,827f67: Pancuronium 
bromide produces neuromuscular blockade in 
man. 

Lewis et al. F95,691f67: In various test 
procedures, steroidal monoquaternary ammo
nium salts exhibited non-depolarizing neuro
muscular blocking activity. 

Bonta & GoorissenG75,052f68; BuckettG75, 
531!68: Pharmacologic studies on the neuro
muscular-blocking effect of pancuronium. 

Buckett et al. G56,175f68: "Pancuronium 
possesses up to ten times the potency of 
tubocurarine according to the species used for 
testing, while possessing similar duration of 
action." 

Reyes et al. G71,233f69: In rats pheno
barbital "enhanced hepatic uptake of an 
organic anion, bromsulphalein, in vivo and 
simultaneously increased the amount of Y, 
a hepatic cytoplasmic organic anion-binding 
protein. This study supports the postulate 
that Y is a major determinant in the selective 
hepatic uptake of certain organic anions from 



770 Synopsis of Pharmaco-Chemical and Pharmaco-Pharmacologic Interrelations 

plasma." Induction of Y may enhance hepatic 
uptake and metaboliBm of various substrates 
following treatment with phenobarbital and 
other inducers. 

Wall et al. G69,969f69: Aseries of steroid 
esters of p-[N,N-bis(2-chloroethyl)amino] phe
nylacetic acid (BCAPAA), steroidal sulfides of 
p-(N,N-bis-2-chloroethylamino)thiophenol, and 
a variety of steroidal ethylenimine derivatives 
were synthesized and tested for antitumor 
activity. "Activity was found only in those 
instances in which the steroid and potential 
oncolytic agent were connected by ester or 
heterocyclic ether Iinkages. The steroidal 
BCAP AA esters were of particular interest 
showing excellent inhibition of a DMBA
induced and transplantable mammary adeno
carcinoma, and marked increase in survival 
when tested on a variety of rat leukemias .••• 
The steroidal BCAP AA esters were judged tobe 
less toxic than some of the well-known nitrogen 
mustards in general use." 

Chaauki et al. G77,223f70: In 50 patients, 
pancuronium bromide was found to be an 
active non-depolarizing neuromuscular block
ing agent, about 5 times as active as curare and 
25 times more potent than gallamine trie
thiodide. Its advantages are rapid onset of 
action, no release of histamine and little 
disturbance in blood pressure, because of a 
weak ganglioplegic action. 

Dick et al. G77,777f70: Favorable clinical 
experiences with pancuronium as a muscle 
relaxant in anesthetized patients. 

Feldman eh TyrrellG76,666f70: Dacuronium 
bromide (2ß, 16ß-dipiperidino-5x-androstane-
17 ß-diol-3x-acetate dimethobromide) is closely 
related to pancuronium bromide but the 
acetoxy group at c17 is replaced by a hydroxyl 
group. It has proven its usefulness as a non
depolarizing muscle relaxant in man. Its 
effect is fully reversible by edrophonium or 
neostigmine. 

PREREQUISITES FOR THE PROTEOTIVE AOTIONS OF HORMONES 

Looking back upon research on hormones and resistance, as outlined in this 
monograph, it may be instructive to reexamine the justification of the path followed 
and to summarize the main points. 

It is not without hesitation that we embarked upon this project some 35 years 
ago; we realized, to start with, that this would be a life-long undertaking with 
virtually no background data for logical planning. On the basis of what we had 
learned in 1936 about the role of the adrenal cortex in defense against stress, no 
other course seemed to be open to us but that of a purely empirical, large-scale 
screening of many steroids (more or less closely related to the corticoids) for possible 
protective effects against many toxicants. 

However, the possibility of finding highly potent and comparatively nontoxic 
protective steroids appeared to hold considerable promise of practical applicability 
and the screening did not have to rely on chance alone. To some extent, we could 
be guided by the pharmacologic and chemical characteristics of compounds previously 
shown to have protective potency against certain substrates. We used the same guide 
lines for the identification of toxicants amenable to prophylaxis by steroids. It is on 
the basis of this kind of empirical research that we are now beginning to see outlines 
of a classification which permits us to predict, with some degree of probability, 
what compounds are likely to possess protective effects against what types of toxi
cants. 

Because of the large number of experiments required to explore the many possible 
combinations of such interactions, we had to rely on simple in vivo observations 
in which directly visible (functional or structural) changes and mortality rates were 
our principal indices of activity. Yet, in the early days we were encouraged by the 
knowledge that similar screening efforts did prove to be eminently successful in many 
other fields. The classification of bacteria on the basis of their ability to grow on 
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certain media or to take up the Gram stain, the screening of antibiotics ou plates 
inoculated with various bacteria, the blind testing of 606 chemotherapeutic agents 
that finally led Ehrlich to the discovery of "Salvarsan," are but a few examples to 
illustrate this point. 

In our own work we could demonstrate the nonspecificity of the pituitary-adrenal 
response only by countless in vivo tests with many stressors; only the screening 
of numerous calciphylactic sensitizers and challengers permitted us eventually to 
induce localized tissue calcification in a predictable and highly specific manner. 

Naturally, as soon as any new protective phenomenon was discovered, in vitro 
studies in depth became necessary to clarify the underlying mechanisms; for example, 
after we noted the prevention by spironolactone of digitoxin and mercurial intoxi
cation, or the extraordinary degree and spectrum of protective effects that can be 
induced in steroids by the introduction of a nitrile group. Much of this work is still 
tobe done, but before we could even think about elucidating the manner in which 
a protective phenomenon works, we had to know first that the phenomenon exists. 

So much for self-justification. 
To begin with, we had to develop an economic procedure which permitted large 

scale experimentation with a minimum waste of steroids, many of which are difficult 
to synthesize. Then we had to design a technique for the correlative evaluation of the 
many individual observations made. 

Our assay procedure consisted of the following three steps: 
1. Establishment of possible protective potency against two standard toxicants: 

digitoxin and indomethacin. 
2. Determination of the "protective spectrum" of the steroids found to be active 

in step 1. 
3. Identification of damaging agents amenable to prophylaxis by steroids which 

have revealed interesting activities in step 2. 

Before describing these steps in detail, we 
shall have to say a few words about the 
evaluation of the data obtained. The results 
of the first screening have been tabulated in 
the conventional way (Table 135) by listing 
the mean severity of the actual changes as 
previously described for comparable studies on 
the effect of 304 steroids upon indomethacin 
and digitoxin poisoning (Selye G70,42lf70). 

In addition, we constructed Synoptic Tables 
(Tables 136, 137, 138) in which these and many 
additional results are summarized on the basis 
of the degree of the signüicance ratings (cf. 
"Statistical Evaluation," p. IX) according to a 
system developed by Mrs. I. Mecs of this 
Institute. The figures indicate the means of the 
statistical signüicance grades of the changes 
(functional or structural) used as indicators, 
plus that of the mortality rates divided by 2. 
Thus, in an experiment in which the protection 
against intestinal ulcers had a significance 
rating of "0" (no protection), and the signifi-

cance of the protection against mortality 
was 3 "***" (perfect protection), the figure 
given in the tables would be 1.5. Only in the 
case of compounds which normally cause no 
mortality (e.g., anesthetics, muscle relaxants) 
do the grades correspond to structural or 
functionallesions alone. 

The Synoptic Tables (136, 137, 138) also 
list the "Mean Overall Protective Index" 
computed according to a procedure closely 
related to the "Simplüied Activity Grading" 
system previously described (Selye G 70,421 f70). 
This index represents the allgebraic sum of all 
the individual activity gradings for a certain 
protective substance divided by the nurober 
of toxicants against which it was tested. 

In addition, we computed the "Total 
Overall Protective Index" which represents the 
arithmetic sum of all the individual activity 
gradings (disregarding negative grades). 

Furthermore, we computed the "Protective 
Spectrum Index" which is the percentage of 
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those toxicants tested against which significant 
protection is obtained (irrespective of the 
degree of significance). Thus, if a steroid offers 
significant protection against 6 out of 10 toxi
cants examined, its "Protective Spectrum 
Index" is 60%. 

In the Synoptic Tables, these Indexes have 
also been computed for the amenability to 
protection of the various toxicants (three bot
tomhorizontal lines). In other words, here the 
figures indicate the mean degree or the percent
ile frequency of protection offered by the entire 
series of conditioners against any one toxicant. 

Finally, to further facilitate the overview 
of this complex field we constructed a "Diagram 
Table" (Table 139) which graphically summari
zes the highlights of Table 138, except that the 
results are registered only for one dose Ievel of 
the toxicants and are expressed in a scale in 

which intermediates between the four grades 
are not recognized (for details cf. footnote on 
Table 139). Furthermore, in Table 138, the 
toxicants are listed in alphabetical order for 
easy identification, whereas in Table 139, 
they are enumerated according to decreasing 
"Total Overall-Protective Index" values. 

Since the !arge nurober of experiments to be 
reported here was performed over a consider
able period of time, in each case, a group of un
pretreated controls received the same toxicant, 
simultaneously with the rats that had been 
pretreated with potentially protective substan
ces. The statistical significance of the resulting 
changes in the pretreated animals was always 
calculated in comparison with the correspond
ing group of unpretreated controls handlad 
under identical circumstances, at the same 
time and by the same technician. 

Using these procedures for the evaluation of our data, we examined the steroids 
available for this work according to the above mentioned three-step procedure. 

First Step: Protection Against Digitoxin and lndornethacin 

The first systematic investigations designed to identify protective steroids con
sisted of a series of bioassays in which 304 natural and synthetic steroidal compounds 
were tested for their ability to protect the rat against digitoxin and indomethacin, 
under the experimental conditions outlined in the preceding section. Since these 
results have been the subject of an extensive review (Selye G70,421J70), we shall 
Iimit ourselves here to a brief description of the principal conclusions derived from 
them. 

Protective activity was widespread among the steroids of this first series; it was 
dernonstrahle among gonanes, estranes, androstanes, androstenes, 5ß- and 5a-preg
nanes as weil as among pregnenes, with one or more double bonds, and with or 
without halogen substitution in the ring system. On the other hand, cholanes, chole
stanes and genins were uniformly inactive, with the sole exception of methylnorde
oxycholanate (3a,12a-dihydroxy-24-nor-5ß-cholan-23-oic acid methyl ester). 

Because of this widespread distribution of anti-indomethacin and antidigitoxin 
activity throughout various classes of steroids, it was difficult to formulate any 
clear-cut rules about pharmaco-chemical correlations in this field. It does appear, 
however, that although catatoxic activity is not strictly dependent upon any single 
structural prerequisite, in general the 17 a-propionic acid-y-lactone side-chain 
is advantageaus for both antidigitoxin and anti-indomethacin activity. It is perhaps 
also not purely coincidental that a very !arge number of active catatoxic steroids is 
found among the 1,4-androstadienes as weil as among halogenated androstene and 
pregnene derivatives. It is likewise noteworthy that several of the most active 
catatoxic steroids are 19-nor compounds, hence the angular methyl group at C10 

is not only dispensable but often advantageous. The most striking observation in 
this series of tests was that among all 304 steroids tested the most active against 
both substrates proved tobe a cyano-compound, namely PON. 
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This first systematic screening series also revealed that the catatoxic activity is not 
strictly dependent upon any other known pharmacologic property, although most of 
the highly potent antidigitoxin and anti-indomethacin steroids also exhibit anti
mineralocorticoid or anabolic properties. 

Because of the comparatively small number of animals that could be used for the 
bioassay of the many, not readily available, steroids, only the lowest and the highest 
activity grades were given serious consideration. However, even on this rigid basis 
of appraisal, we found that at a 10 mg dose level, among 304 steroids tested, there 
were: 

Active only against indomethacin: 42 
Active only against digitoxin: 32 
Active against both substrates: 24 

the remainder being inactive or of doubtful 
activity. 

At the 0.5 mg dose level, we found: 

Active only against indomethacin: 1 
(Cpd. 277 and betamethasone acetate) 
Active only against digitoxin: 1 
(CS-1) 
Active against both substrates: 1 
(PCN) 

These compounds correspond to the following structures: 

OH 
CH, CH,-CH,-COOK 

3 

. 

0 
HO 

CS-1 PCN 

3 

CH3 

c t=o 
···CN 

9a-Fluoro-11 ß-,17 -dihydroxy-
3-oxo-4-androstene-17 a-propionic 
acid potassium salt (SC-11927) 

3 ß-Hydroxy -2-oxo-5-pregnene-
16a-carbonitrile (SC-4674) 

Betamethasone acetate 
9a-Fluoro-16ß-methyl-11 ß,17 ,21-
trihydroxy-1,4-pregnadiene-3,20-
dione 21-acetate 

3 

0 

CH20Ac 
I 

CH C=O. ·No... 
··o....-CH:I 

"Cpd. 277" 
21-Hydroxy-3-oxo-1,4,9 (11}
pregnatrieno-[17 a,16a-d]-
2' -methyl-oxazoline acetate 

It is especially noteworthy that several ofthe active catatoxic steroids are naturally 
occurring hormones, hormone precursors or hormone metabolites such as: pro
gesterone, 17 a.-hydroxyprogesterone, 5-pregnenolone, dehydroisoandrosterone. 
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Encouraged by these :first observations, we then proceeded to repeat some of the 
key observations at lower dose Ievels. We also performed similar tests on many 
additional steroids, especially carbonitriles and other compounds related to the most 
active members in the preliminary series. This work (Selye 0 70,480/71) was done 
under experimental conditions exactly corresponding to those of the :first screening 
tests, and the results are summarized in Table 135. 

However, before describing these most recent experiments, we must say a few 
words about the SSS steroid terminology. Up to now, in discussing the literature, we 
used essentially the same terms as did the authors quoted. This was far from satis
factory, but unfortunately unavoidable, because we could not have taken the 
responsibility of translating into any accepted steroid nomenclature the often 
ambiguous mixtures of trivialand systematic designations that are sometimes em
ployed even by the most reputable pharmacologists and clinicians. However, in the 
following description of our own experiments with fully characterized compounds, 
these will be identified not only by their structure formulas and the official de
signations accepted by the International Union for Pure and Applied Chemistry 
(IUPAC Commission 082,068/69), but also by the much more easily understandable 
and simpler SSS terms. The SSS (Symbolic Shorthand System of steroid terminol
ogy) (Selye et al. 079,034/71) can be briefly summarized as follows: 

Basic Principles 

The main advantages of the SSS nomen
clature are: shortness of code terms, logieal 
eonsisteney, and simplieity. The principles 
which guided its design are: 

Rigid observanee of left-to-right preeedenee 
order in the coining of symbols. The parent 
hydrocarbon comes first, then its substituents 
in a strictly determined sequence. Each Sub
stituent is named by a symbol followed by a 
positional number according to the principle 
of: "firstwhat, thenwhere" (e.g., 17ß-Hydroxy
androstan-3-one = Aol17ßOna). 

We deviate from this rule only in the case 
of "secondary parent hydrocarbons" in which 
the main parent hydrocarbons (e.g., estrane, 
androstane) are provided with side-chains 
attached by C-C linkages (e.g., methyl
androstane or cyanopregnane). In such cases, 
substituents of the side-chains are mentioned 
immediately after the latter. E.g., an andros
tane with a hydroxylated (ol) methyl group (I) 
attached at 16ß is written Alohsp and the 
whole expression is underlined (or boldface) 
to distinguish it from substituents on the main 
parent hydrocarbon itself which follow accord
ing to the order of precedence described below. 
For example, if the methylandrostane just 
mentioned also contains a ketone group at 
3 and a fiuorine in the 9cx-position, we write 
Aloh&ßOnaF9". 

No signs to indieate two or more identieal 
charaeteristies (e.g., diene, triol, dione). The 

sign LI and the suffix "-ene" are also omitted 
since appropriate position numbers make them 
superfluous. Mter the symbol of the parent 
hydrocarbon (e.g., A = Androstane) super
script numerals suffice to designate the degree 
of unsaturation, while subscripts qualify the 
position and number offunctional groups (e.g.: 
A 4•6olnß,l7ctona 11ß,17 .. -Dihydroxy-4,6-
androstadien-3-one ). 

No silent "e'' (e.g., in "one"). This is always 
omitted, not only when the next syllable 
begins with a vowel. The final "e" does not 
change either the meaning or the pronuncia
tion of the syllable and, in many languages, it is 
not used in any case. Besides, SSS (like 
IUPAC) is not meant for oral communication. 

Since esters are always formed with 
alcohols, the esterifi.ed OH groups are not 
separately indieated. E.g., instead of 5cx
Androstane-3ß,17cx-diol 3-acetate 17 -propionic 
acid ester, we merely write A5cx*II"ap*Ill"l7ct 
(* = ester; "= acid), since the 3ß-acetate or 
17cx-propionate can only be formed with the 
corresponding alcohols (cf. alBo p. 775 and 
776). Furthermore, we employ short symbols 
instead of writing out the full names of the 
esterified acids and, instead of the usual "-", 
we separate ester functions from the parent 
hydrocarbon by an asterisk which uses no 
more space than the dash and yet further 
characterizes the following symbols as an 
ester. 
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No prefixes. It is superfluous to burden a 
codifier with a complex dictionary of rules 
according to which he must write a given 
symbol as a prefix or suffix. In SSS, the parent 
hydrocarbon is the first part of any designa
tion; all other symbols are added as suffixes. 

No synonyms. Every structural feature 
receives one name or symbol. This procedure is 
greatly facilitated by the omission of prefixes 
which complicate other systems. For example 
in IUPAC: 

Carboxylic acids are named "Carboxy-" as 
prefix, and "-oic", "-ic" or "carboxylic acid" 
as suffix. 

Alcohols are "Hydroxy-" as prefix and 
"-ol" as suffix. 

Aldehydes are "Oxo-" as prefix and "-al" 
as suffix. 

Most confusingly, ketones are also "Oxo-" 
as prefix, but "-one" as suffix. 

Typesetting and punctuation are used to 
specify chemical characteristics without length
ening names. Instead of separating all parts of 
a term by dashes (- ), SSS uses no separating 
sign or (where there may be ambiguity) the 
shorter comma (,). The latter is replaced by an 
asterisk (*) to indicate ester function. Commas 
also separate the position numerals of identical 
functions (e.g., olap,9ß,17ot)- No punctuation is 
used to separate the constituents of a single 
functional group. E.g., *III"ap, fully charac
terizes the location on Cs and the steric position 
of an alcohol group esterified with propionic 
acid; the three ingredients (3, ß, III") need not 
be separated by dashes or any other sign which 
would only tend to break up what is actually 
one unit of expression. 

The simplest symbolic code terms are used 
lor the most common expressions. Thus, the 
main parent hydrocarbons have symbols 
consisting only of the first Ietter of their full 
name (e.g., G = Gonane, E Estrane, 
A = Androstane) although, in some instances, 
one or two additionalletters are added to avoid 
ambiguity (e.g., CH = Cholane, CHT = Choles
tane, etc.). For emphasis, the symbols of the 
main and secondary parent hydrocarbons -
including signs of intrinsic modifications such 
as: isomerism, unsaturation, nor, homo, abeo -
are underlined and always capitalized (in 
printing, italicized or set in boldface). 

Whenever possible, simple, selfexplanatory 
mnemonic abbreviations are used for all 
substituent radicals, e.g., for normal alkyls 
roman numerals, indicating the nurober of 
carbon atoms contained: 

50 Selye, Hormones and Resistance 

I = Methyl II = Ethyl III = Propyl 
IV = Butyl V = Pentyl. 

Longer and more complex radioals are 
represented by Ietter symbols, usually con
tractions ofthe IUPAC names (cf. below). 

When alkyls appear as side chains (second
ary parent hydrocarbons), they follow the 
name of the parent hydrocarbon (on the same 
line) and, like the latter, are boldface (e.g., 
AI= methylandrostane). 

Whenever the chemical formula charac
terizing a substituent is shorter than a mean
ingful corresponding word or abbreviation 
could be, we use the former (e.g., =CH2, 
=NH, -CN, K, F respectively for methylene, 
imino, carbonitrile, potassium or fluorine). In 
order to avoid three-line symbols, the positio
nal numbers of such formulas as =CH2 are 
appended to a bracketed symbol e.g. (CH2h6ß· 

The Main Parent Hydrocarbons 
(in order of precedence) 

Gonane = G 
Estrane = E 
Androstane = A 
Pregnane = P 
Cholane = CH 
Cholestane = CHT 

Ergostarre = ER 
Stigmastau = ST 
Cardanolide = CAR 
Bufanolide = BUF 
Spirostane = SP 
Other nuclei 

All ring modifications, other than those 
recognized above as parent hydrocarbons, are 
listed as derivatives at the end of each main 
category in this order: 

Heterocyclic steroids, cf. p. 777 
Nor-ring steroids = n (e.g., AnA = A-nor-

androstane, PnB = B-nor-pregnane). 
Homo= ho (e.g.,PhoD~D-homo-pregnane) 
Abeo =ab 
Cyclo = cyc 
Retro = ret 
Seco =sec 

Derivatives (in order of precedence) 

With each parent hydrocarbon, its imme
diate derivatives are classified in the following 
order: 

Isomerism: Isomerism at Cs is indicated by 
oa or oß following the symbol of the parent 
hydrocarbon (e.g., Aoa = 51X-androstane). 
Isomers are listed next to each other, IX before 
ß. For ring-isomers, cf. below. 

Unsaturation: -C-C- (an), e.g., A (for 
Androstane), 
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-C=C- (en), e.g., A4 (for Androst-4-ene), 
A4.6 (for Androsta-4,6-diene). 
The nurober of unsaturations is not indi

cated as it is evident from the positional 
number(s) in the superscript. Thus, A4,6 
suffices to indicate that we are dealing with a 
diene. [Not L11•2,etc.]. Cyclosteroids are also 
identified by superscripts, e.g., A3(5). The 
superscript numbers of triple bonds (-yn) are 
repeated (e.g., p20-2o). 

Alcohols: -OH (ol), e.g., Aoh7« (for 
Androstan-17oc-ol), 

Aol3P,l7ct (for Androstane-3ß,17oc-diol). 
[Not hydroxy, dihydroxy, etc.] 

Esters: -COIOHHj OC- (*), e.g., P*Bz"3,. 
*II"17P (for 3oc,17ß-Dihydroxypregnane 3-
benzoate 17 -acetate ). 

Esters are identified by an asterisk preced
ing the symbol of the acid, with which the 
steroid hydroxy group is esterified; they are 
listed immediately following the corresponding 
free alcohols. Since ester formation is possible 
only with alcohol groups, it is redundant to 
identify the position of each (the alcohol and 
acid) separately (cf. also below). [Not oxy 
(e.g., acetoxy) or "acid ester" (e.g., acetic acid 
ester)]. Esters of steroid acids are distinguished 
by placing the symbol for acid (") immediately 
after that of the steroid, before the asterisk 
(e.g., P"*IIol21 for 21-pregnanoic acidesterified 
with ethanol). 

Ketones: C=O (-on), e.g., E1·3·5 <10>ol3on17P 
(for 3-Hydroxy-1,3,5(10)-estratrien-17-one or 
estrone). [Not oxo, keto, one (with terminal 
"e") and the redundant indication of the 
nurober ofketone groups by dione, trione, etc.] 

Carboxylic acids: -COOH ("), e.g., P"n 
(for Pregnan-21-oic acid). Here the carboxyl 
group itself is considered to be part of the 
steroid skeleton, not an oxidized methyl side
chain on 21-norpregnane. However, a carboxyl 
which is not part of a recognized main parent 
hydrocarbon, but is attached to it by a C-C 
Iinkage, is written as an oxidized methyl side
chain (e.g., Al" 16,. for androstane 16oc-carboxylic 
acid). Carboxylic acids not attached to the 
steroid skeleton by C-C linkages, e.g., those of 
esters, are similarly identified (by "), e.g., 
I"= formic, III" = propionic, V"= pentanoic. 
Bz" = benzoic acid (cf. p. 778) for alkane 
symbols). [Not carboxylic acid or -oic acid.] 

Steroid acid esterified (e.g., P"*IIIohsct)· 

Steroid alcohol esterified (e.g., P*III"lsct). 
Ethers: -COIHHOIC- (6), e.g., OI, Oll, 

OPIII (for methyl, ethyl or propylethers). [Not 
methoxy or methyl ether.] 

0 
II 

Lactones: r-C-01 (-lac, -ylac), e.g., 

A4ID"ylacl7ctOlnp,l7on~9ct (for 9oc-Fluoro-
11ß,17 -dihydroxy -3-oxo-4-androstene-17oc
propionic acid y-lactone). 

Aldehydes: -CHO (-al), e.g., P4olnp,2I· 
on3,2oal1s (for 11ß,21-Dihydroxy-3,20-dioxo-
4-pregnen-18-al or aldosterone). As with the 
carboxylic acids, here the carbon bearing the 
aldehyde function is considered part of the 
parent hydrocarbon and is not derived from a 
methyl side chain. Otherwise, we would have 
the grotesque situation of deriving aldosterone 
from an 18nor, but 18 methylated pregnane. 

Hemiacetals, acetals, hemiketals and ketals: 
The symbols used for hydroxy and other groups 
(e.g., ol, OI) will be applied. 

H 
I 

Hemiacetals: R-C-OH (lf2acetal) reac-
1 
ORl 

tion product of an aldehyde with one alcohol 
group. 

H 
I 

Acetals: R-C-QRl (acetal, not abbre-
1 

OR2 

viated) reaction product of an aldehyde with 
two alcohol groups. 

Rl 
I 

Hemiketals: R-C-OH (lj2ketal) combina-
1 

QR2 
tion of a ketone with one alcohol group. 

Rl 
I 

Ketals: R-C-OR2 (ketal, not abbreviat-
1 
QR3 

ed) combination of a ketone with two alcohol 
groups. 

/0, 
/ ' 

Epoxy: C-C (regarded as ethers). 
An oxygen attached to two vicinal carbons, 
e.g., A Olct-2 (for 1,2oc-epoxy-androstane). 

Halo compounds: Br, Cl, F, i (-bromo, 
-chloro, -fluoro, -iodo), e.g., P4Cl~,. (for 9oc
Chloro-4-pregnene). Instead of "I" for iodine 
write "i" (e.g., p4f9,.) to avoid confusion with 
methyl, whose symbol is roman one. 

Nitrogen containing steroids: NH2 (for 
amino), NH (for imino), CN (for carbonitrile or 
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cyano). Thesesymbolsare used as such in SSS 
terms. However, symbols with subscript 
numbers (NH2) are bracketed. 

e.g., ANH17 (for 17·imino-androstane), 
PSCN16cxOlaj!On2o (for 3ß-Hydroxy-20-oxo-

5-pregnene-16oc-carbonitrile or PCN). All other 
N -containing steroids, including the alkaloids, 
belong to this group. The aza-steroids are listed 
last, in the heterocyclic category (cf. below). 

SuHosteroids: All thio compounds, e.g., 
/s .... , 

-SH (-thiol), 0-C epithio, (OS), thioether. 
Heterocyclic steroids: These are listed 

separately for each element replacing carbon 
in the ring structure. They are indicated by the 
chemical symbol of the substituent in brackets, 
followed by a subscript number identifying the 
position of the replaced ring carbon after the 
symbol of the parent hydrocarbon (e.g., 
A(02) for 2-0xa-androstane, P(Na) for 3-Aza
pregnane). 

Ring modiftcations: (cf. p. 775). 
Other non alkyl-substituted compounds: 

Here, we list all those non alkyl-substituted 
compounds for which no category has been 
foreseen above. 

Secondar;r Parent H;rdrocarbons 

All radioals attached to the parent hydro
carbon by a carbon-to-carbon linkage are 
considered to form "secondary parent hydro
carbons." They are written by attaching the 
symbol for the substituent following that of 
the parent hydrocarbon, both being under
lined (e.g., Aocxl17cx = 17oc-methyl-5oc-andros
tane). 

All alkyl derivatives, except those listed 
themselves as main parent hydrocarbons (e.g., 
17ß-ethyl-androstane = pregnane), are re
garded as alkyl derivatives of the latter. This 
includes even 17oc-ethyl-androstane whose 
essential difference from pregnane is further 
emphasized by attaching the side chain to the 
structure formula of androstane, not only by 
an alpha ( ... ) bond, but horizontally. 

The alkyl side-chains are enumerated: 
1. according to the increasing numbers of the 
carbon atoms to which they are attached on 
the skeleton of the main parent hydrocarbon 
and 2. according to increasing numbers of the 
carbon atoms they contain (methyl, ethyl, 
propyl, butyl, etc.). Saturated radioals are 
mentioned first, and those with double bonds 
in the order of increasing unsaturation. Tripie 
bonds (superscript position numbers bold
face e.g.: p~O) are mentioned after all 

multiple double bonds. Branched and ring
substituents are listed in the order of increas
ing complexity. (For corresponding symbols, 
cf. p. 778.) 

Among the aliphatic 17-alkyl-androstanes, 
onlypregnanes, cholanes, cholestanes, ergostane 
and stigmastau are regarded as special parent 
hydrocarbons because of their common 
occurrence. 

Order of Precedence in General 

The order of precedence for the above 
mentioned substituents is rigidly observed 
except in the first (underlined or boldface) 
portion of the SSS terms of secondary parent 
hydrocarbons. As previously stated, here all 
substituents attached to a side-chain are 
listed immediately after the positional number 
of the latter, to avoid subsequent repetition 
of the locant, e.g., A51"16ßlll17cx/on//IOlaß· 

When two or more identical substituents 
appear in the same molecule, all these must 
be enumerated before considering compounds 
possessing additional substituents mentioned 
later in the above list (e.g., all -enes before 
-dienes, before -trienes, etc.; all -ols before 
-diols, before -triols, etc.). Only after this do 
we proceed to compounds having an additional 
type of substituent (e.g., only after all mono
and polyols do we procede to -ones). 

All unsaturations (double, triple and cycliz
ing bonds) and substitution products are 
listed according to the ascending order of the 
a:llected carbons (e.g., in pregnanes 1-21). 
Ring modifications, such as contractions (nor), 
expansions (homo), openings (sec), etc. are 
listed in the order of the ring lettering (A-D). 

Computeri:~~ation 

Subscript and superscript notations are 
unsuitable for computerization but SSS names 
can be written in a single line without loss of 
precision. E.g., normally we write dehydro
epiandrosterone thus: A5oh7j!Ona and the 
corresponding 5oc saturated compound thus: 
Ao«oh7j!Ons. For computer use, these two 
steroids can be written respectively A5 ol 17 ß 
on 3 and A5oc ol17 ß on 3. 

The superscript position of a number follow
ing the symbol for the parent hydrocarbon 
(e.g., A5) merely facilitates its immediate 
recognition as a double bond. Similarly the 
subscript position of numbers helps to identify 
them as locants. But actually, this style is not 
indispensable if the constituent symbols are 
properly separated. The rule of "first what, 
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then where" makes it obvious that the "5" 
belongs to the "A", the "17 ß" to the "ol", 
and the "3" to the "on". The number 5 could 
only indicate a double bond; it would have 
to be followed by cx, ß, or ; if it were to derrote 
the steric position of the 5-hydrogen. Even the 
omission of underlining ( or boldface printing) 
of the parent hydrocarbon would not introduce 
any ambiguity. Greek letters such as cx, ß, or ;, 
can be written out as alpha, beta or xi, and the 
roman numerals can be composed by capitals 
on computers, just as on typewriters that do 
not have corresponding signs. The use of 
capital and small letters is likewise not neces
sary, but it helps rapid reading and is recom
mended for those who have the appropriate 
modern computer equipment. 

Chemical Symbols 

= sign of separation. To be used at 
discretion of codifier, wherever two 
adjacent symbols might be read as one 
( e.g., on4, 6)-

Substituents Methyl Ethyl 
Formic Acetic 

Alkanes, normal I II 
Alkanes, branched 

Alcohols I ol II ol 
Acids I" II" 
Aldehydes Iai Ilal 

Esters *I *II 
Ethers BI Oll 

* 
B 

= ester (precedes symbol of acid. E.g.: 
*111 = propyl ester). 

= ether (precedes symbol of alkyl. E.g.: 
BI = methoxy or methyl ether). 

A = androstan (for symbols of other parent 
hydrocarbons, cf. p. 775). Only parent 
hydrocarbons and aii alkyls attached to 
them by carbon-to-carbon linkages are 
hold face (E.g.: AIII17 ph.xol4ß0nu = 
17 ß-propyl-2cx-methyl androstane with 
4ß-alcohol and 11-keto groups.) 

f,f / = successive Ievels (subdivisions) in a code, 
obviating the need for more than one 
subscript line (e.g., 2-methylbutane = 
IVI/2). The successive Ievels of more 
complex branchings coded according to 
the general formula: RR'/2//R"/1/3 (e.g., 
2(3-methylbutyl)-heptane = 
VII IV /2//1/1/3 . ) 

( ) = brackets are used to enclose symbols 
with subscript numbers which might be 
confused with locants, e.g., (NH2), 
(CH2). 

Propyl Butyl 
Propionic 

111 IV 
1111/2 IVI/2,3 

(2-methyl- (2,3-dimethyl-
propane) butane) 

111 ol IV 1 l Symbol>< ur.ido oham. 
111" IV'? boundtoringbycarbon-

lila I IVal to-carbon linkages, fol-
low roman numerals. l Symbol• of group• 

*111 *IV bound to ring by 
Bill BIV oxygen, precede 

roman numerals. 

The 92 carbonitriles of Table 135 have been arranged according to the increasing 
number of the skeletal carbon atoms to which the -CN groups or -CN-bearing 
side-chains are attached. A few additional steroids, other than nitriles (Cpds. 93-99) 
are listed in arbitrary order. 

The most potent catatoxic steroids against both substrates of this test were 
those bearing a 2cx- or 16cx-carbonitrile group. Among these, several showed potency 
against one or both substrates at individual dose levels as low as 100 [Lg or even 
30 [Lg. In general, protection agairrst indomethacin was more readily obtained than 
agairrst digitoxin. 
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Table 135. First step: Screening of steroids against digitoxin and indomethacin intoxication 

Group 

CN 1, ~. s Steroid Carbonitriles 

1 Ok 

IM433bw
113 NC 

l CH, 

0 : 
A 

2 Nlt;H.m 
IM427 m-

it 

3 HO 

IM 364 IC. ........_~~Ha :w 
Ha(: Clfa 

4 OH 

IM568 ~ 
NoC CH, ... 

0 . 
H, ''CH:o 

~ ... u 
H 

8 0 

IM365 ........ <;~ NCw--
'1 CH3 
IM367 l.,...o] 

ß 

Steroids 

17 ß-Hydroxy-3-oxo-5a.-androstane-
1a.-carbonitrile acetate (SC-16027) 

AöcxCNtot *II"t7jj0na 

17 ß-Hydroxy -3-oxo-5a.-androstane-
1a.-carbonitrile (SC-16026) 

17ß-Hydroxy-4,4,17-trimethyl-3-
oxo-5-androstene-2a.-carbonitrile. 
Trimethylandrostenolone carbonitrile, 
"TMACN" (Winthrop) 

Dose Digi- Indo
(mg) toxina. metha

cina. 

0.5 

0.5 

10 
0.5 
0.1 
0.03 

0 

0 

3 
2.5 
2 
0 

0 

0 

3 
3 
2 
0 

17 ß-Hydroxy-4,4-dintethyl-3-oxo- 0.5 2 
5-pregnene-2a.-carbonitrile (U-26854) 0.03 0 

0.5 

A Sf4,4CN2"oh 711ona 

17 ß-Hydroxy-Sa.-androst-2-ene-
3-carbonitrile (Lepetit) 

17 -Oxo-5a.-androst-2-ene-
3-carbonitrile (Lepetit) 

20,20-(Ethylenedioxy)-5ß-pregn-2-
ene-3-carbonitrile (Lepetit) 

10 
0.5 

10 
0.5 

10 

0.5 
0 

2 
0 

0 

2 
0 

2 
0 

0 

a. For details, see Digitoxin and Indomethacin in the Iist of techniques used to produce 
and appraise various types of damage. 

b Underneath the serial number of the compounds, the "IM" numbers (for Institut de .Me
decine et de Chirurgie experimentales) are mentioned. These identify steroids in our collection 
and remain the same in all Tables as weil as in other publications from this Institute. 
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Table 135 ( continued) 

Group Steroids Dose Digi- Indo-
(mg) toxin" metha-

ein" 

8 c;tla 20,20-(Ethylenedioxy)-5a.-pregn- 10 0.5 2 
IM366 

~] 
2-ene-3-carbonitrile (Lepetit) 0.5 0 2 

Pi tx2CNa8,6II2o 
0.03 0 

NC A 

9 Oll 17 ß-Hydroxy-3~-amino-5a.-andro- 0.5 0 0 
IM424 

ctSD 
stane-3-carbonitrile (SC-13265) 

AitxCNao<>h7P(NH2)a 

Ne ..... 
Mie H 

CNs 

10 ~ 
17 ß· Hydroxy -3-oxo-5ß-androstane- 10 0 0 

IM420 Ha 5-ca.rbonitrile (SC-13389) 0.03 0 0 
0.015 0 0 

AlißCNsoh7tJOns 0.005 0 0 
0.001 0 0 

11 

~ 
17 ß-Hydroxy-3-oxo-5a.-a.ndrostane- 0.5 0 0 

IM434 5-carbonitrile (SC-13269) 

AitxCN5oh7tJOns 

0 

12 C&CH 31X,17 -Dihydroxy-5a.,17a.-pregn- 0.5 0 0 
IM432 

~ 
20-yne-5-carbonitrile (SC-13675) 

Ai tx CNoii1-117cxOlacx.17 

HO"" 
tN 

13 17 -Hydroxy -3,20-dioxo-5a.-pregnane- 0.5 0 0 
IM431 5-carbonitrile acetate (SC-13795) 

~~ PitxCN5*Il" 17ons.2o 

0 
CN 

14 ~ 5~-Cyano-17 -hydroxy-17a.-(2-methyl- 0.5 0 0 

IM~~ 
allyl)-estra.n-3-one (SC-13969) 

Eil; CNolll217cxfl//2oh ?Ona 
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Table 135 (continued) 

Group 

lö ~ 

m~y· 

CN 

~m~ 

"~ IM426 H 

N 

:! ... ~ 
CN 

~m~ 
!0 
IM421 

CNs 

lU 
IM449 

Steroids Dose Digi- Indo-
(mg) toxina metha-

cina 

5ß-Cyano-17 -hydroxy-17a:-(2-methyl- 0.5 0 0 
allyl)-estran-3-one (SC-14373) 

EößCN5ffi2171Z/I//zOh7ong 

17 -Hydroxy-3-oxo-19-nor-5ß,17a:- 0.5 0 0 
pregn-20-yne-5-carbonitrile (SC-13823) 

Eö(aCN&ll1-117,.ol17ong 

17 ß-Hydroxy-17 -methyl-3-oxo-5ß· 
androstane-5-carbonitrile (SC-13754) 

Aößi17,.CN5ol17ong 

17 ß-Hydroxy-17 -methyl-3-oxo-5a:-
androstane-5-carbonitrile (SC-13503) 

Aö cd17,.CN5ol17ong 

17 ß-Hydroxy-3-oxo-5ß-androstane-
5-carbonitrile propionate (SC-14175) 

AößCN5*Ill"17j10na 

17 ß-Hydroxy -3-oxo-5a:-androstane-
5-carbonitrile propionate (SC-14174) 

Aö e~tCN5*Ill" 17j10Da 

3ß,5a:-Dihydroxy-20-oxopregnane-
6ß-carbonitrile (Syntex) 

0.5 0 0 

0.5 0 0 

0.5 0 0 

0.5 0 0 

0.5 0 0 
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Table 135 (continued) 

Group 

22 
IM455 

24 
IM457 

3 

f:zl{ CN 
Cl 

Cti,QAc 

CH,QAc 

~=0 
t;H, - o".,,cH• 

•·O""" ... CH3 

21) CH20Ac 

IM458 I 

~4 
26 
IM459 

CN1s 

CN 

i' 

.~·• .. ,.J&··OAc 
~OW 

Cll 

2? YH· 

ma<•$~ 

Steroids Dose Digi- Indo
(mg) toxina metha

cina 

3-(2'-Chloroethoxy)-6-cyano-90(-fluoro- 0.5 
3,5-pregnadiene-160(, 170(,21-triol-11, 
20-dion-21-acetate-16,17 -acetonide 
(Farmitalia) 

0 

p3,5CNa*II"21onu,zo8IIaflfC1//2 
8811sa-17/I,IF9a 

3-(2'-Chloroethoxy)-6-cyano-90(
fluoro-3,5-pregnadiene-11ß,160(,17 0(, 
21-tetrol-20-one-21-pivalat-16,17-
acetonide (Farmitalia) 

P3•5CNsolufl*III" 21/I//2,zon2o 
8 IIa/CI//2 881sa-17JI,I F 9a 

3-(2' -Chloroethoxy)-6-cyano-90(
fluoro-3,5-pregnadiene-11ß,160(,17 0(, 
21-tetrol-20-one-21-acetate-16,17-
acetonide (Farmitalia) 

pa.5CNsolufl*II"21 onzo 
8Ila/CI//28811sa-17JI,IF9a 

0.5 0 

0.5 0 

3ß,11ß,170(,21-Tetrahydroxy-20-oxo- 0.5 
3,5-pregnadiene-6-carbonitrile 3-me-

0 

thyl ether, 21-acetate (BDH) 

p3,5CNaolufl,17a*II"210nzo8Ia 

3,160(-Dihydroxy-20-oxo-3,5-pregn
adiene-6-carbonitrile 3-methyl ether, 
16-acetate (Glaxo Canada Ltd.) 

p3,5CN 6 *II"1saonzo8Ia 

3ß-Hydroxy -20-oxo-5-pregnene-160(
carbonitrile (SC-4674), (U-14975) 
Pregnenolone carbonitrile "PGN" 

P5CN1saolapon2o 

0.5 0 

10 3 
1 3 
0.5 3 
0.2 3 
0.1 3 
0.03 2 
0.015 0 

1 

0 

0 

0 

3 
3 
3 
3 
3 
3 
0 
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Table 135 (continued) 

Graup Steraids Dose 
(mg) 

28 ~H3 3ß-Hydroxy-20-oxo-5-pregnene-16oc- 0.5 
IM413 

9 
carbonitrile acetate (U-34889, Syntex) 0.1 

29 
IM483 

30 
IM478 

31 
IM476 

32 
IM479 

33 
IM444 

M 
IM423 

···CN Pregnenolone carbonitrile acetate 
3 "PGN-ac" 

k 
P5CNtsot*ll" aß0n2o 

&!o 
3ß-Hydroxy-20-oxo-5-pregnene-16oc-
carbonitrile 3-sulfate ammonium salt 

N (U-378630) 
"PGN-ammonium 81ilfate" 

.•• cN 

'\'2"' 
P5CNtsot*(S''NH4)aßOn2o 

ONHc 

3ß-Hydroxy-20-oxo-5-pregnene-16oc-?'> 
~ =bonitn1e3(1'""""'""""'"i 

··CN(U-36789) 
"PGN-adamantoate" 

@8- P5CNtaot*adamantoateall on2o 

~~0 

#" 
I o= c-c.~~<-co.Na 

&'! p 
oJ.<CI'>>.-CIIa 

.•CN 

3ß-Hydroxy-20-oxo-5-pregnene-16oc-
carbonitrile 3-hemisuccinate sodium 
salt (U-36278A) 
"PGN-hemisuccinate sodium" 

P5CNtaot *lj2suc"Naaß(>n2o 

3ß-Hydroxy -20-oxo-5-pregnene-16oc-
carbonitrile 3-heptanoate (U-37001) 
"PGN-heptanoate" 

P5CNt6ot *Vll" sß0n2o 

3ß,20-Diliydroxy-5-pregnene-16oc-
carbonitrile (Syntex) 

P5CNtaotolall,20 

3ß-Hydroxy -7 ,20-dioxo-5-pregnene-
16oc-carbonitrile (SC-6813) 

0.03 
0.015 

0.5 
0.03 
0.015 

0.5 
0.03 

0.5 
0.03 
0.015 
0.005 

0.5 
0.03 
0.015 

0.5 
0.1 
0.03 

0.5 
0.03 

Digi- Indo-
toxina metha-

2.5 
0.5 
1 
0 

3 
3 
1 

0.5 

3 
2.5 
2 
0 

3 
1 
0 

1.5 
1 
0 

3 
0 

cin3 

2 
2 
1.5 
0 

3 
3 
0.5 

3 
0 

3 
3 
1.5 
2 

3 
1.5 
0 

3 
1.5 
0 

1.5 
0.5 
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Table 135 ( continued) 

Group 

31) 
IM429 

36 
IM474 

37 
IM411 

38 
IM418 

39 
IM464 

40 
IM462 

41 
IM482 

ywa 
CO 

k~-~ 
H 

~ 

AcO & 
CN 

Steroids 

3ß-Hydroxy-7 ,20-dioxo-5-pregnene-
16a-carbonitrile acetate (SC-6703) 

P5CN16,.*1I"aß0n7,2o 

Dose Digi- Indo
(mg) toxina metha

cin3 

0.5 
0.03 

3 
0 

2 
1.5 

4,4-Dimethyl-3,20-dioxo-5-pregnene- 0.5 0.5 3 
0 16ot-carbonitrile (U-35641) 0.03 

P5.4,4CN l6<1ona.2o 

3,3-(Ethylenedioxy)-11,20-dioxo-5-
pregnene-16ot-carbonitrile (U -35006) 

P5CN16Clonu,2oOOIIa,a 

3ß-Hydroxy-11,20-dioxo-5ß· 
pregnane-16a-carbonitrile acetate 
(U-34575) 

P 6 ß CN l6Cl *II" ap<>nu,2o 

16a-Cyano-5-pregnene-3ß,20ß-diol 
diacetate (SC-5482) 

P5CN 16ot *II" ath20P 

3ß-Hydroxy -20-oxo-5-pregnene-16a-
carbonitrile,20-oxime (U -37722) 

PSCN16ClolapNOH2o 

3ß-Hydroxy-20-oxo-5-pregnene-16ot· 
carbonitrile,20-methyloxime 
(U-37694) 

P5CN16Clolap(NOCHa)2o 

0.5 2.5 2 
0.1 2.5 2 
0.03 0 1.5 
0.015 0 1.5 

0.5 2.5 2 
0.1 2.5 2 
0.03 0 1.5 
0.015 0 1.5 

0.1 0 2 
0.03 0 

0.5 3 3 
0.03 2.5 3 
0.015 0.5 1 
0.010 0 

0.5 1 1.5 
0.03 1.5 0 
0.015 0 
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Table 135 (continued) 

Group 

4! 
IM414 

43 
IM445 

44 
IM412 

46 
IM475 

46 
IM:461 

47 
IM481 

~~ 
... cN 

c,H:.,~H, 

~-"' 
<;H, 

~~ 

$" 

48 ~H, CH, 

IMOW ~ ... CN 

......... CH, 

Oll 

Steroids 

20,20-(Ethylenedioxy)-3ß-hydroxy-
5-pregnene-16cc.-carbonitrile 
(U-19553) 

P5CNt&aolap00112o 

3ß-Hydroxy -20,20-ethylene-dioxy-
5-pregnene-16cc.-carbonitrile acetate 
(Syntex) 

pscN16a *II" apOOII2o 

3,3,20,20-Bis-ethylenedioxy-11-oxo-
5-pregnene-16cc.-carbonitrile 
(U-35910) 

Dose Digi- Indo-
(mg) toxina metha-

cin3 

0.5 2.5 2 
0.1 2 2 
0.03 0.5 1.5 
0.015 0 0 

0.5 1.5 3 
0.1 0 1.5 
0.03 0 0 

0.5 2.5 2 
0.1 0 2 
0.03 0 1.5 

------------ 0.015 0 0 

3,20-Dioxo-4-pregnene-16cc.-carbo- 0.5 1.5 3 
nitrile,20-cyclic(2' ,2' -dimethyltrime- 0.03 0.5 0 
thylene acetal) (U-35655) 

p4CNt&aOna001112o/I//2,2 

3ß-Hydroxy-20-oxo-5-pregnene-16cc.- 0.5 2 3 
carbonitrile, cyclic(2,2-dimethyl- 0.03 2 0 
trimethylene acetal) (U-36961) 0.015 0 

P5CN 16aolap001112o/II/2, 2 

4,4-Dimethyl-3,20-dioxo-5-pregnene- 0.5 0 0 
16cc.-carbonitrile,20-cyclic(2'2' -di-
methyltrimethylene acetal) (U-37542) 

P5J4,4CN 16aOna001112o/II/2,2 

6ß-Hydroxy -20-oxo-3cc.,5cc.-cyclo- 0.5 1 3 
pregnane-16cc.-carbonitrile, 0.03 0 0 
cyclic(2' ,2' -dimethyltrimethylene 
acetal) (U-37483) 

p3a(5) 6 a CNteaolep001112o/II/2,2 
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Table 135 (continued) 

Group 

49 
IM477 

50 
IM466 

51 
IM471 

52 
IM470 

53 
IM395 

54 
IM392 

YH' 

.oY5~ 

CH30 

O=r-CHa. 

° CN 
CH3 

5ß CN 

IM377 •• c:DfS" 
H 

Steroids 

6ß-Hydroxy-20-oxo-3oc,5oc-cyclo
pregnane-16oc-carbonitrile (U-36710) 

P3ot(S) 5otCNl6otOls11on2o 

16oc-Cyano-4-pregnene-3,20-dione 
(SC-4688) 

P4CN1s"'on3,20 

16oc-Cyano-3-hydroxy -3,5-
pregnadiene-7 ,20-dione (SC-6963) 

P3·5CN1s"'ol3on7 ,2o 

16oc-Cyano-3,5-pregnadiene-7, 
20-dione (SC-6786) 

3-Methoxy-16-methyl-17 -oxo-estra-
1,3,5(10)-triene-16~-carbonitrile 
(Roussel) 

17 ß-Hydroxy-3-methoxy-16-
methylestra-1,3,5(10)-triene-16ß
carbonitrile acetate (Roussel) 

3oc-Hydroxy-5ß-androstane-17 ß
carbonitrile acetate (Roussel) 

Dose Digi- Indo
(mg) toxina metha

cina 

0.5 
0.03 

2 
0 

0.1 3 
0.015 0 

0.1 0 

0.1 0 

0.5 0 

0.5 0 

0.5 0 

3 
0 

0 
0 

0 

0 

0 

0 

3oc,17 -Dihydroxy-5ß-androstane-17 ~- 0.5 
carbonitrile 3-acetate (Roussel) 

0 0 
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Table 135 ( continued) 

Group Steraids Dose Digi- Indo-
(mg) toxin" metha-

ein" 

l'i'i 17 -Cyano-3oc.-hydroxy -11-oxo-5ß- 0.5 0 0 
IM369 androstane-17 ß-malononitrile 

(Roussel) 

Al'i ßll711/CN//1,1 CN17ola"'onn 

HO'' 

l'i8 

~~ 
3ß,17 -Dihydroxy-16ß-methyl-5oc.- 0.5 0 0 

IM382 androstane-17 ;-carbonitrile 
(Roussel) 

Al'icd1611CN17olap,17< 
H 

l'i9 y 17 -Hydroxy -3,11-dioxo-4-androstene- 0.5 0 0 
IM374 17 ;.carbonitrile (Roussel) 

• A4CN17ol17.;ona,n 

60 

Cf5Ü 
3oc.-Hydroxy -5ß-androst-16-ene- 0.5 0 0 

IM378 17 -carbonitrile acetate (Roussel) 

• Al'i ß 16CN17*II" aot 

Iod)''' 
H 

61 CN 3-0xo-4, 16-androstadiene-17 · 0.5 0 0 
IM389 

~ 
carbonitrile (Roussel) 

A4,16CN17ons 

62 

~ 
3ß-Hydroxy-5,16-androstadiene- 0.5 0 0 

IM396 17 -carbonitrile acetate (Roussel) 

A5•16CN17*II" ap 

foi;;O 

3 

63 3,3-(Ethylenedioxy)-17 -hydroxy • 0.5 0 0 
IM390 5-pregnene-17 ß-carbonitrile 

(Roussel) 

A5CN17otOh7001Ia 

64 

k~ 
3-Hydroxy-1,3,5(10),16-estratetraene- 0.5 0 0 

IM380 17 -carbonitrile acetate (Roussel) 

E1,3,5(10)16CN17*II" 3 
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Table 135 (continued) 

Group Steroids Dose Digi- Indo-
{mg) toxina metha-

cina 

61) 

~ 
3-Methoxy-1,3,5{10),16-estratetraene- 0.5 0 0 

IM400 17 -carbonitrile {Roussel) 

E1,3,5(10Jl6CN170Ia 

fiaCO 

66 NC...._)=N 
17 -Cyano-3ß-hydroxy-5-androstene- 0.5 0 0 

IM417 CH 17 ß-malononitrile {U-28406) 

~· Ha A 5117fl/CN//1,1 CN17olafl 

HO 

67 CN 17 -Hydroxy -3-oxo-4-androstene-17 ~- 0.5 0 0 
IM391 R"' carbonitrile acetate {Roussel) 

A4CN17*II" 17<0na 

68 CN 17 -Hydroxy-3, 11-dioxo-4-androstene 0.5 0 0 
IM375 

~ 
1 n-carbonitrile acetate {Roussel) II 

0 

A4CN17*II" 17~ons.n 

0 

16-Side chain CN 
69 fH> 160(-Cyanomethyl-3ß-hydroxy- 0.5 0 0 
IM469 

~ 
5-pregnen-20-one {SC-6939) 

~ .. ."", P5JCN l6otolaflon2o 

70 ~Hl 160(-Cyanomethyl-4-pregnene- 0.5 0 0 
IM472 C•O 3,20-dione (SC-7097) 

.~·- P4ICN1a"ona,2o 

n CH, O(-Cyano-3ß-hydroxy-20-oxo- 10 0 0 
IM409 to 5-pregnen-160(-acetic acid ethyl ester 

% ~OOC2H5 
{SK & F) 

P511" 16ot/CN//2*IIol//f1olafJOn2o 

••• CH-CN 

17-Side chain CN 
72 

~ 
30(-Hydroxy-5ß-androstan- 0.5 0 0 

IM381 

ff 
17 ß-acetonitrile {Roussel) 

Ali ßiCN17fJOla"' 

H 



First Step: Screening of Steroids Against Digitoxin and lndomethacin Intoxication 789 

Table 135 (continued) 

Group Steroids Dose Digi- Indo-
(mg) toxin a. metha-

cina. 

'13 CHa 3oc,20-Dihydroxy-5ß-pregnane- 0.5 0 0 
IM383 

~ 
20;-carbonitrile 3-acetate (Roussel) 

• P Ii {3CN2ooboo*II" a"' 

Aco·· 
H 

'14 0 20-Cyano-3oc-hydroxy-5ß-pregn- 0.5 0 0 II 
IM371 y-o-c.H, 17(20)-en-21-oic acid acetate 

NC-C ethyl ester (Roussel) 

~ P Ii ßl7 (20l"CN 20 *II" ap*IIol21 

Aco··· 

• 

H 

?Ii 
7H2 

20-Cyano-3oc-hydroxy-11-oxo-24-nor- 0.5 0 0 
IM376 <>==y 5ß-cholan-21-oic acid amide 

# 
(Roussel) 

3 
CHn (24) Ii ß CN2oola"onu(CONH2)2o 

HO··· 
H 

'16 0 3ß,20,21-Trihydroxy-5ß-pregnane- 0.5 0 () 

IM388 rH.-o--ll-<Ha 20~-carbonitrile 3,21-diacetate 

a 
(Roussel) 

Ha 
P Ii ß CN2ooboe*II" 3tl,21 

Ac 
H 

'1'1 yHa 3oc,20;-Dihydroxy -11-oxo-5ß- 0.5 0 0 
IM403 HO•C•CN pregnane-20~-carbonitrile 3-acetate 

ci)D (Roussel) 

P Ii ß CN2ool2oo*II" a"onu 

Aco·· H 

' 

'18 N~oo-c2Hs 20-Cyano-3oc-acetoxy -11-oxo- 0.5 0 0 
IM401 H5C2- 24-norcholan-21-oic acid ethyl ester 

cj5D 
(Roussel) 

CHn(24) Ii {3"CN2o*II" a«*IIol21onu 

Aco··· 

3 

H 

'19 :=-t-otf 20-Cyano-3oc-hydroxy-5ß-pregnan- 0.5 0 0 
IM398 21-oic acid (Roussel) 

~~ 
H 

P Ii ß" 21 CN 2ool3« 
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Table 135 (continued) 

Group Steroids Dose Digi- Indo-
(mg) toxina metha-

cin6 

80 

d 
3rt-Hydroxy-11-oxo-5ß-androstan- 0.5 0 0 

IM385 17 ß-acetonitrile acetate (Roussel) 

3 Ali ßiCN171l*II" a .. onu 

N.o··· 
H 

81 3ß-(Tetrahydropyran-2-yloxy)- 0.5 0 0 
IM384 5ß-androstan-17 ß-acetonitrile 

(Roussel) 

A li ß ICN17 /l(ltetrahydropyranyla!l/Ol1f2 

82 NC-C-CN 3oc.-Hydroxy -11-oxo-5ß-androstane- 0.5 0 0 
IM406 cf)ß ,117.malononitrile (Roussel) 

Ali ß17<20l117/CN//l,lola .. onu 

HO' 
.. 

H 

83 3oc.-Hydroxy-11-oxo-5ß-androstan- 0.5 0 1.5 CH-CN 
IM393 

cr;P 
,117.acetonitrile acetate (Roussel) 

3 Aliß17(20liCN17ct*II"actonu 

At;o··· 
H 

84 O=yo-CHz-CHa 20-Cyano-3oc.-hydroxy -11-oxo-5ß- 0.5 0 0 
IM408 

cf5D 
pregn-17(20)-en-21-oic acid acetate 
ethyl ester (Roussel) 

Ha 
Pli ß17(20l"CN2o*IIa .. *IIol21onu 

N.o··· 
H 

8li oy--()11 20-Cyano-3oc.-hydroxy-11-oxo-5ß- 0.5 0 0 
IM405 NC-C pregn-17(20)-en-21-oic acid (Roussel) 

~ 
Pli ß17 (20)" 21 CN2oola .. onu 

HO''' 

3 

H 

86 '" lHa 3oc.-Hydroxy-11-oxo-5ß-pregn- 0.5 0.5 1.5 
IM394 

~ 
17(20)-ene-20-carbonitrile acetate 
(Roussel) 

3 
Pli ß17(20lCN2o*II" a .. onu 

AcO''' 
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Table 135 (continued) 

Group Steroids Dose Digi- Indo-
(mg) toxina metha-

cina 

87 o=ro-c~~o-cH3 20-Cyano-3ß-hydroxy -5-pregnen-21- 0.5 0 0 
IM404 HC-CN oic acid acetate ethyl ester (Roussel) 

~ 
P5"CN2o*llol21 *II" 3il 

3 

88 0 20-Cyano-3ß-hydroxy-5,17(20)- 0.5 0 0 
IM373 II pregnadien-21-oic acid 3-acetate T-o-c,Hs 

c-CN ethyl ester (Roussel) 

~ 
P5•17 <20>"CN2o*llol21 *II" 3il 

AcO 

3 

89 CH3 
20-Hydroxy-3-oxo-19-norpregna- 0.5 0 0 

IM407 

,~~ 
4,9,11-triene-20;-carbonitrile 
(Roussel) 

Pn 194• 9•11CN2o<0l2oons 

90 3oc-Hydroxy-5ß-androstan-17 ß- 0.5 0 0 
IM399 glutaronitrile acetate (Roussel) 

P 5 ß CN21ICN2o*ll" a" 

A 

91 0 21-Cyano-3ß-hydroxy-5oc-pregn-20- 0.5 0 0 
IM402 Nc-c--l!-o-c,Hs ene-21-carboxylic acid ethyl ester 

II CH (Roussel) 

~ P 5 a:201" 21/*no1CN21olap 

il 

3 

92 0 21-Cyano-3oc-hydroxy-5ß-pregn-20- 0.5 0 0 

IM370 Nc-c-l!-o-c2Hs ene-21-carboxylic acid ethyl ester 
II (Roussel) CH 

c:rsn P 5 (3201" 21/*rioiCN21ola" 

HO··· 

3 

H 

51 Selye, Hormones and Resistance 
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Table 135 (continued) 

Group 

Other Aetive Steroids 

93 CH3 

~~~ 

94 
IM446 

THa 
CO 

~1~. 

95 
IM304 

97 
IM454 ~,, 

AcO H 

99 0 
IM 527 91,o-~ 

_7H~ ~~ m--~~. 

Steroids Dose Digi- Indo
(mg) toxin3 metha

cin3 

3ß,20-Dihydroxy-17<X-pregn-5-ene- 0.5 1.5 3 
16ß-carboxylic acid (Syntex) 0.1 0.5 0 
----------- 0.03 0 0 
A 51" 16ßlll7cx/olf/1 olgp 

3ß-Hydroxy-20-oxo-17<X-pregn-5-ene- 0.5 
16ß-carboxamide (Syntex) 0.1 

A 5III7cxfon//l ( CONH2haotolap 

3-Methoxy-19-nor-17<X-pregna-
1,3,5(10)-trien-20-yn-17-ol (Lilly) 
Mestrarwl 

10 
0.5 

17-Hydroxy-4-aza-1701:-pregnan-3-one 10 
(Organon) 0.5 

A (N4 )II17cx0l170llg 

16<X,17 -Dihydro-3'H-cyclopropa 
(16,17)-5<X-androstane-3ß,17 ß-diol 
diacetate (SC-21940) 

A5all6cx-17*II" 3ß.l7 

3<X-Hydroxy-11-oxo-5ß-androstane-
17 ß-malonic acid (Roussel) 

10 
0.5 

0.5 
0.03 

0 
0 

0 

1.5 
0 

3 
0 

0 

9<X-Fluoro-16<X-methyl-11ß,17,21- 0.5 0 
trihydroxy-1,4-pregnadiene-3,20- 0.03 
dione 21-sodium m-sulfobenzoate 
Dexamethasone sodium m-81Jlfobenzoate 
(B.R.L.) 

1.5 
0 

3 
0 

3 
0 

0 

1.5 
0 

1.5 
0 
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Cpd. 54, the only 16ß-carbonitrile of our series, as weil as Cpd. 53 in which the 
steric position of the 16-carbonitrile is unknown, were inactive in protecting against 
either substrate, even at the dose Ievel of 500 !Lg. Cpds. 69-71 in which the -CN 
group is attached to a 16oc-side-chain (rather than to the 016 carbon of the steroid 
skeleton itself) showed no protective activity, even at the dose of 10 mg. On the 
other hand, it is hardly coincidental that among 28 16oc-carbonitriles tested (Cpds. 
27-54) all but three (Cpds. 47, 51, 52) were active, and most ofthem even at very 
low dose Ievels. This suggests that the attachment of a -CN group in the 16oc
position directly to the steroid skeleton is very favorable forthistype of protective 
effect; the configuration of the rest of the steroid molecule, though capable of in
fluencing the degree of activity, is of much lesser importance. 

It is known from our previous work that a carbonitrile group in position 2oc 
(e.g., Cpd. 3, TMACN) is also compatible with high catatoxic activity against a 
variety of substrates; additional evidence justifying this conclusion is given in 
Tables 135, 136. 

Carbonitrile groups in position 3, may or may not convey some potency (Cpds. 
5-9), but steroids with carbonitriles attached to C1 (Cpds. 1, 2), Cs (Cpds. 10-20) 
or 06 (Cpds. 21-26) were uniformly inactive at all dose Ievels tested. 

Carbonitrile substitution at C17, C2o, C21 or in side-chains resulted in no remark
able catatoxic potency at the dose Ievels tested, with the exception of Cpds. 83 and 86 
which were moderately effective in this respect at the dose Ievel of 500 !Lg. 

Among the steroids of Table 135 other than carbonitriles (Cpds. 93-99), special 
interest is attached to Cpd. 96 (an aza-steroid), Cpd. 95 (mestranol), a strong folliculoid 
used in anticonceptional pills, and Cpd. 93 (a 16ß-carboxylic acid) all ofwhich showed 
some catatoxic activity at comparatively high dose Ievels. This degree of activity is 
of little practical significance, but it is interesting that a heterocyclic aza-compound, 
a 16ß-carboxylic acid and a folliculoid can possess some catatoxic potency. 

Finally, it is noteworthy that (except for the moderate potency of Cpd. 93) all 
16-carboxylic acids (Cpds. 66, 67 and 69 in Table 135A) are devoid of catatoxic 
potency against both substrates. Apriori, the possibility could not have been excluded 
that nitriles are metabolized in vivo into the corresponding carboxylic acids and that 
the latter would be responsible for catatoxic activity, but this does not appear tobe 
the case. 

Additional inactive steroids are listed in Table 135A cf., p. 794. 

First Step: Synopsia ofall500 Steraids Testedfor Their 
Ability to Prevent Digitoxin and lndomethacin lntoxication 

The preceding tables summarize our hitherto unpublished data on the protection 
by steroids, and particularly by carbonitriles, against digitoxin and indomethacin 
intoxication. However, in order to obtain a proper overview of this field, the following 
list summarizes the results obtained with all 500 steroids tested up to now, cf. Table 
135B, p. 807. It will be kept in mind that all these experiments were performed un
der essentially identical conditions as outlined on p. VIII and in earlier publications 
(Selye G 70,421/70, G 70,480/71). Since no other laboratory has published comparable 
data on the detoxication of digitoxin and indomethacin by steroids, the list is assumed 
to be a reasonably complete inventory of all steroids tested for this effect and 
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Table 135A. First step (Gtd.): Other inactive steroids. (Tested at 0.5 mg dose Ievel unless other
wise stated) 

1 
IM 522a 

2 
IM 505 

3 
IM504 

4 
IM 506 

I) 

IM 513 

6 
IM 507 

7 
IM 509 

8 
IM 510 

0 

~ riS·C~-C/13 

HO~ 

17 ß-Hydroxy-4-estren-3-one 17-trichloro
acetate 19-N ortestosterone trichloroacetate 
(Bio. Research Lab.) (B.R.L.) 

E4 *II"1711/CI/f2,2,2 ona 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
17-tribromoacetate (B.R.L.) 

E1•3•5<10l ola *II"1711/Br/12,2,2 

3,17 ß-Dihydroxy-1,3,5( 10)-estratriene 
17 -trichloroacetate 
(B.R.L.) 

E1•3•5<10l ola *II"1711/CI/f2,2,2 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 17-trifluoro
acetate 
(B.R.L.) 

E1•3•5<10l ola *II"17ß/F/f2,2,2 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
17 -[2' -hydroxy ]propionate 
(B.R.L.) 

E1•3•5<10> ola *III"1711/ol/12 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
17 -[2' -hydroxy-2' -methyl]propionate 
(B.R.L.) 

E1·3·5<10l ola *III"17ß/Iol/f2 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
17-pentanoate 
(B.R.L.) 

E1·3•5<10l ola *V"1711 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
17 -heptanoate 
(B.R.L.) 

E1,3,5(10J ola *VII"17ß 

a Underneath the serial nurober of the compounds, the "IM" numbers (for Institut de Mede
cine et de Chirurgie experimentales) are mentioned. These identify steroids in our collection and 
remain the same in all Tables as weil as in other publications from this Institute. 
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Table 135 A ( continued) 

9 
IM 511 

10 
IM 512 

11 
IM 508 

12 
IM 519 

13 
IM 518 

14 
IM 514 

11) 
IM 516 

16 
IM 515 

l'i 
IM 517 

q 

roD~'~'· 
HO 

0 

$~ 

~~ 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
17 -palmitate 
(B.R.L.) 

El,3,5(10J ola *XVI"l71l 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
17 -benzoate 
(B.R.L.) 

El,3,5(10J ola *Bz"I71l 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
17 -adamantoate 
(B.R.L.) 

El,3,5(10J ol3 *adamantoate1711 

oH 3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
3-[2'-bromo-2'-methyl]propionate 
(B.R.L.) 

3,17 ß-Dihydroxy -1,3,5( 10)-estratriene 
3-trimethylacetate 
(B.R.L.) 

E1•3•5(lOJ oh71l *II"a/I//2,2,2 

o 3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
CH> o-~-ccr, 17 -trichloroacetate 3-trimethylacetate 

HC•C·CH 

@ 11-o 

~ 1mg) 
QJ"c-o 

:::~~~) *II"a/I//2,2,2 *II"l71l/CI//2,2,2 

El,3,5(10J *II" 1711/CI//2,2,2 OIII2a 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
3,17-difuroate 
(B.R.L.) 

El,3,5(10J *furoatea,l71l 

795 
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Table 135 A (continued) 

18 
IM 191 

19 
IM 313 

20 
IM 140 

21 
IM 284 

22 
IM 260 

23 
IM 453 

24 
IM 185 

26 
IM 419 

26 
IM 442 

3oc-Hydroxy -5oc-androstan-17 -one 
3-sodium sulphate 
(Organon) 

Aocx *S"Nascx on17 

2ß-Hydroxy-3oc-methylamino-
5oc-androstan-17 -one hydrochloride hydrate 
(Organon) 

3oc-Dimethylamino-2ß-hydroxy-
5oc-androstan-17 -one hydrochloride monohydrate 
(Organon) 

2ß-Diethylamino-3oc-hydroxy-5oc-androstan 
-17-one methobromide 3-acetate 
(Organon) 

2ß-Dipropylamino-3oc-hydroxy-5oc-androstan-
17-one methobromide 3-acetate 
(Organon) 

c 0 2ß,16ß-Dipiperidino-5oc-androstane-3oc, 
N 17 ß-diol diacetate dihydrochloride 
- (Organon) 

2HCL 
1-SH,O 

Aocx *II"scx,l711 piperidino211,1611' 2HCI15 H20 

2ß, 16ß-Dipiperidino-3oc-hydroxy-5oc-androstan-
17 -one dimethobromide 
(Organon) 

[Aocx olscx on17 piperidino2/1,1611/II/l.l] · 2Br-

Thiocyanic acid 3oc, 17ß-dihydroxy-17-methyl-5oc
androstan-2-yl-ester 
(SC-12697) 

Aocxl17cx olscx,I7SCN211 

17oc-Methyl-3ß, 17 -dihydroxy-5oc-androstane-2oc
hydroxymethyl 
(Syntex) 



First Step (Ctd.): Other Inactive Steraids 797 

Table 135 A (continued) 

w 17 ß·Hydroxy-3-oxo-51X-androstane-2-hydroxy-

27 
methylene 

IM 451 
(Syntex) 

AicxCHOH2oh7"ons 
H 

~ 
171X-Methyl-17 -hydroxy-3-oxo-51X-androstan-2-
aminomethylene 

28 
H2N-C (Syntex) 

IM443 

A 
Aicxi17"'(CH NH2)2oh7ona 

29 fHa 3ß-Hydroxy-20-oxo-51X,171X-pregnane-16ß· 
IM441 

#" 
carboxylic acid 
(Syntex) 

• 
Ai cxi" l&lllll71X/on//1 ola 

HO 
il 

30 Cll~ 31X-Hydroxy-11-oxo-5ß-androstane-
IM 495 17 ß[IX·benzyloxymethyl]-dimethyl-malonate 

~-
(Roussel) 

Aiß benzyloxy methyl-dimethyl 
malonate 17",la"'onu 

H 

31 

/~ 
17 ß-Hydroxy-17 -methyl-51X-androstan-

IM 150 [2,3-d]isoxazol (Sterling Winthrop) 

Ai cx2 l17"'isoxazolyl2-3/3.4oh 7 

'o ; 
H 

32 

~ 
111X-Hydroxy-4-androstene-3,17 -dione 

IM 563 (U-1680) 

A 4oln"'ons,17 

33 

~-
17 ß-Hydroxy-4-androsten-3-one 

IM 199 17-sodium sulphate 
H" (Organon) 

A4 *S"Na17"0na 

34 

~ 
3-0xo-4-androstene-17 ß-carboxylic acid 

IM 502 (Roussel) 

A41" 17"0ns 

~ 
17 ß-Hydroxy -3-oxo-4-androstene-7 ß-carboxamide 
(Syntex) 

Si 
IM 450 A4(CONH2)7",h7"ons 

0 



798 Synopsis of Pharmaco-Chemical and Pharmaco-Pharmacologic Interrelations 

Table 135 A (continued) 

36 
IM 362 

37 
IM 501 

38 
IM 440 

39 
IM 500 

40 
IM 363 

41 
IM 498 

42 
IM 452 

43 
IM447 

44 
IM 135 

3 

HO 

TH' 
CO 

eH,; co,H 

~ffi 
Aco~ 

3ß-Hydroxy-5-androsten-17-one 
3-sodium sulfate 
(Organon) 

A5 *S"Naapon17 

3ß-Hydroxy-5-androstene-17 ß-carboxylic acid 
(Roussel) 

3ß-Hydroxy-20-oxo-17cx.-pregn-5-ene-16ß-carboxylic 
acid 
(Syntex) 

3ß,17 ß-Dihydroxy-5-pregnen-20-yne-21-carboxylic acid 
(Roussel) 

A5III2•2"17ctolap,17 

1cx.,2cx.-Epoxy -4,6-androstadiene-3, 17 -dione 
(Linet) 

3ß-Acetoxy -5, 15-androstadiene-17 -carboxylic acid 
(Roussel) 

A 5,151"17 ß *II"ap 

17 ß-Hydroxy-12cx.-13ß-etiojerv-4-en-3-one 
(SC-19886) 

3ß-Hydroxy-5cx.-pregnan-20-one 
(Steraloids) 

P Ii a olap0n2o 

2ß-(2'-Phenyl-ethylamino )-3cx.-hydroxy -5cx.-pregnan-
20-one hydrochloride 
(Organon) 

Poet olactOn2oNH2ß/II//Pbl//2 · HCl 
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Table 135 A (continued) 

41) 
IM 82 

46 
IM 460 

47 
IM 496 

48 
IM 497 

49 
IM 545 

Aco··· 

1)0 

IM 544 

lil 
IM 436 

HO""" 

1)2 

IM 557 

<fH, 
CH CH2·C02H 

H, 

H 

H 

YH3 
CO ft 

•••C-Nif2 
3 

2ß-Piperidino-3oc-hydroxy-5oc-pregnan-20-one 
methobromide 
(Organon) 

2ß-Morpholino-3oc-hydroxy-5oc-pregnan-20-one 
hydrochloride 
(Organon) 

Plia ola"on2omorpholino2p · HCI 

3ß-Hydroxy-5oc-pregnane-21,21-dicarboxylic acid 
(Roussel) 

3ß-Hydroxy-11-oxo-5ß-pregnan-21-oic acid 
(Roussel) 

3oc-Acetoxy-23,24-bisnor-5ß-cholan-22-oic acid 
(B.R.L.) 

P Ii ß I" 20 *II" a" 

3oc-Acetoxy-23,24-bisnor-5ß-cholan-22-al 
(B.R.L.) 

P Ii ß I al2o *II" a" 

3oc-Hydroxy-11,20-dioxo-5ß-pregnane-16oc-carboxamide 
(U-35827) 

21-Hydroxy-4-pregnene-3,11,20-trione 
(U-0569) 



800 Synopsis of Pharmaco-Chemical and Pharmaco-Pharmacologic Interrelations 

Table 135 A (continued) 

1)3 
IM 556 

M 
IM 561 

1)1) 

IM 555 

1)6 
IM 546 

1)7 
IM548 

1)8 
IM 416 

1)9 
IM 547 

60 
IM 207 

~H3 
C=O 

~ 
AcO 

~H3 
•0 

~ 
~u, 
C•O 

~ 
CH,ou 

~J 3 

0_ 

fH• Ji5fS-
YH> 

~ 
... coocHa 

H 

0 

ffH&:-cHo 

• 

0 

6{J,11or.-Dihydroxy-4-pregnene-3,20-dione diacetate 
(U-0471) 

P4 *Il" 6/l,llotOD.a,20 

4-Pregnene-3,11 ,20-trione 
(B.R.L.) 

P4ona,ll,20 

4-Pregnene-3,6,11,20-tetrone 
(U-0460) 

P4ona,6,11,20 

22-Hydroxy -23,24-bisnorchol-4-en-3-one 
(B.R.L.) 

P4Iol2oona 

3-0xo-23,24-bisnor-4-cholen-22-oic acid 
(B.R.L.) 

p4I"zoona 

3,20-Dioxo-4-pregnene-16or.-carboxylic acid methyl 
ester 
(U-35258) 

p41" 16«/*Iolona,2o 

3-0xo-23,24-bisnor-4-cholen-22-al 
(B.R.L.) 

p41alzoona 

16or.-Ethyl-20{J-hydroxy-4-pregnen-3-one 
(Organon) 
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61 
IM 524 

62 
IM 523 

63 
IM 467 

64 
IM 525 

65 
IM 552 

66 
IM 465 

H 

Aco·· 

67 
IM 415 

' 

HO 

68 
IM 438 

3 

HO 

First Step (Ctd.): Other Inactive Steroids 801 

~HJ 
CHOAc 

• .COOH 

GHa 

k~J 
···COOH 

CHa 

k~J 
···COOCH3 

5-Pregnen-3ß-20ß-diol 3-acetate 
(B.R.L.) 

3ß,21-Dihydroxy-5-pregnen-20-one diacetate 
(B.R.L.) 

16ß-Carboxy-5-pregnene-3ß,20ß-diol y-lactone 
3-acetate 
(SC-5634) 

P5 I" y lacl6P-20 *II" ap 

3,20-Dioxo-5-pregnene 3,3-20,20 bis-(ethylenedioxy) 
(B.R.L.) 

9~,11~-Epoxy-3ß
hydroxy-5cx-pregn-6-en-20-one-
5,8cx-maleic anhydride adduct, acetate 
(U-0156) 

P 5 a.O *II" atJOn2o 09<-11 
maleic anhydride adduct5ot-8 

16cx-Carboxy -5-pregnene-3cx,20-diol diacetate 
(SC-5934) 

20,20-(Ethylenedioxy)-3ß-hydroxy -5-pregnene-
16cx-carboxylic acid 
(U-12872 E) 

20,20-(Ethylenedioxy)-3ß-hydroxy-5-pregnene-
16cx-carboxylic acid methyl ester 
(U-36548) 
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Table 135 A (continued) 

69 
IM 437 

70 
IM71 

'il 
IM 210 

72 
IM 499 

73 
IM 526 

74 
IM 503 

75 
IM 553 

76 
IM 99 

20,20-(Ethylenedioxy)-3ß-acetoxy -5-pregnene-161X
carboxylic acid 
(U-35939) 

P5I" 16"' *II" a118ßllzo 

3ß-Hydroxy-161X-ethyl-5-pregnen-20-one 
(Organon) 

<;'!• 3ß-Hydroxy-161X-isobutyl-5-pregnen-20-one 

~ ~~ eH, (Organon) 

~ --~ P'rn,..,""""""'" 

~H• 

Cfb c-~-Ac 
=Cifz 

H, 

0 

CH, 

CH,s 
CH.s/:;.o 

. 
Aco ••• ••• _90 

Ho 

AcO 

1\C 

=0 

31X,171X-Dihydroxy-11-oxo-5ß-pregn-20-ene-21-
carboxylic acid 
(Roussel) 

17 ,21-Dihydroxy-1,4-pregnadiene-3,11,20-trione 
Prednisone 
(B.R.L.) 

P1•4oh7,21ona,n.zo 

17 -Hydroxy-6-methyl-16-methylene-4,6-pregnadiene-
3,20-dione acetate 
(U-21240) 

p4, 616 (CHz)ls *II" 17ona,2o 

3ß-Hydroxy -51X-pregna-6,9( 11 )-dien-20-one-5,81X-maleic 
anhydride adduct, acetate 
(U-0157) 

P1Jcx6,9(11) maleic anhydride adducts .. -s 

3ß,21-Dihydroxy -5,16-pregnadien -20-one diacetate 
(Organon) 

P5•16 *II" 811,21onzo 



First Step (Ctd.): Other Inactive Steroids 803 

Table 135A (continued) 

77 #- 5ß-Cholan-24-oic acid 
IM 296 (Roussel) 

3 CHiß"24 

H 

78 

# 
3oc-Hydroxy-5ß-cholan-24-oic acid 

IM 493 Lithooholie aeid 
COOl! (Roussel) 

c;H, 

CHi ß" 24ols,. 
HO'' 

H 

79 

# 
3oc,6oc-Dihydroxy-5ß-cholan-24-oic acid. 

IM 485 

...- - HyodeBOxylie aeid 
(Roussel) 

CH 6 ß" 24ola,.,&,. 

H ; 
OH 

80 

~ 
3oc, 7oc-Dihydroxy-5ß-cholan-24-oic acid. 

IM 492 3 OhenodeBOxylie aeid 
COOl! (Roussel) 

H, 

CHi ß" 24ola,., 71X 
Ho··· H OH 

81 

# 
3oc,12oc-Dihydroxy-5ß-cholan-24-oic acid. 

IM 490 DeBoxyeholic aeid 
3 

(Rousael) COOl! 
% 

CH 6 ß" 24ola,.,121X 

HO''' 
H 

82 

cf29 
3oc, 7oc,12oc-Trihydroxy -5ß-cholan-24-oic acid. 

IM 488 c;H, Oholie aeid 
COOl! (Roussel) 

CHi ß" 24ola,., 71X,l21X 
HO•'' 

H 

83 

# 
3oc-Hydroxy-11-oxo-5ß-cholan-24-oic acid 

IM 487 3 (Roussel) 
COOH 

3 CH 6 ß" 24ola,.onu 

Ho··· 
H 

84 0 3oc, 7oc,12oc-Trihydroxy-5ß-cholan-24-oic acid 

IM 550 #- methyl ester 
(U-0021) 

CHiß" ola,.,7,.,12,.*I24 

HO'' 
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Table 135 A ( continued) 

85 
IM 541 

86 
IM 491 

87 
IM 554 

88 
IM 198 

89 
IM 532 

90 
IM 530 

91 
IM 531 

92 
IM 529 

NaSO,O 

0 
Ct-C-o 

0 

CH>-(CH>lrC-0 

HC-(CH2), -Cfl:. 

I <? 
HC-(CH>la-0-C-0 

Cl 

3, 7,12-Trioxo-5ß-cholan-24-oic acid 
(B.R.L.) 

CH 5 ß"24ona, 7.12 

31X-Hydroxy-5-cholen-24-oic acid 
(Roussel) 

24,24-Diphenyl-5-cholene-3ß,24-diol 
(U-0359) 

3ß-Hydroxy-5-cholestene 3-sodium sulphate 
(Organon) 

CHT5 *S"Naat~ 

CH> 5-Cholesten-3ß-ol chloroformate 
(B.R.L.) 

CHT5 *I"Clat~ 

eH, 5-Cholesten-3ß-ol pelargonate 
(B.R.L.) 

CHT5 *IX" 211 

CHT5 *XIX10"311 

3ß-Chloro-5-cholestene 
(B.R.L.) 



Table 135A (continued) 

93 
IM 558 

~ 

H:l 
Ag Cl 

94 
IM 536 

91) 
IM 535 

96 
IM 551 

97 
IM 537 

H 

98 
IM 538 

99 
IM 533 

HO 

First Step (Ctd.): Other Inactive Steroids 

C!l. CH2 _A;!z ,CH3 
'eH. 'CH 

'cH3 

6-(Chloromercuri)-5-cholesten -3ß-ol 
(U-0617) 

4, 7 ,22-Ergostatrien-3-one 
(B.R.L.) 

ER4,7,220n3 

5,7,22-Ergostatrien-3ß-ol 
Ergosterol 
(B.R.L.) 

5,7,9(11),22-Ergostatetraen-3ß-ol acetate 
(U-0025) 

ER5,7,9(11J,22 *II"sp 

31X-Hydroxy-5ß-stigmast-22-ene 
(B.R.L.) 

31X-Hydroxy-5ß-stigmast-22-ene acetate 
(B.R.L.) 

ST Ii ~22 *II" a"' 

5,22-Stigmastadien-3ß-ol 
Stigmasterol 
(B.R.L.) 

805 
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Table 135A (continued) 

100 
IM 534 

101 
IM 494 

102 
IM542 

103 
IM 521 

104 
IM 520 

105 
IM 539 

0 

o-.JI~o 
RO~ 

OH 

~ i'crrH 
HOUJ'V 

.-.J:DOH 
HOUJ~ 

4,22-Stigmastadien-3-one 
(B.R.L.) 

ST4,22ona 

31%,16ß-Diacetoxy-11cx-hydroxy-31-
nor-5cx,8cx,9ß,13cx, 
14ß-dammaran-17(20)-en-21-oic acid 
(Roussel) 

Dammaran n3117!20l 5 IX,81X,9 ~.13<~t,l4 ~I" 21ol11"' 

*IIacr;,1611 

3ß,5,14-Trihydroxy-19-oxo-5ß, 
14ß-card-20(22)-enolide mixture of 3-glycosides 
(ß-glucose-ß-glucose-cymarose-, 
ß-glucose-cymarose-, cymarose) 
(B.R.L.) 

CARI)~20(22llah9tl0ls,1411 *Ra 

3,4-Bis(p-hydroxy-phenyl)-n-hexane 
(Hexestrol) 

(B.R.L.) 

3,4-Bis(p-hydroxy-phenyl)-n-hex-3-ene 
(Diethylstilbestrol) 

(B.R.L.) 

Calciferol 
(Vitamin D2) 
(B.R.L.) 

Calciferol 

eminently suitable for pharm.aco-chemical correlation studies. It must be kept in 
mind, however, that these assessments of activity are subjective and hence only very 
high or essentially negative ratings deserve serious consideration as indexes of strong 
and negligible activity respectively. This is all the more true since, in many instances, 
the total number of rats had to be limited to five per group because the majority 
of the steroids tested were available only in small amounts. On the other hand, all 
compounds which are highly potent in increasing resistance to one or both of these 
toxicants were retested at lower dose Ievels. 



Synopsis of 500 Steroids Tested for Their Ability to Prevent Digitoxin 807 

Table 135B. First step ( ctd.): Synopsis of all 500 steroids tested for their ahility to prevent 
digitoxin and indomethacin intoxication 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin3 methacina indexb 

1 
IM 360 G4II13ot,17otOh 70ns 10 3 3 0.3 

(d-Norbolethone) 
2 
IM 343 G4II13,17otoh 70ns 10 3 3 0.3 

(d,l-Norbolethone) 0.5 0 0.5 o.o 
0.1 0 0 

3 
IM 142 E4ol17~ 10 0 3 0.10 

4 
IM147 E4on17 10 0 2 0.1 

i) 

IM 188 E4ons,17 10 1 2 0.10 

6 
IM 146 E4ol17ß0na (Nortestosterone) 10 2 0 0.1 

7 
IM522 E4*Il" 17 tJ/C1/f2,2,2ona 0.5 0 0 0 

8 
IM340 E4*III''Ph17ß0ns 10 0 0 0 

(Nandrolonephenyl pr.) 
9 
IM339 E4*X"17p<>na (Nondrolone dec.) 10 0 0 0 

10 
IM 186 E1(10),5ola",n17 10 0 3 0.10 

11 
IM 33 E1,3,5 (10lola,17 tJ (Estradiol) 10 0 0 

1 0 0.5 O.!o 
1! 
IM505 E1·3•5 <10lola*II" 17 fJ/Brl/2,2,2 0.5 0 0 0 

13 
IM504 E1•3•5<10lola*Il" 17tJ/Cl//2,2,2 0.5 0 0 0 

a As in the previously reported data the figures indicate the means of the statistical difference 
grades of protection ranging from "0" (no protection) to "3" (perfect protection). For further 
data concerning the techniques cf. p. VIII. 

b Basedon the formula D~I X _!___, where D = reading for digitoxin, I = indomethacin, 
"" mg 

mg = the dose tested. 
It is noteworthy that, among the 500 steroids listed in Table 135B, only 20 exhibited an 

activity index of 10 or more. It is hardly coincidental that all compounds of this select group are 
16oc-carbonitriles, except for TMACN (Cpd. 149) which is a 2oc-carbonitrile, the 16oc-17-methyl
oxazolyl (Cpd. 329), CS-1 (Cpd. 191), and dexamethasone acetate (Cpd. 360). It may be significant 
that within this small group of exceptions we find: one steroid (Cpd. 149) which also carries a 
carbonitrile substituent on the ring, although in the 2oc-position, two 9oc-fl.uoro-compounds 
(CS-1 and dexamethasone), one steroid (Cpd. 329) substituted at 16oc, although not by a carbo
nitrile. It will be interesting to see whether other 16oc-substituted or halogenated steroids possess 
considerable catatoxic activity and whether the latter can be further increased by the introduc
tion of several apparently advantageaus substituents into the same molecule. 

52 Selye, Hormones and Resistance 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin" methacina indexb 

14 
IM506 E1•3•5<10lola *ll"17 ß/Ff/2,2, 2 0.5 0 0 0 

15 
IM513 E1•3•5 <10lola *III"17 ß/ol//2 0.5 0 0 0 

16 
IM507 E1•3•5 <10lola *III"17 ß/I,ol//2 0.5 0 0 0 

17 
IM509 E1,3,5 (10lola *V"17 ß 0.5 0 0 0 

18 
IM510 E1,3,5(10lola*V11"17 ß 0.5 0 0 0 

19 
IM511 E1,3,5(10lola*XVI"17 ß 0.5 0 0 0 

20 
IM 512 E1,3,5(10lola*Bz"17ß 0.5 0 0 0 

21 
IM508 E1,3,5 (10loi3 *adamantoate17 ß 0.5 0 0 0 

22 
IM 518 E1•3•5<10lol17 p*ll"ati//2,2,2 0.5 0 0 0 

23 
IM519 E1•3•5 <10loh 7 p*III"atr,Br//2 0.1 0 0 0 

24 
IM514 E1,3,5 (10l*ll"ati//2,2,2 0.5 0 0 0 

*11"17ß/Cl//2,2,2 
21) 
IM516 E1•3•5 <10l *ll"ati//2,2,2 0.1 0 0 0 

*methyltartrate17 ß 

26 
IM 517 E1·3,5(10l*furoatea,17ß 0.1 0 0 0 

27 
IM21 El.3•5<10lolaon17 (Estrone) 10 0 2.5 0.121) 

28 
IM515 E1,3,5 <10l *ll"17 ß/Cl//2,2,20III2a 0.5 0 0 0 

29 
IM 194 E1,3,5(10lon170Ia 10 0 1.5 0.071) 

30 
IM356 E4•9•11ona,17 10 0.5 0 0.021) 

31 
IM355 E4•9•11onaOIII217 ß/I//2 10 1.5 3 0.221) 

0.5 0 0 

32 
IM435 Eli~CNsiP-117cxOh7ona 0.5 0 0. 0 

33 
IM428 E Ii ~ CN slll217ct/II/2oh 7ona 0.5 0 0 0 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxina. methacin6 indexb 

34 
IM430 E 6 ~ CNsiD217ct/I//2oh 70ns 0.5 0 0 0 

36 
IM 192 E4II7ctoh 7ons 10 3 3 0.3 

0.5 0 0 
36 
IM79 E4117ctOI4,170D3 10 0 3 0.10 

0.5 0 0 
37 
IM 59 E4II17ctOh7 (Ethylestrenol) 10 3 3 0.3 

0.5 0 0 0 
38 
IM76 E4ßl7ctOh7*III"sJJ 10 0 3 0.16 

39 
IM 57 E41117ctOh7ons (Norethandrolone) 10 3 0.5 0.176 

40 
IM 193 E411117ctOh 70Da 10 1 2 0.10 

41 
IM315 E4ffi"ylaC17ct0Da 10 3 2.5 0.276 

42 
IM 101 E4III217ctoh 7 (Allylestrenol) 10 0 3 0.16 

43 
IM338 E5<10lll1-117ctol17ons (Norethynodrel) 10 0 0 0 

44 
IM392 E1,3,5(10lll&ctCN1&*11"17JJIHs 0.5 0 0 0 

46 
IM395 E1,3,5(lO)Il&eCNl&OD170Is 0.5 0 0 0 

46 
IM35 E1,3,5(10lii1-117ctOls,l7 10 0 0 0 

(Ethynylestradiol) 
47 
IM304 E1•3•5<10lii1-117ctOh 70is11 10 0 3 0.10 

0.5 0 0 
48 
IM 168 E1•3•5<10>•7furyh7ct/SOh7*II"sJJ 10 0 2.5 0.126 

49 
IM 169 E1,3,5(10). 7furyh?ct/sol170cycV /s11 10 0 3 0.16 

60 
IM380 E1,3,5(10),16CN17•II"s 0.5 0 0 0 

61 
IM400 E1,3,5(10),16CN17ois 0.5 0 0 0 

62 
IM326 E(02)4•9<10loh7JIODa 10 3 0 0.16 

0.5 1 2 
63 
IM328 E (02)4•9•11oh7JJODs 10 1.5 0.5 0.1 

52'" 
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Table 135B (continued) 

Group SSSName Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

M 
IM336 Eab10(5-+4ll7cx,17cxOh 70D3,5 10 2 1.5 0.171) 

I) I) 

IM 196 Aöatoln/1,1711 10 3 0 0.11) 

1)8 
IM 183 AÖIIOD3,17 10 3 0.5 0.171) 

1)7 
IM 100 AÖIIOh7fiOD.a (Androstanolone) 10 2 0 0.1 

1)8 
IM 191 A Ii 11*S"N aa .. on17 0.5 0 0 0 

1)9 
IM327 AÖIIOD1702/I-l9Clacx 10 0 2 0.1 

80 
IM252 Aö 11*ll" afiOD17Cl5, &II 10 0 0 0 

81 
IM229 Aö11NOH17 10 3 3 0.3 

82 
IM213 Aömoh111NOH17 10 3 3 0.3 

83 
IM224 Alillolu/I(NHsh?/1 10 1.5 0 0.071) 

14 
IM 246 Aö IIOlafiSP imidazolidyh7/on//2,5 10 0 0 0 

81) 
IM319 AlillolacxOD17(Na)211 10 0 0 0 

88 
IM313 Ali11olsfiOD17NHacxti • HCI15Hs0 0.5 0 0 0 

87 
IM 140 Alillolsf10n17Nacx/If/1,1 · HCIHsO 0.5 0 0 0 

88 
IM284 [Aöet*ll"acxOD17N2/Ifi,II,II]Br 0.5 0 0 0 

89 
IM260 [Aöet*ll"acxOD17N2/I/I,III,III]Br 0.5 0 0 0 

70 
IM253 Aö 11*ll" afiOD17Cl5(Na)&/l 10 0 0 0 

71 
IM453 Alill*ll"acx,l711Piperidino2/1,16/l' 0.5 0 0 0 

·2HCI15H20 
72 
IM361 [ A Ii 11*ll" acx,17 /lpiperidinot:/1,16/1] 10 0 1.5 0.071) 

(Pancuronium Br) • 2 BrH20 
73 
IM 185 [Aiillolacxon17Piperidino211.1611/1/1.1] 0.5 0 0 0 

·2Br 



Synopsis of 500 Steroids Tested for Their Ability to Prevent Digitoxin 811 

Table 135B (continued) 

Group SSSName Dose Digi- lndo- Activity 
(mg) toxina methacina indexb 

74 
IM325 Aliu*III"t7fl/cycV//3S2"-3 10 0 0 0 

'ili 
IM250 A Ii (! *II"sf10nt705/l-8 10 0 0 0 

'i6 
IM 141 A4ons,t? (Androstenedione) 10 1 0.5 O.O'ili 

'i'i 
DIS A4ons,11,17 (Andrenosterone) 10 0 0 

'i8 
IM 53 A4oh?f10ns (Testosterone) 10 3 0.5 O.l'ili 

0.5 0 0 0 

'i9 
IM 131 A4*1I"t7f10ns (Testosterone acetate) 10 0 0 0 

80 
IM 58 A4*1II"t7f10ns (Testosterone pr.) 10 0 0 0 

81 
IM 199 A4*S"Nat7f10ns 0.5 0 0 0 

8! 
IM226 A4*II"llr~.,17f10ns 10 0 2 0.1 

88 
IM563 A4olllr~.ons,t7 0.5 0 0 0 

84 
IM 187 A4oll9ons,t7 10 0 0 0 

So 
IM358 A4*cycVI"t7f10nsF2" 10 0 0 0 

86 
IM216 A 4*III"17 fiOnsF s" 10 0 0 0 

S'i 
IM41 A4olllf10ns,l7Fs" 10 0.5 1.5 0.1 

(Fluorohydroxyandrostenedione) 
88 
IM251 A4olsf10nl7(Ns)&/l 10 0 3 0.1li 

89 
IM17 A5ols/1,16cx (Cetadiol) 10 0 0 0 

90 
IM 139 A5*II"sii*Bz"t7fl 10 0 2.5 O.Uli 

91 
IM31 A5olsf10n17 (Dehydroepiandrosterone) 10 2 3 Uli 

0.5 0 0.5 0 

92 
IM27 A5*II"sf10nt7 10 0 3 0.1li 

(Dehydroepiandrosterone acetate) 0.5 0 0 

98 
IM362 A 5*S''N &sf10nt7 0.5 0 0 0 
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Table 135B (oontinued) 

Group SSSName Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

94 
IM 184 A5ola",t90ll17 10 0 0 0 

95 
IM245 A5ola"sp imidazolidinyh7tonJ/2,5 10 0 0 0 

98 
IM332 A 5ola"(2-Disopropylaminoethyl 10 0 0 0 

formamido)17" 
97 
IM321 A 5ols11(3-Dimethylaminopropyl 10 0 0 0 

methylamino)t7" • 2HC1 
98 
IM247 A5*II"s"sp oxazolylt7/I//2 10 0 0 0 

99 
IM363 A 4•6ona,t7fhat-2 10 0 0 0 

100 
IM 153 A4•9<11>o1t7"ona 10 0 1.5 0.071) 

101 
IM280 A Ii cdtatolt 7 "ona 10 0.5 0 0.025 

102 
IM 189 Aöcd4atOl17"ona 10 3 0.5 0.175 

103 
IM 51/d Aöcdl7atOla",llP,17 (Methyl- 10 3 3 0.3 

androstanetriol) 
104 
IM 190 Aöctlt7atOlt7ona 10 3 0 0.11) 

101) 
IM 163 A ö ctlt7atoln",l7ona 10 3 3 0.3 

108 
IM320 Aöctll7atOh781aat 10 3 1.5 U2ö 

0.5 0 0 

107 
IM419 Alictll7atOlsat,l7SCN2" 0.5 0 0 0 

108 
IM248 A Ii ctlt7atOlap,5,17(N a)o" 10 0 0.5 0.021) 

109 
IM454 Aictltsat,l7at*II" a,17 10 3 0.3 

0.5 0 0 0 
110 
IM451 AlictCHOH20lt7"ona 0.5 0 0 0 

111 
IM427 AöctCNtatOh7"ona 0.5 0 0 0 

112 
IM433 AöctCNtat*II"t7",na 0.5 0 0 0 

113 
IM424 AhCNa~lm(NH2)s 0.5 0 0 0 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

114 
IM434 AliaCNsoh7ßOila 0.5 0 0 0 

111) 
IM420 AlißCNsoll7ßOlla 10 0 0 0 

0.03 0 0 0 
0.015 0 0 0 
0.005 0 0 0 
0.001 0 0 0 

116 
IM421 A Ii a CN s *III" 17 ßOna 0.5 0 0 0 

117 
IM422 A Ii ß CNs *III"17 ßOlla 0.5 0 0 0 

118 
IM442 Ali all7«Iohxolaß,l7 0.5 0 0 0 

119 
IM 98/a Aliai17«CHOH2oh7ona (Oxymetholone) 10 3 0 0.11i 
120 
IM443 Aliai17«(CHNH2)2oh7ona 0.5 0 0 0 

121 
IM425 Aliai17«CNsoh7ona 0.5 0 0 0 

122 
IM382 Ali al16ßCN17olaß,17; 0.5 0 0 0 

123 
IM275 Ali alll7«/on/llolaß016ß-17 10 3 3 0.3 

124 
IM276 A Ii alll7aJon//l ona,n 016ß-17 10 2 3 0.21) 
121) 
IM441 Ali a1"16ßlll7aJon/llolaß 0.5 0 0 0 

126 
IM432 Aliaii1-117aCNsola,.,l7 0.5 0 0 0 

127 
IM 335 A Ii a11117aJI//2olaß,l7 10 3 3 0.3 

0.5 0 0 
128 
IM78 Alia1h *II"17ß0na 10 1.5 0 0.071) 

(Methenolone acetate) 
129 
IM 77 A Ii a1 l1 *VII"17 ßOna 10 2.5 0 0.121) 

(Methenolone oenonthate) 
130 
IM 318 Alia2117cxOh7 10 1.5 1 0.121) 

131 
IM365 Ali<X2CNaon17 10 2 2 0.2 

0.5 0 0 0 
132 
IM 150 A Ii a 2117aisoxazolyb-3/3,4oh 7 10 1.5 0.5 0.1 

0.5 0 0 0 
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Table 135B (continued) 

Group SSSName Dose Digi- lndo- Activity 
(mg) toxin• methacin• indexb 

133 
IM249 Ao~l17 .. oh7*II"a118s~~-a 10 0 1.5 0.079 

134 
IM 165 Ai ~l17,.oh7ona,nF9,. 10 2 0.5 0.129 

139 
IM357 A o ~ lah7 ttOla ... 170Dn 10 0 0 0 

136 
IM386 Ao~CN1711*II"a,. 0.5 0 0 0 

137 
IM377 Ao~CN170h7f*II"a.. 0.5 0 0 0 

138 
IM426 Ao~I17,.CNsoh70na 0.5 0 0 0 

139 
IM489 A o ~11711/1"1/l.lola,.onn 0.5 0 1.5 1.0 

0.03 0 0 
140 
IM381 Ao~ICN17tt0la,. 0.5 0 0 0 

141 
IM385 Ao~ICN1711*II"a .. onu 0.5 0 0 0 

14!! 
IM384 Ai~ l17 11/CNtetrahydropyranylsll/oll/2 0.5 0 0 0 

143 
IM369 Ai~ l17 11/CN//l.lCN 17ola,.onn 0.5 0 0 0 

144 
IM495 Ai~ benzyloxy methyl-dimethyl ma- 0.5 0 0 0 

lonate 17 j!Ola,.onn 
u& 
IM368 Ai~2CNaol1711 10 0.5 2 0.1!!9 

0.5 0 0 0 
146 
IM254 Ai ~2IIa11Jon1J10l17 11 10 0 0 0 

147 
IM378 Ao~1&CN17*II"a,. 0.5 0 0 0 

148 
IM393 Ai ~17 !20liCN1711*II"a .. onn 0.5 0 1.5 1.0 

149 
IM406 Ai ~17!2Dl11711/CNI/1,1ola,.onn 0.5 0 0 0 

100 
IM 120 A41a,.oh7ttODa (Methyltestosterone) 10 2.5 3 0.279 

101 
IM208 A41a .. ohu,17tt0Da 10 3 3 0.3 

0.5 0 0 
102 
IM 55 A4117,.oh7ona (Methyltestosterone) 10 3 1.5 0.2!!9 



Synopsis of 500 Steroids Tested for Their Ability to Prevent Digitoxin 815 

Ta.ble 135B (continued.) 

Group SSSName Dose Digi- lndo- Activity 
(mg) toxina. methacina. indexb 

108 
IM90 A4l17«ol4,17ons (Oxymesterone) 10 0.5 3 0.1?6 
104 
IM223 A 4l17«ols",17ona 10 0 1 0.06 
166 
IM 160 A4117«oln«,170lla 10 3 3 0.3 
196 
IM241 A4117«ohu,17ons 10 3 3 0.3 

0.5 2 4.0 
10? 
IM85 A4117«oh7"*SII"1«,7«ons (Emdabol) 10 2 1 0.15 

0.5 0.5 0 0.6 
0.1 0 0 

168 
IM81 A4117«ohu.170nsFe« 10 3 2 0.25 

(Fluoxymesterone) 0.5 3 0 8.0 
0.1 0 0 

169 
IM 162 A 4117cxOl170ns,nF 9cx 10 3 2 0.26 
160 
IM502 A4I"17",llS 0.5 0 0 0 

161 
IM450 A 4 (CONH2)7 "oh 7 "ona 0.5 0 0 0 

162 
IM391 A4CN17*II"17f011S 0.5 0 0 0 

163 
IM374 A4CN17ol17f011S.u 0.5 0 0 0 

164 
IM375 A4CNI7*11"17f0ns,u 0.5 0 0 0 

166 
IM36 A 4ll1-117cxOh 70ll3 (Ethyltestosterone) 10 0 1 0.06 
166 
IM10 A 4ffi"K17«olu",17onsFe« (CS-1) 10 3 3 0.3 

0.5 3 3 6.0 
0.1 1 1.5 12.0 
0.03 0 0 0 

16? 
IM314 A 4ffi" ylac17«ons 10 3 3 0.3 

0.5 0 0 

168 
IM9 A 4ffi"ylac17«*SII" 7«0ila 10 3 3 0.3 

(Spironolactone) 0.5 0 0 1.li 
0.1 0 0 

169 
IM66 A4ffi"ylac17«olu"onsF9« 10 3 2 0.25 

0.5 3 6.0 



816 Synopsis of Pharmaco-Chemical and Pharmaco-Pharmacologic Interrelations 

Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin" methacin" indexb 

170 
IM342 A 4tetrahydrofuryh 7a. *SII" 7a.Ona 10 3 3 0.3 

(Spiroxasone) 0.5 0 1.5 1.5 
0.1 0.5 5.0 

171 
IM 312 A 4imidazolyh 7 tJ/I/2ona 10 0 1 0.05 

172 
IM 54 A5117aOlatJ,l7 (Methylandrostenediol) 10 0 0 0 

173 
IM 159 A5Juol17tJOna 10 0 1.5 0.075 

174 
IM 501 A51"r7tJOlap 0.5 0 0 0 

175 
IM306 A5J"K17tJOlap(NH2h7 10 0 0 0 

176 
IM255 A51"17a./*I*II"aaNHII"17 10 3 1 0.2 

177 
IM390 A5CN17oh7a.OOIIa 0.5 0 0 0 

178 
IM 182 A5I17a1"17/*IOlap 10 0 1.5 0.075 

179 
IM568 A5~,4CN2aol170na 0.5 2 0.5 2.5 

0.03 0 

180 
IM364 A5J4,4,17a.CN2a.ol17ona (TMACN) 10 3 3 0.3 

0.5 2.5 3 5.5 
0.1 2 2 20.0 
0.03 0 0 0 

181 
IM308 A 51117a./on//1///ollf//2*II" 3{!016{!-17 10 0 0 0 

182 
IM 448 A 5J"lstJih 7a./ollf!Ola/J 0.5 1.5 3 4.5 

0.1 0.5 0 2.5 
0.03 0 0 0 

183 
IM440 A 51" 16ßll17a./on//1 olap 0.1 0 0 0 

184 
IM446 A 51117a./on//1 {CONH2)1spolap 0.5 0 1.5 1.5 

0.1 0 0 0 
185 
IM417 A5CN17117fJ/CN/1,1olap 0.5 0 0 0 

186 
IM 118 A5111-1I7a.Olap,17 10 0 0 0 

187 
IM350 A511I"ylac17aolap 10 0 3 0.15 

0.5 0 0 



Synopsis of 500 Steroids Tested for Their Ability to Prevent Digitoxin 817 

Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin 3 methacina indexb 

188 
IM 351 A51fil"ylac17otola/l 10 3 3 0.3 

0.5 0.5 1 
189 
IM354 A 5lll1-1" 17otola/l,l7 10 0 0 0 

190 
IM500 A 51112-2" 17otOial!.17 0.5 0 0 0 

191 
IM 217 A1·41a"'ona,n,17 10 3 3 0.3 

0.5 1 2 
192 
IM281 A1•4l17otoh7ona 10 0.5 1 o.o7o 

193 
IM 164 A1·4117otoln/l,l70na 10 2 1.5 o.17o 

194 
IM323 A 4, 6III"K17otOh 7ona 10 3 3 0.3 

(Aldadiene Kalium) 0.5 0 0 
19o 
IM 316 A4,61fi"ylac17otOI17ona 10 3 3 0.3 

(Aldadiene) 0.5 0 0 
196 
IM 157 A 4·9 (ll)l17o:oh 7ona 10 3 3 0.3 

197 
IM222 A 4·9 (11)12ot,17otOh 70ll3 10 3 1 0.2 

198 
IM389 A4•16CN11ona 0.5 0 0 0 

199 
IM498 A 5•15l"17 11*II"a11 0.5 0 0 0 

200 
IM396 A5•16CN11*II"ap 0.5 0 0 0 

201 
IM 322 A(02)5a.l17otOh7 10 3 1.5 o.22o 

202 
IM 80 A(02)4I17o:Oh7ona ( Oxandrolone) 10 3 3 0.3 

0.5 0 0 0 
203 
IM410 A(N4)II17o:0h7ona 10 1.5 3 0.225 

0.5 0 0 0 
204 
IM302 AnA6a.on2.1a 10 3 3 0.3 

2oo 
IM 126 AnB4oh7ßona (B-N ortestosterone) 10 0.5 1 0.076 

206 
IM84 AhoD (017o:)1·4ona,17 10 2 3 0.25 

207 
IM452 An 18,nC,hoD4117otOI17ona 0.5 0 0 0 



818 Synopsis of Pharmaco-Chemical and Pharmaco-Pharmacologic Interrelations 

Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin" methacin" indexb 

208 
IM 143 A49 ß,10cxol17/Jona (Retrotestosterone) 10 0 0.5 0.021) 

209 
IM 145 A49ß,10cxona,t7 (Retroandrostene- 10 3 0.5 0.1'11) 

dione) 
210 
IM243 P 1i1Xona.2o 10 0.5 0.5 0.05 

211 
IM 72 Plißon3,20(Pregnanedione) 10 0 2 0.1 

0.5 0 0 
212 
IM 106 Plicxons,n,2o 10 3 3 0.3 

213 
IM 115 Plißona,u,2o 10 2.5 3 0.2'11) 

0.5 0 0 
214 
IM447 P Ii cxolaß0n2o 0.5 0 0 0 

211) 
IM261 P Ii cxolsp,tacxon2o 10 0 0.5 0.025 

216 
IM 136 P Ii cxolaß0nu,2o 10 1.5 3 0.221) 

21'1 
IM301 Plißolaß0nu,2o 10 3 3 0.3 

0.5 0 0 
218 
IM 122 P Ii cxolap,170nu,2o 10 3 3 0.3 

219 
IM277 P Ii cxolaponu,2o0t6cx-17 10 3 3 0.3 

220 
IM272 P Ii cx*II"aßOn2oCls,sp 10 0 0.5 0.021) 

221 
IM273 P Ii cxolap,170n2oCls,sp 10 0 0.5 0.021) 

222 
IM215 P Ii cxolsona,2oF ap 10 0 0 0 

223 
IM290 P Ii cx *II" ap,2o0scx-6methyloxazolyhscx-17 10 2 3 0.21) 

224 
IM285 P 5 cx*II"aß0nu,2omethyloxazolyl16cx-17 10 0.5 1 0.0'11) 

221) 
IM286 P Ii cx *III"aß0nu,2oethyloxazolyhscx-17 10 1 0.5 O.O'IIi 

226 
IM331 P Ii cxolap[N -(piperidinoethyl)- 10 0.5 2.5 0.15 

formamido J2op 

22'1 
IM82 [P Ii cxolacxon2opiperidino2P/I/Jl]Br- 0.5 0 0 0 



Synopsis of 500 Steroids Tested for Their Ability to Prevent Digitoxin 819 

Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

228 
IM 135 P Ii «olactOD2oNH211/II/IPhl//2 • HCI 0.5 0 0 0 

229 
IM274 P Ii tXols *II" aJIOn2o(Na)&JI 10 0 1.5 0.075 

230 
IM283 P Ii «olap,17onu,2o(Nahs11 10 0 0 0 

231 
IM282 P Ii tXolap,1&<>onu,2o(Nah 7 10 2 1 0.15 

232 
IM460 PlitXola"'on2omorpholino211 • HCI 0.5 0 0 0 

233 
IM269 P Ii «16ons,n,2o 10 0 3 0.15 

0.5 0 0 
234 
IM264 p Ii «16*11" 3/l,llct0ll20 10 0 3 0.075 

235 
IM263 P Ii «16*III"aJ10nu,2o 10 0 0 0 

236 
IM270 P li«16onu,2o0Ia,a 10 1.5 3 0.225 

0.5 0 0 
237 
IM265 p Ii «17 (20) *II" 311,20 10 0 3 0.15 

238 
IM 128 P Ii ß olact,12ct,20 10 3 3 0.3 

0.5 0 0 
239 
IM 129 P Ii (3olact,zoon12 10 3 3 0.3 

240 
IM 113 P Ii ß*II"aot,200D12 10 3 3 0.3 

0.5 0 0 0 
241 
IM 112 P Ii ß ola"'on2o 10 0 3 0.15 

242 
IM 110 P Ii ß olaot *II" 12otonzo 10 0 3 0.15 

243 
IM 127 P Ii ß *ll"aot,l2ctOD2o 10 0.5 3 0.175 

244 
IM 11 P Ii ß *suc"N a21 ona,2o 10 2 0 0.15 

(Hydroxydione Sodium) 0.5 0 0 
245 
IM 121 P Ii ß olaotonu,2o 10 3 1.5 0.225 

246 
IM293 P Ii ß *II" aotonu,2o 10 3 3 0.3 

0.5 0 0 
247 
IM 294 P Ii ß olaot,l7onu,zo 10 2 3 0.25 

0.5 0 0 



820 Synopsis of Pharmaco-Chemical and Pharmaco-Pharmacologic Interrelations 

Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin" methacina indexb 

248 
IM303 P 5 ~olaa,17*II"21onn,2o 10 0 1.5 0.075 

249 
IM 300 P 5 ~oh7*Il" 3ct,210nn,2o 10 0 0 0 

250 
IM305 P 5 ~oh7*Il"210ll3,11,20 10 0 0.5 0.025 

251 
IM497 P 5 ~" 21 olaaonn 0.5 0 0 0 

252 
IM 116 P5~olaa,2oOntJ-12 10 3 3 0.3 

0.5 0 0 
253 
IM 74 P4on3.2o (Progesterone) 10 1.5 3 0.225 

0.5 0 0 0 
254 
IM561 P4on3,11,20 0.5 0 0 0 

255 
IM555 P4ona, 6,11,20 0.5 0 0 0 

256 
IM 133 P4ola/l,l6a,170n2o 10 0 0 0 

257 
IM 119 P4olnaona,2o (Hydroxyprogesterone) 10 1.5 3 0.225 

0.5 0 0 0 

258 
IM47 P4oh7ona,2o (Hydroxyprogesterone) 10 3 3 0.3 

259 
IM 73 P4 *II' '17ona, 20 (Acetoxyprogesterone) 10 3 3 0.3 

0.5 0 0.5 0.5 
260 
IM244 P4ol210ll8,2o (Desoxycorticosterone) 10 3 2 0.25 

261 
IM25 P4*II"21ona,2o 10 1 0 0.05 

(Desoxycorticosterone acetate) 0.5 0.5 1.0 

262 
IM 53 P4*II" 6/l,llaona,2o 0.5 0 0 0 

263 
IM23 P4oln/l,21ona,2o 10 3 3 0.3 

(Corticosterone, Kendall "Cpd. B") 0.5 0 0 0 

264 
IM 134 P4olntJ*II"21ona.2o 10 2 1.5 0.175 

(Corticosterone acetate) 

265 
IM 70 P4oh7,2lona,2o 10 3 3 0.3 

(Hydroxydesoxy -corticosterone) 

266 
IM235 P4olna,17 ,21ona,2o 10 3 3 0.3 



Synopsis of 500 Steraids Tested for Their Ability to Prevent Digitoxin 821 

Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

267 
IM 45/a P4olull.17,21ona,2o 10 3 1 0.2 

(Hydrocortisone, Cortisol) 
268 
IM45 P4olu11,17*II"21ons,2o 10 3 0 0.15 

( Cortisol aceta te) 0.5 0 0 0 

269 
IM298 P4oluii.17*IV"21fi//3,30na,2o 10 0 0 0 

(Cortisol tetrabutylacetate) 
270 
IM98 P4oln11,17*suc"21 ons,2o 10 0 0 0 

(Cortisol hemisuccinate) 
271 
IM337 P4olu11,17*suc"Na210na.2o 10 2 0.5 0.125 

(Cortisol sodium succinate) 
272 
IM256 P4oh4oc,17*II"2lons,2o 10 1.5 2.5 0.2 

273 
IM237 P4olsß0na,n.2o 10 0.5 1.5 0.1 

274 
IM557 P4ol21ona,11,2o 0.5 0 0 0 

275 
IM 102 P4oh 7.21 ona,u,2o ( Cortisone) 10 3 0 0.15 

0.5 0 0 
276 
IM22 P4oh7*II"21ons,u,2o 10 3 0 0.15 

(Cortisone acetate) 0.5 0 0 0 

277 
IM43 P4olu/1,21ona,2oahs (Aldosterone) 10 0 0 0 

278 
IM 149 P4olntl,21ona,2o01hs"'-17I,I 10 3 0 0.15 

(Cortisol acetonide) 
279 
IM 130 P4*II"21ona,2o01set-17 10 0 1.5 0.075 

(Epoxy -desoxycorticosterone) 

280 
IM 123 P4ona,2o016«-17 (Epoxyprogesterone) 10 0.5 3 0.175 

281 
IM 16 P4ona,u,2oBr9oc 10 1 1 0.2 

0.5 3 0 
282 
IM 179 P4ons,2oBr17 (Bromoprogesterone) 10 0.5 3 0.175 

283 
IM18 P4ol17 *II" 21 ons,u,2oCl4 10 0.5 0.05 

(Chlorocortisone acEltate) 

284 
IM 19 P4olut~,17*II"21ons,2oCl9" 10 0 0 

(Chlorocortisol acetate) 



822 Synopsis of Pharmaco-Chemical and Pharmaco-Pharmacologic Interrelations 

Table 135B (continued) 

Group SSSName Dose Digi- Indo- Activity 
(mg) toxin" methacin" indexb 

28li 
IM230 P4olu"'ons,2oF 6"' 10 2 3 0.2li 
286 
IM214 P4olup,t7*II"2lons,2oF6"' 10 0 1.5 0.07li 

Fluorohydrocortisone acetate) 
287 
IM 170 P4olup*Il" a",n2o00Itee<-17/I,IF Ge< 10 0 0 0 

288 
IM 173 P4olu"ona,2000Ite"'-17/I,IFe"' 10 3 1.5 0.22li 

0.5 0 0 
289 
IM 15 P4olu"ona,2oF9o: 10 3 3 o.a 
290 
IM39 P4olup,t7*II"2tons,2oF9o: 10 1.5 2.5 u 

(Fluorocortisol acetate) 
291 
IM 174 P4olupons,aoOOit&e<-17/I,IFs"',9"' 10 0 0.5 0.02li 

292 
IM524 P5ol2op*II" ap 0.5 0 0 0 

293 
IM69 P5ola"on2o (Pregnenolone) 10 1 3 0.2 

294 
IM 125 P5*II" a"on2o 10 0 1 O.Oli 

29li 
IM 195 P5olap,17on2o 10 0 0 0 

296 
IM 132 P5ol17 *II" atJOn2o 10 0 0 0 

297 
1M3 P5ola.a*II" 1llon2o 10 0 1.5 0.079 

(Acetoxypregnenolone) 
298 
IM523 P5*II"a.a,21on2o 0.5 0 0 0 

299 
IM 176 [P5*II"t7*S"stJOn2o]pyridinium+ 10 1.5 3 0.22li 

300 
IM 108 P5oh 7*II" 8.11.21 on20 10 0 1 O.Oli 

301 
IM297 P5on2oOia.a 10 1 3 0.2 

0.5 0 0 
302 
IM525 P50,0lla,llo 0.5 0 0 0 

303 
IM359 P5*J"u"'O,Oit7-20,2o-2tO,OIIs 10 0.5 3 0.179 

0.5 0 0 
304 
IM 177 P5ols"on2o0t&e<-17 10 0 0.5 0.026 



Synopsis of 500 Steroids Tested for Their Ability to Prevent Digitoxin 823 

Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin" methacin3 indexb 

309 
IM 109 P5olap*II"2I0ll2olh6"'-I7 10 0 0.5 0.029 

306 
IM 178 P5olap0n2oBr17 (Bromopregnenolone) 10 0 0 0.19 

307 
IM317 P1•4ona,I5,20 10 3 3 0.3 

308 
IM7 P1•4olnt~,I7 ,210ll8,2o (Prednisolone) 10 3 0.5 0.179 

309 
IM 56 p1,4olnp,I7*11"2I0ll3,20 10 2 3 0.29 

(Prednisolone acetate) 0.5 0 0 0 
310 
IM96 P1·4olnp,I7 *suc"21ons,2o 10 3 3 0.3 

(Prednisolone hemisuccinate) 0.5 0 0 
311 
IM97 P1•4olnt~,17 *Bz" 21/S"Na//Sons, 20 10 3 1.5 0.229 

(Prednisolone m-sulfobenzoate sodium) 

312 
IM526 P1·4oh7 ,21ons,n,2o 0.5 0 0 0 

313 
IM 68/a p1,4oh 7*11"210na.n.2o 10 3 3 0.3 

(Prednisone acetate) 0.5 0 0 
314 
IM211 P1•4olnp,I7,210na,2oFo"' 10 3 0.5 0.179 

(Fluoroprednisolone) 
319 
IM32 P1·4olnp,I&ot,l7 ,21 ons,2oF 9<X 10 0 0 0 

(Triamcinolone) 2 0 0 0 

316 
IM 148 p1,4olnp,2I0ll3,2o00II&ot-17/I,IF9ot 10 0 0 0 

(Triamcinolone acetonide) 

317 
IM257 ps.soh7*II"a,2Ion2o 10 3 3 0.3 

0.5 0 0 
318 
IM288 p3,5*11" 210n2oOiapmethyloxalolyho"'-17 10 1.5 3 0.229 

0.5 0 0 
319 
IM 171 P4• 6*11" 311,170n2oCls 10 2 1 0.19 

320 
IM 172 P4•6*II"I70lls,2oCls 10 3 3 0.3 

0.5 0 0 0 
321 
IM206 P4•16ons,2o 10 2 3 0.29 

0.5 0 0 
322 
IM 154 p4,17(20lohu,2Iona 10 3 3 0.3 

0.5 0 0 0 

53 Selye, Hormones and Resistance 



824: Synopsis of Ph.armaco-Chemical and Ph.armaco-Pharmacologic Interrelations 

Table 135B (continued) 

Group SSSName Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

823 
IM240 p4,17(20loltu*ll"2tons 10 1 0 0.09 
324 
IM239 p4,t7 (20l"*I31ons,u 10 3 3 0.3 

0.5 0 0 
329 
IM 156 p4,17 (20lolu~nsal2t 10 0 0 0 
326 
IM 180 p5,16ols~n2o (Dehydropregnenolone) 10 0 3 0.10 
327 
IM 111 p5.16*II" a~n2o 10 0 1.5 0.079 

(Dehydropregnenolone acetate) 
328 
IM99 p5,16*II" 3P,310n20 0.5 0 0 0 

829 
IM287 pt,4,D(lll*II"2tons,2o 10 3 3 0.3 

methyloxazolylta .. -17 0.5 3 3 6 
0.2 3 10.0 

330 
IM161 pt,4,17 (20lolup,210ns 10 3 3 0.3 

0.5 0 0 
831 
IM228 pt,4,17(20loltu*II"2tOns 10 0 0.5 0.029 
832 
IM231 pt,4,t7 (20loltu.u .. *ll"atons 10 3 2 9.29 
833 
IM329 p5,t7 (20J,20*II" ap,21 10 0 0 0 
334 
IM330 p5,t7 (20J,20*ll" ap(S02CHs)21 10 1 0 0.09 
839 
IM212 Po cda~l5,1lctona,zo 10 3 3 0.8 

0.5 0 0 0 
836 
IM233 Po cxla~l5,1111,17*II"2tons,20 10 0 1.5 0.079 
337 
IM262 Pocr.Iu .. olt7*II"21ons,zo 10 0 0 0 
338 
IM266 Pocxlta~ls~nzo 10 0 0 0 

339 
IM259 Pocxlu~Iu .. ,17*ll"ztons,20 10 3 3 0.3 

0.5 0.5 1 
340 
IM258 p ocxlu~lt7*ll"2t0ß3,11,20 10 2 3 u& 

0.5 0 0 
341 
IM267 Po cxlu~lsp,u«on206tact-17 10 3 3 0.3 

0.5 0 0.5 0.9 
342 
IM431 Pocr.CNs*II"t7ons,llo 0.5 0 0 0 



Synopsis of 500 Steroids Tested for Their Ability to Prevent Digitoxin 825 

Table 135B (continued) 

Group SSSName Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

343 
IM449 Po ct CN s1J0lap,50n20 0.5 0 0 0 

344 
IM307 Poct{CH2)16oh?*ll"siJOnu,20 10 0.5 0 0.026 

346 
IM496 Poctl"21,21olap 0.5 0 0 0 

348 
IM366 Po ct2CNsOOII2o 10 0.5 2 0.125 

0.5 0 2 2.0 
0.03 0 0 

347 
IM552 PoctBmaleic anhydride adduct5cx-s 0.5 0 0 0 

*II" a1J0n2oOue-u 
348 
IM402 P oct20"CN21olap*ll21 0.5 0 0 0 

349 
IM553 Poct6,9(11lmaleic anhydride 0.5 0 0 0 

adduct5cx-8 *II" a1J0n2o 
360 
IM28 Poct6,9(11lmaleic anhydrid 10 0 0 0 

adduct5ot-8 *II" 311,210n20 
SOl 
IM 166 Poßlu .. ona,20 10 0 1 O.Oo 

362 
IM227 Poßlu .. oluNOHs,2o • H20 10 3 3 0.3 

0.5 0 0 
363 
IM545 Poßl"2o*ll"scx 0.5 0 0 0 

304 
IM544 Po ß Ial2o*lls"' 0.5 0 0 0 

3oo 
IM436 Poß(CONH2}16otola .. onu,2o 0.5 0 0 0 

368 
IM418 PoßCN16 .. *11"siJOnu,2o 0.5 2.5 2 4.5 

0.1 2.5 2 22.5 
0.03 0 1.5 25.0 
0.015 0 1.5 00.0 

367 
IM383 Po ß CN2ool2oe*ll" s"' 0.5 0 0 0 

368 
IM388 Po ß CN2ool2oe*ll" 3/1,21 0.5 0 0 0 

369 
IM403 Po ß CN200l2oe*ll" a .. onn 0.5 0 0 0 

380 
IM398 Po ß" 21 CN2oolacx 0.5 0 0 0 

381 
IM399 PoßCN21ICN20*II"scx 0.5 0 0 0 

53• 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin3 methacin 3 indexb 

362 
IM 367 P Ii ß 2CNa66II2o 10 0 0 0 

363 
IM 394 P Ii ß 17 (20lCN2o*II" a"onn 0.5 0.5 1.5 2.0 

364 
IM 371 P Ii ß1 7 (20l"CN 20 *II" a" *IIol21 0.5 0 0 0 

365 
IM405 P Ii ß17 (20)" 21 CN 2oola"onn 0.5 0 0 0 

366 
IM408 P Ii ß17 (20l"CN2o*II" a" *II21onu 0.5 0 0 0 

367 
IM499 P Ii ß 20I" 21ola",17ola",17"onu 0.5 0 0 0 

368 
IM 370 P Ii ß 20"CN21ola"*Il21 0.5 0 0 0 

369 
IM 158 P4I2"olnp ,17 *II" 21 ona.2o 10 3 2.5 0.275 

(Methylcortisol acetate) 
370 
IM 51/h P4I2ctOh7*II"21ona,2o69p-n 10 3 3 0.3 

0.5 0 1.5 1.5 
371 
IM 51/j P4I2"olnp,t7*II"2tona,2oClg" 10 0 1.5 0.075 

372 
IM 51/f P41aocona,ll,20 10 3 3 0.3 

0.5 0 0 0 
373 
IM 51/c P416"olnpOna,2o 10 3 3 0.3 

0.5 0 0 
374 
IM220 P41aocoh 7ona,2o 10 3 3 0.3 

0.5 0.5 1 
375 
IM219 P416"' *II"t7ona,2o 10 3 3 0.3 

0.5 0 0 
376 
IM 51/i P4Iaocolnp,t70na,2o 10 3 3 0.3 

0.5 0 0 
377 
IM 242 P41eocolnp,17 ,21ona.2o (Methylcortisol) 10 3 0 0.15 

378 
IM209 P41aocolnp,l7 *II" 21 ona,2o 10 2 0.5 0.125 

(Methylcortisol acetate) 
379 
IM546 P4Iol2oona 0.5 0 0 0 

380 
IM416 P4J" 16c</*IOna,20 0.5 0 0 0 

381 
IM 155 P41al2oPona 10 0.5 0 0.025 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin"' methacin"' indexb 

382 
IM547 P4Ial2oona 0.5 0 0 0 

383 
IM466 P4CN1sotona,2o 0.1 3 0 1li.O 

0.015 0 0 0 
384 
IM475 P4CNlsotonaOOIII2o/I//2,2 0.5 1.5 3 4.5 

0.03 0.5 0 8.33 
38li 
IM225 P4I20P/NOHNOHs 10 3 3 0.3 

0.5 0 0 
386 
IM207 P4ß1ootol2oona 0.5 0 0 0 

387 
IM472 P41CN16otJOna,2o 0.5 0 0 0 

388 
IM 105 P5l16ot *II"ap0n2o 10 0 0.5 0.02li 

389 
IM201 P5I1sotolap,17on2o 10 0 0 0 

390 
IM200 P511s",lapan2o016ot-17 10 3 2 0.2li 

391 
IM465 P51" 16ot *II" aot,2o 0.5 0 0 0 

392 
IM415 P5I"lsotolapOOII2o 0.5 0 0 0 

393 
IM437 P5I"lsot*II" spOOII2o 0.5 0 0 0 

394 
IM438 P51" l6ot/*IolapOOII2o 0.5 0 0 0 

39li 
IM352 P5(CH2NH2)1sotolap0n2o 2 0 0 0 

396 
IM444 P5CN16otOlap,2o 0.5 1.5 3 4.5 

0.1 1 1.5 12.li 
0.03 0 0 0 

397 
IM464 P5CNlaot*II"sp,20P 0.1 0 2 10.0 

0.03 0 0 
398 
IM346 P5CN16a.olapan20 10 3 3 0.3 

(Pregnenolone-16a-carbonitrile, PCN) 1 3 3 3.0 
0.5 3 3 6.0 
0.2 3 3 15.0 
0.1 3 3 30.0 
0.03 2 3 83.0 
0.015 0 0 0 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

399 
IM413 P5CN16ot *II" aJlOn2o 0.5 2.5 2 4.5 

0.1 0.5 2 12.5 
0.03 1 1.5 41.67 
0.015 0 0 0 

400 
IM479 P5CNleot *VII" aJlOn2o 0.5 3 3 6.0 

0.03 1 1.5 41.67 
0.015 0 0 0 

401 
IM476 P5CN 16ot *suc"N aapon2o 0.5 3 3 6.0 

(PCN sodium hemisuccinate) 0.03 2.5 3 91.67 
0.015 2 1.5 116.67 
0.005 0 2 200.0 

402 
IM478 P5CN 16ot *adamantoateaJlOn2o 0.5 0.5 3 3.1) 

0.03 0 0 

403 
IM483 P5CN1a" *S" (NH4)aJlOn2o 0.5 3 3 6.0 

(PCN ammonium sulfate) 0.03 3 3 100.0 
0.015 1 0.5 50.0 

404 
IM423 P5CNlaotolaJlOn7 ,2o 0.5 3 1.5 4.5 

0.03 0 0.5 8.33 

401) 0.5 3 2 5.0 
IM429 P5CN16ot *II" apon7 ,zo 0.03 0 1.5 21).0 

406 
IM411 P5CN1eotonn,2ol.ll.llla 0.5 2.5 2 4.5 

0.1 2.5 2 22.5 
0.03 0 1.5 25.0 
0.015 0 15 1)0.0 

407 
IM414 P5CN1eotolapl.ll.lll2o 0.5 2.5 2 4.5 

0.1 2 2 20.0 
0.03 0.5 1.5 33.3 
0.015 0 0 0 

408 
IM412 P5CNleotonnl.ll.llla,2o 0.5 2.5 2 4.5 

0.1 0 2 10.0 
0.03 0 1.5 26.0 
0.015 0 0 0 

409 
IM461 P5CNleotolapl.ll.llll2otr//2,2 0.5 2 3 5.0 

0.03 2 0 33.3 
0.015 0 0 

410 
IM445 P5CN1e" *II" apl.ll.lll2o 0.5 1.5 3 4.5 

0.1 0 1.5 7.1) 
0.03 0 0 0 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo· Activity 
(mg) toxina methacina indexb 

411 
IM482 P5CNt6«olap(NOCHa)2o 0.5 1 1.5 2.5 

0.03 1.5 0 25.0 
0.015 0 0 

412 
IM462 P5CNto .. olapNOH2o 0.5 3 3 6.0 

0.03 2.5 3 91.67 
0.015 0.5 1 50.0 
0.010 0 0 

413 
IM404 PS"CN2o*II"ap*Il2t 0.5 0 0 0 

414 
IM474 P5~,4CNt6«ona.2o 0.5 0.5 3 3.5 

0.03 0 0 
415 
IM481 ps~.4CNt6"'onaOOIII2o/I/f2,2 0.5 0 0 0 

416 
IM71 P5IItG<Xola"on2o 0.5 0 0 0 

417 
IM469 P5JCNtoaola",n2o 0.5 0 0 0 

418 
IM409 PSII''t6«/*II// CN/I/2olapon2o 10 0 0 0 

419 
IM210 P5llit6a/I//20la"on2o 0.5 0 0 0 

420 
IM467 P51" yi&Ct6tl-2o *II" 311 0.5 0 0 0 

421 
IM 52 P1•416 .. olul1,17 ,21 ona,2o 10 3 3 0.3 

(Methylprednisolone) 0.5 0 0 0 
422 
IM 52/a P1 •4I6 .. oln11,17*II" 21ona,2o 10 3 2 0.25 

(Methylprednisolone acetate) 0.5 1 2.0 
423 
IM 221 p1,4J6 .. olnß,17*suc''N a21 ona,2o 10 3 1.5 0.225 

0·5 0 0 
424 
IM218 pl,4fe .. olnp,t70fi3,20F 9« 10 2 0 0.1 

425 
IM 51/e pt,4fo .. olnp,t70na,2oF 9«,21 10 1.5 0.15 
426 
IM345 P1·4It6«olup,t7 *II"21 ona,2oF 6« 10 0.5 1.5 0.1 

(Methylprednisolone) 
427 
IM 152 P1•4Itoo:olup,t7*II"2tona,2oF9" 10 3 0 0.15 

(Dexamethasone acetate) 1 3 1.5 2.25 
0.5 2.5 0.5 3.0 
0.1 3 1 20.0 
0.03 3 0 50.0 
0.015 0 0 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

428 
IM527 P1•411&ot0l11ß,17 *Bz" 21/S"Naf130"fl3,2oF 9ot 0.5 0 1.5 1.5 

0.03 0 0 
429 
IM 151 p1,4I16tJOhu,17*ll"21ona,2oF9" 10 2 0 0.1 

(Betamethasone acetate) 2 3 3 1.5 
1 2 1.5 1.75 
0.5 1.5 1.5 3.0 
0.1 0 1 1),0 

430 
IM95 p1,4I21olnp,17*ll" 21ona,2oF 9ot 10 3 2 0.21) 

(Fluperolone acetate) 0.5 0 0 
431 
IM289 p3,5Jal6 *II" 21 on2o6Iapmethyl- 10 2 3 0.21) 

oxazolyh6ot-17 0.5 0 0 

432 
IM459 pa.scN 6 *II" 16ot0n2o6Ia 0.5 0 0 0 

433 
IM458 P3·5CN 6olnll,17ot *ll"21on2o6Ia 0.5 0 0 0 

434 
IM455 pa.scN 6 *ll"21onn,2o6llapJclf/2 0.5 0 1 1.0 

66I16ot-17fi,IF9ot 
431) 
IM456 pa.scN 6olnp *III" 21/If/2, 20n2o6IIa/ Clf/2 0.5 0 0 0 

66Il6ct-17/I,IF9ot 
438 
IM457 p3,5CN 60lnp*II" 210n2o6IIa/CII/2 0.5 0 0 0 

66I16ot-17JI,IF9ot 
437 
IM470 P3•5CN16otOn7 ,2o 0.1 0 0 0 

438 
IM471 P3•5CN1ootolaon7,2o 0.1 0 0 

439 
IM 167 p4, 6!17 *II" atJOn2oCl6 10 3 3 0.3 

0.5 0 0 
440 
IM279 p4,6I1ot-2*II"17ona,2oCl6 10 3 3 0.3 

(Cyproterone acetate) 1 2.5 3 2.75 
0.5 2 3 o.o 
0.1 0 0.5 2.5 

441 
IM 175 P4•61o,170"fl3,20 10 3 3 0.3 

0.5 0 1.5 1.5 
442 
IM503 p4,6Jo(CH2)16*II"170"fl3,2o 0.5 0 0 0 

443 
IM295 P5•1616*II" atJOn2o 10 0 3 0.10 

444 
IM268 P5•16I16*I"apon2o 10 3 1 2 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

441) 
IM373 P5•17<20l"CN2o*II"stJ*II21 0.5 0 0 0 

446 
IM278 Pn 194*VI"17ona,2o (Depostat) 10 3 3 0.3 

0.5 0 0 
447 
IM407 Pn194·9·11CN2o<ohoona 0.5 0 0 0 

448 
IM477 pSct(S) Ii ot CN16o:Ol6tJOll20 0.5 2 3 o.o 

0.03 0 0 0 
449 
IM480 pso:(5) 5 otCNlao:olstJ88III2o/I//2,2 0.5 1 3 4.0 

0.03 0 0 0 
460 
IM 144 P9ß,10ot4ona,2o (Retroprogesterone) 10 2 3 0.25 

461 
IM 349 CH5 ßolao:,l21X,24 10 0 1 0.05 

452 
IM296 CHof3"24 (Cholanic acid) 0.5 0 0 0 

463 
IM493 CH 5 ß" 24olao: 0.5 0 0 0 

4M 
IM485 CHiiß"24olso:,6ct 0.5 0 0 0 

451i 
IM492 CH5ß"24ola",7"' 0.5 0 0 0 

456 
IM490 CH5ß"24ola",12o: 0.5 0 0 0 

41i7 
IM488 CH 5 ß"24olao:, 7o:,l2"' 0.5 0 0 0 

41i8 
IM311 [CH Ii ß" olao:,l2"' *II24/N/fi,II,n]Br- 10 0 0 0 

41i9 
IM550 CH5ß"olsoc,7<X,l2o:*I24 0.5 0 0 0 

460 
IM310 [CH5 ß" olao:, 7ct,l2ct *II24/N//I,II,n]Br- 10 0 0 0 

461 
IM541 CHoß"24ona,7,12 0.5 0 0 0 

462 
IM487 CH Ii ß"24ols,.onn 0.5 0 0 0 

463 
IM 117 CH o ß"*I24 *I!" so:, 7o:on12 10 0 0 0 

464 
IM309 CHo ß"*II24tN11n,uona,12 · HCI 10 0 0 0 

465 
IM491 CH5"24olso: 0.5 0 0 0 
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Table 135B (continued) 

Group SSSName Dose Digi- Indo- Activity 
(mg) toxin6 methacina indexb 

466 
IM282 CH5" olsp*I24 10 0 0 0 

467 
IM554 CHSPh24,24olsp,24 0.5 0 0 0 

468 
IM 124 CHn 241) W' olscx,12cx *I23 10 3 3 0.8 

(Methyl nordeoxycholanate) 0.5 0 0 0 

469 
IM376 CHn(24) Ii PCN2ools,.onu(CONH2)2o 0.5 0 0 0 

470 
IM401 CHn(24) lip"CN2o*ll"3cx*II21onu 0.5 0 0 0 

471 
IM 107 CHTii«ol3p (Dihydrocholesterol) 10 0 0 0 

472 
IM 114 CHT4ons (Cholestenone) 10 0 0 0 

473 
IM 104 CHTS*II"sp (Cholesteryl acetate) 10 0 0 0 

474 
IM530 CHT5*IX" 311 0.5 0 0 0 

471) 
IM531 CHT5* carbonateacxJ•XVIII9 0.5 0 0 0 

476 
IM 198 CHTS*S"Na311 0.5 0 0 0 

477 
IM348 CHT5olspan7 10 3 0 0.11) 

478 
IM529 CHT5Clsp 0.5 0 0 0 

479 
IM532 CHTS*I"Clsp 0.5 0 0 0 

480 
IM558 CHTSolspHgCls 0.5 0 0 0 

481 
IM 138 CHT5• 7*Bz" sp 10 0 0 0 

(Dehydrocholesteryl benzoa.te) 

482 
IM232 CHT(N02s)Sola11 10 0 1.5 0.071) 

483 
IM341 ER Ii Clt22olspanu 10 0 0 0 

484 
IM299 ER1i«S,22*11" spanu 10 0 0 0 

481) 
IM536 ER4,7,22ons 0.1 0 0 0 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin& methacin& indexb 

486 
IM535 ER5, 7 ,22ola/J 0.5 0 0 0 

487 
IM551 ER5,7,9(11J,22*II"a/J 0.5 0 0 0 

488 
IM537 ST o (a22olacz 0.5 0 0 0 

489 
IM538 STo(a22*II"acz 0.5 0 0 0 

490 
IM 103 ST5ola/J (ß-Sitosterol) 10 0 0 0 

491 
IM534 S'f4.22ona 0.5 0 0 0 

492 
IM533 ST5,22ola/J 0.5 0 0 0 

493 
IM204 SPoct*II"a/J 10 0 0 0 

494 
IM203 SP o ct *II" a1J0n12 10 0 0 0 

496 
IM205 SPo(aols11 10 0 0 0 

496 
IM 137 SP5*II"a11 10 0 0 0 

497 
IM202 SP5ola1J0n12 10 0 1.5 0.076 

498 
IM291 SP oa9<11l*II"a11 10 0 0 0 

499 
IM542 CARo (a20!22llahg1J0ls,t4/J*Ra 0.5 0 0 0 

900 
IM494 Dammaran-n3117 !20loa,8a,9(a, 0.5 0 0 0 

13a,l4(al''2tOlucz*IIacz,l8/J 

The "Activity Index" is based on the formula D2+1 X _!:.__ where D = rea<ling 
mg 

for digitoxin, I = indomethacin, and mg = the dose tested. Thus, the index refl.ects 
overall activity against both substrates at any one dose Ievel. The highest Activity 
Index rea<ling for each steroid is emphasized by boldface numerals, but direct inter
comparisons are possible only at correspon<ling dose Ievels. Naturally, a compound 
tested only at the high Ievel of 10 mg per dose could not reveal its full potency in this 
method of expression, but if it had little or no activity, lower doses were not tested. 
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On the other hand, steroids available only in very small amounts could be assayed 
only at dose Ievels too low for comparison with many other compounds. 

For simplicity's sake the compounds are designated and sequentially enumerated 
according to the rules of the "SSS Nomenclature of Steroids" (cf. p. 774). 

Second Step: Determination of"Protective Spectrum" 

Having selected the most promising protective substances by first screening them 
for activity against digitoxin and indomethacin, we proceeded to appraise the 
"Protective Spectrums" of the most potent ones among them. These compounds 
were now tested against a heterogenous set of 10 pathogens, widely differing in their 
chemical structure andin the organ changesthat they elicit. 

The statistical significance of the results was computed (asoutlined on p. 771) 
for the inhibition or aggravation of the changes produced by each of the 10 model 
toxicants. Mter this, the "Overall Protective Indexes" ("OPI") and the "Protective 
Spectrum Index" ("PSI") were calculated, as rough indications of the mean degree 
and the specificity of protection, that is of the quantitative and qualitative pro
phylactic potencies respectively. These data are summarized in Tables 136, p. 836 
and 137. 

For the 10 toxicants enumerated in the caption of Table 136 the techniques of 
administration and the manner in which protection is expressed have been described 
in an earlier paper (Selye G 70,420/71), as weil as in the sections devoted to the effect 
of various steroids upon each toxicant in this monograph. Sufflee it to recall that the 
highest possible degree of protection corresponds to grade "3", the "OPI" expresses 
the mean grade ofprotection, whereas the "PSI" gives the percentage ofthe toxicants 
tested against which significant protection is obtained (irrespective of the degree of 
significance). These two indexes - given in the last two vertical columns of Table 
136 - do not run strictly parallel but the various compounds tested for protective 
potency are Iisted roughly in decreasing order of their OPis. Whenever the material 
at our disposal permitted it, compounds active at a certain dose were retested at a 
lower dose Ievel. Of course, the two indexes were not calculated for dose Ievels at 
which, because of toxicity or Iack of material, not all protective compounds could be 
tested (marked with a dash); hence the OPI and PSI are listed only for the highest, 
but still weil tolerated, dose of each protective compound. The last two horizontal 
Iines in Table 136list the indexes for the amenability ofthe toxicants to detoxication 
by the conditioning agents as explained on p. 772. 

Perusal of Table 136 indicates that almost all steroids were active in offering 
protection, at least against some of the damaging agents; but this is so merely because 
most of the steroids tested here were included in this study precisely because they 
had shown some potency in preliminary tests. 

It is noteworthy that among all steroids tested PCN (Cpd. 1 ), again exhibited the 
highest catatoxic activity as judged by both indexes. It was even more active than 
any ofthe other 16oc-carbonitriles tested against all 10 substrates. CS-1, spironolactone, 
Cpds. 4, 5, cyproterone acetate, ethylestrenol, norbolethone, TMACN and Cpd. 10 
were almost equally efficacious at the highest dose (10 mg), but at the 500 [Lg dose 
Ievel, activity feil roughly in the order in which the compounds al'e mentioned here. 
Indomethacin and digitoxin are most readily detoxified by these steroids - in the 
case of PCN even at the dose Ievel of 300 fLgfkg. However, the general indexes of 
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activity are not very meaningful at the low dose Ievels at which efficacy against other 
toxicants has not been examined; hence they are listed only for the optimal protective 
dose. It will be noted that usually this is 10 mg (the highest dose tested) but in the 
case of such compounds as the strong glucocorticoids or estradiol, inherent toxicity 
of heavy overdosage counteracts the protective effect against drugs by causing severe 
mortality. In these instances, lower dose Ievels were selected for the computation 
of the OPI and PSI (last two vertical columns at right). 

On the other hand, Cpd. 34 and the steroids listed after it in Table 136 exhibit 
only negligible if any activity, with the exception of occasional strong inhibitory 
effects (grade 2 or 3) against individual toxicants (e.g., pregnanedione against 
parathion, hexobarbital and indomethacin; progesterone against indomethacin; 
11 oc-hydroxyprogesterone against indomethacin, hydroxydione against digitoxin, 
DOC against nicotine). This singular specificity of protection among compounds 
having a very low, if any, protective effect against other substrates may well depend 
upon specific so-called "physiologic antagonisms" (e.g., the anesthetic effect of 
hydroxydione or the mineralocorticoid action of DOC), but further experiments will 
be necessary to prove this. 

A glance at the OPI and PSI of the toxicants (last two horizontal lines at the 
bottom of Table 136) shows that digitoxin, dioxathion, hexobarbital, progesterone, 
indomethacin and DHT were most readily detoxified by the largest nurober of 
conditioning agents, whereas parathion, nicotine, zoxazolamine and especially the 
infarctoid cardiopathy produced by fluorocortisol + Na2HP04 + corn oil were 
most resistant. 

Among the nonsteroidal agents of Table 137 rather specific antagonisms were 
quite common. For example, ACTH increased resistance to the neuromuscular 
bloclring action of zoxazolamine, although it hadlittle if any effect against other agents. 

Vitamin E offered some protection against DHT; whereas acetylsalicylic acid 
protected against progesterone anesthesia, zoxazolamine paralysis and indomethacin 
ulcers, but these compounds offered no noteworthy protection against other toxicants. 

Bile duct ligature offered complete protection against DHT-induced calcinosis, 
the F-COL + Na2HP04 + oil cardiopathy and indomethacin ulcers, but the 
mortality was not completely prevented and hence, the grade of protection - which 
reflects the mean inhibition of lesions plus mortality - is comparatively moderate. 
It is very likely that occlusion of the choledochus acts by preventing bile secretion, 
thereby interfering with Iipid absorption and the enterohepatic circulation of drugs. 

Digitoxin, indomethacin, vitamin A and vitamin D - all of which are readily 
detoxified under the influence of catatoxic steroids - do not act as inducers of 
protective enzymes against any of the substrates tested. Obviously, there is no 
relationship between amenability to detoxication by steroid-induced enzymes and 
the power to induce such enzymes. 

As with the steroidal protective agents, indomethacin intoxication appears to be 
particularly easy to prevent, but digitoxin poisoning (which is Iikewise combated by 
virtually all catatoxic steroids) is singularly resistant to protection by nonsteroidal 
agents, with the exception of nicotine and phentolamine. 

Among the nonsteroidal agents, the highest general protective indexes are ex
hibited by phetharbital, diphenylhydantion, phenobarbital and phenylbutazone, but 
at high dose Ievels, tolbutamide and compound W-1372 arealso quite efficacious. 
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Third Step: Identification of Damaging AgentsAmenahle to Prophylaxis 847 

The infarctoid cardiopathy produced by fluorocortisol + Na2HP04 + corn oil, 
which is inhibited by several steroids (particularly spironolactone and spiroxasone, 
among those listed in Table 136), was consistentlyresistant to prophylaxis by any of 
the nonsteroidal drugs in Ta ble 137. Of course, potassium salts ( e.g., KCl) or potassium
sparing agents (e.g., amiloride, triamterene) offer excellent protection against this 
cardiopathy, as shown by our previ_ous investigations, and since spironolactone and 
spiroxasone likewise retain potassium, it is probable that here they also act primarily 
through this mechanism. 

The relative amenability of the other toxicants to protection by nonsteroidal 
conditioning agents can be most readily appraised on the basis of the indexes listed 
in the last two horizontallines of Table 137, p. 848. It will be seen that indomethacin 
and dioxathion have the highest PSI, but in general, the overall protective effect of 
these nonsteroidal agents falls far short of that of the steroids listed in Table 136. 
Indeed, whatever overall protective values can be ascribed to the set of nonsteroidal 
agents are mainly due to the comparatively high efficacy of phenobarbital, phethar
bital, diphenylhydantoin, phenylbutazone, and to a lesser extent, of tolbutamide 
and W-1372; the other agents in this list are either inactive or offer protection only 
against very few toxicants. 

Third Step: ldentification of Damaging Agents Amenable to Prophylaxis 

As previously stated, this third step of the screening procedure was designed 
primarily to identify the types of compounds that can be detoxified by steroids. 
However, for comparative purposes, we have also tested thyroxine and pheno
barbital under identical conditions, as examples of nonsteroidal agents previously 
shown to influence resistance against many toxicants. The steroids included in this 
battery of tests were purposely selected to comprise proven syntoxic or catatoxic 
substances, as well as compounds which had never been shown to protect against 
any toxic agent. 

The prophylactic steroids were administered, as outlined on p. VIII, in 1 ml water 
by a stomach tube, twice daily, from the first day until termination of the experiment, 
unless otherwise stated in the footnotes. Thyroxine was administered at the dose of 
0.2 mg in 0.2 ml water s.c., once daily, and phenobarbital at the dose of 6 mg in 
1 ml water p.o., twice daily, as described in Table 137. The treatment with the toxi
cants and the assessment of the lesions they produce was again expressed as outlined 
on p. 834. The results are summarized in Table 138, p. 850. 

In this series of experiments, the "OPI" and "PSI" refer to the amenability ofthe 
individual damaging agents to the protective effect of the compounds listed in the 
caption of Table 138. In other words, in the two last vertical columns of Tables 135, 
136, 137, these indexes were computed to express the protective action of many 
agents against a standard set of toxicants, whereas in Table 138 (as in the two last 
horizontal lines of Tables 136, 137) they are meant to reflect the amenability of 
diverse toxicants to inactivation by a standard set of potential prophylactic agents. 

In Table 137, the damaging agents are listed merely in alphabetic order but a 
glance at the OPI column reveals that the toxicants most amenable to prophylaxis by 
diverse agents are: cocaine, cyclobarbital, cycloheximide, digitoxin, EPN, ethion, 
ethylmorphine, glutethimide, hexobarbital, indomethacin, methyprylon, nicotine, 
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phenyramidol, picrotoxin, and piperidine. The PSI of these toxicants runs roughly 
parallel to their OPI, that is to say the agents whose toxicity is most significantly 
impeded by various prophylactics are, in general, also detoxified by the largest 
nurober of potentially prophylactic substances. 

Several substrates in Table 138 are very amenable to detoxication but only by 
few compounds; hence, despite their great activity in one or two respects, they have 
extremely low general protective indexes. For example, mercuric chloride is almost 
completely detoxified by spironolactone, yet its overall amenability to protection is 
very low, because its detoxication depends upon a steroid-borne thioacetyl group. 
In this series of conditioners, such a substituent occurs only in this particular steroid. 
Similarly, the intoxications amenable to protection by glucocorticoids only (lathyro
gens, ganglioplegics, croton oil, E. coli, pralidoxime, strychnine, ethylene glycol), 
give comparatively low overall protective indexes, because only two of the pro
phylactic substances tested possess strong glucocorticoid potency. 

Reading the columns in Table 138 vertically, we confirmed that the best protection 
against the largest nurober of toxicants is offered by the typical catatoxic steroids: 
PCN, ethylestrenol, CS-1, spironolactone, norbolethone, and oxandrolone. 

Furthermore, some systemic toxicants (e.g., cyclobarbital, methyprylon, SKF 
525-A, d-tubocurarine) are combated both by catatoxic steroids and by the two 
glucocorticoids included in this series. Several other drugs (e.g., barbital, cinchophen, 
cocaine, ethion, meprobamate, picrotoxin, thiopental, tribromoethanol, trichloro
ethanol) areweil detoxified by prednisolone but not by triamcinolone, although the 
latter is the more potent glucocorticoid. Presumably, prednisolone possesses both 
catatoxic and syntoxic properties. Yet, here again we must remernher that such in 
vivo tests can only determine whether a compound is or is not amenable to detoxica
tion by steroids that have syntoxic or catatoxic actions with respect to other sub
strates. Further investigations will be required to identify the underlying mechanism. 

DOC, hydroxydione, estradiol and thyroxine are comparatively ine:ffeetive both 
as regards the intensity and the spectrum of protection. In fact, in many cases, 
pretreatment with thyroxine results in toxication rather than detoxication. In the 
computation ofthe OPI and PSI, the results oftoxication arenot deducted from those 
of detoxication, but merely considered as "0"; hence the aggravating effect of 
thyroxine emerges only from the MPI. 

In general, intoxications that can be inhibited by catatoxic steroids are also 
amenable to prophylaxis by phenobarbital. Yet, here again, there are exceptions: 
chlordiazepoxide, cyclophosphamide, digitoxin, digitoxin + Na2HP04 + corn oil, 
haloperidol, mephenesin, triamcinolone, tribromoethanol, and tubocurarine, though 
readily detoxified by most catatoxic steroids, are virtually resistant to phenobarbital. 
In several other instances, phenobarbital is effective, but much less so than the most 
potent catatoxic steroids. The converse is rarely if ever the case; among the intoxica
tions tested, only strychnine and piperidine poisoning responded much better to 
phenobarbital than to catatoxic steroids, but perhaps here, the hypnotic effect of 
the drug played a special role. 

It must be emphasized that we cannot draw far-reaching conclusions as to the 
specificity of eatatoxic and syntoxie steroid actions from this experimental series, 
since in some groups, the nurober of experimental animals may have been too small to 
compensate for individual variations in susceptibility. Furthermore, the conditioners 

55 Selye, Hormones and Reslstance 
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were administered in fixed amounts; dose effect curves would be required in each 
case to make more meaningful comparisons. Still even these data suffice to show that 
there are qualitative differences in the prophylactic actions of the various condition
ing agents. 

In surveying Table 138, it is striking how few conditioning agents induced a 
considerable decrease in resistance (- 2.5 or more) to the toxicants tested. This is all 
the more noteworthy since overdosage with two drugs (the toxicant and the con
ditioning agent) might be expected tobe more difficult toresist than treatment with 
the toxicant alone. Most of the apparent decreases in resistance were seen after 
conditioning with prednisolone and triamcinolone, but of course here the toxic effect 
of heavy glucocorticoid overdosage (loss of body weight with a predisposition for 
spontaneaus infections) was probably the decisive factor. In addition, when given 
in combination with DOC-Ac + NaH2P04 , the glucocorticoids notoriously sensitize 
to myocardial necrosis. Furthermore, when triamcinolone was used as a toxicant, it 
was obvious a priori that additional treatment with the same or another gluco
corticoid would aggravate the overdosage syndrome. It is perhaps more remarkable 
that intoxication with hydroquinone was greatly accentuated by triamcinolone. 

Among the other steroids, Iet us point out that PCN appears to sensitize to the 
toxic effects of propionitrile, whereas estradiol considerably aggravates poisoning 
with OMPA and triamcinolone. Thyroxine markedly diminishes resistance to 
epinephrine and propionitrile, but to a lesser extent, it also accentuates the toxicity 
of several other agents and rarely offers protection. 

Synoptic "Diagram Table" 

The "Diagram Table" (Table 139) graphically summarizes the highlights of 
Table 138 except that: 

1. The results are registered onlyfor inhibitions (not for aggravations) ofintoxica
tions. 

2. Intermediates between the four basic grades (0, 1, 2 and 3) are disregarded 
in that: 

0 = 0.5 or less 
~=1 
.... = 1.5 to 2 
• = 2.5 to 3 

The absence of any sign indicates that the corresponding experiment has not 
been done. 

3. Here, the toxicants are listed according to decreasing "Total OPI" values. 
When thus arranged, it becomes particularly obvious that among the hormonal 

conditioning agents, PCN is effective against the largest nurober of toxicants and 
its protective potency roughly parallels that of phenobarbital at the dose levels 
employed here. However- as mentioned in discussing Table 138 - the parallelism 
in the protective value of these two compounds is not absolute. Tables 138 and 139 
clearly show furthermore that (in addition to PCN) ethylestrenol, CS-1, spironolactone 
and oxandrolone have high protective potencies, prednisolone and progesterone are 
much less active, whereas triamcinolone, DOC, hydroxydione, estradiol and thyroxine 
protect only against very few toxicants. 



Synoptic "Diagram Table" 

Table 139. "Diagram TalJle" a 

Methyprilon •••••••••• 0[!]~0 

Picrotoxin ·········O~L!JOO 
Indomethacin ••••••••• OL!JOOO 

lli~•••••••••oooL!Io 
Cocaine ······~·~00[!].0 

EPN •••••••000~~~0 
cyciobarbital ••••••••o•oooo 
mutethimidc ••••••oo•o•oo~o 

Ethylmorphine ·····~~[!]~0~0·0 
Hexabarbital •••••••• 0[!]00[!]0 

Cycloheximide ••••••• 0• 0 [!) [!) 00 
Piperidine •o••o••o••[!]•O[!] 
m~w·······O[!]O~OOO 

Digitoxin o••····~~oo•oo 
Phenyramidol ••••••_..~0000•0 

Progesterone •••••• ~ •00 0 0 [!]0 
Meprobamate ••••••••000000 

Dm·~·-~··~~ ... 0000 
SKF525-A (!]~(!]··[!)····0(!]00 

Theophylline ••••o ~~••o 0 000 
~~ili~·~·····O[!]OOL!IOO 

LsD L!l•••o•o•l!l•oo•o 
Guthion ••••••• [!]000000 

d-Tubocurarine o•••• ... o .... •oooo 
Aminopyrine (!] ••• [!] •o••• 0 000 

Thiopental •••••o...,•oooooo 
W1372 ~•~••AIIIIL!IO~O[!]O_.o 

Trichioroethanoi ....... ~0•000000 

Tribromoethanol o•••••o•oooooo 
L-Tyrosine ···~AIIII[!]O~[!]~OOOO 

Mephenesin 0 •••••00000 1!1000 
Dioxathion ~~~ ... ~~~~00~0~0 

calchicine ~•~••o~OOOOOOO 
cinchophen ••~o•~EJ•oooooo 

Dig+Na,HPO.+Oil 0~~· .... ·~0~00000 
PIT •••o•oooooooooo 

strychnine •oooooo•u•oo•o 

857 

a In this Table the compounds are enumerated in the same order as in Table 138. However, 

in the latter, grades of 0.5 or less were also considered whereas here they were taken as 0 (0). 

Furthermore, no distinction is made here between 1.5 and 2 or 2.5 and 3. This explains the minor 

discrepancies between the grading judged by the pictorial symbols and the sequence in which 

the compounds are listed. 
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Table 139 (continued) 

Propylthio. Allllolllllllll.ollllllloliiiiiiii...IIIII...IIIII...IIIIOOOOOOO 
Niketamide AIIIII!J AIIII...IIIIO...IIIIOOAIIIIO A!II!J...IIIIO 

Cyclophosphamide 0. [!] •• ...1111 0 0 ...111110 0 000 
Pancuronium OAIIII~··OO.O...IIIIOOOO 

Haloperidol OAIIII...IIIIAIIIIAIIII...IIIIAIIIIAIIII~OOOOO 
Acetanilide ...IIIIAIIIIAIIIIAIIII.oiiiiiii...IIIIOAIIIIOOOOOAIIII 
Parathion .AIIIIAIIII...IIIIIAIIIIAIIIIOOOODDDO 

Naphtylisothiocyanate ••••ooOOOOOOOO 
Mersalyl 00...11110 • ...11110.0[!]0000 
ru~OAIIII~O~DO.DAIIIIDO.I!l 
Aü0000000·(!]·(!]0(!]. 

Theobromine ••o•oooo•ooooo 
Imipramine • ...IIIIIAIIII...IIIII...IIIIIOODOODOOO 
Chlordiazep. 0 ••• [!][!] 0 000 0 000 
Thimerosa! 0 Allll...lllll ~[!] ...11111 0 I!JOO OOAIIIIO 

Flufenamicac oliiiiiiii...IIIII...IIIIAIIIIAIIIIOOOOOOOOO 
Triamcinolone 0 •o• ...11111 .<11111 0 0 0 D D DD 0 

Dicumarol OO[!]~...IIIIII!J...IIIIIDODDD•D 
Zoxazolamine ~·.<IIIIIAIIII~DDDDDDDDD 
Fluphenazine 0. [!]. 00 0 [!] 0 0 [!] 000 
Carisoprodol 0 ~ [!] • ...11110 0 AllliD 0 0 000 

Clycerol DDAIIIII!JD[!]O.<IIIIII!JDDDDAIIII 
~A...IIIIIDDDDDD•o•OD[!]D 

Pentylenetetrazol [!]. 0 0 0. 0 0. 0 0 Ot:J 0 
Methylsalicylate 0...1111 olllllllllolllllllllolllllllllolllllllll 00000000 

Acrylamide ••0...111110000000000 
Hydroquinone ollllllllloliiiiiiii.I!.JOOOOODOOOO 

F -COL+Na.HPO,+Restr. I!.JAIIII 0...1111...1111 0 0 0 0 0 0 [!] 00 
F -COL+Na.HPO,+Oil 0...11110 Alllloliiiiiiiii!.J 0 0 00 0 000 

DL-Coniine DAIIIIDDDODAIIIIOAIIOD...IIIIID 
Pralidoxime Cl 00[!]000D.DAIIII ODI!.JO 

n-Methylaniline Allllollllllllll!l OOI!l D 0 DD D 000 
F,COL+NaClO,+Oil I!.J...IIIIOAIIIIAIIIIOOOODOOOO 

HgC12 oooo•ooO...IIIIODOI!.JO 
Tyramine OOOO[!][!JO[!]D.oiiiiiiii!.JOOD 
CrotonOil 0...111100000...11110...11110000 

p-Nitroanisole O...IIIIDOODOOO...IIIIIDOOO 
Hexamethonium DODODOO•o•OODO 
Ethylene glycol 0000000...1111 0...1111000• 
CaramiphenHCl Doliiiiiiiii!JDDDDI!.JDDDDDD 

Endotoxin DDDDDOD...IIIIID.DDDD 
Hydrazine DDDDDDD...IIIIOAIIIIODDD 

Neostigminc Br . ....IIIIIAIIIIDDDD DD 000 0 00 



Varia 

Table 139 (continued) 

" 
~ "ö 1:1 " 1 " 1:1 .s § " § " " ;[ " " ~ ~ ~ " " ~ ] " tl ~ "ö 

'* ·5 0 ] ·§ .g .;!I 1 " " § "ö "' " 5), s 0 "" " 5 ;:. .... -ß ; "' 0 ~ ] 
~ " ..d • ·"= Jl ~ 

.. 
0 ..d ..., 00 

"" 0 " ~ &' ~ P-< P-< ~ 0 ooZ 0 A 

Dipicrylamine 0 ... 0 .... 0000000000 
Emetin 0~0~0000000000 

Physostigmine OOI!JI!JOOOOOOOOOO 
Diphenylhydantoin I!JOOI!J [!] 00 0 0 0 00 00 

nm~OOOOOOOOOOOOO 
Pipradol ~000000000000 

HomatropineHBr ~000000000000 
Methadone 00~00000000000 

Arsenic Pentoxide I!JOOO I!JOOOO 00000 
DOC-Ac+NaHsPO, OOOOOOOOOOOOO.ollllllll 

3, 3, 5-Triiodo-L-Thyronine 0000 OI!JOOOOOOOO 
Barbital 0000000~000000 
NaCJO, 0000000000000~ 

Doxepin OOI!JOOOOOOOOOOO 
Warfarin 000[!)0000000000 

Tri-o-cresyl 0000000000000[!) 

No significant protection was obtained by any of the conditioners against: 

DFP Bromobenzene 
TICI Brompheniramine 
Propionitrile Dimercaprol 
Griseofulvin Dinitrophenol 
DL-Amphetamine Endrophonium 
Tremorine Yellow phosphorus 
Estradiol + NaH2P04 Ephedrine 
Heptachlor Ethyl alcohol 
OMP A Ethylene chlorohydrin 
Epinephrine Nephrectomy 
Mechlorethamine Methylphenidate 
o-Aminophenol InCla 
Fasting Morphine 
Bile duct ligature Pyrilamine 

859 

Varia 

Conney F88,649f67: A review of the 
Iiterature on more than 200 drugs Ieads to the 
conclusion that "there is no apparent relation
ship between either their actions or structure 
and their ability to induce enzymes. It is of 
interest that most of the inducers are soluble 
in lipid at a. physiologica.l pH." 

by the addition of various corticoids to the 
culture medium. Cortisol, corticosterone and 
aldosterone are particularly active in this 
respect, whereas pregnenolone, progesterone, 
DOC, 11-desoxycortisol, 17oc-hydroxyproges
terone, and Uoc-hydroxyprogesterone had 
little activity. Uß-Hydroxyprogesterone and 
11 ß,17 oc-dihydroxyprogesterone exhibited in-

MosCOM & Piddington F90,487f67: In 
retinal explants of 12-day chick embryos, 
glutamine synthetase activity can be induced 

termediate degrees of activity. Apparently, 
"the 11ß-position is of primary significance in 
the activity of these molecules in inducing 
retinal glutamine synthetase in this system. 
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Table 140. Effect of the Btandard conditioners upon body and organ weights 

Treatmenta Final body Li ver Kidney Preputial glands 
weight weight weight weight 
(g) (g) (mg) (mg) 

None 131 ±2 5.0±0.1 533.1 ± 8.9 48.8 ± 1.9 
PCN 130±2NS 7.4 ± 0.2 *** 518.4 ± 8.0 NS 51.4±2.3NS 
CS-1 140 ± 3 * 6.4 ± 0.2 *** 528.7 ± 10.6 NS 68.9 ± 3.3 *** 
Ethylestrenol 142 ± 3 ** 5.8 ± 0.1 *** 512.8 ± 6.9 NS 106.5 ± 5.4 *** 
Spironolactone 138 ± 2 ** 5.9 ± 0.1 *** 484.9 ± 6.4 *** 47.1 ± 2.9NS 
Norbolethone 144 ± 3 *** 5.6 ± 0.2 ** 529.0 ± 10.7 NS 99.7 ± 4.8 *** 
Oxandrolone 135± 2NS 5.1 ±0.1 NS 520.1 ± 8.4 NS 88.0 ± 3.1 *** 
Prednisolone-Ac 82 ± 1 *** 7.1 ± 0.2 *** 726.6 ± 12.2 *** 43.3±2.9NS 
Triamcinolone (2 mg) 90 ± 2!.!! 5.9 ± 0.2 *** 609.6 ± 10.4 *** 42.1 ±2.8NS 
Progesterone 130± 3NS 5.3 ±0.1NS 531.1 ± 6.3 NS 66.3 ± 2.6 *** 
Estradiol 90±3*** 6.1 ± 0.3 *** 666.3 ± 17.0 *** 41.9 ±4.6NS 
DOC-Ac 125 ±2NS 4.9 ±0.1NS 546.7 ± 8.3 NS 54.1 ±2.5NS 
Hydroxydione 124 ± 2! 4.9 ±0.1 NS 546.5 ± 13.7 NS 56.9 ± 2.6 * 
Thyroxine 127 ± 2NS 5.7 ± 0.1 *** 618.7 ± 8.3 *** 54.8 ±4.1NS 
Phenobarbital 129±2NS 6.8 ±0.2 *** 554.7 ± 11.8 NS 62.0 ± 3.2 *** 

a 25 ~ 100 g rats per group. Alltreatments were given at the standard dose Ievels (cf. p. VIII) 
from the 1st to the 8th day. Final body weights were registered on the 9th day at which time the 
organs were fixed in formalin saturated with picric acid. All organ weights are listed as a per
centage of the final body weight. (Student's t-test comparing all weights with the corresponding 
values of the untreated controls.) 

For further details on technique of tabulation, cf. p. VIII. 

This conclusion is further supported by the 
fact that cortisone, which has a ketone group 
in the 11-position, had no effect under these 
conditions." 

Wattenberg et al. G71,805f68: In rats, the 
relationship between chemical structure and 
benzpyrene hydroxylase activity was studied 
on a large series of 2-phenylbenzothiazoles. 
"Introduction of an appropriate halogen into 
the 4'-phenyl position approximately doubles 
inducing activity compared to unsubstituted 
2-phenylbenzothiazole. Other substitutions and 
modifications of the molecule result in either 
lesser increases in inducing activity or, in some 
instances, reduction or total loss of inducing 
activity. Most compounds show similar 
inducing effects on both lung and liver." 

Selye G70,421f70: 304 Steroid were tested 
for their ability to protect rats against usually 
fatal intoxication with indomethacin or 
digitoxin. Using a "Simplified Activity Grad
ing" system, 65 among these compounds were 
found to be active against indomethacin, 
54 against digitoxin, and 23 against both 
substrates at a 10 mg dose Ievel. But only 4 of 
these steroids were still capable of inhibiting 
one or both of these substrates at the 0.5 mg 

dose Ievel. The only steroid still active against 
both substrates at the dose of 0.2 mg was 
pregnenolone carbonitrile "PCN" (3ß-hydroxy-
20-oxo-5-pregnene-16oc-carbonitrile ). 

Selye G70,480f71: A review (28 pp., 
111 refs.) on "Hormones and Resistance." The 
historic developments and present status of 
our concept of syntoxic and catatoxic steroids 
is summarized and the standard techniques for 
the in vivo bioassay of protective hormones 
are described at length. 

Solymoss et al. G60,084f71: In rats, ethyl
estrenol, norbolethone, progesterone, triamci
nolone, prednisolone and hydroxydione ex
hibited no antimineralocorticoid properlies 
(Kagawa's test). Thus, the catatoxic effect of 
steroids appears to be unrelated to anti
mineralocorticoid potency. 

Selye P ROT. 43477: In otherwise untreated 
100 g ~ rats, the infl.uence of the most com
monly used conditioners upon the final body 
and organ weights (the latter expressed as a 
percentage of the body weight) has been de
termined for comparison with the experiments 
in which such conditioning agents were given 
conjointly with toxicants. Mter eight days of 
treatment, the final body weight was diminished 
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Table 140 (continued) 

Uterus Ovary Thymus Thyroid Adrenal 
weight weight weight weight weight 
(mg) (mg) (mg) (mg) (mg) 

149.6 ± 31.0 11.3 ± 0.8 244.5 ± 14.3 6.8±0.2 14.2 ± 0.3 
164.0 ± 27.1 NS 7.9 ± 0.8 ** 267.2 ± 8.7 NS 9.0± 0.4 *** 15.9 ± 0.4 ** 
133.8 ± 13.0 NS 10.3 ±0.7NS 234.7 ± 19.4 NS 8.5 ± 0.4 ** 12.4 ± 0.3 *** 
183.4 ± 12.5 NS 8.5 ± 0.6 ** 137.6 ± 9.2!.!! 7.4±0.6NS 10.4 ± 0.3!.!..! 
147.0 ± 26.3 NS 9.0±0.7 * 253.2 ± 12.1 NS 7.3 ±0.6NS 12.2 ± 0.3 *** 
168.6 ± 13.2 NS 7.0 ± 0.7 *** 157.5 ± 11.6 *** 8.2 ± 0.4 ** 10.8 ± 0.4 *** 
331.1 ± 29.9 *** 9.5 ±0.5NS 174.2 ± 8.9 *** 7.4±0.4NS 12.5 ± 0.3 *** 
144.3 ± 8.4 NS 10.6 ±0.6NS 19.3± 1.5 *** 10.0 ± 0.6 *** 10.1 ± 0.5 !!.! 
105.8 ± 12.7 NS 13.1 ±0.9NS 25.0 ± 2.0 *** 8.2 ±0.4* 10.6 ± 0.8 *** 
144.5 ± 37.1 NS 7.8 ± 0.7.!.! 249.4 ± 16.8 NS 7.2 ±0.5NS 12.4 ± 0.3 *** 
535.2 ± 98.4 ** 14.7 ± 1.6NS 63.7 ± 8.4 *** 8.3 ± 0.3 ** 19.6 ± 0.8 *** 
144.9 ± 37.1 NS 8.7 ± 0.7! 217.9 ± 16.0 NS 8.0 ± 0.4 * 12.8 ± 0.4.! 
155.3 ± 46.3 NS 8.4 ± 0.8.! 279.3 ± 23.3 NS 8.2 ± 0.5* 15.0±0.7NS 
74.5 ± 9.8! 6.7 ± 0.7 *** 243.5 ± 17.5 NS 6.2 ±0.4NS 15.0 ± 0.6NS 

137.7 ± 31.3 NS 10.4± 0.8NS 290.9 ± 14.9 * 10.0 ± 0.4 *** 15.5 ± 0.5 * 

by prednisolone, triamcinolone and estradiol. 
To a lesser extent, hydroxydione also caused a 
decrease in body weight gain, but this may 
have been due to the prolonged daily anesthetic 
effect of this steroid. The rats treated with 
anabolics, particularly ethylestrenol and nor
bolethone, showed a body weight increase but 
this was not pronounced during this short time 
experiment. Although oxandrolone likewise 
proved to be anabolic in earlier experiments 
(in that it combated the catabolism produced 
by DHT or glucocortiooids) it did not cause an 
absolute increase in body weight. When organ 
weights were expressed as percentages of the 
final body weight, significant hepatic enlarge
ment was obtained by PCN, CS-1, spironolac
tone, norbolethone, prednisolone, triamcino
lone, estradiol and phenobarbital. This is of 
interest since triamcinolone and estradiol are 
virtually devoid of catatoxic potency. Among 
all steroids, PCN caused the greatest hepatic 
enlargement, exceeding even that elicited by 
phenobarbital. The percental increase in renal 
weight was especially conspicuous following 
treatment with prednisolone, triamcinolone, 
estradiol and thyroxine, although the gluco
corticoids and estradiol markedly diminished 
the absolute final body weight of these same 
animals. Phenobarbital and PCN caused no 
renal enlargement. The preputial glands are 
only imperfect indicators of testoid activity. 
Our earlier experiments showed that ordinary 
pregnenolone (3 ß-hydroxy-5-pregnen-20-one) 

possesses a pronounced preputial gland stimu
lating effect, although it is virtually devoid of 
typical testoid actions upon the capon's oomb 
or the castrate rat's seminal vesicles. The in
significant increase in preputial gland weight, 
observed under our experimental conditions 
following treatment with PCN, suggests that 
the attachment of the carbonitrile group to 
this molecule decreases rather than increases 
its preputial gland stimulating action. In any 
event, the oompound is much less "virilizing" 
under these oonditions than is progesterone. 
The preputial glands were most markedly en
larged following treatment with ethylestrenol, 
norbolethone and oxandrolone, but to a lesser 
extent also by CS-1, progesterone and pheno
barbital, perhaps owing to the endogenous pro
duction of testoid metabolites. As expected, 
uterine enlargement was greatest after treat
ment with estradiol, but some increase in uter
ine weight was noted also under the infiuence 
of oxandrolone, whereas thyroxine had an in
verse effect. None of the oonditioners tested 
caused ovarian enlargement, but PCN, ethyl
estrenol, norbolethone, progesterone and thy
roxine induced significant ovarian atrophy. The 
thymus weight was most markedly diminished 
by prednisolone, triamcinolone and estradiol, 
but to a lesser extent also by ethylestrenol, nor
bolethone and oxandrolone. Curiously, pheno
barbital appears to have caused a barely signi
ficant and PCN a nonsignificant increase in 
thymus weight. Phenobarbital, prednisolone, 
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PCN, CS-1, norbolethone and estradiol also in
creased the weight ofthe thyroid approximately 
in decreasing order as enumerated. The most 
pronounced adrenal hypertrophy was elicited 
by estradiol, but minor degrees were also ob
tained by PCN and phenobarbital. Possibly, 
detoxication of endogenous corticoids might 
have led to a compensatory hypertrophy of this 
magnitude. On the other hand, CS-1, ethyl
estrenol, spironolactone, norbolethone, oxan
drolone, prednisolone, triamcinolone, proges
terone and DOC caused a diminution of the 
percental adrenal weight, cf. Table 140, p. 860. 

Selye P ROT. 22393: There appears to be 
no obligatory relationship between gluco
corticoid and catatoxic activity. Thus, !arge 
doses of prednisolone offer excellent protection 
against the ulcerogenic effect of indomethacin, 
whereas triamcinolone, a much more potent 
glucocorticoid, is devoid of this protective 
effect over a broad dose range cf. Table 141. 

Solyrrwss P ROT. 42234: As judged by the 
Kagawa test, PCN is practically devoid of 
antimineralocorticoid activity. In male adrenal
ectomized adult rats, 6 pg of DOC s.c. produced 

a pronounced decrease in the urinary NaJK 
excretion, which could not be counteracted by 
1 mg ofPCN. 

Table 141. Glucocorticoid potency not responsible 
for inactivation of indomethacin by prednisolone 

Treatment (mg)a Intestinal 
ulcers (%)b 

None 100 
Triamcinolone 0.1 100 
Triamcinolone 0.5 100 
Triamcinolone 10 100 
Prednisolone 0.1 100 
Prednisolone 0.5 100 
Prednisolone 10 0 

Mortality 
(DeadJTotal) b 

5/5 
5/5 
5/5 
5/5 
5/5 
4/5 
0/5 

a In addition to the treatments listed in 
this column, the rats (100 g ~) of all groups 
received indomethacin 1 mg in 0.2 ml waterj 
day, s.c., on 4th day ff. Triamcinolone and 
prednisolone were given at the doses indicated 
in 1 ml water X 2/day, p.o., 1st day ff. 

b Intestinal ulcers (% positive) and 
mortality on 10th day. 

SUMMARY AND OUTLOOK 

This treatise attempts to outline the history and present status of research on the 
regulation of resistance by hormones. It would obviously be impossible to give a 
meaningful resume of this vast field here, but it may be helpful to summarize the 
highlights of the research with which our group has had personal experience, namely: 
the effect of natural and artificial steroids upon comparatively nonspecific resistance 
phenomena. 

The protective agents are classified, according to their mechanism of action, into 
two main groups: 1. "syntoxic" compounds which improve tissue tolerance by 
permitting a symbiotic type of coexistence with the pathogen (e.g., by suppressing 
inflammatory reactions); 2. "catatoxic" substances which actually destroy the aggres
sor (e.g., through the induction of hepatic microsomal enzymes). 

The syntoxic effects are virtually limited to glucocorticoids, and since these 
have received sufficient attention in the past, this monograph deals primarily with 
recent studies on catatoxic steroids. 

Wehave tested more than 500 steroids, under comparable conditions, for their 
possible protective effect against numerous toxicants. The results of these studies 
are tabulated and their evaluation revealed the following principal facts: 

1. The catatoxic efl'ect can manifest itself independently of all classic hormonal 
actions, although it is frequently associated with anabolic, antimineralocorticoid or 
glucocorticoid properties. 

2. Some of the most potent catatoxic steroids are carbonitriles; these also have 
an unusually broad "spectrum of activity", in that they protect against many 
toxicants. 
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3. The 16cx-position of the -CN group appears to be particularly advantageaus 
for catatoxic activity. Its introduction into a virtually ineffective steroid, e.g., 
5-pregnenolone, endows the latter with sufficient catatoxic potency to protect a rat, 
at dose Ievels as low as 300 {Lg/kg, against fatal digitoxin or indomethacin intoxication. 

4. Steroids may serve as especially favorable carriers of pharmacologically active 
groups, for example of thioacetyl (for the detoxication of mercury), quaternary 
ammonium bases (for the induction of a neuromuscular block), oncolytic agents, etc. 

5. Certain catatoxic steroids possess abortifacient properlies and interfere with 
lactation. 

6. It is not yet proven that effective amounts of catatoxic steroids are normally 
secreted in response to a need (as glucocorticoids are during stress). However, they 
certainly represent basic "soil-factors" determining normal resistance; for example 
testosterone in amounts secreted by the testis raises the resistance of male rats far 
above that of females or gonadectomized animals of either sex. Furthermore, corti
costerone - the naturallife-maintaining steroid of the rat - possesses catatoxic 
activity against several substrates and is undoubtedly secreted in response to a need 
during stress. 

7. Certain substrates, which arenot subject to inactivation by steroidal or non
steroidal catatoxic compounds, can be "opsonized" (that is made amenable to this 
type of detoxication) by the addition of a radical. Thus, morphine is resistant, 
whereas ethylmorphine is highly sensitive, to inactivation by various compounds 
(catatoxic steroids, phenobarbital). This may well be due to a decrease in the polarity 
of the compound which may facilitate its penetration through membranes to the 
sites where enzymic detoxication can occur. It is interesting to speculate about the 
multitude of toxicants that might be made amenable to steroid-induced degradation 
if we learned how to stimulate their fat solubilization in vivo. 

8. Many observations suggest that both syntoxic and catatoxic steroids may have 
important clinical applications in a variety of diseases caused by exogenous or endo
genous toxicants. This is particularly true of maladies due to pathogens amenable 
to biotransformation by hepatic microsomal enzymes. In principle, here, enzyme 
induction would have to precede contact with the pathogen, and, hence, catatoxic 
steroids would be expected to have only prophylactic potency. Yet, if the pathogens 
act over a prolonged period (e.g., chronic indomethacin or digitoxin intoxication), 
curative effects have been obtained even when treatmentwas begun only after clinical 
manifestations of intoxication had become evident. Finally, if catatoxic steroids are 
important, "soil-factors" determining normal resistance, we should search for the 
possible existence of diseases caused by inadequate production of these compounds, 
or of disturbances in the responsiveness of the enzyme-inducing mechanisms which 
they regulate. Such maladies might be expected to result not only in deficient 
detoxication of exogenous pathogens but also in deficient or excessive degradation 
of endogenous chemical constituents of the body, such as hormones and metabolites. 

As we have said in the Introduction to this monograph, animals are endowed with 
a complex hormonal defense system comparable in its scope to those based upon 
nervous, or immunologic reactions. Through conscious planning of defense, conditioned 
reflexes, or autonomic "emergency reactions," the body can adapt standard responses 
of its nervous system to defense against a multitude of specific injuries. Appropriate 
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immunologic reactions can adjust the basic phenomenon of antibody formation to 
cope with a great variety of potential pathogens which possess antigenic properties. 

The main purpose of this monograph was to show that there exists a third general 
adaptive system in which a group of hormones and hormone derivatives (particularly 
steroids) offer resistance to agents not easily combated through the first-mentioned 
two defensive mechanisms; here, syntoxic hormones help to tolerate a pathogen, 
whereas catatoxic substances destroy it. 

The 35 years of research - from the first description of the defensive role of 
corticoids in combating stress, to the latest observations on the extraordinary 
catatoxic potency of steroid carbonitriles - represent only a rough outline of the 
introductory phase in the elucidation of the hormonal defense system. The many 
references cited in the preceding pages clearly show that even in this first sketch, 
our own observations provided only a small percentage of the established facts. We 
have raised more questions than we have answered; but perhaps, by providing an in
ventory of pertinent facts, this monographwill help others to clarify this new field, 
which appears to have implications in virtually all phases of homeostasis under 
physiologic and pathologic conditions. 
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INDEX 

To facilitate the use of this index, boldface numerals refer to my own comments (single 
column, large type in text), the others to abstracts (double column, small print in text). 

Greek letters, numbers and prefi.xes (p-, o-, m-) in chemical compounds are neglected in deter
mining the alphabetic position of entries. 

When a "target" A (drug or hormone) is infiuenced by an "agent" B (drug, hormone, surgical 
interventions or external environment), this is indicated by an arrow pointing from B to A, thus: 
A +- B, and the reverse entry B -4 A. 

If two agents (B and C) act conjointly upon the same target, this is indexed thus: A +-B + C; 
B -4 A +- C; C -4 A +- B; that is each agent and the target appear once in the first position. The 
same rule applies when there are three or more agents. 

The following group names are used: Anaphylactoidogenic agents, Antibiotics, Anticoagu
lants, Barbiturates, Carcinogens, Carcinolytics, Digitalis, Lathyrogens, Steraids in general, Corti
coids, Folliculoids, Luteoids, Testoids. Pesticides and Vitaminsare listed individually. However, 
entries for drugs or hormones belonging to any of these groups, should also be consulted indivi
dually. 

Since most experiments have been performed on rats, this is not specifically mentioned; 
other species are identified at the end ofthe entry thus: A +- BJMouse. 

Salts of electrolytes are listed under the presumably most important ion; for example, instead 
ofindium chloride (InCls), we write "indium", instead ofsodium phosphates (NaH2P04, Na2HP04), 
"phosphates". 

AAN; ef. al8o Lathyrogens 
+- CS-1 Table 73 257 
+- DOC Table 73 257 
+- estradiol Table 73 257 
+- ethylestrenol Table 73 257 
+- hydroxydione Table 73 257 
+- norbolethone Table 73 257 
+- oxandrolone Table 73 257 
+- PCN Table 73 257 
+- phenobarbital Diagram Table 139 857 to 

859; Table8 73, 139 257, 850-854 
+- prednisolone Table 7 3 257 
+- progesterone Table 73 257 
+- spironolactone Table 73 257 
+- steroids Diagram Table 139 857-859; 

Table 138 850-854 
+- thyroxineDiagram Table 139 857-859; 

TableB 73, 138 257, 850-854 
+- triamcinolone Table 73 257 

Abortifacient action of hepatic microsomal en
zyme inducers 722 

properties of catatoxic steroids 863 
"Abrasive ablation", methods 20 
Absorption of drugs 788 
Abstracting VII 

"Abwehrfermente" 27 
Acetaldehyde +- ACTH 408 

+- steroids 175 
+- thyroid hormones 470 

2-Acetaminofluorene; ef. Carcinogens 
Acetanilide +- CS-1 Table 24 176 

+- DOC Table 24 176 
+- ethylestrenol Table 24 176 
+- estradiol Table 24 176 
+- hydroxydione Table 24 176 
+- norbolethone Table 24 176 
+- oxandrolone Table 24 176 
+- PCN Table 24 176 
+- phenobarbital Diagram Table 139 857 to 

859; Table8 24, 138 176, 850-854 
+- prednisolone Table 24 176 
+- progesterone Table 24 176 
+- spironolactone Table 24 176 
+- starvationfmouse Table 3 81 
+- steroids 176; Diagram Table139 857to 

859; Table 138 850-854 
+- thyroxineDiagram Table 139 857 -859; 

TableB 24, 138 176, 850-854 
+- triamcinolone Table 24 176 

Acetone +- pancreatic hormones 522 
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Acetonitrile +- anterior pituitary preparations 
436,437 

+- epinephrine 533 
+- histamine 555 
+- pancreatic hormones 522 
+- posterior pituitary preparations 441 
+- species-dependent factors 674, 675 
+- steroids 17 5 
+- thyroid hormones 466, 471 
+- thyroid hormonesfguinea pig 470 
+- thyroid hormonesfmouse 4 70 

Acetoxypregnenolone -+ steroids 133 
Acetylcholine +- sex 635 
Acetylsalicylic acid-+ F-COL Table 137 

848-849 
-+ DHT Table 137 848-849 
-+ digitoxin Table 137 848-849 
-+ dioxathion Table 137 848-849 
-+ hepatic microsomal drug metaboliBm in 

man 709 
-+ hexobarbital Table 137 848-849 
-+ indomethacin Table 137 848-849 
-+ nicotine Table 137 848-849 
-+ parathion Table 137 848-849 
-+ progesterone Table 137 848-849 
-+ zoxazolamine Table 137 848-849 

Aconitine (a highly poisonous plant alkaloid) 
+- thyroid hormones 471 

Acrylamide +- CS-1 Table 25 176 
+- DOC Table 25 176 
+- estradiol Table 25 176 
+- ethylestrenol Table 25 176 
+- hydroxydione Table 25 176 
+- norbolethone Table 25 176 
+- oxandrolone Table 25 176 
+- PCN Table 25 176 
+- phenobarbital Diagram Table 139 857-

859; TableB 25, 138 176, 850-854 
+- prednisolone Table 25 176 
+- progesterone Table 25 176 
+- spironolactone Table 25 176 
+- steroids 176; Diagram Table 139 857-

859; Table 138 850-854 
+- thyroxineDiagram Table 139 857-859; 

TableB 25, 138 176, 850-854 
+- triamcinolone Table 25 176 

Acrylonitrile +- ACTH 408 
+- CS-1 Table 26 177 
+- DOC Table 26 177 
+- estradiol Table 26 177 
+- ethylestrenol Table 26 177 
+- hydroxydione Table 26 177 
+- hypophysectomy 44 7 
+- norbolethone Table 26 177 
+- oxandrolone Table 26 177 
+- PCN Table 26 177 
+- phenobarbital Table 26 177 

Acrylonitrile +- prednisolone Table 26 177 
+- progesterone Table 26 177 
+- spironolactone Table 26 177 
+- steroids 176 
+-8TH 426 
+- thyroxine Table 26 177 
+- triamcinolone Table 26 177 

ACTH -+ acetaldehyde 408 
-+ acrylonitrile 408 
-+ allylformiate 408 
-+ aminocaproic acid 408 
-+ aminopterin 408 
-+ anaphylactoidogenic agents 406, 408 
-+ anticoagulants 406, 408 
-+ arboviruses 419 
-+ arsenic 408 
-+ Bacilluspiliformis (Tyzzer's disease) 416 
-+ bacteria 419, 416 
-+ bacterial toxins 411i, 416, 419 
-+ bacterial toxinsfdog 416, 419 
-+ bacterial toxinsfguinea pig 419, 419 
-+ bacterial toxins/man 416, 419 
-+ bacterial toxinsfmouse 419, 418 
-+ bacterial toxinsfrabbit 411), 418 
-+ barbiturates 406, 409 
-+ beryllium 409 
-+ breeding, repeated 422, 423 
-+ carcinogens 407, 410 
-+ carcinolytics 410 
-+ casein 407, 410 
-+ CCl4 410 
-+ cholesterol 407, 410 
-+ cholesterolase 424 
-+ cinchophen 411 
-+ Clostridium tetani 419, 416 
-+ F-COL Table 137 848-849 
-+ complex diets 414 
-+ Corynebacterium diphtheriae 419, 416 
-+ DHT 408, 414; Fig. 16 305; Table 137 

848-849 
-+ diets, complex 414 
-+ digitoxin Table 137 848-849 
-+ dioxathion Table 137 848-849 
-+ Diplococcus pneumoniae 416 
-+ diphenylhydantoin 411 
-+DOC 409 
-+drugs 406 
-+ electric stimuli 423 
-+ encephalomyelitis 419 
-+ enzymes, hepatic 423 
-+ EST 422 
+- estradiol 137 
-+ ethanol 411 
-+ ethionine 411 
-+ formaldehyde 411 
-+ ganglioplegics 407, 411; Table 600 246 
-+GPT 424 



ACTH -+ hepatic enzymes 423 
-+ hepatic lesions 420, 421 
-+ hexadimethrine 411 
-+ hexobarbital Table 137 848-849 
-+ histamine 40ii, 406 
-+ hormone-like substances 40ii 
-+ hormones, nonsteroidal 405 
-+ 5-HT 405, 406 
-+ hyperoxygenation 421, 422 
-+ hypoxia 421, 422 
-+immune reactions 419, 420 
-+immune reactionsfguinea pig 419, 420 
-+immune reactionsfrabbit 419, 420 
-+ indomethacin Table 137 848-849 
-+ infl.uenza 415 
-+ insulin 405, 406 
-+ ionizing rays 421, 422 
-+ isoniazid 412 
-+ isoproterenol 412 
-+lathyrogens 407,412 
-+ leptospira 415, 416 
-+MAD 405 
-+ meprobamate 412 
-+ mercury 412 
-+ microorganisms 415 
-+ morphine 407, 412 
-+ muscular performance 422, 423 
-+ mustard powder 413 
-+ Mycobacterium tuberculosis 415, 416 
-+ nicotine Table 137 848-849 
-+ nonsteroidal hormones 405 
-+ osmosis 423 
-+ parasites 415, 417 
-+ parathion Table 137 848-849 
-+ Pasteurella pestis 415, 417 
-+ pentylenetetrazol 413 
-+ plasmocid 413 
-+ pneumococci 415 
-+ poliomyelitis 415 
-+ potassium 413 
-+ progesterone Table 137 848-849 
-+ puromycin aminonucleoside 413 
-+ pyruvate 413 
-+ rabies 415 
-+ renallesions 420, 421 
-+ repeated breeding 422, 423 
-+ RES-blocking agents 413 
-+ resistance 405 
-+ rickettsia 415, 417 
-+ salinity tolerance 422 
-+ "saprophytosis" 415, 417 
+- sex 631 
-+ steroids 405 
+- steroids 137 
-+ staphylococci 415, 417 
-+ streptococci 415, 417 
-+ tannic acid 413 

Index 

ACTH -+ TEA Table 600 246 
-+ temperature variations 422 
-+ temperature variationsfmouse 422 
-+ tetracaine 413 
-+ thyroxine 406 
-+ TKT 423, 424 
-+ TPO 423, 424 
-+ trauma 422, 423 
-+ Trichinella spiralis 411) 
-+ tumors 423 
-+ Tyzzer's disease 416 
-+ vaccines 415, 416 
-+ variola 419 
-+ venoms 418, 419 
-+ viruses 415, 417 
-+ vitamin C 407, 414 
-+ vitamin D 408, 414 
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-+ zoxazolamine 414; Table 137 848-849 
Actidione; ef. Cycloheximide 
Actinomycetes +- steroids 318, 319 
Actinomycin 73; ef. also Antibiotics, Blockers 

under Pharmacology 
+- anterior pituitary preparations 437 
+- barbiturates 75 
+- cortisol 74, 75 
+- cortisone 73 
+- diet, protein-deficient 74 
+- endotoxin 7 4, 7 5 
+- ethylestrenol 75 
-+ glucagon 75 
-+ insulin 75 
-+ ionizing rays 75 
reversal of antagonist action 84, 92 
-+ spironolactone 75 
-+ starvation 74 
-+ stress 74 
-+ tyrosine 7 4 

Activity index of steroids 883 
"Activity spectrums of hormones" 15 
Acylation reactions 47 
Adaptation to hormones, history 34 

to steroid anesthesia 133 
Adaptive enzyme formation +- thymectomy 

552 
hormones 12 

Adenosine diphosphate +- thyroid hormones 
471 

Adenovirus-12 +- steroids 325 
+- thymectomy 551 

Adenoviruses +- steroids 327 
Adrenalectomy -+ amino acid enzymes 399 

-+ bacterial toxins 338, 346 
-+ barbiturates 190, 191 
-+ barbituratesfguinea pig 193 
-+ barbituratesfmouse 193 
-+ carcinogens 212 
-+ electric stimuli 375 
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Adrenalectomy -+ enzymes 393, 399 
-+ hepatic lesions 304, 357 
-+ hepatic tissue 725, 729 
-+ hyperoxygenation 371 
-+ hypoxia 371 
-+ immune reactions 351, 353 
-+ indomethacin +- spironolactone Ta1Jle8 68 

-71 252-254 
-+ indomethacin +- spironolactone + corti-

coids Ta1Jle8 68-71 252-254 
-+ ionizing rays 862, 365 
-+ steroids 127 
-+ systemic trauma 377, 380 
-+ temperature variations 373, 374 
-+TKT 393 
-+TPO 393 
-+ vitamin D 303 

Adrenaline; ef. Epinephrine 
Adrenal necrosis +- DMBA + spironolactone 

Fig. 2, 3 213, 214 
+- DMBA + stress Fig. 29 693 
morphology 7 40 

Adrenale, history 26, 33 
Adrenal tumors +- aminoglutethimide 720 

+- barbiturates 715, 720 
+- DDD 715, 720 

Adrenal weight +- CS-1 Tahle 140 860-861 
+- DOC Tahle 140 860-861 
+- estradiol Tahle 140 860-861 
+- ethylestrenol Table 140 860-861 
+- hydroxydione Tahle 140 860-861 
+- norbolethone Table 140 860-861 
+- oxandrolone Tahle 140 860-861 
+- PCN Table 140 860-861 
+- phenobarbital Table 140 860-861 
+- prednisolone Tahle 140 860-861 
+- progesterone Table 140 860-861 
+- spironolactone Table 140 860-861 
+- thyroxine Tahle 140 860-861 
+- triamcinolone Tahle 140 860-861 

Adrenochrome -+ resistance 571 
Adrenocortical hyperplasia with sexual ano-

malies +- steroids 382, 383 
Afiatoxin; e/. Carcinogens 
Agar +- stressors 689, 690 
Age-+ aminopyrine 667, 669 

-+ barbiturates 667, 669 
-+ carcinogene 670 
-+ digitoxin +- PCN Tahle 50 232 
-+ drugs 667,669 
-+ enzymes 673 
-+ hepatic enzymes 667, 672 
-+ hepatic Ieeions 672 
-+ indomethacin 667, 671 
-+ indomethacin +- PCN Table 72 254 
-+ meperidine 671 
-+ pesticides 667, 671 

Age -+ pethidine 671 
-+ phenylbutazone 671 
-+ promazine 671 
-+ resistance 666 
-+ steroids 666, 668 
-+ strychnine 667, 671 
-+ TKT 667, 672 
-+ TPO 667, 672 

Alanine; ef. alBo GPT under Influence of Steraids 
upon Enzymes 

+- SKF 525-A, 61 
"Alarm reaction" 33 
Alcohol dehydrogenase, chemistry 45 

oxidation 45 
Aldadiene (SC-9376) -+ steroids 122, 123 
Aldehyde oxidation 45 
Aldosterone -+ barbiturates 196 

-+ endotoxin Tahle 123 348 
Alloxan +- epinephrine 531, 532 
Allyl alcohol +- norepinephrine 534 

-+ resistance 571 
+- steroids 176 
+- thyroid hormones 471 

Allylformiate +- ACTH 408 
+- hepatic Ieeions 604 
+- steroids 177 
+- thyroid hormones 471 

Ameba +- steroids 330, 331 
Amiloride (potassium-sparing diuretic)-+ resi

stance 567, 571 
Amino acid enzymes +- adrenalectomy 399 

+- corticoids 390 
+- hypophysectomy 460 

Amino acids +- hepatic Ieeions 602, 604 
Aminocaproic acid +- ACTH 408 
Aminoglutethimide -+ adrenal tumors 720 

-+ Cushing's syndrome 720 
+- steroids 177 

6-Aminonicotinamide +- steroids 177 
o-Aminophenol +- phenobarbital Diagram 

Table 139 857-859; Tahle 138 850-
854 

+- steroids 177; Diagram Tahle 139 857-
859; Tahle 138 850-854 

+- thyroxineDiagram Tahle 139 857-859; 
Table 138 850-854 

Aminopterin (antimetabolite, follic acid anta
gonist) +- ACTH 408 

+-sex 635 
+- steroids 177 

4-Aminopyrazolopyrimidine +- enzymes, nor
mal Table 134 759 

Aminopyrine (antipyretic, analgesic) +- age 
667, 669 

+- CCI4 79 
+- CS-1 Table 27 179 
+- DOC Tahle 27 179 
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Aminopyrine +- estradiol Table 27 179 
+- ethylestrenol Table 27 179 
+- hydroxydione Table 27, 179 
+- oxandrolone Table 27 179 
+- norbolethone Table 27 179 
+- PCN Table 27 179 
+- phenobarbital Diagram Table 139 857 

-859; TableB 27,138 176,850-854 
+- prednisolone Table 27 179 
+- progesterone Table 27 179 
+- sex 635, 655 
+- 8KF 525-A 60, 61 
+- spironolactane Table 27 179 
+- starvationfmouse Table 3 81 
+- steroids 178; Diagram Table 139 857 

-859, Table 138 850-854 
+-8TH 426 
+- stressors 690 
+- thyroxineDiagram Table 139 857 -859; 

TableB 27, 138 179, 850-854 
+- triamcinolone Table 27 179 

Aminopyrine-metabolizing enzymes +- tumors 
704 

p-Aminosalicylate +- thyroid hormones 471 
p-Aminosalicylic acid 70 

+- 8KF 525-A 63 
3-Amino-1,2,4-triazole 81, 82 
Amitriptyline (antidepressant) +- norepin-

ephrine 534 
Ammonium chloride +- steroids 179 
AMP (cyclic) +- steroids 179 
Amphenone-+ resistance 571 
Amphetamine (sympathomimetic, CN8 stimu

lant) +- phenobarbital Diagram Table 139 
857-859; Table 138 850-854 

-+ resistance 591 
+-sex 635 
+- 8KF 525-A 61 
+- steroids 179; Diagram Table 139 857-

859; Table 138 850-854 
+- stressors 689, 690 
+- thyroid hormones 466, 472 
+- thyroid hormonesfmouse 472 
+- thyroxine Diagram Table 139 857-859; 

Table 138 850-854 
Amyl nitrate (vasodilatar) +- steroids 180 

+- thyroid hormones 472 
Amyloid; ef. Casein 
Anabolie steroids 9 

-+ folliculoids 116, 119 
-+ glucooorticoids 114, 115 
-+ gluoo-mineralocorticoids 114, 118 
-+ luteoids 114, 118 
-+ mineralocorticoids 114, 118 
-+ steroids 114, 119 

Analytioo-synthetic style V, VID 

Anaphylactaid edema; ef. Anaphylactaido
genic Agents 

"Anaphylactaidogenic agents" 406 
+- ACTH 406, 408 
+- anterior pituitary preparations 437 
+- oorticoids 180 
+- epinephrine 532, 534 
+- folliculoids 180 
+-5-HT 558 
+- norepinephrine 632, 534 
+- pancreatic hormones 521, 522, 523 
+- parathyroids 516 
+- pregnancy 661 
+- steroids 148, 180 
+-8TH 426 
+- stressors 689, 690 
+- thyroid hormones 467, 472 

Ancylostama caninum +- steroids 330, 332 
Androgenic steroids; ef. Testaids 
Andromimetic steroids; ef. Testaids 
Androstano-5ß-carbonitrile (ACN) -+ hemor-

rhages, multiple Fig. 37 741 
Androsterone -+ barbiturates 197 
Anesthetic steroids 9 
Anesthetics (various); ef. also Individual Anes

thetics 
+- catataxic steroids 180 

Angiotensin -+ resistance 564 
+- thyroid hormones 466 

Aniline +- sex 655, 690 
+-steroids 180 

ANIT; ef. et-Naphthylisothiocyanate 
Anoxia +- posterior pituitary preparations 441 

+- sex 657 
Antabuse; ef. Disulfiram 
"Antagonisms, physiologic" 15, 707 
Antagonisms, specific, classification 17 
Antagonists, reversal of actions 84, 92 
Anterior lobe extracts +- steroids 138 

pituitary preparations -+ acetanitrile 436, 
437 

-+ actinomycin 437 
-+ anaphylactaidogenic agents 437 
-+ bacteria 436, 439 
-+ bacterial taxins 440 
-+ barbiturates 437 
-+ BSP 440 
-+ cadmium 438 
-+ Candida albicans 437 
-+ carcinogene 436, 438 
-+ carcinoma transplante 440 
-+ CCl4 436, 438 
-+ cholesterol 436, 438 
-+cold 440 
-+ diet 440 
-+ diphtheria toxin 437 
-+ drugs 486, 437 
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Anterior lobe extracts, pituitary preparations ~ 
~ emetine 436, 438 
~ enzymes, hepatic 440 
~ ergotamine 436, 439 
~ ethionine 439 
~ glycine 439 
~ hepatic enzymes 440 
~ hepatic regeneration 440 
~ hepatic tissue 726, 735 
~ hormones 437 
~ hypoxia 437, 440 
~ ionizing rays 440 
~lathyrogens 436,439 
~ microorganisms 436, 439 
~ morphine 439 
~ nephrectomy, partial 440 
~ p-nitrobenzoic acid 439 
~ pentobarbital 436 
~ progesterone 436 
~ reserpine 439 
~ resistance 436 
~ salinity tolerance 440 
~ tumor transplants 440 
~ vitamin A 436, 439 
~ vitamin C 439 

"Anti-anaphylaxis" 589 
Antiandrogens; ef. Antitestaids 
Antibiotics; ef. also Clinical Implications; In-

dividual Antibiotics 
- epinephrine 534 
- norepinephrine 534 
- parathyroids 516 
~ resistance 571 
-sex 635 
- steroids 181 
- stressors 689 

Anticatatoxic compounds, antagonists li7 
blockers li7 
competitors li7 
inhibitors 67 

Anticoagulants 82; ef. also Clinical Implica-
tions 

- ACTH 406, 408 
- barbiturates 575 
- epinephrine 534 
- pregnancy 661 
~ resistance 571 
- SKF 525-A 63, 64 
- species-dependent factors 675 
- steroids 148, 181 
-sTH 426 
- stressors 689, 690 
- thyroid hormones 473 

Antifolliculoids 54 
Antiglucocorticoids 54 
Antihistamines ~ resistance 571 
Antihormones, history 27 

Antiluteoids 54 
Antimineralocorticoid 9, 54 
~ barbiturates 160, 186 
~ steroids 121, 122 

Antimony- thyroid hormones 473 
Antipyrine (antipyretic, analgesic) - steroids 

183 
Antitestaids 54 
~ hepatic tissue 726, 734 
~ steroids 126 

"Antitoxic factor" li64 
ANTU; ef. 1-(Naphthyl)-2-thiourea under 

Thioureas 
Appendical peritonitis - steroids 325 
Arboviruses - ACTH 408, 411i 

- steroids 321i, 327 
Arsenic - epinephrine 534 

pentoxide - phenobarbital Diagram Table 
139 857-859; Table 138 850-854 

- steroidsDiagram Table 139 857 -859; 
Table 138 850-854 

- thyroxine Diagram Table 139 857 to 
859; Table 138 850-854 

- pregnancy 661 
- sex 635 
- steroids 183 
- thyroid hormones 473 

As; ef. Arsenic 
"Asher's method" 606 
Aspartate; ef. GOT under Influence of Steroids 

upon Enzymes 
Atherosclerosis 716 
Atophane; ef. Cinchophen 
Atropine- hypophysectomy 447 
~ resistance 572, 591 
- thyroid hormones 473 

Audiogenic convulsions - steroids 383 
Azaestranes ~ barbiturates 196 
8-Azaguanine - enzymes, normal Table 134 

759 
Azo reduction 46 
Azuridine- enzymes, normal Table 134 759 

Bacillus anthracis - steroids 316, 319 
anthracis - thyroid hormones 497 
pertussis - steroids 316 

vaccine - histamine 556 
piliformis (Tyzzer's disease) - ACTH 416 

- steroids 316, 319 
Bacteria - ACTH 416, 416 

- anterior pituitary preparations 436, 439 
- epinephrine 041 
- hypoxia 685 
- pancreatic hormones 627 
- parathyroids 018, 519 
Plasmodium berghei 81, 82 
- pregnancy 666 
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Bacteria +- posterior pituitary preparations 
442 

~ resistance 595 
+- sex 696 
+- steroids 316 
+-STH 430 
+- stressors 699 
+- thymectomy 949, 550 
+- thyroid hormones 496, 497 

Bacterial endotoxins +- stressors 698, 699 
toxins; cf. also Microorganisms, Vaccinesand 

Parasites 
+- ACTH 415, 416, 419 
+- ACTH/dog 416, 419 
+- ACTHfguinea pig 415, 419 
+- ACTH/man 416, 419 
+- ACTH/mouse 419, 418 
+- ACTHfrabbit 419, 418 
+- adrenalectomy 336, 346 
+- anterior pituitary preparations 440 
+- corticoids 339, 343 
+- corticoidsfcat 333, 337 
+- corticoidsfchicken 333, 337 
+- corticoidsfdog 333, 338 
+- corticoidsfguinea pig 333, 339 
+- corticoidsfman 339, 344 
+- corticoidsfmonkey 333, 339 
+- corticoidsfmouse 333, 340 
+- corticoidsfrabbit 339, 342 
+- corticoidsfsheep 344 
+- epinephrine 941 
+- folliculoids 337, 347 
+- hepatic lesions 618, 619 
+- histamine 559, 556 
+- hormone·like substances 563 
+-5-HT 561 
+- hypophysectomy 493 
+- luteoids 336, 346 
+- norepinephrine 941 
+- pancreatic hormones 528 
+- parathyroids 918, 519 
+- posterior pituitary preparations 441, 

442 
+- pregnancy 666 
~ resistance 596 
+- sex 618 
+- species-dependent factors 681 
+- steroids 333, 337, 34 7 
+-STH 432 
+- temperature variations 687 
+- testoids 337, 347 
+- thymectomy 551 
+- thyroid hormones 497, 500 

Barbital; cf. also Barbiturates 
+- CS-1 Table 34 198 
+- estradiol Table 34 198 
+- ethylestrenol Table 34 198 

Barbital +- DOC Table 34 198 
+- hydroxydione Table 34 198 
+- norbolethone Table 34 198 
+- oxandrolone Table 34 198 
+- PCN Table 34 198 
+- phenobarbital Diagram Table 139 857 to 

859; Tables 34, 138 198, 850-854 
+- prednisolone Table 34 198 
+- progesterone Table 34 198 
+- spironolactone Table 34 198 
+- steroids 198; Diagram Table139 857 to 

859; Table 138 850-854 
+- thyroxineDiagram Table 139 857-859; 

Tables 34, 138, 198 850-854 
+- triamcinolone Table 34 198 

Barbiturates; cf. also Individual Barbiturates 
+- ACTH 406, 409 
+- actinomycin 75 
+- adrenalectomy 190, 191 
+- adrenalectomyfguinea pig 193 
+- adrenalectomyfmouse 193 
~ adrenal tumors 719, 720 
+- age 667, 669 
+- aldosterone 196 
+- androsterone 197 
+- anterior pituitary preparations 437 
+- anticoagulants 575 
+- antimineralocorticoids 190, 186 
+- azaestranes 196 
~ carbon disulfide 575 
+- barbiturates 575 
~ bile pigments 575 
~ bromobenzene 575 
+- CCl4 79 
~cc14 575 
+- 4-chlorotestosterone 196 
~ cholesterol 576 
~ corticoids 572 
+- cortisol 197 
~ Cushing's syndrome 719, 720 
~ cyclophosphamide 576 
+- cyproterone 196 
~DHT 578 
+- diet 692 
~ diphenylhydantoin 576 
+- diurnal variations 705 
+-DOC 196 
~drugs 578 
~ dyes 576 
+- epinephrine 632, 536 
+- epinephrinefdog 534 
+- epinephrinefguinea pig 534 
+- epinephrinefmouse 534 
+- epinephrinefrabbit 535 
+- estradiol 197 
~ ethanol 576 
+- ethionine 79 
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Barbiturates +- ethylestrenol 197 
--+ folliculoids 573 
+- folliculoids 150, 190 
+- genetic factors 6'i'o 
+- glucocorticoids 1411, 184 
+- glucocorticoidsfman 185 
+- glucocorticoidsfmouse 184 
+- glucocorticoidsfrabbit 185 
+- gluco-mineralocorticoids 160, 185 
+- gonadectomy 101, 193 
+- gonadectomyfguinea pig 196 
+- gonadectomyfmouse 195 
--+ hepatic enzymes 578 
+- hepatic lesions 602, 605 
+- hepatic lesionsfdog 604 
+- hepatic lesionsfmouse 605 
+- hepatic lesionsfrabbit 606 
--+ hepatic microsomal drug metabolism 

in man 'i'08, 712 
--+ hepatic tissue 'i'2'i', 736 
+- histamine 1)1)1) 
--+ hormone-like substances 575 
+- 5-HT 056, 559 
+- 5-HT/man 558 
+- 5-HT/mouse 558 
+- 5-HT/rabbit 558 
+- hydroxydione 196, 198 
--+ hyperbilirubinemia 'i'14, 717 
+- hypophysectomy 441), 447 
+- hypoxia 685 
+- ionizing rays 683 
--+ lidocaine 577 
+- luteoids 160, 189 
+- 17<X-methyl-17 ß-hydroxy-4-aza-estran-

3-one 196 
+- mineralocorticoids 150, 185 
--+ nicotine 577 
--+ nonsteroidal hormones 575 
+- norbolethone 197 
+- norepinephrine 1)32, 536 
+- norepinephrinefman 536 
+- norepinephrinefmouse 534 
+- norepinephrinefrabbit 535 
+- pancreatic hormones 622, 523 
+- parathyroids 516 
+- PCN 198 
--+ pesticides 577 
--+ phenylbutazone 577 
--+ picrotoxin 577 
+- posterior pituitary preparations 441 
+- pregnancy 661 
--+ pregnancy 578 
+- progesterone 197 
--+ quinine 577 
+- renallesions 622, 623, 624 
--+ resistance 1)6 'i', 572 
reversal of substrate action 93 

Index 

Barbiturates +- SC-5233 197 
+- sex 632, 636, 655 
+- sexfdog 633 
+- sexfguinea pig 633 
+- sexfmouse 635 
+- sexfrabbit 633 
+- SKF 525-A 60, 61, 62, 63 
+- species-dependent factors 6'i'o 
+- spironolactone 197 
--+ steroids 574 
+- steroids 1411, 184 
+- STH 426 
+- stilbestrol 196 
+- stressors 689, 690 
--+ strychnine 577 
tabulation of Table 11 107 
+- temperature variations 686 
--+ testoids 572 
+- testoids 100, 187 
+- testoidsfguinea pig 189 
+- testoidsfmouse 189 
+- testosterone 197 
+- thyroid hormones 46'i', 474, 475 
+- thyroid hormonesfcat 473 
+- thyroid hormonesjfrog 473 
+- thyroid hormonesfmouse 473 
+- thyroid hormonesfrabbit 474 
toxicants 105, 109 
-+ vitamin C 578 
--+ vitamin D 578 

Basic principles of SSS steroid terminology 
774 

"Basophilic hone globules" Fig. 16 305 
BCP +- pregnancy 662 

+- sex 640 
Benactyzine (anticholinergic, ataraxic) 81; 

cf. also Phenothiazines 
+- hypophysectomy 448 

Benzene +- sex 640 
+- steroids 198 

Benzol +- epinephrine 536 
Benzpyrene; cf. also Carcinogens 

-+ hepatic tissue 739 
Benzydamine --+ resistance 578 
Benzylamine +- enzymes, normal Table 134 

759 
Beryllium +- ACTH 409 

+- parathyroids 015, 516 
+- steroids 199 

Besnoitia +- steroids 330, 331 
Betamethasone; cf. also Corticoids 

--+ digitoxin Table 128 630, 631 
--+ dioxathion Table 128 630, 631 
-+ endotoxin Table 120 344 
--+ hexamethonium Table 60B 246 
--+ hexobarbital Table 128 630, 631 
--+ indomethacin Table 128 630, 631 
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Betamethasone --* mercury Table 81 269 
--* nicotine Table 128 630, 631 
--* parathion Table 128 630, 631 
--* pentolinium Table 60B 246 
--* progesterone Table 128 630, 631 
--* TEA Table 60B 246 
--* zoxazolamine Table 128 630, 631 

Bile-duct, common; cf. also Choledochus 
ligature--* F-COL Table 137 848-849 

--* DHT Table 137 848-849 
--* digitoxin Table 137 848-849 
--* dioxathion Table 137 848-849 
--* hepatic tissue 739 
--* hexobarbital Table 137 848-849 
--* indomethacin Table 137 848-849 
--* nicotine Table 137 848-849 
--* parathion Table 137 848-849 
+-- phenobarbital Diagram Table 139 

857-859 
--* progesterone Table 137 848-849 
+-- steroids Diagram Table 139 857-

859; Table 138 850-854 
+-- thyroxine Diagram Table 139 857-

859; Table 138 850-854 
--* zoxazolamine Table 137 848-849 

ligatures, methods 19, 21 
Bile, extrahepatic conditioning 103 

fistulas, methods 19, 21 
fiow +-- cholecystokinin-pancreozyminfdog 

Table 10 99 
+-- epinephrinefdog Table 10 99 
+-- ethinylestradiol Table 10, 99 
+-- gastrin/dog Table 10, 99 
+-- hormones Table 10, 99 
+-- insulinfdog Table 10, 99 
+-- norepinephrinefdog Table 10, 99 
+-- norethandrolonefrabbit Table 10, 99 
+-- secretinfdog Table 10, 99 

pigments; cf. also Clinical Implications 
+-- barbiturates 575 
+-- pregnancy 662 

secretion +-- corticoids Fig. 20 356 
Bilharzia; cf. Schistosomiasis 
Biliary excretion 97 
Bilirubin; cf. also ~X-Naphthylisothiocyanate 

(ANIT) 
+-- genetic factors 677 
+-- hepatic lesions 607 
+-- pancreatic hormones 524 
+-- steroids 152, 199 

"Biologie stress" 25 
Biosynthesis, corticoids 105; Graph 106 
Bishydroxycoumarin; cf. also Anticoagulants 

+-- cholesterol Table 28 182 
+-- CS-1 Table 28 182 
+-- DOC Table 28 182 
+-- estradiol Table 28 182 

Bishydroxycoumarin +-- ethylestrenol Table 28 
182 

+-- hydroxydione Table 28 182 
+-- norbolethone Table 28 182 
+-- oxandrolone Table 28 182 
+-- PCN Table 28 182 
+-- phenobarbital Diagram Table 139 857-

859; Tables 28, 138 182, 850-854 
+-- prednisolone Table 28 182 
+-- progesterone Table 28 182 
+-- spironolactone Table 28 182 
+-- steroids Table 138 850-854 
+-- thyroxine Tables 28, 138 182, 850-854 
+-- triamcinolone Table 28 182 

Blockade of the sympathetic nervous system 
+-- epinephrine 545 

Blockers of enzyme induction 72 
actinomycin 73 
3-amino- 1,2,4-triazole 81 
benactyzine 81 
CCl4 78 
classification 72 
cycloheximide 77 
ethionine 78 
hepatotoxic substances 78 
lynestrenol 80 
6-mercaptopurine 81 
mestranol 80 
methandrostenolone 80 
methylenedioxyphenyl compounds 81 
metyrapone 81 
nickel carbonyl 81 
Plasmodium berghei 81 
puromycin 75 
starvation 81 
steroids 80 
steroids C21. C19, C1s 80 
thorotrast 81 

Blood, extrahepatic conditioning 103 
Blood-vesselligatures +-- thyroid hormones 

504 
Body weight +- CS-1 Table 140 860-861 

+-- DOC Table 140 860-861 
+-- estradiol Table 140 860-861 
+-- ethylestrenol Table 140 860-861 
+-- hydroxydione Table 140 860-861 
+-- norbolethone Table 140 860-861 
+- oxandrolone Table 140 860-861 
+-- PCN Table 410 860-861 
+-- phenobarbital Table 140 860-861 
+-- prednisolone Table 140 860-861 
+-- progesterone Table 140 860-861 
+-- spironolactone Table 140 860-861 
+- thyroxine Table 140 860-861 
+- triamcinolone Table 140 860-861 

Bone explantsfchicken 172 
explantsfmouse 172 
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Bone fracture ~ TEA Table 600 246 
Bordetella pertussis; cf. also Histamine and 

Vaccine 
+- pancreatic hormones 527 
+- steroids 319 

Botulinum toxin +- 5-HT 51i7 
+- histamine 556 

Bradykinin; cf. also Hormone-Like Substarrces 
~ resistance 564 

Brain, extrahepatic conditioning 102 
Breeding, repeated +- ACTH 422, 423 
Bromide +- steroids 199 

+- stressors 692 
Bromobenzerre +- barbiturates 575 

+- phenobarbital Diagram Table 139 
857-859 

~ resistance 579 
+- steroids 200; Diagram Table 139 857-

859; Table 138 850-854 
+- stressors 692 
+- thyroxineDiagram Table 139 857-859; 

Table 138 850-854 
Bromoethylamine hydrobromide +- posterior 

pituitary preparations 441 
Brompheniramine; cf. also Parabromdylamine 

+- phenobarbital Diagram Table 139 857-
859 

+- steroids Diagram Table 139 857-859; 
Table 138 850-854 

+- thyroxine Diagram Table 139 857-859; 
Table 138 850-854 

Bronchopulmonary aspergillosis +- steroids 
330 

Brucella +- pregnancy 665 
+- steroids 316, 319 

Brucella melitensis +- thyroid hormones 497 
BSP +- anterior pituitary preparations 440 

+- CCI4 80 
Burns +- sex 657 
n-Butylamine +- hepatic lesions 607 

"Cabbage factor" 350, 419 
Cadmium +- anterior pituitary preparations 

438 
+- CS-1 Table 35 200 
+- DOC Table 35 200 
+- estradiol Table 35 200 
+- ethylestrenol Table 35 200 
+- hydroxydione Table 35 200 
+- hypophysectomy 448 
+- norbolethone Table 35 200 
+- oxandrolone Table 35 200 
+- PCN Table 35 200 
+- phenobarbital Diagram Table 139 857-

859; Tables 35, 138 200, 850-854 
+- prednisolone Table 35 200 
+- pregnancy 662 

Cadmium +- progesterone Table 35 200 
+- sex 641 
+- spironolactone Table 35 200 
+- steroids 200; Diagram Table139 857 to 

859; Table 138 850-854 
+- thyroxineDiagram Table 139 857 -859; 

Tables 35, 138 200, 850-854 
+- triamcinolone Table 35 200 

Caffeine +- epinephrine 536 
+- pancreatic hormones 524 
+- sex 526, 641 
+- steroids 200 
+- thyroid hormones 475 

Calcification, vascular +- DHT + pregnancy 
Fig. 27 664 

+- DHT + stress Figs. 31, 32 696, 697 
Calcitonin ~ digitoxin 520 
~drugs 520 
~ holmium 520 
~indium 520 
~Iead 520 
~ mercury 520 
~ parathyroid hormone 520 
~ renallesions 520, 521 
~ resistance 520 
~ sulfa compounds 520 
~ vitamin A 520, 521 

Calcium +- stressors 692 
Cancers, hormone-dependent 716 
Candida albicans +- anterior pituitary prepa-

rations 437 
+- steroids 329, 330 
+-STH 430 
+- thymectomy 550 

Caramiphen +- CS-1 Table 36 201 
+- DOC Table 36 201 
+- estradiol Table 36 201 
+- ethylestrenol Table 36 201 
+- hydroxydione Table 36 201 
+- norbolethone Table 36 201 
+- oxandrolone Table 36 201 
+- PCN Table 36 201 
+- phenobarbital Diagram Table 139 857 to 

859; Tables 36, 138 201, 850-854 
+- prednisolone Table 36 201 
+- progesterone Table 36 201 
+- spironolactone Table 36 201 
+- steroids 200; Table 138 850-854 
+- thyroxine Diagram Table 139 857-859; 

Tables 36, 138 201, 850-854 
+- triamcinolone Table 36 201 

Carbon dioxide +- thyroid hormones 475 
disulfide (industrial solvent)+- barbiturates 

576 
monoxide +- sex 641 

+- steroids 201 
+- thyroid hormones 467, 475 
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Carbon tetrachloride; cf. CCl4 
Carbonitriles 862 
Carcinogens +- ACTH 407, 410 

+- adrenalectomy 212 
+- age 670 
+- anterior pituitary preparations 436, 438 
+- corticoids 203 
+- diet 592, 593 
+- ethionine 78, 79 
+- folliculoids 205 
+- gonadectomy 210 
+- hepatic lesions 602, 607 
+- 5-HT 567 
+- hypophysectomy 446, 448 
+- ionizing rays 683 
+- luteoids 207 
+- pancreatic hormones 524 
+- pinealectomy lili4 
+- pregnancy 662 
"""* resistance 568, 579 
+- sex 633, 641 
+- steroids 153, 213 
+- STH 425, 427 
+- stressors 692 
+- testoids 207 
+- thymectomy M8 
+- thyroid hormones 467, 476 

Carcinolytics; cf. also Individual Carcinolytic 
Agents 

+-ACTH 410 
+-5-HT 559 
+- posterior pituitary preparations 441 
+- sex 633, 643 
+- steroids 215 

Carcinoma transplants +- anterior pituitary 
preparations 440 

Cardiac diseases 721 
necrosis +- F-COL + spironolactone Fig. 1 

123 
Cardiopathy +- CS-1 + digitoxin Fig. 5 229 

+- digitoxin + spironolactone Fig. 36 733 
Carisoprodol (skeletal muscle relaxant, seda-

tive)+- CS-1 Table 37 216 
+- DOC Table 37 216 
+- estradiol Table 37 216 
+- ethylestrenol Table 37 216 
+- genetic factors 678 
+- hydroxydione Table 37 216 
+- norbolethone Table 37 216 
+- oxandrolone Table 37 216 
+- PCN Table 37 216 
+- phenobarbital Diagram Table 139 857-

859; Tables 37, 138 216, 850-854 
+- prednisolone Table 37 216 
+- progesterone Table 37 216 
"""* resistance 591 
+- sex 644, 655 

68 Selye, Hormones and Resistance 

Carisoprodol +- SKF 525-A 61 
+- species-dependent factors 675, 678 
+- spironolactone Table 37 216 
+- steroids 215; Diagram Table 139 857 to 

859; Table 138 850-854 
+- thyroxineDiagram Table 139 857-859; 

Table 138 850-854 
+- triamcinolone Table 37 216 

Carotene; cf. Vitamin A 
Carrageenin +- stressors 692 
Casein; cf. also Amyloid 

+- ACTH 407, 410 
+- steroids 216 

Cat llili, 233, 333, 337, 369, 374, 375, 377, 
380, 473, 508, 511 

Catatoxic compounds (agonists) 53, 54 
compounds, "structure-function" 53 
drugs 567 
effect 862 
hormones 6, 707 
steroids 9, 13; cf. also Steroids 

abortifacient properlies 863 
"""* anesthetics (various) 180 
classification 16 
clinical applications 863 
"""* ganglioplegics Table 60 246 
"""* hepatic tissue 726, 734 
history 31, 40 
interference with Iactation 863 
opsonization 863 
protection against toxicants 850 
reviews 3 
secretion in response to a need 863 
+- SKF 525-A 63, 64 
specificity of actions 855 

"Catatoxic" substances 862 
Catecholamines +- hepatic lesions 599, 601 

+- pregnancy 661 
+- sex 631 
+- stressors 688 
+- thyroid hormones 463 

CCI.t 78; cf. also Blockers under General Phar-
macology 

+-ACTH 410 
"""* aminopyrine 79 
+- anterior pituitary preparations 436, 438 
"""* barbiturates 79 
+- barbiturates 575 
"""* BSP 80 
+- diet 593 
"""* diphenylhydantoin 79 
+- epinephrine 532, 536 
"""* estradiol 80 
"""* estrone 80 
+- hepatic lesions 602, 607 
"""* hepatic tissue 727, 737 
+- 5-HT 559, 567 
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CCI4 --+ hydroxyproline 79 
+- hypophysectomy 446, 448 
+- norepinephrine 532, 536 
+- pancreatic hormones 524 
-+ paraoxon 79 
--+ parathion 79 
+- pregnancy 662 
-+ procaine 79 
-+ resistance 568 
+- sex 633, 641 
+- SKF 525-A 63 
+- steroids 102, 201, 203 
+- steroids/guinea pig 203 
+- steroidsfmouse 203 
+- steroidsfrabbit 203 
+- STH 425, 427 
+- stressors 692 
+- temperature variations 686 
+- thyroid hormones 467, 476 
toxicants 108, 110 

Cd; cf. Cadmiun 
Cedar chips --+ resistance 569, 579 
Cerium +- hypophysectomy 450 

+-Sex 644 
+- steroids 216 

CFT 1201 64 
reversal of antagonist actions 84 

Chemical interactions between drugs 768 
methods 18, 19 

Chemistry 42 
alcohol dehydrogenase 4o 
cholesterolase 50 
corticoidases 49 
cytochrome bs 50 
cytochrome P-450 50 
diamine oxidase 45 
enzymes 52 
enzymes and resistance in general 48 
folliculoidases 49 
hepatic microsomal enzymes 43 
monoamine oxidase 45 
NADPH cytochrome c reductase 50 
steroidases in general 49 
testoidases 49 
thyroxynase 50 

Chicken 172, 173, 174, 238, 258, 333, 337 
Chloral hydrate (sedative, hypnotic) +- epin-

ephrine 536 
+- hepatic lesions 607 
+- histamine ooo 
+- 5-HT ö07, 559 
+- norepinephrine 536 
+- posterior pituitary preparations 441 
+- sex 644 
+- SKF 525-A 60 
+- steroids 216 
+- stressors 692 

Chloralhydrate +-temperature Variations 687 
+- thyroid hormones 467, 477 

Chloralose +- thyroid hormones 477 
Chloramphenicol ( antimicrobial) 6 7; cf. also 

Inhibitors under General Pharmacology 
+- hepatic lesions 608 

Chlorazanil--+ hepatic tissue 727, 737 
Chlorcyclizine; cf. also Antihistamines 

-+ hepatic tissue 739 
--+ resistance 591 

Chlordane; cf. also Pesticides 
-+ hepatic tissue 739 
-+ resistance 591 

Chlordecone +- steroids 216 
Chlordiazepoxide (tranquilizer) +- CS-1 Table 

38 217 
+- DOC Table 38 217 
+- estradiol Table 38 217 
+- ethylestrenol Table 38 217 
+- hydroxydione Table 38 217 
+- norbolethone Table 38 217 
+- oxandrolone Table 38 217 
+- PCN Table 38 217 
+- phenobarbital Diagram Table 139 857 to 

859; Tables 38, 138 217, 850-854 
+- prednisolone Table 38 217 
+- progesterone Table 38 217 
+- SKF 525-A 63 
+- spironolactone Table 38 217 
+- steroids 103, 216 Diagram Table 139 

857-859; Table 138 850-854 
+- thyroid hormones 467, 477 
+- thyroxineDiagram Table 139 857 -859; 

Tables 38, 138 217, 850-854 
+- triamcinolone Table 38 217 

Chloretone--+ resistance 591 
+- SKF 525-A 62 

Chlorides +- stressors 693 
Chloroform +- diet 592, 593 

+- epinephrine 533, 537 
+- genetic factors 678 
+- 5-HT 557, 559 
+- norepinephrine 537 
+- sex 633, 644 
+- species-dependent factors 675 
+- steroids 153, 217 
+- stressors 693 
+- thymus 549 
+- thyroid hormones 468, 478 

Chloropicrin (insecticide, war gas) +- steroids 
217 

4-Chlorotestosterone --+ barbiturates 196 
Chlorpromazine (sedative, antiemetic) +- pan-

creatic hormones 524 
+- posterior pituitary preparations 441 
--+ resistance 580, 591 
+- SKF 525-A 62 
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Chlorpromazine ~ starvationfmouse Table 3 
81 

~ steroids 217 
~STH 427 
~ stressors 697 
~ thyroid hormones 4 78 

Chlortetracycline (antimicrobial) ~ steroids 
218 

Chlorzoxazone (skeletal muscle relaxant) 
~ steroids 218 

Cholecystokinin-pancreozymin-+ bile fiowfdog 
Table 10 99 

Choledochus ~ corticoids Fig. 20 356 
ligature; cf. also Hepatic Lesions 

-+ DHT Figs. 24, 25 614, 615 
-+ digitoxin Table 126 600 
-+ digitoxin ~ spironolactone Table 126 

600 
-+ dioxathion Table 126 600 
-+ dioxathion ~ spironolactone Table126 

600 
-+ hexobarbital Table 126 600 
-+ hexobarbital ~ spironolactone 

Table 126 600 
-+ indomethacin Table 126 600 
-+ indomethacin ~ spironolactone 

Table 126 600 
-+ mercury Fig. 23 611 
-+ nephrocalcinosis ~ mercury Fig. 23 

611 
Cholesterol ~ ACTH 407, 410 
~ anterior pituitary preparations 436, 438 
~ barbiturates 576 
-+ bishydroxycoumarin Table 28 182 
-+ croton oil Table 43 223 
-+ cyclobarbital Table 33 198 
-+ cycloheximide Table 44 224 
-+ diphenylhydantoin Table 53 235 
~ diurnal variations 704, 705 
~DOC 104 
-+ endotoxin Table 123 348 
~ epinephrine 537 
-+ EPN Table 99 284 
-+ ethylene glycol Table 56 243 
~ folliculoids 154 
~ glucocorticoids 154 
-+ guthion Table 93 281 
~ hepatic lesions 608 
-+ hexobarbital Table 32 197 
~5-HT 559 
~ norepinephrine 537 
~ pancreatic hormones 525, 530 
-+ pralidoxime Table 104 288 
~ pregnancy 663 
~ posterior pituitary preparations 441 
~ progesterone 154 
-+ resistance 580 

68• 

Cholesterol ~ sex 644 
-+ SKF 525-A Table 106 291 
~ SKF 525-A 61 
~ steroids 1M, 218 
~ stressors 693 
-+ strychnine Table 107 292 
~ temperature variations 687 
-+ thiopental Table 31 197 
~ thyroid hormones 468, 4 78 
toxicants 105 
-+ tyrosine Table 116 299 

Cholesterolase ~ ACTH 424 
chemistry 50 

Choline deficiency; cf. also Ethionine 
~ corticoids 219 
~ folliculoids 220 
~ gonadectomy 220 
~ testoids 219 

Choline ~ hepatic lesions 602, 608 
~ pregnancy 663 
~ sex 633, 645 
~ steroids 154 
~ STH 425, 427 
~ thyroid hormones 477 

Chromium ~ pancreatic hormones 525 
Cinchophen (uricosuric, analgesic) ~ ACTH 

411 
~ CS-1 Table 39 221 
~ DOC Table 39 221 
~ estradiol Table 39 221 
~ ethylestrenol Table 39 221 
~ hydroxydione Table 39 221 
~ norbolethone Table 39 221 
~ oxandrolone Table 39 221 
~ PCN Table 39 221 
~ phenobarbital Diagram Table 139 857 to 

859; Tables 39, 138 221, 850-854 
~ prednisolone Table 39 221 
~ progesterone Table 39 221 
-+ resistance 580 
~ spironolactone Table 39 221 
~ steroids 154, 220; Diagram Table 139 

857-859; Table 138 850-854 
~ thyroxine Diagram Table 139 857-859; 

Tables 39, 138 221, 850-854 
~ triamcinolone Table 39 221 

"Circulatory stress" 377 
Classification 5, 8 

catatoxic steroids 16 
competitive inhibition 17 
enzyme inducers 16 
specific antagonism 17 
steroid hormones 16 
syntoxic steroids 16 

Clinical applications of catatoxic steroids 863 
applications of syntoxic steroids 863 
implications 707, 710 
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Clinical implications, history 32, 41 
summary 724 

Clofibrate (antihypercholesterolemic) -+ hep
atic tissue 727, 737 

+-- thyroid hormones 478 
"Closed vessel technique" 1)06 
Clostridium tetani +-- ACTH 411), 416 

+-- steroids 319 
Clostridium welchii +-- pancreatic hormones 

527 
+-- steroids 316, 319 

CoA-synthetase +-- pancreatic hormones 530 
Cobalt +-- pancreatic hormones 525 

-+ resistance 580 
Cobra venom +-- hypophysectomy 41)3 
Cocaine (local anesthetic) +--CS-1 Table40 221 

+-- DOC Table 40 221 
+-- epinephrine 537 
+-- estradiol Table 40 221 
+-- ethylestrenol Table 40 221 
+-- hydroxydione Table 40 221 
+-- norbolethone Table 40 221 
+-- oxandrolone Table 40 221 
+-- PCN Table 40 221 
+-- phenobarbital Diagram Table 139 857-

859; Tables 40, 138 221, 850-854 
+-- prednisolone Table 40 221 
+-- progesterone Table 40 221 
+-- sex 645 
+-- spironolactone Table 40 221 
+-- steroids· Diagram Table 139 857-859; 

Table 138 850-854 
+-- thyroid hormones 468, 4 78 
+-- thyroxine Diagram Table 139 857-859; 

Tables 40, 138 221, 850-854 
+-- triamcinolone Table 40 221 

Codeine (analgesic, antitussive, narcotic) 
+-- SKF 525-A 60, 61 
+-- steroids 221, 222 
+-- stressors 697 
+-- thyroid hormones 479 
+-- thymectomy 048 

F-COL; cf. also Corticoids 
+-- acetylsalicylic acid Table 137 848-849 
+-- ACTH Table 137 848-849 
+-- bile duct ligature Table 137 848-849 
-+ cardiac necrosis, infarctoid +- spirono-

lactone Fig. 1 123 
+-- CS-1 Tables 12, 13, 14 133, 134 
+-- digitoxin Table 137 848-849 
+-- diphenylhydantoin Table 137 848-849 
+- DOC Tables 12, 13, 14 133, 134 
+-- estradiol Tables 12, 13, 14 133, 134 
+-- ethylestrenol Tables 12, 13, 14 133, 134 
+-- hydroxydione Tables12, 13, 14 133, 134 
+-- indomethacin Table 137 848 -849 

F-COL -+ nephrocalcinosis +-- spironolactone 
Fig. 1 123 

+-- nicotine Table 137 848-849 
+-- norbolethone Tables 12, 13, 14 133, 134 
+-- oxandrolone Tables 12, 13, 14 133, 134 
+-- PCN Tables 12, 13, 14 133, 134 
+-- phenobarbital Diagram Table 139 857-

859; Tables 12, 13, 14, 137, 138 133, 
134, 848-849, 850-854 

+-- phentolamine Table 137 848-849 
+-- phenylbutazone Table 137 848-849 
+-- phetharbital Table 137 848-849 
+-- prednisolone Tables 12, 13, 14 133, 134 
+-- progesterone Tables 12, 13, 14 133, 134 
+- salicylate Table 137 848-849 
+- spironolactone Fig. 1 123; Tables12, 13, 

14 133, 134 
+-- steroids Diagram Table 139 857-859; 

Tables 136, 138 836-846, 850-854 
+-- STH Table 137 848-849 
+- thyroxine Diagram Table 139 857-859; 

Tables 12, 13, 14, 137, 138 133, 134, 848 
849, 850-854 

+-- tolbutamide Table 137 848-849 
+-- triamcinolone Tables 12, 13, 14 133, 134 
+- vitamin A Table 137 848-849 
+-- vitamin C Table 137 848-849 
+- vitamin D Table 137 848-849 
+- vitamin E Table 137 848-849 
+-- W-1372 Table 137 848-849 

Colchicine (uricosuric in gout) +- CS-1 Table 41 
222 

+-- DOC Table 41 222 
+- estradiol Table 41 222 
+- ethylestrenol Table 41 222 
+-- hydroxydione Table 41 222 
+-- norbolethone Table 41 222 
+-- oxandrolone Table 41 222 
+-- PCN Table 41 222 
+-- phenobarbital Diagram Table 139 857-

859; Tables 41, 138 222, 850-854 
+-- prednisolone Table 41 222 
+-- progesterone Table 41 222 
+-- spironolactone Table 41 222 
+-- steroids llili, 222; Diagram Table 139, 

857-859; Table 138 850-854 
+- thyroid hormones 4 79 
+-- thyroxineDiagram Table 139 857 -859; 

Tables 41, 138 222, 850-854 
+-- triamcinolone Table 41 222 

Cold; cf. also Tamperature Variations 
+-- anterior pituitary preparations 440 
+-- corticoids 372, 373 
+-- corticoids/mouse 372 
+-- epinephrine 044 
+-- epinephrinefdog 044 
+-- epinephrinefminipig 044 
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Cold-hepatic lesions 818, 619 
- histamine 666, 556 
- 5-HT 667, 563 
- hypophysectomy 466 
- norepinephrine 044 
- norepinephrinefdog 044 
+- norepinephrinefground squirrel 044 
- norepinephrinefminipig 044 
+- pancreatic hormones 628, 529 
- parathyroids 520 
- posterior pituitary preparations 441, 443 
-sex 667 
-sTH 482 
+- TEA Table 600 246 
- thymectomy 553 

"Cold stress" 872, 373 
Collection of Iiterature VII 
Columbia-SK virus +- steroids 327 
Competition between substrates 70 
Competitive inhibition, classification 17 
Complete hepatectomy 28; cf. also Hepatic 

Lesions 
history 35 
methods 18, 20 

Complex diets +- ACTH 331, 414 
- hepatic lesions 816 
- thyroid hormones 496 

Compound M0-911 +- thyroid hormones 479 
Compounds, foreign, metabolized by "normal" 

enzymes Table 134 759 
Conditioners, standard; cf. "Standard Condi

tioners" 
Conditioning, extrahepatic; cf. Extrahepatic 

Conditioning 
"Conditioning" mechanisms 688 
Conditioning, specificity 96 
DL-Coniine +- CS-1 Table 42 222 

- DOC Table 42 222 
+- estradiol Table 42 222 
- ethylestrenol Table 42 222 
- hydroxydione Table 42 222 
- norbolethone Table 42 222 
+- oxandrolone Table 42 222 
- parathyroids 516 
+- PCN Table 42 222 
- phenobarbital Diagram Table 139 857-

859; Tablea 42, 138 222, 850-854 
+- prednisolone Table 42 222 
+- progesterone Table 42 222 
- spironolactone Table 42 222 
- steroids 222; Diagram Table 139 857-

859; Table 138 850-854 
+- thyroxine Diagram Table 139 857-859; 

Tablea 42, 138 222, 850-854 
+- triamcinolone Table 42 222 

Conjugation reactions 47 
Contents XVII 

Contraceptives ~ hepatic microsomal drug 
metaboliBm in man 708, 710 

Convulsions, audiogenic +- steroids 383 
Copper +- parathyroids 616, 516 

+- steroids 222 
Corpus luteum-hormone-like; cf. Luteoid 
Corticoidases, chemistry 49 
Corticoids; cf. also Adrenocortical Hormones, 

Glucocorticoids, Mineralocorticoids and 
under Names of Individual Corticoids 

~ amino acid enzymes 390 
~ anaphylactoidogenic agents 180 
anti-inflammatory activity Table 2 54 
~ bacterial toxins 336, 343 
~ bacterial toxinsfcat 333, 337 
~ bacterial toxinsfchicken 333, 337 
~ bacterial toxinsfdog 333, 338 
~ bacterial toxins/guinea pig 333, 339 
~ bacterial toxins/man 336, 344 
~ bacterial toxinsfmonkey 333, 339 
~ bacterial toxinsfmouse 333, 340 
~ bacterial toxinsfrabbit 336, 342 
~ bacterial toxins/sheep 344 
+- barbiturates 572 
~ bile secretion Fig. 20 356 
biosynthesis 105; Graph 106 
~ carcinogene 203 
~ choledochus Fig. 20 356 
~ choline deficiency 219 
~ cold 372, 373 
~ coldfmouse 372 
~ diet, choline deficiency 219 
~ DNA-polymerase 392 
~ electric stimuli 374, 375 
~ electric stimulifcat 374, 375 
~ electric stimulifmouse 374, 375 
~ enzymes 385, 392 
~ epinephrine 144 
~ GOT (aspartate) 390 
~ G-6-P-ase 392 
~ GPT (alanine) 390 
~ heat 372, 373 
~ heatfdog 372 
~ heatfman 372 
~ heatfmouse 372 
~ heatfrabbit 372 
~ hepatic lesions 304, 355 
~ hepatic tissue 726, 728 
~ hyperoxygenation 370, 371 
~ hyperoxygenation/guinea pig 370, 371 
~ hyperoxygenationfman 370, 371 
~ hyperoxygenationfmouse 370, 371 
~ hypoxia 370, 371 
~ hypoxiafguinea pig 370, 371 
~ hypoxiafman 370, 371 
~ hypoxiafmouse 370, 371 
~immune reactions 349, 360, 351 
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Corticoids -+ immune reactionsfdog 3ii0 
-+immune reactionsfguinea pig 3ii0 
-+ immune reactionsfmouse 3ii0 
-+ immune reactionsfrabbit 3ii0 
-+ indomethacin +- spironolactone + adre-

nalectomy Tables 68-71 252-254 
-+ ionizing rays 362, 363 
-+ ionizing raysfguinea pig 362, 364 
-+ ionizing raysfman 362, 364 
-+ ionizing raysfmouse 361, 363 
-+ ionizing raysfrabbit 362, 364 
-+lathyrogens 255 
-+ local trauma 381 
-+ methionine 390 
-+ norepinephrine 144 
-+ OKT (ornithine) 390 
-+ parathyroid hormones 142 
-+ phosphatases 392 
-+ renallesions 3ii9, 360 
-+ RNA-polymerase 392 
-+ SDH (serine) 390 
sodium retaining Table 2 54 
+-STH 425 
+- stressors 688 
-+ systemic trauma 376, 378 
-+ systemic traumafcat 3'17, 380 
-+ systemic traumafdog 380 
-+ systemic traumafgoat 377, 380 
-+ systemic trauma/man 377, 380 
-+ systemic traumafmouse 380 
-+ systemic traumafrabbit 3'17, 380 
-+ TDH (threonine) 390 
+- thyroid hormones 461 
-+ thyroid hormones 139 
-+ TKT (tyrosine) 385 
-+ TKT (tyrosine)fmouse 389 
-+ TPO (tryptophan) 385 
-+ TPO (tryptophan)fmouse 389 
-+ UDP-ase 392 
-+ urea-cycle enzymes 392 

"Corticoids life-maintaining" 13 
Corticosterone, anti-infiammatory activity 

Table 122 345 
-+ endotoxin Table 122 345 

"Cortin" 3ii4 
Cortisol; cf. also Corticoids 

+- actinomycin 74, 75 
anti-infiammatory activity Table 122 345 
-+ barbiturates 197 
+- cycloheximide 77 
-+ endotoxin Tables120-122 344, 345 
-+ endotoxin +- cycloheximide Table 121 

345 
-+ endotoxin +- dactinomycin Table 121 345 
-+ endotoxin +- ethionin Table 121 345 
-+ endotoxin +- metyrapone Table 121 345 

Cortisol -+ endotoxin +- puromycin amino-
nucleoside Table 121 345 

-+ digitoxin +- spironolactone Table 49 231 
-+ hexamethonium Table 60 B 246 
-+ mercury Table 81 269 
-+ pentolinium Table 60 B 246 
+- puromycin 76 
+- SKF 525-A 62 
-+ TEA Table 60 B, 0 246 

Cortisone; cf. also Corticoids 
+- actinomycin 73 
-+ endotoxin Tables 120, 123 344, 348 
-+ hexamethonium Table 60 B 246 
-+ mercury Table 81 269 
-+ parathyroid hormones 141 
-+ pentolinium Table 60 B 246 
-+ resistance 591 
-+ steroids 133 
-+ TEA Table 60 B 246 

Corynebacteria +- steroids 317, 319 
+-STH 430 

Corynebacterium diphtheriae +- ACTH 410, 
416 

diphtheriae +- steroids 317 
kutscheri +- steroids 317 

Coxsackie +- steroids 32ii, 327 
Critique VIII 
"Cross-resistance" 2ii, 688 

nonspecific 698 
Croton oil +- cholesterol Table 43 223 

+- CS-1 Table 43 223 
+- DOC Table 43 223 
+- estradiol Table 43 223 
+- ethylestrenol Table 43 223 
+- hydroxydione Table 43 223 
+- norbolethone Table 43 223 
+- oxandrolone Table 43 223 
+- PCN Table 43 223 
+- phenobarbital Diagram Table 139 857-

859; Tables 43, 138 223, 850-854 
+- prednisolone Table 43 223 
+- progesterone Table 43 223 
+- spironolactone Table 43 223 
+- steroids 222; Diagram Table 139 857-

859; Table 138 850-854 
+- thyroxineDiagram Table 139 857 -859; 

Tables 43, 138 223, 850-854 
+- triamcinolone Table 43 223 

CS-1-+ AAN Table 73 257 
-+ acetanilide Table 24 176 
-+ acrylamide Table 25 176 
-+ acrylonitrile Table 26 177 
-+adrenal, weight Table 140 860-861 
-+ aminopyrine Table 27 179 
-+ barbital Table 34 198 
-+ bishydroxycoumarin Table 28 182 
-+ body weight Table 140 860-861 
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CS-1-+ cadmium Table 35 200 
-+ caramiphen Table 36 201 
-+ cardiopathy +- digitoxin Fig. 5 229 
-+ carisoprodol Table 37 216 
-+ chlordiazepoxide Table 38 217 
-+ cinchophen Table 39 221 
-+ cocaine Table 40 221 
-+ F-COL Tables 12, 1:3, 14 133, 134 
-+ colchicine Table 41 222 
-+ DL-coniine Table 42 222 
-+ croton oil Table 43 223 
-+ cyclobarbital Table 33 198 
-+ cycloheximide Tables 44, 45 224 
-+ cyclophosphamide Fig. 4(H) 227; 

Table 46 225 
-+ DHT Fig. 17 308; Table 117 309 
-+ digitoxin Fig. 5 229; Tables 47, 48 230 
-+ digitoxinfmouse Table 130 677 
-+ dioxathion Table 91 280 
-+ dioxathionfmouse Table 132 680 
-+ diisopropyl fluorophosphate Table 52 234 
-+ diphenylhydantoin Table 53 235 
-+ dipicrylamine Table 54 235 
-+ DOC Table 15 135 
-+ emetine Table 55 238 
-+ endotoxin Table 123, 348 
-+ epinephrine Table 23 144 
-+ EPN Table 99 284 
-+ estradiol Table 16 135 
-+ ethion Table 92 281 
-+ ethylene glycol Table 56 243 
-+ ethylmorphine Table 57 244 
-+ flufenamic acid Table 58 245 
-+ fluphenazine Table 59 245 
-+ glutethimide Table 63 248 
-+ glycerol Table 64 249 
-+ guthion Table 93 281 
-+ heptachlor Table 98 283 
-+ hexamethonium Tables 60A, 61 246,247 
-+ hexobarbital Tables 9, 32 96, 197 
-+ hydroquinone Table 65 249 
-+ imipramine Table 66 250 
-+ indomethacin Table 67 250 
-+ kidney, weight Table 140 860-861 
-+ liver weight Table 140 860-861 
-+ LSD Table 74 258 
-+ mechlorethamine Table 75 260 
-+ meprobamate Table 77 261 
-+ mercury Table 78 267 
-+ mersalyl Tables 79, 80 268 
-+ methadone Table 82 269 
-+ methylaniline Table 83 270 
-+ methyprylon Table 84 270 
-+ NaCl04 Table 90 278 
-+ IX-naphthylisothiocyanate Table 85 273 
-+ nicotine Table 86 274 
-+ nikethamide Table 87 274 

CS-1-+ p-nitroanisole Table 88 275 
-+ OMP A Table 94 282 
-+ ovary, weight Table 140 860-861 
-+ pancuronium Table 19 136 
-+ parathion Table 95 282 
-+ pentobarbitalfmouse Table 129 677 
-+ pentylenetetrazol Table 89 277 
-+ phenindione Table 29 183 
-+ phenyramidol Table 100 284 
-+ physostigmine Table 101 285 
-+ picrotoxin Table 102 286 
-+ piperidine Table 103 287 
-+ pralidoxime Table 104 288 
-+ preputial glands, weight Table 140 860-

861 
-+ progesterone Tables 9, 17 96, 136 
-+ propionitrile Table 105 289 
-+ propylthiouracil Tables 21, 22 140, 141 
repeated doses -+ dioxathion Table 7 90, 91 

-+ hexobarbital Table 7 90, 91 
-+ parathion Table 7 90, 91 
-+ progesterone Table 7 90, 91 
-+ zoxazolamine Table 7 90, 91 

single dose -+ digitoxin Table 6 88, 89 
-+ dioxathion Table 6 88, 89 
-+ hexobarbital Table 6 88, 89 
-+ indomethacin Table 6 88, 89 
-+ nicotine Table 6 88, 89 
-+ parathion Table 6 88, 89 
-+ progesterone Table 6 88, 89 
-+ zoxazolamine Table 6 88, 89 

-+ SKF 525-A Table 106 291 
-+ steroids 122, 124 
-+ strychnine Table 107 292 
-+ T3 Table 20 140 
-+ TEA Tables 60A, 62 246, 248 
-+ theobromine Table 108 293 
-+ theophylline Table 109 293 
-+ thimerosal Table 110 294 
-+ thiopental Table 31 197 
-+ thymus, weight Table 140 860-861 
-+ thyroid, weight Table 140 860-861 
-+ triamcinolone Table 18 136 
-+ ß-tribromoethanol Table 111 295 
-+ ß-trichloroethanol Table 112 295 
-+ tri-o-cresyl phosphate Table 113 296 
-+ D-tubocurarine Table 114 296 
-+ tyramine Table 115 297 
-+ tyrosine Table 116 299 
-+ uterus, weight Table 140 860-861 
-+ W-1372 Table 118 309 
-+ zoxazolamine Tables 9, 119, 96, 313 

Cu; cf. Copper 
Curare (skeletal muscle relaxant) +- epinephri

ne 533, 537 
+- 5-HT 557, 559 
+- steroids 223 
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Curare +- thymectomy 549 
+- thyroid hormones 479 

Cushing's syndrome +- aminoglutethimide 720 
+- barbiturates 711i, 720 
+- DDD 711i, 720 

Cyanide metabolism 48 
Cyanide +- steroids 223 
Cyano-compounds +- thyroid hormones 488, 

479 
Cyclobarbital; cf. also Barbiturates 

+- cholesterol Table 33 198 
+- CS-1 Table 33 198 
+- DOC Table 33 198 
+- estradiol Table 33 198 
+- ethylestrenol Table 33 198 
+- hydroxydione Table 33 198 
+- norbolethone Table 33 198 
+- oxandrolone Table 33 198 
+- PCN Table 33 198 
+- phenobarbital Diagram Table 139 857 to 

859; Tablea 33, 138 198, 850-854 
+- prednisolone Table 33 198 
+- progesterone Table 33 198 
+- spironolactone Table 33 198 
+- steroids 198; Diagram Table 139 857 to 

859; Table 138 850-854 
+- thyroxineDiagram Table 139 857 -859; 

Tablea 33, 138 198, 850-854 
+- triamcinolone Table 33 198 

Cycloheximide (fungicide, inhibitor of protein 
synthesis) 77; cf. also Antibiotics, 
Blockers under Pharmacology 

+- cholesterol Table 44 224 
-+ cortisol 77 
+- CS-1 Tablea 44, 45 224 
-+ 4-6-dienone, dethioacetylated 77 
+- DOC Tablea 44, 45 224 
-+ endotoxin +- cortisol Table 121 345 
-+ estradiol 77 
+- estradiol Tablea 44, 45 224 
-+ ethylestrenol 77 
+- ethylestrenol Tablea 44, 45 224 
+- hydroxydione Tablea 44, 45 224 
+- hypophysectomy 450 
+- norbolethone Tablea 44, 45 224 
-+ norbolethone 77 
+- oxandrolone Tablea 44, 45 224 
-+PCN 78 
+- PCN Tablea 44, 45 224 
+- phenobarbital Diagram Table 139 857-

859; Tablea 44, 45, 138 224, 850-854 
+- prednisolone Tablea 44, 45, 224 
+- progesterone Tablea 44, 45 224 
-+ progesterone 78 
-+ resistance 580 
+- spironolactone Tablea 44, 45 224 
-+ spironolactone 77 

Cycloheximide +- steroids llili, 223; Diagram 
Table 139 857-859; Table 138 850to 
854 

-+ steroids 77 
+- thyroid hormones 4 79 
+- thyroxineDiagram Table 139 857-859; 

Tablea 44, 45, 138 224, 850-854 
+- triamcinolone Tablea 44, 45 224 

Cyclohexylamine +- epinephrine 537 
Cyclophosphamide (alkylating antineoplastic) 

+- barbiturates 576 
+- CS-1 Fig. 4(H) 227; Table 46 225 
+- DOC Table 46 225 
+- estradiol Table 46 225 
+- ethylestrenol Fig. 4 (.A, G) 225, 226; 

Table 46 225 
+- hepatic lesions 608 
+- hydroxydione Table 46 225 
+- norbolethone Table 46 225 
+- oxandrolone Table 46 225 
+- PCN Fig. 4(B, D, F, J) 225-227; 

Table 46 225 
+- phenobarbital Diagram Table 139 857 to 

859; Tablea 46, 138 225, 850-854 
+- prednisolone Table 46 225 
+- progesterone Table 46 225 
+- SKF 525-A 62, 63 
+- spironolactone Table 46 225 
+- steroids llili, 223; Diagram Table 139 

857-859; Table 138 850-854 
+- thyroid hormones 479 
+- thyroxine Fig. 22 480; Diagram Table 

139 857-859; Tablea 46, 138 225, 
850-854 

+- triamcinolone Table 46 225 
Cyclopropane +- steroids 224 
Cyproterone-+ barbiturates 196 

-+ steroids 126 
+- thyroid hormones 480 

Cytochrome bs, chemistry 50 
Cytochrome P-450, chemistry 50 
Cytomegalic inclusion virus +- thymectomy 551 
"Cytoplasmic repressor" 84 

Dactinomycin; cf. also Antibiotics 
-+ endotoxins +- cortisol Table 121 345 

Damaging agents amenable to prophylaxis, 
identification of 847 

DAO; cf. Diamine Oxidase 
Data, previously unpublished Vill 
DDD (causes adrenocortical necrosis in dogs) 

-+ adrenal tumors 711i, 720 
-+ Cushing's syndrome 711i, 720 
-+ hyperbilirubinemia 719 
+- steroids 225 

DDT (pediculicide, insecticide) -+ hyperbili
rubinemia 714, 719 
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DDT +- phenobarbital Diagram Table 139 
857; Table 138 850 

-+ resistance 591 
+- steroids 164; Diagram Table 139 857; 

Table 138 850 
+- thyroxine Diagram Table 139 857; 

Table 138 850 
Decamethonium +- thyroid hormones 480 
Decrease in resistance 866 
Defense against "natural" vs. "foreign" com

pounds, Theories 768 
Defense, first line 146 
Defensive enzymes, history 27 

enzymes +- stressors 698 
Dehalogenation 46 
Desipramine (antidepressant) -+ resistance 

669, 580 
Detoxication, nonspecific 764 

specific 764 
Dexamethasone; cf. also Corticoids 

-+ endotoxin Table 120 344 
-+ hexamethonium Table 60 B 246 
-+ mercury Table 81 269 
-+ pentolinium Table 60 B 246 
+- puromycin 76 
-+ TEA Table 60 B 246 

Dexamphetamine +- steroids 225 
DHT; cf. also Vitamin D 

+- acetylsalicylic acid Table 137 848 
+- ACTH 408, 414; Fig.16 305; Table137 

848 
+- barbiturates 578 
+- bile duct ligature Table 137 848 
-+ calcification, vascular +- pregnancy 

Fig. 27 664 
-+ calcification, vascular +- stress Figs. 31, 

32 696,697 
+- choledochus ligature Figs. 24,25 614, 615 
+- CS-1 Fig. 17 308 
+- digitoxin Table 137 848 
+- diphenylhydantoin Table 137 848 
+- epinephrine 540 
+- estradiol Fig. 16 306 
+- folliculoids 173 
+- hepatic lesions 604, 613 
+- 5-HT 667, 561 
+- hypophysectomy 446, 452 
+- indomethacin Table 137 848 
+- methyltestosterone Fig. 16 305, 306 
+- mineralocorticoids 173 
+- nicotine Table 137 848 
+- norepinephrine 540 
+- orchidectomy Fig. 15 304 
+- parathyroids 616, 518 
+- phenobarbital Diagram Table 139 857; 

Tables 117, 137, 138 309, 848, 850 

DHT +- phentolamine, phenylbutazone, phet-
harbital Table 137 848 

+- pregnancy 661, 665; Fig. 27 664 
+- sex 636, 654 
+- salicylate Table 137 848 
+- steroids 172; Fig. 16 305, 306; Dia

gram Table 139 857; Tables 117, 136, 
138 309, 836, 850 

+- steroidsfrabbit 174 
+- STH 426, 428; Fig. 16 305; Table 137 

848 
+- stress Figs. 31, 32 696, 697 
+- testoids 174 
+- thyroid hormones 494 
+- thyroxine Diagram Table 137 857; 

Tables 117, 137, 138 309, 848, 850 
+- tolbutamide Table 137 848 
+- triamcinolone Table 117 309 
+- vitamin A, C, D, E Table 137 848 
+- W-1372 Table 137 848 

"Diagram table" 772, 866 
Diamine oxidase, chemistry 46 
a-Diaminobutyric acid +- thyroid hormones 480 
2: 6-Diaminopurine +- enzymes, normal 

Table 134 759 
Diazepam; cf. also Chlordiazepoxide 

-+ resistance 591 
+- SKF 525-A 63 

Dibucaine (local anesthetic) +- sex 645 
+- thyroid hormones 480 

2,4-Dichloro-6-phenylphenoxyethyl diethyl
amine; cf. Lilly 18947 

Dicumarol+- phenobarbital Diagram Table 139 
857 

+- steroids Diagram Table 139 857 
+- thyroxine Diagram Table 139 857 

Dieldrin; cf. Pesticides 
4-6-Dienone, dethioacetylated +- cyclohexi

mide 77 
+- SKF 525-A 64 

Diet +- anterior pituitary preparations 440 
-+ barbiturates 692 
-+ carcinogens 692, 593 
-+ CCI4 593 
-+ chloroform 692, 593 
choline deficient +- corticoids 219 

+- gonadectomy 220 
+- folliculoids 220 
+- testoids 219 

complex +- stressors 698 
-+ digitoxin 593 
-+ drugs 692, 594 
fat +- steroids 315 
-+ folliculoid-inactivating system of the liver 

592 
gallstone producing ration +- steroids 315 
-+ hepatic enzymes 594 
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Diet -+ hepatic enzyme systems 992 
-+ indomethacin 992, 593 
+- parathyroids 518 
-+ partial hepatectomy 992, 594 
-+ pesticides 992, 593 
+- pregnancy 665 
protein-deficient +- actinomycin 74 

+- steroids 313, 314 
-+ resistance 992 
+-Sex 659 
skim milk powder +- steroids 315 
+- steroids 313 
-+ steroids 592 
+-STH 430 

Dietary oonstituents, individual +- hepatic 
lesions 602 

ß-Diethylaminoethyl diphenylpropylacetate; 
cf. SKF 525-A 

Diethylnitrosamine (n-nitrosodiethylamine) +
steroids 228 

Diets, complex +- ACTH 414 
+- hepatic lesions 619 
+- thyroid hormones 499 

Digitalis; cf. also Clinical Implications 
oompounds, toxicants 109, 108 
+- epinephrine 537 
+- hepatic lesions 602, 608 
-+ hepatic tissue 737 
+- hypophysectomy 450 
+- norepinephrine 933, 537 
+- pancreatic hormones 922, 525 
+- posterior pituitary preparations 442 
-+ resistance 581 
+- sex 634, 645 
+- species 678 
+- steroids 10li, 156, 228 
+- steroidsfcat, dog, frog, guinea pig, ham

ster, mouse 199, 233, 234 
+- thyroid hormones 468, 481 

DigitoxiD +- acetylsalicylic acid Table 137 848 
+- ACTH Table 137 848 
+- betamethasone Table 128 630 
+- bile duct ligature Table 137 848 
+- calcitonin 520; Table 124 482 
-+ cardiopathy +- CS-1 Fig. o 229 
-+ cardiopathy +- spironolactone Fig. 36 733 
+- choledochus ligature Table 126 600 
-+F-COL Table137 848 
+- CS-1 Fig. o 229; TableB 47, 48 230 
+- CS-1/mouse Table 130 677 
+- CS-1, single dose Table 6 88, 89 
-+ DHT Table 137 848 
+- diet 593 
+- digitoxin Table 137 848 
-+ dioxathion Table 137 848 
+- diphenylhydantoin Table 137 848 
+- DOOfmouse Table 130 677 

DigitoxiD +- estradiolfmouse Table 130 677 
+- ethylestrenol Table 128 630 
+- ethylestrenolfmouse Table 130 677 
-+ hepatic tissue 728 
-+ hexobarbital Table 137 848 
+- hydroxydionefmouse Table 130 677 
-+ indomethacin Table 137 848 
+- indomethacin Table 137 848 
+- metyrapone + spironolactone Table 61 

232 
-+ niootine Table 137 848 
+- niootine Table 137 848 
+- norbolethone Table 8 94 
+- norbolethonefmouse Table 130 677 
+- oxandrolonefmouse Table 130 677 
-+ parathion Table 137 848 
+- parathyroids 516; Table 124 482 
+- partial hepatectomy Table 126 600 
+- partial nephrectomy Table 126 600 
+- PCN Tables 124, 128 482, 630 
+- PCN + age Table 50 232 
+- PCN + parathyroidectomy Table 124 482 
+- PCN + propylthiouracil Table 124 482 
+- PCN, single dose Table 6 88, 89 
+- PCN + thyroidectomy Table 124 482 
+- phenobarbital Diagram Table 139 857; 

Tables 47, 48, 128, 137, 138 230, 630, 
848, 850 

+- phenobarbital, single dose Table 6 88, 89 
+- phentolamine Table 137 848 
+- phenylbutazone Tables 128, 137 630, 

848 
+- phetharbital Table 137 848 
+- prednisolonefmouse Table 130 677 
-+ progesterone Table 137 848 
+- progesteronefmouse Table 130 677 
+- propylthiouracil Table 124 482 
protection against 772 
+- renallesions 626 
+- salicylate Table 137 848 
+- species 679 
+- spironolactone, Figs. 6, 36 233, 733; 

Tables 8, 126, 128 94, 600, 630 
+- spironolactone + choledochus ligature 

Table 126 600 
+- spironolactone + oortisol, DOC Table 49 

231 
+- spironolactone, duration of pretreatment 

Table4 85 
+- spironolactonefmouse Table 130 677 
+- spironolactone + partial hepatectomy 

Table 126 600 
+- spironolactone + partial nephrectomy 

Table 126 600 
+- spironolactone + steroids Table 49 231 
+- spironolactone, withdrawal Table o 86 
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Digitoxin +- steroids 793; Diagram Table 
139 857; Tables 47, 48, 135, 135 B, 136, 
138 230, 779, 807, 836, 850 

+- steroids (inactive) Table 135A 794 
+- STH Table 137 848 
+- thyroidectomy Table 124 482 
+- thyroxine Diagram Table 137 857; Tab-

les 47, 48, 124, 137, 138 230, 482, 848, 850 
+- thyroxinefmouse Table 130 677 
+- tolbutamide Table 137 848 
+- triamcinolonefmouse Table 130 677 
+- vitamin A, C, D, E Table 137 848 
+- W-1372 Table 137 848 
-Jo- zoxazolamine Table 137 848 

Digoxin +- renallesions 626 
Dihydroxyphenylalanine +- thyroid hormones 

481 
Diisopropyl fluorophosphate (parasympatho

mimetic, miotic) +- phenobarbital Dia
gram Table 139 857; Tables 52, 138 234, 
850 

+- steroids 234; Diagram Table 139 857; 
Tables 52, 138 234, 850 

+- thyroid hormones 481 
+- thyroxine Diagram Table 139 857; 

Tables 52, 138 234, 850 
Dimenhydrinate; cf. Antihistamines 
Dimercaprol (chelating agent) +- phenobarbital 

Diagram Table 139 857 
+- steroids 234; Diagram Table 139 857; 

Table 138 850 
+- thyroxine Diagram Table 139 857; Table 

138 850 
Dirnethyl sulfoxide (DMSO) -Jo- resistance 581 
Dinitrophenol (metabolic stimulant, causes 

fever) +-phenobarbitalDiagram Table139 
857 

+- sex 646 
+- steroids 234; Diagram Table 139 857; 

Table 138 850 
+- temperature variations 687 
+- thyroid hormones 687 
+- thyroxine Diagram Table 139 857; 

Table 138 850 
Dioxathion; cf. also Pesticides 

+- acetylsalicylic acid Table 137 848 
+- ACTH Table 137 848 
+- betamethasone Table 128 630 
+- bile duct ligature Table 137 848 
+- choledochus ligature Table 126 600 
+- CS-1, repeated doses Table 7 90, 91 
+- CS-1, single dose Table 6 88, 89 
+- digitoxin Table 137 848 
+- diphenylhydantoin Table 137 848 
+- ethylestrenol Table 128 630 
+- indomethacin Table 137 848 
+- nicotine Table 137 848 

Dioxathion +-partial hepatectomy Table 126 
600 

+-partial nephrectomy Table 126 600 
+- PCN Table 128 630 
+- PCN, repeated doses Table 7 90, 91 
+- PCN, single dose Table 6 88, 89 
+- phenobarbital Diagram Table 139 857; 

Tables 91, 128, 137, 138 280, 630, 848, 
850 

+- phenobarbital, repeated doses Table 7 
90,91 

+- phenobarbital, single dose Table 6 88, 89 
+- phentolamine Table 137 848 
+- phenylbutazone Tables128,137 630, 848 
+- phetharbital Table 137 848 
+- prednisolone, repeated doses Table 7 90, 91 
+- renallesions 626 
+- salicylate Table 137 848 
+- spironolactone Tables 126, 128 600, 630 
+- spironolactone + choledochus ligature 

Table 126 600 
+- spironolactone + partial hepatectomy 

Table 126 600 
+- spironolactone + partial nephrectomy 

Table 126 600 
+- spironolactone, repeated doses Table 7 

90,91 
+- steroids 166; Diagram Table 139 857; 

Tables 91, 136, 138 280, 836, 850 
+- steroidsfmouse Table 132 680 
+- STH Table 137 848 
+- thyroxineDiagram Table 139 857; 

Tables 91, 137, 138 280, 848, 850 
+- thyroxinefmouse Table 132 680 
+- tolbutamide Table 137 848 
+- vitamin A, C, D, E Table 137 848 
+- W-1372 Table 137 848 

Diphenylhydantoin (anticonvulsant, anti-epi-
leptic); cf. also Clinical Implications 

+-ACTH 411 
+- barbiturates 576 
+- CCI4 79 
+- cholesterol Table 53 235 
-lo- F-COL Table 137 848 
-lo- DHT Table 137 848 
-Jo- digitoxin Table 137 848 
-Jo- hepatic microsomal drug metabolism in 

man 708,713 
-Jo- hexobarbital Table 137 848 
+- hypophysectomy 450 
-Jo- indomethacin Table 137 848 
-Jo- nicotine Table 137 848 
-Jo- parathion Table 137 848 
+- phenobarbital Diagram Table 139 857; 

Tables 53, 138 235, 850 
-Jo- resistance 669, 581, 591 
+- SKF 525-A 62, 63 
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Diphenylhydantoin +- steroids 234; Diagram 
Table139 857; Tables53,137,138 235, 
848, 850 

DOC --+ barbiturates 196 

+- thyroxine Diagram Table 139 857; Tab
les 53, 138 235, 850 

--+ zoxazolamine Table 137 848 
Diphenhydramine +- hypophysectomy 450 
Diphosphopyridine nucleotide (DPN) 

+- steroids 235 
Diphtheria toxin +- anterior pituitary prepara

tions 437 
Dipicrylamine (reagent for K determination) 

+- phenobarbital Diagram Table 139 857 
Tables 54, 138 235, 850 

+-steroids 235; Diagram Table 139 857; 
Tables 54, 138 235, 850 

+- thyroxine Diagram Table 139 857; 
Tables 54, 138 235, 850 

Diplococcus pneumoniae +- ACTH 416 
+- steroids 320 

Diseases 714 
Distribution of drugs 768 
Disulfiram (anti-alcoholic) 68; cf. also Etha-

nol, Pharmacology (Inhibitors) 
--+ resistance 581 
+- steroids 235 
+- thyroid hormones 481 

Diurnal variations --+ barbiturates 705 
--+ cholesterol 704, 705 
--+ hepatic enzymes 705 
--+ hexobarbital 704 
--+ resistance 704, 705 
--+TKT 704 

DMBA --+ adrenal necrosis +- spironolactone 
Figs. 2, 3 213, 214 

--+ adrenocortical necrosis +- stress Fig. 29 
693 

+- SKF 525-A 63 
+- spironolactone Figs. 2, 3 213, 214 
+- splenectomy 503 
+- stress Fig. 29 693 

DMP; cf. also Phosphothioates 
+- steroids 165 

DNA-polymerase +- corticoids 392 
+- hepatic lesions 621 
+- stressors 699, 703 

DNA, theories 749 
DOC; cf. also Corticoids 

--+ AAN Table 73 257 
--+ acetanilide Table 24 176 
--+ acrylamide Table 25 176 
--+ acrylonitrile Table 26 177 
+-ACTH 405 
--+ adrenal, weight Table 140 860 
--+ aminopyrine Table 27 179 
anti-inflammatory activity Table 122 345 
--+ barbital Table 34 198 

--+ bishydroxycoumarin Table 28 182 
--+ body weight Table 140 860 
--+ cadmium Table 35 200 
--+ caramiphen Table 36 201 
--+ carisoprodol Table 37 216 
--+ chlordiazepoxide Table 38 217 
--+ cholesterol 1M 
--+ cinchophen Table 39 221 
--+ cocairre Table 40 221 
--+ F-COL Tables12, 13, 14 133, 134 
--+ colchicine Table 41 222 
--+ DL-coniine Table 42 222 
--+ croton oil Table 43 223 
--+ cyclobarbital Table 33 198 
--+ cycloheximide Tables 44, 45 224 
--+ cyclophosphamide Table 46 225 
--+ DHT Table 117 309 
--+ digitoxin Tables 47, 48 230 
--+ digitoxinfmouse Table 130 677 
--+ digitoxin +- spironolactone Table 49 231 
--+ diisopropyl fiuorophosphate Table 52 234 
--+ dioxathion Table 91 280 
--+ dioxathionfmouse Table 132 680 
--+ diphenylhydantoin Table 53 235 
--+ dipicrylamine Table 54 235 
--+ emetine Table 55 238 
--+ endotoxin Tables 122, 123 345, 348 
--+ epinephrine Table 23 144 
--+ EPN Table 99 284 
--+ estradiol Table 16 135 
--+ ethion Table 92 281 
--+ ethylene glycol Table 56 243 
--+ ethylmorphirre Table 57 244 
--+ fiufenamic acid Table 58 245 
--+ fiuphenazine Table 59 245 
--+ glutethimide Table 63 248 
--+ glycerol Table 64 249 
--+ guthion Table 93 281 
--+ heptachlor Table 98 283 
--+ hexamethonium Tables 60 A, 61 246, 247 
--+ hexobarbital Table 32 197 
--+ hydroquinone Table 65 249 
--+ imipramine Table 66 250 
--+ indomethacin Table 67 250 
--+ indomethacinfmouse Table 131 678 
--+ kidney, weight Table 140 860 
--+ liver, weight Table 140 860 
--+ LSD Table 74 258 
--+ mechlorethamine Table 75 260 
--+ mephenesin Table 76 260 
--+ meprobamate Table 77 261 
--+ mercury Table 78 267 
--+ mersalyl Tables 79, 80 268 
--+ methadone Table 82 269 
--+ methylaniline Table 83 270 
--+ methyprylon Table 84 270 
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DOC +- metyrapone Tahle 125 584 
_". NaCI04 Table 90 278 
_". oc-naphthylisothiocyanate Tahle 85 273 
_". nicotine Table 86 274 
-'>- nikethamide Tahle 87 274 
-'>- p-nitroanisole Tahle 88 275 
-'>- norepinephrine 143 
_". OMP A Table 94 282 
_". ovary, weight Table 140 860 
_". pancreatic hormones 142 
_". pancuronium Table 19 136 
_". parathion Table 95 282 
_". parathyroid hormones 141 
_". pentobarbitalfmouse Table 129 677 
_". pentylenetetrazol Tahle 89 277 
_". phenindione Table 29 183 
+- phenobarbital Diagram Tahle 139 857; 

Tahles 15, 138 135, 850 
-'>- phenyramidol Tahle 100 284 
_". physostigmine Tahle 101 285 
_". picrotoxin Table 102 286 
-'>- piperidine Table 103 287 
_". pralidoxime Table 104 288 
-'>- preputial glands, weight Tahle 140 860 
_". progesterone Tahle 17 136 
-+ propionitrile Table 105 289 
_". propylthiouracil Tablee 21, 22 140, 141 
-+ resistance 591 
-+ SKF 525-A Table 106 291 
+- steroids Diagram Table 139 857; 

Tahles 15, 138 135, 850 
-+ strychnine Table 107 292 
-+ T3 Table 20 140 
-+ TEA Tablee 60A., 62 246, 248 
_". theobromine Table 108 293 
_". theophylline Tahle 109 293 
-+ thimerosal Table 110 294 
-+ thiopental Tahle 31 197 
-+ thymus, weight Tahle 140 860 
-+ thyroid, weight Table 140 860 
+- thyroxineDiagram Tahle 139 857; 

Tablee 15, 138 135, 850 
-+ triamcinolone Table 18 136 
-'>- ß-tribromoethanol Tahle 111 295 
-+ ß-trichloroethanol Tahle 112 295 
-+ tri-o-cresyl phosphate Table 113 296 
_". D-tubocurarine Tahle 114 296 
_". tyramine Table 115 297 
_". tyrosine Table 116 299 
-+ uterus, weight Tahle 140 860 
-+ W-1372 Table 118 309 
-+ zoxazolamine Table 119 313 

Dog 139, lio, 197, 232, 238, 333, 338, 3oO, 
369, 372, 380, 416, 419, 006, 534, 044, 604, 
630, 633; Tahle 10 99 

Dose and route of administration 93 

Dose, repeated, CS-1-+ toxicants Tahle 7 90,91 
repeated, phenobarbital -'>- toxicants Table 7 

90,91 
prednisolone -'>- toxicants Tahle 7 90, 91 
PCN -+ toxicants Table 7 90, 91 
spironolactone -'>- toxicants Table 7 90,91 

single, CS-1 -'>- toxicants Tahle 6 88, 89 
PCN _". toxicants Tahle 6 88, 89 
phenobarbital -'>- toxicants Tahle 6 88, 89 

Doxepin +- phenobarbital Diagram Tahle 139 
857; Tahle 138 850 

+- steroids 236; Diagram Table 139 857; 
Tahle 138 850 

+- thyroxine Diagram Tahle 139 857; 
Table 138 850 

Drug absorption 768 
antagonisms, specific 19 

"Drug effects on enzymes", review 591 
Drug excretion 768 

interactions in general 769 
various forms 768 

metaboliBm by hydrolysis 47 
in man, hepatic microsomal; cf. Hepatic 

Microsomal Drug MetaboliBm in Man 
metabolizing enzymes 768 

Drugs; cf. also Individual Drugs, Toxicants 
absorptionrate 14 
+-ACTH 406 
+- age 667, 669, 672 
+- anterior pituitary preparations 436, 437 
+- barbiturates 578 
+- calcitonin 520 
catatoxic 967 
chemical interactions 768 
+- diet 992, 594 
distribution 14, 768 
+- epinephrine 932 
+- genetic factors 674 
+- hepatic lesions 602 
-+ hepatic tissue 727, 728, 736 
+- histamine Olio 
+- hormone-lilte substances 563 
+- 5-HT oo6, 558 
+- hypophysectomy 449 
increased elimination 14 
+- ionizing rays 682 
+- norepinephrine 932 
+- pancreatic hormones 922 
+- parathyroids lilli 
pharmacologic interactions 768 
+- posterior pituitary preparations 441 
+- pregnancy 661 
-+ resistance 967 
+- sex 632 
+- species 674 
+- splenectomy 553 
+- steroids 148 
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Drugs +- STH 42o 
+- stressors 889 
syntoxic o87 
+- temperature variations 686 
+- thymectomy 047 
+- thyroid hormones 462, 466 

Duck 484 
Duration of effect after withdrawal of condi

tioner 83, 85 
of pretreatment, spironolactone -+ digitoxin 

Table 4 85 
Dyes; cf. also Bilirubin, Clinical Implications 

(for BSP), RES-blocking Agents 
+- barbiturates 576 
+- hepatic lesions 803, 609 
+- pancreatic hormones 525 
+- pregnancy 663 
+- sex 646 
+- steroids 1o7, 237, 238 
+- steroids/chicken, dog, man, rabbit 107, 

236, 237' 238 
+- thyroid hormones 481 

Eck fistula, methods 19 
E. coli No 08; cf. Endotoxin 
Edrophonium (parasympathomimetic, muscle 

stimulant) +- phenobarbital Diagram 
Table 139 857 

+- steroids 238; Diagram Table 139 857; 
Table 138 850 

+- thyroxine Diagram Table 139 857; 
Table 138 850 

EDTA (calcium disodium ethylenediamine
tetraacetide) +- steroids 238 

Effect of steroids upon resistance 111 
Eimeria mivati +- steroids 330, 331 

tenella +- thymectomy ooO, 551 
Electric stimuli +- ACTH 423 

+- adrenalectomy 37o 
+- corticoids 374, 375 
+- corticoidsfcat, mouse 374, 375 
+- epinephrine 04o, 546 
+- folliculoids 37o, 376 
+- gonadectomy 37o, 376 
+- histamine ooo, 556 
+- 5-HT oo7, 563 
+- hypophysectomy 456 
+-luteoids 37o, 376 
+- norepinephrine Mo, 546 
+- posterior pituitary preparations 441, 443 
+- sex 658 
+- steroids 374, 376 
+- testoids 37o, 376 
+- thyroid hormonesfguinea pig, mouse oll, 

012 
Emdabol -+ mercury 182 
"Emergency reactions" 28, o31, 883 

Emetine (amebicide) +- anterior pituitary pre
parations 438, 438 

+- phenobarbital Diagram Table 139 857; 
Tables 55, 138 238, 850 

+- steroids 239; Diagram Table 139 857; 
Tables 55, 138 238, 850 

+- thyroxine Diagram Table 139 857; 
TableB 55, 138 238, 850 

Encephalomyelitis +- ACTH 410 
equine +- steroids 328 
Japanese +- steroids 32o 
+- steroids 327 

Encephalomyocarditis +- steroids 328 
Endocrine glands, morphology 7 40 
"Endocrine kidney" 3o9 
"Endotheliomyelosis" +- STH 430 
Endotoxin +- actinomycin 74, 75 

+- cholesterol Table 123 348 
+- cortisol + cycloheximide, dactinomycin, 

ethionine, metyrapone, puromycin amino
nucleoside Table 121 345 

+- ethionine 78 
+- glucocorticoids Tables 120, 122 344, 345 
+- hypophysectomy 4o3 
+- ionizing rays 884 
+- pancreatic hormones o27 
+- phenobarbital Diagram Table 139 857; 

Tables 123, 138 348, 850 
+- pregnancy 88o 
-+ resistance o9o 
shock 718, 722 
+- species 881 
+- steroids Diagram Table 139 857; Tables 

120, 122, 123, 138 344, 345, 348, 850 
+- sympathectomy 064 
+- thymectomy ooO 
+- thyroxine Diagram Table 139 857; 

TableB 123, 138 348, 850 
Endoxan; cf. Cyclophosphamide 
Enzyme formation, adaptive +- thymectomy 

oo2 
inducers, "aromatic hydrocarbon type" 1o 

classification 16 
"phenobarbital type" 1o, 16 
"polycyclic hydrocarbon type" 16 

induction by hormones, reviews 3 
in general, reviews 1 

inhibitors, p-aminosalicylic acid 70 
CFT 1201 84 
chloramphenicol 87 
disulfiram 88 
EPB 88 
EPDA 88 
JB 516 88 
Lilly 18947 80 
MPDC 88 
of li7 
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Enzyme inhibitors, Sch 5705 66 
Sch 5712 66 
SKF 525-A 98 

systems, hepatic +- diet 992 
Enzymes +- adrenalectomy 393, 401 

+-age 673 
amino acid +- hypophysectomy 460 
and adaptation, reviews 3 
and resistance in general, chemistry 48 
chemistry 52 
+- corticoids 385, 392 
+- corticoids, reviews 385 
defensive, history 27 
defensive +- stressors 698 
drug-metabolizing 768 
+- folliculoids 402 
+- gonadectomy 403 
hepatic +- AOTH 423 

+- age 667, 672 
+- anterior pituitary preparations 440 
+- barbiturates 578 
+- diet 594 
+- diurnal variations 705 
+- epinephrine 047 
+- genetic factors 682 
+- hepatic lesions 620, 621 
+- hypophysectomy 497 
+- hypoxia 685 
+- ionizing rays 684 
+- norepinephrine 04 7 
+- pancreatic hormones 929 
+- pregnancy 666 
+- sex 659 
+- species 682 
+- STH 433, 434 
+- STHfmouse 433 
+- stressors 700 
+- temperature variations 687 
theories 7 43 
+- thymectomy 553 
+- thyroid hormones 914 

+- luteoids 402 
microsomal, hepatic Table 1 46 

theories 7 46 
normal -+ 4-aminopyrazolopyrimidine Tab-

le 134 759 
-+ 8-azaguanine Table 134 759 
-+ azuridine Table 134 759 
-+ benzylamine Table 134 759 
-+ 2:6-diaminopurine Table 134 759 
-+ 6-mercaptopurine Table 134 759 
metabolizing foreign compounds Table134 

759 
-+ p-nitrobenzaldehyde Table 134 759 
-+ p-nitrobenzyl alcohol Table 134 759 
-+ procaine Table 134 759 
-+ succinylcholine Table 134 759 

Enzymes normal -+ 6-thioxanthine Table 134 
759 

+-sex 697 
+- steroids 383, 403 
+- stressors 703 
+- testoids 403 

Enzymologie references IX 
EPB 66 
EPDA 66 
Ephedrine (sympathomimetic, vasoconstric

tor) +- hypophysectomy 450 
+- phenobarbital Diagram Table 139 857; 

Table 138 850 
+- SKF 525-A 60 
+- steroids 239; Diagram Table 139 857; 

Table 138 850 
+- thyroid hormones 468 
+- thyroxine Diagram Table 139 857; 

Table 138 850 
Epinephrine; cf. also Oatecholamines 

-+ acetonitrile 533 
-+ alloxan 931, 532 
-+ anaphylactoidogenic agents 932, 534 
-+ antibiotics 534 
-+ anticoagulants 534 
-+ arsenic 534 
-+ bacteria 041 
-+ bacterial toxins 041 
-+ barbiturates 932, 536 
-+ barbituratesfdog, guinea pig, mouse, 

rabbit 534, 535 
-+ benzol 536 
-+ bile flowfdog Table 10 99 
-+ blockade of the sympathetic nervous 

system 041) 
-+ caffeine 536 
-+ 0014 932, 536 
-+ chioral hydrate 536 
-+ chloroform 933, 537 
-+ cholesterol 537 
-+ cocaine 537 
-+cold 044 
-+ coldfdog, minipig 044 
+- corticoids 144 
-+ curare 933, 537 
-+ cyclohexylamine 537 
-+DHT 540 
-+ digitalis 537 
-+ drugs 932 
-+ electric stimuli Mo, 546 
+- epinephrine 931, 532 
-+ ergotamine 537 
-+ ethanol 537 
+- folliculoids 144 
-+ formaldehyde 538 
-+ ganglioplegics 933, 538 
+- glucocorticoids 143 
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Epinephrine -+ hepatic enzymes M7 
-+ histamine o31, 532 
-+ hormone-like substances o31 
+- hydroxydione Table 23 144 
-+ hypoxia Mo, 546 
-+ immune reactions M3 
-+ ionizing rays M3 
-+ ionizing raysfmouse M3 
-+ Iead 538 
+-luteoids 144 
-+ mescaline o33, 538 
-+ methoxyfl.urane 538 
-+ methyltropolone 538 
-+ microorganisms o41 
-+ morphine 538 
-+ nicotine 539 
-+ nonsteroidal hormones o31 
-+ occlusion of the portal vein Mo 
-+ papain 539 
-+ paraphenylenediamine o33, 539 
+- parathyroids 515 
-+ pentylenetetrazol o33, 539 
-+ peptone 539 
-+ pesticides 539 
+- phenobarbital Diagram Table 139 857; 

Tables 23, 138 144, 850 
-+ phenylethylamine 539 
-+ picrotoxin o33, 539 
-+ portal vein, occlusion of Mo 
-+ potassium 540 
-+ reserpine o33 
-+ resistance o31, 540, 591 
+- sex 630 
+- steroids 143; Diagram Table 139 857; 

Tables 23, 138 144, 850 
-+ steroids o31 
-+ sparteine o33, 540 
+- stilbestrol 143 
-+ stressors Mo 
+- stressors 689 
-+ strychnine o33, 540 
-+ sympathetic nervous system, blockade of 

Mo 
+- testoids 143, 144 
-+ thyroid hormones o31, 532 
+- thyroid hormones 465, 482 
+- thyroxine Diagram Table 139 857; 

Tables 23, 138 144, 850 
-+ trauma Mo 
-+ tremorine 540 
-+ urethan 540 
-+ vaccines M1 
-+ venoms M1, 542 
-+ viruses M1 
-+ vitamin D o33, 540 
-+ yohimbine 540 

EPN; cf. also Pesticides 

EPN +- cholesterol Table 99 284 
+- phenobarbital Diagram Table 139 857; 

Tables 99, 138 284, 850 
+- steroids 16o; Diagram Table 139 857; 

Tables 99, 138 284, 850 
+- thyroxine Diagram Table 139 857; 

Tables 99, 138 284, 850 
1,2oc-Epoxy-androstan-3,17-dione -+ steroids 

133 
Equine encephalomyelitis +- steroids 326 
Ergot (oxytocic) +- hypophysectomy 450 

+- sex 646 
+- steroids 107, 239 
+- thyroid hormones 482 

Ergotamine +- anterior pituitary preparations 
436,439 

+- epinephrine 537 
-+ resistance 591 
+- sex 634 

Erysipelothrix rhusiopathiae +- steroids 317, 
320 

Erythropoietin -+ resistance o63, 564 
Escherichia coli +- pancreatic hormones 527 

endotoxin +- cholesterol Table 123 348 
+- phenobarbital Table 138 850 
+- steroids 317, 320; Tables 123, 138 

348, 850 
+- thyroxine Tables 123, 138 348, 850 

ESON; cf. F-OOL 
EST +- AOTH 422 

+- hypophysectomy 4o6 
+- sex 6o7 
+- STH 433, 434 

Estradiol; cf. also Folliculoids 
-+ AAN Table 7 3 257 
-+ acetanilide Table 24 176 
-+ acrylamide Table 25 176 
-+ acrylonitrile Table 26 176 
-+AOTH 137 
-+ adrenal, weight Table 140 860 
-+ aminopyrine Table 27 179 
"antirachitic" 173 
-+ barbital Table 34 198 
-+ barbiturates 197 
-+ bishydroxycoumarin Table 28 182 
-+ body weight Table 140 860 
-+ cadmium Table 35 200 
-+ caramiphen Table 36 201 
-+ carisoprodol Table 37 216 
+-0014 80 
-+ chlordiazepoxide Table 38 217 
-+ cinchophen Table 39 221 
-+ cocaine Table 40 221 
-+ F-OOL Tables12, 13, 14 133, 134 
-+ colchicine Table 41 222 
-+ DL-coniine Table 42 222 
-+ croton oil Table 43 223 
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Estradiol --* cyclobarbital Table 33 198 
+- cycloheximide 77 
--* cycloheximide Tables 44, 45 224 
--* cyclophosphamide Table 46 225 
--* DHT Fig. 16 306; Table 117 309 
--* digitoxin 230 
--* digitoxinfmouse Table 130 677 
--* digitoxin +- spironolactone Table 49 231 
--* diisopropyl fluorophosphate Table 52 234 
--* dioxathion Table 91 280 
--* dioxathionfmouse Table 132 680 
--* diphenylhydantoin Table 53 235 
--* dipicrylamine Table 54 235 
--* DOC Table 15 135 
--* emetine Table 55 238 
--* endotoxin Table 123 348 
--* epinephrine Table 23 144 
--* EPN Table 99 284 
--* ethion Table 92 281 
--* ethylene glycol Fig. 7 242; Table 56 

243 
--* ethylmorphirre Table 57 244 
--* flufenamic acid Table 58 245 
--* fluphenazine Table 59 245 
--* glutethimide Table 63 248 
--* glycerol Table 64 249 
--* guthion Table 93 281 
--* heptachlor Table 98 283 
--* hexamethonium Tables 60A, 61 246,247 
--* hexobarbital Tables 9, 30, 32 96, 195,197 
--* hexobarbital +- orchidectomy Table 30 

195 
--* hydroquinone Table 65 249 
--* imipramine Table 66 250 
--* indomethacin Table 67 250 
--* indomethacinfmouse Table 131 678 
--* kidney, weight Table 140 860 
--* LSD Table 7 4 258 
--* mechlorethamine Table 75 260 
--* mephenesin Table 76 260 
--* meprobamate Table 77 261 
--* mercury Table 7 8 267 
--* mersalyl Tables 79, 80 268 
--* methadone Table 82 269 
--* methylaniline Table 83 270 
--* methyprylon Table 84 270 
--* NaCl04 Table 90 278 
--* IX-naphthylisothiocyanate Table 85 273 
--* nicotine Table 86 274 
--* nikethamide Table 87 274 
--* p-nitroanisole Table 88 275 
--* OMP A Table 94 282 
--* ovary, weight Table 140 860 
--* pancuronium Table 19 136 
--* parathion Table 95 282 
--* parathyroid hormones 142 
--* pentobarbitalfmouse Table 129 677 

69 Selye, Hormones and Resistance 

Estradiol --* pentylenetetrazol Table 89 277 
--* phenindione Table 29 183 
+- phenobarbital Diagram Table 139 857; 

Tables 16, 138 135, 850 
--* phenyramidol Table 100 284 
--* physostigmine Table 101 285 
--* picrotoxin Table 102 286 
--* piperidine Table 103 287 
--* pralidoxime Table 104 288 
--* preputial glands, weight Table 140 860 
--* progesterone Tables 9, 17 96, 136 
--* propionitrile Table 105 289 
--* propylthiouracil Tables 21, 22 140, 141 
+- SKF 525-A 62 
--* SKF 525-A Table 106 291 
+- steroids Diagram Table 139 857; Tables 

16, 138 135, 850 
--* steroids 133 
--* strychnine Table 107 292 
--* T3 Table 20 140 
--* TEA Tables 60A, 62 246, 248 
--* theobromine Table 108 293 
--* theophylline Table 109 293 
--* thimerosal Table 110 294 
--* thiopental Table 31 197 
--* thymus, weight Table 140 860 
--* thyroid, weight Table 140 860 
+- thyroxine Diagram Table 139 857; 

Tables 16, 138 135, 850 
--* triamcinolone Table 18 136 
--* ß-tribromoethanol Table 111 295 
--* ß-trichloroethanol Table 112 295 
--* tri-o-cresyl phosphate Table 113 296 
--* D-tubocurarine Table 114 296 
--* tyramine Table 115 297 
--* tyrosine Table 116 299 
--* uterus, weight Table 140 860 
--* W-1372 Table 118 309 
--* zoxazolamine Tables 9, 119 96, 313 

Estrogenic steroids; cf. Folliculoids 
Estromimetic steroids; cf. Folliculoids 
Estrone +- CCl4 80 

+- SKF 525-A 63 
Ethanol +- ACTH 411 

+- barbiturates 576 
+- epinephrine 537 
+- ethionine 79 
+- genetic factors 678 
--* hepatic tissue 737 
+- 5-HT 557, 559 
+- pancreatic hormones 525 
+- posterior pituitary preparations 442 
--* resistance 581 
+- steroidsfman, mouse, rabbit loS, 239, 240 
+-8TH 427 
+- stressors 693 
+- thyroid hormones 482 
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Ether+- 5-HT lili7, 560 
+- sex 646, 64 7 
+- steroids 240 
+- thyroid hormones 483 

"Ethereal sulphates" 47 
Ethion; cf. also Pesticides 

+- phenobarbital Diagram Table 139 857; 
TabletJ 92, 138 281, 850 

+- steroids 166; Diagram Table 139 857; 
TabletJ 92, 138 281, 850 

+- thyroxine Diagram Table 139 857; Tab
letJ 92, 138 281, 850 

Ethionine (inhibitor of protein biosynthesis) 
78; cf. also Blockers under General Phar
macology 

+-ACTH 411 
+- anterior pituitary preparations 439 
-+ barbiturates 79 
-+ carcinogene 78, 79 
-+ endotoxin 78 
-+ endotoxin +- cortisol Table 127 345 
-+ ethanol 79 
+- glucocorticoids 241 
+- gonadal steroids 241 
-+ metyrapone 79 
-+ "19-nortestosterone derivatives" 78 
+- sex 634, 646 
-+soman 79 
-+ spironolactone 79 
+- steroids 108 
+- steroids, gonadal 241 
+-8TH 427 
-+ Su 9055 79 
-+ Su 10603 79 

p-Ethoxyacetanilide +- SKF 525-A 61 
Ethyl alcohol +- phenobarbital Diagram Table 

139 857; Table 138 850 
+- steroids Diagram Table 139 857; Table 

138 850 
+- thyroxine Diagram Table 139 857; 

Table 138 850 
Ethylene chlorohydrin (toxic solvent, causes 

renal damage) +- phenobarbital Diagram 
Table 139 857 

+- steroids 241; Diagram Table 139 857; 
Table 138 850 

+- thyroxine Diagram Table 139 857; 
Table 138 850 

Ethylene glycol (toxic antifreeze) +- choleste
rol Table 56 243 

+- phenobarbital Diagram Table 139 857; 
TabletJ 56, 138 243, 850 

+- sex 634, 64 7 
+- steroids 241; Fig. 7 242; Diagram 

Table 139 857; TabletJ 56, 138 243, 850 
+- thyroxineDiagram Table 139 857; TabletJ 

56,138 243,850 

Ethylestrenol; cf. also Testaids 
-+ AAN Table 73 257 
-+ acetanilide Table 24 176 
-+ acrylamide Table 25 176 
-+ acrylonitrile Table 26 177 
+- actinomycin 75 
-+ adrenal, weight Table 140 860 
-+ aminopyrine Table 27 179 
-+ barbital Table 34 198 
-+ barbiturates 197 
-+ bile flow Table 10 99 
-+ bishydroxycoumarin Table 28 182 
-+ body weight Table 140 860 
-+ cadmium Table 35 200 
-+ caramiphen Table 36 201 
-+ carisoprodol Table 37 216 
-+ chlordiazepoxide Table 38 217 
-+ cinchophen Table 39 221 
-+ cocaine Table 40 221 
-+ F-COL Tables12, 13, 14 133, 134 
-+ colchicine Table 41 222 
-+ DL-coniine Table 42 222 
-+ croton oil Table 43 223 
-+ cyclobarbital Table 33 198 
+- cycloheximide 77 
-+ cycloheximide Tables 44, 45 224 
-+ cyclophosphamide Fig. 4(.A, 0) 225, 

226; Table 46 225 
-+ DHT Table 117 309 
-+ digitoxin TabletJ 47, 48, 128, 130 228, 

230, 630, 677 
-+ düsopropyl fluorophosphate Table 52 234 
-+ dioxathion TabletJ 91, 128 280, 630 
-+ dioxathionfmouse Table 132 680 
-+ diphenylhydantoin Table 53 235 
-+ dipicrylamine Table 54 235 
-+ DOC Table 15 135 
-+ emetine Table 55 238 
-+ endotoxin Table 123 348 
-+ epinephrine Table 23 144 
-+ EPN Table 99 284 
-+ estradiol Table 16 135 
-+ ethion Table 92 281 
-+ ethylene glycol Table 56 243 
-+ ethylmorphine Table 57 244 
-+ flufenamic acid Table 58 245 
-+ fluphenazine Table 59 245 
-+ glutethimide Table 63 248 
-+ glycerol Table 64 249 
-+ guthion Table 93 281 
-+ heptachlor Table 98 283 
-+ hexamethonium TabletJ 60.A, 61 246, 

247 
-+ hexobarbital TabletJ 9, 32, 128 96, 197, 

630 
-+ hydroquinone Table 65 249 
-+ imipramine Table 66 250 
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Ethylestrenol ~ indomethacin Table& 67, 128 
250, 630 

~ indomethacinfmouse Table 131 678 
~ kidney, weight Table 140 860 
~ lathyrogens Fig. 9 256 
~ liver, weight Table 140 860 
~ LSD Table 7 4 258 
~ mechlorethamine Table 7 5 260 
~ mephenesin Table 76 260 
~ meprobamate Table 77 261 
~ mercury Table 78 267 
~ mersalyl Fig. 10 262; Table& 79,80 268 
~ methadone Table 82 269 
~ methylaniline Table 83 270 
~ methyprylon Table 84 270 
~ NaCI04 Table 90 278 
~ cx-naphthylisothiocyanate Table 85 273 
~ nephrocalcinosis +- mersalyl Fig. 10 262 
~ nicotine Table& 86, 128 274, 630 
~ nikethamide Table 87 274 
~ p-nitroanisole Table 88 275 
~ OMP A Table 94 282 
~ ovary, weight Table 140 860 
~ pancuronium Table 19 136 
~ parathion Table& 95, 128 282, 630 
~ pentobarbitalfmouse Table 129 677 
~ pentylenetetrazol Table 89 277 
~ phenindione Table 29 183 
~ phenyramidol Table 100 284 
~ physostigmine Table 101 285 
~ picrotoxin Table 102 286 
~ picrotoxinfmouse Table 133 680 
~ piperidine Table 103 287 
~ pralidoxime Table 104 288 
~ preputial glands, weight Table 140 860 
~ progesterone Table& 9, 17, 128 96, 136, 

630 
~ propionitrile Table 105 289 
~ propylthiouracil TableB 21, 22 140, 141 
+- puromycin 76 
~ SKF 525-A Table 106 291 
+- SKF 525-A 63, 64 
~ strychnine Table 107 292 
~ T3 Table 20 140 
~ TEA TableB 60.A, 62 246, 248 
~ theobromine Table 108 293 
~ theophylline Table 109 293 
~ thimerosal Table 110 294 
~ thiopental Table 31 197 
~ thymus, weight Table 140 860 
~ thyroid, weight Table 140 860 
~ triamcinolone Table 18 136 
~ P-tribromoethanol Table 111 295 
~ ß-trichloroethanol Table 112 295 
~ tri-o-cresyl phosphate Table 113 296 
~ D-tubocurarine Table 114 296 
~ tyramine Table 115 297 

69• 

Ethylestrenol ~ tyrosine Table 116 299 
~ uterus, weight Table 140 860 
~ W-1372 Table 118 309 
~ zoxazolamine TableB 9, 119, 128 96, 313, 

630 
Ethyl-0-ethylphenylurea +- hepatic lesions 

609 
+- sex 647 

Ethylmorphine (narcotic, analgesic, antitus
sive); cf. also Morphine 

+- phenobarbital Diagram Table 139 857; 
Table& 57, 138 244, 850 

+- sex 647 
+- steroids 163, 243; Diagram Table 139 

857; Table& 57, 138 244, 850 
+- thyroxine Diagram Table 139 857; 

TableB 57, 138 244, 850 
Ethyl urethan +- sex 648 
"Eucorton" 254 
Evisceration, extrahepatic conditioning 103 
Excretion of drugs 768 
"Experimental pharmacogenetics" monograph 

655 
Extrahepatic conditioning 100, 103 

conditioning, blood 103 
brain 102 
evisceration 103 
gastraintestmal tract 101, 103 
heart 102 
kidney 100, 102, 103 
lung 102 
milk 103 
muscle 103 
pancreas 103 
placenta 102 
reproductive tract 103 
RES 102, 103 
serum proteins 103 
spieen 102 
splenectomy 103 
sweat 103 
tears 103 
thymectomy 103 
thymus 103 

tii!Bues, morphology 740 

Fasciola hepatica +- steroids 330, 332 
Fasting +- phenobarbital Diagram Table 139 

857 
+- steroids 313, 314; Diagram Table 139 

857; Table 138 850 
~ TEA Table 600 246 
+- thyroxine Diagram Table 139 857 

Fatty acids +- stressors 694 
Fencamfamine (CNS stimulant) +- steroids 244 
Ferric dextran ~ resistance 581 
"First line of defense" 141) 
First screening 771 
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Fish 505, 506, li09, 511 
Flufenamic acid (antihypotensive)- pheno

barbital Diagram Table 139 857; Tables 
58,138 245,850 

-steroids 244; Diagram Table 139 857; 
Tables 58, 138 245, 850 

- thyroxine Diagram Table 139 857; 
Tables 58, 138 245, 850 

N-2-Fluorenyldiacetamide; cf. Carcinogene 
Fluoride - parathyroids li16 

-sex 648 
- steroids 244 
- thyroid hormones 483 

9ot-Fluorohydrocortisone; cf. F -COL under COL 
5-Fluorouracil - steroids 245 
Fluphenazine - phenobarbital Diagram Table 

139 857; Tables 59, 138 245, 850 
- steroids 245; Diagram Table 139 857; 

Tables 59, 138 245, 850 
- thyroxine Diagram Table 139 857; 

Tables 59, 138 245, 850 
Flurothyl - steroids 245 
Follicle-hormone-like; cf. Folliculoids 
Folliculoidases, chemistry 50 
Folliculoid-inactivating system of the liver-

diet 592 
Folliculoids 9 

- anabolic steroids llli, 119 
-+ anaphylactoidogenic agents 180 
-+ bacterial toxins 337, 347 
-+ barbiturates 11i0, 190 
- barbiturates 573 
-+ carcinogene 205 
-+ cholesterol 104 
-+ choline deficiency 220 
-+DHT 173 
-+ diets, choline deficiency 220 
-+ electric stimuli 371i, 376 
-+ enzymes 402 
-+ epinephrine 144 
-+ hepatic lesions 304, 358 
-+ hepatic tissue 721i, 729 
-+ hyperoxygenation 371, 372 
-+ hypoxia 371, 372 
-+ immune reactions 31i1, 353 
-+ ionizing rays 362, 367 
-+ ionizing raysfmouse 362, 366 
-+lathyrogens 255 
metabolism - folliculoids Gr-aph 125 

- thyroid hormones Graph 125 
-+ norepinephrine 144 
-+ OMP A Table 96 283 
- posterior pituitary preparations 441 
-+ renallesions 31i9, 361 
-+ steroids 124 
-sTH 421i 
-+ systemic trauma 378, 381 

Folliculoids -+ temperature variations 373, 
374 

- testoids llli, 119 
-+ testoids, metabolism 125 
- thyroid hormones 461, 462 
-+ vitamin D 173, 304 

Food consumption - steroids 314, 315 
Foreign compounds metabolized by "normal" 

enzymes Table 134 759 
oompounds - SKF 525-A 61 

"Foreign" compounds, theories 71i8 
Formaldehyde - ACTH 411 

- epinephrine 538 
- steroids 245 
- stressors 693 
- sympathectomy li04 
-+ TEA Table 600 246 

Frog 11ili,233,473,629 
Fungi - steroids 329 

-sTH 432 
- thymectomy 551 

Galactosemia 716, 722 
GaUstone producing ration - steroids 315 
Ganglioplegics - ACTH 407, 411 ; Table 600 

246 
- epinephrine li33, 538 
- glucooortiooids Table 60 246 
- steroids 11i9, 245 
- steroids, catatoxic Table 60 246 
- steroidsfguinea pig 11i9 
- stressors 693; Table 60 246 

G.A.S. ii, 6 
Gastrin-+ bile fl.owfdog Table 10 99 
Gastrointestinal tract, extrahepatic condition-

ing 101, 103 
oc-GDPH - thyroid hormones 514 
"General Adaptation Syndrome"; cf. G.A.S. 
General pharmacology li3 
Genetic factors-+ barbiturates 671i 

-+ bilirubin 677 
-+ carisoprodol 678 
-+ chloroform 678 
-+ drugs 674 
-+ ethanol 678 
-+ hepatic enzymes 682 
-+ hepatic lesions 682 
-+ hexobarbital 671i 
-+ morphine 680 
-+ pesticides 67/i, 680 
-+ picrotoxin 680 
-+ resistance 673 
-+ steroids 673 
-+ strychnine 671i, 681 
-+TKT 682 
-+TPO 682 
-+ zoxazolamine 671i, 681 



Index 1083 

Gestogenic steroids; ef. Luteoids 
v. Gierke's glycogen storage disease 716, 722 
Glossary XIII 
Glucagon+- actinomycin 75 

+- pregnancy 660 
Glucocorticoids 9 

+- anabolic steroids 114, 115 
anti-inflammatory activity Tahle 122 345 
-+ barbiturates 149, 184 
-+ barbiturates/man, mouse, rabbit 184 
-+ cholesterol 104 
-+ endotoxin Tahles 120, 121 344, 345 
-+ epinephrine 143 
-+ ethionine 241 
-+ ganglioplegics Table 60 246 
-+ mercury 162; Tahle 81 269 
-+ pancreatic hormones 142 
+- pregnancy 660 
-+ steroids 111, 112 
-+8TH 137 
+- testoids 114, 115 
-+ vitamin D 302 
-+ vitamin D/chicken, man, mouse 173 

Gluco-mineralocorticoids +- anabolic steroids 
114, 118 

-+ barbiturates 150, 185 
+- pregnancy 660 
-+ steroids 113 
+- testoids 114, 118 

D-Glucose-6-phosphate; ef. G-6-P-ase and under 
Influence of Steroide upon Enzymes 

Glucose -+ resistance 569, 581 
Glucuronidase +- hepatic Ieeions 621 

+- sex 659 
Glucuronide +- pancreatic hormones 531 

synthesis 47 
Glutamic acid +- steroids 24 7 
"Glutathiokinase" 47 
Glutethimide -+ hepatic microsomal drug 

metabolism in man 709, 713 
+- phenobarbital Diagram Table 139 857; 

Tables 63, 138 248, 850 
-+ resistance 591 
reversal of substrate actions 93 
+- SKF 525-A 62 
+- steroids 24 7; Diagram Table 139 857; 

Tahles 63, 138 248, 850 
+- thyroxine Diagram Table 139 857; 

Tahles 63, 138 248, 850 
Glycerol +- phenobarbital Diagram Tahle 139 

857; Tahles 64, 138 249, 850 
+- steroids 248; Diagram Tahle 139 857; 

Tables 64, 138 249, 850 
+- thyroxine Diagram Table 139 857; 

Tahles 64, 138 249, 850 
Glycine +- anterior pituitary preparations 439 
Glycogen, hepatic, theories 757 

Glycolic acid (irritant to skin) +- sex 648 
+- steroids 248 

Gold +- steroids 248 
Gonadal steroids -+ ethionine 241 
Gonadectomy-+ barbiturates 151, 193 

-+ barbituratesfguinea pig, mouse 195, 196 
-+ carcinogens 210 
-+ choline deficiency 220 
-+ diets, choline deficiency 220 
-+ electric stimuli 375, 376 
-+ enzymes 403 
-+ hyperoxygenation 371, 372 
-+ hypoxia 371, 372 
-+ immune reactions 351, 353 
-+ ionizing rays 362, 367 
-+ renallesions 359, 361 
-+ steroids 129 
-+ systemic trauma 378, 381 
-+ temperature variations 373, 374 
-+ temperature variationsfrabbit 373 
-+ vitamin D 303 

Gonococci; ef. Neisseria Gonorrhoeae 
GOT +- hepatic lesions 621 

+- hypophysectomy 459 
+- pancreatic hormones 530 
+- stressors 699, 703 

GOT (aspartate) +- corticoids 390 
G-6-P-ase +- corticoids 392 
GPT +- ACTH 424 

+- hepatic lesions 621 
+- hypophysectomy 459 
+- pancreatic hormones 530 
+- stressors 699, 703 
+- thyroid hormones 514 

GPT (alanine) +- corticoids 390 
Griseofulvin; ef. also Antibiotics 

-+ hepatic microsomal drug metabolism in 
man 709,713 

+- phenobarbital Diagram Tahle 139 857; 
Table 138 850 

+- steroids Diagram Table 139 857; Table 
138 850 

+- thyroxine Diagram Table 139 857; 
Table 138 850 

toxicants 110 
Guanidine (formerly in myasthenia gravis) 

+- parathyroids 516, 517 
+- thyroid hormones 483 

Guinea pig 139, 155, 109, 164, 172, 189, 193, 
196,203,233,322,333,339,350,362,364, 
370,371,415,419,420,470,497,506,508, 
511, 534, 633 

Guthion; ef. also Pesticides 
+- cholesterol Table 93 281 
+- phenobarbital Diagram Table 139 857; 

Tahles 93, 138 281, 850 
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Guthion +- steroids 165; Diagram Table 139 
857; Table8 93, 138 281, 850 

+- thyroxine Diagram Table 139 857; 
Table8 93, 138 281, 850 

Gynecogenic steroids; cf. Folliculoids 

Haldranolone; cf. Corticoids 
Haloperidol +- phenobarbital Diagram Table 

139 857; Table 138 850 
+- steroids Diagram Table 139 857; Table 

138 850 
+- thyroxine Diagram Table 139 857; 

Table 138 850 
Halothane (inhalation anesthetic) +- 5-HT 

557,560 
+- norepinephrine 538 
+- thyroid hormones 483 

Hamster 234, 509, 511 
Rarmine +- 5-HT 557, 560 
Heart, extrahepatic conditioning 102 
Heat; cf. also Tempersture Variations 

+- corticoids 872, 373 
+- corticoidsfdog, man, mouse, rabbit 872 
+- pancreatic hormones 529 

"Heat stress" 872, 373 
Heliotrine; cf. Plant Extraeta 
Hemorrhage +- norepinephrine 546 

+- posterior pituitary preparations 441,443 
+- steroids 869, 370 
+- steroidsfcat, dog, monkey, rabbit 869, 

370 
-+ TEA Table 600 246 
+- thyroid hormones 512, 513 

Hemorrhages, multiple +- androstanolone-5 {J
carbonitrile (ACN) Fig. 37 741 

multiple, morphology 740 
"Hemorrhagic death syndrome" 408, 426 
Hemorrhagic shock, "irreversible" 869 

+- norepinephrine 545 
"Hemorrhagic stress syndrome" 148, 181, 534 
"Hemorrhagic syndrome of Jaques" 689 
Hepatectomy, complete; cf. Complete Hepa-

tectomy 
partial; cf. Partial Hepatectomy 
subtotal; cf. Subtotal Hepatectomy 

Hepatic; cf. also Liver, Microsomes 
changes +- hepatic lesions 615 

+- pancreatic hormones 529 
denervation, methods 19, 22 
enzymes +- ACTH 423 

+- age 667, 672 
+- anterior pituitary preparations 440 
+- barbiturates 578 
+-diet 594 
+- diurnal variations 705 
+- epinephrine 54 7 

Hepatic enzymes +- genetic factors 682 
+- hepatic lesions 620, 621 
+- hypophysectomy 457 
+- hypoxia 685 
+- ionizing rays 684 
+- norepinephrine 547 
+- pancreatic hormones 529 
+- pregnancy 666 
+-SeX 659 
+- species 682 
+- STH 433, 434 
+- STH/mouse 433 
+- stressors 700 
+- temperature variations 687 
theories 743 
+- thymectomy 553 
+- thyroid hormones 614 

enzyme systems +- diet 692 
extracts -+ resistance 664, 565 
glycogen, theories 757 
lesions 716, 722; cf. also "Hepatic Lesions" 

as Agents 
+- ACTH 420, 421 
+- adrenalectomy 354, 357 
+-age 672 
-+ allylformiate 604 
-+ amino acids 602, 604 
-+ ANIT (oc-naphthylisothiocyanate) 604 
-+ bacterial toxins 618, 619 
-+ barbiturates 602, 605 
-+ barbituratesfdog, mouse, rabbit 604, 

605,606 
-+ bilirubin 607 
-+ n-butylamine 607 
-+ carcinogene 602, 607 
-+ catecholamines 599, 601 
-+ CCI4 602, 607 
-+ chioral hydrate 607 
-+ chloramphenicol 608 
-+ cholesterol 608 
-+ choline 602, 608 
-+ cold 618, 619 
-+ complex diets . 615 
+- corticoids 354, 355 
-+ cyclophosphamide 608 
-+ DHT 604, 613 
-+ dietary constituents, individual 602 
-+ diets, complex 615 
-+ digitalis 602, 608 
-+ DNA-polymerase 621 
-+ drugs 602 
-+ dyes 603, 609 
-+ enzymes, hepatic 620 
-+ ethyl-o-ethylphenylurea 609 
+- folliculoids 354, 358 
+- genetio factors 682 
-+ glucuronidase 621 



Hepatic lesions +- gonadectomy 371 
-->- GOT 621 
-->- GPT 621 
-->- hepatic changes 611) 
-->- hepatic enzymes 620, 621 
-->- hepatic regeneration 623 
-->- hepatic tissue 738 
-->- hexadimethrine 609 
-->- hormone-like substances li99 
-->- 5-HT 600, 601 
+- hypophysectomy 404 
-->- immune reactions 618, 620 
-->- indomethacin 609 
-->- insulin li99, 601 
+- ionizing rays 684 
-->-lathyrogens 603,610 
-->- lead 610 
-->- lidocaine 610 
-->- mercury 603, 610 
-->- muscular performance 618, 619 
-->- nephrectomy 618 
-->- nicotine 610 
-->- nonsteroidal hormones li99 
-->- OKT 621 
-->- parathyroids 601 
-->- pentylenetetrazol 603, 610 
-->- peptone 610 
-->- pesticides 603, 612 
-->- phalloidin 612 
-->- phlogogens 612 
-->- phosphatase 621 
-->- pregnancy 619, 620 
+- pregnancy 666 
-->- renallesions 619 
-->-RES-blockers 612 
-->- resistance li96 
+- sex 61i7 
--+ silica 612 
+- species 682 
+- steroids 3M, 358 
--+ steroids 696 
+- STH 432, 433 
-->- strychnine 603, 612 
+- testoids 3M, 358 
--+ tetrahydronaphthylamine 613 
--+ thrombin 621 
+- thymectomy 662 
+- thyroid hormones 602, 503 
--+ thyroid hormones 601 
--+ thyroxine 699 
--+ TKT 620 
--+ TPO 620 
--+ tribromoethanol 603, 613 
--+ tumors 618, 619 
--+ urethan 613 
--+ vasopressin 601 
--+ vitamin D 604, 613 
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Hepatic Iesions--+ W-1372 613 
microsomal drug metabolism in man 707 

+- acetylsalicylic acid 709 
+- barbiturates 708, 712 
+- contraceptives 708, 710 
+- DDD; cf. "Cushing's Disease" 
+- diphenylhydantoin 708, 713 
+- glutethimide 709, 713 
+- griseofulvin 709, 713 
+- phenylbutazone 709, 713 
+- salicylates 713 
+- steroids 711 
+- thyroxine 714 

microsomal enzyme inducer, abortifacient 
action 722 

enzyme induction, history 30, 36 
microsomal enzymes Table 1 46 

chemistry 43 
microsomes +- starvation Table 3 81 
participation, theories 743 
regeneration +- anterior pituitary prepara-

tions 440 
+- ionizing rays 684 
+- renallesions 623, 624 
+- tumors 704 

tissue +- adrenalectomy 726, 729 
+- anterior pituitary hormones 726, 735 
+- antitestoids 726, 734 
+- barbiturates 727, 736 
+- benzpyrene 739 
+- bile duct ligation 739 
+- catatoxic steroids 726, 734 
+- CCI4 727, 737 
+- chlorazanil 727, 737 
+- chlorcyclizine 739 
+- chlordane 739 
+- clofibrate 727, 737 
+- corticoids 721i, 728 
+- digitalis 737 
+- digitoxin 728 
+- drugs 727, 728, 736 
+- ethanol 737 
+- folliculoids 726, 729 
+- hepatic lesions 738 
+- hexachlorocyclohexane 739 
+- hormone-like substances 726, 735 
+- luteoids 726, 729 
+- methylcholanthrene 739 
+- metyrapone 728, 737 
monograph 739 
morphology 726 
+- nonsteroidal hormones 726, 735 
+- nikethamide 739 
+- phenobarbital 739 
+- phenylbutazone 738 
+- pancreatic hormones 727, 736 
+- pesticides 728, 737 
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Hepatic tissue, review 739 
+- salicylates 728, 738 
+- sex 739 
+- steroids 721), 726, 728, 735 
+- testoids 726, 734 
+- thyroid hormones 727, 736 
+- tumors 739 

vesselligatures, methods 19, 21 
Hepatitis, virus +- steroids 326, 327 
Hepatocytes, SER in +- norbolethone Fig. 33 

730 
SER in +- spironolactone Fig. 34 731 
ultrastructural changes +- PCN Fig. 35 732 

Hepatotoxic substances 78 
Hepatotoxins, history 35 
Heptachlor; ef. also Pesticides 

+- phenobarbital Diagram Table 139 857; 
Tables 98, 138 283, 850 

+- steroids Diagram Table 139 857; Tables 
98, 138 283, 850 

+- thyroxine Diagram Table 139 857; 
Tables 98, 138 283, 850 

Heroin +- thymectomy 1)48 
+- thyroid hormones 483 

Hexachlorobenzene (fungicide, skin irritant) +
sex 648 

Hexachlorocyclohexane -+ hepatic tissue 739 
Hexadimethrine (heparin neutralizer) +- ACTH 

411 
+- hepatic lesions 609 
+- hypophysectomy 451 
+- pancreatic hormones 525 
+- steroids 248 

Hexaethyl tetraphosphate +- sex 648 
Hexamethonium; ef. also Ganglioplegics 

+- phenobarbital Diagram Table 139 857; 
Tables 61, 138 247, 850 

+- sex 648 
+- steroids Diagram Table 139 857; Tables 

60A, B, 61, 138 246, 247, 850 
+- thyroxine Diagram Table 139 857; 

Tables 61, 138 247, 850 
Hexobarbital; ef. also Barbiturates 

+- acetylsalicylic acid Table 137 848 
+- ACTH Table 137 848 
+- betamethasone Table 128 630 
+- bile duct ligature Table 137 848 
+- choledochus ligature Table 126 600 
+- cholesterol Table 32 197 
+- CS-1 Table 9 96 
+- CS-1, repeated doses Table 7 90, 91 
+- CS-1, single dose Table 6 88, 89 
+- digitoxin Table 137 848 
+- diphenylhydantoin Table 137 848 
+- diurnal variations 704 
+- estradiol Tables 9, 30 96, 195 
+- estradiol + orchidectomy Table 30 195 

Hexabarbital +- ethylestrenol Tables 9, 32, 128 
96, 197,630 

+- genetic factors 671) 
+- indomethacin Table 137 848 
-+ metabolizing enzymes +- tumors 704 
+- methyltestosterone Table 30 195 
+- methyltestosterone + orchidectomy 

Table 30 195 
+- nicotine Table 137 848 
+- norbolethone Table 9 96 
+-partial hepatectomy Table 126 600 
+-partial nephrectomy Table 126 600 
+- PCN Tables 9, 30, 128 96, 195, 630 
+- PCN + orchidectomy Table 30 195 
+- PCN, repeated doses Table 7 90, 91 
+- PCN, single dose Table 6 88, 89 
+- phenobarbital Diagram Table 139 857; 

Tables 9, 32, 128, 137, 138 96, 197, 630, 
848,850 

+- phenobarbital, repeated doses Table 7 
90,91 

+- phenobarbital, single dose Table 6 88, 
89 

+- phentolamine Table 137 848 
+- phenylbutazone Tables 128, 137 630, 

848 
+- phetharbital Table 137 848 
+- prednisolone, repeated doses Table 7 90, 

91 
+- progesterone Table 30 195 
+- progesterone + orchidectomy Table 30 

195 
+- renallesions 623, 626 
+-Sex 655 
+- salicylate Table 137 848 
+- spironolactone Tables 9, 126, 128 96, 600, 

630 
+- spironolactone + choledochus ligature, 

partial hepatectomy, partial nephrec
tomy Table 126 600 

+- spironolactone, repeated doses Table 7 
90,91 

+- splenectomy 553 
+- starvationfmouse Table 3 81 
+- steroids Diagram Table 139 857; Tables 

32,136,138 197,836,850 
+- STH Table 137 848 
+- stressors 697 
+- thyroxine Diagram Table 139 857; 

Tables 32, 137, 138 197, 848, 850 
+- tolbutamide Table 137 848 
+- vitamin A, C, D, E Table 137 848 
+- W-1372 Table 137 848 

Hg; ef. Mercury 
"Hilar pedicle" ligature, methods 22 
Histamine -+ acetonitrile 555 

+- ACTH 401), 496 
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Histamine -+ Bacillus pertussis vaccine 556 
-+ bacterial toxins ölili, 556 
-+ barbiturates lilili 
-+ botulinum toxin 556 
-+ chioral hydrate lilili 
-+ cold 666, 556 
-+ drugs öli6 
-+ electric stimuli Ol'ili, 556 
+- epinephrine 631, 532 
-+ hyperoxygenation öli6, 556 
-+ ionizing rays öli6, 556 
-+Iead lilili 
-+ microorganisms 556 
-+ nereis toxin 556 
+- pancreatic hormones 621 
+- parathyroids 016 
-+ pentylenetetrazol 556 
+- posterior pituitary preparations 441 
-+ reserpine 556 
-+ resistance ölili, 591 
+- sex 631 
+- steroids 141i 
+- stressors 689 
+- sympathectomy 61i4 
+- thymectomy 047 
+- thyroid hormones 464, 466 
-+ vaccines öli6, 556 

Histoplasma capsulatum +- steroids 329, 330 
History 24 

adaptation to hormones 34 
adrenals 26, 33 
antihormones 27 
catatoxic steroids 31, 40 
clinical implications 32, 41 
complete hepatectomy 35 
defensive enzymes 27 
hepatic microsomal enzyme induction 30, 

36 
hepatotoxins 35 
hormones and resistance 33 
liver 28,36 
partial hepatectomy 35 
sex differences 34 
smooth endoplasmic reticulum 40 

in hepatocytes 31 
syntoxic steroids 31, 40 
thyroid 26, 33 

Holmium +- calcitonin 620 
Hornatropine hydrobromide (anticholinergic, 

mydriatic) +- steroids 249; Diagram 
Table 139 857; Table 138 850 

+- thyroxine Diagram Table 139 857; 
Table 138 850 

"Homeostasis" 24 
Homeostasis, theories 763 
Hormonal defense system 26 

Hormona-dependent cancers 716 
-like substances +- ACTH 406 

-+ bacterial toxins 563 
+- barbiturates 575 
-+ drugs 563 
+- epinephrine 631 
+- hepatic lesions 699 
-+ hepatic tissue 726, 735 
+- 5-HT öli6, 558 
+- hypophysectomy 444, 445 
+- pancreatic hormones 621 
+- parathyroids 016 
+- posterior pituitary preparations 441 
+- pregnancy 660 
+- sex 631 
+- steroids 137 
-+ stress 563 
+- stress 688 
+- thymectomy 047 
+- thyroid hormones 462 

-producing neoplasms 716 
Hormones, "activity spectrums" 11i 

adaptive; ef. Adaptive Hormones 
and resistance, history 33 
+- anterior pituitary preparations 437 
-+ bile fiow Table 10 99 
"catatoxic" 6 
nonsteroidal +- ACTH 406 

+- hypophysectomy 444, 445 
-+ resistance 406 
+-sex 631 
+- steroids 137 
+- thyroid hormones 463 

+- parathyroids 611i 
+- posterior pituitary preparations 441 
prerequisites for the protective actions 770 
protective actions 770 
"syntoxic" 6 
+- thymectomy 047 

5-HT +- ACTH 406, 406 
-+ anaphylactoidogenic agents 558 
-+ bacterial toxins 561 
-+ barbiturates öli6, 559 
-+barbiturates/man, mouse, rabbit 558 
-+ botulinum toxin öli7 
-+ carcinogens 067 
-+ carcinolytics 559 
-+ CCI4 öli 7, 559 
-+ cholesterol 559 
-+ chioral hydrate lili7, 559 
-+ chloroform öli7, 559 
-+cold öli7, 563 
-+ curare l'il'i 7, 559 
-+ DHT 61i7, 561 
-+ drugs oo6, 558 
-+ electric stimuli l'il'i7, 563 
-+ ethanol öli7, 559 
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5-HT-+ ether oo'i, 560 
-+ halothane oo'i, 560 
-+ harmine oo'i, 560 
+-- hepatic lesions 600, 601 
-+ hormone-like substances oo6, 558 
-+ hyperoxygenation oo'i, 563 
+-- hypophysectomy 444, 445 
-+ ionizing rays oo'i, 563 
-+ ionizing raysfmouse 562 
-+lathyrogens oo'i, 560 
-+lead 560 
-+ LSD oo'i, 560 
-+ mephenesin oo'i, 560 
-+ meprobamate oo'i, 560 
-+ mercury 560 
-+ methionine sulfoximine oo8, 560 
-+ microorganisms oo'i, 561 
-+ morphine oo'i, 560 
-+ nitrogen mustard oo'i, 560 
-+ nonsteroidal hormones oo6, 558 
+-- pancreatic hormones 921 
-+ paraphenylenediamine oo'i, 560 
-+ pentylenetetrazol oo'i, 560 
-+ picrotoxin oo'i, 561 
-+ plasmocid 561 
+-- posterior pituitary preparations 441 
+-- pregnancy 660, 661 
-+ reserpine oo'i, 561 
-+ resistance oli6, 591 
-+ sound oo8, 563 
-+ steroids 558 
+-- steroids 146 
+-- stressors 689 
-+ stressors oo'i, 563 
-+ strychnine oo'i, 561 
+-- thyroid hormones 464, 466 
-+ tremorine 561 
-+ tween 80 561 
-+ urethan 561 
-+ vitamin D 561 

Hydrazine +-- phenobarbital Diagram Table 
139 857; Table 138 850 

-+ resistance 581 
+-- steroids Diagram Table 139 857; Table 

138 850 
+- thyroxine Diagram Table 139 857; 

Table 138 850 
Hydroquinone (photographic reducer) +-- phe

nobarbital Diagram Table 139 857; 
Table 138 850 

+-- steroids 249; Diagram Table 139 857; 
TableB 65, 138 249, 850 

+-- thyroid hormones 483 
+- thyroxine Diagram Table 139 857; 

TableB 65, 138 249, 850 
Hydroxydione-+ AAN Table 73 257 

-+ acetanilide Table 24 176 

Hydroxydione-+ acrylamide Table 25 176 
-+ acrylonitrile Table 26 177 
-+ adrenal weight Table 140 860 
-+ aminopyrine Table 27 179 
-+ barbital Table 34 198 
-+ barbiturates 196, 198 
-+ bishydroxycoumarin Table 28 182 
-+ body weight Table 140 860 
-+ cadmium Table 35 200 
-+ caramiphen Table 36 201 
-+ carisoprodol Table 37 216 
-+ chlordiazepoxide Table 38 217 
-+ cinchophen Table 39 221 
-+ cocaine Table 40 221 
-+ F-COL Tables12, 13, 14 133, 134 
-+ colchicine Table 41 222 
-+ DL-coniine Table 42 222 
-+ croton oil Table 43 223 
-+ cyclobarbital Table 33 198 
-+ cycloheximide Tables 44, 45 224 
-+ cyclophosphamide Table 46 225 
-+ DHT Table 117 309 
-+ diisopropyl fluorophosphate Table 52 234 
-+ digitoxin TableB 47, 48 230 
-+ digitoxinfmouse Table 130 677 
-+ dioxathion Tables 91, 132 280, 680 
-+ diphenylhydantoin Table 53 235 
-+ dipicrylamine Table 54 235 
-+ DOC Table 15 135 
-+ emetine Table 55 238 
-+ endotoxin Table 123 348 
-+ epinephrine Table 23 144 
-+ EPN Table 99 284 
-+ estradiol Table 16 135 
-+ ethion Table 92 281 
-+ ethylene glycol Table 56 243 
-+ ethylmorphine Table 57 244 
-+ flufenamic acid Table 58 245 
-+ fluphenazine Table 59 245 
-+ glutethimide Table 63 248 
-+ glycerol Table 64 249 
-+ guthion Table 93 281 
-+ heptachlor Table 98 283 
-+ hexamethonium Tables 60A, 61 246, 247 
-+ hexobarbital Table 32 197 
-+ hydroquinone Table 65 249 
-+ imipramine Table 66 250 
-+ indomethacin Table 67 250 
-+ indomethacinfmouse Table 131 678 
-+ kidney, weight Table 140 860 
-+ liver, weight Table 140 860 
-+ LSD Table 7 4 258 
-+ mechlorethamine Table 75 260 
-+ mephenesin Table 76 260 
-+ meprobamate Table 77 261 
-+ mercury Table 78 267 
-+ mersalyl TableB 79, 80 268 
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Hydroxydione -+ methadone Table 82 269 
-+ methylaniline Table 83 270 
-+ methyprylon Table 84 270 
+- metyrapone Table 125 584 
-+ NaCI04 Table 90 278 
-+ tx.-naphthylisothiocyanate Table 85 273 
-+ nicotine Table 86 274 
-+ nikethamide Table 87 274 
-+ p-nitroanisole Table 88 275 
-+ OMP A Table 94 282 
-+ ovary, weight Table 140 860 
-+ pancuronium Table 19 136 
-+ parathion Table 95 282 
-+ pentobarbitalfmouse Table 129 677 
-+ pentylenetetrazol Table 89 277 
-+ phenindione Table 29 183 
-+ phenyramidol Table 100 284 
-+ physostigmine Table 101 285 
-+ picrotoxin Table 102 286 
-+ piperidine Table 103 287 
-+ pralidoxime Table 104 288 
-+ preputial glands, weight Table 140 860 
-+ propionitrile Table 105 289 
-+ propylthiouracil Tablee 21, 22 140, 141 
+- SKF 525-A 62 
-+ strychnine Table 107 292 
-+ T3 Table 20 140 
-+ TEA Tablee 60A, 62 246, 248 
-+ theobromine Table 108 293 
-+ theophylline Table 109 293 
-+ thimerosal Table 110 294 
-+ thiopental Table 31 197 
-+ thymus, weight Table 140 860 
-+ thyroid, weight Table 140 860 
-+ triamcinolone Table 18 136 
-+ ß-tribromoethanol Table 111 295 
-+ ß-trichloroethanol Table 112 295 
-+ tri-o-cresyl phosphate Table 113 296 
-+ D-tubocuranine Table 114 296 
-+ tyramine Table 115 297 
-+ tyrosine Table 116 299 
-+ uterus, weight Table 140 860 
-+ W-1372 Table 118 309 
-+ zoxazolamine Table 119 313 

Hydroxylation reactions 44 
N-(p-Hydroxyphenyl}glycine +- thyroid hor

mones 483 
11-tx.-Hydroxyprogesterone, anti-inflammatory 

activity Table 122 345 
-+ endotoxin Table 122 345 

Hydroxyproline +- CCI4 79 
Hymenoiepis nana +- steroids 330, 332 
Hyperbilirubinemia; ef. also Bilirubin under 

Drugs 
+- barbiturates 714, 717 
+-DDD 719 
+- DDT 714, 719 

Hyperbilirubinemia +- light 720 
+-milk 719 
+- pregnancy 720 
+- steroids 711), 719 
+- thyroid 719, 720 

Hyperoxygenation +- ACTH 421, 422 
+- adrenalectomy 371 
+- corticoidsfguinea pig, man, mouse 370, 

371 
+- epinephrine Mo, 546 
+- folliculoids 371, 372 
+- gonadectomy 371, 372 
+- histamine 1)1)1), 556 
+- 5-HT 1)1)7, 563 
+- hypophysectomy 456 
+- pancreatic hormones 529 
+- posterior pituitary preparations 441, 

443 
+- steroids 370 
+- stressors 700 
+- testoids 371, 372 
+- thyroid hormones 008 
+- thyroid hormonesfcat 908 

"Hypoexcretory states" 624 
Hypophyseal hormones +- stressors 689 

+- thyroid hormones 464 
Hypophysectomy-+ acrylonitrile 447 

-+ amino acid enzymes 460 
-+ atropine 447 
-+ bacterial toxins 403 
-+ barbiturates 449, 447 
-+ benactyzine 448 
-+ cadmium 448 
-+ carcinogens 448, 448 
-+ CCI4 448, 448 
-+ cerium 450 
-+ cobra venom 41)3 
-+cold 498 
-+ cycloheximide 450 
-+ DHT 448, 452 
-+ digitaUs 450 
-+ diphenhydramine 450 
-+ diphenylhydantoin 450 
-+drugs 449 
-+ electric stimuli 456 
-+ endotoxin 493 
-+ enzymes, amino acid 460 
-+ ephedrine 450 
-+ergot 450 
-+EST 498 
-+GOT 459 
-+GPT 459 
-+ hepatic enzymes 497 
-+ hepatic lesions 404 
-+ hexadimethrine 451 
-+ hormone-like substances 444, 445 
-+ hormones, nonsteroidal 444, 445 
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Hypophysectomy-+ 5-HT 444, 445 
-+ hyperoxygenation 456 
-+ immune reactions 454 
-+ indomethacin 451 
-+ ionizing rays 41'il'i, 456 
-+lathyrogens 446,451 
-+ magnesium 451 
-+ meprobamate 451 
-+ mercury 446, 451 
-+ microorganisms 41'i3 
-+ morphine 451 
-+ nonsteroidal hormones 444, 445 
-+ oxygen tension 41'i6 
-+ ozone 451 
-+ parathyroid extract 444 
-+ parathyroid hormone 445 
-+partial hepatectomy 404 
-+ partial nephrectomy 454 
-+ pesticides 446, 452 
-+ phenaglycodol 452 
-+ phenyltoloxamine 452 
-+ phosphates 446, 452 
-+ puromycin aminonucleoside 446, 452 
-+ renallesions 454, 455 
-+ reserpine 452 
-+ resistance 443 
-+ steroids 444 
-+ stressors 41'il'i 
-+ temperature variations 456 
-+TKT 457 
-+TPO 457 
-+ tuberculosis 41'i3 
-+ tumors 457 
-+ tumor transplants 41'i6 
-+ venoms 41'i3, 454 
-+ vitamin A 446, 452 
-+ vitamin D 452 
-+ zoxazolamine 44?, 453 

Hypothalamic lesions -+ resistance 443 
Hypoxia +- ACTH 421, 422 

+- adrenalectomy an 
+- anterior pituitary preparations 43?, 440 
-+ bacteria 685 
-+ barbiturates 685 
+- corticoidsfguinea pig, man, mouse 3?0, 

371 
+- epinephrine Ml'i, 546 
+- folliculoids an, 372 
+- gonadectomy 372 
-+ hepatic enzymes 685 
-+ ionizing rays 685 
+- pancreatic hormones 928, 529 
+- posterior pituitary preparations 443 
-+ resistance 681) 
+-sex 658 
+- steroids 3?0 
+- stressors 700 

Hypoxia +- testoids 3?1, 372 
+- thyroid hormonesfcat, dog, fiah, guinea 

pig, mouse, rabbit l'i06 

ldentification of damaging agenta amenable to 
prophylaxis 84? 

Imipramine (antidepressant) +- phenobarbital 
Diagram Table 139 857; TableB 66, 138 
250,850 

+- steroids 249; Diagram Table 139 857; 
Tables 66, 138 250, 850 

+- thyroid hormones 468, 483 
+- thyroxine Diagram Table 139 857; 

TableB 66, 138 250, 850 
Immune reactions 13 

+- ACTHfguinea pig, rabbit 419, 420 
+- adrenalectomy 31'i1, 353 
+- corticoidsfdog, guinea pig, mouse, rabbit 

349, 350, 351 
+- epinephrine 543 
+- folliculoids 31'il, 353 
+- gonadectomy 31'i1, 353 
+- hepatic lesions 618, 620 
+- hypophysectomy 454 
+- luteoids 31)1, 353 
+- norepinephrine 043 
+- pancreatic hormones l'i28 
+- parathyroids 519 
-+ resistance l'i96 
+- sex 618 
+- steroids 325, 349 
+- STH 432, 433 
+- stressors 700 
+- temperature variations 687 
+- testoids 31'i1, 353 
+- thymectomy l'il'il 
+- thyroid hormones 1)00 

Index, protective 771 
Indium l'i20 

+- parathyroids l'i16, 517 
+- phenobarbital Diagram Table 139 857 
+- steroids 249; Diagram Table 139 857; 

Table 138 850 
+- thyroxine Diagram Table 139 857; 

Table 138 850 
Indocyanine green +- SKF 525-A 63 
Indomethacin (antiphlogistic) +- acetylsalicylic 

acid Table 137 848 
+- ACTH Table 137 848 
+- age 66?, 671 
+- betamethasone Table 128 630 
+- bile duct ligature Table 137 848 
+- choledochus ligature Table 126 600 
-+ F-COL Table 137 848 
+- CS-1, single dose Table 6 88, 89 
-+ DHT Table 137 848 
+- diet 1)92, 593 
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Indomethacin-+ digitoxin Table 137 848 
+- digitoxin Table 137 848 
-+ dioxathion Table 137 848 
+- diphenylhydantoin Table 137 848 
+- ethylestrenol Table 128 630 
+- hepatic lesions 609 
-+ hexobarbital Table 137 848 
+- hypophysectomy 451 
+- indomethacin Table 137 848 
+- metyrapone + spironolactone Table 51 

232 
+- nicotine Table 137 848 
-+ nicotine Table 137 848 
-+ parathion Table 137 848 
+-partial hepatectomy Table 126 600 
+-partial nephrectomy Table 126 600 
+- PCN Table 128 630 
+- PCN + age Table 72 254 
+- PCN, single dose Table 6 88, 89 
+- phenobarbital Diagram Table 139 857; 

TableB 67, 128, 137, 138 250, 630, 
848,850 

+- phenobarbital, single dose Table 6 88, 
89 

+- phentolamine Table 137 848 
+- phenylbutazone TableB 128, 137 630 

848 
+- phetharbital Table 137 848-849 
+- prednisolone Table 141 862 
+- progesterone Table 137 848 
protection against 772 
-+ pyloric ulcerfrabbit Fig. 28 679 
+- renallesions 626 
-+ resistance 582 
+- sex 648 
+- salicylate Table 137 848 
+- epeciee 675, 679 
+- spironolactone Fig. 8 251; TableB 70, 71, 

126,128 253,254,600,630 
+- spironolactone + adrenalectomy TableB 

68, 69, 70, 71 252, 253, 254 
+- spironolactone + adrenalectomy + corti

coids Tables 68, 69, 70, 71 252, 253, 254 
+- spironolactone + choledochus ligature, 

partial hepatectomy, partial nephrectomy 
Table 126 600 

+- steroids 159, 250, 793; Diagram Table 
139 857; Tables 67, 135, 135B, 136, 138 
250,779,807,836,850 

+- steroids (inactive) Table 135A 794 
+- eteroidsfmouse 160; Table 131 678 
+- STH Table 137 848 
+- stressors 694 
+- thyroid hormones 468, 484 
+- thyroxineDiagram Table 139 857; 

Tables 67, 137, 138 250, 848, 850 
+- thyroxinefmouee Table 131 678 

Indomethacin +- tolbutamide Table 137 848 
toxicants 108, 110 
+- triamcinolone Table 141 862 
-+ ulcers, intestinal +- spironolactone Fig. 8 

251 
+- vitamin A, C, D, E, Table 137 848 
+- W-1372 Table 137 848 
-+ zoxazolamine Table 137 848 

Inducers, interactions 56 
primary 73, 75, 388 
reversal of actions 83, 87 
secondary 73, 75, 388 

lnfections +- posterior pituitary preparations 
441 

+- steroids 325 
Influenza +- ACTH 415 

+- steroids 326, 328 
+-STH 430 

Inhibition, competitive, classification 14 
Inhibitors of enzymes 57 

of enzymes, classifi.cation 1)7 
Insulin +- ACTH 409, 406 

+- actinomycin 75 
-+ bile flowfdog Table 10 99 
+- hepatic Ieeions 1)99, 601 
+- pancreatic hormones 522 
+- parathyroids 511) 
+-Sex 630 

Interactions between inducers 56 
lntersecting dose effect curves, law of 111,112 
Interventions, surgical +- thyroid hormones 

502 
Iodides +- thyroid hormones 484 
Iodine -+ resistance 969, 582 
lodoacetate +- steroids 254 
Ionizing rays +- ACTH 421, 422 

+- actinomycin 75 
+- adrenalectomy 362, 365 
+- anterior pituitary preparations 440 
-+ barbiturates 683 
-+ carcinogene 683 
+- corticoidsfguinea pig, man, mouse, rabbit 

362, 363, 364 
-+ drugs 682 
-+ endotoxin 684 
-+ enzymes 684 
+- epinephrine 943 
+- epinephrinefmouse 943 
+- folliculoids 362, 367 
+- folliculoidsfmouse 362, 366 
+- gonadectomy 362, 367 
-+ hepatic Ieeions 684 
-+ hepatic regeneration 684 
+- histamine 556 
+- 5-HT 597, 563 
+- 5-HT/mouse 562 
+- hypophysectomy 495, 456 
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Ionizing rays ~ hypoxia 685 
~ luteoids 362, 365 
~ microorganisms 684 
~ norepinephrine 043 
~ norepinephrine/mouse 043 
~ pancreatic hormones 628, 529 
~ parathyroids 520 
~ pesticides 683 
~ posterior pituitary preparations 441, 

443 
~ pregnancy 666 
~ resistance 682 
~sex 667 
~ splenectomy öö3, 554 
~ steroids 361, 368 
~ steroids, reviews 368 
~ STH 432, 434 
~ stressors 698, 700 
~ testoidsfmouse, rabbit 362, 364, 365 
~ thymectomy 662 
~ thyroid hormones/fish, goldfi.sh, mouse, 

rabbit, toad 604, 606, 506 
~TKT 684 
-+TPG 684 

Iproniazid (MAG inhibitor, antidepressant, tu
berculostatic) 68; cf. also Inhibitors 
under General Pharmocology, MAG-Inhi
bitors 

~ resistance 1)69 
~ thyroid hormones 484 

lsocarboxazid 68; cf. MAG-Inhibitors 
Isoniazid (antituberculous agent, CNS Stimu

lator) ~ ACTH 412 
~ steroids 254 
~ thyroid hormones 484 

Isoproterenol (sympathomimetic bronchodila-
tor) ~ ACTH 412 

~ resistance 582 
~sex 648 
~ steroids 160, 255 
~ stressors 694 
~ thyroid hormones 484 

Japanase encephalomyelitis ~ steroids 321) 
JB 516 66 

K; cf. Potassium 
Kallikrein ~ resistance 1)63 
Kidney, extrahepatic conditioning 100, 102 

weight ~ phenobarbital Table 140 860 
~ steroids Table 140 860 
~ thyroxine Table 140 860 

Klebsiella pneumoniae ~ steroids 320 
~ thyroid hormones 497 

KMnG4; cf. Permanganate 

Lactate dehydrogenase virus ~ thymectomy 
551 

Lactation 863 
Lactone ~ resistance 582 
Lasiocarpine; cf. Plant Extraeta 
Lathyrism; cf. Lathyrogens 
Lathyrogens ~ ACTH 407,412 
~ anterior pituitary preparations 436, 439 
~ corticoids 255 
~ ethylestrenol Fig. 9 256 
~ folliculoids 255 
~ hepatic lesions 603, 610 
~ 5-HT öö7, 560 
~ hypophysectomy 446, 451 
~ norepinephrine 538 
~ pancreatic hormones 525 
~ prednisolone Fig. 9 256 
~ pregnancy 661, 663 
~ sex 634, 648 
~ steroids 160, 255 
~ steroids/chicken, mouse 258 
~ STH 426, 427 
~ testoids 255 
~ thyroid hormones 468, 484 
~ thyroid hormones/duck 484 
~ thyroxine Fig. 9 256 

"Law of intersecting dose-effect curves" 111, 
112 

Lead ~ calcitonin 620 
~ epinephrine 538 
~ hepatic lesions 610 
~ histamine ööö 
~5-HT 560 
~ steroids 258 
~ thyroid hormones 485 

Length of pretreatment necessary for condi
tioning 82, 85 

Leptospira ~ ACTH 4lö, 416 
~ steroids 317, 320 

Li; cf. Lithium 
Lidocaine ~ barbiturates 577 
~ hepatic lesions 610 
~sex 648 

Ligature of hepatic vessels, methods 19, 21 
Light ~ hyperbilirubinemia 720 
Lilly 18947 66 
Lipid solubility 769 
Lipids ~ stressors 694 
Literature, collection of VII 
Lithium ~ sex 648 
~ steroids 258 

Liver, fractions 36 
history 28 
perfusion 31, 40 

methods 18, 19 
regeneration 20, 21 
slices 36 

methods 22 
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Liver +- W-1372 Figs. 18, 19 310, 311 
+- W-1372 + PCN Figs. 18, 19 310, 311 
+- W-1372 + phenobarbital Fig. 19 311 
+- W-1372 + progesterone Fig. 18 310 
weight +- phenobarbital Table 140 860 

+- steroids Table 140 860 
+- thyroxine Table 140 860 

Local trauma +- corticoids 381 
+- steroids 381 

"Long-sleepers" 67ii 
LSD (psychomimetic agent) +- 5-HT iiii7, 560 

+- phenobarbital Diagram Table 139 857; 
Tables 74, 138 258, 850 

+- steroids 161, 258; Diagram Table 139 
857; Tables 7 4, 138 258, 850 

+- thyroxine Diagram Table 139 857; 
Tables 74, 138, 258, 850 

Lung, extrahepatic conditioning 102 
Luteoids 9 

+- anabolic steroids 114, 118 
-+ bacterial toxins 336, 346 
-+ barbiturates 11)0, 189 
-+ carcinogens 207 
-+ electric stimuli 37 ii, 376 
-+ enzymes 402 
-+ epinephrine 144 
-+ hepatic tissue 726, 729 
-+immune reactions 3111, 353 
-+ ionizing rays 362, 365 
-+ norepinephrine 144 
-+ renallesions 31)9, 361 
-+ steroids 120, 121 
-+ systemic trauma 378, 381 
+- testoids 114, 118 

Lymphocytic choriomeningitis +- thymectomy 
1149,550 

Lynestrenol 80 
+- SKF 525-A 62 

Lysosomal hydrolases +- stressors 699, 702 
Lysosomes, theories 7ii3 

MAD +- ACTH 40ii 
Magnesium +- hypophysectomy 451 

+- parathyroids 1)16, 517 
+- sex 648 
+- steroids 161, 259 
+- stressors 694 
+- temperature variations 687 
+- thyroid hormones 468, 485 

Malaria (P. berghei) -+ resistance 1)91) 
Malathion +- steroids 161) 
Male-hormone-like; cf. Testoids 
Malonic acid derivatives; cf. Sch 5712, Sch 5705 
Man 139, 1ii7, 1?3, 185, 235, 240, 331), 344, 

362, 364, 370, 371, 372, 377, 380, 416, 419, 
536, 558, 630; cf. also Clinical Implications, 
Genetic and Species-Dependent Factors 

MAO, chemistry 41) 
-inhibitors 68 

+- sex 648 
+- steroids 259 

"Mean overall protective index" 771 
Measles +- steroids 328 
Mecamylamine; cf. Ganglioplegics 
Mechanism of drug oxidation, Graph 49 
Mechlorethamine (war gas) +- phenobarbital 

Diagram Table 139 857; Tables 75, 138 
260, 850 

+- steroids 259; Diagram Tahle 139 857; 
Tables 75, 138 260, 850 

+- thyroxine Diagram Table 139 857; 
Tables 75, 138 260, 850 

"Membrane systems" 48 
Methionine sulfoximine +- 5-HT 560 
Mepacrine +- sex 649 
Meperidine (narcotic, analgesic) +- age 671 

+- norepinephrine 538 
+- pregnancy 661, 663 
+- SKF 525-A 60 
+- steroids 259 
+- thyroid hormones 486 

Mephenesin (muscle relaxant) +- 5-HT 1)1)7, 
560 

+- phenobarbital Diagram Table 139 857; 
Tables 76, 138 260, 850 

+- SKF 525-A 61 
+- steroids 161, 260; Diagram Table 139 

857; Tables 76, 138 260, 850 
+- thyroxine Diagram Table 139 857; 

Tables 76, 138 260, 850 
Meprobamate (tranquilizer) +- ACTH 412 

+- 5-HT iill7, 560 
+- hypophysectomy 451 
+- norepinephrine 538 
+- phenobarbital Diagram Table 139 857; 

Tables 77, 138 261, 850 
-+ resistance 591 
+- SKF 525-A 62 
+- steroids 161, 260; Diagram Table 139 

857; Tables 77, 138 261, 850 
+- stressors 697 
+- thyroid hormones 468, 486 
+- thyroxine Diagram Table 139 857; 

Tahles 77, 138 261, 850 
MER-25 (antifolliculoid) +- steroids 261 
6-Mercaptopurine 81, 82 

+- enzymes, normal Table 134 759 
Mercapturic acid formation 47 
Mercury +- ACTH 412 

+- calcitonin 1120 
+- choledochus ligature Fig. 23 611 
+- emdabol 162 
+- glucocorticoids 162; Table 81 269 
+- hepatic lesion 603, 610 
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Mercury +- 5-HT 560 
+- hypophysectomy 446, 451 
+- nephrectomy, partial Table 127 624 
~ nephrocalcinosis +- choledochus ligature 

Fig. 23 611 
~ nephrocalcinosis +- spironolactone Figs. 

11, 12 263-266 
~ nephrocalcinosis +- ureter ligature, tem

porary Fig. 26 625 
+- pancreatic hormones 526 
+- phenobarbital Diagram Table 139 857; 

Tables 78, 138 267, 850 
+- renallesions 623, 624 
+- sex 649 
+- spironolactone 162; Figs. 11, 12 263, 

266 
+- spiroxasone 162 
+- steroids 162; Diagram Table 139 857; 

Tables 78, 81, 138 267, 269, 850 
+- testoids 162, 261 
+- thyroxine Diagram Table 139 857; 

Tables 78, 138 267, 850 
toxicants 108, 110 
+- ureter ligature, temporary Fig. 26 625; 

Table 127 624 
+- ureter ligature, temporary + partial 

nephrectomy Table 127 624 
Mersalyl +- ethylestrenol Fig. 10 262 
~ nephrocalcinosis +- ethylestrenol Fig. 10 

262 
+- phenobarbital Diagram Table 139 857; 

Tables 79, 80, 138 268, 850 
+- steroids Diagram Table 139 857; 

Tables 79, 80, 138 268, 850 
+- thyroxine Diagram Table 139 857; 

Tables 79, 80, 138 268, 850 
Mescaline +- epinephrine li33, 538 
Mestranol 80 
~ OMPA Table 97 283 
~ resistance 591 
+- SKF 525-A 62 

Methadone (narcotic, analgesic) +- phenobarbi
tal Diagram Table 139 857; Tables 82, 
138 269, 850 

+- SKF 525-A 60 
+-steroids 268; Diagram Table 139 857; 

Tables 82, 138 269, 850 
+- thyroid hormones 486 
+- thyroxine Diagram Table 139 857; 

Tables 82, 138 269, 850 
Methandrostenolone 80 
Methanol +- norepinephrine 538 

+- steroids 269 
Methionine; cf. also Choline, Diet (choline) 

adenosyl transferase +- pancreatic hormones 
531 

+- corticoids 390 

Methionine sulfoximine +- 5-HT lili8 
Methods Ii, 17 

"abrasive ablation" 20 
Asher's (for thyroid hormone determination) 

li06 
bile-duct ligatures 19, 21 
bile fistulas 19, 21 
chemical 18, 19 
complete hepatectomy 18, 20 
Eck fistula 19 
hepatic denervation 19, 22 
"hilar pedicle" ligature 22 
ligature of hepatic vessels 19, 21 
liver slices 22 
partial hepatectomy 11i, 18, 19, 20 
perfusion of the liver 19, 22 
renal interventions 19, 23 
surgical 18, 19 

Methorphinan +- SKF 525-A 60 
Methotrexate; cf. Carcinolytic Agents 
Metboxamine ~ resistance 591 
Methoxyflurane (anesthetic) +- epinephrine 538 
~ resistance 582 

Methyl alcohol; cf. Methanol 
Methylandrostenediol; cf. also Testoids 
~ digitoxin +- spironolactone Table 49 231 

Methylaniline +- phenobarbital Diagram 
Table 139 857; Tables 38, 138 270, 850 

+- sex 655 
+- SKF 525-A 61 
+- steroids 269; Diagram Table 139 857; 

Tables 83, 138 270, 850 
+- thyroxine Diagram Table 139 857; 

Tables 83, 138 270, 850 
Methylation, N-, 0-, S- 47 
Methylcholanthrene ~ hepatic tissue 739 

-+ resistance 591 
Methyleneaminoacetonitrile; cf. MAAN 
Methylenedioxyphenyl compounds 81, 82 

-+ resistance 582 
17 or:-Methyl-17 ß-hydroxy-4-aza-estran-3-one 

-+ barbiturates 196 
3-Methyl-4-monomethyl-aminoazobenzene 

+- SKF 525-A 61 
Methylparafynol +- SKF 525-A 60 
Methylphenidate (CNS stimulant, antidepres

sant) +- phenobarbital Diagram Table 139 
857; Table 138 850 

+- steroids 269; Diagram Table 139 857; 
Table 138 850 

+- thyroid hormones 486 
+- thyroxine Diagram Table 139 857; 

Table 138 850 
6-Methylprednisolone; cf. Corticoids 
6-or:-Methylprednisone, anti-inflammatory acti

vity Table 122 345 
-+ endotoxin Table 122 345 
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or.-Methyl-p-tyrosine -+- thyroid hormones 486 
Methylsalicylate -+- phenobarbital Diagram 

Table 139 857; Table 138 850 
-+- steroids Diagram Table 139 857; 

Table 138 850 
-+- thyroxine Diagram Table 139 857; 

Table 138 850 
Methyltestosterone; cf. alBo Testoids 

-+ DHT Fig. 16 305, 306 
-+ digitoxin -+- spironolactone Table 49 231 
-+ hexobarbital Table 30 195 
-+ hexobarbital -+- orchidectomy Table 30 

195 
Methyltropolone -+- epinephrine 538 
or.-Methyltyrosine-+- stressors 694 
Methyprylon (sedative, hypnotic) -+- pheno-

barbital Diagram Table 139 857; 
TableB 84, 138 270, 850 

-+- species 679 
-+- steroids 162, 270; Diagram Table 139 

857; TableB 84, 138 270, 850 
+- thyroxine Diagram Table 139 857; 

Table 84, 138 270, 850 
Metrazol; cf. Pentylenetetrazol 
Metyrapone (inhibitor of corticoid biosynthesis) 

81 
-+ digitoxin -+- spironolactone Table 51 232 
-+ DOC Table 125 584 
-+ endotoxin -+- cortisol Table 121 345 
-+- ethionine 79 
-+ indomethacin -+- spironolactone Table 51 

232 
-+ progesterone Table 125 584 
-+ resistance 969, 582 
reversal of antagonist actions 84 
-+- steroids 270 
-+ hepatic tissue 728, 737 
-+ hydroxydione Table 125 584 

Mg; cf. Magnesium 
Microorganisms -+- ACTH 415 

-+- anterior pituitary preparations 436, 439 
-+- epinephrine 041 
-+- histamine 556 
- 5-HT 997, 561 
-+- hypophysectomy 439 
-+- ionizing rays 684 
-+- norepinephrine 041 
-+- pancreatic hormones 927 
-+- pregnancy 669, 666 
-+ resistance 999 
-+-SeX 696 
-+- splenectomy 553 
-+-STH 430 
-+- stressors 698, 699 
-+- steroids 310 
-+- thymectomy 049 
-+- thyroid hormones 496 

70 Selye, Hormones and Reslstance 

Microsomal drug metaboliBm in man; cf. He
patio Microsomal Drug Metabolism in Man 

enzyme induction, history 30 
enzymes, chemistry 43 

hepatic Table 1 46 
theories 746 

Microsomes, hepatic -+- starvation Table 3 81 
theories 747 

"Milieu interieur" 24, 29, 33 
Milk, extrahepatic conditioning 103 

-+ hyperbilirubinemia 719 
Mineralocorticoid hypertension 716 
Mineralocorticoids 9 

-+- anabolic steroids 114, 118 
-+ barbiturates 190, 185 
-+DHT 173 
-+- pregnancy 660 
-+ steroids 113 
-+ STH 137 
-+- testoids 114, 118 
-+ vitamin D 303 

Minipig 044 
Mitomycin (antineoplastic, antibiotic) -+- ste

roids 270 
Moloney virus -+- splenectomy 553 

-+- thymectomy 551 
Monkey 333,339,369,370 
Monoamine oxidase, cf. MAO 
Monobutyl-4-aminoantipyrine -+- SKF 525-A 

61 
Monocrotaline (toxic principle of C. spectabilis) 

-+-sex 649 
-+- steroids 162, 271 

Monograph, hepatic tissue 793 
Monomethyl-4-aminoantipyrine -+- SKF 525-A 

60,61 
Morestan -+- steroids 169 
Morphine (narcotic, analgesic); cf. alBo Ethyl-

morphine 
-+- ACTH 407, 412 
-+- anterior pituitary preparations 439 
-+- epinephrine 538 
-+- genetic factors 680 
- 5-HT 997, 560 
-+- hypophysectomy 451 
-+- norepinephrine 538 
-+- pancreatic hormones 526 
-+- phenobarbital Diagram Table 139 857; 

Table 138 850 
-+- posterior pituitary preparations 442 
-+- pregnancy 663 
-+-sex 649 
-+- SKF 525-A 60 
-+- steroids 163, 271; Diagram Table 139 

857; Table 138 850 
-+- stressors 694 
-+- thymectomy 048, 549 



1096 Index 

Morphine ~ thyroid hormones 468, 486 
~ thyroxine Diagram Table 139 857; 

Table 138 850 
Morphology 72ö 

endocrine glands 740 
extrahepatic tissues 740 
hepatic tissue 72ö 
multiple hemorrhages 740 
myocardial necroses 740 
tissues 740 
uterus 740 

Mouse 1öö, löS, 160, 164, 167, 172, 173, 184, 
189, 193, 195, 203, 233, 240, 258, 321, 333, 
340, 3ö0, 361, 362, 363, 364, 366, 370, 371, 
372, 374, 375, 380, 389, 41ö, 418, 422, 433, 
470, 472, 498, ö04, 505, 507, ö09, 511, ö12, 
534, ö43, 558, 562, 605, 627, 629, 635; 
Tables 3, 129, 133 81, 677, 678, 680 

MPDC 66 
reversal of antagonist actions 84 

Mucormycosis ~ pancreatic hormones 527 
Mumps ~ steroids 328 
Murine bone explants 171 
Muscle, extrahepatic conditioning 103 
Muscular dystrophy ~ steroids 382, 383 

performance ~ ACTH 422, 423 
~ hepatic lesions 618, 619 
~sex 6ö7 
~ thyroid hormones ö12, 513 

Mushrooms ~ steroids 349 
Mustardgas (war gas, vesicant) ~ steroids 272 

powder ~ ACTH 413 
~ steroids 272 

Mycobacterium lepraemurium ~ steroids 317, 
320 

paratuberculosis (johnei) ~ steroids 317, 
321 

tuberculosis ~ ACTH 41ö, 416 
~ pancreatic hormones 527 
~ steroidsfguinea pig, mouse, rabbit 317, 

321, 322 
~STH 431 
~ thyroid hormonesfguinea pig, mouse, 

rabbit 497, 498 
Mycoplasma ~ steroids 322 

+- thyroid hormones 498 
Myocardial necroses, morphology 740 
Myoneural blockers 55 
"Myotrophic" activity of testoid anabolics 

313 

Na; cf. Sodium 
NaCI04 +- phenobarbital Diagram Table 139 

857; Tables 90, 138 278, 850 
~ steroids Diagram Table 139 857; Tables 

90, 138 278, 850 
+- thyroxine Diagram Table 139 857 

NADPH cytochrome c reductase, chemistry 50 
NADPH-linked electron transport ~ pancrea

tic hormones 530 
NaphthaJene (intestinal antiseptic) +- steroids 

272 
tX-Naphthylisothiocyanate (causes fever and 

kidney damage); cf. also Bilirubin 
~ hepatic lesions 604 
~ phenobarbital Diagram Table 139 857; 

Table 86, 138 273, 850 
~ steroids 273; Diagram Table 139 857; 

Tables 85, 138 273, 850 
+- thyroxine Diagram Table 139 857; 

Tables 86, 138 273, 850 
1-1-Naphthyl-2-thiourea (ANTU); cf. 

Thioureas 
Narcotics +- SKF 525-A 61 
"Natural" vs. "foreign" compounds, theories 

7ö8 
Navadel; cf. Dioxathion under Pesticides 
Neisseria gonorrhoeae ~ steroids 322 
Nembutal; cf. Pentobarbital under Barbitura-

tes 
Neoplasma, hormone-producing 716 
Neoprontosil ~ sex 655 
~ starvationfmouse Table 3 81 

Neostigmine +- phenobarbital Diagram Table 
139 857; Table 138 850 

+- steroids Diagram Table 139 857; 
Table 138 850 

+- thyroid hormones 487 
~ thyroxine Diagram Table 139 857; 

Table 138 850 
Neotetrazolium ~ sex 655 
Nephrectomy; cf. also RenalLesions 
~ hepatic lesions 618 
partial; cf. Partial Nephrectomy 
~ phenobarbital Diagram Table 139 857 
+- pregnancy 66ö 
~ steroids Diagram Table 139 857; 

Table 138 850 
+- thyroxine Diagram Table 139 857; 

Table 138 850 
Nephrocalcinosis ~ F-COL + spironolactone 

Fig.1 123 
+- mercury + choledochus ligature Fig. 23 

611 
+- mercury + ureter Iigature, temporary 

Fig. 26 625 
~ mersalyl + ethylestrenol Fig. 10 262 
~ spironolactone + mercury Figs. 11, 12 

263-266 
Nereis toxin ~ histamine 556 
Nervous lesions --r resistance 704, 705 
"N eurocalcergy" liöö 
Nialamide 68; cf. MAO-Inhibitors 
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Nickel carbonyl 81, 82 
sulfide +- sex 650 

+- steroids 273 
Nicotinamide; cf. Vitamin B 
Nicotine (agricultural insecticide) +- acetyl-

salicylic acid Tahle 137 848 
+- ACTH Table 137 848 
+- barbiturates 577 
+- betamethasone Table 128 630 
-+ bile duct ligature Tahle 137 848 
-+ F-COL Table 137 848 
+- CS-1, single dose Table 6 88, 89 
-+ DHT Tahle 137 848 
+- digitoxin Table 137 848 
-+ digitoxin Table 137 848 
-+ dioxathion Table 137 848 
+- diphenylhydantoin Table 137 848 
+- epinephrine 539 
+- ethylestrenol Table 128 630 
+- hepatic lesions 610 
-+ hexobarbital Table 137 848 
-+ indomethacin Table 137 848 
+- indomethacin Table 137 848 
+- nicotine Tahle 137 848 
-+ parathion Table 137 848 
+- PCN Tahle 128 630 
+- PCN, single dose Table 6 88, 89 
+- phenobarbital Diagram Tahle 139 857; 

Tables 86, 128, 137, 138 274, 630, 
848, 850 

+- phenobarbital, single dose Table 6 88, 89 
+- phentolamine Table 137 848 
+- phenylbutazone Table 128, 137 630, 848 
+- phetharbital Table 137 848 
-+ progesterone Tahle 137 848 
-+ resistance 584 
+- sex 634, 650, 655 
+- salicylate Tahle 137 848 
+- spironolactone Table 128 630 
+- steroids 163, 273; Diagram Tahle 139 

857; Tahles 86, 136, 138 274, 836, 850 
+- STH Tahle 137 848 
+- stressors 694 
+- thyroid hormones 487 
+- thyroxine Diagram Table 139 857; 

Tahles 86, 136, 138 274, 848, 850 
-+ tolbutamide Tahle 137 848 
toxicants 108, 110 
+- vitamin A, C, D, E Table 137 848 
+- W-1372 Table 137 848 
-+ zoxazolamine Table 137 848 

Nicotinic acid (vasodilator, antipellagra factor) 
+- steroids 274 

Nikethamide (diethylamide of nicotinic acid) 
+- phenobarbital Diagram Table 139 857; 

Tahles 87, 138 274, 850 
-+ hepatic tissue 739 

70• 

Nikethamide -+ resistance 584, 591 
+- SKF 525-A 62 
+- steroids 275; Diagram Tahle 139 857; 

Tahles 87, 138 274, 850 
+- thyroxine Diagram Tahle 139 857; 

Tables 87, 138 274, 850 
o-Nitroanisole +- SKF 525-A 61 
p-Nitroanisole +- phenobarbital Diagram Table 

139 857; Tables 88, 138 275, 850 
+- splenectomy 553 
+- steroids 275; Diagram Tahle 139 857; 

Tahles 88, 138 275, 850 
+- thyroxine Diagram Table 139 857; 

Tahles 88, 138 275, 850 
p-Nitrobenzaldehyde +- enzymes, normal 

Tahle 134 759 
p-Nitrobenzoate +- sex 655 
p-Nitrobenzoic acid +- anterior pituitary pre

parations 439 
+- starvationfmouse Tahle 3 81 
+- stressors 697 

p-Nitrobenzyl alcohol +- enzymes, normal 
Tahle 134 759 

Nitrogen dioxide (highly toxic gas) +- thyroid 
hormones 487 

mustard +- 5-HT oli'i, 560 
-+ resistance 585 
+- steroids 275 
+- STH 426, 428 
+- thyroid hormones 488 

Nitro reduction 4o 
Nitrose gas; cf. Ozone 
Nitrous oxide (inhalation anesthetic, analgesic) 

+- steroids 27 5 
+- thyroid hormones 488 

Noble - Collip drum Mo 
Nocardia asteroides +- steroids 317, 322 
Nonhormonal factors-+ resistance o6'i 
"Nonspecific cross-resistance" 698 
Nonspecific detoxication 764 

resistance 2o 
stress 452 
toxication 764 

Nonspecificity of steroid-induced resistance, 
theories 'i63 

Nonsteroidalagents, "protectivespectrum" 835 
hormones +- ACTH 405 

+- barbiturates 575 
+- hepatic lesions 599 
-+ hepatic tissue 'i26, 735 
+- 5-HT oo6, 558 
+- hypophysectomy 444, 445 
+- pancreatic hormones 521 
+- pregnancy 660 
+- sex 631 
+- steroids 13'i 
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N onsteroidal agents, hormones ~ stressors 688 
~ thyroid hormones 463 

Noradrenaline; cf. Norepinephrine 
Norbolethone; cf. also Testoids 
~ AAN Table 73 257 
~ acetanilide Table 24 176 
~ acrylamide Table 25 176 
~ acrylonitrile Table 26 177 
~ adrenal weight Table 140 860 
~ aminopyrine Table 27 179 
~ barbital Table 34 198 
~ barbiturates 197 
~ body weight Table 140 860 
~ bishydroxycoumarin Table 28 182 
~ cadmium Table 35 200 
~ caramiphen Table 36 201 
~ carisoprodol Table 37 216 
~ chlordiazepoxide Table 38 217 
~ cinchophen Table 39 221 
~ cocaine Table 40 221 
~ F -COL Tables 12, 13, 14 133, 134 
~ colchicine Table 41 222 
~ DL-coniine Table 42 222 
~ croton oil Table 43 223 
~ cyclobarbital Table 33 198 
~ cycloheximide Tables 44, 45 224 
~ cycloheximide 77 
~ cyclophosphamide Table 46 225 
~ digitoxin Tables 8, 47, 48 94, 230 
~ digitoxinfmouse Table 130 677 
~ diisopropyl fl.uorophosphate Table 52 234 
~ dioxathion Table 91 280 
~ dioxathionfmouse Table 132 680 
~ diphenylhydantoin Table 53 235 
~ dipicrylamine Table 54 235 
~ DHT Table 117 309 
~ DOC Table 15 135 
~ emetine Table 55 238 
~ endotoxin Table 123 348 
~ epinephrine Table 23 144 
~ EPN Table 99 284 
~ estradiol Table 16 135 
~ ethion Table 92 281 
~ ethylene glycol Table 56 243 
~ ethylmorphine Table 57 244 
~ flufenamic acid Table 58 245 
~ fl.uphenazine Table 59 245 
~ glutethimide Table 63 248 
~ glycerol Table 64 249 
~ guthion Table 93 281 
~ heptachlor Table 98 283 
~ hexamethonium Tables 60A, 61 246,247 
~ hexobarbital Tables 9, 32 96, 197 
~ hydroquinone Table 65 249 
~ imipramine Table 66 250 
~ indomethacin Table 67 250 
~ indomethacin/mouse Table 131 678 

Norbolethone~kidney, weight Table 140 860 
~ liver, weight Table 140 860 
~ LSD Table 74 258 
~ mechlorethamine Table 7 5 260 
~ mephenesin Table 76 260 
~ meprobamate Table 77 261 
~ mercury Table 78 267 
~ mersalyl Tables 79, 80 268 
~ methadone Table 82 269 
~ methylaniline Table 83 270 
~ methyprylon Table 84 270 
~ NaCl04 Table 90 278 
~ cx-naphthylisothiocyanate Table 85 273 
~ nicotine Table 86 274 
~ nikethamide Table 87 274 
~ p-nitroanisole Table 88 275 
~ OMP A Table 94 282 
~ ovary, weight Table 140 860 
~ pancuronium Table 19 136 
~ parathion Table 95 282 
~ pentobarbitalfmouse Table 129 677 
~ pentylenetetrazol Table 89 277 
~ phenindione Table 29 183 
~ phenyramidol Table 100 284 
~ physostigmine Table 101 285 
~ picrotoxin Table 102 286 
~ piperidine Table 103 287 
~ pralidoxime Table 104 288 
~ preputial glands, weight Table 140 860 
~ progesterone Tables 9, 17 96, 136 
~ propionitrile Table 105 289 
~ propylthiouracil Tables 21, 22 140, 141 
~ SER in hepatocytes Fig. 33 730 
~ SKF 525-A Table 106 291 
~ strychnine Table 107 292 
~ T3 Table 20 140 
~ TEA Tables 60 A, 62 246, 248 
~ theobromine Table 108 293 
~ theophylline Table 109 293 
~ thimerosal Table 110 294 
~ thiopental Table 31 197 
~ thymus, weight Table 140 860 
~ thyroid, weight Table 140 860 
~ triamcinolone Table 18 136 
~ tribromoethanol Table 111 295 
~ trichloroethanol Table 112 295 
~ tri-o-cresyl phosphate Table 113 296 
~ D-tubocurarine Table 114 296 
~ tyramine Table 115 297 
~ tyrosine Table 116 299 
~ uterus, weight Table 140 860 
~ W-1372 Table 118 309 
~ zoxazolamine Tables 9, 119 96, 313 

Norepinephrine; cf. also Catecholamines 
~ allyl alcohol 534 
~ amitriptyline 534 
~ anaphylactoidogenic agents li32, 534 
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Norepinephrine -+ antibiotics 534 
-+ bacterial toxins Ml 
-+ barbiturates/man, mouse, rabbit i32, 

536 
-+ bile flowfdog Table 10 99 
-+ 0014 i32, 536 
-+ chioral hydrate 536 
-+ chloroform 537 
-+ cholesterol 537 
-+ coldfdog, ground squirrel, minipig i44 
+- corticoids 144 
-+ DHT 540 
-+ digitalis i33, 537 
+-DOO 143 
-+ drugs i32 
-+ electric stimuli Mi, 546 
+- folliculoids 144 
-+ halothane 538 
-+ hemorrhagic shock Mi, 546 
-+ hepatic enzymes M'i 
-+ immune reactions M3 
-+ ionizing rays MS 
-+ ionizing raysfmouse MS 
-+lathyrogens 538 
-+ luteoids 144 
-+ meperidine 538 
-+ meprobamate 538 
-+ methanol 538 
-+ microorganisms M1 
-+ morphine 538 
-+ occlusion of the portal vein i4i 
-+ papain 539 
-+ paraoxon 539 
-+ pentylenetetrazol iSS, 539 
-+ pesticides 539 
-+ plasmocid 539 
-+ portal vein, occlusion of i4i 
-+ resistance iSl, 591 
-+ shock, hemorrhagic Mi, 546 
-+ steroids i31 
+- steroids 14S 
-+ stressors Mi 
-+ strychnine 540 
+- testoids 144 
-+ thyroid hormones iS1, 532 
+- thyroid hormones 465 
-+ tremorine 540 
-+ tween 80 iSS, 540 
-+ urethan 540 
-+ vaccines M1 
-+ venoms M1 
-+ viruses M1 
-+ vitamin D iSS 

Norethandrolone-+ bile fl.owfrabbit Tahle 10 99 
-+ steroids 133 

Norethynodrel -+ resistance 591 

"Normal" enzymes metabolizing foreign com
pounds Table 134 759 

"19-Nortestosterone derivatives" +- ethionine 
78 

Nortriptyline (antidepressant) +- steroids 275 
Novocaine +- thyroid hormones 488 

Octamethyl pyrophosphamide (OMPA); cf. 
Pesticides 

pyrophosphoramide; cf. Pesticides 
Occlusion ofthe portal vein +- epinephrine i4i 

+- norepinephrine Mi 
OKT +- hepatic Ieeions 621 
OKT (ornithine) +- corticoids 390 
OMPA; cf. also Pesticides 

+- folliculoids Tahle 96 283 
+- mestranol Tahle 97 283 
+- phenobarbital Diagram Table 139 857; 

Tahles 94, 138 282, 850 
+- sex 655 
+- steroids 16i; Diagram Table 139 857; 

Tahles 94, 138 282, 850 
+- thyroxine Diagram Table 139 857; 

Tables 94, 138 282, 850 
"Operative stress" 740 
OPI (Overall Protective Indexes) 834 
Orchidectomy -+ DHT Fig. 16 304 

-+ hexobarbital +- steroids Tahle 30 195 
Ornithine; cf. OKT under Influence of Steroids 

upon Enzymes 
Ornithosis +- steroids 323 
Orotic acid (food supplement, promotes growth 

of calves) +- sex 634, 670 
+- steroids 276 

Osmosis +- AOTH 423 
Osteomalacia 722 
Osteoporosis 716, 722 
Outlook 862 
Ovary, weight +- phenobarbital Table 140 860 

+- steroids Table 140 860 
+- thyroxine Table 140 860 

Overall Protective Indexes ("OPI") 834 
Oxalate +- thyroid hormones 488 
Oxandrolone; cf. also Testoids 

-+ AAN Tahle 73 257 
-+ acetanilide Table 24 176 
-+ acrylamide Tahle 26 176 
-+ acrylonitrile Table 26 177 
-+ adrenal, weight Tahle 140 860 
-+ aminopyrine Table 27 179 
-+ barbital Table 34 198 
-+ bishydroxycoumarin Table 28 182 
-+ body weight Tahle 140 860 
-+ cadmium Table 36 200 
-+ caramiphen Tahle 36 201 
-+ carisoprodol Table 37 216 
-+ cinchophen Table 39 221 
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Oxandrolone--+ chlordiazepoxide Table 38 2171 
--+ cocaine Table 40 221 
--+ F-OOL Tables12, 13, 14 133, 134 
--+ colchicine Table 41 222 
--+ DL-coniine Table 42 222 
--+ croton oil Table 43 223 
--+ cyclobarbital Table 33 198 
--+ cycloheximide Tables 44, 45 224 
--+ cyclophosphamide Table 46 225 
--+ DHT Table 117 309 
--+ digitoxin Tables 47, 48 230 
--+ digitoxinfmouse Table 130 677 
--+ diisopropyl fluorophosphate Table 52 234 
--+ dioxathion Table 91 280 
--+ dioxathionfmouse Table 132 680 
--+ diphenylhydantoin Table 53 235 
--+ dipicrylamine Table 54 235 
--+ DOO Table 15 135 
--+ emetine Table 55 238 
--+ endotoxin Table 123 348 
--+ epinephrine Table 23 144 
--+ EPN Table 99 284 
--+ estradiol Table 16 135 
--+ ethion Table 92 281 
--+ ethylene glycol Table 56 243 
--+ ethylmorphine Table 57 244 
--+ flufenamic acid Table 58 245 
--+ fluphenazine Table 59 245 
--+ glutethimide Table 63 248 
--+ glycerol Table 64 249 
--+ guthion Table 93 281 
--+ heptachlor Table 98 283 
--+ hexamethonium Tables 60A, 61 246, 247 
--+ hexobarbital Table 32 197 
--+ hydroquinone Table 65 249 
--+ imipramine Table 66 250 
--+ indomethacin Table 67 250 
--+ indomethacinfmouse Table 131 678 
--+ kidney, weight Table 140 860 
--+ liver, weight Table 140 860 
--+ LSD Table 74 285 
--+ mechlorethamine Table 7 5 260 
--+ mephenesin Table 76 260 
--+ meprobamate Table 77 261 
--+ mercury Table 78 267 
--+ mersalyl Tables 79, 80 268 
--+ methadone Table 82 269 
--+ methylaniline Table 83 270 
--+ methyprylon Table 84 270 
--+ NaOl04 Table 90 278 
--+ IX-naphthylisothiocyanate Table 85 273 
--+ nicotine Table 86 274 
--+ nikethamide Table 87 274 
--+ p-nitroanisole Table 88 275 
--+ OMP A Table 94 282 
--+ ovary, weight Table 140 860 
--+ pancuronium Table 19 136 

Oxandrolone --+ parathion Table 95 282 
--+ parathyroids 517 
--+ pentobarbitalfmouse Table 129 677 
--+ pentylenetetrazol Table 89 277 
--+ phenindione Table 29 183 
--+ phenyramidol Table 100 284 
--+ physostigmine Table 101 285 
--+ picrotoxin Table 102 286 
--+ piperidine Table 103 287 
--+ pralidoxime Table 104 288 
--+ preputial glands, weight Table 140 860 
--+ progesterone Table 17 136 
--+ propionitrile Table 105 289 
--+ propylthiouracil Tables 21, 22 140, 141 
--+ SKF 525-A Table 106 291 
--+ strychnine Table 107 292 
--+ T3 Table 20 140 
--+ TEA Tables 60 A, 62 246, 248 
--+ theobromine Table 108 293 
--+ theophylline Table 109 293 
--+ thimerosal Table 110 294 
--+ thiopental Table 31 197 
--+ thymus, weight Table 140 860 
--+ thyroid, weight Table 140 860 
--+ triamcinolone Table 18 136 
--+ ß-tribromoethanol Table 111 295 
--+ trichloroethanol Table 112 295 
--+ tri-o-cresyl phosphate Table 113 296 
--+ D-tubocurarine Table 114 296 
--+ tyramine Table 115 297 
--+ tyrosine Table 116 299 
--+ uterus, weight Table 140 860 
--+ W-1372 Table 118 309 
--+ zoxazolamine Table 119 313 

Oxidation of drugs, mechanism of, Graph 313 
Oxidations not mediated by hepatic micro

somes 45 
Oxygen tension +- hypophysectomy 456 
Ozone +- hypophysectomy 451 

+- steroids 276 
+- thyroid hormones 469, 488 

P; cf. Phosphorus 
Pancreas, extrahepatic conditioning 103 
Pancreatectomy, partial +- steroids 361 
Pancreatic hormones--+ acetone 522 

--+ acetonitrile 522 
--+ anaphylactoidogenic agents 521, 522, 523 
--+ bacteria 527 
--+ bacterial toxins 528 
--+ barbiturates 522, 523 
--+ bilirubin 524 
--+ Bordetella pertussis 527 
--+ caffeine 524 
--+ carcinogens 524 
--+ 0014 524 
--+ chlorpromazine 524 



Pancreatic hormones ~ cholesterol 525 
~ cholesterol palmitate 530 
~ chromium 525 
~ Clostridium welchii 527 
~ CoA synthetase 530 
~ cobalt 525 
~ cold 928, 529 
~ digitalis 922, 525 
+-DOC 142 
~ drugs 922 
~dyes 525 
~ endotoxins 927 
+- epinephrine 931 
~ Escherichia coli 527 
~ ethanol 525 
+- glucocorticoids 142 
~ glucuronide 531 
~GOT 530 
~GPT 530 
~5-HT 921 
~heat 529 
~ hepatic changes 929 
~ hepatic enzymes 929 
~ hepatic tissue 727, 736 
~ hexadimethrine 525 
~ histamine 921 
~ hormone-like substances 921 
~ hyperoxygenation 529 
~ hypoxia 928, 529 
~ immune reactions 928 
~ insulin 522 
~ ionizing rays 928, 529 
~ lathyrogens 525 
~ mercury 526 
~ methionine adenosyl transferase 531 
~ microorganisms 927 
~ morphine 526 
~ mucormycosis 527 
~ mycobacterium tuberculosis 527 
~ NADPH-linked electron transport 530 
~ nonsteroidal hormones 521 
~ parasites 927 
~ pentylenetetrazol 526 
~ peptone 526 
~ pesticides 526 
~ pneumococci 527 
+- pregnancy 660 
+- progesterone 142 
~ progesterone 521 
~ resistance 921 
~ salicylates 526 
~sDH 530 
+- sex 631 
~ staphylococci 527 
+- steroids 142 
~ steroids 921 
+- stilbestrol 142 

Index 

Pancreatic hormones ~ streptococci 527 
~ stressors 928 
+- testoids 142 
~TDH 530 
~ thioacetamide 526 
~ thiouracil 526 
~ thyroid hormones 921 
+- thyroid hormones 463, 464 
~TKT 530 
~ toluene diisocyanate 526 
~TPO 530 
~trauma 529 
~ Trypanosoma equiperdum 528 
~ uranium 526 
~ vaccines 927 
~ vitamin B1 922 
~ vitamin-B-complex 526 
~ vitamin D 922, 526 
~ Welchia perfringens 527 
~zinc 526 

1101 

Pancuronium +- phenobarbital Diagram Table 
139 857; TableB 19, 138 136, 850 

+- steroids Diagram Table 139 857; 
TableB 19, 138 136, 850 

+- thyroxine Diagram Table 139 857; 
TableB 19, 138 136, 850 

Papain (protein digestant, anthelmintic) 
+- epinephrine 539 
+- norepinephrine 539 
+- pregnancy 663 
+- steroids 163, 276 
+- stress 694; Fig. 30 695 
~ "tigroid" necrosis +- stress Fig. 30 695 

Parabioais ~ partial hepatectomy 703 
~ resistance 703, 704 
+- thymectomy 552, 553 

Parabromdylamine (antihistaminic) +- steroids 
276 

Paraldehyde +- thyroid hormones 488 
Paraoxon +- CCl4 79 

+- norepinephrine 539 
Paraphenylenediamine +- epinephrine 933, 539 

+- 5-HT 1)1)7, 560 
+- posterior pituitary preparations 442 
+- thyroid hormones 488 

Parasites +- ACTH 413, 415, 417 
+- pancreatic hormones 927 
~ resistance 999 
+- steroids 315, 330 
+- STH 430, 432 
+- stressors 698 
+- thymectomy 949, 551 
+- thyroid hormones 496, 499 

Parathion; cf. alBo Pesticides 
+- acetylsalicylic acid Table 137 848 
+- ACTH Table 137 848 
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Parathion +- betamethasone Table 128 630 
+- bile duct ligature Table 137 848 
+- CCl4 79 
+- CS-1, repeated doses Table 7 90, 91 
+- CS-1, single dose Table 6 88, 89 
+- digitoxin Table 137 848 
+- diphenylhydantoin Table 137 848 
+- ethylastrenal Table 128 630 
+- indomethacin Table 137 848 
+- nicotine Table 137 848 
+- PCN Table 128 630 
+- PCN, repeated doses Table 7 90, 91 
+- PCN, single dose Table 6 88, 89 
+- phenobarbital Diagram Table 139 857; 

Tables 95, 128, 137, 138 282, 630, 848, 
850 

+- phenobarbital, repeated doses Table 7 90, 
91 

+- phenobarbital, single dose Table 6 88, 89 
+- phentolamine Table 137 848 
+- phenylbutazone Table 128, 137 630, 848 
+- phetharbital Table 137 848 
+- prednisolone, repeated doses Table 7 90, 

91 
+- salicylate Table 137 848 
+- spironolactone Table 128 630 
+- spironolactone, repeated doses Table 7 

90,91 
+- splenectomy 553 
+- steroids 166; Diagram Table 139 857; 

Tables 95, 136, 138 282, 836, 850 
+- STH Table 137 848 
+- thyroxine Diagram Table 139 857; 

Tables 95, 137, 138 282, 848, 850 
+- tolbutamide Table 137 848 
+- vitamin A, C, D, E Table 137 848 
+- W-1372 Table 137 848 

Parathyroidectomy -+ digitoxin +- PCN 
Table 124 482 

+- steroids 361 
Parathyroid extract; ef. al8o Parathyroids 

extract +- hepatic lesions 601 
+- hypophysectomy 444 
+- renallesions 623 
+- thymectomy 047 
+- thyroid hormones 463 

hormones; ef. alBo Parathyroids 
+- calcitonin 620 
+- corticoids 142 
+- cortisone 141 
+-DOC 141 
+- estradiol 142 
+- hepatic lesions 601 
+- hypophysectomy 445 
+- pregnancy 660 
+- sex 631 
+- steroids 141 

Parathyroid hormones +- stressors 688, 689 
+- thyroid hormones 464 

Parathyroids -+ anaphylactoidogenic agents 
516 

-+ antibiotics 516 
-+ bacteria 018, 519 
-+ bacterial taxins 618, 519 
-+ barbiturates 516 
-+ beryllium 616, 516 
-+cold 520 
-+ coniine 516 
-+ copper 016, 516 
-+ DHT 016, 518 
-+ diet 518 
-+ digitoxin 516 
-+drugs 016 
-+ epinephrine 515 
-+ fl.uoride 016 
-+ guanidine 016, 517 
-+ histamine 610 
-+ hormone-like substances 611) 
-+ hormones 016 
-+immune reactions 519 
-+ indium 016, 517 
-+ insulin 016 
-+ ionizing rays 520 
-+ magnesium 016, 517 
-+ oxalate 517 
-+ peptone 517, 520 
-+ perchlorates 517 
-+ permanganate 517 
-+ phosphate 016, 517 
-+ picrotoxin 517 
-+ potassium 517 
-+ puromycin aminonucleoside 517 
-+ renallesions 618, 519 
-+ resistance 611) 
-+ salicylates 517 
-+ steroids 611) 
-+ stressors 619 
-+ strychnine 517 
-+ sulfa drugs 016, 517 
-+ trypan blue 520 
-+ uranium 016, 518 
-+ vitamin C 518 
-+ vitamin D 016, 518 

Pargyline (MAO inhibitor, antihypertensive); 
ef. MAO-Inhibitors 

Paroxypropionine (GTH inhibitor) +- thyroid 
hormones 488 

Partial hepatectomy 28; ef. alBo Effect of 
Partial Hepatectomy upon Nutritional 
Disorders, Hepatic Lesions 

hepatectomy +- diet o92, 594 
-+ digitoxin Table 126 600 
-+ digitoxin +- spironolactone Table 126 

600 
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Partial hepatectomy -+ dioxathion Table 126 
600 

-+ dioxathion +- spironolactone Table 126 
600 

-+ hexobarbital Table 126 600 
-+ hexobarbital +- spironolactone Table 

126 600 
history 35 
+- hypophysectomy 454 
-+ indomethacin Table 126 600 
-+ indomethacin +- spironolactone 

Table 126 600 
methods 18, 19 
+- parabiosis 703 
+- pregnancy 661i 
+- puromycin 76 
+- splenectomy lili3, 554 
-+ tumors 704 

nephrectomy; cf. also RenalLesions 
+- anterior pituitary preparations 440 
-+ digitoxin Table 126 600 
-+ digitoxin +- spironolactone Table 126 

600 
-+ dioxathion Table 126 600 
-+ dioxathion +- spironolactone Table126 

600 
-+ hexobarbital Table 126 600 
-+ hexobarbital +- spironolactone 

Table 126 600 
+- hypophysectomy 454 
-+ indomethacin Table 126 600 
-+ indomethacin +- spironolactone 

Table 126 600 
-+ mercury Table 127 624 
-+ mercury +- ureter ligature Table 127 

624 
pancreatectomy +- steroids 361 

PAS; cf. p-Aminosalicylic Acid 
Pasteurella +- thyroid hormones 498 

pestis +- ACTH 411i, 417 
+- steroids 322, 323 
+- STH 430, 431 

Pb; cf. Lead 
PCN-+ AAN Table 73 257 

-+ acetanilide Table 24 176 
-+ acrylamide Table 25 176 
-+ acrylonitrile Table 26 177 
-+ adrenal, weight Table 140 860 
-+ aminopyrine Table 27 179 
-+ barbital Table 34 198 
-+ barbiturates 198 
-+ bishydroxycoumarin Table 28 182 
-+ body weight Table 140 860 
-+ cadmium Table 35 200 
-+ caramiphen Table 36 201 
-+ carisoprodol Table 37 216 
-+ chlordiazepoxide Table 38 217 

PCN -+ cinchophen Table 39 221 
-+ cocaine Table 40 221 
-+ F-COL Tables 12, 13, 14 133, 134 
-+ colchicine Table 41 222 
-+ DL-coniine Table 42 222 
-+ croton oil Table 43 223 
-+ cyclobarbital Table 33 198 
+- cycloheximide 78 
-+ cycloheximide Tables 44, 45 224 
-+ cyclophosphamide Fig. 4 (B, D, F, J) 225, 

226, 227; Table 46 225 
-+ DHT Table 117 309 
-+ digitoxin Tables 47, 48, 128 228, 230, 

630 
-+ digitoxin +- age Table 50 232 
-+ digitoxin +- parathyroidectomy, propyl-

thiouracil, thyroidectomy Table 124 482 
-+ diisopropyl fluorophosphate Tables 6, 7, 

52 89, 90, 234 
-+ dioxathion Tables 91, 128 280, 630 
-+ diphenylhydantoin Table 53 235 
-+ dipicrylamine Table 54 235 
-+ DOC Table 15 135 
-+ emetine Table 55 238 
-+ endotoxin Table 123 348 
-+ epinephrine Table 23 144 
-+ EPN Table 99 284 
-+ estradiol Table 16 135 
-+ ethion Table 92 281 
-+ ethylene glycol Table 56 243 
-+ ethylmorphine Table 57 244 
-+ flufenamic acid Table 58 245 
-+ fluphenazine Table 59 245 
-+ glutethimide Table 63 248 
-+ glycerol Table 64 249 
-+ guthion Table 93 281 
-+ hepatocytes, ultrastructural changes 

Fig. 35 732 
-+ heptachlor Table 98 283 
-+ hexamethonium Table 61 247 
-+ hexobarbital Tables 6, 7, 9, 30, 32, 128 

89, 90, 96, 195, 197, 630 
-+ hexobarbital +- orchidectomy Table 30 

195 
-+ hydroquinone Table 65 249 
-+ imipramine Table 66 250 
-+ indomethacin Tables 67, 128 250, 630 
-+ indomethacin +- age Table 72 254 
-+ kidney, weight Table 140 860 
-+ liver +- W-1372 Figs. 18, 19 310, 311 
-+ liver, weight Table 140 860 
-+ LSD Table 7 4 258 
-+ mechlorethamine Table 7 5 260 
-+ mephenesin Table 76 260 
-+ meprobamate Table 77 261 
-+ mercury Table 78 267 
-+ mersalyl Table 80 268 
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PCN-+ methadone Table 82 269 
-+ methylaniline Table 83 270 
-+ methyprylon Table 84 270 
-+ NaCl04 Table 90 278 
-+ <X-naphthylisothiocyanate Table 85 273 
-+ nicotine Tables 86, 128 274, 630 
-+ nikethamide Table 87 274 
-+ p-nitroanisole Table 88 275 
-+ OMP A Table 94 282 
-+ ovary, weight Table 140 860 
-+ pancuronium Table 19 136 
-+ parathion Tables 6, 7, 95, 128 89, 90, 

282, 630 
-+ pentylenetetrazol Table 89 277 
-+ phenindione Table 29 183 
-+ phenyramidol Table 100 284 
-+ physostigmine Table 101 285 
-+ picrotoxin Table 102 286 
-+ piperidine Table 103 287 
-+ pralidoxime Table 104 288 
-+ preputial glands, weight Table 140 860 
-+ progesterone Tables 6, 7, 9, 17, 128 88, 

90, 96, 136, 630 
-+ propionitrile Table 105 289 
-+ propylthiouracil Tables 21, 22 140, 141 
repeated doses -+ dioxathion, hexobarbital, 

parathion, progesterone, zoxazolamine 
Table 7 90, 91 

single dose -+ digitoxin, dioxathion, hexo
barbital, indomethacin, nicotine, para
thion, progesterone, zoxazolamine Table 6 
88,89 

-+ SKF 525-A Table 106 291 
-+ steroids 135 
-+ strychnine Table 107 292 
-+ T3 Table 20 140 
-+ TEA Table 62 248 
-+ theobromine Table 108 293 
-+ theophylline Table 109 293 
-+ thimerosal Table 110 294 
-+ thiopental Table 31 197 
-+ thymus, weight Table 140 860 
-+ thyroid, weight Table 140 860 
-+ triamcinolone Table 18 136 
-+ ß-tribromoethanol Table 111 295 
-+ ß-trichloroethanol Table 112 295 
-+ tri-o-cresyl phosphate Table 113 296 
-+ D-tubocurarine Table 114 296 
-+ tyramine Table 115 297 
-+ tyrosine Fig. 13 298; Table 116 299 
-+ uterus, weight Table 140 860 
-+ W-1372 Figs. 18, 19 310, 311; 

Table 118 309 
-+ zoxazolamine Tables 6, 7, 9, 119, 128 88, 

90, 96, 315, 630 
Pentachlorophenol (highly toxic herbicide) 

+- thyroid hormones 488 

Pentabarbital +- anterior pituitary prepara-
tions 436 

+- renallesions 623 
-+ resistance 591 
+- sex 655 
+- steroidsjmouse Table 129 677 
+- stressors 697 
+- thyroxinejmouse Table 129 677 

Pentolinium +- steroids Table 60 B 246 
Pentylenetetrazol (CNS stimulant, convulsive) 

+-ACTH 413 
+- epinephrine ö33, 539 
+- hepatic lesions 603, 610 
+- histamine 556 
+- 5-HT öö7, 560 
+- norepinephrine ö33, 539 
+- oxandrolone Table 89 277 
+- pancreatic hormones 526 
+- phenobarbital Diagram Table 139 857; 

Tables 89, 138 277, 850 
+- posterior pituitary preparations 442 
+- renallesions 622, 623 
-+ resistance 585 
+- steroids 163, 276; Diagram Table 139 

857; Tables 89,138 277,850 
+- steroidsjguinea pig, mouse 164 
+- thyroid hormones 469, 488 
+- thyroxine Diagram Table 139 857; 

Tables 89, 138 277, 850 
Peptone +- epinephrine 539 

+- hepatic lesions 610 
+- pancreatic hormones 526 
+- parathyroids 517, 520 
+- steroids 277 
+- thyroid hormones 489, 514 

Perchlorates +- parathyroids 517 
+- steroids 164, 278 
+- stressors 694 
+- thyroid hormones 489 

Perfusion of the liver, methods 19, 22 
"Perinatal pharmacology" 672 
Peritonitis, appendical +- steroids 325 
Permanganate +- parathyroids 517 

+- steroids 278 
+- stressors 694 

Perphenazine (tranquilizer) +- thyroid 
hormones 489 

Pesticides; cf. also Clinical Implications 
+- age 667, 671 
+- barbiturates 577 
+- diet ö92, 593 
+- epinephrine 539 
+- genetic factors 67ö, 680 
+- hepatic lesions 603, 612 
-+ hepatic tissue 728, 737 
+- hypophysectomy 446, 452 
+- ionizing rays 683 
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Pesticides +- norepinephrine 539 
+- pancreatic hormones 526 
-+ resistance ö69, 585 
+- sex 634, 650 
+- species 680 
+- steroids 164, 278 
+- stressors 694 
+- thyroid hormones 469, 489 
toxicants 108, 109 

Pethidine +- age 671 
+- pregnancy 661, 663 

Phalloidin +- hepatic lesions 612 
Phanurane -+ steroids 122, 124 
Pharmacogenetics, experimental, monograph 

655 
Pharmacologic interactions between drugs 768 
Pharmacology, dose 93 

general ö3 
route of administration 93 
timing 82 

Pharmaco-pharmacologic interrelations, syn
opsis 768 

Phenaglycodol (sedative) +- hypophysectomy 
452 

-+ resistance 586, 591 
+- SKF 525-A 62 

Phenelzine 68; cf. MAO-Inhibitors 
Phenformin; cf. Pancreatic Hormones 
Phenindione; cf. alao Anticoagulants 

+- phenobarbital Diagram Table 139 857; 
Tables 29, 138 183, 850 

+- steroids Diagram Table 139 857; 
Tables 29, 138 183, 850 

+- thyroxine Diagram Table 139 857; 
Tables 29, 138 183, 850 

Phenobarbital; cf. alao Barbiturates 
-+ AAN Diagram Table 139 857; 

Tables 73, 138 257, 850 
-+ acetanilide Diagram Table 139 857; 

Tables 24, 138 176, 850 
-+ acrylamide Diagram Table 139 857; 

Tables 25, 138 176, 850 
-+ acrylonitrile Table 26 177 
-+ adrenal, weight Table 140 860 
-+ o-aminophenol Diagram Table 139 857; 

Table 138 850 
-+ aminopyrine Diagram Table 139 857; 

Tables 27, 138 179, 850 
-+ DL-amphetamine Diagram Table 139 

857; Table 138 850 
-+ arsenic pentoxide Diagram Table 139 

857; Table 138 850 
-+ barbital Diagram Table 139 857; 

Tables 34, 138 198, 850 
-+ bile-duct ligature Diagram Table 139 857 
-+ bishydroxycoumarin Tables 28, 138 182, 

850 

Phenobarbital -+ body weight Table 140 860 
-+ bromobenzene Diagram Table 139 857 
-+ brompheniramine Diagram Table 139 857 
-+ cadmium Diagram Table 139 857; 

Tables 35, 138 200, 850 
-+ caramiphen Diagram Table 139 857; 

Tables 36, 138 201, 850 
-+ carisoprodol Diagram Table 139, 857; 

Tables 37, 138 216, 850 
-+ chlordiazepoxide Diagram Table 139 857; 

Tables 38, 138 217, 850 
-+ cinchophen Diagram Table 139 857; 

Tables 39, 138 221, 850 
-+ cocaine Diagram Table 139 857; 

Tables 40, 138 221, 850 
-+ F-COL Diagram Table 139 857; 

Tables 12, 13, 14, 137, 138 133, 134, 
848, 850 

-+ colchicine Diagram Table 139 857; 
Tables 41, 138 222, 850 

-+ DL-coniine Diagram Table 139 857; 
Tables 42, 138 222, 850 

-+ croton oil Diagram Table 139 857; 
Tables 43, 138 223, 850 

-+ cyclobarbital Diagram Table 139 857; 
Tables 33, 138 198, 850 

-+ cycloheximide Diagram Table 139 857; 
Tables 44, 45, 138 224, 850 

-+ cyclophosphamide Diagram Table 139 
857; Tables 46, 138 225, 850 

-+ DDT Diagram Table 139 857; Table 138 
850 

-+ DHT Diagram Table 139 857; Tables 
117,137,138 848,850 

-+ dicumarol Diagram Table 139 857 
-+ digitoxin Diagram Table 139 857; 

Tables 47, 48, 128, 137, 138 230, 630, 
848,850 

-+ diisopropyl fiuorophosphate Diagram 
Table 139 857; Tables 52, 138 234, 850 

-+ dimercaprol Diagram Table 139 857 
-+ dinitrophenol Diagram Table 139 857 
-+ dioxathion Diagram Table 139 857; 

Tables 91, 128, 137, 138 280, 630, 848, 
850 

-+ diphenylhydantoin Diagram Table 139 
857; Tables 53, 138 235, 850 

-+ dipicrylamine Diagram Table 139 857; 
Tables 54, 138 235, 850 

-+ DOC Diagram Table 139 857; 
Tables 15, 138 135, 850 

-+ doxepin Diagram Table 139 857; 
Table 138 850 

-+ edrophonium Diagram Table 139 857 
-+ emetine Diagram Table 139 857; 

Tables 55, 138 238, 850 
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Phenobarbital-+ endotoxin Diagram Table 139 
857; Tahlea123, 138 348, 850 

-+ ephedrine Diagram Tahle 139 857; 
Tahle 138 850 

-+ epinephrine Diagram Tahle 139 857; 
Tablea 23, 138 144, 850 

-+ EPN Diagram Tahle 139 857; 
Tahle 99, 138 284, 850 

-+ Escherichia coli Table 138 850 
-+ estradiol Diagram Tahle 139 857; 

Tablea 92, 138 281, 850 
-+ ethion Diagram Tahle 139 857; 

Tahlea 92, 138 281, 850 
-+ ethyl alcohol Diagram Tahle 139 857; 

Tahle 138 850 
-+ ethylene chlorohydrin Diagram Tahle 139 

857 
-+ ethylene glycol Diagram Tahle 139 857; 

Tablea 56, 138 243, 850 
-+ ethylmorphine Diagram Table 139 857; 

Tahles 57, 138 224, 850 
-+ fasting Diagram Tahle 139 857 
-+ flufenamic acid Diagram Table 139 857; 

Tablea 58, 138 245, 850 
-+ fluphenazine Diagram Tahle 139 857; 

Tablea 59, 138 245, 850 
-+ glutethimide Diagram Table 139 857; 

Tablea 63, 138 248, 850 
-+ glycerol Diagram Tahle 139 857; 

Tables 64, 138 249, 850 
-+ griseofulvin Diagram Tahle 139 857; 

Tahle 138 850 
-+ guthion Diagram Table 139 857; 

Tablea 93, 138 281, 850 
-+ haloperidol Diagram Tahle 139 857; 

Tahle 138 850 
-+ hepatic tissue 739 
-+ heptachlor Diagram Table 139 857; 

Tahle 98, 138 283, 850 
-+ hexamethonium Diagram Tahle 139 857; 

Tahlea 61, 138 247, 850 
-+ hexobarbital Diagram Tahle 139 857; 

Tahlea 9, 32, 128, 137, 138 96, 197, 630, 
848,850 

-+ hydrazine Diagram Table 139 857; 
Table 65, 138 249, 850 

-+ hydroquinone Diagram Tahle 139 857; 
Tablea 65, 138 249, 850 

-+ imipramine Diagram Tahle 139 857; 
Tablea 66, 138 250, 850 

-+ indium Diagram Tahle 139 857 
-+ indomethacin Diagram Tahle 139 857; 

Tablea 67, 128, 137, 138 250, 630, 848, 
850 

-+ kidney, weight Table 140 860 
-+ liver +- W-1372 Fig. 19 311 
-+ liver weight Tahle 140 860 

Phenobarbital-+ LSD Diagram Table139 857; 
Tahlea 74, 138 258, 850 

-+ mechlorethamine Diagram Tahle 139 857; 
Tahlea 75, 138 260, 850 

-+ mephenesin Diagram Tahle 139 857; 
Tahles 76, 138 260, 850 

-+ meprobamate Diagram Tahle 139 857; 
Tables 77, 138 261, 850 

-+ mercury Diagram Table 139 857; 
Tahles 78, 138 267, 850 

-+ mersalyl Diagram Tahle 139 857; 
Tahlea 79, 138 268, 850 

-+ methadone Diagram Tahle 139 857; 
Tahlea 82, 138 269, 850 

-+ methylaniline Diagram Table 139 857; 
Tahlea 83, 138 270, 850 

-+ methylphenidate Diagram Tahle 139 
857; Table 138 850 

-+ methylsalicylate Diagram Tahle 139 857; 
Table 138 850 

-+ methyprylon Diagram Tahle 139 857; 
Tahlea 84, 138 270, 850 

-+ morphine Diagram Tahle 139 857; 
Tahle 138 850 

-+ NaCl04 Diagram Table 139 857; 
Tahles 90, 138 278, 850 

-+ oc-naphthylisothiocyanate Diagram Tahle 
139 857; Tablea 85, 138 273, 850 

-+ neostigmine Diagram Tahle 139 857; 
Table 138 850 

-+ nephrectomy Diagram Tahle 139 857 
-+ nicotine Diagram Tahle 139 857; 

Tahlea 86, 128, 137, 138 274, 630, 848, 
850 

-+ nikethamide Diagram Tahle 139 857; 
Tahlea 87, 138 274, 850 

-+ p-nitroanisole Diagram Tahle 139 857; 
Tahlea 88, 138 275, 850 

-+ OMP A Diagram Tahle 139 857; 
Tablea 94, 138 282, 850 

-+ ovary, weight Table 140 860 
-+ pancuronium Diagram Tahle 139 857; 

Tablea 19, 138 136, 850 
-+ parathion Diagram Table 139 857; 

Tahles 95, 128, 137, 138 282, 630, 848, 
850 

-+ pentylenetetrazol Diagram Tahle 139 
857; Tables 89,138 277, 850 

-+ phenindione Diagram Tahle 139 857; 
Tahlea 29, 138 183, 850 

-+ phenyl isothiocyanate Diagram Tahle 139 
857; Table 138 850 

-+ phenyramidol Diagram Tahle 139 857; 
Tahlea 100, 138 284, 850 

-+ phosphorus, yellow Diagram Tahle 139 
857 
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Phenobarbital -+ physostigmine Diagram 
Table 139 857; Table 138 850 

-+ picrotoxin Diagram Table 139 857; 
TableB 104, 138 288, 850 

-+ piperidineDiagram Table 139 857; 
TableB 103, 138 287, 850 

-+ pralidoxime Diagram Table 139 857; 
TableB 104, 139 288, 850 

-+ preputial glands, weight Table 140 860 
-+ progesterone Diagram Table 139 857; 

TableB 9, 17, 128, 137, 138 136, 630, 848, 
850 

prophylaxis by Soli 
-+ propionitrile Diagram Table 139 857; 

TableB 105, 138 289, 850 
-+ propylthiouracil Diagram Table 139 857; 

TableB 21, 22, 138 140, 141, 850 
-+ pyrilamine Diagram Table 139 857 
repeated doses -+ dioxathion, hexobarbital, 

parathion, progesterone, zoxazolamine 
Table 7 90, 91 

-+ resistance 591 
single dose -+ digitoxin, dioxathion, hexo

barbital, indomethacin, nicotine, para
thion, progesterone, zoxazolamine Table 6 
88,89 

-+ SKF 525-A Diagram Table 139 857; 
TableB 106, 138 291, 850 

-+ strychnine Diagram Table 139 857; 
TableB 107, 138 292, 850 

-+ T3 Diagram Table 139 857; TableB 20, 
138, 140, 850 

-+ TEA Diagram Table 139 857; 
Tables 62, 138 248, 850 

-+ thallium Diagram Table 139 857 
-+ theobromine Diagram Table 139 857; 

TableB 108, 138 293, 850 
-+ theophylline Diagram Table 139 857; 

Tables 109, 138 293, 850 
-+ thimerosal Diagram Table 139 857; 

TableB 110, 138 294, 850 
-+ thioacetamide Table 138 850 
-+ thiopental Diagram Table 139 857; 

Table 31, 138 197, 850 
-+ thymus, weight Table 140 860 
-+ thyroid, weight Table 140 860 
-+ triamcinolone Diagram Table 139 857; 

TableB 18, 138 136, 850 
-+ tribromoethanol Diagram Table 139 857; 

TableB 111, 138 295, 850 
-+ trichloroethanol Diagram Table 139 857; 

Tables 112, 138 295, 850 
-+ tri-o-cresyl phosphateDiagram Table 139 

857; Table 113, 138 296, 850 
-+ tremorine Diagram Table 139 857; 

Table 138 850 

Phenobarbital-+ D-tubocurarine Diagram 
Table 139 857; TableB 114, 138 292, 850 

-+ tyramine Diagram Table 139 857; 
Tables 115, 138 297, 850 

-+ tyrosine Diagram Table 139 857; 
Tables 116, 138 299, 850 

-+ uterus, weight Table 140 860 
-+ W-1372 Diagram Table 139 857; 

Fig. 19 311; Tables 118, 138 309, 850 
-+ warfarin Diagram Table 139 857; 

Table 138 850 
-+ zoxazolamine Diagram Table 139 857; 

TableB 9, 119, 128, 137, 138 96, 313, 630, 
848, 850 

"Phenobarbital type", enzyme inducers 16 
Phenol (antipruritic, cauterizing agent) 

+- steroids 282 
+- stressors 694 

Phenothiazines -+ resistance 670, 586 
Phenoxybenzamine (adrenergic blocker, anti

hypertensive) +- steroids 282 
Phentolamine-+ F-COL Table 137 848 

-+ DHT Table 137 848 
-+ digitoxin Table 137 848 
-+ dioxathion Table 137 848 
-+ hexobarbital Table 137 848 
-+ indomethacin Table 137 848 
-+ nicotine Table 137 848 
-+ parathion Table 137 848 
-+ progesterone Table 137 848 
-+ resistance 586 
-+ zoxazolamine Table 137 848 

Phenylalanine (nutrient) +- steroids 284 
+- STH 428, 428 

Phenylbutazone +- age 671 
+- barbiturates 577 
-+ F-COL Table137 848 
-+ DHT Table 137 848 
-+ digitoxin Tables 128, 137 630, 848 
-+ dioxathion Tables 128, 137 630, 848 
-+ hepatic microsomal drug metabolism in 

man 709,713 
-+ hepatic tissue 738 
-+ hexobarbital TableB 128, 137 630, 848 
-+ indomethacin Tables128, 137 630, 848 
-+ nicotine TableB 128, 137 630, 848 
-+ parathion Tables 128, 137 630, 848 
-+ progesterone Tables 128, 137 630, 848 
-+ resistance 670, 586, 591 
+- sex 652 
-+ zoxazolamine Tables128, 137 630, 848 

Phenyldiallylacetic acid ester of diethylamino-
ethanol; cf. CFT 1201 

Phenyldione; cf. Anticoagulants 
Phenylephrine -+ resistance 591 
Phenylethylamine +- epinephrine 539 
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Phenyl isothiocyanate -(- phenobarbital Dia
gram Table 139 857; Table 138 850 

-(- steroids Diagram Table 139 857; 
Table 138 850 

-(- thyroxineDiagram Table 139 857; 
Table 138 850 

Phenyltoloxamine -(- hypophysectomy 452 
Phenyramidol -(- phenobarbital Diagram Table 

139 857; Tables 100, 138 284, 850 
-(- steroids 284; Diagram Table 139 857; 

Tables 100, 138 284, 850 
-(- thyroxine Diagram Table 139 857; 

Table 138 850 
Phetharbital-+ F-COL Table 137 848 

-+ DHT Table 137 848 
-+ digitoxin Table 137 848 
-+ dioxathion Table 137 848 
-+ hexobarbital Table 137 848 
-+ indomethaein Table 137 848 
-+ nieotine Table 137 848 
-+ parathion Table 137 848 
-+ progesterone Table 137 848 
-+ zoxazolamine Table 137 848 

Phlogogens -(- hepatie lesions 612 
Phlorhizin (obsolete antimalarial, causes gly

eosuria) -(- steroids 284 
Phosgene (war gas) -(- posterior pituitary pre

parations 442 
-(- steroids 284 

Phosphatase -(- eortieoids 392 
-(- hepatie lesions 621 

Phosphates -(- hypophyseetomy 446, 452 
-(- parathyroids 1)16, 517 
-(- steroids 166, 284 
-(- thyroid hormones 469, 490 

Phosphorothioates; cf. Pesticides 
Phosphorus -(- steroids 166, 285 

-(- thyroid hormones 490 
yellow -(- phenobarbital Diagram Table 139 

857 
-(- steroids Diagram Table 139 857; 

Table 138 850 
-(- thyroxine Diagram Table 139 857; 

Table 138 850 
"Physiologie antagonisms" 15, 707 
"Physiologie jaundice" 719 
Physostigmine (parasympathomimetic, anti

eholinesterase)-(- phenobarbital Diagram 
Table 139 857; Tables 101, 138 285, 
850 

-(- steroids 166, 285; Diagram Table 139 
857; Tables 101, 138 285, 850 

-(- thyroid hormones 469, 490 
-(- thyroxine Diagram Table 138 857; 

Tables 101, 138 285, 850 
Picrotoxin (CNS stimulant, antidote to barbi

turates) -(- barbiturates 577 

Pierotoxin -(- epinephrine 533, 539 
-(- genetie faetors 680 
-(- 5-HT 557, 561 
-(- parathyroids 517 
-(- phenobarbital Diagram Table 139 857; 

Tables 102, 138 286, 850 
-(- sex 652 
-(- speeies 6 7 5 
-(- steroids 167, 286; Diagram Table 139 

857; Tables 102, 138 286, 850 
-(- steroidsfmouse 167; Table 133 680 
-(- thyroid hormones 469, 490 
-(- thyroxine Diagram Table 139 857; 

Tables 102, 138 286, 850 
-(- thyroxinefmouse Table 133 680 

Pigeon 172 
Piloearpine-(- thyroid hormones 491 
Pinealeetomy -+ earcinogens 554 

-+ resistanee 554 
Piperidine (proposed as tranquilizer and muscle 

relaxant)-(- phenobarbital Diagram Table 
139 857; Tables103, 138 287, 850 

-(- steroids 167, 286; Diagram Table 139 
857; Tables 103, 138 287, 850 

-(- thyroxine Diagram Table 139 857; 
Tables 103, 138 287, 850 

Pipradol (CNS stimulant) -(- steroids 287; 
Diagram Table 139 857; Table 138 850 

-(- thyroxine Diagram Table 139 857; 
Table 138 850 

Pituitary extraets -(- thyroid hormones 463 
Placenta, extrahepatie conditioning 102 
Plant extraets -(- sex 652 

-(- steroids 287 
Plant poisons -(- steroids 348 
Plasmaeid -(- ACTH 413 

-(- 5-HT 561 
-(- norepinephrine 539 
-(- pregnancy 665 
-(- steroids 287 
-(- STH 428 
-(- stressors 694 

Plasmadia -(- sex 656 
-(- steroids 330, 331 

Plasmodium berghei 81, 82 
-(- STH 430 
-(- thymectomy 550, 551 

"Pluricausallesions" 7, 689 
Pneumocoeci; cf. also Diplococcus Pneumoniae 

o(-ACTH 415 
-(- panereatie hormones 527 
-+ resistanee 595 
-(- steroids 317, 328 
-(- STH 430, 431 

Poliomyelitis -(- ACTH 415 
-(- steroids 326, 328 
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Polyanetholsulfonate; cf • .Anticoagulants 
"Polycyclic hydrocarbon type", enzyme 

inducers 16 
Polyoma virus -+- thymectomy 049, 550 
Polyvinyl alcohol -+- steroids 287 
Porphyria 716 
Portal route of administration 31, 39 
Portal vein, occlusion of -+- epinephrine, nor-

epinephrine Ml'i 
Posterior pituitary preparations -+ acetonitrile 

441 
-+ anoxia 441 
-+ bacteria 442 
-+ bacterial toxins 441, 442 
-+ barbiturates 441 
-+ bromoethylamine hydrobromide 441 
-+ carcinolytic agents 441 
-+ chioral hydrate 441 
-+ chlorpromazine 441 
-+ cholesterol 441 
-+ cold 441, 443 
-+ digitalis 442 
-+ drugs 441 
-+ electric stimuli 441, 443 
-+ ethanol 442 
-+ folliculoids 441 
-+ hemorrhage 441, 443 
-+ histamine 441 
-+ hormone-like substances 441 
-+ hormones 441 
-+5-HT 441 
-+ hyperoxygenation 441, 443 
-+ hypoxia 443 
-+ infections 441 
-+ ionizing rays 441, 443 
-+ morphine 442 
-+ paraphenylendiamine 442 
-+ pentylenetetrazol 442 
-+ phosgene 442 
-+ potassium 442 
-+ psychologic stress 443 
-+ resistance 31'il'i 
-+ sodium chloride 442 
-+ steroids 441 
-+- steroids 138 
-+ stress, psychologic 443 
-+ strychnine 442 
-+ suxamethonium 442 
-+ trauma 443 
-+ traumatic shock 441 
-+ vitamin D, E 442 
-+water 442 

Potassium -+- ACTH 413 
-+- epinephrine 540 
-+- parathyroids 517 
-+- posterior pituitary preparations 442, 652 
-+- steroids 166, 287 

Potassium -+- stressors 694 
-+- thyroid hormones 491 

Pralidoxime (anticholinesterase inhibitor) 
-+- cholesterol Table 104 288 
-+- phenobarbital Diagram Table 139 857; 

Table8 104, 138 288, 850 
-+- steroids Diagram Table 139 857; 

Table 104, 138 288, 850 
-+- thyroxine Diagram Table 139 857; 

Table 138 850 
Prednisolone; cf. al8o Corticoids 

-+ AAN Table 7 3 257 
-+ acetanilide Table 24 176 
-+ acrylamide Table 25 176 
-+ acrylonitrile Table 26 177 
-+ adrenal, weight Table 140 860 
-+ aminopyrine Table 27 179 
anti-inflammatory activity Table 122 345 
-+ barbital Table 34 198 
-+ bishydroxycoumarin Table 28 182 
-+ body weight Table 140 860 
-+ cadmium Table 25 200 
-+ caramiphen Table 36 201 
-+ carisoprodol Table 37 216 
-+ chlordiazepoxide Table 38 217 
-+ cinchophen Table 39 221 
-+ cocaine Table 40 221 
-+ colchicine Table 41 222 
-+ DL-coniine Table 42 222 
-+ croton oil Table 43 223 
-+ cyclobarbital Table 33 198 
-+ cycloheximide Table8 44, 45 224 
-+ cyclophosphamide Table 46 225 
-+ DHT Table 117 309 
-+ digitoxin Table8 47, 48 230 
-+ digitoxinfmouse Table 130 677 
-+ diisopropyl fluorophosphate Table 52 234 
-+ dioxathion Table 91 280 
-+ dioxathionfmouse Table 132 680 
-+ diphenylhydantoin Table 53 235 
-+ dipicrylamine Table 54 235 
-+ DOC Table 15 135 
-+ emetine Table 55 238 
-+ endotoxin Table 123 348 
-+ epinephrine Table 23 144 
-+ EPN Table 99 284 
-+ estradiol Table 16 135 
-+ ethion Table 92 281 
-+ ethylene glycol Table 56 243 
-+ ethylmorphine Table 57 244 
-+ flufenamic acid Table 58 245 
-+ fluphenazine Table 59 245 
-+ glutethimide Table 63 248 
-+ glycerol Table 64 249 
-+ guthion Table 93 281 
-+ heptachlor Table 98 283 
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Prednisolone ~ hexamethonium Tablea 60 A, B, 
61 246,247 

~ hexobarbital Table 32 197 
~ hydroquinone Table 65 249 
~ imipramine Table 66 250 
~ indomethacin Tablea 67, 141 250, 862 
~ indomethacinfmouse Table 131 678 
~ kidney, weight Table 140 860 
~ lathyrogens Fig. 9 256 
~ liver, weight Table 140 860 
~ LSD Table 7 4 258 
~ mechlorethamine Table 75 260 
~ mephenesin Table 76 260 
~ meprobamate Table 77 261 
~ mercury Tablea 7 8, 81 267, 269 
~ mersalyl Tablea 79, 80 268 
~ methadone Table 82 269 
~ methylaniline Table 83 270 
~ methyprylon Table 84 270 
~ NaCl04 Table 90 278 
~ ot-naphthylisothiocyanate Table 85 273 
~ nicotine Table 86 274 
~ nikethamide Table 87 274 
~ p-nitroanisole Table 88 275 
~ OMP A Table 94 282 
~ ovary, weight Table 140 860 
~ pancuronium Table 19 136 
~ parathion Table 95 282 
~ pentobarbitalfmouse Table 129 677 
~ pentolinium Table 60 B 246 
~ pentylenetetrazol Table 89 277 
~ phenindione Table 29 183 
~ phenyramidol Table 100 284 
~ physostigmine Table 101 285 
~ picrotoxin Table 102 286 
~ piperidine Table 103 287 
~ pralidoxime Table 104 288 
~ preputial glands, weight Table 140 860 
~ progesterone Table 17 136 
~ propionitrile Table 105 289 
~ propylthiouracil Tablea 21, 22 140, 141 
repeated doses ~ dioxathion, hexobarbital, 

parathion, progesterone, zoxazolamine 
Table 7 90, 91 

~ SKF 525-A Table 106 291 
+- SKF 525-A 61 
~ strychnine Table 107 292 
~ T3 Table 20 140 
~ TEA Tablea 60A, B, 62 246, 248 
~ theobromine Table 108 293 
~ theophylline Table 109 293 
~ thimerosal Table 110 294 
~ thiopental Table 31 197 
~ thymus, weight Table 140 860 
~ thyroid, weight Table 140 860 
~ triamcinolone Table 18 136 
~ ß-tribromoethanol Table 111 295 

Prednisolone ~ ß-trichloroethanol Table 112 
295 

~ tri-o-cresyl phosphate Table 113 296 
~ D-tubocurarine Table 114 296 
~ tyramine Table 115 297 
~ tyrosine Table 116 299 
~ uterus, weight Table 140 860 
~ W-1372 Table 118 309 
~ zoxazolamine Table 119 313 

Prednisone; cf. also Corticoids 
anti-inflammatory activity Table 122 345 
~ endotoxin Table 120, 122 344, 345 
- hexamethonium Table 60 B 246 
~ mercury Table 81 269 
- pentolinium Table 60 B 246 
+- SKF 525-A 61 
- TEA Table 60 B 246 

Pregnancy (abortifacient enzyme inducers) 'i22 
~ anaphylactoidogenic agents 661 
~ anticoagulants 661 
- arsenic 661 
- bacteria 666 
~ bacterial toxins 666 
~ barbiturates 661 
+- barbiturates 578 
-BCP 662 
~ bile pigments 662 
- brucellosis 6611 
- cadmium 662 
- calcifi.cation, vascular +- DHT Fig. 27 

664 
~ carcinogens 662 
- catecholamines 661 
-cCI4 662 
~ cholesterol 663 
- choline 663 
- DHT 661, 665; Fig. 27 664 
~diet 665 
-drugs 661 
-dyes 663 
- endotoxins 6611 
- glucagon 660 
~ glucocorticoids 660 
- gluco-mineralocorticoids 660 
- 5-HT 660, 661 
- hepatic enzymes 666 
~ hepatic lesions 666 
+- hepatic lesions 619, 620 
~ hormone-like substances 660 
- hyperbilirubinemia 720 
- ionizing rays 666 
-Iathyrogens 661,663 
~ meperidine 661, 663 
- microorganisms 6611, 666 
~ mineralocorticoids 660 
~ morphine 663 
- nephrectomy 6611 
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Pregnancy -l- nonsteroidal hormones 660 
-l- pancreatic hormones 660 
-l- papain 663 
-l- parathyroid hormone 660 
-l- partial hepatectomy 665 
-l- pethidine 661, 663 
-l- plasmocid 665 
-l- progesterone 660 
-l- promazine 661, 665 
-l- renallesions 666 
- resistance 699 
- steroids 660 
-l- stress 669, 666 
-l-TEA 665 
- thyroid hormones 660 
-l- thyroxine 660 
-l- Vasopressin 661 
- viruses 666 
- vitamin D 661, 665 
- vitamin E 665 

5ß-Pregnane-3oc-ol-20-one +- SKF 525-A 64 
Pregnanedione; ef. also Luteoids 

-l- digitoxin +- spironolactone Table 49 231 
Pregnenolone; ef. alao Testoids 

- digitoxin +- spironolactone Table 49 231 
- steroids 133 

Pregnenolone-16oc-carbonitrile; ef. PCN 
Preputial glands, weight +- phenobarbital 

Table 140 860 
+- steroids Table 140 860 
+- thyroxine Table 140 860 

Frarequisites for the protective actions of hor
mones 'i70 

Pretreatment, duration of, spironolactone 
-l- digitoxin Table 4 85 

Primaquine (antimalarial) +- steroids 288 
"Primary inducers" 73, 75 
Primidone; ef. also Primaclone 

- resistance 591 
Probenacid (uricosuric agent in gout) -l- re

sistance 587 
Procaine (local anesthetic) +- CCl4 79 

+- enzymes, normal Table 134 759 
+- epinephrine 540 
+-BeX 652 
+- SKF 525-A 61, 62 
+- steroids 288 

"Progeria-like syndrome" 172, 174, 303, 654 
Progestagenic steroids; ef. Luteoids 
Progestational steroids; ef. Luteoids 
Progesterone; ef. also Luteoids 

-l- AAN Table 73 257 
- acetanilide Table 24 176 
- acetylsalicylic acid Table 137 848 
-l- acrylamide Table 25 176 
-l- acrylonitrile Table 26 177 
- ACTH Table 137 848 

71 Selye, Hormones and Resistance 

Progesterone -l- adrenal, weight Table 140 860 
-l- aminopyrine Table 27 179 
+- anterior pituitary preparations 436 
-+ barbital Table 34 198 
-l- barbiturates 197 
+- betamethasone Table 128 630 
+- bile duct ligature Table 137 848 
- bishydroxycoumarin Table 28 182 
- body weight Table 140 860 
-+ cadmium Table 35 200 
- caramiphen Table 36 201 
-+ carisoprodol Table 37 216 
- chlordiazepoxide Table 38 217 
- cholesterol 1M 
- cinchophen Table 39 221 
-+ cocaine Table 40 221 
-+ F-COL Tables12, 13, 14 133, 134 
-+ colchicine Table 41 222 
-+ DL-coniine Table 42 222 
-+ croton oil Table 43 223 
+- CS-1, repeated doses Table 7 90, 91 
+- CS-1, single dose Table 6 88, 89 
-l- cyclobarbital Table 33 198 
+- cycloheximide 78 
- cycloheximide Tables 44, 45 224 
-+ cyclophosphamide Table 46 225 
-+ DHT Table 117 390 
- digitoxin Tables 47, 48, 137 230, 848 
-+ digitoxinfmouse Table 130 677 
-l- digitoxin +- spironolactone Table 49 231 
- diisopropyl fluorophosphate Table 52 234 
-+ dioxathion Table 91 280 
-+ dioxathionfmouse Table 132 680 
-l- diphenylhydantoin Table 53, 137 235, 

848 
-l- dipicrylamine Table 54 235 
-+ DOC Table 15 135 
-+ emetine Table 55 238 
- endotoxin Table 123 348 
-+ epinephrine Table 23 144 
- EPN Table 99 284 
-+ estradiol Table 16 135 
-+ ethion Table 92 281 
-+ ethylene glycol Table 56 243 
+- ethylestrenol Table 128 630 
-l- ethylmorphine Table 57 244 
- flufenamic acid Table 58 245 
-l- fluphenazine Table 59 245 
- glutethimide Table 63 248 
- glycerol Table 64 249 
-l- guthion Table 93 281 
- heptachlor Table 98 283 
- hexamethonium Tables 60A, 61 246,247 
-l- hexobarbital Tables 30, 32 195, 197 
-l- hexobarbital +- orchidectomy Table 30 

195 
-l- hydroquinone Table 65 249 
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Progesterone ~ imipramine Table 66 250 
~ indomethacin Table 67, 137 250, 848 
~ indomethacinfmouse Table 131 678 
~ kidney, weight Table 140 860 
~ liver +- W-1372 Fig. 18 310 
~ liver, weight Table 140 860 
~ LSD Table 7 4 258 
~ mechlorethamine Table 75 260 
~ mephenesin Table 76 260 
~ meprobamate Table 77 261 
~ mercury Table 78 267 
~ mersalyl Table8 79, 80 268 
~ methadone Table 82 269 
~ methylaniline Table 83 270 
~ methyprylon Table 84 270 
+- metyrapone Table 125 584 
~ NaCI04 Table 90 278 
~ cx-naphthylisothiocyanate Table 85 273 
~ nicotine Table 86, 137 274, 848 
~ nikethamide Table 87 274 
~ p-nitroanisole Table 88 275 
~ OMP A Table 94 282 
~ ovary, weight Table 140 860 
+- pancreatic hormones li21 
~ pancreatic hormones 142 
~ pancuronium Table 19 136 
~ parathion Table 95 282 
+- PCN Table 128 630 
+- PCN, repeated doses Table 7 90, 91 
+- PCN, single dose Table 6 88, 89 
~ pentobarbitalfmouse Table 129 677 
~ pentylenetetrazol Table 89 277 
~ phenindione Table 29 183 
+- phenobarbital Diagram Table 139 857; 

Tables 9, 17, 128, 137, 138 96, 136, 630, 
848,850 

+- phenobarbital, repeated doses Table 7 90, 
91 

+- phenobarbital, single dose Table 6 88, 89 
+- phentolamine Table 137 848 
+- phenylbutazone Table 128, 137 630, 848 
~ phenyramidol Table 100 284 
+- phetharbital Table 137 848 
~ physostigmine Table 101 285 
~ picrotoxin Table 102 286 
~ piperidine Table 103 287 
~ pralidoxime Table 104 288 
+- prednisolone, repeated doses Table 7 90, 

91 
+- pregnancy 660 
~ preputial glands, weight Table 140 860 
~ propionitrile Table 105 289 
~ propylthiouracil Table8 21, 22 140, 141 
~ SKF 525-A Table 106 291 
+- salicylate Table 137 848 
+- spironolactone Table 128 630 

Progesterone +- spironolactone, repeated doses 
Table 7 90, 91 

+- steroids Diagram Table 139 857; 
Tables 9, 17, 136, 138 96, 136, 836, 850 

+- STH Table 137 848 
~ strychnine Table 107 292 
~ T3 Table 20 140 
~ TEA Table8 60 A, 62 246, 248 
~ theobromine Table 108 293 
~ theophylline Table 109 293 
~ thimerosal Table 110 294 
~ thiopental Table 31 197 
~ thymus, weight Table 140 860 
~ thyroid, weight Table 140 860 
+- thyroxineDiagram Table 139 857; 

Table8 17, 137, 138 136, 848, 850 
+- tolbutamide Table 137 848 
~ triamcinolone Table 18 136 
~ ß-tribromoethanol Table 111 295 
~ ß-trichloroethanol Table 112 295 
~ tri-o-cresyl phosphate Table 113 296 
~ D-tubocurarine Table 114 296 
~ tyramine Table 115 297 
~ tyrosine Table 116 299 
~ uterus, weight Table 140 860 
+- vitamin A, C, D, E Table 137 848 
~ W-1372 Fig. 18 310; Table 118, 137 

309, 848 
~ zoxazolamine Table 119 313 

Promazine (tranquilizer) +- age 671 
+- pregnancy 661, 665 
+- steroids 288 

Prophylaxis by phenobarbital Slili 
Propionitrile (has HCN-like toxicity) +- pheno

barbital Diagram Table 139 857; 
Table8 105, 138 289, 850 

+- steroids 289; Diagram Table 139 857; 
Table8 105, 138 289, 850 

+- thyroid hormones 491 
+- thyroxine Diagram Table 139 851; 

Tables 105, 138 289, 850 
Propylthiouracil; cf. also Thyroid and Thyroid 

Hormones 
~ digitoxin +- PCN Table 124 428 
+- phenobarbital Diagram Table 139 857; 

Tables 21, 22,138 140, 141, 850 
+- steroids Diagram Table 139 857; 

Table8 21, 22, 138 140, 141, 850 
+- thyroxine Diagram Table 139 857; 

Tables 21, 22, 138 140, 141, 850 
~ tri-o-cresyl phosphate Table 113 296 

Prostaglandin Et ~ resistance 1)63, 564 
Prostatic hypertrophy 716 
Protection against digitoxin 772 

against indomethacin 772 
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Protective actions of hormones, prerequisites 
770 

indexes 7'11, 834 
Protein deficiency +- steroids 313, 314 
Protozoa +- steroids 330, 331 
PSI (Protective Spectrum Index) 834 
Psittacosis +- steroids 323 
Psychologie stress +- posterior pituitary pre

parations 443 
Purine oxidation 45 
Puromycin (antimicrobial, antineoplastic) 75; 

cf. also Inhibitors under General Pharma
cology 

aminonucleoside; cf. also Antibiotics 
+-ACTH 413 
--+ endotoxin +- cortisol Table 121 345 
+- hypophysectomy 446, 452 
+- parathyroids 517 
+- steroids 167, 289 
+- thyroid hormones 491 

--+ hepatectomy, partial 76 
--+ steroids 76 

Pyloric ulcer +- indomethacinfrabbit Fig. 28 
679 

Pyribenzamine +- sex 653 
+- steroids 289 

Pyridinolcarbamate --+ resistance 587 
Pyrilamine (antihistaminic) +- steroids 289 
Pyruvate +- ACTH 413 

+- phenobarbital Diagram Table 139 857 
+- steroids 290; Diagram Table 139 857; 

Table 138 850 
+- thyroid hormones 491; Diagram Table 

139 857; Table 138 850 

Rahbit 157, 158, 1'11, 174, 185, 203, 237, 240, 
321, 335, 342, 350, 362, 364, 365, 369, 370, 
372, 373, 377, 380, 415, 418, 419, 420, 474, 
497, 505, 506, 508, 509, 558, 606, 633; 
Fig. 28 679; Table 10 99 

Rabies +- ACTH 415 
+- steroids 326, 329 

"Rail paper technique" VII 
Rauscher virus +- splenectomy 553, 554 

+- thymectomy 550 
"Rebound phenomenon" 318 
Reductive detoxifying reactions 45 
Regeneration, hepatic +- ionizing rays 684 

+- renallesions 623, 624 
+- tumors 704 

"Reid Hunt test" 460, 466 
Renal; cf. also Kidney 

injury, standard 516 
interventions, methods 19, 23 
lesions +- ACTH 420, 421 

71* 

--+ barbiturates 622, 623, 624, 626 
+- calcitonin 520, 521 

Renal lesions --+ digitoxin 626 
--+ digoxin 626 
--+ dioxathion 626 
+- gonadectomy 359, 361 
+- hepatic lesions 619 
--+ hepatic regeneration 624 
--+ hexobarbital 623, 626 
+- hypophysectomy 454, 455 
--+ indomethacin 626 
--+ mercury 623, 624, 626 
--+ parathyroid extract 623 
+- parathyroids 518, 519 
--+ pentobarbital 623 
--+ pentylenetetrazol 622, 623 
+- pregnancy 666 
--+ resistance 622 
+- sex 657 
+- steroids 359, 361 
+- STH 432, 433 
+- thyroid hormones 502, 503 
--+ tribromoethanol 623 

Repeated breeding +- ACTH 422, 423 
"Repression response" 399 
Reproductive tract, extrahepatic conditioning 

103 
RES 82 

blockers +- ACTH 413 
--+ resistance 570, 587 
+- sex 653 
+- steroids 168, 290 

extrahepatic conditioning 102, 103 
theories 7 55 

Reserpine (tranquilizer, sedative, hypotensive) 
+- histamine 556 
+- 5-HT 561 
+- hypophysectomy 452 
--+ resistance 588 
+- steroids 168, 290 
+- stressors 694 
+- thyroid hormones 469, 491 

Resistance +- ACTH 405 
+- adrenochrome 571 
+- age 666 
+- allyl alcohol 571 
+- amiloride 567, 571 
+- amphenone 571 
+- amphetamine 591 
+- angiotensin 564 
+- anterior pituitary preparations 436, 439 
+- antibiotics 571 
+- anticoagulants 571 
+- antihistamines 571 
+- atropine 572, 591 
+- bacteria 595 
+- bacterial toxins 596 
+- barbiturates 567, 572 
+- benzydamine 578 
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Resistance +- bradykinin 564 
+- bromobenzene 579 
+- calcitonin 620 
+- carcinogens 668, 579 
+- carisoprodol 591 
+- 0014 668 
+- cedar chips 669, 579 
+- chlorcyclizine 591 
+- chlordane 591 
+- chloretone 591 
+- chlorpromazine 580, 591 
+- cholesterol 580 
+- cinchophen 580 
+- cobaltaus chloride 580 
+- cortisone 591 
+- cycloheximide 580 
+-DDT 591 
decrease 866 
+- desipramine 669, 580 
+- diazepam 591 
+- diet 692 
+- digitalis 581 
+- diphenylhydantoin 069, 581, 591 
+- disulfiram 581 
+- diurnal variations 704, 705 
+-DMSO 581 
+-DOO 591 
+- drugs 06 7 
+- drugs, review 591 
effect of steroids upon 111 
+- endotoxin 696 
+- epinephrine 631, 533, 540, 591 
+- ergotamine 591 
+- erythropoietin 663, 564 
+- ethanol 581 
+- ferric dextran 581 
+- genetic factors 673 
+- glucose 669, 581 
+- glutethimide 591 
+- hepatic extracts 664, 565 
+- hepatic lesions 696 
+- histamine 666, 591 
+- hormones, nonsteroidal 406 
+- 5-HT 666, 557, 591 
+- hydrazine 581 
+- hypophysectomy 443 
+- hypothalamic lesions 443 
+- hypoxia 686 
+- immune reactions 696 
+- indomethacin 582 
+- iodine 669, 582 
+- ionizing rays 682 
+- iproniazid 669 
+- isoproterenol 582 
+- kallikrein 663 
+- Iactone 582 
+- malaria (P. berghei) 696 

Index 

Resistance +- meprobamate 591 
+- mestranol 591 
+- methoxamine 591 
+- methoxyflurane 582 
+- 3-methylcholanthrene 591 
+- methylenedioxyphenyl compounds 582 
+- metyrapone 669, 582 
+- microorganisms 696 
+- nervous lesions 704, 705 
+- nicotine 584 
+- nikethamide 584, 591 
+- nitrogen mustard 585 
+- nonhormonal factors 667 
nonspecific 26 
+- norepinephrine 631, 540, 591 
+- norethynodrel 591 
+- pancreatic hormones 621 
+- parabiosis 703, 704 
+- parasites 696 
+- parathyroids 016 
+- pentobarbital 591 
+- pentylenetetrazol 585 
+- pesticides 669, 585 
+- phenaglycodol 586, 591 
+- phenobarbital 591 
+- phenothiazines 670, 586 
+- phentolamine 586 
+- phenylbutazone 670, 586, 591 
+- phenylephrine 591 
+- pinealectomy 604 
+- pneumococci 696 
+- posterior pituitary preparations 366 
+- pregnancy 669 
+- primidone 591 
+- probenecid 587 
+- prostaglandin E1 663, 564 
+- pyridinolcarbamate 587 
+- renallesions 622 
+- RES-blocking agents 670, 587 
+- reserpine 588 
+- salicylic acid 670, 588 
+- sex 626 
+- sex, review 655 
+- SKF 525-A 591 
+- soterenol 588 
+- species 673 
+- splenectomy 633 
+- stressors 688 
+- sucrose 670, 588 
+- sulfur 589 
+- sulfur compounds 670 
+- surgical interventions M4 
+- surgical procedures, special 047 
+- sympathectomy 604 
+- temperature variations 686 
+- tetrachloroethylene 590 
+- tetrahydrofurfuryl alcohol 591 



Resistance +- thiopental 591 
+- threonine 590 
+- thymectomy 047 
+- thyroid hormones 460 
+- tissue extracts 664, 565 
+- "toxohormone" 663, 564 
+- triamterene 590 
+- triflupromazine 591 
+- tryptamine 590 
+- tumors 704, 705 
+- ultraviolet rays 686 
+- urethan 591 
+- vaccines 696 
+- vasopressin 591 
+- vitamin A 590 
+- vitamin B-12 590 
+- vitamin C 671, 598 
+- vitamin D 590 
+- vitamin E 671, 590 
+- W-1372 591 
+- xanthine 591 
+- yohimbine 591 

Restraint; cf. also Stress 
-+ TEA Table 60 0 246 

Reticuloendothelial system; cf. RES 
Reversal of actions due to timing 83, 87 

of antagonist actions 84, 92 
of inducer actions 83, 87 
of substrate actions 84, 93 

Reviews 1 
catatoxic steroids 3 
"drug effects on enzymes" 591 
drugs +- age 672 
enzyme induction 1, 3 
enzymes and adaptation 3 
enzymes +- corticoids 385 
hepatic lesions 739 
ionizing rays +- steroids 368 
resistance +- drugs 591 

+- sex 655 
steroid anesthesia 133 

Ribosides synthesis 47 
Rickettsia +- ACTH 416, 417 

+- steroids 323 
RNA-polymerase +- corticoids 392 

+- stressors 699, 703 
theories 749 

"Rotational shock" Mo 
Route of administration, portal 31, 39 

Safrole +- sex 653 
Salicylates; cf. also Sodium Salicylate 

-+ hepatic microsomal drug metabolism in 
man 713 

-+ hepatic tissue 728, 738 
+- pancreatic hormones 526 
+- parathyroids 517 

Index 

Salicylates +- sex 653 
+- steroids 291 
+- stressors 695 
+- thyroid hormones 491 

Salicylic acid-+ resistance 670, 588 
Salinity tolerance +- ACTH 422 

+- anterior pituitary preparations 440 
+- steroids 383 
+- STH 433, 434 
+- thyroid hormones 514 

Salmonella enteritidis +- steroids 323 
typhi +- steroids 323 

+- thyroid hormones 498 
typhimurium +- steroids 323 

"Saprophytosis" 426 
+- ACTH 416, 417 
+- steroids 323 
+-STH 430 
syndrome 318 

SC-5233 -+ barbiturates 197 
-+ steroids 133 

SC-8109-+ steroids 133 
Sch 5705 66 
Sch 5712 66 
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Schistosoma mansoni (bilharzia) +- steroids 330 
Schistosomiasis +- steroids 332 
Screening, first, of steroids protective potency 

771 
SDH +- pancreatic hormones 530 

(serine) +- corticoids 390 
+- thyroid hormones 514 

"Secondary inducers" 73, 75 
Secretin-+ bile flowfdog Table 10 99 
Selenium +- sex 653 

+- steroids 291 
Semicarbazide (reagent for ketones and alde

hydes) +- thyroid hormones 491 
SER in hepatocytes +- norbolethone Fig. 33 

730 
+- spironolactone Fig. 34 731 

SER, theories 747 
Serine; cf. SDH under Influence of Steroids 

upon Enzymes 
Serum proteins, extrahepatic conditioning 103 
Sex -+ acetylcholine 635 

-+ACTH 631 
-+ aminopterin 635 
-+ aminopyrine 635, 655 
-+ amphetamine 635 
-+ aniline 655 
-+ anoxia 66 7 
-+ antibiotics 635 
-+ arsenic 635 
-+ bacteria 666 
-+ bacterial toxins 666 
-+ barbiturates 632, 635, 655 
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Sex-+ barbituratesfdog, guinea pig, mouse, 
rabbit 833, 635 

-+BCP 640 
-+ benzene 640 
-+bums 6ö7 
-+ cadmium 641 
-+ ca:lfeine 641 
-+ carbon monoxide 641 
-+ carcinogene 633, 641 
-+ carcinolytics 633, 643 
-+ carisoprodol 644, 655 
-+ catecholamines 631 
-+ CCl4 633, 641 
-+ cerium 644 
-+ chioral hydrate 644 
-+ chloroform 634, 644 
-+ cholesterol 644 
-+ choline 634, 645 
-+cold 6ö7 
-+ cocaine 645 
-+ DHT 83ö, 654 
-+ dibucaine 645 
-+diet 659 
di:lferences 28, 34 
-+ digitalis 634, 645 
-+ dinitrophenol 646 
-+drugs 632 
-+dyes 646 
-+ electric stimuli 658 
-+ enzymes 6ö7 
-+ epinephrine 831 
-+ ergot 646 
-+ ergotamine 634 
-+ EST 6ö7 
-+ ether 646, 64 7 
-+ ethionine 634, 646 
-+ ethyl alcohol 647 
-+ ethylene glycol 634, 647 
-+ ethyl-0-ethylphenylurea 647 
-+ ethylmorphine 647 
-+ ethyl urethan 648 
-+ fl.uoride 648 
-+ glucuronidase 659 
-+ glycolic acid 648 
-+ hepatic enzymes 659 
-+ hepatic lesions 6ö7 
-+ hepatic tissue 739 
-+ hexachlorobenzene 648 
-+ hexaethyl tetraphosphate 648 
-+ hexamethonium 648 
-+ hexobarbital 655 
-+ histamine 631, 632 
-+ hormone-like substances 631 
-+ hormones, nonsteroidal 631 
-+ hypoxia 658 
-+ immune reactions 657 
-+ indomethacin 648 

Index 

Sex -+ insulin 631 
-+ ionizing rays 6ö7 
-+ isoproterenol 648 
-+lathyrogens 634,648 
-+ lidocaine 648 
-+ lithium 648 
-+ magnesium 648 
-+ MAO-inhibitors 648 
-+ mepacrine 649 
-+ mercury 649 
-+ N-methylaniline 655 
-+ microorganisms 8ö6 
-+ monocrotaline 649 
-+ morphine 649 
-+ muscular performance 6ö7 
-+ neoprontosil 655 
-+ neotetrazolium 655 
-+ nickel sulfide 650 
-+ nicotine 634, 650, 655 
-+ p-nitrobenzoate 655 
-+ nonsteroidal hormones 831 
-+ OMPA 655 
-+ orotic acid 834, 650 
-+ pancreatic hormones 632 
-+ parathyroid hormone 631 
-+ pentobarbital 655 
-+ pesticides 834, 650 
-+ phenylbutazone 652 
-+ picrotoxin 652 
-+ plant extracts 652 
-+ plasmodia 6ö6 
-+ potassium 652 
-+ procaine 652 
-+ pyribenzamine 653 
-+renal Iesions 6ö7 
-+ RES-blocking agents 653 
-+ resistance 626 
-+ safrole 653 
-+ salicylates 653 
-+ selenium 653 
-+ squill 653 
-+ steroids 827 
-+ steroidsfdog, frog, man, mouse 629, 630 
-+ stressors 658 
-+ strychnine 834, 653, 655 
-+ sulfa drugs 654 
-+ tannic acid 654 
-+ temperature variations 658 
-+ thyroid hormones 632 
-+ thyroxine 631 
-+TKT 659 
-+TPNH 655 
-+ trauma 6ö7 
-+ tumors 6ö7, 659 
-+ tyrosine 63ö, 654 
-+ urethan 654 
-+ venoms 656 
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Sex -+ viruses 656 
-+ vitamin B, C, K 654 
-+ vitamin D 635, 654 
-+ zoxazolamine 655 

Sexual cycle +- steroids 382, 383 
Sheep 344 
Shigella +- thyroid hormones 498 
Shock, hemorrhagic +- norepinephrine Mo 

"rotational" 545 
tourniquet +- sympathectomy SM 
traumatic +- thyroid hormones 512 

"Short-sleepers" 554, 675 
Silica; cf. also RES-blocking Agents 

+- hepatic lesions 612 
Silicon; cf. RES 
SKF 525-A(inhibitor of microsomal enzymes) 58 

-+ alanine 61 
-+ aminopyrine 60, 61 
-+ p-aminosalicylic acid 63 
-+ amphetamine 61 
-+ anticoagulants 63, 64 
-+ barbiturates 60, 61, 62, 63 
-+ carisoprodol 61 
-+ catatoxic steroids 63, 64 
-+ CCl4 63 
-+ chioral hydrate 60 
-+ chlordiazepoxide 63 
-+ chloretone 62 
-+ chlorpromazine 62 
-+ cholesterol 61 
+- cholesterol Table 106 291 
-+ codeine 60, 61 
-+ cortisol 62 
-+ cyclophosphamide 62, 63 
-+ diazepam 63 
-+ 4-6-dienone, dethioacetylated 64 
-+ diphenylhydantoin 62, 63 
-+DMBA 63 
-+ ephedrine 60 
-+ estradiol 62 
-+ estrone 63 
-+ p-ethoxyacetanilide 61 
-+ ethylestranol 63, 64 
-+ foreign compounds 61 
-+ glutethimide 62 
-+ hydroxydione 62 
-+ indocyanine green 63 
-+ lynestrenol 62 
-+ meperidine 60 
-+ mephenesin 61 
-+ meprobamate 62 
-+ mestranol 62 
-+ methadone 60 
-+ methorphinan 60 
-+ N-methylanaline 61 
-+ 3-methyl-4-monomethylaminoazobenzene 

61 

SKF 525-A -+ methyparafynol 60 
-+ monomethyl-4-aminoantipyrine 60, 61 
-+ morphine 60 
-+ narcotics 61 
-+ nikethamide 62 
-+ o-nitroanisole 61 
-+ phenaglycodol 62 
+- phenobarbital Diagram Table 139 857; 

Tables 106, 138 291, 850 
-+ prednisolone 61 
-+ prednisone 61 
-+ 5 ß-pregnane-3tX-ol-20-one 64 
-+ procaine 61, 62 
-+ resistance 591 
reversal of antagonist actions 84, 92 
-+ spironolactone 64 
-+ steroid hydroxylase 62 
+- steroids 168, 291; Diagram Table 139 

857; Tables 106, 138 291, 850 
-+ strychnine 61, 62 
-+ substrates, naturally-occurring 61 
-+ succinylcholine 62 
-+ sulphacetamide 63 
-+ testosterone 62 
-+ thiophosphates 61 
+- thyroxineDiagram Table 139 857; 

Tables 106, 138 291, 857 
-+ triflupromazine 62 
-+ urethan 62 

Skim milk powder +- steroids 315 
Smooth endoplasmic reticulum, history 40 

in hepatocytes, history 31 
Sodium +- steroids 168, 291 

chloride +- thyroid hormones 491 
+- posterior pituitary preparations 442 

perchlorate; cf. NaCl04 
salicylate -+ F-COL, DHT, digitoxin, dio

xathion, hexobarbital, indomethacin, ni
cotine, parathion, progesterone, zoxazol
amine Table 137 848 

"Soil-factors" 863 
Solu-Cortef; cf. also Corticoids 

-+ endotoxin Table 120 344 
Soman +- ethionine 79 
Somatic growth +- steroids 382, 383 
Somatotrophic hormone; cf. STH 
Soterenol -+ resistance 588 
Sound+- 5-HT 558, 563 

+- thyroid hormones 512, 513 
Sparteine (formerly used as antiarrhythmic 

and oxytocic) +- epinephrine 533, 540 
Species-+ acetonitrile 674, 675 

-+ anticoagulants 675 
-+ bacterial toxins 681 
-+ barbiturates 675 
-+ carisoprodol 675, 678 
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Species-+ chloroform 876 
-+ digitalis 678 
-+ digitoxin 876 
-+ drugs 874 
-+ endotoxin 881 
-+ hepatic enzymes 682 
-+ hepatic lesions 682 
-+ indomethacin 876, 679 
-+ methyprylon 679 
-+ pesticides 680 
-+ picrotoxin 876, 680 
-+ resistance 873 
-+ steroids 873 
-+ TKT 881, 682 
-+ toxicants, nonpolar 881 
-+TPO 682 

Specific antagonisms, classification 17 
detoxication 764 
drug antagonisms 16 
toxication 784 

Specificity of catatoxic steroid actions 866 
of conditioning 90 
of syntoxic steroid actions 866 

Spectrum index, protective 771 
Sperrnatogenie steroids 9 
Spinalcord lesion-+ TEA Table 600 246 
"Spironolactone bodies" 740 
Spironolactone-+ AAN Table 73 257 

-+ acetanilide Table 24 176 
-+ acrylamide Table 25 176 
-+ acrylonitrile Table 26 177 
+- actinomycin 75 
-+ adrenal necrosis +- DMBA FigB. 2, 3 

213,214 
-+ adrenal, weight Table 140 860 
-+ aminopyrine Table 27 179 
-+ barbital Table 34 198 
-+ barbiturates 197 
-+ bishydroxycoumarin Table 28 182 
-+ body weight Table 140 860 
-+ cadmium Table 35 200 
-+ caramiphen Table 36 201 
-+ cardiac necrosis, infarctoid +- F-COL 

Fig.l 123 
-+ cardiopathy +- digitoxin Fig. 36 733 
-+ carisoprodol Table 37 216 
-+ chlordiazepoxide Table 38 217 
-+ cinchophen Table 39 221 
-+ cocaine Table 40 221 
-+ F-COL Fig. 1 123; TableB12, 13, 14 

133, 134 
-+ colchicine Table 41 222 
-+ DL-coniine Table 42 222 
-+ croton oil Table 43 223 
-+ cyclobarbital Table 33 198 
-+ cycloheximide Tablea 44, 45 224 
+- cycloheximide 77 

Index 

Spironolactone -+ cyclophosphamide Table 46 
225 

-+ DHT Table 117 309 
-+ digitoxin Tablea 8, 47, 48, 126, 128 94, 

230, 600, 630 
-+ digitoxin +- choledochus ligature 

Table 126 600 
-+ digitoxin +- metyrapone Table 51 232 
-+ digitoxinfmouse Table 130 677 
-+ digitoxin +- partial hepatectomy 

Table 126 600 
-+ digitoxin +- partial nephrectomy Table 

126 600 
-+ digitoxin +- steroids Table 49 231 
-+ diisopropyl fl.uorophosphate Table 52 234 
-+ dioxathion Table 91,126, 128 280, 600, 

630 
-+ dioxathion +- choledochus ligature, par

tial hepatectomy, partial nephrectomy 
Table 126 600 

-+ dioxathionfmouse Table 132 680 
-+ diphenylhydantoin Table 53 235 
-+ dipicrylamine Table 54 235 
-+ DMBA FigB. 2, 3 213, 214 
-+ DOC Table 15 135 
duration of pretreatment -+ digitoxin 

Table 4 85 
-+ emetine Table 55 238 
-+ endotoxin Table 123 348 
-+ epinephrine Table 23 144 
-+ EPN Table 99 284 
-+ estradiol Table 16 135 
-+ ethion Table 92 281 
-+ ethionine 79 
-+ ethylene glycol Table 56 243 
-+ ethylmorphine Table 57 244 
-+ fl.ufenamic acid Table 58 245 
-+ fluphenazine Table 59 245 
-+ glutethimide Table 63 248 
-+ glycerol Table 64 249 
-+ guthion Table 93 281 
-+ heptachlor Table 98 283 
-+ hexamethonium TableB 60A, 61 246,247 
-+ hexobarbital Tablea 9, 32, 126, 128 96, 

197, 600, 630 
-+ hexobarbital +- choledochus ligature, 

partial hepatectomy, partialnephrectomy 
Table 126 600 

-+ hydroquinone Table 65 249 
-+ imipramine Table 66 250 
-+ indomethacin Fig. 8 251; Tablea 67, 70, 

71,126,128 250,253,254,600,630 
-+ indomethacin +- adrenalectomy + corti

coids Table 68, 69, 70, 71 252, 253, 254 
-+ indomethacin +- choledochus ligature, 

partial hepatectomy, partial nephrectomy 
Table 126 600 
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Spironolactone ~ indomethacin ~ metyrapone 
Table51232 

~ indomethacinfmouse Table 131 678 
~ kidney, weight Table 140 860 
~ liver, weight Table 140 860 
~ LSD Table 74 258 
~ mechlorethamine Table 75 260 
~ mephenesin Table 76 260 
~ meprobamate Table 77 261 
~ mercury Figs.11, 12 263-266; 

Tables 78, 81 267, 269 
~ mersalyl TableB 79, 80 268 
~ methadone Table 82 269 
~ methylaniline Table 83 270 
~ methyprylon Table 84 270 
~ NaCI04 Table 90 278 
~ «-naphthylisothiocyanate Table 85 273 
~ nephrocalcinosis ~ F-COL Fig.1 123 
~ nephrocalcinosis ~ mercury Figs. 11, 12 

263 
~ niootine Tables 86, 128 274, 630 
~ nikethamide Table 87 274 
~ p-nitroanisole Table 88 275 
~ OMP A Table 94 282 
~ ovary, weight Table 140 860 
~ pancuronium Table 19 136 
~ parathion TableB 95, 128 282, 630 
~ pentobarbitalfmouse Table 129 677 
~ pentylenetetrazol Table 89 277 
~ phenindione Table 29 183 
-+- phenyramidol Table 100 284 
~ physostigmine Table 101 285 
-+- picrotoxin Table 102 286 
~ picrotoxinfmouse Table 133 680 
~ piperidine Table 103 287 
~ pralidoxime Table 104 288 
~ preputial glands, weight Table 140 860 
~ progesterone TableB 9, 17, 128 96, 136, 

630 
~ propionitrile Table 105 289 
~ propylthiouracil Tables 21, 22 140, 141 
~ puromycin 76 
repeated doses ~ dioxathion, hexobarbital, 

parathion, progesterone, zoxazolamine 
Table 7 90, 91 

~ SER in hepatocytes Fig. 34 731 
~ SKF 525-A 64 
~ SKF 525-A Table 106 291 
-+- steroids 121, 122 
~ strychnine Table 107 292 
~ T3 Table 20 140 
-+- TEA Tables 60A., 62 246, 248 
~ theobromine Table 108 293 
~ theophylline Table 109 293 
~ thimerosal Table 110 294 
~ thiopental Table 31 197 
-+- thymus, weight Table 140 860 

Spironolactone -+- thyroid, 
weight Table 140 860 

~ triamcinolone Table 18 136 
~ {1-tribromoethanol Table 111 295 
~ ß-trichloroethanol Table 112 295 
-+- tri-o-cresyl phosphate Table 113 296 
-+- D-tubocurarine Table 114 296 
-+- tyramine Table 115 297 
-+- tyrosine Table 116 299 
-+- Tyzzer's disaase 316, 319 
-+- ulcers, intestinal ~ indomethacin Fig. 8 

251 
-+- uterus, weight Table 140 860 
-+- vitamin Afrat Fig. 14 301 
-+- W-1372 Table 118 309 
withdrawal ~ digitoxin Table 5 86 
-+- zoxazolamine Table 9, 119, 128 96, 313, 

630 
Spiroxasone -+- mercury 162 

-+- steroids 122, 123 
Spleen, extrahepatic conditioning 102, 103 
Splenectomy-+- DMBA lili3 

-+- drngs 553 
-+- hexobarbital 553 
-+- ionizing rays lili3, 554 
-+- microorganisms 553 
-+- Moloney virus 553 
-+- p-nitroanisole 553 
-+- parathion 553 
-+- partial hepatectomy lili3, 554 
-+- Rauscher virus lili3, 554 
~ resistance lili3 
-+- vaccines 553 
-+- zoxazolamine 553 

Squill (rodenticide) ~ sex 653 
~ steroids 291 

SSS steroid terminology 774 
"Standard oonditioners" Vlll, IX, 180, 181, 

183,234,236,240,249,279,285,287,289,361 
"Standard renal injury" li16 
Staphylococci ~ ACTH 411i, 417 
~ pancreatic hormones 527 
~ steroids 318, 324 
~ STH 430, 431 
~ thyroid hormones 498 

Starvation 81 
~ acetanilidefmouse Table 3 81 
~ actinomycin 74 
~ aminopyrinefmouse Table 3 81 
~ chlorpromazinefmouse Table 3 81 
-+- hepatic microsomes Table 3 81 
~ hexobarbitalfmouse Table 3 81 
~ neoprontosilfmouse Table 3 81 
-+- p-nitrobenzoic acidfmouse Table 3 81 
~ toxicantsfmouse Table 3 81 

"Statistical evaluation" IX, 771 
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Steroid anesthesia, adaptation to 133 
anesthesia, review 133 
hormones, classification 16 
hydroxylase +- SKF 525-A 62 
-induced resistance, theories 763 
terminology, SSS 774 

Steroidases (incl. bile acide, cholesterol); cf. 
also Cholesterol under Drugs 

in general, chemistry 49 
+- thyroid hormones 462 
+- tumors 704 

Steroide 80; cf. also Catatoxic Steroide 
- AAN Diagram Table 139 857; Table 138 

850 
- acetaldehyde 175 
- acetanilide 176;Diagram Table139 857; 

Table 138 850 
- acetonitrile 175 
+- acetoxypregnenolone 133 
- acrylamide 176; Diagram Table 139 

857; Table 138 850 
- acrylonitrile 176 
-ACTH 137 
+-ACTH 40i 
- actinomycetes 316, 319 
activity index 863 
- adenovirus-12 32i, 327 
+- adrenalectomy 127 
- adrenooortical hyperplasia with sexual 

anomalies 382, 383 
+- age 666, 668 
+- aldadiene (SC-9376) 122, 123 
- allylaloohol 176 
- allylformiate 177 
- Ameba 330, 331 
- aminoglutethimide 177 
- 6-aminoniootinamide 177 
- o-aminophenol 177; Diagram Table 139 

857; Table 138 850 
- aminopterin 177 
- aminopyrine 178; Diagram Table 139 

857; Table 138 850 
- ammonium chloride 179 
- AMP (cyclic) 179 
- amphetamine 179; Diagram Table 139 

857; Table 138 850 
- amyl nitrite 180 
+- anabolic steroide 114, 119 
- anaphylactoidogenic agents 148, 180 
- Ancylostoma caninum 330, 332 
- aniline 180 
- anterior lobe extracts 138 
- antibiotics 181 
- antiooagulants 148, 181 
anti-in11.ammatory activity Table 122 345 
+- antimineralooortiooids 121, 122 
- antipyrine 183 

Steroide "antirachitic" 304 
+- antitestoide 126 
- arboviruses 32i, 327 
- arsenic 183 
- arsenic pentoxide Diagram Table 139 857; 

Table 138 850 
- Bacillus anthracis 316, 319 
- Bacillus pertussis lUG 
-Bacillus piliformis (Tyzzer's disease) 316, 

319 
- bacteria 316; Diagram Table 139 857; 

Table 138 850 
- bacterial toxins 333, 337, 347 
- barbital 198; Diagram Table 139 857; 

Table 138 850 
+- barbiturates 574 
- barbiturates 149, 184 
- benzene 198 
- beryllium 199 
- Besnoitia 330, 331 
- bile duct ligature Diagram Table 139 857; 

Table 138 850 
- bilirubin 1i2, 199 
- bishydroxyooumarin Table 138 850 
- Bordetella pertussis 319 
- bromide 199 
- bromobenzene 200; Diagram Table 139 

857; Table 138 850 
- brompheniramine Diagram Table 139 

857; Table 138 850 
- bronchopulmonary aspergillosis 330 
- Brucella 316, 319 
- cadmium 200;Diagram Table139 857; 

Table 138 850 
- caffeine 200 
- Candida albicans 329, 330 
- caramiphen 200; Diagram Table 139 

857; Table 138 850 
- carbon monoxide 201 
- carcinogene 1i3, 213 
- carcinolytics 215 
- carisoprodol 215; Diagram Table 139 

857; Table 138 850 
- casein 216 
- CC4 li2, 201, 203 
- 0014/guinea pig, mouse, rabbit 203 
- cerium 216 
- chioral hydrate 216 
- chlordecone 216 
- chlordiazepoxide li3, 216; Diagram 

Table 139 857; Table 138 850 
- chloroform 1i3, 217 
- chloropicrin 217 
- chlorpromazine 217 
- chlortetracycline 218 
- chlorzoxazone 218 
- cholesterol 154, 218 
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Steroids ~ choline 154 Steroids ~ diisopropyl fluorophosphate 
~ cinchophen 154, 220; Diagram Table 139 

857; Table138 850 
~Clostridium tetani 319 
~Clostridium welchii 316, 319 
~ cocaine 221; Diagram Table 139 857; 

Table 138 850 
~ codeine 222 
~ F-COL Diagram Table 139 857; 

Tables 136, 138 836, 850 
~ colchicine llili, 222; Diagram Table 139 

857; Table 138 850 
~ Columbia-SK virus 327 
~ DL-coniine 222; Diagram Table 139 

857; Table 138 850 
~ copper 222 
+- cortisone 133 
~ Corynebacteria 317, 319 
~ Corynebacterium diphtheriae 317 
~ Coxsackie 325, 327 
~ croton oil 222; Diagram Table 139 857; 

Table 138 850 
+- CS-1 122, 124 
~ curare 223 
~ cyanides 223 
~ cyclobarbital 198; Diagram Table 139 

857; Table 138 850 
+- cycloheximide 77 
~ cycloheximide 155, 223; Diagram Table 

139 857; Table 139 850 
~ cyclophosphamide 155, 223; Diagram 

Table 139 857; Table 139 850 
~ cyclopropane 224 
+- cyproterone 126 
~DDD 225 
~ DDT 164, 172; Fig. 16 305; Diagram 

Table 139 857; Table 138 850 
dependent action 10 
determination of "protective spectrum" 834 
~ dexamphetamine 225 
~ DHT Diagram Table 139 857; 

Tables 136, 138 836, 850 
~ dicoumarol Diagram Table 139 857 
~ diet 313 
+- diet 592 
~ diet, fat 315 
~ diet, gallstone producing ration 315 
~ diet, protein deficiency 313, 314 
~ diet, skim milk powder 315 
~ diethylnitrosamine 228 
~ digitalis 195, 228, 234 
~ digitalisfcat, dog, guinea pig, frog, 

hamster, mouse 155, 232, 233 
~ digitoxin 792; Diagram Table 139 857; 

Tables 135, 135B, 136, 138 779, 807, 
836, 850 

(DFP) 234; Diagram Table 139 857; 
Table 138 850 

~ dimercaprol 234; Diagram Table 139 
857; Table 138 850 

~ dinitrophenol 234; Diagram Table 139 
857; Table 138 850 

~ dioxathion 165; Diagram Table 139 
857; Tables 136, 138 836, 850 

~ diphenylhydantoin 234; Diagram Table 
139 857; Table 138 850 

~ diphosphopyridine nucleotide (DPN) 235 
~ dipicrylamine 235; Diagram Table 139 

857; Table 138 850 
~ Diplococcus pneumoniae 320 
~ disulfiram 235 
~DMP 165 
~ DOC Diagram Table 139 857; 

Table 138 850 
~ doxepin 236; Diagram Table 139 857; 

Table 138 850 
~ drugs 148 
~ dyes 197, 237, 238 
~ dyesfchicken, dog, man, rabbit 107, 238 
~ edrophonium 238; Diagram Table 139 

857; Table 138 850 
~ EDTA (calcium disodium ethylenedi-

aminetetraacetide) 238 
effect upon resistance 111 
~ Eimeria mivati 330, 331 
~ electric stimuli 374, 376 
~ emetine 239; Diagram Table 139 857; 

Table 138 850 
~ encephalomyelitis 325, 326, 327 
~ encephalomyocarditis 326 
~ endotoxin Diagram Table 139 857; 

Tables122, 138 345, 850 
~ enzymes 383, 403 
~ ephedrine 239; Diagram Table 139 857; 

Table 138 850 
+- epinephrine 531; Diagram Table 139 

857; Table 138 850 
~ epinephrine 143 
~ EPN 165; Diagram Table 139 857; 

Table 138 850 
+- 1,21X-epoxy-androstan-3,17-dione 133 
~ ergot 157, 239 
~ Erysipelothrix rhusiopathiae 317, 320 
~ Escherichia coli 317, 320; Table 138 850 
+- estradiol 133; Diagram Table 139 857; 

Table 138 850 
~ ethanol/man, mouse, rabbit 158, 239, 

240 
~ether 240 
~ ethion 165; Diagram Table 139 857; 

Table 138 850 
~ ethionine loS 
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Steraids ~ ethyl alcohol Diagram Table 139 
857; Table 138 850 

Steraids ~ hexobarbital Diagram Table 139 

~ ethylene chlorohydrin 241 ; Diagram 
Table 139 857; Table 138 850 

~ ethylene glycol 241; Fig. 7 242; 
Diagram Table 139 857; Table 138 850 

~ ethylmorphine 163, 243; Diagram 
Table 139 857; Table 138 850 

~ Fasciola hepatica 330, 332 
~ fasting 313, 314; Diagram Table 139 

857; Table 138 850 
~ fencamfamine 244 
~ flufenamic acid 244; Diagram Table139 

857; Table 138 850 
~ fluoride 244 
~ flurothyl 245 
~ 5-fluorouracil 245 
~ fluphenazine 245; Diagram Table 139 

857; Table 138 850 
+- folliculoids 124 
~ food consumption 314, 315 
~ formaldehyde 245 
~fungi 329 
~ gallstone producing ration 315 
~ ganglioplegics 11)9, 245 
~ ganglioplegicsfguinea pig lö9 
+- genetic factors 673 
+- glucocorticoids 111, 112 
+- gluco-mineralocorticoids 113 
~ glutamic acid 24 7 
~ glutethimide 247; Diagram Table 139 

857; Table 138 850 
~ glycerol 248; Diagram Table 139 857; 

Table 138 850 
~ glycolic acid 248 
~ gold 248 
gonadal ~ ethionine 241 
+- gonadectomy 129 
~ griseofulvin Diagram Table 139 857; 

Table 138 850 
~ guthion 16ö; Diagram Table 139 857; 

Table 138 850 
~ haloperidol Diagram Table 139 857; 

Table 138 850 
~ hemorrhagefcat, dog, monkey, rabbit 

369,370 
~ hepatic Iesions 31)4, 358 
+- hepatic lesions ö96 
~ hepatic microsomal drug metabolism in 

man 711 
~ hepatic tissue 72ö, 726, 728, 735 
~ hepatitis virus 326, 327 
~ heptachlor Diagram Table 139 857; 

Table 138 850 
""* hexadimethrine 248 
""* hexamethonium Diagram Table 139 857; 

Table 138 850 

857; Tables 136,138 836, 850 
~ histamine 141) 
~ Histoplasma capsulatum 329, 330 
~ homatropine 249; Diagram Table 139 

857; Table 138 850 
~ hormone-like substances 137 
""* hormones, nonsteroidal 137 
~5-HT 146 
+-5-HT 558 
--* hydrazineDiagram Table 139 857; 

Table 138 850 
~ hydroquinone 249 
~ Hymenoiepis nana 330, 332 
~ hyperbilirubinemia 71ö, 719 
~ hyperoxygenation 370 
+- hypophysectomy 444 
~ hypoxia 370 
~ immune reactions 325, 349 
~ imipramine 249; Diagram Table 139 

857; Table 138 850 
inactive ~ digitoxin Table 135A 794 
~ indomethacin Table 135 A 794 

~ indium 249; Diagram Table 139 857; 
Table 138 850 

~ indomethacin 159, 250, 793; Diagram 
Table 139 857; Tables 135, 135B, 136, 
138 779, 807, 836, 850 

~ indomethacin/mouse 160 
~ infections 325 
~ influenza 326, 328 
~iodoacetate 254 
""* ionizing rays 361, 368 
~ isoniazid 254 
~ isoproterenol 160, 255 
~ Japanese encephalomyelitis 321) 
~ Klebsiella pneumoniae 320 
~ kutscheri 317 
~lathyrogens 160,255 
~ lathyrogensfchicken, mause 258 
""*lead 258 
~ leptospira 317, 320 
~ lithium 258 
~local trauma 381 
~ LSD 161, 258; Diagram Table 139 857; 

Table 138 850 
+- luteoids 120 
~ magnesium 161, 259 
~ malathion 161) 
~ MAO-inhibitors 259 
~ measles 328 
""* mechlorethamine 259; Diagram 

Table 139 857; Table 138 850 
~ meleagrimitis 330 
~ meperidine 259 
~ mephenesin 161, 260; Diagram Table 

139 857; Table 138 850 
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Steroids ~ meprobamate 181, 260; Diagram 
Table 139 857; Table 138 850 

~MER-25 261 

Steroids ~ nitrous oxide 275 

~ mercury 182, 267; Diagram Table 139 
857; Table 138 850 

~ mersalyl Diagram Table 139 857; 
Table 138 850 

~ methadone 268; Diagram Table 139 
857; Table 138 850 

~ methanol 269 
~ methylaniline 269; Diagram Table 139 

857; Table 138 850 
~ methylphenidate 269; Diagram Table 

139 857; Table 138 850 
~ methylsalicylate Diagram Table 139 857; 

Table 138 850 
~ methyprylon 182, 270; Diagram Table 

139 857; Table 138 850 
~ metyrapone 270 
~ microorganisms 310 
+- mineralocorticoids 113 
~ mitomycin 270 
~ monocrotaline 182, 271 
~ morestan 189 
~ morphine 183, 271; Diagram Table 139 

857; Table 138 850 
~mumps 328 
~ muscular dystrophy 382, 383 
~ mushrooms 349 
~ mustard gas 272 
~ mustard powder 272 
~ Mycobacterium leprae 320 
~ Mycobacterium lepraemurium 317 
~ Mycobacterium paratuberculosis (johnei) 

317, 321 
~ Mycobacterium tuberculosisfguinea pig, 

mouse, rabbit 317, 321, 322 
~ mycoplasma 322 
~ NaCI04 Diagram Table 139 857; 

Table 138 850 
~ naphthaJene 272 
~ cx-naphthylisothiocyanate 273; Diagram 

Table 139 857; Table 138 850 
~ Neisseria gonorrhoeae 322 
~ neostigmine Diagram Table 139 857; 

Table 138 850 
~ nephrectomy Diagram Table 139 857; 

Table 138 850 
~ nickel sulfide 273 
~ nicotine 183, 273; Diagram Table 139 

857; Tables 136, 138 836, 850 
~ nicotinic acid 27 4 
~ nikethamide 275; Diagram Table 139 

857; Table 138 850 
~ p-nitroanisole 275; Diagram Table 139 

857; Table 138 850 
~ nitrogen mustard 275 

~ Nocardia asteroides 317, 322 
~ nonsteroidal hormones 137 
+- norepinephrine 931 
~ norepinephrine 143 
+- norethandrolone 133 
~ nortriptyline 275 
~ OMPA 189; Diagram Table 139 857; 

Table 138 850 
~ ornithosis 323 
~ orotic acid 276 
~ozone 276 
~ pancreatectomy, partial 381 
+- pancreatic hormones 921 
~ pancreatic hormones 142 
~ pancuronium Diagram Table 139 857; 

Table 138 850 
~ papain 183, 276 
~ parabromdylamine 276 
~ parasites 319, 330 
~parathion 189; Diagram Table 139 857; 

Tables 136, 138 836, 850 
~ parathyroidectomy 361 
~ parathyroid hormones 141 
+- parathyroids 019 
~ partial pancreatectomy 381 
~ Pasteurella pestis 322 
~ Pasteurella tularensis 323 
+-PCN 135 
~ pentylenetetrazol 183, 276; Diagram 

Table 139 857; Table 138 850 
~ pentylenetetrazolfguinea pig, mouse 184 
~ peptone 277 
~ perchlorates 184, 278 
~ peritonitis, appendical 325 
~ permanganate 278 
~ pesticides 164, 278 
+- phanurane 122, 124 
~ phenindione Diagram Table 139 857; 

Table 138 850 
~phenol 282 
~ phenoxybenzamine 282 
~ phenylalanine 284 
~ phenyl isothiocyanate Diagram Table 139 

857; Table 138 850 
~ phenyramidol 284; Diagram Table 139 

857; Table 138 850 
~ phlorhizin 284 
~ phosgene 284 
~ phosphates 168, 284 
~ phosphorus 188, 285 
~ phosphorus yellow Diagram Table 139 

857; Table 138 850 
~ physostigmine 188, 285; Diagram Table 

139 857; Table 138 850 
~ picrotoxin 187, 286; Diagram Table 139 

857; Table 138 850 
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Steroids-+ picrotoxinfmouse 167 
-+ piperidine 167, 286; Diagram Table 139 

857; Table 138 850 
-+ pipradol 287; Diagram Table 139 857; 

Table 138 850 
-+ plant extracts 287, 348 
-+ plasmocid 287 
-+ Plasmodia 330 
-+ Pneumooocci 317 
-+ pneumonia 328 
-+ poliomyelitis 326, 328 
-+ polyvinyl alcohol 287 
-+ posterior pituitary hormones 318 
~ posterior pituitary preparations 441 
-+ potassium 166, 287 
-+ pralidoxime 167, 288; Diagram 

Table 139 857; Table 138 850 
~ pregnancy 660 
~ pregnenolone 133 
-+ primaquine 288 
-+ procaine 288 
-+ progesterone Diagram Table 139 857; 

Tables 136, 138 836, 850 
-+ promazine 288 
-+ propionitrile 289; Diagram Table 139 

857; Table 138 850 
-+ propylthiouracil Diagram Table 139 857; 

Table 138 850 
protective potency 771 

spectrum 771 
-+ protein deficiency 313, 314 
-+ protozoa 330, 331 
-+ psittacosis 323 
-+ puromycin aminonucleoside (PAN) 167, 

289 
-+ pyribenzamine 289 
-+ pyrilamine 289; Diagram Table 139 

857; Table 138 850 
-+ pyruvate 290 
-+ rabies 326, 329 
"rachitogenic" 304 
-+ renallesions 31i9, 361 
-+ RES-blocking agents 168, 290 
-+ reserpine 168, 290 
-+ rickettsia 323 
-+ salicylates 291 
-+ salinity tolerance 383 
-+ Salmonella enteritidis 323 
-+ Salmonella typhi 323 
-+ Salmonella typhimurium 318, 323 
-+ "saprophytosis" 323 
~ SC-8109 133 
~ SC-5233 133 
-+ Schistosoma 330, 332 
-+ selenium 291 
~ sexfdog, frog, man, mouse 627, 629,630 
-+ sexual cycle 382, 383 

Steroids -+ SKF 525-A 168, 291; Diagram 
Table 139 857; Table 138 850 

-+ skim milk powder 315 
-+ sodium 168, 291 
-+ somatic growth 382, 383 
-+sound 383 
~ species 673 
~ spironolactone 121, 122 
~ spiroxazone 122, 123 
-+ squill 291 
-+ staphylococci 318, 324 
~ steroids 111, 11ö, 131, 132, 133 
-+ STH 137 
~sTH 424 
~ stilbestrol 133 
-+ streptococci 318, 324 
~ stressors 688 
-+ strychnine 169, 291; Diagram Table 139 

857; Table 138 850 
-+ sulfa drugs 292 
-+ surgical procedures 361 
syntoxic; cf. Syntoxic Steroids 
-+ T3 Diagram Table 139 857; Table 138 

850 
-+ tannic acids 292 
-+ TEA Diagram Table 139 857; Table 138 

850 
-+ temperature variations 372, 374 
~ testoids 114, 119 
~ testosterone 133 
-+ tetracaine 293 
-+ tetrahydronaphthylamine 293 
-+ thalidomide 293 
-+ thallium 293; Diagram Table 139 857; 

Table 138 850 
-+ theobromine 293; Diagram Table 139 

857; Table 138 850 
-+ theophylline 293; Diagram Table 139 

857; Table 138 850 
-+ thimerosal 169, 294; Diagram Table 139 

857; Table 138 850 
-+ thioacetamide 169, 294; Table 138 850 
-+ thiopental Diagram Table 139 857; 

Table 138 850 
-+ thiourea 294 
-+ thyroid hormones 139 
~ thyroid hormones 461, 462 
-+ thyroid hormonesfdog, guinea pig, man 

139 
-+ tissue extracts 14 7 
~ TMACN 131, 132 
toxicants 101i, 108 
-+ toxoplasma 330, 332 
-+ trauma 376, 378, 381 
-+ tremorine 294; Diagram Table 139 857; 

Table 138 850 
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Steroids -+ Treponema pallidum 318, 325 
-+ triamcinolone Diagram Table 139 857; 

Table 138 850 
-+ tribromoethanol 169, 295; Diagram 

Table 139 857; Table 138 850 
-+ Trichinella spiralis 330, 332 
-+ trichloroethanol 170, 295; Diagram 

Table 139 857; Table 138 850 
-+ trichloroethylene 295 
-+ Trichophyton mentagrophytes 329, 330 
-+ Triohuris muris 330, 332 
-+ tri-o-cresyl phosphate 295; Diagram Table 

139 857; Table 138 850 
-+Trypanosoma cruzi 331 
-+ Trypanosomes 330, 331 
-+ trypsin 296 
-+ tubocurarine 170, 296; Diagram Table 

139 857; Table 138 850 
-+ tumors 382 
-+ typhoid 318 
-+ tyramine 296; Diagram Table 139 857; 

Table 138 850 
-+tyrosine 170, 297; Diagram Table 139 

857; Table 138 850 
-+ ultraviolet rays 368 
-+ uranium 297 
-+ urethan 297 
-+ vaccines 316 
-+ vacmma 326, 329 
-+ variola 326, 329 
-+ venoms 348 
-+ venoms, spider, wasp 349 
-+ viruses 325 
-+ vitamin A l'i'O, 299 
-+ vitamin Ajrabbit, xenopus laevis 1'i'1 
-+ vitamin B 172, 301 
-+ vitamin Bfchicken, pigeon 172 
-+ vitamin C 172, 302 
-+ vitamin Cfguinea pig, mouse 172 
-+ vitamin D 172, 302, 308 
-+ vitamin E, K 309 
-+ W-1372 175, 309; Diagram Table 139 

857; Table 138 850 
-+ warfarin Diagram Table 139 857; 

Table 138 850 
-+ water 310 
-+ worms 330, 332 
-+ yeast 313, 314, 329 
-+ yohimbine 312 
-+ zoxazolamine 175, 312; Diagram 

Table 139 857; Tables136, 138 836, 850 
STH -+ acrylonitrile 426 

-+ aminopyrine 426 
-+ anaphylactoidogenic agents 426 
-+ anticoagulants 426 
-+ bacteria 430 

STH -+ bacterial toxins 432 
-+ barbiturates 426 
-+ Candida albicans 430 
-+ carcinogens 425, 427 
-+ 0014 425, 427 
-+ choline 426, 427 
-+ chlorpromazine 427 
-+ F-COL Table 137 848 
-+cold 432 
-+ corticoids 425 
-+ Corynebacteria 430 
-+ DHT 426, 428; Fig. 16 305; Table 137 

848 
-+ diet 430 
-+ digitoxin Table 137 848 
-+ dioxathion Table 137 848 
-+ drugs 425 
-+ "endotheliomyelosis" 430 
-+ enzymes, hepatic 433, 434 
-+ enzymes, hepaticfmouse 433 
-+ EST 433, 434 
-+ ethanol 427 
-+ ethionine 427 
-+ folliculoids 425 
-+ fungi 432 
+-- glucocorticoids 137 
-+ hepatic lesions 432, 433 
-+ hexobarbital Table 137 848 
-+ immune reactions 432, 433 
-+ indomethacin Table 137 848 
-+ influenza 430 
-+ ionizing rays 432, 434 
-+lathyrogens 426,427 
-+ microorganisms 430 
+-- mineralocorticoids 137 
-+ Mycobacterium tuberculosis 431 
-+ nicotine Table 137 848 
-+ nitrogen mustard 426, 428 
-+ parasites 430, 432 
-+ parathion Table 137 848 
-+ Pasteurella pestis 430, 431 
-+ phenylalanine 426, 428 
-+ plasmocid 428 
-+ Plasmodium berghei 430 
-+ pneumococci 430, 431 
-+ progesterone Table 137 848 
-+ renallesions 432, 433 
-+ salinity tolerance 433, 434 
-+ "saprophytosis" 430 
-+ staphylococci 430, 431 
+-- steroids 137 
-+ steroids 424 
+-- stressors 689 
-+ stressors 432, 434 
-+ temperature variations 434 
+-- testoids 137 
-+ Trypanosoma inopinatum 430 
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STH --7 tryptophan 426, 428 
--7 tuberculosis 430 
--7 typhoid bacilli 430, 431 
--7 typhoid endotoxin 430 
--7 tyrosine 426, 428 
--7 vaccines 430 
--7 viruses 431 
--7 vitamin A 426, 428; Fig. 21 429 
--7 vitamin C 428 
--7 vitamin D 426, 428 
--7 yeasts 432 
--7 zinc 430 
--7 zoxazolamine Table 137 848 

"Stiffness syndrome" 314 
Stilbestrol --7 barbiturates 196 

--7 epinephrine 143 
--7 pancreatic hormones 142 
--7 steroids 133 

Streptococci +- ACTH 4Hi, 417 
+- pancreatic hormones 527 
+- steroids 318, 324 
+- thyroid hormones 499 

Stress+- actinomycin 74 

Index 

Stress --7 drugs 689 
--7 enzymes 703 
--7 enzymes, defensive 698 
--7 epinephrine 689 
+- epinephrine Mo, 689 
--7 ethanol 693 
--7 fatty acids 694 
--7 formaldehyde 693 
--7 ganglioplegics 693; Table 60 246 
--7 GOT 699, 703 
--7 GPT 699, 703 
--7 hepatic enzymes 700 
--7 hexobarbital 697 
--7 histamine 689 
+- 5-HT 1)1)7, 563 
--7 5-HT 689 
--7 hormone-like substances 688 
+- hormone-like substances 063 
--7 hyperoxygenation 700 
--7 hypophyseal hormones 689 
+- hypophysectomy 41)1) 
--7 hypoxia 700 
--7 immune reactions 700 

--7 adrenocortical necrosis +- DMBA Fig. 29 --7 indomethacin 694 
--7 ionizing rays 698, 700 693 

--7 agar 689, 690 
--7 aminopyrine 690 
--7 amphetamine 689, 690 
--7 anaphylactoidogenic agents 689, 690 
--7 aniline 690 
--7 antibiotics 689 
--7 anticoagulants 689, 690 
--7 bacteria 699 
--7 bacterial endotoxins 698 
--7 bacterial toxins 699 
--7 barbiturates 689, 690 
biologic 21) 
--7 bromides 692 
--7 bromobenzene 692 
--7 calcium 692 
--7 carcinogens 692 
--7 carrageenin 692 
--7 catecholamines 688 
--7 CCl4 692 
--7 chioral hydrate 692 
--7 chlorides 693 
--7 chlorform 693 
--7 chlorpromazine 697 
--7 cholesterol 693 
circulatory 377 
--7 codeine 697 
--7 corticoids 688 
--7 defensive enzymes 698 
--7 DHT Figs. 31,32 696,697 
--7 diet, complex 698 
--7 DMBA Fig. 29 693 
--7 DNA-polymerase 699, 703 

--7 isoproterenol 694 
--7lipids 694 
--7 lysosomal hydrolases 699, 702 
--7 magnesium 694 
--7 meprobamate 697 
--7 oc.-methyltyrosine 694 
--7 microorganisms 698, 699 
--7 morphine 694 
--7 nicotine 694 
--7 p-nitrobenzoic acid 697 
"nonspecific" 452 
--7 nonsteroidal hormones 688 
+- norepinephrine 1)41) 
+- pancreatic hormones 1)28 
--7 papain 694; Fig. 30 695 
--7 parasites 698 
--7 parathyroid hormone 688, 689 
+- parathyroids 519 
--7 pentobarbital 697 
--7 perchlorates 694 
--7 permanganates 694 
--7 pesticides 694 
--7 phenol 694 
--7 plasmocid 694 
--7 potassium 694 
+- pregnancy 665, 666 
--7 reserpine 694 
--7 resistance 688 
--7 RNA-polymerase 699, 703 
--7 salicylates 695 
+- sex 658 
--7 steroids 688 



Stress -+ STH 689 
+- STH 432, 434 
-+ TEA Table 600 246 
theories 760 
-+ thiouracil 688 
+- thyroid hormones 912 
-+ thyroid hormones 689 
-+ TKT 698, 700 
-+ TPO 698, 700 
-+ trypsin 703 
-+ tyrosine 695 
-+ venoms 698, 699, 700 
-+ vitamin A, D 697 
-+ zoxazolamine 697 

Strychnine (CNS stimulant) +- age 667,671 
+- barbiturates 577 
+- cholesterol Table 107 292 
+- epinephrine 933, 540 
+- genetic factors 679, 681 
+- hepatic lesions 603, 612 
+- 5-HT 997, 561 
+- norepinephrine 540 
+- parathyroids 517 
+- phenobarbital Diagram Table 139 857; 

Table8107, 138 292, 850 
+- posterior pituitary preparations 442 
+-sex 634,653,655 
+- SKF 525-A 61, 62 
+- steroids 169, 291; Diagram Table 139 

857; Tables107, 138 292, 850 
+- thyroid hormones 491 
+- thyroxine Diagram Table 139 857; 

Table8 107, 138 292, 850 
Style, analytico-synthetic V 

of this book V 
Su 9055 +- ethionine 79 
Su 10603 +- ethionine 79 
Substrates, competition 70 

naturally-occurring +- SKF 525-A 61 
reversal of actions 84, 93 
type I and II, behavior 104 

Subtotal hepatectomy; cf. also Hepatic 
Lesions 
methods 18, 20 

Succinic acid derivatives; cf. Sch 5712, 
Sch5705 

Succinylcholine +- enzymes, normal 
Table 134 759 
+- SKF 525-A 62 

Sucrose -+ resistance 970, 588 
Sulfa compounds +- calcitonin 920 

drugs +- parathyroids 916, 517 
+-sex 654 
+- steroids 292 
+- thyroid hormones 492 

Sulfonamide +- steroids 292 

72 Selye, Hormones and Resistance 

Index 

Sulfur -+ resistance 589 
compounds -+ resistance 970 

Sulphacetamide +- SKF 525-A 63 
Sulphuric acid esters 47 
Summary 862 
Surgical interventions -+ resistance 904 

interventions +- thyroid hormones 902 
methods 18, 19 
procedures; cf. also "Stress" 

special-+ resistance 947 
+- steroids 361 

Suxamethonium +- posterior pituitary 
preparations 442 

Sweat, extrahepatic conditioning 103 
Sympathectomy -+ endotoxin 904 

-+ formaldehyde 904 
-+ histamine 904 
-+ resistance 904 
-+ tourniquet shock 904 

Sympathetic nervous system, blockade 
of +- epinephrine Mo 
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Synopsis of pharmaco-chemical interrelations 
768 
of pharmaco-pharmacologic interrelations 

768 
Synoptic tables 771 
"Syntoxic hormones" 6, 707 
Syntoxic compounds 52, 862 

drugs 967 
steroids 9, 12 

classification 16 
clinical applications 863 
history 31, 40 
specificity of actions 899 

Systemic trauma +- adrenalectomy 337, 380 
+- corticoids 376, 378 
+- corticoidsfcat, dog, goat, man, mouse, 

rabbit 377, 380 
+- folliculoids 378, 381 
+- gonadectomy 378, 381 
+-luteoids 378, 381 
+- steroids 376, 378, 381 
+- testoids 378, 381 

T 3; cf. also Thyroid and Thyroid Hormones 
+- phenobarbital Diagram Table 139 857; 

Tables 20, 138 140, 850 
+- steroids Diagram Table 139 857; 

Tables 20, 138 140, 850 
+- thyroxineDiagram Table 139 857; 

Tables 20, 138 140, 850 
-+ tri-o-cresyl phosphate Table 113 296 

Table, diagram 772 
Tables Vffi 
Tannic acid (astringent, styptic) +- ACTH 413 

+- sex 654 
+- steroids 292 
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TDH +- pancreatic hormones 530 
(threonine) +- corticoids 390 

TEA +- ACTH Table 600 246 
+- bone fracture Table 600 246 
+- cold Table 60 0 246 
+- fasting Table 60 0 246 
+- formaldehyde Table 60 0 246 
+- hemorrhage Table 600 246 
+- phenobarbital Diagram Table 139 857; 

Tables 62, 138 248, 850 
+- pregnancy 665 
+- restraint Table 600 246 
+-spinal cord lesion Table 600 246 
+- steroids Diagram Table 139 857 ; 

TableB 60 A, B, 0, 62, 138 246, 248,850 
+- stressors Table 60 0 246 
+- thyroxineDiagram Table 139 857; 

TableB 62, 138 248, 850 
Tears, extrahepatic conditioning 103 
TEM; of. Carcinolytics 
Tamperature variations +- ACTH 422 

+- ACTHfmouse 422 
+- adrenalectomy 373, 374 
-+ bacterial toxins 687 
-+ barbiturates 686 
-+ CCl4 686 
-+ chioral hydrate 687 
-+ cholesterol 687 
-+ dinitrophenol 687 
-+ drugs 686 
+- folliculoids 373, 374 
+- gonadectomy 373, 374 
+- gonadectomyfrabbit 373 
-+ hepatic enzymes 687 
+- hypophysectomy 456 
-+ immune reactions 687 
-+ magnesium 687 
-+ resistance 686 
+-sex 658 
+- steroids 372, 374 
+-STH 434 
+- testoids 373, 374 
+- thyroid hormonesffish, goat, guinea pig, 

hamster, mouse, rabbit 509, 510, 511 
-+ tyrosine 687 
-+ venoms 687 

Terminology 5, 8 
anabolic steroids 9 
anesthetic steroids 9 
antimineralocorticoid 9 
catatoxic steroids 9, 13 
folliculoid 9 
glucocorticoid 9 
luteoid 9 
mineralocorticoid 9 
spermatoganie steroids 9 
syntoxic steroids 9, 12 

Index 

Terminology, testoid 9 
Testoids anabolics, "myotrophic" activity 313 
Testoidases, chemistry 49 
Testoids 9 

anabolics 54 
-+ bacterial toxins 337, 347 
-+ barbiturates 150, 187 
+- barbiturates 572 
-+ barbituratesfguinea pig, mouse 189 
-+ carcinogens 207 
-+ choline deficiency 219 
-+ DHTfrabbit 174 
-+ diet, choline deficient 219 
-+ electric stimuli 375, 376 
-+ enzymes 403 
-+ epinephrine 143, 144 
-+ folliculoids 115, 119 
-+ glucocorticoids 114, 115 
-+ gluco-mineralocorticoids 114, 118 
-+ hepatic lesions 354, 358 
-+ hepatic tissue 726, 734 
-+ hyperoxygenation 371, 372 
-+ hypoxia 371, 372 
-+ immune reactions 351, 353 
-+ ionizing raysfmouse, rabbit 362, 364, 

365 
-+lathyrogens 255 
-+ luteoids 114, 118 
-+ mercury 162, 261 
metabolism +- folliculoids Graph 125 

+- thyroid hormones Graph 125 
-+ mineralocorticoids 114, 118 
-+ norepinephrine 114 
-+ pancreatic hormones 142 
-+ renallesions 359, 360 
-+ steroids 114, 119 
-+ STH 137 
-+ systemic trauma 378, 381 
-+ temperature variations 373, 374 
+- thyroid hormones 461, 462 
-+ vitamin D 174, 307 
-+ vitaminDfchicken 174 

Testosterone; of. also Testoids 
-+ barbiturates 197 
-+ digitoxin +- spironolactone Table 49 231 
"rachitogenic" 173 
+- SKF 525-A 62 
-+ steroids 133 

Tetracaine (local anesthetic) +- ACTH 413 
+- steroids 293 

Tetrachloroethylene -+ resistance 590 
Tetraethylammonium; cf. TEA and under 

Ganglioplegics, Ganglionic-Blocking Agents 
Tetraethylthiuram disulfide; cf. Disulfiram 
Tetrahydrofurfuryl alcohol -+ resistance 591 
Tetrahydronaphthylamine +- hepatic lesions 

613 
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Tetrahydronaphthylamine +- steroids 293 
+- thyroid hormones 492 

Thallium (rodenticide) +- phenobarbital 
Diagram Table 139 857 

+- steroids 293; Diagram Table 139 857; 
Table 138 850 

+- thymectomy 548, 549 
+- thyroid hormones 492 
+- thyroxine Diagram Table 139 857; 

Table 138 850 
Theobromine +- phenobarbital Diagram 

Table 139 857; Tables108, 138 
293,850 

+- steroids 293; Diagram Table 139 857; 
Tables 108, 138 293, 850 

+- thyroxine Diagram Table 139 857; 
Tables 108, 138 293, 850 

Theophylline +- phenobarbital Diagram 
Table 139 857; Tables109, 138 293, 
850 

+- steroids 293; Diagram Table 139 857; 
Tables109, 138 293, 850 

+- thyroid hormones 492 
+- thyroxine Diagram Table 139 857; 

Tables 109,138 293, 850 
Theories 7 43 

defense against "natural" vs. "foreign" 
compounds 71i8 

DNA 749 
"foreign" compounds 71i8 
hepatic enzymes 743 

glycogen 71i7 
participation 743 

homeostasis 763 
lysosomes 71)3 
microsomal enzymes 746 
microsomes 747 
"natural" vs. "foreign" compounds 71i8 
nonspecificity of steroid-induced resistance 

763 
reticulo-endothelial system (RES) 71ili 
RNA 749 
SER 747 
steroid-induced resistance 763 
stressors 760 
TKT 745 
TPO 745 
vitamin C 71i7 

Thiadiazoles; cf. Sulfa Drugs 
Thimerosal (antiseptic) +- phenobarbital 

Diagram Table 139 857; Tables110, 138 
294,850 

+- steroids 169, 294; Diagram Table 139 
857; TablellO 294 

+- thyroxine Diagram Table 139 857; 
TablesllO, 138 294, 850 

72• 

Thioacetamide +- pancreatic hormones 526 
+- phenobarbital Table 138 850 
+- steroids 169, 294; Table 138 850 
+- thyroid hormones 492 
+- thyroxine Table 138 850 

Thiodiazoles; cf. Sulfa Drugs 
Thiopental; cf. also Barbiturates 

+- cholesterol Table 31 197 
+- phenobarbital Diagram Table 139 857; 

Tables 31, 138 197, 850 
~ resistance 591 
+- steroids Diagram Table 139 857; 

Tables 31, 138 197, 850 
+- thyroxineDiagram Table 139 857; 

Tables 31, 138 197, 850 
Thiophosphamide; cf. Carcinolytics 
Thiophosphates +- SKF 525-A 61 
"Thiosulfate serum" 589 
Thiouracil +- pancreatic hormones 526 

+- stressors 688 
Thiourea (toxic antithyroid agent) +- steroids 

294 
+- thyroid hormones 492 

6-Thioxanthine +- enzymes, normal Table 134 
759 

Thorium Dextrin; cf. RES-Blocking Agents 
Thorotrast 81 
"Three-Step Procedure" 18 
Threonine (nutrient); cf. also TDH under 

Infiuence of Steroids upon Enzymes 
~ resistance 590 

Thrombin +- hepatic lesions 621 
Thymectomy ~ adaptive enzyme formation 

1)1)2 
~ adenovirus-12 551 
~ bacteria M9, 550 
~ bacterial toxins 551 
~ Candida albicans liliO 
~ carcinogens MS 
~codeine M8 
~cold 553 
~ curare 549 
~ cytomegalic inclusion virus 551 
-+drugs M7 
~ Eimeria tenella !iliO, 551 
-+ endotoxins liliO 
-+ enzyme formation, adaptive lili2 
~ extrahepatic conditioning 103 
~fungi 551 
~ hepatic enzymes 553 
~ hepatic lesions lili2 
~heroin M8 
~ histamine 04 7 
~ hormone-like substances 047 
~ hormones 04 7 
~ immune reactions 1)1)1 
~ ionizing rays lili2 
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Thymectomy-+ lactate dehydrogenase virus 
551 

-+ lymphocytic choriomeningitis 949, 550 
-+ microorganisms 949 
-+ Moloney virus 551 
-+ morphine 648, 549 
-+ parabiosis 552, 553 
-+ parasites 549, 551 
-+ parathyroid extract 547 
-+ Plasmodium berghei 660, 551 
-+ polyoma virus 949, 550 
-+ Rauschervirus 660 
-+ resistance 94 7 
-+ thallium 948, 549 
-+ thyroid 547 
-+Trypanosoma lewisi 551 
-+ tumors 553 
-+ vaccines 550 
-+ viruses 649, 550 
-+ vitamin A, C, D 548, 549 
-+ yeasts 551 

Thymus -+ chloroform 549 
extrahepatic conditioning 103 
weight +- phenobarbital Table 140 860 

+- steroids Table 140 860 
+- thyroxine Table 140 860 

Thyroid +- epinephrine 631, 532 
history 26, 33 
hormones-+ acetaldehyde 470 

-+ acetonitrilefguinea pig, mouse 
466,470,471 

-+ aconitine 471 
-+ adenosine diphosphate 471 
-+ allyl alcohol 471 
-+ allylformiate 471 
-+ p-aminosalicylate 471 
-+ amphetamine 466,472 
-+ amphetaminefmouse 472 
-+ amyl nitrate 4 72 
-+ anaphylactoidogenic agents 467,472 
-+ angiotensin 466 
-+ anticoagulants 473 
-+ antimony 4 73 
-+ arsenic 473 
-+ atropine 4 73 
-+Bacillus anthracis 497 
-+ bacteria 496, 497 
-+ bacterial toxins 497, 500 
-+ barbiturates/ cat, frog, mouse, 

rabbit 467, 473, 474, 475 
-+ blood-vesselligatures 504 
-+ Brucella melitensis 497 
-+ caffeine 475 
-+ carbon dioxide 475 
-+ carbon monoxide 467, 475 
-+ carcinogens 467, 476 
-+ catecholamines 463 

Index 

Thyroid, hormones-+ CCl4 467,476 
-+ chioral hydrate 467, 477 
-+ chloralose 4 77 
-+ chlordiazepoxide 467,477 
-+ chloroform 468, 4 78 
-+ chlorpromazine 478 
-+ cholesterol 468, 4 78 
-+ choline 477 
-+ clofibrate 478 
-+ cocaine 468,478 
-+ codeine 479 
-+ colchicine 4 79 
-+ complex diets 496 
-+ compound M0-911 479 
-+ corticoids 461 
+- corticoids 139 
-+ curare 4 79 
-+ cyanide 4 79 
-+ cyano-compounds 468 
-+ cyclophosphamide 479 
-+ cystine 480 
-+ decamethonium 480 
-+DHT 494 
-+ cx-diaminobutyric acid 480 
-+ dibucaine 480 
-+ diets, complex 496 
-+ digitalis 468, 481 
-+ dihydroxyphenylalanine 481 
-+ diisopropylfluorophospate (DFP) 481 
-+ dinitrophenol 481 
-+ disulfiram 481 
-+ drugs 462, 466 
-+ dye 481 
-+ electric stimulifguinea pig, mouse 

611,512 
-+ ephedrine 468, 482 
-+ epinephrine 465 
-+ ergot 482 
-+ ethanol 482 
-+ether 483 
-+ fluoride 483 
-+ folliculoids 461, 462 
-+ folliculoids, metabolism Graph 125 
-+ cx-GDPH 514 
-+GPT 514 
-+ guanidine 483 
-+ halothane 483 
-+ hemorrhage 612, 513 
-+ hepatic enzymes 614 
-+ hepatic lesions 602, 503 
+- hepatic lesions 601 
-+ hepatic tissue 727, 736 
-+ heroin 483 
-+ histamine 464, 466 
-+ hormone-like substances 463 
-+ hormones, nonsteroidal 463 
-+ 5-HT 464, 466 



Thyroid, hormones -+ hydroquinone 483 
-+ N-(p-hydroxyphenyl)glycine 483 
-+ hyperbilirubinemia 720 
-+ hyperoxygenation 508 
-+ hyperoxygenationfcat 508 
-+ hypophyseal hormones 464 
--+ hypoxiafdog, fish, guinea pig, mouse, 

rabbit 506, 507, 508 
-+ imipramine 468, 483 
--+ immune reactions 500 
-+ indomethacin 468, 484 
-+ interventions, surgical 502 
-+ iodides 484 
--+ ionizing rays/fish, goldfish, mouse, 

rabbit, toad 504, 505, 506 
-+ iproniazid 484 
-+ isoniazid 484 
--+ isoproterenol 484 
-+ Klebsiella pneumoniae 497 
--+lathyrogens 468,484 
-+ lathyrogensfduck 484 
-+lead 485 
--+ magnesium 468, 485 
--+ meperidine 486 
-+ meprobamate 468, 486 
-+ methadone 468 
--+ methylphenidate 486 
-+ a-methyl-p-tyrosine 468 
--+ microorganisms 496 
-+ morphine 468, 486 
-+ muscular performance 512, 513 
--+ Mycobacterium tuberculosisfguinea 

pig, mouse, rabbit 497,498 
-+ mycoplasma 498 
--+ neostigmine 487 
-+ nicotine 487 
-+ nitrogen dioxide 487 
-+ nitrogen mustard 488 
-+ nitrous oxide 488 
--+ nonsteroidal hormones 463 
-+ norepinephrine 465 
-+ nortriptyline 488 
-+ novocaine 488 
-+ oxalate 488 
-+ ozone 469, 488 
-+ pancreatic hormones 463, 464 
--+ paraldehyde 488 
-+ paraphenylenediamine 488 
--+ parasites 496, 499 
--+ parathyroid hormone 463, 464 
-+ pargyline 488 
--+ paroxypropionine 488 
--+ pasteurella 498 
-+ pentachlorophenol 488 
--+ pentylenetetrazol 469, 488 
-+ peptone 489, 514 
-+ perchlorates 489 

Index 1131 

Thyroid, hormones -+ perphenazine 489 
--+ pesticides 469, 489 
-+ phenol 490 
-+ phosphates 469, 490 
-+ physostigmine 469, 490 
--+ picrotoxin 469, 490 
-+ pilocarpine 491 
-+ pituitary extracts 463 
--+ potassium 491 
-+ pralidoxime 491 
+- pregnancy 660 
--+ propionitrile 491 
-+ puromycin aminonucleoside 491 
-+ pyruvate 491 
-+ quinine 491 
-+ renallesions ii02, 503 
--+ reserpine 469,491 
-+ resistance 460 
-+ salicylates 491 
-+ salinity tolerance 514 
-+ Salmonella typhi 498 
--+ SDH 514 
-+ semicarbazide 491 
+- sex 631 
-+ shigella 498 
-+ shock, traumatic 012 
-+ sodium chloride 491 
-+ sound 512, 513 
-+ staphylococci 498 
-+ steroidases (incl. bile acids, 

cholesterol) 462 
--+ steroids 461, 462 
+- steroidsfdog, guinea pig, man 139 
-+ streptococci 499 
--+ stressors o 12 
+- stressors 689 
-+ strychnine 491 
-+ sulfa drugs 492 
-+ surgical interventions o02 
-+ temperature variationsfcat, fish, goat, 

guinea pig, hamster, mouse, rabbit 
o09,510,511 

--+ testoids 461, 462 
-+ testoids, metabolism Graph 125 
-+ tetrahydronaphthylamine 492 
--+ thallium 492 
--+ theophylline 492 
--+ thioacetamide 492 
-+ thiourea 492 
+- thyroid hormones 464 
-+ thyroxine 463 
-+TKT 514 
--+ TPO 514 
--+ trauma 512 
--+ traumatic shock o12 
--+ tribromoethanol 492 
-+ triton 493 
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Thyroid, hormones --+- trypan blue 514 
--+- tryptophan 493 
-+-tumors 013 
--+- tyrosine 489, 493 
--+- uranium 493 
--+- vaccines 498, 497 
-+-venoms 500 
--+- viruses 498, 499 
--+- vitamin A, B, C, D, E 489, 470, 493, 

494,495 
--+- vitamins (pantothenic acid) 495 
-+-water 495 
--+- zoxazolamine 470,495 

--+- hyperbilirubinemia 716 
morphology 7 40 
+- norepinephrine 631, 532 
+- pancreatic hormones 621 
+- thymectomy 647 
weight +- phenobarbital Table140 

860 
+- steroids Table 140 860 
+- thyroxine Table 140 860 

Thyroidectomy --+- digitoxin +- PCN 
Table124 482 

Thyroxinase, chemistry 50 
Thyroxine; cf. also Thyroid, Thyroid 

Hormones 
--+- AAN Diagram Table 139 857; Tables 

73,138 257,850 
--+- acetanilide Diagram Table 139 857; 

Tables 24, 138 176, 850 
--+- acrylamide Diagram Table139 857; 

Tables 25,138 176, 850 
--+- acrylonitrile Table 26 177 
+-ACTH 406 
--+- adrenal, weight Table 140 860 
--+- o-aminophenol Diagram Table 139 857; 

Table 138 850 
--+- aminopyrine Diagram Table139 857; 

Tables 27, 138 179, 850 
--+- DL-amphetamine Diagram Table139 

857; Table 138 850 
--+- arsenic pentoxide Diagram Table 139 

857; Table 138 850 
--+- barbital Diagram Table 139 857; 

Tables 34, 138 198, 850 
--+- bile-duct ligature Diagram Table139 

857; Table 138 850 
--+- bishydroxyooumarin Tables 28, 138 

182,850 
--+- body weight Table 140 860 
--+- bromobenzene Diagram Table 139 857; 

Table 138 850 
--+- brompheniramine Diagram Table 139 

857; Table 138 850 
--+- cadmiumDiagram Table 139 857; 

Tables 35, 138 200, 850 

Thyroxine--+- caramiphen Diagram Table 139 
857; Tables 36, 138 201, 850 

--+- carisoprodol Diagram Table 139 857; 
Tables 37, 138 216, 850 

--+- chlordiazepoxide Diagram Table 139 
857; Tables 38,138 217,850 

--+- cinchophen Diagram Table 139 857; 
Tables 39, 138 221, 850 

--+- cocaineDiagram Table 139 857; 
Tables 40, 138 221, 850 

--+- F -COL Diagram Table 139 857; 
Tables12, 13, 14, 137, 138 133, 134, 848 

--+- colchicine Diagram Table 139 857; 
Tables 41,138 222, 850 

--+- DL-coniine Diagram Table139 857; 
Tables 42, 138 222, 850 

--+- croton oil Diagram Table 139 857; 
Tables 43, 138 223, 850 

--+- cyclobarbital Diagram Table 139 857; 
Tables 33, 138 198, 850 

--+- cycloheximide Diagram Table 139 857; 
Tables 44, 45, 138 224, 850 

--+- cyclophosphamide Fig. 22 480; 
Diagram Table 139 857; Tables 46, 138 
225,850 

--+- DDT Diagram Table 139 857; Table 
138 850 

--+- DHT Diagram Table 139 857; Tables 
117,137,138 309,848,850 

--+- dicumarol Diagram Table 139 857 
--+- digitoxin Diagram Table 139 857; 

Tables 47, 48, 137, 138 230, 848, 850 
--+- digitoxinfmouse Table130 677 
--+- diisopropyl fluorophosphate Diagram 

Table 139 857; Tables 52, 139 234, 850 
--+- dimercaprol Diagram Table139 857; 

Table138 850 
--+- dinitrophenol Diagram Table 139 857; 

Table138 850 
--+- dioxathion Diagram Table139 857; 

Table 91, 137, 138 280, 848, 850 
--+- dioxathionfmouse Table132 680 
--+- diphenylhydantoin Diagram Table 139 

857; Tables 53, 138 235, 850 
--+- dipicrylamine Diagram Table 139 857; 

Tables 54, 138 235, 850 
--+- DOC Diagram Table 139, 857; 

Tables 15, 138, 135, 850 
--+- doxepin Diagram Table 139 857; 

Table 138 850 
--+- edrophonium Diagram Table 139 857; 

Table 138 850 
--+- emetine Diagram Table 139 857; 

Tables 55, 138 238, 850 
--+- endotoxin Diagram Table 139 857; 

Tables 123, 138 348, 850 
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Thyroxine -+ ephedrineDiagram Table 139 
857; Table 138 850 

-+ epinephrine Diagram Table 139 857; 
Tables 23, 138 144, 850 

-+ EPN Diagram Table 139 857; 
Tables 99, 138 284, 850 

-+ Escherichia coli Table 138 850 
-+ estradiol Diagram Table 139 857; 

Tables 16, 138 135, 850 
-+ ethion Diagram Table 139 857; 

TableB 92, 138 281, 850 
-+ ethyl alcohol Diagram Table 139 857; 

Table 138 850 
-+ ethylene chlorhydrin Diagram Table 139 

857; Table 138 850 
-+ ethylene glycol Diagram Table 139 857; 

Tables 56, 138 243, 850 
-+ ethylmorphine Diagram Table 139 857; 

Tables 57,138 244,850 
-+ fasting Diagram Table 139 857 
-+ flufenamic acid Diagram Table 139 857; 

Tables 58, 138 245, 850 
-+ fluphenazine Diagram Table 139 857; 

TableB 59,138 245, 850 
-+ glutethimide Diagram Table 139 857; 

Tables 63, 138 248, 850 
-+ glycerol Diagram Table 139 857; 

Tables 64, 138 249, 850 
-+ griseofulvin Diagram Table 139 857; 

Table 138 850 
-+ guthion Diagram Table 139 857; 

Tables 93, 138 281, 850 
-+ haloperidol Diagram Table 139 857; 

Table 138 850 
+- hepatic lesions o99 
-+ hepatic microsomal drug metaboliBm in 

man 714 
-+ heptachlor Diagram Table 139 857; 

Tables 98, 138 238, 850 
-+ hexamethonium Diagram Table 139 857; 

TableB 61,138 247, 850 
-+ hexobarbital Diagram Table 139 857; 

Tables 32, 137, 138 197, 848, 850 
-+ homatropine Diagram Table 139 857; 

Table 138 850 
-+ hydrazine Diagram Table 139 857; 

Table 138 850 
-+ hydroquinone Diagram Table 139 857; 

Tables 65, 138 249, 850 
-+ imipramine Diagram Table 139 857; 

Tables 66, 138 250, 850 
-+ indiumDiagram Table 139 857; 

Table 138 850 
-+ indomethacin Diagram Table 139 857; 

Tables 67, 137, 138 250, 848, 850 
-+ indomethacinfmouse Table 131 678 
-+ kidney, weight Table 140 860 

Thyroxine -+ lathyrogens Fig. 9 256 
-+ liver, weight Table 140 860 
-+ LSD Diagram Table 139 857; 

TableB 74, 138 258, 850 
-+ mechlorethamine Diagram Table 139 

857; Tables 75,138 260, 850 
-+ mephenesin Diagram Table 139 857; 

TableB 76, 138 260, 850 
-+ meprobamate Diagram Table 139 857; 

Tables 77, 138 261, 850 
-+ mercury Diagram Table 139 857; 

Tables 78, 138 267, 850 
-+ mersalyl Diagram Table 139 857; 

Tables 79, 80,138 268,850 
-+ methadone Diagram Table 139 857; 

Tables 82, 138 269, 850 
-+ methylaniline Diagram Table 139 857; 

Tables 83,138 270, 850 
-+ methylphenidate Diagram Table 139 

857; Table 138 850 
-+ methylsalicylate Diagram Table 139 

857; Table 138 850 
-+ methyprylon Diagram Table 139 857; 

TableB 84, 138 270, 850 
-+ morphineDiagram Table 139 857; 

Table 138 850 
-+ NaCl04 Diagram Table 139 857; 

Tables 90, 138 278, 850 
-+ oc-naphthylisocyanate Diagram Table 139 

857; Tables 85, 138 273, 850 
-+ neostigmine Diagram Table 139 857; 

Table 138 850 
-+ nephrectomy Diagram Table 139 857; 

Table 138 850 
-+ nicotine Diagram Table 139 857; 

Tables 86, 137, 138 274, 848, 850 
-+ nikethamide Diagram Table 139 857; 

Tables 87, 138 274, 850 
-+ p-nitroanisole Diagram Table 139 857; 

Tables 88, 138 275, 850 
-+ OMPADiagram Table 139 857; 

Tables 94, 138 282, 850 
-+ ovary, weight Table 140 860 
-+ pancuronium Diagram Table 139 857; 

Tables 19, 138 136, 850 
-+ parathion Diagram Table 139 857; 

Tables 95,137,138 282, 848, 850 
-+ pentobarbitalfmouse Table 129 677 
-+ pentylenetetrazol Diagram Table 139 

857; Table 89,138 277,850 
-+ phenindione Diagram Table 139 857; 

TableB 29, 138 183, 850 
-+ phenyl isothiocyanate Diagram Table 

139 857; Table 138 850 
-+ phenyramidol Diagram Table 139 857; 

Tables 100, 138 284, 850 



1134 

Thyroxine -+ phosphorus, yellow Diagram 
Table 139 857; Table 138 850 

-+ physostigmine Diagram Table 139 857; 
Tables101, 138 285, 850 

-+ picrotoxin Diagram Table 139 857; 
Tables102, 138 286, 850 

-+ picrotoxinfmouse Table 133 680 
-+ piperidineDiagram Table 139 857; 

Tables 103,138 287,850 
-+ pipradol Diagram Table 139 857; 

Table 138 850 
-+ pralidoxime Diagram Table 139 857; 

Tables 104,138 288, 850 
+- pregnancy 660 
-+ preputial glands, weight Table 140 860 
-+ progesterone Diagram Table 139 857; 

Tables 17,137,138 136, 848, 850 
-+ propionitrile Diagram Table 139 857; 

Tables 105,138 289, 850 
-+ propylthiouracil Diagram Table 139 

857; Tables 21, 22, 138 140, 141, 850 
-+ pyrilamine Diagram Table 139 857; 

Table 138 850 
+- sex 631 
-+ SKF 525-A Diagram Table 139 857; 

Tables 106, 138 291, 850 
-+ strychnineDiagram Table 139 857; 

Tables 107,138 292, 850 
-+ T 3 Diagram Table 139 857; 

Tables 20, 138 140, 850 
-+ TEA Diagram Table 139 857; 

Tables 62, 138 248, 850 
-+ thalliumDiagram Table 139 857; 

Table 138 850 
-+ theobromine Diagram Table 139 857; 

Tables 108, 138 293, 850 
-+ theophyllineDiagram Table 139 857; 

Tables109, 138 293, 850 
-+ thimerosal Diagram Table 139 857; 

Tables 110,138 294, 850 
-+ thioacetamide Table 138 850 
-+ thiopenthal Diagram Table 139 857; 

Tables 31,138 197,850 
-+ thymus, weight Table 140 860 
+- thyroid hormones 463 
-+ thyroid, weight Table 140 860 
-+ tremorine Diagram Table 139 857; 

Table 138 850 
-+ triamcinolone Diagram Table 139 857; 

Tables 18, 138 136, 850 
-+ ß-tribromoethanol Diagram Table 139 

857; Tables111,138 295, 850 
-+ ß-trichloroethanol Diagram Table 139 

857; Tables 112, 138 295, 850 
-+ tri-o-cresyl phosphate Diagram Table 

139 857; Tables113,138 296, 850 

Index 

Thyroxine, -+ d-tubocurarine Diagram Table 
139 857; Tables 114,138 296, 850 

-+ tyramine Diagram Table 139 857; 
Tables 115,138 297, 850 

-+ tyrosine Diagram Table 139 857; 
Tables 116, 138 299, 850 

-+ uterus, weight Table 140 860 
-+ W-1372 Diagram Table 139 857; 

Tables 118, 138 309, 850 
-+ warfarin Diagram Table 139 857; 

Table 138 850 
-+ zoxazolamine Diagram Table 139 857; 

Tables 119, 137,138 848, 850 
"Tigroid" necrosis +- papain + stress Fig. 30 

695 
Timing, pharmacology 82 
Tissue extracts -+ resistance 964, 565 

+- steroids 14 7 
Tissues, morphology 740 
"Tissue tranquilizers" 764 
TKT +- ACTH 423, 424 

+- adrenalectomy 393 
+- age 667, 672 
+- diurnal variations 704 
+- genetic factors 682 
+- hepatic lesions 620 
+- hypophysectomy 457 
+- ionizing rays 684 
+- pancreatic hormones 530 
+-sex 659 
+- species 681, 682 
+- stressors 698, 700 
theories 7 45 
+- thyroid hormones 514 
+-tumors 704 
(tyrosine) +- corticoids 385 

+- corticoidsfmouse 389 
TMACN -+ steroids 131, 132 
Toad 009, 506 
Tolbutamide; cf. also Pancreatic Hormones 

-+ F-COL Table 137 848 
-+ DHT Table 137 848 
-+ digitoxin Table 137 848 
-+ dioxathion Table 137 848 
-+ hexobarbital Table 137 848 
-+ indomethacin Table 137 848 
-+ nicotine Table 137 848 
-+ parathion Table 137 848 
-+ progesterone Table 137 848 
-+ zoxazolamine Table 137 848 

Toluene diisocyanate +- pancreatic hormones 
526 

"Total overall protective index" 771 
Tourniquetshock +- sympathectomy 904 
Toxicants, barbiturates 109, 109 

CCI4 108, 110 
( characteristics of typical substrates) 103 
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Toxicants, cholesterol 105 
digitalis compounds 105, 108 
griseofulvin 110 
indomethacin 108, 110 
mercury 108, 110 
nicotine 108, 110 
nonpolar +- species 681 
pesticides 108, 109 
+- starvationfmouse Table 3 81 
steroids 105, 108 

Toxication, nonspecific 764 
specifi c 7 64 

"Toxohormone" 387, 699 
~ resistance 563, 564 

Toxoplasma +- steroids 330, 332 
TPNH +- sex 655 
TPO +- ACTH 423, 424 

+- adrenalectomy 393 
+- age 667, 672 
+- genetic factors 682 
+- hepatic lesions 620 
+- hypophysectomy 457 
+- ionizing rays 684 
+- pancreatic hormones 530 
+- species 682 
+- stressors 698, 700 
theories 7 45 
+- thyroid hormones 514 
(tryptophan) +- corticoids 385 

+- corticoidsfmouse 389 
+- tumors 704 

Transsulfuration 48 
Tranylcypromine 68; cf. MAO-Inhibitors 
Trauma; cf. also Surgical Interventions 

+- ACTH 422, 423 
+- epinephrine 545 
local; cf. Local Trauma 
+- pancreatic hormones 529 
+- posterior pituitary preparations 443 
+- sex 667 
systemic; cf. Systemic Trauma 
+- thyroid hormones 512 

Traumatic shock +- posterior pituitary 
preparations 441 

+- thyroid hormones 512 
Tremorine (causes experimental Parkinson-

ism) +- epinephrine 540 
+-5-HT 561 
+- norepinephrine 540 
+- phenobarbital Diagram Table 139 857; 

Table 138 850 
+- steroids 294; Diagram Table 139 857; 

Table 138 850 
+- thyroxineDiagram Table 139 857; 

Table 138 850 
Treponema pallidum +- steroids 318, 325 

Triamcinolone; cf. also Corticoids 
~ AAN Table 73 257 
~ acetanilide Table 24 176 
~ acrylamide Table 25 176 
~ acrylonitrile Table 26 177 
~adrenal, weight Table 140 860 
~ aminopyrine Table 27 179 
~ barbital Table 34 198 
~ bishydroxycoumarin Table 28 182 
~ body weight Table 140 860 
~ cadmium Table 35 200 
~ caramiphen Table 36 201 
~ carisoprodol Table 37 216 
~ chlordiazepoxide Table 38 217 
~ cinchophen Table 39 221 
~ cocairre Table 40 221 
~ F -COL Tables 12, 13, 14 133, 134 
~ colchicine Table 41 222 
~ DL-coniine Table 42 222 
~ croton oil Table 43 223 
~ cyclobarbital Table 33 198 
~ cycloheximide Tables 44, 45 224 
~ cyclophosphamide Table 46 225 
~ DHT Table 117 309 
~ digitoxin Tables 47, 48 230 
~ digitoxinfmouse Table 130 677 
~ diisopropyl fl.uorophosphate Table 52 

234 
~ dioxathion Table 91 280 
~ dioxathionfmouse Table 132 680 
~ diphenylhydantoin Table 53 235 
~ dipicrylamine Table 54 235 
~ DOC Table 15 135 
~ emetine Table 55 238 
~ endotoxin Tables120,123 344,348 
~ epinephrine Table 23 144 
~ EPN Table 99 284 
~ estradiol Table 16 135 
~ ethion Table 92 281 
~ ethylaniline Table 83 270 
~ ethylene glycol Fig. 7 242; Table 56 

243 
~ ethylmorphirre Table 57 244 
~ fl.ufenamic acid Table 58 245 
~ fl.uphenazine Table 59 245 
~ glutethimide Table 63 248 
~ glycerol Table 64 249 
~ guthion Table 93 281 
~ heptachlor Table 98 283 
~ hexamethonium Tables 60A, B, 61 

246,247 
~ hexobarbital Table 32 197 
~ hydroquinone Table 65 249 
~ imipramine Table 66 250 
~ indomethacin Tables 67,141 250, 862 
~ indomethacinfmouse Table 131 678 
~ kidney, weight Table 140 860 



1136 Index 

Triamcinolone -+ liver, weight Table 140 860 
-+ LSD Table 7 4 258 
-+ mechlorethamine Table 7 5 260 
-+ mephenesin Table 76 260 
-+ meprobamate Table 77 261 
-+ mercury Tables 78, 81 267, 269 
-+ mersalyl Tables 79, 80 268 
-+ methadione Table 82 269 
-+ methyprylon Table 84 270 
-+ NaCl04 Table 90 278 
-+ cx-naphthylisothiocyanate Table 85 273 
-+ nicotine Table 86 274 
-+ nikethamide Table 87 274 
-+ p-nitroanisole Table 88 275 
-+ OMPA Table 94 282 
-+ ovary, weight Table 140 860 
-+ pancuronium Table 19 136 
-+ parathion Table 95 282 
+- PCN Table18 136 
-+ pentobarbitalfmouse Table 129 677 
-+ pentolinium Table 60 B 246 
-+ pentylenetetrazol Table 89 277 
+- phenobarbital Diagram Table 139 857; 

Tables 18, 138 136, 850 
-+ phenindione Table 29 183 
-+ phenyramidol Table 100 284 
-+ physostigmine Table 101 285 
-+ picrotoxin Table 102 286 
-+ picrotoxinfmouse Table 133 680 
-+ piperidine Table 103 287 
-+ pralidoxime Table 104 288 
-+ preputial glands, weight Table 140 860 
-+ progesterone Table 17 136 
-+ propionitrile Table 105 289 
-+ propylthiouracil Tablee 21, 22 140,141 
+- puromycin 76 
-+ SKF 525-A Table 106 291 
+- steroids Diagram Table 139 857; 

Tables 18, 138 136, 850 
-+ strychnine Table 107 292 
-+ T 3 Table 20 140 
-+ TEA Tables 60 (A + B), 62 246, 248 
-+ theobromine Table 108 293 
-+ theophylline Table 109 293 
-+ thimerosal Table 110 294 
-+ thiopental Table 31 197 
-+ thymus, weight Table 140 860 
-+ thyroid, weight Table 140 860 
+- thyroxineDiagram Table 139 857; 

Tables 18, 138 136, 850 
-+ tribromoethanol Table 111 295 
-+ trichloroethanol Table 112 295 
-+ tri-o-cresyl phosphate Table 113 296 
-+ D-tubocurarine Table 114 296 
-+ tyramine Table 115 297 
-+ tyrosine Table 116 299 
-+ uterus, weight Table 140 860 

Triamcinolone-+ W-1372 Table 118 309 
-+ zoxazolamine Table 119 313 

Triamterene (potassium-sparing diuretic)-+ 
resistance 590 

Tribromoethanol (basal anesthetic) +- pheno
barbital Diagram Table 139 857; Tablee 
111,138 295,850 
+- renallesions 623 
+- steroids 169, 295; Diagram Table139 

857; Tables 111, 138 295, 850 
+- thyroid hormones 492 
+- thyroxineDiagram Table 139 857; 

Tables 111, 138 295, 850 
Trichinella spiralis +- ACTH 41i 

+- steroid 330, 332 
Trichloroethanol (basal anesthetic) +- pheno

barbital Diagram Table 139 857; 
Tables 112, 138 295, 850 

+- steroids 170, 295; Diagram Table 139 
857; Tablee112, 138 295, 850 

+- thyroxineDiagram Table 139 857; 
Tables 112, 138 295, 850 

Trichloroethylene (analgesic, anesthetic) +
steroids 295 

Trichophyton mentagrophytes +- steroids 
329,330 

Triohuris muris +- steroids 330, 332 
Triflupromazine -+ resistance 591 

+- SKF 525-A 62 
Tri-o-cresyl phosphate +- phenobarbital 

Diagram Table 139 857; Tablee 114, 138 
296,850 

+- propylthiouracil Table 113 296 
+- steroids 295; Diagram Table 139 857 

Tables 113, 138 296, 850 
+- T 3 Table 113 296 
+- thyroxineDiagram Table 139 857; 

Tablee 113, 138 296, 850 
Triton +- thyroid hormones 493 
Trypan blue +- parathyroids 520 

+- thyroid hormones 514 
Trypanosoma cruzi +- steroids 331 

equiperdum +- pancreatic hormones 528 
+- steroids 331 

inopinatum +- STH 430 
lewisi +- steroids 331 

+- thymectomy 551 
Trypanosomas +- steroids 330 
Trypsin +- steroids 296 

+- stressors 703 
Tryptamine -+ resistance 590 
Tryptophan; ef. aleo TPO under Infl.uence of 

Steroids upon Enzymes 
+- STH 426, 428 
+- thyroid hormones 493 

Tuberculosis +- hypophysectomy 4i3 
+-STH 430 
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Tubocurarine (skeletal muscle relaxant) +
phenobarbital Diagram Table 139 857; 
Tables114, 138 296, 850 
+- steroids 170, 296; Diagram Table 139 

857; Tables 114,138 296,850 
+- thyroxineDiagram Table 139 857; 

Tables 114, 138 296, 850 
Tumors; ef. also Carcinogene 

+-ACTH 423 
-+ aminopyrine-metabolizing enzymes 704 
+- hepatic lesions 618, 619 
-+ hepatic regeneration 704 
-+ hepatic tissue 739 
-+ hexobarbital-metabolizing enzymes 704 
+- hypophysectomy 457 
(in animals); ef. also Carcinogene under 

Drugs 
+- partial hepatectomy 704 
-+ regeneration, hepatic 704 
-+ resistance 704, 705 
+- sex 61i7, 659 
-+ steroid.ases 704 
+- steroids 382 
+- thymectomy 553 
+- thyroid hormones li13 
-+TKT 704 
-+TPO 704 

Tumor transplante +- anterior pituitary 
preparations 440 

+- hypophysectomy 41i6 
Tween 80 +- 5-HT 561 

+- norepinephrine li33, 540 
Typhoid bacilli +- STH 430, 431 

endotoxin +- STH 430 
+- steroids 818 

Tyramine (sympathomimetic) +- pheno
barbital Diagram Table 139 857; 
Tables 115, 138 297, 850 

+- steroids 296; Diagram Table 139 857; 
Tables 115, 138 297, 850 

+- thyroxineDiagram Table 139 857; 
Tables 115,138 297,850 

Tyrosine; ef. also TKT under Enzymes 
lnfl.uenced by Steroide 

+- actinomycin 74 
+- cholesterol Table 116 299 
+- PCN Fig. 13 298 
+- phenobarbital Diagram Table 139 857; 

Tables 116, 138 299, 850 
+- sex 631i, 654 
+- steroids 170, 297; Diagram Table 139 

857; Tables 116, 138 299, 850 
+- STH 426, 428 
+- streBSors 695 
+- temperature variations 687 
+- thyroid hormones 469, 493 

Tyrosine +-thyroxine Diagram Table 139 857; 
Tables 116, 138 299, 850 

Tyzzer's disease +- ACTH 416 
+- steroids 816, 319 

UDP-ase +- corticoids 392 
Ulcera, intestinal +- indomethacin + 

spironolactone Fig. 8 251 
pyloric +- indomethacinfrabbit Fig. 28 679 

Ultrastructural changes in hepatocytes +
PCN Fig. 35 732 

Ultraviolet rays -+ resistance 681i 
+- steroids 868 

Uranium +- pancreatic hormones 526 
+- parathyroids li16, 518 
+- steroids 297 
+- thyroid hormones 493 

Urea-cycle enzymes +- corticoids 392 
Ureter ligature; ef. also Renal Leeions 

temporary-+ mercury Fig. 26 625; 
Table 127 624 
-+ mercury +- partial nephrectomy 

Table 127 624 
-+ nephrocalcinosis +- mercury Fig. 26 

625 
Urethan +- epinephrine 540 

+- hepatic lesions 613 
+-5-HT 561 
+- norepinephrine 540 
-+ resistance 591 
+-Bex 654 
+- SKF 525-A 62 
+- steroids 297 

Uterus, morphology 740 
weight +- phenobarbital Table 140 860 

+- steroids Table 140 860 
+- thyroxine Table 140 860 

Vaccines +- ACTH 411i, 416 
+- epinephrine li41 
+- histamine lilili, 556 
+- norepinephrine li41 
+- pancreatic hormones li27 
-+ resistance li91i 
+- splenectomy 553 
+- steroids 316 
+-STH 430 
+- thymectomy 550 
+- thyroid hormones 496, 497 

Vaccinia +- steroids 826, 329 
Variola +- ACTH 4lli 

+- steroids 328, 329 
VasopreBBin +- hepatic lesions 601 

+- pregnancy 661 
-+ resistance 591 
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Venoms +- ACTH 416, 419 
cobra +- hypophysectomy 453 

+- sex 656 
+- epinephrine 541, 542 
+- hypophysectomy 453, 454 
+- norepinephrine 541 
+- sex 656 
snakes +- steroids 348 
spiders +- steroids 349 
+- steroids 348 
+- stressors 698, 699, 700 
+- temperature variations 687 
+- thyroid hormones 500 
wasp +- steroids 349 

Virilizing steroids; cf. Testoids 
Viruses +- ACTH 415, 417 

+- epinephrine 541 
+- norepinephrine 541 
+- pregnancy 666 
+- sex 656 
+- steroids 325 
+- STH 431 
+- thymectomy 549, 550 
+- thyroid hormones 496, 499 

Virus hepatitis +- steroids 326, 327 
Vitamin A +- anterior pituitary preparations 

436,439 
+- calcitonin 520, 521 
--+ F-COL Table 137 848 
--+ DHT Table 137 848 
--+ digitoxin Table 137 848 
--+ dioxathion Table 137 848 
--+ hexobarbital Table 137 848 
+- hypophysectomy 446, 452 
--+ indomethacin Table 137 848 
--+ nicotine Table 137 848 
--+ parathion Table 137 848 
--+ progesterone Table 137 848 
--+ resistance 590 
+- spironolactonefrat Fig. 14 301 
+- steroidsfrabbit, xenopus laevis 170, 171 
+- STH 426, 428; Fig. 21 429 
+- stressors 697 
+- thymectomy 548, 549 
+- thyroid hormones 469, 493 
--+ zoxazolamine Table 137 848 

Vitamin B; cf. also Aminopterin 
+- steroids 172, 301 
+- steroidsfchicken, pigeon 172 
+- thyroid hormones 469, 494 

Vitamin B complex +- sex 654 
Vitamin B1 +- pancreatic hormones 522, 526 
Vitamin B-12--+ resistance 590 
Vitamin C +- ACTH 407,414 

+- anterior pituitary preparations 439 
+- barbiturates 578 

Vitamin C--+ F-COL Table 137 848 
--+ DHT Table 137 848 
--+ digitoxin Table 137 848 
--+ dioxathion Table 137 848 
--+ hexobarbital Table 137 848 
--+ indomethacin Table 137 848 
--+ nicotine Table 137 848 
--+ parathion Table 137 848 
+- parathyroids 518 
--+ progesterone Table 137 848 
--+ resistance 571, 590 
+- sex 654 
+- steroids 172, 302 
+- steroidsjguinea pig, mouse 172 
+-STH 428 
theories 7 57 
+- thymectomy 549 
+- thyroid hormones 470, 494 
--+ zoxazolamine Table 137 848 

Vitamin D +- ACTH 408, 414 
+- adrenalectomy 173, 303 
+- barbiturates 578 
--+ F-COL Table 137 848 
--+ DHT Table 137 848 
--+ digitoxin Table 137 848 
--+ dioxathion Table 137 848 
+- epinephrine 533, 540 
+- folliculoids 173, 304 
+- glucocorticoids 302 
+- glucocorticoidsjchicken, man, mouse 173 
+- gonadectomy 303 
+- hepatic lesions 604, 613 
--+ hexobarbital Table 137 848 
+- 5-HT 561 
+- hypophysectomy 452 
--+ indomethacin Table 137 848 
+- mineralocorticoids 303 
--+ nicotine Table 137 848 
+- norepinephrine 533 
+- pancreatic hormones 522, 526 
--+ parathion Table 137 848 
+- parathyroids 516, 518 
+- posterior pituitary preparations 442 
+- pregnancy 661, 665 
--+ progesterone Table 137 848 
--+ resistance 590 
+- sex 635, 654 
+- steroids 172, 302, 308 
+- STH 426, 428 
+- stressors 697 
+- testoids 174, 307 
+- testoids/chicken 174 
+- thymectomy 548, 549 
+- thyroid hormones 470, 494 
--+ zoxazolamine Table 137 848 

VitaminE--+ F-COL Table 137 848 
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Vitamin E -+ DHT Table 137 848 
-+ digitoxin Table 137 848 
-+ dioxathion Table 137 848 
-+ hexobarbital Table 137 848 
-+ indomethacin Table 137 848 
-+ nicotine Table 137 848 
-+ parathion Table 137 848 
*- posterior pituitary preparations 442 
*- pregnancy 665 
-+ progesterone Table 137 848 
-+ resistance 571, 590 
*- steroids 309 
*- thyroid hormones 470, 495 
-+ zoxazolamine Table 137 848 

Vitamin K *- sex 654 
*- steroids 309 

Vitamins (pantothenic acid) *- thyroid 
hormones 495 

W-1372 -+ F-COL Table 137 848 
-+ DHT Table 137 848 
-+ digitoxin Table 137 848 
-+ dioxathion Table 137 848 
*- hepatic lesions 613 
-+ hexobarbital Table 137 848 
-+ indomethacin Table 137 848 
-+ liver Figs. 18, 19 310, 311 
-+ liver *- PCN Figs. 18, 19 310, 311 
-+ liver *- phenobarbital Fig. 19 311 
-+ liver *- progesterone Fig. 18 310 
-+ nicotine Table 137 848 
-+ parathion Table 137 848 
*- PCN Figs. 18, 19 310, 311; Table 118 

309 
*- phenobarbital Fig. 19 311; Diagram 

Table 139 857; Tables 118, 138 
309,850 

*- progesterone Fig. 18 310 
-+ progesteraue Table 137 848 
-+ resistance 591 
*- steroids 175, 309; Diagram Table 139 

857; Tables118, 138 309, 850 
*- thyroxineDiagram Table 139 857; 

Tables118, 138 309, 850 
-+ zoxazolamine Table 137 848 

Warfarin; cf. also Anticoagulants 
*- phenobarbital Diagram Table 139 857; 

Table 138 850 
*- steroids Diagram Table 139 857; 

Table 138 850 
*- thyroxineDiagram Table 139 857; 

Table 138 850 
Water *- posterior pituitary preparations 442 

*- steroids 310 
*- thyroid hormones 495 

Welchia perfringens *- pancreatic hormones 
527 

Withdrawal, spironolactone-+ digitoxin 
Table 5 86 

Worms *- steroids 330, 332 

Xanthine -+ resistance 591 
"Xenobiotics" 59, 759 
Xenopus laevis 171 
X-irradiation; cf. Ionizing Rays 

"Yakriton" 564 
Yeast *- steroids 313,314,329 

*-STH 432 
*- thymectomy 551 

Yohimbine (adrenergic blocker, possibly 
aphrodisiac) *- epinephrine 540 

-+ resistance 591 
*- steroids 312 

Zinc *- pancreatic hormones 526 
*-STH 430 

Zn; cf. Zinc 
Zoxazolamine (skeletal muscle relaxant) *-

acetylsalicylic acid Table 137 848 
*- ACTH 414; Table 137 848 
*- betamethasone Table 128 630 
*- bile duct ligature Table 137 848 
*- CS-1 Table 9 96 
*- CS-1, repeated doses Table 7 90, 91 
*- CS-1, single dose Table 6 88, 89 
*- digitoxin Table 137 848 
*- diphenylhydantoin Table 137 848 
*- estradiol Table 9 96 
*- ethylestrenol Tables 9, 128 96, 630 
*- genetic factors 675, 681 
*- hypophysectomy 447,453 
*- indomethacin Table 137 848 
*- nicotine Table 137 848 
*- norbolethone Table 9 96 
*- PCN Tables 9, 128 96, 630 
*- PCN, repeated doses Table 7 90, 91 
*- PCN, single dose Table 6 88, 89 
*- phenobarbital Diagram Table 139 857; 

Tables 9, 119, 128, 137, 138 96, 313, 
630,848,850 

*- phenobarbital, repeated doses Table 7 
90,91 

*- phenobarbital, single dose Table 6 
88,89 

*- phentolamine Table 137 848 
*- phenylbutazone Tables 128, 137 

630,848 
*- phetharbital Table 137 848 
*- prednisolone, repeated doses Table 7 

90,91 
*- salicylate Table 137 848 
*- sex 655 
*- spironolactone Tables 9, 128 96, 630 
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Zoxazolamine +- spironolactone, repeated doses 
Table 7 90, 91 

+- splenectomy 553 
+- steroids 1'11'1, 312; Diagram Table 139 

857; Tablea 119, 136, 138 313, 836, 850 
+- STH Table 137 848 
+- stressors 697 

Zoxazolamine +- thyroid hormones 470,495 
+- thyroxine Diagram Table 139 857; 

Tables119, 137, 138 313, 848, 850 
+- tolbutamide Table 137 848 
+- vitamin A, C, D, E Table 137 848 
+- W-1372 Table 137 848 
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