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The Ciba Foundation 
The Ciba Foundation was opened in 1949 to promote inter- 

national cooperation in medical and chemical research. It owes 
its existence to the generosity of CLBA Ltd, Bade (now CLBA- 
GEIGY Ltd), who, recognizing the obstacles to scientific com- 

munication created by war, man’s natural secretiveness, disciplinary 
divisions, academic prejudices, distance, and differences of language, 
decided to set up a philanthropic institution whose aim would be to over- 
come such barriers. London was chosen as its site for reasons dictated by 
the special advantages of English charitable trust law (ensuring the indepen- 
dence of its actions), as well as those of language and geography. 

The Foundation’s house at 41 Portland Place, London, has become well 
known to workers in many fields of science. Every year the Foundation 
organizes six to ten three-day symposia and thrce or four shorter study 
groups, all of which are published in book form. Many other scientific 
meetings are held, organizcd either by the Foundation or by other groups 
in need of a mecting place. Accommodation is also provided for scientists 
visiting London, whether or not they are attending a meeting in the house. 

The Foundation’s many activities are controlled by a small group of 
distinguished trustees. Within the general framework of biological science, 
interpreted in its broadcst sense, these activities arc well summed up by the 
motto of the Ciba Foundation : Consocirnt Ccntes-let the peoples come 
together. 

xi 



INTRODUCTION 

J. C. BECK 

It is my very real pleasure, as Chairman of this meeting, to pay specia 
tribute to Professor S. J. Folley, the man to whom this symposium is 
dedicated. His untimely death was a great loss and it is our profound 
regret that he did not live to join us in these deliberations. 

This opportunity to pay tribute to one ofthe giants ofendocrinology is an 
honour and privilege. The work of Sydney John Folley and his associates 
has laid much of the groundwork that brings this family of acquaintances 
and admirers together at this symposium. Inevitably, advances in tech- 
nology and a new generation of creative younger scientists ‘standing upon 
the shoulders of past giants’ move the frontiers of our knowledge forward 
by a major stride, and I believe that in the course of the symposium we see 
this phenomenon demonstrated to an unusual degree. Observations made 
on the lactogenic hormones during the last quarter ofa century are suddenly 
being brought into fiesh focus. These observations are simultaneously 
generating new knowledge on the role of lactogenic hormones in health 
and disease and contributing unique information on the relationships 
between the structure and function of a group of polypeptide hormones at 
the molecular level. 

At this point I would like to comment on ‘relevant’ research. It is 
almost irreverent today not to use this progressively more hackneyed term, 
but if there is one thing that the history of science has taught us, it is that no 
generation in its time is necessarily competent to judge which science of its 
day will ultimately be highly relevant or what datum may eventually 
prove ‘the missing link’ in the solution of some vital problem. It is upon 
the premises that were established 10, 20, 50 and IOO years or more ago 
that a so-called breakthrough or giant ‘stride’ suddenly takes place. It is 
difficult at a given time to know what is relevant to what. 

At best we can only judge whether a worker is competent to do the job 
for which he seeks support, whether he is an honest individual, whether 
he works with care and meticulous detail, and whether he has built all the 
appropriate controls into his experimental design so that his work can be 
interpreted. If all these qualities are present, it is my belief that sooner or 
later the data obtained not only will be relevant, but will be highly useful. 
They will represent one more contribution to our culture’s intellectual 
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2 J .  C .  B E C K  

‘bank‘ and may one day provide an answer to what otherwise might remain 
a puzzle. I believe that in John Folley such a scientific personality is 
exemplified, and that in the course of this symposium we see an example 
of how some things suddenly fit together. After long years of toil in many 
places with a variety of tools and the accumulation of many data, the stage 
has finally been set. 

Sydney John Folley obtained the degree of B.Sc. with first class honours 
in chemistry at the University of Manchester in 1927, and was awarded 
the Mercer Scholarship in chemistry. He then took an M.Sc. degree for 
research in colloid chemistry and joined the Department of Physiology as 
Research Assistant to H. S .  Raper, who had recently succeeded Professor 
A. V. Hill as the Head of the Department. In 193 I, he moved to Liverpool 
as an Assistant Lecturer in Biochemistry. 

In 1932 he had to relinquish his teaching appointment at the University 
of Liverpool because of ill health, and through the influence of H. S .  Raper 
went to the National Institute for Research in Dairying at Shinfield. At 
that time the Physiology Department occupied a converted back bedroom 
in the Manor House. The staff consisted of a biochemist from Oxford, 
G. L. Peskett, and a technical assistant, S .  C. Watson. This is a far cry from 
the department which existed at John Folley’s death-it is a modern 
facility with excellent equipment, and a staff which, together with visiting 
workers, sometinies exceeded fifty. 

Initially in his new task, John Folley assisted Peskett in studies concerned 
with the relationship between blood electrolytes and the secretion of the 
lipid constituents of milk. When Peskett left the Institute in 1934, Folley 
wanted to carry on the physiological work, and with the new Director, 
Dr H. D. Kay, who was appointed in 1933, Folley collaborated in studies 
on the properties of the alkaline phosphatase of the mammary gland- 
his first venture into a new field which was later to become his life’s work. 
Kay had recently returned from Canada and it was under his influence that 
Folley became interested in the relationship between the thyroid gland and 
lactation. This was his initiation into endocrinology; he rapidly became 
aware of the changes that were occurring in this field, particularly in the 
relationship between the knowledge of the anterior pituitary and the 
gonadal hormones and their influence on reproduction. His interest in the 
role and function of the mammary gland and in reproductive physiology 
was first aroused by A. S .  Parkes’ book entitled The Internal Secretions ofthe 
Ovary, and shortly thereafter Folley came into contact with the extremely 
active group headed by Parkes at the National Institute for Medical 
Research, then at Hampstead. This led to Folley’s first experiments on the 
effects of the oestrogenic hormones on the composition of the milk of 
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cattle, and brought about the first of many contributions Folley made over 
his lifetime on the hormonal control of lactation. 

Through his acquaintance with F. G. Young, one of A. S .  Parkes’ col- 
leagues at Hampstead, Folley became interested in the anterior pituitary 
hormone, prolactin. At the time, Frank Young was primarily concerned 
with the effect of anterior pituitary hormones on carbohydrate metabolism, 
but their combined interest in the effects of anterior pituitary hormones 
on the mammary glands resulted in productive collaboration for a number 
of years. They were the frrst to suggest the concept of co-lactogens- 
that is, a complex of anterior pituitary hormones responsible for lacto- 
genesis as well as for the maintenance of lactation. The role of anterior 
pituitary growth hormone in lactation led to the discovery of the galacto- 
poietic action of highly purified bovine growth hormone. It is of interest 
that some years later a group of workers, headed by Dr A. T. Cowie in 
Folley’s laboratory, first made the critical observation that after pituitary 
stalk section the pituitary continues to secrete prolactin but not the other 
anterior pituitary tropic hormones. This latter work also emphasized that 
prolactin and growth hormone were the most critical anterior pituitary 
hormones for the maintenance of lactation in the goat. 

In the middle I ~ ~ o ’ s ,  F. H. A. Marshall invited Folley to contribute a 
chapter on lactation for a treatise on the physiology of reproduction. At a 
meeting of the contributors, Folley came into contact with other distin- 
guished reproductive physiologists, among whom was Solly Zuckerman. 
Folley and Zuckerman joined forces in a study of the control of mammary 
growth in the rhesus monkey, and correlated this with the careful obsewa- 
tions which Zuckerman had made on the menstrual cycle of primates. 
This began a long series of studies by members of Folley’s department on 
various aspects of mammary growth and development in a wide variety 
of animal species, with a long-term objective of describing the conditions 
under which mammary glands might be grown by artificial means. 
During this time Folley repeatedly emphasized the importance of the 
traditional internal glandular morphology of the mammary gland. 

During the Second World War, the major interests of the department 
concerned projects in the field of physiology of lactation and reproduction 
which might have practical applications to the efficiency of dairy farming. 
One of these projects was concerned with the hormonal stimulation of 
udder growth and milk secretion, whereby it was hoped that sterile cows 
and heifers might be brought into milk production. With a gift of stilbo- 
estrol from Charles E. Dodds, the Folley group were the first to show that 
its effects in the cow with respect to milk composition were comparable 
to those of natural oestrogens. 
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In the last decade the interests of Folley and his associates were in the 
neuroendocrine control of those hormones known to play an important 
role in lactation. Although they concentrated on two main themes- 
the factors concerned with the secretion of prolactin, and those involved 
in the mechanisms responsible for the removal of milk from the mammary 
gland during suckling-the interests of the group were mainly concerned 
with the latter. In the late 1950’s the group developed a sensitive and specific 
method for estimating oxytocin, the milk ejection hormone, in biological 
fluids. The method depended upon measuring the milk ejection pressure 
in the cannulated mammary gland of the anaesthetized lactating guinea pig 
after retrograde arterial injection of the test solution; this enabled the 
group to study the release of oxytocin in the jugular blood of cows during 
machine milking, of sows during suckling and of goats during suckling 
and hand milking, and showed that the release of the hormone in the cow 
could be conditioned by auditory and visual stimuli. 

The concept of species specificity of anterior pituitary protein hormones 
led Folley and his associates, together with Carl Gemzell, to study the 
prolactin-like activity of various preparations of human growth hormone. 
They found, as did others, that human growth hormone possessed weak 
crop gland-stimulating properties, but they went on to show that, by the 
mammary intraductal test for lactogenic activity in pseudopregnant 
rabbits, human growth hormone was as active as purified sheep prolactin. 
This series of observations together with some made by others caused 
uncertainty as to whether prolactin existed as a separate lactogenic hormone 
in primates as it does in animals such as the sheep and ox. The whole 
question of the possible existence of a separate human prolactin and 
the role of human placental lactogen in lactogenesis was raised as a 
fruitful area for future research by Forsyth and Folley in a recent paper 

Folley was awarded the degree of D.Sc. by his university in 1940 and he 
was elected a Fellow of the Royal Society in 1951. In 1964 he was given the 
title of Research Professor in the University of Reading and in the same year 
he was awarded an honorary doctorate by the University of Ghent. In 
1969 he was awarded the Dale Medal by the Society for Endocrinology. 
The medal was presented by Professor H. Heller at the Meeting House of 
the Zoological Society of London after Folley had delivered the annual 
Dale Lecture. His international contacts were many and varied and he 
maintained a keen interest in organizations fostering the study of endocrin- 
ology. He was a distinguished member of the Society for Endocrinology 
and one of its founder members; he was the Society’s first secretary fkom 
1946 to 1951 and was Chairman from 1951 to 1956. He attended to the 

(1970). 
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affairs of the Jotirnal OfEndocrinology with great energy and devotion and 
was Chairman of the Editorial Board from 1959 until his death. 

John Folley’s contacts with the Ciba Foundation have been many. He 
served as a member of the Ciba Foundation Scientific Advisory Panel from 
1953 until his death. He participated in the first eight colloquia on endo- 
crinology and in three symposia (Isotopes in Biochemistry, 1951 ; Toxaemias 
OfPregnancy, 1950; and Mammalian Germ Cells, 1952). It was through the 
aid of the Foundation that his classic monograph Recherches ricentes sur la 
physiologie et la biochimie de la sicrition lactie was translated into English 
(The Physiology and Biochemistry oflactation, 1956). 

In the time that I knew Folley, I was always reminded of the parallelism 
between his extra-scientific interests and those of J. S .  L. Browne. Both 
had been beset through much of their careers with serious health problems 
and in later years with near blindness. Both had a deep and abiding 
appreciation of music and painting, and both had the same favourite com- 
posers. They both prided themselves on the capabilities of their high- 
fidelity equipment and would set the volume control at a level appropriate 
for a major concert hall. Folley’s interests in art included the modern and 
he was a devotee of Picasso. 

John Folley died on the 29th June 1970 after a brief illness and his un- 
timely demise has saddened all who knew him. His career was a distin- 
guished one and the dedication of this symposium to his honour is a 
fitting tribute to his major contributions to our understanding of the 
biochemistry and physiology of the lactogenic hormones. 

Before closing, I want to comment briefly on the nomenclature of one 
of the lactogenic hormones discussed in the symposium. The new protein 
hormone isolated from human placenta was named human placental 
lactogen (HPL) by Josimovich and MacLaren (1962) and chorionic growth 
hormone-prolactin (CGP) by Kaplan and Grumbach (19644 b). Sub- 
sequently it was designated as purified placental protein (human) (PPP(H)) 
by Bell and his associates (Florini et al. 1966) and placental protein, the 
most non-commital description of all, by Friesen (1965). 
As a result of a discussion during a Round Table Conference on Human 

Placental Lactogen held at the University of Siena in September 1967, Li, 
Grumbach, Kaplan, Josimovich, Friesen and Catt proposed the name 
‘human chorionic somatomammotropin’ (HCS) (Li et al. 1968). Th’ is was 
an attempt to prevent further confusion by the use ofdifferent terms for the 
same hormonal agent. Since the hormone was located in the syncytio- 
trophoblastic laycr of the human placenta, according to immunofluores- 
cence studies, and since it has both growth hormone (somatotropin) and 
lactogenic hormone (mammotropin) activities, the term was in line with 
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the established name for the other gonadotropin produced by the human 
placenta, human chorionic gonadotropin. ‘HCS’ thus indicated the origin 
of the hormone as well as the known biological properties. However, 
this name has not been entirely satisfactory or acceptable in practice, and 
readers will find on pp. 400-402 a discussion of the advantages of retaining, 
at least until we know more about its functions, the original name of 
human placental lactogen (HPL). In accordance with this view, HPL has 
been adopted as consistently as is feasible in this volume. 
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RECENT KNOWLEDGE OF THE CHEMISTRY 
OF LACTOGENIC HORMONES 

CHOH HAO LI 

Hormone Research Laboratory, University 4 Calijirnia, San Francisco 

THERE are three lactogenic hormones which have been isolated and 
chemically characterized from three different sources, namely the human 
pituitary, ovine pituitary and human placenta. These are: human growth 
hormone (HGH), ovine prolactin and human chorionic somatomammo- 
tropin (HCS ; human placental lactogen, HPL). This paper summarizes 
briefly some aspects of the chemistry of these three lactogenic hormones. 

HUMAN PITUITARY GROWTH HORMONR 

HGH was isolated and characterized (Li and Papkoff 1956; Li 1957~) 
fifteen years ago and is a protein of molecular weight 21 500 (Li and Starman 
1964) and isoelectric point pH 4.9 (Li 1957~). Some physicochemical 
properties ofHGH are presented in Table I. It consists ofa single polypeptide 

TABU I 

SOMB PHYSICOCHBMICN. PROPERTIES OP HGH, o m  PROLACTIN IWD HCS 

Properfies HCH Ovine prolactin HCS 
Molecular weight 
Isoelectric point, pH 
Sedimentation coefficient, slO,r 
Diffusion coefficient, D,,, x 10' 
[a]% (0. Iwacetic acid) 
Ellipticity [el, at 221 nm 
a-Helix content, percentage 
pK, of tyrosine residues 
E:;: at 277 nm 

21 so0 
4'9 
2'18 
8.88 
- 39O 
- 19 700 

5s 
10.8 
0.931 

23 300 21 600 
5'7 
2- 19 
8.44 
-41~ 

-21 400 - 16 700 
ss 45 

11'2 10.9 
0.894 0.822 

chain with one tryptophan residue and two disulphide bridges (Li and 
Papkoff 1956; Li 1957~). The complete amino acid sequence (Li, Liu 
and Dixon 1966; Li, Dixon and Liu 1969) of HGH was first proposed in 
1966 to be a single chain protein of 188 amino acids with the tryptophan 
residue at position 25 and the two disulphide bridges formed by residues 
68-162 and 179-186, as shown in Fig. I. This proposed structure has 
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recently been re-investigated and it has been found that the tryptophan* 
residue (Li and Dixon 1971) is at position 85 and the disulpliidc bridges are 
formed by residues 53-164 and residues 181-188. In addition, the amino 
acid residues in HGH are 190 instcad of 188 ; Gln is at position 29 instead of 
Glu; Asn is at 47 instead of Asp, Gln at position 49 instead of Glu, Gln at 
position 90 instead of Glu and Gln at position 121 instead of Glu. In the 
earlier publication (Li, Dixon and Liu 1969), the proline (position 130) and 
glycinc (position I 3 2) rcsiducs were incorrectly positioned, having been 
shown in reversed order. Fig. z presents the corrccted amino acid sequence 
of the HGH molccuk. 

As already ~iicntioiied, HGH lias two diwlpliidc bridgcs. Recent studies 
(Dixon and Li 1966; Bewley, Brovctto-Cruz and Li 1969) on the rcduced- 
alkylatcd horiiionc revealed that the disulpliide boiids in this iiiolccule arc 
not necessary for the manifestation of biological activity, nor arc they 
required for the formation of the secondary and tertiary structure. 
However, iiivcstigation of tlic relative rates of protcolysk by trypsiii 
indicated that the yrcscncc of these bonds does serve to stabilize tlie 
iiiolecular architccturc against perturbing forces. Thc carbamido- 
nictliylatcd derivative is digested about I' 5 times as fast as tlic native 
liormoiie, wliilc tlie carboxyiiicthylated product, under identical con- 
ditions, is digested at  2.5-3 tiiiies the rate of the iiative lion-nione. It is of 
iiitcrcst to note tliat wliile both derivatives appear to retain lactogenic 
activity, only tlic carbaiiiidonictliylatcd product retains growth-froiiioting 
potency (scc Table 11). 

Recently, the synthesis of a protcin possessing growth-promoting a n d  
lactogenic activities has bccn achieved (Li and Yaniashiro 1970). This 
synthcsis was accoiiiplislicd by thc solid-phasc iiicthod (Mcrrificld 1963) 
and tlic product wa5 shown to havc approximately 10 per cciit growtli- 
promoting potency and 5 per ccnt lactogenic activity in comparison with 
that of the native liorinonc. 

OVINE PITUITARY LACTOGENIC HORMONE 

Oviiic prolactin lias been isolatcd in liighly yurificd form by various 
iiivcstigators (White, Catchpolc and Long 193 7; White, Bonsucs5 and 
Long 1942; Li, Lyons and Evans i94on, 1941; Cole arid Li 1955). It is a 
protein of molecular weight 23 300 (Li, Cole and Coval 1957) and iso- 
elcctric point at  pH 5.7 (Li, Lyons and Evans 194ob). It consists of a single 
polypcytidc chain (Li 195715; Li a n d  Cumniins 1958) with two tryptophan 

* Niall (1971) also reported that thc tryptophan residue is at position 85. 
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residues and three disulphide bridges (Li 1949). Table I ( y .  7) ~ ~ i i i i n i n r i ~ c ~  

sonic physicocheniical properties of ovine prolactin. 
There are seven tyrosine residues in prolactin. One of tliese tyrosine 

residues is ‘buried’, as revealed by spectrophotometric titrations of the 
hormone in KCl solution (Ma, Brovetto-Cruz and Li 1970). This ‘buried’ 
tyrosine becomes ionized only after extensive alkali denaturation. How- 
ever, all seven tyrosyl residues were found to react with tetranitromethane 
(Ma, Brovetto-Cruz and Li 1970). When the nitro-prolactin was assayed 
by the pigeon local crop test, no loss of lactogeiiic activity was observed, 
as shown in Table 111. Nitro-prolactin cross-reacts conipletely with the 

TAULB 111 
LACTOGENIC ACTIVITY OF NITRO-PROLACTIN 

D r y  n1ucosal weight (n1g)for dose (pg) 

Preparatioil 1 4 
Prolactin 18.364 4’ 77 36.43 k 8.53 
Nitro-prolactin 14’ 76 k 3 . 5 8  37.26k 9’ 92 

Assayed by the pigeon local crop test; expressed as nieanf 
standard error; six birds were used for each assay. 

rabbit antiserum to the native hormone, as revealed by the Ouchterlony 
agar diffusion test (Fig. 3). However, spectrophotometric titrations and 
rates of tryptic digestion indicated that nitration produced significant 
conformational changes in tlie protein molecule. Apparently, the bio- 
logical and iiiimunological properties of prolactin do not depend upon 
the integrity of tyrosine residues as well as the molecular conformation. 

The complete amino acid sequence of ovine prolactin has recently been 
elucidated, as shown in Fig. 4 (Li et al. 1969, 1970). It is a protein consisting 
of 198 amino acids with threonine at tlie amino terminus and half-cystine 
at the carboxyl end. The three disulphide bridges arc formed between 
residues 4 and 11, between residues 190 and 198 and between 58 and 173. 
The two tryptophan residues are in positions 90 and 149 and the seven 
niethionine residues are in positions 24, 36,53, 81, 104,129 and 131. 

HUMAN CHORIONIC SOMATOMAMMOTROPIN 

The presence of lactogenic activity in the human placenta was first de- 
scribed by Ehrhardt in 1936. Laterstudiesof Josimovichand MacLaren(1962) 
and others (Kaplan and Grunibach 1964; Friesen 1965 ; Florini et nl. 1966) 
showed that the human placenta contains a protein hormone possessing 
biological properties in common with HGH. The horinone has since been 
designated human chorionic somatomainmotropin (HCS) (Li et al. 1968). 



FIG. 3 .  An Ouchtcrlony difhision pattern showing cross-rcactionbetwecn 
nitro-prolactin (NO,-MH) and rabbit antiserum to ovine prolactin (MH). 
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HCS is a protein* ofmolecular weight 21 600 (Li 1970; Florini et al. 1966; 
Andrews 1969) with valine and phenylalanine at its amino and carboxyl 
termini (Li 1970; Catt, Moffat and Niall 1967). Table I (p. 7) summarizes 
known physicochemical properties of the hormone. 

HCS was estimated to possess 13 per cent of the growth-promoting 
activity of HGH, as shown in Table IV. When the hormone was assayed 

TABLB IV 
BIOLOGICAL. ACTMTIES OF HCS 

Rat tibia test P2eon local crop assay 
, t r  7 

Total dose Tibia width* Dose Dry  mucosal weight** 
Hormone (Fd (Fm) (FA4 (ms) 

HCS I00 21329 ( 5 )  2 I I . I f 2 . 0 ( 5 )  

HGH 20 220f 4 ( 5 )  2 I I ’ 3 f 2 . 3  ( 5 )  
40 243 f s ( 5 )  8 2 3 ’  1 f 8.4 ( 5 )  

200 227 f 6 (s) 8 2 2 . 7 f 3 - 6  ( 5 )  

Mean* standard deviation (number of rats); in comparison with the activity of HGH, HCS has 

f* Meanf standard deviation (number of crop sacs) ; in comparison with the activity of HGH. HCS 
12.8 per cent potency with a 95 per cent confidence limit of 10-17 per cent. 

has 84 per cent potency with a 95 per cent confidence limit of 57-122 per cent. 

I A 1 5  HCS 

.2 - 

.1 - 

I I 

10 20 30 40 50 

ANTIGEN, Yg 
FIG. 5 .  Precipitin curves of HCS and HGH with rabbit antiserum to HCS. 

* Our studies on HCS were made with a highly purified product obtained by additional 
purification of the partially purified hormone generously supplied by Dr P. Neri of Sclavo 
Institute, Sicna, Italy. 
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for prolactin activity in the pigeon local crop assay, it gave 84 per cent of 
the potency of HGH (Table IV). As shown by various investigators 
(Josimovich and MacLaren 1962; Kaplan and Grumbach 1964; Friesen 
1965; Florini et al. 1966), the rabbit antiserum to HCS cross-reacts with 
HGH in Ouchterlony diffusion experiments but does not give a continuous 
and identical line. This difference in antigenic sites between HCS and HGH 
is clearly shown by the precipitin curves, as illustrated in Fig. 5. 

The complete amino acid sequence of HCS has very recently* been 
established (Li, Dixon and Chung 1971), as shown in Fig. 6. It may be 
noted that the single tryptophan residue is located at position 85 and that 
the six methionine residues are at positions 14, 64, 95, 124, 169 and 178. 
The two disulphide bridges form two loops: one between residues 53 and 
164 and the other between residues 181 and 188. 

When the primary structure of HCS is compared with that of HGH 
(see Fig. 2), it is remarkable that both of them contain 190 amino acid 
residues and that 160 out of 190 residues are located in identical positions 
(see Table V). The 3 0  positions showing differences contain 19 highly 

TABLE V 
DIPFBBBNCES OP RBSIDUB POSITIONS IN TKB HGH AND HCS STRUCTU~ES 

Residue position* 
1-2 

I2 

20 

4 

16 

2s 
34 
39 

46-49 
52 
56 
64 
73 
83 
90 
95 
99 

106 
109 

132 
138 
152 
178 

103-104 

I11 

HGH 
Phe-Pro 

Ile 
Am 
Arg 
Leu 
Phe 
Ala 
Glu 

Gln-Am-Pro-Gln 
Leu 
Glu 

P: 
Gln 
Gln 
Val 
SW 

Gly-Ala 
Am 
Val 

Pro 
Phe 

Ile 

ASP 

ASP 

HCS 
Val-Gln 

Val 
His 
Gln 
Ala 
Ile 
Thr 
ASP 

His-Asp-Ser-Glu 
Phe 
ASP 
Met 
Glu 
Glu 

Met 
Am 

Asp-Thr 

k g  

ASP 
ASP 

k g  
His 

Leu 
His 
Met 

* For HGH, see Fig. a; for HCS, see Fig. 6. 

* The complete amino acid sequence of HCS was first reported at the Prolactin Workshop 
at the National Institutes of Health, Bethesda, January 11,1971. 
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acceptable replacements and four acceptable replacements, with only seven 
positions being occupied by non-homologous amino acids. Thus, there are 
183 homologous positions in HGH and HCS, amounting to 96 per cent 
of either chain. The very high degree of homology between these two 
hormonal proteins may also be seen from the minimum number of nucleo- 
tide base differences in their genetic codes. All but one of the 3 0  replace- 
ments can be explained by the change of a single base in the codon triplet 
for that position. The replacement of Leu,, in HGH for Ala,, in HCS 
is the only one that requires a minimum of two base changes. This gives a 
total of only 3 I base differences in the 570 nucleotides which code for these 
two hormonal proteins. 

CLRCULAR DICHROISM SPECTRA OF HGH, HCS AND OVINE PROLACTIN 

Fig. 7 gives the circular dichroism (CD) spectra of HGH, HCS and 
ovine prolactin in the region of side-chain absorption (Bewley and Li 
197111, &). Although the spectra of HGH and prolactin show considerable 

t 4 0 r  

-1 40t- 

I I I I I I I 
250 260 270 280 290 300 310 

WAVELENGTH ( nm ) 

FIG. 7. Side-chain circular dichroism spectra of HGH, HCS and 
ovine prolactin in buffers of pH 8 * 4. 

similarity in the conformations of these two molecules, they are not com- 
pletely identical. Both proteins show an asymmetrical positive peak above 
290 nm. This asymmetry is probably due to overlapping with the negative 
bands below 286 nm. The shape of the spectrum of ovine prolactin 
suggests that the positive band in this protein overlaps with an additional 
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negative band, also above 290 nm, which is not found in HGH. Simple 
graphical subtraction of the HGH spectrum from that of ovine pro1ac:tin 
between 288 and 3 10 nm produces a weak negative band with a maximum 
at 291-292 nm. Since this ‘hidden’ band in prolactin lies above 290 nm, 
it may tentatively be assigned to tryptophan, along with the positive band. 
This would be consistent with the fact that ovine prolactin contains two 
tryptophan residues, one showing a positive CD band and the other a 
negative one, while the single tryptophan in HGH gives rise only to a 
positive band. The spectrum of HCS in the same region of side-chain 
absorption is quite different from those of HGH and ovine prolactin. The 
two negative peaks shown by HCS at 269 and 261 * 5 nm are almost identical 
to corresponding peaks in the HGH spectrum which have been assigned to 
phenylalanine residues. These peaks are almost entirely absent from the 
spectrum of ovine prolactin. At the present time we cannot make definite 
chromophore assignments to the negative dichroism in the HCS spectrum 
between 270 and 290 nm. The two peaks at 279 and 284.5 nm are probably 
due largely to tyrosine residues although both tryptophan and the disulphide 
bonds undoubtedly contribute to this region also. It may be pointed out that 
it is in h s  region of the spectrum that HCS shows the greatest differences 
from the other two hormones. The negative shoulder above 290 nm in the 
spectrum of HCS is almost certainly due to the protein’s single tryptophan 
residue. It corresponds very closely to the ‘hidden’ tryptophan band in 
ovine prolactin, while differing from the positive tryptophan in HGH. 

STRUCTURAL COMPARISON OF OVINB PROLACTI”, HCS AND HGH 

To examine the structures for areas of homology, we have aligned the 
three sequences (Bewley and Li 1971c) according to the best possible fit 
of certain reference residues. Half-cystine, tryptophan, tyrosine, histidine 
and proline were used as references because of their limited content in these 
proteins and their low relative mutability. Occasionally, the introduction 
of a gap into one or the other sequence was required to obtain the best 
alignment. 

In Fig. 8, an asterisk has been placed above those residue positions 
which contain the same amino acid in all three structures. There are 50 

such positions. These common positions would seem to be more or less 
randomly distributed, there being no particular area(s) in which they are 
clearly concentrated. They are also about equally distributed between 
hydrophilic and hydrophobic residues. However, in terms of the total 
content in all three proteins, some residue types appear in the common 
positions much more than others. For example, with the exception of the 
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small disulphide ring near the amino terminal of ovine prolactin, each half- 
cystine residue is hoinologous with a corresponding half-cystine in the 
other two molecules. Thus, 12 of the 14 cystine residues, or 86 per cent of 
the total cystine content, appear in one or another homologous position 
in the three hormones. Similarly, 75 per cent of the tryptophan residues 
(one in each sequence, or three out of a total content of four) appear in a 
single homologous position. 

Other residues whose positions appear to be conserved by identity are: 
proline, 50 per cent; leucine, 45 per cent; tyrosine, 39 per cent; histidine, 
33 per cent; phenylalanine, 30 per cent; alanine and arginine, 27 per cent; 
serine, aspartic acid and glycine, 24 per cent each. Although glutamic 
acid, methionine, threonine, glutamine and lysine also occur in common 
positions in all three sequences, the percentages of their total contents, 
conserved in this fashion, are all well below 25 per cent. 

The fact that the amino acid sequence of HGH, HCS and ovine prolactin 
is in close similarity is especially of interest in view of the fact that these three 
molecules are active as growth-promoting and lactogenic hormones in 
spite of their differences in origin. It may be that these three hormones are 
derived through evolution from a common ancestral molecule. 

SUMMARY 

There are three hormones which are presently known to possess lacto- 
genic activities, namely, non-primate pituitary prolactin, human pituitary 
growth hormone (HGH) and human chorionic somatomammotropin 
(HCS). The primary structures of the first two hormones are already 
known. The complete amino acid sequence of HCS is presented; it is 
a protein consisting of 190 amino acids with valine and phenylalanine 
as amino-terminal and carboxyl-terminal residues respectively. The single 
tryptophan residue in the HCS molecule is located at position 85 and the 
six methionine residues are at positions 14~64~95,124,  169 and 178. The 
two disulphide bridges in HCS form two loops: one between residues 53 
and 164 and the other between residues 181 and 188. 

Some physicochemical properties and data on structure-activity 
relationships of HGH, ovine prolactin and HCS are discussed, and the 
proposed structure of HCS is compared with that of HGH and of ovine 
prolactin. 
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DISCUSSION 

Sherwood: The most intriguing biochemical difference between ovine 
prolactin and the other two hormones (HGH and HPL) is the presence of an 
extra disulphide bond at the amino-terminal end of the ovine hormone. 
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Is there any evidence that prolactins &om other lower forms have an 
additional disulphide bond ? 

Li: Dr R. E. Fellows reported at  the Prolactin Workshop at the National 
Institutes of Health in January 1971 that the structure of bovine prolactin 
is very close to that of ovine prolactin, but I do not know any data on other 
species. 

Wilhelmi: The bovine hormone has six half-cystine residues just like the 
ovine. Dr Fellows has told me that the sequence at the amino-terminal 
end is very similar to that of the ovine hormone. Also, of course, they 
cross-react nearly identically, immunologically, so the probability is that 
bovine and ovine prolactin are very nearly the same. But that is the limit 
of our knowledge. 

Nicoll: Dr S. Eppstein (1964) reported that there are a large number of 
disulphide groups in porcine prolactin (14 half-cystine residues). Has that 
been confirmed ? 

Li: Dr Eppstein did the initial work in our laboratory. Porcine prolactin 
was a rather di6cult molecule to isolate at that time and the whole problem 
is open again, but his data clearly showed more S-S bridges in porcine than 
ovine or bovine prolactin. The data have not been confirmed but no one 
else has yet obtained a preparation pure enough to show differences from 
Eppstein’s data. 

Wilhelmi: One of my students, Mr Sam Hagan, is working on the puri- 
fication of porcine prolactin now. Our data suggest that it’s very different 
from Dr Eppstein’s preparation. We rather think that his preparation had 
a contaminant, perhaps a small peptide containing a lot of cystine, possibly 
a posterior lobe hormone. We can’t be sure yet, because the porcine 
molecule is, as you say, diflicult to purify. Its specific activity, as one purifies 
it, never gets as high as that of highly purified ovine and bovine prolactin, 
and t h i s  worries us. Until we are certain, we don’t want to start any 
chemistry on an insufficiently purified molecule. 

Nicoll: Dr Li, you report that HPL has 13 per cent of the growth- 
promoting activity of HGH in the rat tibia test. Have you tested ovine or 
bovine prolactin using highly purified material, to see how they compare 
with HGH in this assay ? 

Li: We have done this repeatedly. We have not been able to show by the 
tibia test any growth-promoting activity of ovine or bovine prolactin. 
Some other test might reveal such activity. The Merck group showed that 
in the normal rat, ovine prolactin promoted growth, but that might be 
due to something else (such as contamination with growth hormone) 
(Reisfeld et al. 1961). I think the rat tibia test is the most specific test for 
growth-promoting activity. 
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Beck: Many people would challenge that, Dr Li! This is really very 
crucial; how specific is the rat tibia as a bioassay for growth-promoting 
activity ? 

Frank: Dr Li, aren’t your figures for the growth-promoting activity of 
HPL (13 per cent of HGH activity) somewhat higher than those reported 
by others ? 

Li:  We found that the dimer of HCS (HPL) has very little growrh- 
promoting activity (unlike the monomer), so my feeling is that the niono- 
mer is the one with high growth-promoting activity by the tibia test. 

Frantx: Is the form in which the hormone has been supplied by Lederle 
chiefly that of the dimer ? 

Li: I can only judge fiom the literature. I think the Lederle material! is 
not all monomer. 

Friesen: It looked to me as if your ratio of elution volume to void 
volume was two, which is identical with that of the Lederle preparation 
and of some of ours. 

Li: Have you determined the actual molecular weight of the monomer 
by an osmotic pressure measurement? 

Friesen: No. 
Li: We used gel filtration for estimating the molecular weight, and we are 

now investigating the biophysical behaviour of the dimer, including the 
tertiary structure, which might be very similar to that of the dimer of HGH. 

Nicoll: I have been working with Dr Paul Licht in Berkeley on growth 
hormone and prolactin in different vertebrate species. We are using a 
growth test in the Californian toad (Bufi boreas) which measures the in- 
crease in body length of the animals. We found that ovine and bovine 
prolactin are about 5 per cent as active as ovine or bovine growth hormones. 
Porcine prolactin and HPL fiom Lederle were completely inactive in this 
test. We found that some prolactins of non-mammalian species are 
highly active (Nicoll and Licht 1971). 

Li: There must be some overlap in growth-promoting and lactogeriic 
activity because of the structural similarity, with approximately 50 per 
cent of the amino acids identical. 

Sherwood: We have used the Lederle preparation of HPL exclusively; 
on gel filtration at neutral pH it tends to behave as a dimer. Monomer was 
produced by spinning it in the ultracentrifuge in 5M-guanidine. 

Li: Did you assay the growth-promoting activity of the monomer ? 
Sherwood: We have not attempted to bioassay the growth-promoting 

activity of the monomer. Dr Friesen (1965) has bioassayed a similar Lederle 
preparation very extensively, and found that it had much less than 13 per 
cent of the growth-promoting activity of growth hormone. 
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Friesen: The Lederle group (Breuer 1969) has reported that the monomer 
in their hands was no more active in growth promotion than the dimer. 
Dr Li, I wonder whether the slope of the dose-response curve of HPL is 
identical with that of growth hormone ? If not, expressing it as a percen- 
tage of activity is not perfectly valid. It looks as if HPL has a flatter slope. 

Li: The slope is not completely identical as we expected, but one can 
roughly estimate the amount of growth-promoting activity in coniparison 
with that of HGH. 

Tirrkington: The biological activities of these molecules will ultimately 
be resolved in terms of their interaction with a specific receptor molecule. 
In addition to analysing these hormones in terms of their amino acid 
sequences, Dr Li, have you compared them by model building, examining 
their tertiary structures, to determine what groups may be available to 
bond at the biologically active site ? 

Li: Not yet. This is why we hope to prepare biologically active and 
radioactive molecules, to study this type of binding site. The nitro- 
lactogenic hormone (nitro-prolactin), for example, is fully active; when 
we produce a radioactive nitro-lactogenic hormone, we shall be able 
to do such experiments. 

Beck: It would be interesting to know what you intend to use as your 
receptor site ! 

Greenwood: Surely, the translocation of a sequence in HGH and the fact 
that the molecule you synthesized is nevertheless biologically active 
answers Dr Turkington’s question. The tertiary structure is not involved in 
biological activity. 

Ttrrkington: It must be involved. 
Li:  The tertiary structure might reside in a small segment; even the 

decapeptides sometimes have a tertiary structure. That is what Dr Turking- 
ton is referring to. Certainly the synthesis of a protein using the 1966 
proposed structure which has activity indicates that the whole molecule 
is not necessary for hormonal activity. 

Wilhelmi: Does nitrophenylation of prolactin have any effect on its 
tertiary structure, as seen in the circular dichroism, for instance ? 

Li:  We have not done this. The circular dichroism spectrum is somewhat 
di6cult to determine because of the nitro group. This is why we employed 
immunochemical methods. 

Bryant: We find that immunological activity is very easily reduced by 
iodinating ovine prolactin, unlike human growth hormone. This is 
contrary to what you showed. 

Li: This is why we are interested in the nitro-prolactin. 
Greenwood: Two points on nomenclature. Firstly, on ‘human placental 
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lactogen’ or ‘human chorionic somatomammotropin’. This latter term 
(conceived in a smoke-filled room in Siena !) will presumably have to be 
modified, since Dr Friesen has shown that human prolactin increases in 
pregnancy. Secondly, it might be useful to reach agreement on human 
prolactin; I don’t like the term ‘luteotropic hormone’, or mammotropin. 
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IN earlier reports from this laboratory (Sherwood 1967, 1969) striking 
homologies were noted in the amino acid compositions of the tryptic 
peptides of human placental lactogen (HPL) and human growth hormone 
(HGH). Alignment ofthe tryptic peptides ofHPL in homologous positions 
with those of HGH further suggested a remarkable similarity in the amino 
acid sequences ofthe two hormones. At the carboxyl-terminal end ofHPL, 
fourteen residues were identical with HGH except for a single substitution 
in HPL of methionine for isoleucine (Sherwood 1969); at the amino 
terminus, eleven of the first seventeen residues of the two hormones were 
homologous (Catt, Moffat and Nian 1967). We now report the complete 
amino acid sequence of HPL (Sherwood et a2. 1971u) and a detailed com- 
parison of its structure with that of HGH (Li, Liu and Dixon 1966; Niall 
1971). Since the two hormones are identical in 86 per cent of their amino 
acid sequence, there is a firm basis for their similarities in biological, 
immunological and physicochemical properties. 

M A m S  AND METHODS 

Partially purified HPL was kindly supplied by Drs Paul H. Bell and 
Charles Breuer of Lederle Laboratories. This material was fi.uther purified 
by gel filtration as described previously (Sherwood 1967) and was shown 
to be chemically homogeneous before we began the sequence studies. 
The purified protein was a single peak on gel filtration and in the ultra- 
centrifuge (in SM-guanidine) and behaved as a single band in immuno- 
diffusion studies with antiserum against the crude hormone. A single 
amino-terminal valine was determined by the dansyl technique except in 
occasional preparations where an amino-terminal threonine was also noted. 
The latter fmding has been reported (Catt, Moffat and Niall 1967) and we 
have observed amino-terminal peptides without the two first residues in 
the sequence studies. Whether thls difference is due to aminopeptidase 
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activity in placental extracts or represents an intraspecies variant is not yet 
known. On polyacrylamide gel electrophoresis, minor microhetero- 
geneity, probably due to partial deamidation (Sherwood 1967), was noted. 

The purified hormone was biologically active in causing weight gain in 
hypophysectomized mice (Florini et al. 1966), in stimulating lactation in 
mid-pregnant rabbits (Friesen 1966) and in inducing mammary gland 
differentiation and casein synthesis by mouse mammary tissue in organ 
culture (Turkington and Topper 1966). 

Enzyme digestion 

Trypsin. One gramme of native HPL was reduced and alkylated with 
iodoacetic acid in order to disrupt the disulphide bonds (Crestfield, Moore 
and Stein 1963 ; Sherwood 1967). The modified protein was analysed 
for complete conversion and then cleaved with trypsin (z per cent ratio 
of enzyme to substrate) at 37°C in 0' zM-ammonium bicarbonate (PH 7- 8) 
with twice recrystallized trypsin (Worthington). After lyophilization, 
the enzyme digest was fractionated by ion exchange chromatography as 
previously described (Sherwood 1967). The peptide fractions were analysed 
after alkaline hydrolysis (Hirs, Moore and Stein 1956) and subjected, 
after lyophilization, to high voltage electrophoresis and/or paper chromato- 
graphy in butanol-glacial acetic acid-water (4-1-5) by the method of 
Katz, Dreyer and Anfinsen (1959). Homogeneous peptides were eluted 
horn paper with 10 per cent acetic acid followed by 2 per cent ammonium 
hydroxide and then hydrolysed with 6~-hydrochloric acid for 22 hours a t  
110°C in a sealed, evacuated dessicator flushed with nitrogen (Hirs, Stein 
and Moore 1954). The hydrolysates were analysed on a Beckman I Z I  

automatic amino acid analyser equipped for high sensitivity analysis 
(0.01 PM with an accuracy of 3 per cent). 

Chymotrypsin. Purified HPL (860 mg) was oxidized with performic acid 
(in the ratio 90 per cent formic acid/Io per cent hydrogen peroxide) for 
z hours at - 10°C in an alcohol-ice mixture by the method of Hirs (1967). 
After dilution with distilled water, the preparation was lyophilized 
carefully to dry powder. An aliquot was tested for complete conversion by 
amino acid analysis. Performic-oxidized HPL was then incubated in 
0- z~-ammonium bicarbonate (PH 8.4) with ar-chymotrypsin (Worthing- 
ton, twice recrystallized) at 37°C for two hours (Canfield 1963 ; Canfield 
and Anfinsen 19634. After lyophilization, the mixture of peptides was 
separated on a column of Dowex 50-X2 (160 x 2 -  5 cm) at 55°C with a 
four-bottle gradient elution system of pyridine acetate as follows: 500 ml 
each of pyridine acetate pH 2 -  8 ( o s ~ M ) ,  pH 3 * 4 (o*4M), pH 4' 5 (0.6.r) 
and pH 5-50  (ISOM). The column was then eluted with 3mpyridine 
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acetate buffer (PH 5 -  5 )  followed by 3~-pyridine. The effluent fractions 
were analysed after alkaline hydrolysis and purdied as above. 

Pepsin. Three hundred mg of native HPL were dissolved in 50 ml of 
0-  OIN-HC1 adjusted to pH 2.0. One mg of pepsin (Worthington) was 
added and the digestion performed at room temperature for 30 minutes 
with constant stirring. The reaction was stopped by the addition of pyri- 
dine to pH 5 and the digest was then lyophilized. The digest was subjected 
to ion exchange chromatography on Dowex 5~x2 (60 x I -  5 cm column) 
with a four-bottle system as above. 

Since the pepsin digestion was performed on native HPL, the disulphide 
bonds were left intact. One disulphide bond at the carboxyl-terminal end 
was intact in a single peptic peptide (P 6D). The remaining disulphide 
bond joined two peptic peptides, P14-I and P14-2, which were then 
separated by performic acid oxidation and high voltage electrophoresis 
on Whatman 3MM paper (see Results). 

Cyanogen bromide cleavage 

Three hundred mg of native HPL were cleaved with cyanogen bromide 
by the method of Gross and Witkop (1962). The hormone was dissolved 
in IOO ml of 70 per cent formic acid which was bubbled with nitrogen to 
prevent oxidation of methionine. One gramme of solid cyanogen bromide 
(Eastman Chemical) was added and incubated at 25°C in a sealed container 
with gentle stirring for six hours. The:reaction was stopped by diluting the 
sample with distilled water and freeze-drying. To measure the extent of 
reaction, an aliquot of the reaction mixture was oxidized with performic 
acid and subjected to amino acid analysis following acid hydrolysis, to 
calculate the content of unreacted methionine as methionine sulphone. 
The peptides were separated on a column of Sephadex G s o  (200 x 2- 5 cm) 
using ow ISM-acetic acid and the eluted peptides were analysed by optical 
density at 280 nm and at 570 nm after alkaline hydrolysis and reaction 
with ninhydrin. The fractions were divided and analysed further by high 
voltage electrophoresis and chromatography (Fig. I). The largest peptide 
(Cs), which contained two half-cystine residues, was rechromatographed 
on Sephadex G s o  and then oxidized with performic acid. The two peptide 
fragments CSA and CSB were separated on a smaller column of Sephadex 
G s o  (65 x 2 cm) in o* z~-ammonium formate buffer pH 2.8 (Fig. 2). 

The remaining large peptides (C7A and C7B) were separated by ion 
exchange chromatography on a column of carboxymethyl cellulose 
using a two-bottle gradient of ammonium acetate from pH 5 . 0  (0-OIM) 

topH7*0(0*33M). 
2* 
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FIG. I ,  Elution pattern of peptides from cyanogen bromide cleavage of 
HPL on Sephadex G s o  in 0. I SM-acetic acid. Fractions were analysed 
for optical density at 280 nm and at 570 nm after alkaline hydrolysis 

and reaction with ninhydrin. 

.6 

a 
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.2 

0 10 20 30 40 

TUBE 

FIG. 2. Separation of CsA and CSB on Sephadex G s o  after cleavage 
of the disulphide bond of Cs with performic acid. The column was 

developed with o.z~-ammonium formate buffer @H 2 '  8). 
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Edman degradation 

Sequential degradation of individual peptides was done by a modlfication 
of the method of Edman (1950) as published by Elzinga (1970). Peptides 
ranging in size from three to twelve residues were generally subjected to an 
average of six to eight cycles, although in some instances it was possible to 
remove up to ten amino acids. Sequenator grade reagents (pyridine, 
phenylisothiocyanate and trifluoroacetic acid) were obtained from the 
Pierce Chemical Company. The peptide (0.02s to 0.05 pmoles) was 
dissolved in 0 9  2 ml of pyridine and 1sp1 of phenylisothiocyanate. After 
blowing with nitrogen, the reaction mixture was incubated at 37°C for 
one hour and dried down. Trifluoroacetic acid (0. z ml) was then added and 
the mixture was blown with nitrogen; after incubation for 15 minutes at 
37°C it was dried down. This procedure was repeated until the desired 
number of Edman steps was completed. After the last step, the remaining 
material was dissolved in IN-HCl and N-butyl acetate and extracted three 
times with N-butyl acetate. After evaporation of the aqueous phase, the 
peptide was hydrolysed for 22 hours at 110°C in constant boiling ~N-HC~.  

For some peptides, sequential degradation was performed by the dansyl- 
Edman technique as described by Gray (1967). After cleavage and extrac- 
tion of the phenylthiohydantoin derivative, the remaining amino-terminal 
amino acid was reacted with dimethylnaphthylene sulphonyl chloride to 
convert it to the dansyl derivative. The reaction was performed at pH 9' 7 
in sodium bicarbonate buffer. The peptide was then hydrolysed in 6 ~ -  
hydrochloric acid for 16 hours; after drying, the hydrolysate was analysed 
by thin layer chromatography on polyamide paper (Cheng Chin Trading 
Company) using the two-solvent system described by Woods and Wang 
(1967). The location of the dansyl-amino acid was determined with an 
ultraviolet source. 

RESULTS 

A series of unique peptides was obtained fiom the cleavage of HPL by 
each of the four methods described earlier. The peptides obtained from 
trypsin cleavage have previously been described (Sherwood 1967) and 
included a total of 19 peptides which were obtained from cleavage at 18 of 
the 20 lysine and arginine residues (see Table I). The only peptide not identi- 
fied in the original study was T14 (a tripeptide of sequence Phe-Leu-Arg). 
Peptide T6B identified in very small yield in the original digest proved 
to be non-homogeneous and not significant. Otherwise, the alignment of 
homologous peptides with HGH predicted in the earlier study proved to be 
correct. In parallel with recent studies (Niall 1971) showing that the 
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Peptide 
T18C 
T26 
T18 

T7B 
T12 

T17A 
Tz4 
TI4 
T13B 

T8A 
TgB 
T16C 
T7A 
TzoD 
T16A 
T I ~ D  
T14A 
T13C 
TSA 

TABLE I 
TRYFTIC PBPTLDBS OP HUMAN PLACENTAL. LACTOCBN 

Sequence 
Val, Gln, Thr, Val, Pro, Leu, Ser, Arg 
Leu, Phe, Asp, His, Ala, Met, Leu, Gln, Ala, His, Arg 
Ala, His, Gln, Leu, Ala, ne, Asp, Thr, Tyr, Gln, Glu, Phe, Glu. Glu, Thr, Tyr, 
ne, Pro, Lys 
Asp, Glx, Lys 
Tyr, Ser, Phe, Leu, His, Asp, Ser, Gk,  Thr, Ser, Phe, Cys, Phe, Ser, Asx, Ser, 
lle, Pro, Thr, Pro, Ser, Asx, Met, Glx, Glx, Thr, Glx, Lys 
Ser, Asx, Leu, Glx, Leu, Leu, Arg 
Ile, Ser, Leu, Leu, Leu, Ile, Glx, Ser ,  Trp, Leu, Glx, Pro, Val, AYS 
Phe, Leu, Arg 
Ser, Met, Phe, Ma, Am, Asx, Leu, Val, Tyr, Asx, Thr. Sex, Am, A s ,  Asx, Srt, 
Tyr, His, Leu, Leu, Lys 
Am, Leu, Glx, Glx. Gly, Ile. Glx. Thr, Leu, Met, Gly, Arg 
Leu, Glx, Asx, Gly, Ser, Arg, Arg 
Thr, Gly. Glx, Ile, Leu, Lys 
Glx, Thr, Tyr, Ser, Lys 
Phe, Asx, Thr, Asx, Ser, His, Asx, His, Asx, Ala, Leu, Leu, Lys 
Asx, Tyr, Gly, Leu, Leu, Tyr, Cys, Phe, Arg 

Asx, Met, Asx, Lys, Val, Glx, Thr, Phe, Leu, Arg 
Met, Val, Gln, Cys, Arg 
Ser, Val, Glu, Gly, Ser, Cys. Gly, Phe 

LYS 

tryptophan-containing peptide of HGH was located incorrectly in the 
original report by Li, Liu and Dixon (1966), the homologous tryptophan 
peptide of HPL (T24) has been reassigned to a position between T17A 
and T13B. 

A total of 19 chymotryptic peptides were obtained and their amino 
acid compositions used to align the sequence of the tryptic peptides in the 
molecule. As shown in detail in Table 11,15 chymotryptic peptides over- 
lapped areas containing lysine and arginine residues and confirmed the 
alignment of the tryptic peptides. Chymotryptic peptides were in general 
smaller than the tryptic peptides and frequently ended in carboxyl- 
terminal leucine, phenylalanine and tyrosine. The four peptides containing 
cysteine were identified by their content of cysteic acid, since performic- 
oxidized HPL had been used for the chymotryptic digest. In similar 
fashion, the 21 peptic peptides permitted 15 of the tryptic peptides to be 
overlapped (Table II), thus completing the definitive alignment of all the 
tryptic peptides in the molecule. 

Peptic peptide P14 failed to move from the origin and proved to be a 
peptide containing two half-cystine residues. After its elution from paper 
and purification on Sephadex G25,  P14 was oxidized with performic acid 
and separated into two peptides on high voltage electrophoresis: P14-I 
(composition Asp,, Thr,, Ser,, Pro2, Cys, Phe) and P14-2 (composition 
Cys, Tyr, Phe). 
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The reaction of HPL with cyanogen bromide resulted in 95 per cent 
cleavage of the native molecule. After separation of the Gagments on 
Sephadex G s o  (Fig. I), a small amount of unreacted hormone appeared 
at the void volume, followed by two major fractions absorbing at 280 nm 
(C5 and C7) and two fractions (C8 and C9) detectable only after alkaline 
hydrolysis. The first two peaks were rechromatographed on Sephadex 
Gso.  After performic oxidation and rechromatography on Sephadex 
Gso, Cs, which contained two half-cystine residues, separated into two 
peaks (CSA and CsB) (Fig. 2). C7 was fractionated further on carboxy- 
methyl cellulose and contained two peptides C7A and C7B (see Table III). 

Amino acid 
Lysine 
Histidine 
Arghine 
Tryptophan 
Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Proline 
Half-cystine 
Glycine 
Alanine 
Valine 
Methionhe* 
Is o 1 e u c in e 
Leucine 
Tyrosine 
Phenylalanine 

 TAB^ 111 

CYANOGEN BROMIDE PEPTIDES OP HPL 

C8 C5A C7A C7B C5B 
0 2 I I 4 
I 3 0 I 2 
I I 3 0 4 

I 5 I 7 7 
I 4 I 2 3 
I 6 4 2  3 
I 8 6 3  3 
I 3 I 0 0 

0 0 0 I 4 
I 3 0 I I 

0 0 I 0 0 

0 I 0 0 I 

2 0 I I 0 
I I I I I 
0 3 2 I I 

2 3 8 5 6  
0 3 0 2 3 
I 4 I I 2 

C9A4 
I 
0 
I 
0 
I 
I 
0 
I 
0 

0 
0 

0 

I 
I 
0 

I 
0 

I 

C9Bz Total 
0 9 
0 7 
I I1 
0 I 

0 I2 
0 22 

2 18 
2 24 
0 5 
2 4 
2 7 
0 6 
2 7 
0 6 
0 7 
0 25 
0 8 
I I1 

Total I4 50 3 1  29 45 9 12 190 

* As homoserine lactone. 

Three smaller peptides were identified by high voltage electrophoresis of 
peaks C8 and 9 (C8, C9A4 and C9B2). After being shown to be homo- 
geneous, these were eluted from paper and subjected to amino acid 
analysis. Amino acid analyses of the cyanogen bromide fragments (which 
constitute the entire molecule) are shown in Table 111. Since there are six 
methionine residues, the anticipated seven peptides were obtained once it 
was appreciated that Cs actually represented two peptides joined by a 
disulphide bond. The sequence of cyanogen bromide peptides in the 
molecule based on the tryptic peptide alignment was C8, CSA, C7A, CiB, 
CSB, C9A4 and CgB2, beginning at the amino terminus (Fig. 3, Table 11). 
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From the homologous assignment of the tryptic peptides of HPL and 
HGH and the overlapping information for all peptides provided by the 
results of chymotrypsin, pepsin and cyanogen bromide digestion, it was 
possible to align all the tryptic peptides in their ordered sequence (see 
Table 11). The individual details of all peptides and their overlaps are 
shown. 

S T R U C T U R E  OF HPL 

PLACENTAL LACTOGEN 

-M r s Z z M - M D  
C8 C5A C7A C7B C5B C9A4 C9B2 
(14) (50) (31) (29) (45) (9) (12) 

GROWTH HORMONE 

I -M 
(14) (110) (45) (21) 

FIG. 3. Diagrammatic model indicating the sites of cyanogen bromide 
cleavage at methionine residues (M) in W L  and HGH. Cleavage of 
HPL produced 7 fragments; cleavage of HGH, 4 fragments. 
The number of amino acid residues in each fragment is indicated. 

The amino acid sequence of individual peptides was determined by 
Edman degradation, permitting the determination of the unique sequence 
of amino acids in the HPL molecule. Smaller peptides were generally used 
for sequencing and an average of six to eight cycles were performed. For 
some of the larger tryptic peptides, additional cleavage with chymotrypsin 
or pepsin produced fragments small enough to degrade by the Edman 
method directly. The limiting factor in Edman degradation was incom- 
plete reaction ofthe insoluble residue after solvent extraction for six or more 
cycles. The majority of the sequence information was provided by the 
subtractive method in which the amino-terminal phenylthiohydantoin 
derivative was removed and the remaining peptide analysed after acid 
hydrolysis by high sensitivity amino acid analysis. In some instances, 
direct identification of the amino-terminal amino acid remaining after 
removal of the Edman derivative was performed by the dansyl technique 

The tryptophan-containing tryptic peptide T24 was identified by Ehrlich 
staining (Canfield and Anfinsen 1963b) and by appropriate spectrophoto- 
metric techniques. Peptic peptide PgB which contained tryptophan was 
cleaved at the tryptophan residue with N-bromosuccinimide (Rama- 

(Gray 1967). 
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chandran and Witkop 1967) producing two fragments PgAI (Leu, Ile, Glx, 
Ser) and PgA2 (Leu, Glx, Pro, Val) whose sequence was then determined 
by Edman degradation. 

The assignment of the disulphide bonds was made from the cyanogen 
bromide and peptic fragments. C5 and P14 each consisted of two peptides 
joined by a disulphide bond and were easily separated by performic oxida- 
tion. The disulphide bond at the carboxyl terminus remained intact in 
cyanogen bromide fragment CgB2, establishing the disulphide bond from 

FIG. 4. The amino acid sequence of HPL based on the overlapping 
peptides from tryptic, chymotryptic, peptic and cyanogen bromide 
cleavage and Edman degradation at each position. Amide groupsnot yet 

determined are indicated as Glx and Asx respectively. 

residue 181 and 188. The content of amides has not yet been determined 
completely. For those already identified, the peptide was digested with 
leucine aminopeptidase (Sherwood 1969) and then analysed on the amino 
acid analyser under modified conditions which separate asparagine and 
glutamine from aspartic and glutamic acids respectively. 

The complete sequence of HPL is indicated in Fig. 4 and shows a small 
disulphide bond at the carboxyl terminus between residues 181 and 188 
and a larger one joining residues 53 and 164. A detailed comparison of the 
sequence of the placental hormone is made with HGH in Table IV which 
indicates corresponding residues and the substitutions that are present. 
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DISCUSSION 

This paper describes the chemical findings that led to the determination 
of the complete amino acid sequence of HPL. A communication describing 
this structure has recently appeared (Sherwood et al. 1971a). HPL is a 
single chain polypeptide of 190 amino acids with two intrachain disulphide 
bonds. It contains six methionine residues which have been assigned to 
positions 14, 64, 95, 124,-169 and 178 and a single tryptophan residue in 
position 85. The disulphide bonds connect half-cystine residues at positions 
53 and 164 and 181 and 188 respectively. 
A large number of peptides obtained from selective cleavage of native or 

modified HPL with trypsin, chymotrypsin, pepsin and cyanogen bromide 
plus sequential degradation of individual peptides by the Edman (1950) 
technique provided the unique sequence of amino acids outlined in detail 
in Table I1 and shown in Fig. 4. 
A detailed comparison of the structure of HPL with that of HGH has 

been facilitated by recent observations (Niall 1971; Niall et al. 1971) 
showing that the original HGH sequence published by Li, Liu and Dixon 
(1966) was not completely correct. In his studies with the automatic 
sequenator, Niall failed to find tryptophan at position 25 in HGH, the 
position in which Li had suggested it was present. Instead, the tryptophan 
region comprising 14 amino acids was shifted toward the carboxyl 
terminus so that tryptophan occupies position 85 in the revised sequence. 
Likewise, an additional leucine and arginine have been added in positions 
92 and 93. These revisions make the homologies between HPL and HGH 
even more striking than they originally seemed. Earlier, it had appeared 
that there might be significant differences in the sequences of the two 
hormones at the amino terminus, but the revised sequence of HGH 
indicates that the differences are only minor. 

A detailed comparison of HPL and HGH is made in Table IV. A total of 
163 of 19 residues in the two hormones are identical, accounting fbr 
86 per cent homology in their amino acid sequences. Although the amides 
have not yet been completely determined, most are identical with those in 
HGH. Where amino acid substitutions occur, they are usually relatively 
minor and consist of residues closely related in chemical properties. The 
four half-cystines and the two disulphide bonds are in identical positions 
in the two peptides. One major difference is the presence of six methionine 
residues in HPL compared with three in HGH. This accounts for the seven 
cyanogen bromide fragments of HPL compared with four of HGH 
(see Fig. 3). Likewise, there is a significant difference in histidine content, 
with HPL containing seven and HGH containing three residues (see 
Table V). 



STRUCTURE OF HPL 

TABU V 
mmo ACID COMPOSITIONS OP HPL AND HGH 

Amino acid HPL HGH 
Lysine 9 9 
Histidine 7 3 
Arginine I1 I1 
Tryptophan I I 
Aspartic acid 22 20 
Threonine 12 10 

Serine 18 18 
Glutamic acid 24 26 
Proline S a 
Half-cystine 4 4 
Glycine 7 8 
Alanine 6 7 
Vdhe 7 7 
Methionbe 6 3 
Isoleucine 7 8 
Leucine 25 26 
Tyrosine 8 8 
Phenylalanine I1 I3 

Total 190 190 

The amino acid substitutions in HPL are scattered throughout the 
molecule, although more are concentrated near the amino terminus, as 
follows: positions 1-25 (7 substitutions); 26-50 ( j ) ,  51-75 (3); 76-100 (3); 
101-125 ( 5 ) ;  126150 (2); 131-175 (I), and 176-190 (I). Of the 27 
substitutions, all but three are highly favoured or favoured substitutions 
(Dayhoff 1969) (Table VI). The three non-favoured substitutions are at 

TABLE VI 
AMINO Acm SUBSTITUTIONS PI W L  
Number of 

substitutions Position 
Non-favoured 3 I ,  20*, 132 
Acceptable 3 103,iog*, I I I  ,152 
(7-20 x chance) 
Favoured 5 2,48, s2.90,138 
(21-39 x chance) 
Highly favoured 
(40 x chance) 107*, 178 

15 4. 12, 16, 2s. 29, 34, 39, 46, 56. 64, 95, 99, 104, 

* Substitution requiring more than a single base change. 

positions I, 20 and 132 and one requires more than a single base change. 
Of the 24 favoured substitutions, only two require more than a single 
base change in the triplet codon. 

As might be predicted from their marked homologies in primary 
structure, HPL and HGH share striking similarities in physicochemical 
properties, secondary and tertiary structure and structure-function 
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relationships. Both hormones have a tendency to aggregate in solution 
(Sherwood 1967), and in starch, polyacrylamide and agar gel electro- 
phoresis, the two hormones exhibit similar mobilities, although HPL is 
slightly more acidic (Florini et al. 1966; Sherwood 1967). After incubation 
at alkaline pH, each undergoes deamidation, with the production of electro- 
phoretic heterogeneity (Lewis and Cheever 1965 ; Sherwood and Hand- 
werger 1969). By optical rotatory dispersion, about half the amino acid 
residues of each hormone are in a-helical conformation, and the helical 
content of each is remarkably independent of pH. In urea at pH 8.0, 
each hormone shows little change in helical content until the urea con- 
centration exceeds SM (Bewley and Li 1967; Aloj and Edelhoch 1971). 

The tertiary structure contributed by the disulphide bonds of HPL 
and HGH is not essential for lactogenic activity. Dixon and Li (1966) and 
Bewley, Brovetto-Cruz and Li (1969) showed that reduction and alkyla- 
tion of HGH with either iodoacetic acid or iodoacetamide caused no 
decrease in lactogenic potency in the pigeon crop sac assay. Using the 
mouse mammary gland assay described by Turkington and Topper (1966), 
we have shown in recent studies that reduction and alkylation or performic 
acid oxidation of HPL and HGH caused no loss of lactogenic activity 
(Handwerger, Pang and Sherwood 1971; Sherwood et al. 1971b). Per- 
formic acid oxidation, in addition to converting the half-cystine residues 
to cysteic acid, converts the methionine residues to methionine sulphone 
and modifies the single tryptophan residue in each molecule. The two 
disulphide bonds of HGH are also unnecessary for somatotropic activity 
as measured by the rat tibia test (Dixon and Li 1966; Bewley, Brovetto- 
Cruz and Li 1969). Breuer (1969), however, suggested that complete reduc- 
tion and alkylation of HPL abolished its ability to stimulate protein 
synthesis in costal cartilage. 

Other studies of the relation between structure and function in lour 
laboratory indicated (I) that complete cleavage of HPL and HGH at their 
methionine residues by cyanogen bromide caused no loss of lactogenic 
activity and (2) that deamidation of HPL by incubation at alkaline pH 
resulted in a small but statistically significant enhancement of lactogenic 
activity (Handwerger, Pang and Sherwood 1971 ; Sherwood and Hand- 
werger 1969). Similar studies on the somatotropic activity of the modified 
hormones are now in progress. 

With the complete determination of the amino acid sequence of HPL 
and its homologous alignment with HGH, an earlier prediction of a 
common ancestral polypeptide for the two hormones has been con- 
siderably strengthened (Shenvood 1967). It is also clear that the two 
molecules are chemically related, although less closely, to ovine prolactin 
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(Li et al. 1969), but their chemical relationship to huinaii pituitary yrolactin 
remains to be defined (Sherwood 1971). HPL and HGH are so strikingly 
similar in structure that it is not surprising that there are marked overlaps 
in their biological and immunological effects. Although the lactogenic 
activity of the two hormones is identical (Chadwick, Folley and Gemzell 
1961 ; Ferguson and Wall 1961 ; Josimovich and MacLaren 1962; Handwer- 
ger, Pang and Sherwood 1971) somatotropic activity is markedly different, 
in some cases as much as 100 to Iooo-fold (Friesen 1965). Since the amino 
acid differences between HPL and HGH are relatively few and are concen- 
trated primarily at the amino-terminal end of each hormone, it is possible 
that the active site for somatotropic activity is located in that portion of 
the polypeptide chain. It is likely that the lactogenic activity will be found 
in an identical or nearly identical portion of the polypeptide backbone 
common to both molecules, and that the somatotropic site is separate or 
at least only partially overlapping. These studies hold the exciting promise 
that a small fragment of HGH which might be readily synthesized may have 
sufficient growth-promoting activity to make it a source of urgently 
needed HGH. Synthesis of the 190 amino acid peptide recently performed 
by Li and Yamashiro (1970) is not currently a commercially feasible venture, 
and synthesis of HGH in tissue culture has so far had only limited success. 

SUMMARY 

The complete amino acid sequence of human placental lactogen was 
determined by overlapping the peptides obtained fiom cleavage of the 
hormone with trypsin, chymotrypsin, pepsin and cyanogen bromide 
and by sequential degradation of individual peptides by the method of 
Edman. Placental lactogen, like human growth hormone, is an 190 amino 
acid polypeptide containing two intrachain disulphide bonds in identical 
locations. Eighty-six per cent of the residues in the two molecules are 
identical, and most of the substitutions are highly favoured, being explained 
by a single base change in the triplet codon. The striking similarities in 
chemical structure amplify further the possibility that potent somato- 
tropic activity might be eventually identified in a peptide fragment less 
than 190 amino acids in length. 
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DISCUSSION 

Greenwood: In the sequence around 67 to 70, in HPL, Dr Niall has an 
additional glutamine. How many amino acids are there in HPL ? 

Skerwood: Both Dr Li and I find 190 amino acids. Dr N i d  has found 
an additional glutamine residue at position 68. Minor differences in the 
sequence studies of the three groups have not yet been sorted out. 

Greenwood: I find the existence of cyanogen bromide fragments of 
HPL and HGH with full activity in an in uitro assay incredible. You then 
have to postulate that the tissue receptor site is going to reassemble the 
molecule, if there is a requirement for a significant tertiary structure. 
It may simply be that there is a large HPL sequence after cyanogen bro- 
mide treatment which is active. Do you oxidize with performic acid first? 

Sherwood: We are testing the cyanogen-bromide cleaved and performic- 
oxidized material now, to find out which fiagment or fragments retains 
lactogenic activity. Whenever one modifies a protein chemically, there 
may be changes in the primary sequence as well as the secondary and 
tertiary structure. Clearly there are many precedents for fragments of 
protein hormones which retain biological activity, such as ACTH, para- 
thyroid hormone and so forth. The pentapeptide of gastrin, which can't 
have very much tertiary structure, is fully active biologically. When 
HPL is cleaved with cyanogen bromide there is still one fragment as large 
as 50 amino acids in length. We are now trying to determine the bio- 
logically active site for both lactogenic and somatotropic effects. 

Turkington: In view of the fact that you find very little difference even 
over a 10 or Ioo-fold range on your biological assay, can you be confident 
that your alterations of the structure did not affect biological activity ? 
You might have affected only 80 per cent of the population of molecules 
and still have obtained the same amount of activity in the assay. 

Sherwood: While amino acid analysis indicated complete conversion to 
the derivative form, the radioimmunoassay data showed complete loss of 
immunoreactivity, ruling out the presence of any native material. There 
was no immunoactivity in the cyanogen bromide fragments of HPL and 
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less than I per cent in the HGH fragments. Performic-oxidized HPL even 
at a thousand times the concentration of native hormone caused no dis- 
placement in the radioimmunoassay . 

Li: When we reduce and alkylate HCS (HPL) very carefully in the 
absence of denaturant, only one S-S bridge is broken, and yet over 50 per 
cent of the lactogenic activity (as estimated by the pigeon crop sac assay) 
is lost. However, when we reduced completely and alkylated both S-S 
bridges, we lost almost all lactogenic activity. Yet when you reduced and 
alkylated with the same reagent (iodoacetamide), you found no loss of 
lactogenic activity. We found that it lost both growth-promoting and 
lactogenic activity. We find that after performic acid oxidation almost 
every protein hormone loses all its activity. 

Secondly, in the radioimmunoassay of the reduced and alkylated HGH, 
you found that less than z per cent activity was retained. However, 
Dr R. Luft in Stockholm and Dr M. M. Grumbach tested our HGH deriva- 
tive and found 50 to 80 per cent of the activity was retained. Finally, have 
you really fully established the sequences ? 

Sherwood: The structural work we have done is based on over 1400 
amino acid analyses using the subtractive Edman method. We have 
determined the sequence of all of the tryptic peptides and many of the 
chymotryptic and peptic peptides to complete the total sequence. I did not 
present the final determination of all of the amides. Firstly, we have riot 
established all of them unequivocally, although in most instances they are 
similar to the ones in growth hormone. Secondly, it is difficult to be 
absolutely confident of the presence of glutamine versus glutamic acid, 
or asparagine versus aspartic acid, in all positions. The placental hormone, 
like growth hormone, is very easily deamidated, particularly during some 
of the in uitro procedures used to purify the peptides. One has to be very 
careful therefore about the assignment of the amides. In several places; in 
the original growth hormone structure (Li, Liu and Dixon 1966), there were 
incorrect assignments. 

We have repeatedly tested the performic-oxidized preparations. In 
our hands, oxidized HPL has absolutely no immunological activity, yet it 
is active biologically both in uitro and in uivo (Handwerger, Chan and 
Sherwood 1970). Although our results differ, we are using different assay 
systems. Drs C. Beck and K. J. Catt (1971) have also shown that the 
performic-oxidized placental lactogen and growth hormone have lost 
most of their immunological activity. 

Forsyth: On the question of biological activity, most people have been 
talking about growth hormone activity and opposing it to prolactin-like 
activity, measured in various ways, and suggesting that different portions 
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of the molecule are responsible for these two activities. I think there is no 
good reason to treat prolactin-like activity as a single entity; it’s quite 
possible that different prolactin-like activities may themselves be related 
to different, though perhaps overlapping sequences. We have done 
bioassays of different preparations of human growth hormone using both 
the rabbit mammary intraductal test and a local pigeon crop assay (Forsyth 
and Folley 1970). One preparation, HSSSIF, from Dr Wilhelmi, showed 
quite a different ratio of these two activities from all the others that we 
tested. It seems quite possible, therefore, that prolactin-like activity isn’t 
a single entity but that there may be different portions of the molecule 
responsible for the different activities which we associate with prolactin. 

Greenwood: We have known for several years that you can get diver- 
gence of results from different immunoassays, depending upon different 
antibody specificities. 

Cotes: I agree with Dr Greenwood. I find little difficulty in reconciling 
discrepant findings obtained with different radioimmunoassays if the dis- 
crepancies are attributable to differences in the speclficities of the antisera 
used, Reports of such work would be much clearer if authors did not just 
define systems as radioimmunoassays, but also gave an identification of 
the antiserum. 

Greenwood: I would like to propose a bridge between the mouse mam- 
mary gland and the tibia by postulating that the tissue receptors are 
different. If a hormone is a coded message, it may have a coded message 
for the tibia which is different from the coded message for the mammary 
gland. 

I would also like to clar@ our interest in HPL. Dr Niall came to our 
laboratory and helped Dr I. Y. Rosenblum to set up the Beckman sequen- 
ator. We decided that HPL was a good apprenticeship for structural 
work since Dr Niall with Drs Catt and Moffat (Catt, Moffat and Nidl 
1967) had been the first to attempt its sequence and because we had first 
picked up HPL by radioimmunoassay (Greenwood, Hunter and Klopper 
1964). Homologies between our sequences of HPL and the published data 
on HGH and ovine prolactin were noted but Dr Niall recognized that the 
HGH sequence did not fit as well as might be expected. This led him to 
re-sequence the first 2s amino acids of HGH (Niall 1971). The revised 
sequence improved the homologies between these three peptides and 
enabled us to postulate a common primordial peptide for HPL, HGH and 
ovine prolactin (Niall et al. 1971). From these data one can almost write 
the structure of human prolactin. 

I would like to pay mbute to the work of Dr Li and his group. We 
appreciate more than most the hard work involved in sequencing HGH, 
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ovine prolactin and then HPL before the automated sequencer became 
available. Dr Niall and I got together with Dr Li just before the 
Prolactin Workshop at the National Institutes of Health in January, 1971 
and discussed our results, and Dr Li was most generous in his formal 
presentation on the full sequence of HPL at that meeting. 

Friesen: Placental lactogen is also found in monkeys. Dr B. Shome in 
our laboratory (Shome and Friesen 1971) has purified monkey placental 
lactogen and it’s interesting that there are two molecular forms of MPL 
with slightly different amino acid compositions. When we were studying 
the biosynthesis of monkey placental lactogen (Friesen 1968), we identified 
MPL as the principal radioactive component. A second component, 
which contained a very substantial proportion of the radioactive proteins 
as well, remained as an unknown. It appears that this component was in 
fact the other component of monkey placental lactogen. Has anyone any 
infornlation on placental lactogens in other species ? I believe Dr Forsyth 
has preliminary evidence for one in the goat. 

Forsyth: We have bioassay evidence of a placental lactogen in the goat 
(see pp. 151-167). 

Bryant: Several years ago we picked up what we thought was ovine 
placental lactogen in a radioimmunoassay for ovine prolactin ; we found 
a slope change as we followed plasmas taken throughout pregnancy. We 
haven’t done the isolation work yet. 

Sherwood: One of the interesting aspects of comparative endocrinology 
is the relative ease with which one finds prolactin in the pituitaries of lower 
forms and the great difficulty, until recently, of frnding it in human pitui- 
tary extracts (Sherwood 1971). On the other hand, the placental hormone 
is so prominent in monkeys and man. One wonders about diverging 
pathways of evolution, as Dr Forsyth mentioned. Studies of placental 
extracts of lower mammals would be of great interest in trying to 
complete t h i s  picture. 

Meites: Some years ago we (Meites and Turner 1948) and Lyons (1958) 
reported the presence of pigeon crop sac and mammary growth activity 
in placentas from rats, guinea pigs, rabbits and mice. Manimary-stimula- 
ting activity in human placenta was also reported many years before the 
present interest in HPL (see Lyons 1958). Thus there is biological evidence 
for placental activity in several species. 

Something which puzzles me is that the sequences of human placental 
lactogen and human growth hormone are very similar, yet from the point 
of view of biological activity, human placental lactogen has about 8s 
per cent lactogenic activity, whereas human growth hormone has mainly 
growth-promoting activity. 
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Forsyth: We found that HPL and HGH are very similar in their lacto- 
genic activity in the rabbit intraductal assay. Both have quite marked 
activity in this system, and also on rabbit and mouse mammary glands in 
vitro. The HPL and HGH preparations that we studied both have low 
activity on the pigeon crop (Forsyth and Folley 1970). 

Greenwood: Can you express the activity in terms of a percentage of 
ovine prolactin activity in the rabbit assay ? 

Forsyth: I don’t think that would be very meaningful, because potency 
varies from preparation to preparation, and I would have thought that 
activity varying from say about 80 to 120 per cent probably is not 
significant. 

Fruntz: We have done some work on that too and we find that most 
growth hormone preparations assay out at about 50-70 per cent of the 
prolactin activity of a highly purified ovine prolactin standard, NIH-S-8. 
The HPL that we have studied less thoroughly assays a bit lower, probably 
at about 30-50 per cent of the activity of ovine prolactin. 

Forsyth: That certainly isn’t our experience; essentially the three purified 
preparations are about the same. 

Beck: But these are two entirely different bioassay systems. 
Shenuood: Our findings are similar to Dr Frantz’s, in that placental 

lactogen and growth hormone give comparable lactogenic responses. 
Ovine prolactin is perhaps 20 or 30 per cent more active in most of our 
studies. 

In relation to Dr Meites’ question, the difference in growth-promoting 
activity between HPL and HGH may lie either in primary structure or in 
three-dimensional structure. I would predict that it is due to differences 
in the primary sequence. Recent studies by Aloj and Edelhoch (1971) 
show minimal differences in the conformation of HPL and HGH by 
physicochemical techniques. Studies by Yamasaki, Kikutani and Sonen- 
berg (1970) have shown that fragments of bovine growth hormone may 
have some growth-promoting activity. 

Cotes: I wonder if either Dr Li or Dr Sherwood could tell us whether the 
dimer of HPL is simply a purification artifact or occurs under physiological 
conditions. I understood from Dr Li (e. 24) that the dimer and mononier 
show different biological activity (at least in respect of growth-promoting 
activity), Thus, if preparations of HPL do not all contain the same pro- 
portion of dimer, the ratio of growth-promoting to lactogenic activity 
of any preparation may be related to its content of monomer and dimer. 

Li: We are working on the dimer of HGH as well as on the dimer of 
HCS (HPL), and also on the monomers of both. The biological profile of 
the HGH dimer is different from that of the HGH monomer; the growth- 
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promoting activity is lower in the dimer. The lactogenic activity might 
also vary. On the other hand, the HCS (HPL) monomer has more growth- 
promotjng activity than the dimer, but the lactogenic activity is the same. 
What it means biologically I can’t say because we don’t know whether 
HCS or HGH exist as the monomer or the dimer in the body. 

Wilhelmi: Do you think the dimer of HCS (HPL) is a stable species when 
you inject it, or is there some tendency to revert to the monomer as it is 
diluted ? 

Li:  We do not have much information on HCS (HPL) but we have some 
on HGH. You can convert the dimer of HGH to a monomer by 6 ~ -  
guanidine hydrochloride or even 4 M. We can partially convert the mono- 
mer back to the dimer very easily, by leaving it at room temperature or 
lyophilizing it. 

Friesen: On gel filtration of pregnant human serum and crude human 
placental extracts, as well as our purified preparation of HPL, the elution 
volumes are all identical, which suggests to me that the circulating form of 
HPL is probably the dimer. Certainly go per cent of the activity in the 
serum has the elution pattern of the dimer of HPL. 

Wilhelmi: This could be a concentration phenomenon ? 
Friesen: Yes, I believe it is, but when human serum is fractionated on 

Sephadex the HPL behaves as a dimer and it is this form which I believe 
is circulating. 

Greenwood: Dr Friesen, our ‘ovine placental lactogen’ cross-reacts with 
ovine prolactin rather than with ovine growth hormone. Does your 
monkey placental lactogen cross-react with monkey growth hormone ? 

Friesen: Yes, and with HPL to a lesser degree. 
Greenwood: Is your monkey prolactin activity in pregnancy in fact 

monkey placental lactogen ? 
Friesen: No. Monkey placental lactogen fails to cross-react in our radio- 

immunoassay for monkey prolactin untd we reach concentrations 10 QOO- 

fold greater than the minimal amount of monkey prolactin which cross- 
reacts in the assay. 

Cowie: I think confusion is creeping in with the use ofthe term ‘prolactin- 
like’ activity. The activity as tested should be defined, for example pigeon 
crop activity or ‘lactogenic’ activity. ‘Prolactin-like’ activity is confbing 
when applied to preparations exhibiting low pigeon crop activity but high 
lactogenic activity. 
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REGULATION OF THE SYNTHESIS 
AND RELEASE OF PROLACTIN 

ROBERT M. MACLEOD AND JOYCE E. LEHMEYER 

Department of Znternal Medicine, University of Virginia School of Medicine, 
Charfottesuilfe, Virginia 

THE mechanisms which regulate the biosynthesis of pituitary hormones 
are varied and complex. Some factors which are active at the hypothalamic 
or pituitary level stimulate the production of one pituitary hormone yet 
inhibit the production of others. This paper will summarize some of our 
investigations of several factors which modify the in viuo and the in vifro 
synthesis of prolactin. 

It is well established that the incubation in uitro of the anterior pituitary 
glands of rats with labelled amino acids results in incorporation of large 
quantities of radioactivity into both prolactin and growth hormone (Catt 
and Moffat 1967; MacLeod and Abad 1968). While the glands of female 
rats synthesize comparable amounts of prolactin and growth hormone, 
the pituitary cells regulate the release of these hormones quite differently. 
A typical experiment is illustrated in Fig. I. During the first hour of 

PROLACTIN 

6 Incubotion medium 

4L  3 / 

GROWTH HORMONE 

i 
Incubation medium 

5 1 1 5 2  3 4 5 6 7 

Hours o f  Incubation 

FIG. I. The in vitro synthesis and release ofprolactin and growth hormone. 
Anterior pituitary glands from female rats were incubated with 10 pCi 
[q,~-*Hjleucine in Medium 199 containing bicarbonate at 37OC under 95 
per cent 02-s per cent CO,. At the end of the incubation period, the 
glands were homogenized in phosphate buffer and aliquots of the homo- 
genates and of the incubation media were subjected to polyacrylamide 

gel electrophoresis. 
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incubation with radioactive leucine most of the newly synthesized pro- 
lactin was retained by the pituitary gland. With continued incubation, 
however, no further accumulation of hormone within the gland occurred 
but, instead, the radioactive prolactin was released into the incubation 
medium. At the termination of a seven-hour incubation, approximately 
ten times more labelled prolactin was found in the incubation medium than 
in the pituitary gland. Addition of NIH anti-rat prolactin antibody to 
aliquots of the incubation medium precipitated 71 per cent of the radio- 
active prolactin which was detected by the polyacrylamide gel electro- 
phoresis method. Conversely, growth hormone was retained by the 
gland throughout the incubation period, little being released into the 
medium. When glands of male rats were incubated in uitro, very little 
radioactive prolactin was produced but the glands synthesized two to 
three times more growth hormone than did glands of female animals 
(MacLeod, Abad and Eidson 1969). 

When pituitary glands from female rats were incubated with puromycin, 
the incorporation of radioactive leucine into prolactin and growth hor- 
mone was completely inhibited. Thus it is readily apparent that the pres- 
ence of radioactivity in the pituitary hormones after incubation with 
labelled amino acids in the absence of the antibiotic was due to de nouo 
protein synthesis (Table I). Actinomycin D, however, was without effect 

TABLE I 
RPPBCT OP ANTIBIOTICS ON THB IN V I T R O  INCORPORATION OF [ ~ , ~ - * H ] ~ u c I N B  INTO 

PROLACTIN AND GROWTH HORMONE BY THB PITUITARY GLAND 

Treatment of incubated Prolactin Growth hormone 
gland c.p.m. per mg gland c.p.m. per mggland 

Control 2770 f 20 1283 k78 
Puromycin (100 pg) 18f  8 2 7 f  3 
Actinomycin D (I pg) 2222 f 38 1 ~ 1 8 f 6 7  

In the controls, two pituitary glands from female rats were incubated in I ‘4  ml of Mediuni 199 
containing 10 pCi [4,~-*H]leucine for 7 hours. Puromyan and actinomycinwere present in theexper- 
imental cultures during the 7-hour culture period. The values are means f S.B.M. 

on the synthesis of prolactin and growth hormone during a seven-hour 
incubation, an observation which suggests minimal nuclear involvement 
during the in vitro synthesis of these hormones. 

Several studies have shown that the in uitro ionic environment of the 
pituitary gland can dramatically influence the production of prolactin 
(MacLeod, Abad and Eidson 1969; Parsons 1969). In the first experiment 
presented in Fig. 2 (upper graph, left) pituitary glands, incubated in Krebs- 
Ringer bicarbonate buffer (KRB) and fortified with a complete amino 
acid mixture, synthesized and released large quantities of radioac:tive 
prolactin. When Krebs-Ringer phosphate buffer (KRP) was substituted 
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for KRB a dramatic decrease in prolactin synthesis occurred and most of 
the newly synthesized hormone was retained within the pituitary gland. 
The second experiment (upper graph, right) once again demonstrates the 
inhibitory action of KRP buffer on prolactin synthesis, but also shows that 
the addition of bicarbonate ion to the KRP incubation medium restored 
synthesis and release of the hormone. It should be noted that in Krebs- 
Ringer phosphate buffer more newly synthesized prolactin was present 
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FIG. 2. The effect of bicarbonate on the synthesis and release of pituitary 
hormones. Pituitary glands from female rats were incubated in Krebs- 
Ringer bicarbonate or Krebs-Fkger phosphate buffer for 7 hours, as 

described in Fig. I. 

w i h  the gland than in the incubation medium. In KRB or KRP con- 
taining bicarbonate, however, seven or eight times more radioactive 
prolactin was found in the medium than in the gland. The results of these 
experiments indicate that the primary effect of the bicarbonate ion is on 
the release of prolactin from the gland. No effect of bicarbonate ion on 
growth hormone synthesis or release was found (Fig. 2, lower graph). 

The importance of the cationic environment for prolactin synthesis and 
release is demonstrated by the experiments illustrated in Fig. 3.  The 
omission of potassium or, more importantly, of calcium, from either 
KRB or KRP buffer significantly decreased the synthesis of prolactin. 
The simultaneous omission of both Ca++ and K+ did not further reduce the 
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FIG. 3. The effect of removal of cations fiom buffers on prolactin synthe- 
sis. The methods of incubation and detection of labelled hormones are 
described in Figs. I and 2. The incubation medium was Krebs-Ringer 
phosphate buffer or Krebs-Ringer bicarbonate buffer, with K+, Mg++or 

Ca++ omitted. 

synthesis or release of the hormone. Absence of magnesium ion had little, 
if any, effect on prolactin synthesis. It was interesting to note that when the 
calcium concentration was increased five-fold above physiological levels, 
the ion produced a significant increase in the synthesis and release of 
prolactin but had no effect on the production of growth hormone (Table 
11). Conversely, increasing the potassium concentration five-fold did not 

TABLE I1 
BPPECT OP INCBBASING THB CATION CONCENTRATION ON THB SYNTHESIS AND RBLBASB OP 

PITUITARY GLAND HORMONES 

Prolactin Growth hormone 
c.p.m. per mggland c.p.m. per mggland 

Culture medium Pituitary Medium Piturtary Medium 
f ’ m- 

Control: Medium 199 456f  36 1978f309 1293f137 227239 
Medium 199+21 m~ K* 766+163 1914f186 1274f119 711*7o* 
Medium 199 + 5 * I m~ Ca++ 49SfIIo 3 3 3 8 f  77* I 3 3 O f  54 305kS8 
Medium 199 + 21 m~ K+ + 5 I m~ Cat+ 836 f 58* 3009 f 153* 1458 f 200 783 42* 

Pituitary glands from female rats were incubated in Medium 199 containing 10 pCi [4,~-*HH]leucine. 
The indicated cation concentrations were obtained by using the chloride salts. Meansf S.B.M. * P< 0’01. 
influence prolactin production but caused a threefold stimulation of 
growth hormone release. Simultaneously increasing the potassium and 
calcium concentrations significantly increased the synthesis and release 
of both hormones. Since bicarbonate and calcium affect only prolactin 
synthesis and release, while potassium stimulates only growth hormone 
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release, it is evident that the synthesis and release of each hormone is 
regulated by a different mechanism. 

Perturbations of the endocrine balance in situ are manifested by an 
increase or decrease in prolactin production. Several years ago we observed 
that implantation of hormone-secreting pituitary tumours into rats, or of 
pituitary isografts into mice, caused atrophy of the hosts’ pituitary glands 
and decreased the concentration of pituitary hormones in the gland 
(MacLeod et al. 1966; MacLeod, Smith and DeWitt 1966; MacLeod 1970). 
When the pituitary glands of these animals were incubated in vitro, it was 

R 
CONTROL CONTROL CONTROL 

MtTW5 stw5 73150 

FIG. 4. The incorporation of [4,jJH]leucine into prolactin by pituitaries 
from rats bearing pituitary tumours. Pituitary glands from normal 
female rats and females bearing transplanted hormone-secreting tumours 
were incubated for 7 hours and the radioactive prolactin detected as 

described in Fig. I ,  

found that the synthesis and release of prolactin were greatly diminished 
when compared to production of the hormone in glands of normal 
animals (MacLeod and Abad 1968). Fig. 4 illustrates the effects of these 
tumours on prolactin production in the hosts’ pituitary glands. The 
prolactin-secreting tumours MtTWS and 7315a decreased the in vitro 
biosynthesis ofprolactin by 55-70 per cent. Similarly, the pituitary tumour 
StW5, which secretes primarily growth hormone but detectable amounts 
of prolactin as well, also decreased the in vitro synthesis of prolactin. 
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Because of the well-known luteotropic effects of prolactin, a study was in- 
itiated to determine whether the tumour hormones exerted their feedback 
inhibition of prolactin synthesis via the ovary or through more central 
mechanisms. It was found that pituitary glands of spayed female rats when 
incubated in uitro synthesized only 17 per cent as much prolactin as did 
glands of intact animals (Table 111). A combination of ovariectomy and 

TABLE 111 
EFFECT OF PlT'UITARY TUMOURS ON THE I N  VITRO SYNTHESIS OF PROLACTIN BY PITUlThaY 

GLANDS FROM SPAYBD AND ADRBNALECTOMIZED RATS 

Prolactin 
Experimental animals c.p.m. per mggland 

Intact control 8770 f 330 
Spayed control 1480 f 3 56 
Spayed MtTWS 9 3 f  2s 
Spayed StWg g r 6 f  124 
Spayed and adrenalectomized control 7 2 8 f  39 
Spayed and adrenalectomized 73 I ga I4Sf 37 

Female rats were ablated 8 weeks before sacrifice, and their pituitary glands were incubated in vitro 
as previously described. Means & S.B.M. 

adrenalectomy further decreased prolactin production. When the pituitary 
tumours were transplanted into these surgically altered animals and the in 
vitro production ofprolactin was subsequently studied, it was found that the 
glands of these animals synthesized less prolactin than the corresponding 
ablated controls. These findings suggested that the ovary was not the 
primary initiator of the reduced prolactin production and it was concluded 
that the pituitary tumour hormones inhibited the in vivo and in vitro 
synthesis of the hormone at the hypothalamo-pituitary level. Additional 
work by Chen, Minaguchi and Meites (1967) suggested that pituitary 
tumours decreased prolactin synthesis by increasing the amount of hypo- 
thalamic prolactin-inhibiting factor. 

Although in this instance the ovary was not the primary initiator of 
decreased prolactin synthesis, oestrogens have an important function in 
governing the production of the hormone. Administration of a long- 
acting oestrogen, polyoestradiol phosphate, caused a significant increase 
in prolactin production in both male and female rats (Table IV). When 
animals bearing pituitary tumours were injected with the oestrogen, the 
steroid overcame the suppressive action of the tumour hormones and 
potentiated prolactin synthesis in the hosts' glands, a result similar to that 
found with glands of normal animals. 

Among their many other effects, oestrogens increase the turnover of 
catecholamines in the hypothalamus (Coppola et al. 1965). Hence a study 
was begun to determine whether catecholamines and agents which in- 
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fluence their production have an effect on the synthesis and release of 
prolactin. Additionally, the biochemical mechanisms through which the 

TABLE IV 

THB EPPECT OF OBSTROGBN ON THE I N  V I T R O  SYNTHESIS OP PROLACTIN BY THR PITUITARY 
GLAND 

Prolactin 

' Total c.p.m. per Percentage' 
Treatment ofrats mg gland change 

+61 
Female control 4627 & 288 - 
Female control + IOO pg polyoestradiol phosphate 7446 f 256 

Male control 
Male control + 200 pg polyoestradiol phosphate 

Female MtTWj 
Female MtTWS + 100 pg polyoestradiol phosphate 

Female StWs 
Female StWs + IOO pg polyoestradiol phosphate 

Female 73 15a 
Female 73 Ija+2oo pg polyoestradiol phosphate 

660 
1405 +I11 

778fI IS  
4071 k 388 + 425 

2922 f 167 +69 

I447 
7147 + 37s 

1731 f I28 

Rats bearing pituitary tumours for 8 weeks were injected subcutaneously with oestrogen one week 
before sacrifice. Pituitary glands were incubated with 10 pCi [4,~;-~H]leucine for 7 hours, as previously 
described. 

pituitary tumour horniones exert their inhibitory action at the hypo- 
thalamo-pituitary level were investigated. Recent studies have shown that 
the in vitro addition of noradrenaline or of dopamine profoundly inhibits 

Tmm V 
BPPECT OF CATECHOLAMINES AND METABOLITBS ON THE INCORPORATION OF [4 , j -aH]~UCINB 

INTO PROLACTIN BY THE PITUITARY GLAND 

Prolactin 
c.p.m. per mggland 

I \ 

Compound added to culture medium Pifuitary Medium 

I .  Control 396f  60 3283 f 247 
2. L-Adrenaline 3 3 S f  SI  386+ 44 
3 .  -Adrenaline 389f  84 s38* 3 5  
4. L-Noradrenaline 4895 185 325* 21 
5 .  DL-Metanephrine 425f  IS 417s f 369 
6. DL-3,q-Dihydroxymandelic acid 4SOf I7 3454f 446 
7. ~~-3-Methyl,4-hydroxymandelic acid 381k 56 37IOk217 

Compounds 2-4: 2 x  IO-OM. 
Compounds 5-7: 2x IO-%I. 
Pituitary glands of female rats were cultured for 7 hours in the presence of 10 pCi [4,~-'H]leucine as 

previously described. Means f S.B.M. 

prolactin production by pituitary glands (MacLeod 1969; MacLeod, 
Fontham and Lehineyer 1970; Birge ct al. 1970). Table V shows that 
2 x Io-%-adrenahe or noradrenaline caused a 90 to 95 per cent decrease 



60 ROBERT M .  M A C L E O D  A N D  J O Y C E  E.  LEHMEYER 

in the amount of newly synthesized prolactin released into the incubation 
medium during a seven-hour incubation. The oxidized and methylated 
metabolites of the catecholamines were completely inactive. Incubation 
of glands with Io-%-dopamine hydrochloride almost completely 
inhibited the release of newly synthesized prolactin into the incubation 
medium and caused an accumulation of labelled hormone within the glands 
(Fig. 5 ) .  Incubation with Io-6M-noradrenaline also decreased the release of 

Minutes 

FIG. 5. The effect of dopamine on the incorporation of [4,~-~H]leucine 
into prolactin in vitro. The incubation procedure is described in Fig. I .  
Dopamine hydrochloride (DA) was added at a concentration of I O - ~ M  
and aliquots of the incubation medium were removed for analysis after 

I, 2, 3 and 4 hours of incubation. C ,  control culture. 

labelled prolactin and producedan accumulation of labelled hormone within 
the tissue. Subsequently, total prolactin synthesis was decreased approxi- 
mately 50 per cent by noradrenaline. It is evident from these findings that 
the primary effect of dopamine and noradrenaline is the inhibition of 
release of newly synthesized prolactin, rather than inhibition of synthesis. 
Presumably, as prolactin accumulates within the gland other biochemical 
events are initiated which inhibit synthesis of the hormone. These results 
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confirm the puromycin data and show that the mechanism governing the 
release of prolactin is independent of synthesis of the protein. 

Distinct morphological changes are produced in the pituitary when it is 
incubated with noradrenaline. Electron microscopic examination of the 
pituitary glands of female rats by Dr Carlo Bruni (Department of Path- 
ology) revealed that the prominent effect of adrenaline is on the two 
membranous systems of the cytoplasm, the rough endoplasmic reticulum 
(RER) and the Golgi system (Fig. 6) .  

The overall fine structure of the mammatrophs is similar in many basic 
respects to that observed in other cell types which secrete protein material 
for export. They have a well-developed RER which consists of long, 
flattened vesicles (cisternae) converging with one of their extremities 
toward the Golgi system. Secretory material within the cisternae of the 
RER is of low density, but it is of high density within the vacuoles in the 
Golgi area. This indicates that secretory material is first segregated within 
the cisternae of the RER and becomes condensed into secretory granules 
of higher density in the Golgi system and in the Golgi area. Granules of 
intermediate density are observed in the areas between the RER and the 
Go@. The mature secretory granules, those of higher density and large 
size, are finally extruded into the extracellular environment. In the act of 
extrusion, the secretory granule loses the surrounding membrane as a 
result of its fusion with the plasma membrane. 

The prominent effect of noradrenaline treatment was the dilatation of 
the RER and of the Golgi system-that is, the two systems involved in the 
segregation and in the transport of the secretory material from the site of 
synthesis, the ribosomes associated with the RER, to the extracellular 
environment. This dilatation of the two membranous components of the 
cytoplasm of the mammatrophs was not observed in all cells and varied in 
degree among different groups of cells. Mammatrophs free of deviations 
were found in the treated glands, but in remarkably lower number than 
in the control. Associated with the dilated condition of the ER and the 
Golgi was a decrease in the density of the ground substance of the cyto- 
plasm. It should be pointed out that this less dense condition of the cyto- 
plasm is not a result of a decrease in the number of ribosomes free in the 
ground substance. The number of these ribosomes in the treated glands was 
the same as in the controls. No differences were noticed in the quantity of 
ribosomes attached to the membranes of the ER, presumably the site of 
production of prolactin. Significant differences in the number of secretory 
granules between the two groups of animals were not detected, indicating 
that their activity in synthesizing prolactin was similar. 

We are led to interpret these observations as suggesting that noradrena- 
3* 
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line induces damage of the membranous components of the cytoplasm, 
which in turn interferes with their normal activity in the transport of 
secretory material into the extracellular environment. 

It has been reported that adrenaline has a biphasic action on prolactin 
production and that lower concentrations of noradrenaline cause a sig- 
nificant increase in prolactin release (Koch, Lu and Meites 1970). Although 
experiments in our laboratory showed that only 2 x ~o-~~-noradrenali.ne 
increased prolactin release by 20 per cent, the result was not statistically 
significant (Table VI). Several other biological amines tested, such as 

TABU V1 
BPFBCT OP THB CONCBNTBATION OP NORADBBNALINB IN V I T R O  ON THE 

BBLBASB OP PROLACTIN BY THB PITUITARY GLAND 

Release of prolacfin as percentage of 
control 

Control 
With noradrenaline: 

2 X IO-*M 

I X 10%4 
2 X IOaM 

2 x 10-TM 

IOO (N.S.) 

1x0 (N.S.) 
120 (N.S.) 
30 P<O.OOI 
8 P<O*OOI 

Pituitary glands from female rats were incubated in I * 4 ml Medium 199 containing 10 pCi [~ , s -~H]-  
leucine and noradrenaline for 7 hours, as previously described. 

cadaverine, putrescine, spermidine, 5-hydroxytryptamine and vaso- 
pressin, were without effect on prolactin release. 

The previous experiments have demonstrated that pituitary glands from 
female rats are capable of initiating prolactin synthesis and release im- 
mediately upon incubation in vitro and that the addition of a catecholamine 
to the incubation medium inhibits the release of labelled prolactin. The 
following experiment was conducted to see whether catecholamines are 
effective in inhibiting the release of prolactin after the pituitary gland has 
initiated the in vitro synthesis and release of the hormone. It was found 
that after a four-hour preincubation with radioactive leucine, the addition 
of Io-%-noradrenaline caused a detectable inhibition of prolactin release 
as early as 3 0  minutes after the addition of the catecholamine and produced 
an almost complete inhibition after 60 minutes (Table VII). 

Apparently, the tissue must be continuously exposed to the catechol- 
amine for a period of time before prolactin release is inhibited. When 
pituitary glands were incubated with Io-6M-noradrenaline for I 5 minutes, 
then transferred to fresh medium without noradrenaline and re-incubated 
for various periods of time from 3 0  minutes to seven hours, prolactin 
synthesis and release were not affected by this short exposure to nor- 
adrenaline. If glands were pre-incubated with the catecholamine for 180 
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FIG. 6 .  Electron micrographs of riiainmatrophs from a control pituitary, 
A and a pituitary incubated for z hours with iioradrenalinc, 13. 111 the 
latter the rough cndoplasmic rcticuluni (RER) and the Golgi system 
(GO) are modcratcly but distiiictly dilated. Thc ground substance o f  

thc cytoplasm is dcnscr in the control mammatroph. x 13 300. 
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T ~ L B  VII 
EARLY BmaCT OP NORADRENALINE ON THE BBLBASB OP PROLACTIN BY THE PITUITARY GLAND 

IN YITRO 
Prolactin 

Incubation period 
hours 

4 

4‘5 
5’0 
5 ’ 5  
6.0 

2 

Noradrenaline added: 

Total Percentage 
c.p.m. per mggland change 

258 
I898 

Theoretical Observed 
I \ 

2380 2179 - 8  
2680 2299 - 14 

3400 2287 -33 
3000 2329 - 22 

Pituitary glands from female rats were incubated in 3 o ml Medium 199 containing zs yCi [.+.s-*H]- 
leucine for 4 hours. Noradrenaline (IO-~M) was then added and the incubation allowed to proceed, 
with aliquots withdrawn as indicated. 

minutes, prolactin release was completely inhibited, but after transfer to 
fresh medium without noradrenaline, prolactin release was resumed 

P 
\ 
E 
t 

6ooo r 
3000 -:I 

. -  
180 min praincubotio 

L - ~  , I 1 
70 30 60 120 180 240 

Minutes of Incubation 

FIG. 7. Pituitary glands fiom female rats were pgincubated in Medium 
199 containing [4~-~H]leucine and noradrenaline (NE) for 180 minutes. 
The tissue was rinsed and reincubated in fresh medium without catechol- 
amine and aliquots removed at intervals up to 240 minutes. Other glands 
were incubated with or without noradrenaline for the entire qo-minute 

period. 

immediately and at a rate comparable to that in control glands (Fig. 7). 
These results suggest that the catecholamine is either very laosely bound, 
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to the pituitary cells or is rapidly metabolized by the monoamine oxidase 
in the gland. We have previously demonstrated that the amount of this 
enzyme in the pituitary gland is capable of metabolizing two nmoles of 
catecholamine per minute (MacLeod, Fontham and Lehmeyer 1970). 

The long-term effect of noradrenaline on the release of labelled prolactin 
in uitro was next studied. Pituitary glands from female rats were incubated 

0 CDnlrDl 10.'M NE 2x10 'M NE 

Effect of Norepinephrine on the Total Amount of Radioactive Prolactin Released 

0.2 2-4 4-8 8-11 12-24 
ll 4-30 

-05% -67% -43% -27% -11% -6% 

JI 0-2 2.4 

1 

8-12 12-24 24-30 

Effect of Norepinephrine on the In Vitro Rate of Release of Radioactive Prolactin 

INTERVAL HOURS 
FIG. 8. Pituitary glands of female rats were incubated with radioactive 
leucine in Medium 199 and aliquots of the incubation media were re- 
moved at 2, 4, 8, 12,24 and 30 hours after the start of the incubation. 
L-Noradrenaline bitartrate was present in concentrations of 1 0 - 6 ~  or 
2 x I O ~ M .  The lower part of the figure illustrates the effect of nor- 
adrenaline on the rate ofrelease ofradioactive prolactin into the medium. 
The percentages in the upper part show the dfect of incubation with 
noradrenaline on the total amount of radioactive prolactin released into 

the medium after various incubation times. 

with radioactive leucine and aliquots of the incubation medium were 
removed after 2,4,8,12,24 and 3 0  hours of incubation. The lower portion 
of Fig. 8 illustrates the rate at which radioactive prolactin was released into 
the incubation medium and indicates that the maximum rate of release of 
labelled prolactin by control tissue was attained between the fourth and 
eighth hours of incubation. Noradrenaline at IO-~M exerted its maximum 
inhibitory effect on the rate of prolactin release during the early time 
intervals. After eight hours of incubation, the rate of release of labelled 
prolactin by control pituitary glands gradually decreased. Glands incu- 
bated with Io-%-noradrenaline, however, reached their maximum rate of 
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prolactin release between eight and 12 hours of incubation. After 12 or 
more hours the rate of release of prolactin by treated glands exceeded the 
rate in control glands. The data in the upper portion of Fig. 8 show that 
Io-*M-noradrenaline produced a 47 per cent decrease in the total amount of 
labelled prolactin released after two hours of incubation and that the 
effectiveness of the catecholamine decreased as incubation proceeded. 
At some point between 12 and 24 hours, control and treated glands had 
released equal amounts of labelled hormone and after 24 hours the pro- 
duction of prolactin by treated glands exceeded that of controls. The 
higher concentration of noradrenaline (2 x IO-6~) produced a greater 
degree of inhibition initially, but its effectiveness also decreased with time, 
so that after 30 hours of incubation, only a 6 per cent decrease in the total 
amount of prolactin produced was observed. These findings indicate that 
the very pronounced inhibitory effect on prolactin release produced by the 
in uitro addition of noradrenaline is transient in nature and that no per- 
manent effects on hormone release occur. The fact that the pituitary gland 
contains suflicient monoamine oxidase activity for metabolizing the 
catecholamine could explain these results. 

Although there is no direct evidence that catecholamines are the agents 
through which the physiological control of prolactin synthesis and release 
is mediated, the possibility must be considered because of the dramatic 
in uitro effects of catecholamines and because drugs which decrease the 
dopamine and noradrenaline concentrations in the hypothalamus po- 
tentiate the production of prolactin. We have previously reported 
(MacLeod, Fontham and Lehmeyer 1970) that 16 hours after injection of 
2 mg/kg body weight of reserpine, the tranquillizer produced a IOO per 
cent increase in the in uitro release of newly synthesized prolactin from the 
pituitary gland. Although reserpine depletes the catecholamine and 
indoleamine stores in most tissues, the particular importance of the brain 
stores is demonstrated by the fact that the administration of guanethidine, 
an agent which reduces the peripheral but not the central stores of catechol- 
amines, did not increase prolactin production and, in fact, slightly de- 
creased synthesis and release of the hormone. The administration of 
perphenazine, another tranquillizing drug, or a-methyl-p-tyrosine, an inhi- 
bitor of dopamine synthesis, caused a large increase in prolactin production. 

Thus, in spite of very different chemical structures, oestradiol, reser- 
pine and perphenazine are all capable of stimulating prolactin synthesis 
and release when administered in viuo. As a means of further elucidating 
the function of catecholamines in prolactin production it was decided to 
see whether pituitary glands from rats treated with these three drugs would 
retain their sensitivity to noradrenaline in uitro. 
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The data presented in Table VIII show, once again, that the addition in 
vitro of 2 x Io-6M-noradrenaline to pituitary glands of untreated female 
rats completely inhibited prolactin release and subsequently inhibited 
synthesis. The catecholamine was without effect, however, when incu- 
bated with pituitary glands from female rats injected with perphenazine. 

TABLE VIII 

BPFBCT OP PBRPHENAZINB, OESTRADIOL OR RBSRRPINB ON THE IN VITR 0 
INCORPORATION OP [4,S-'HlLBUCINB INTO PROLACTIN IN THB PBBSBNCB 

OP NORADBBNALINB 

Prolactin 
c.p.m. per mg gland 

Group 
Female rats: 

Control 
2 x 104~-noradrenaline 
Perphenazine 
Perphcnazine + noradrenaline 
Oestradiol 
Oestradiol + noradrenaline 
Reserpine 
Reserpine + noradrenaline 

Male rats: 
Control 
2 x Io-6M-noradrenaline 
Perphenazine 
Perphenazine + noradrenaline 

Pituitary Medium 

2719 f 167 
401t: 16 

2289f S I  
2482 f 182 
89afIIs  

3464 f 248 
9Sf 33  

2243 f 141 

4S4f 36 

2437f 36 
1 3 f  I3 

1998 f 108 

Treatments: 5 mg/kg perphenazine injected daily for days; aoo (rg polyoestradiol phosphate 
injected days before sacrifice; 2 mg/kg reserpine injected daily for 5 days. 

When noradrenaline was added to glands from oestrogen-treated female 
rats, a 65 per cent inhibition of release of newly synthesized prolactin 
occurred. Glands of reserpine-treated females, however, were as respon- 
sive as control glands to the inhibitory effect of noradrenaline on prolactin 
production. Treatment of male rats with perphenazine stimulated 
prolactin synthesis in vitro by 450 per cent and the addition of noradrenaline 
to the glands decreased synthesis of the hormone only 16 per cent. These 
results suggest that each of these drugs stimulates prolactin synthesis by a 
different mechanism. Additionally, it is the catecholamine depletor which 
is most effective in producing pituitary glands that are sensitive to the 
inhibitory effect of noradrenaline. 

It is known that chlorpromazine increases the turnover of brain catechol- 
amines, causes the accumulation of pyridoxal phosphate, and stimulates 
prolactin production. An experiment was designed to determine whether 
pyridoxal phosphate could influence the in vitro synthesis of prolactin 
(Fig. 9). Surprisingly, the vitamin caused a slight inhibition of the release 
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of labelled prolactin and, even more surprisingly, prevented the decrease 
in prolactin release induced by noradrenaline. Although this action of 
pyridoxal phosphate is very similar to the in uiuo effect of perphenazine on 
prolactin production, it is not suggested that the mechanisms of action of 
the two compounds are identical. These results may merely reflect the 
known ability of pyridoxal phosphate to complex with noradrenaline 
(Gey and Burkard 1969), thus rendering it inactive. 

2 J 1 

nn - 
CONTROL NE NE PLP NE NE 

10'6M Z X I O - ~ M  5x10 5 M  10"M 2 ~ 1 0 ' ~ M  
t t 

PLP PLP 

FIG. 9. The prevention by pyridoxal phosphate of the inhibition of pro- 
lactin release produced by noradrenaline. Anterior pituitary glands 
from female rats were incubated for 7 hours in the usual manner (Fig. I). 
Noradrenaline (NE) was present at the concentrations indicated. The 
concentration of pyridoxal phosphate (PLP) was 5 x 10-%. The bars 
represent the amount ofradioactive prolactin released into the incubation 

medium by the glands. 

In collaboration with Dr Richard Weiner (Department of Anatomy, 
UCLA), electrolytic lesions were placed bilaterally in the hypothalamus 
of male rats. Twenty-one days later the animals were killed by decapita- 
tion and the pituitary glands removed and incubated in Medium 199 
containing radioactive leucine. Although male rats synthesize relatively 
small amounts of prolactin in vitro, discrete bilateral lesions in the ventro- 
medial hypothalamic nucleus (VMH) significantly increased the in uitro 
synthesis and release of prolactin (Table IX). When the VMH was in- 
completely destroyed, or when a portion of the arcuatenucleus (AHA) was 
destroyed, no effect on prolactin production was observed. It is evident 
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TABLE IX 
INPLUBNCE OP BRAIN LBSIONS ON THB I N  V I T R O  INCORPORATION OP [4,J-'HlLEUCINB INTO 

PROLACTIN AND GROWTH HORMONB IN PITUITARY GLANDS OP MALB RATS 

Operation 

Growth hormone 

Pro'actin medium in ' Gland Mebium Total- 
Control (10) 58Sf 40 3305f218 1569f105 4874 

Partial lesion in VMH (4) 630f 75 2267f221 1281f 73 3548 
Lesions in VMH+AHA (4) 587f127 1085f212 819f 65 1904 
Lesion in AHA (I) 647 2278 1698 3976 

Bilateral lesion in Vh4H (7) 956f 76 I995fI27 1266k106 3261 

Three weeks after placement oflesions. the pituitary glands were incubated as previously described. 

VMH, ventromedial hypothalamic nucleus. 
AHA, arcuate nucleus. 

Number of animals are in parentheses. Values are c.p.m. per mg gland. 

that discrete anatomical areas in the hypothalamus exert an inhibitory 
action on the synthesis and release of prolactin and removal of this in- 
hibitory factor(s) promotes the production of prolactin, even in the 
absence of oestrogen. 

Despite the fact that no difference in hypothalamic catecholamine 
concentration has been observed between normal and pituitary tumour- 
bearing rats (MacLeod, Fontham and Lehmeyer 1970)~ the administration 
of perphenazine or reserpine to female rats with prolactin-secreting tumours 
completely restored the ability of the hosts' glands to synthesize prolactin 
(Table X). These findings strongly suggest that the feedback inhibition 

TABLE X 

INCORPORATION OF [~,~-*H]LBUCINR INTO PROLACTIN BY THB PITUITARY CLAM) 
BmgCT OP ADMINISTRATION OP PERPHJWAZINE AND RESERPINE ON THB SUBSEQUBNT IN V I T R O  

Prolactin 

Treatment ofrats 

Number c.p.m. per mggland 

4Juks ' Pituitary Medium 
, 

Control (no tumour, no drug) 3 340f 58 3 1 2 3 f  94 
N o  tumour + perphenazine . 3 II97fI94* 5466f 47* 
MtTWS 8 I I O ~  91* 1552f155** 
MtTWS + perphenazine 3 897 f 216* 5371 f 676* 
MtTWS +reserpine 4 317f 55 5865 f I ~ O *  

perphenazine ( 5  mg/kg) or reserpine (2 mg/kg). Means f S.B.M. 
Control female rats and rats bearing pituitary tumours for 8 weeks were injected daily for 5 days with 

* P< 0.01 vs. non-tumour-bearing control. ** P< 0.05 vs. non-tumour-bearing control. 

exerted by prolactin from the tumour on prolactin production by the 
hosts' pituitary gland is mediated by a catecholamine-dependent 
mechanism. 

Of the many drugs reported to alter the secretion of prolactin, the 
derivatives of ergot are among the most interesting. Ergocornine (Naga- 
sawa and Meites 1970) and ergocristine (Wuttke, Cassell and Meites 1971) 



PR 0 LA C T I N REG U L A T I 0  N 69 

have recently been shown to decrease prolactin in the pituitary gland and in 
serum and to inhibit the growth of hormone-dependent mammary 
tumours. We have studied the effect of these and other ergot derivatives 
on rat pituitary glands and on hormone-secreting pituitary tumours. 
The daily injection ofo. 2 mg/kg body weight of ergotamine had no effect 
on the in vitro synthesis and release of prolactin (Fig. 10) but administration 

PROLACTIN 

Medium 

Gland 

'Or T 

2 5  GROWTH HORMONE - 
X 

4 5 
3 

2 

1 

Contro l  Ergotomine Control Ergotamins Control Ergotor Ergocryp. 
0 05 mg doi ly  0 2 mg doi ly  nine line 

0 2  mg 0 2  mg 
do i ly  dolly 

FIG. 10. The effect of ergot derivatives on the synthesis and release of 
prolactin and growth hormone by pituitary glands in vitro. Female rats 
were injected subcutaneously with an ergot once daily for 7 days before 
sacrifice. The pituitary glands of these animals and those of control 
animals were incubated with radioactive leucine for 7 hours in the usual 

manner. 

of ergocornine or ergocryptine significantly decreased prolactin release and 
caused the newly synthesized prolactin to accumulate within the gland. 
It is interesting to note, however, that all three ergot derivatives stimulated 
the synthesis of growth hormone in vitro. 

Despite the fact that injection of ergotamine produced only minimal 
changes in the pituitary gland, administration of the ergot to female rats 
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bearing pituitary turnours inhibited further tumour growth. Fig. I I  

illustrates the effect of ergotamine injection on the growth of the StWS 
and 73 I sa tumours. In other experiments, ergocornine injection also 
stopped StWS growth. Growth hormone-secreting pituitary tumours 
are known to cause marked spleno-hepatomegalia (Yokoro, Furth and 
Haran-Ghera 1961 ; MacLeod, Allen and Hollander 1964). Injecting 

i 
U 

E e 
+ 

CONTROL STW5 

ERGOTAMINE 7315a 

1 2 3 4 5 6 7 8 9 10 11 121314 

DAYS INJECTION 

FIG. I I. The effect of ergotamine on the growth of transplanted pituitary 
NmOurS. Female Buffalo st ra in  rats bearing the prolactin and ACTH- 
secreting tumour731jawereinjectedsubcutaneouslydaily witho.0~ mg 
ergotamine tartrate. Wistar-Furth females bearing the prolactin and 
growth hormone-secreting tumour StWs received 0-2 mg ergotamine 
tartrate daily. Corresponding control animals were not injected. 

ergotamine or ergocornine into rats with these tumours reversed the in sit# 
effects of the hormone on liver and spleen weights and also reversed the 
effect of the ACTH-secreting tumour 731sa on the adrenal (Table XI). 
Thus it would appear that the drugs have a greater effect on hormone 
production by the pituitary tumour than by the pituitary gland. 

The ergot derivatives also reversed the pituitary tumour-induced 
inhibition of prolactin and growth hormone production by the hosts’ 
pituitary gland (Table XU). The drugs did not completely inhibit the 
secretion of hormones by the tumours, however, since the mammary 
glands of the treated turnour-bearing rats were still well developed and the 
tumour hormones presumably still exerted some inhibitory influence on 
the synthesis of prolactin by the hosts’ pituitary glands. 
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TABLE XI 

BPPECT OP ERGOTAMINE AND ERGOCORNINE INJECTIONS ON TISSUE WEIGHTS OF PBMALB RATS 
BEARING PITUITARY TUMOURS 

Treatment of animals 
Control 
StWS 
S t W ~ + o . 2  mg ergotamine 

7319 

s t w s  

tartrate* 

731ja+o*og mg ergotamine 
tartrate** 

StWs+o.2 mg ergocomine 
maleate* 

Pituitary 
gland 

'ng 
8.81 
6.60 

8.21 

7'72 

8 . 5 5  
6.85 

7'30 

Pituitary 
tumour 

B 

23 * 8  f 6 . 7  
- 

10.4 k 2.6 
I 2 ' 7 f  3'4 

1 '9f0.3 
7. I f 1.2 

2 '3f0.2 

Spleen 
B 

0.62 f 0.10 
I '44 f 0.77 

0' 62 * 0'02 
- 

- 
1.33 f0.36 

0' 57 f 0-02 

Adrmals 
m&? 

5 I f  4 
53+ 3 

5 7 f  1 
176 f 24 

6 9 f  s 
58+ 2 

58f 3 

* Injected subcutaneously daily for 7 days. 
** Injected subcutaneously daily for 13 days. 

It is not known whether the injected ergocornine and ergocryptine act 
directly on the pituitary gland or through the hypothalamus to decrease 
prolactin synthesis but incubation of the alkaloids with pituitary glands 
significantly decreased prolactin production (Fig. 12). Ergocryptine and 
ergocornine completely inhibited the release of labelled prolactin and 
produced a slight retention of the hormone within the tissue. Ergotamine 
was less effective than the other derivatives in decreasing prolactin synthesis 
but it caused an even greater accumulation of newly labelled hormone 
within the gland. Although ergotamine had no effect on the incorporation 
of isotope into growth hormone, the other ergot derivatives decreased 
growth hormone synthesis 30-35 per cent. 

TABLE XI1 

BPPECT OP ADhUNISTRATION OF ERGOT DERIVATIVES ON THB IN V I T R O  SYNTHESIS OP PROLACTIN 
BY PITUITARY GWNDS OF FEMALE RATS BEARING PITUITABY TUMOUBS 

Pituitary Total 

Control 425 f 1 I4 5489 f 473 5914 
73 1 9  1 9 f  19 2374fI77 2393 
731~a+ergotamine tartrate* 185k 61 3586f943 3771 

Control 1230+ 124 4838f241 6068 
MtTW5-S 131f 47 1720k 23 1851 
MtTWj-S +ergotamhe 

MtTW5-S 182f 18 2566f393 2748 
MtTW5-S + ergocomiue 

maleate** 326f182 1648f213 1974 

Treatment of animals gland Medium synthesis 

tartrate** 551 f 104 3223 f z I 0  3774 

* 0.0s mg injected subcutaneously daily for 13 days. 
** 0.20 mg injected subcutaneously daily for 7 days. 
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PROLACTIN 
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FIG. 12. The effect ofergot derivatives in uitro on the synthesis and release 
of prolactin and growth hormone. Ergot derivatives were added as 
indicated to incubation flasks containing pituitary glands of female rats 
and [4,~-8H]leucine in Medium 199. The incubation time was 7 hours. 

DISCUSSION 

The pioneering work ofMeites, Nicoll and Talwalker (1963) and Pasteels 
(1961) demonstrated that pituitary glands synthesized large quantities of 
prolactinwhen removed fromtheinhibitory influence ofthe hypothalamus. 
Investigations in our laboratory have shown that the pituitary glands of 
female rats are capable ofde novo prolactin synthesis and release immediately 
upon incubation in vitro. The rapidity with which this process begins and 
the fact that actinomycin D is without effect on it indicate that the genetic 
transcription process is functional in situ but its translation is repressed by a 
hypothalamic hypophysiotropic factor. The validity of this hypothesis 
is further demonstrated by the fact that placing discrete lesions in the 
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ventromedial hypothalamic nucleus significantly increased the in vitro 
production of prolactin. 

The function of the brain catecholamines in the regulation of pituitary 
hormone secretion has intrigued investigators for some time. The observa- 
tion of Kanematsu and Sawyer (1963) that milk secretion in rabbits was 
stimulated by a reserpine-induced decrease in hypothalamic catechol- 
amines was confirmed by Van Maanen and smelik (1968), and the findings 
of Fuxe and Hokfelt (1969) are in agreement with the concept ofa dopamin- 
ergic mechanism in the hypothalamus inhibiting prolactin production. 
There is a consensus of opinion among investigators that a prolactin- 
ihbi t ing factor (PIF) exists in the hypothalamus (Meites, Nicoll and 
Talwalker 1963). It is uncertain, however, if the hypothalamic catechol- 
amine is the long-sought PIF or is a transmitter which stimulates the release 
of PIF, thereby blocking prolactin release. The latter concept is favoured 
by Kamberi, Mica1 and Porter (1971) who were unable to decrease plasma 
prolactin levels in male rats by infusing catecholamines into the pituitary 
gland. Since recent work (Neil1 1970) has demonstrated that stress greatly 
increases plasma prolactin, these infusion experiments should be inter- 
preted with caution because of the severe stress imposed by the anaesthetic 
and the elegant surgical techniques and because of the sex of the animals. 

The results presented here are consistent with the hypothesis that 
dopamine functions as the physiological PIF. The dopaminergic secretory 
granules are located adjacent to the portal vessels leading to the pituitary 
gland and the number of granules and the hypothalamic catecholamine 
concentration are inversely related to prolactin production. In addition, 
pharmacological agents which decrease brain catecholamine content 
increase prolactin synthesis (MacLeod, Abad and Eidson 1969; MacLeod, 
Fontham and Lehmeyer 1970), and increase plasma prolactin concentra- 
tions (Lu et al. 1970). The likelihood of a direct effect of catecholamines on 
prolactin release in vivo should be emphasized, because the amines act 
immediately to inhibit prolactin release and the duration of the influence of 
catecholamines in vitro is proportional to their concentration. Presumably, 
the transient nature of this effect is due to the action of monoamine oxidase 
in the pituitary gland (MacLeod, Fontham and Lehmeyer 1970). 

It is apparent that the mechanisms which govern the synthesis of pro- 
lactin are distinct from those governing its release. Normally, newly 
synthesized prolactin was quickly released into the incubation medium. 
No accumulation of prolactin within the gland accompanied the increased 
synthesis of prolactin following treatment with reserpine, perphenazine 
or oestradiol, indicating the ease with which prolactin is released. Release, 
however, was irhbited by catecholamines without initially affecting 
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hormone synthesis. The results of electron microscopic examination of the 
pituitary glands incubated with catecholamine were completely consistent 
with the biochemical data. 

The specific biochemical mechanism through which pituitary tumour 
prolactin inhibits the synthesis of the host’s pituitary hormone is unknown. 
The shortloop feedback, however, apparently inhibits prolactin synthesis 
through some mechanism which is responsive to catecholamines, because 
reserpine, perphenazine and oestradiol reverse the inhibitory effects of the 
tumour prolactin. 

The important finding of Meites and co-workers (Nagasawa and Meites 
1970; Wuttke, Cassell and Meites 1971) that the growth of mammary 
tunours was inhibited and the plasma prolactin concentration was de- 
creased by injecting ergocornine prompted a study of the effects of ergot 
drugs on prolactin synthesis and pituitary tumour function. It was interest- 
ing to note that hormone production by transplanted pituitary tumours was 
greatly decreased by ergotamine whereas the drug had no effect on pro- 
lactin synthesis by the pituitary gland. Whether this represents vascular 
differences or a more fundamental cellular response of the hypophysis is 
unknown. The effects of this drug are in contrast to the inhibitory effects 
of ergocornine and ergocryptine on prolactin synthesis in both the pituitary 
gland and tumour. We have extended the work of Wuttke, Cassell and 
Meites (1971) and shown that these drugs completely inhibit the in vitro 
release of newly synthesized prolactin while ergotamine is less effective. 
The fact that prolactin release was greatly decreased while growth hor- 
mone release was stimulated by the ergots demonstrates, once again, the 
selectivity and independence of the mechanisms governing the production 
of pituitary hormones. 

SUMMARY 

Some of the factors which regulate the incorporation of [4,5-3H]leucine 
into rat pituitary gland prolactin in vitro and the subsequent release of the 
hormone were studied. Labelled prolactin appeared in the incubation 
medium promptly and little remained in the gland, whereas growth 
hormone was largely retained in the tissue. Puromycin, but not actino- 
mycin D, completely inhibited incorporation of isotope into the proteins, 
indicating that true protein synthesis occurred. In female rats, prolactin 
and growth hormone were synthesized at comparable rates, but in males 
prolactin synthesis was decreased over 80 per cent. Implantation of female 
rats with a prolactin-secreting pituitary tumour decreased the host’s in 
uitro synthesis 50-75 per cent. Although ovariectomized-adrenalectomized 
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rats synthesized greatly decreased amounts of prolactin, pituitary tumour 
implantation further decreased synthesis, indicating that the tumour 
hormones inhibited the host’s synthesis of prolactin at the hypothalamo- 
pituitary level. The administration of oestrogen significantly increased 
prolactin synthesis in glands of normal animals and restored synthesis to 
control values in rats bearing prolactin-secreting tumours. Like oestradiol, 
reserpine and perphenazine also decreased the hypothalamic catecholamine 
concentration and had similar potentiating effects on prolactin synthesis in 
normal and tumour-bearing rats. Catecholarnines may be important in 
regulating prolactin synthesis and release since the in vitro addition of 
dopamine, noradrenaline or adrenaline promptly decreased the release of 
labelled prolactin and subsequently inhibited its synthesis. Since oestradiol, 
reserpine and perphenazine had no significant effect on the growth of the 
pituitary tumours, their ability to increase prolactin synthesis by the gland 
was a result of direct action. In contrast, ergotamine injection completely 
d b i t e d  growth of prolactin-secreting tumours but had little effect on the 
synthesis and release of pituitary gland prolactin. These results suggest that 
bioamines and agents which affect their distribution have a physiological 
function to regulate the synthesis and release of prolactin. 
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DISCUSSION 

Skerwood: In view of evidence for the role of adenyl cyclase in the 
regulation of growth hormone secretion, how do you think adenyl 
cyclase fits into the regulation of prolactin release by catecholamines ? 

MacLeod: Adenyl cyclase probably has minimal or no effect on the 
regulation of prolactin synthesis or release since catecholamines do not 
stimulate adenyl cyclase activity in the pituitary gland, in contrast to other 
tissues. The incubation of pituitaries with dibutyryl cyclic AMP has no 
effect on prolactin synthesis or release, so we don’t think the nucleotide has 
an important function. The regulation of growth hormone secretion, 
however, is controlled by this enzyme. 

Turkington: I was interested that just by electrophoresis you can get out 
a labelled protein with such a high specific activity. Do you feel that all 
those gel fractions represent highly purified hormone, or do you take 
another step to purifjr them ? 

MacLeod: At first we put it through a Sephadex column to elininate 
most of the bulk protein. Later studies have shown this step to be un- 
necessary, because we get the same results with or without the column step. 
We make no claim that the bands which we show on the polyacrylamide 
gel are exclusively prolactin or exclusively growth hormone. Since 75 
per cent of the radioactivity was precipitated by the specific prolactin 
antibody, however, it suggests that the prolactin band on the acrylamide 
gel is relatively pure hormone. 

Nicoll: We are doing similar studies to those reported by Dr MacLeod 
and have been concerned with the possible heterogeneity of prolactin. 
In studying the kinetics of prolactin turnover in uiuo and in uitro Dr Karen 
C. Swearingen (1971) has found that synthesis is heterogeneous (that is, 
there is at least one rapidly turning over component). We felt that this 
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may have been a result of another protein running with prolactin. Accor- 
dingly, Dr Swearingen isolated the prolactin from the 7 .5  per cent acryl- 
amide gel and then re-ran the same fraction at two different pH’s and at 
several different gel concentrations. No indication of any significant 
contamination of the prolactin band was obtained. Of course, this 
doesn’t rule out the possibility of very slight contamination, but it looks 
as though the prolactin separated by this means is very ‘clean’, both in the 
medium and in tissue homogenates. 

Li: Are you sure that the two protein bands are growth hormone and 
prolactin? Have you assayed them? Can you estimate how active these 
bands are, per mg of nitrogen or mg of protein ? 

Nicoll: We have assayed the prolactin band and shown that it has activity 
in the crop sac assay. Others have shown this also and have identified the 
growth hormone using the tibia test. No one to my knowledge has been 
able adequately to quantify the amount of protein extracted from those 
bands in the gels. Accordingly, a good test of the correlation between the 
amount ofprotein extracted and its specific activity has not been possible. 

Li: But doesn’t this make the discussion rather meaningless, because it is 
possible that you simply have radioactive proteins in the band and the 
active protein is just a tiny bit ? 

Nicoll: When we subjected the protein eluted from the band to electro- 
phoresis under different conditions we expected to see multiple forms. 
We didn’t see that. Also, as Dr MacLeod stated, 75 per cent of the protein 
was precipitated by specific antiserum. 

MucLeod: I would doubt whether you could put one unit of prolactin 
or growth hormone on to a polyacrylamide gel and hope to get anything 
like one unit of biological activity ofF. Since this method subjects the 
protein to at least three different pH’s, and the electrophoretic current, the 
biological activity may be significantly altered. I don’t think we should 
expect to be able to correlate the amount put on and the amount taken OK 
These bands have been assayed for biological activity, however, by Jones 
and co-workers (1965). 

Turkingtorz: Are any of the effects influenced by changes in the intra- 
cellular concentration of the tritiated leucine precursor ? I wonder whether 
bicarbonate or calcium or the catechols are changing the ability of the iso- 
topic precursor to enter the cell. 

MucLeoA: We haven’t investigated this per se, but the fact that growth 
hormone synthesis was not affected by these agents suggests that amino 
acid transport was not modified by the conditions of incubation. 

Beck: Is there any evidence in any other tissue that these ions alter amino 
acid transport ? 
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Sherwood: There is only one tissue, as far as I know, in which calcium 
decreases amino acid uptake. In the parathyroid glands, calcium inhibits 
secretion, whereas in most other secretory systems it stimulates hormone 
secretion. 

Pusteeis: I am quite convinced by your beautiful results on the action of 
catecholamines on the hypophysis, Dr MacLeod, but I am puzzled by the 
electron micrographs. You described an enlargement of the ergasto- 
plasmic reticulum as a result of catecholamine administration. Howev(:r, 
the best evidence that the endoplasmic reticulum is a system of vacuoles 
surrounded by membranes is that it is highly sensitive to osmotic change. 
So it is possible that the enlargement of the cisternae was the consequence of 
an osmotic change, perhaps due to a specific action of the catecholamines 
on the membranes. 

MacLeod: I agree completely with t h i s  possibility. We are uncertain 
whether the catecholamines act directly to mhibit the release of prolactin 
or whether they modifj. intracellular biochemical mechanisms which 
control the secretion of the hormone. 

Beck: Have you any information on the intracellular water transport in 
catecholamine-treated tissues ? 

MacLeod: No, but we have some preliminary data suggesting that 
calcium transport is decreased by the presence of catecholamine. 

Meites: We have been working on similar problems, and differ some- 
what in our interpretation of these results. One point pertains to the 
catecholamines present in high concentrations in the hypothalamus 
(Vogt 1954). The evidence is growing that these hypothalamic catechol- 
amines have an important role in regulating the secretion of anterior 
pituitary hormones, not by acting directly on the pituitary but rather by 
acting on the release of hypothalamic factors. The evidence is quite con- 
vincing that hypothalamic catecholamines stimulate the release ofprolactin- 
inhibitory factor (PIF), thereby inhibiting release of prolactin. Hypo- 
thalamic catecholamines also stimulate release of FSH-RF and LRF and 
their corresponding pituitary hormones. 

Dr MacLeod’s demonstration that catecholamines can directly inhibit 
prolactin release in uitio has been confirmed by us and by others at the doses 
Dr MacLeod used, but we also found that catecholamines at  smaller doses 
stimulate prolactin release in uitro (Koch, Luand Meites 1970). Drs Kamberi, 
Mica1 and Porter (1970) have shown with their technique for perfusing 
single portal vessels that infusion of catecholamines, particularly dopamine, 
has no effect on the release of prolactin. In addition, Porter, Goldman and 
Wilber (1970) reported that no catecholamines werc detected in the portal 
circulation, so there is a question of how catecholamines reach the pituitary. 
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I believe Dr P. G. Smelik first suggested the possibility that dopamine 
might be PIF itself, but although we can’t completely rule out the possibility 
that catecholamines may act directly on the pituitary, I am inclined to 
believe that the in vitro effects Dr MacLeod and others have reported are 
pharmacological effects and are not related to the normal physiological 
control of prolactin secretion. 

MacLeod: The work of Kamberi, Mica1 and Porter is certainly a very 
good argument for the indirect effect of catecholamines. To my knowledge, 
however, they have studied the in vivo effects of catecholamines exclusively 
in male animals, whereas our work has used female rats. Perhaps the 
catecholamine in the hypothalamus of male rats suppresses maximally the 
plasma prolactin concentration and any further decrease is obtained only 
with difficulty. It would be interesting to see if the plasma prolactin 
concentration is decreased more signlficantly in female rats after perfusion 
of the pituitary with catecholamines. We know that stress increases 
plasma prolactin, and in Kamberi’s experiments catecholamine may have 
been unsuccessful in decreasing plasma prolactin because of the severe 
stress experienced by the animals due to the anaesthesia and surgery. 
Certainly I O - ~  or 10-7 M-catecholamine is a high concentration, but this 
cannot be used as an argument against a genuine physiological effect, be- 
cause to my knowledge all the effects of cyclic AMP in vitro are demon- 
strated at 10-4 and 10-3 M, and this is presumably one of the major mechan- 
isms through which many of the hormones act irz vivo. I think we must 
keep an open mind on this topic and only time will tell whether catechol- 
amines exert their action on prolactin release through a direct or indirect 
effect. 

Nicoll: I am still rather fond of the notion that one of the catecholamines 
is PIF because it would simplify life for us. However, there is other 
evidence contrary to catecholamine being PIF. One can prepare an 
extract of hypothalamic tissue from rats and obtain inhibition of prolactin 
secretion in vitro. If one uses the same amount ofcatecholamine that would 
be expected to be in the extract, secretion is not affected. On the other 
hand, if one examines the data that Dr Meites (1970) reported showing a 
dose-related inhibitory effect of hypothalamic extract on prolactin release, 
as determined by immunoassay, and compares them with data published 
by Birge and colleagues (1970), who tested the dibi tory effects of various 
doses of catecholamines, one finds that the inhibitory curves are perfectly 
parallel. This raises the possibility that one of the catecholamines may 
be part of PIF, or that at least their action must be very similar on the 
lactotroph. 

Spellucy: Dr MacLeod, I am not clear how you explain the inhibition of 
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the effect of noradrenaline by phenothiazines when reserpine had no 
effect. 

MucLeod: I don’t have a good explanation for it. Our working hypo- 
thesis is that perphenazine is stimulating prolactin synthesis and/or release 
through a very different mechanism. I don’t know how perphenazine 
acts in vivo. That it may work through a dopamine-dependent mechanism 
is a possibility but I don’t think this has been demonstrated. The fact that 
it produces a pituitary gland which is refractory to noradrenaline doesn’t 
support that. It seems to turn on protein synthesis and prolactin synthesis 
independently of the catecholamines. 

Friesen: Have you any evidence for a precursor ofprolactin or of growth 
hormone in your studies? Secondly, were you suggesting that the partial 
or the transient inhibition of the release of prolactin by noradrenaline was 
related to the metabolism of noradrenaline, and if so, could you create a 
sustained inhibition of prolactin release by adding fresh noradrenaline ? 

MacLeod: We have no evidence for or against a precursor of prolactin or 
growth hormone. With regard to the transient nature of the catechol- 
amine effect, this can be explained by the rather high monoamine oxidase 
activity present in the pituitary gland. We can repeatedly prevent the 
gland from synthesizing prolactin if we add fresh catecholamine to it. 

Pusteels: How do you think the ergot alkaloids act, in relation to the 
possible action of a specific PIF and of catecholamines ? I can confirm your 
results with ergocornine and ergocryptine. We found that the primary 
action of ergot drugs was on the release of prolactin. 

MacLeod: I certainly do not know how the ergot alkaloids function. 
I would agree that your morphological evidence and our biochemical 
evidence certainly suggests that they inhibit release of prolactin rather than 
synthesis, but I don’t know through what biochemical mechanisms this is 
occurring. 

Meites: I believe we understand something about the loci of action of the 
ergot drugs. We found that the ergot drugs increase PIF activity in the 
hypothalamus and we have recently confirmed this (Wuttke, Cassell and 
Meites 1971). An increase in PIF activity would ofcourse decrease prolactin 
secretion. We have also shown that the ergot drugs act directly on the 
anterior pituitary (Lu, Koch and Meites 1971). I am inclined to believe 
that this is their major site of action. We have no information on the bio- 
chemical mechanisms involved. 

Greenwood: I’d like to ask Dr Meites or Dr MacLeod what the relation- 
ship is between their different approaches to circulating catecholamines. 
Adrenaline and noradrenaline do not cross the blood-brain barrier, 
so their effects must be due to catecholamines synthesized within the 
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hypothalamus. Dr Meites says that catecholamines act on the pituitary 
via releasing factors, whereas Dr MacLeod suggests that they act directly. 

MucLeod: You stated the situation correctly. Although the pituitary 
receives some blood from the extraportal system it’s more likely to be 
hypothalamic catecholamine that regulates prolactin release, but whether 
it is working as an intermediary to cause the production of PIF or is itself 
PIF is a question for discussion. That catecholamines have not been demon- 
strated in the portal blood is not too surprising. The concentration in the 
systemic circulation is certainly very low; a fraction of a microgramme per 
litre, I believe. 

Meites: It is true that if you inject dopamine, adrenaline or noradrenaline 
systemically, either into the carotid artery or intraperitoneally, they have 
practically no effect (Lu et al. 1970). On the other hand, if you administer 
L-dopa to the rat (and it is interesting that Dr Friesen has also observed this 
in man), there is a marked decrease in serum prolactin levels. Also if we 
give monoamine oxidase inhibitors, which increase brain catecholamines, 
we again see a marked decrease in serum prolactin. These drugs increase 
hypothalamic PIF activity and they do enter the brain. On the other hand, 
if we give drugs systemically that decrease hypothalamic catecholamines, 
such as reserpine, chlorpromazine or haloperidol, there is a pronounced 
increase in blood prolactin. These drugs act by decreasing hypothalamic 
catecholamines and thereby decrease PIF activity. 

Friesen: Dr MacLeod, how do you explain the elevated prolactin levels 
after pituitary stalk section, on the basis of inhibition by catecholamine ? 

M d e o d :  The absence of portal plasma containing hypothalamic 
catecholamines would remove the chronic irhbitory influence that the 
hypothalamus exerts on pituitary prolactin synthesis. We believe that the 
pituitary has potential ability to synthesize and release prolactin but that 
it is normally repressed by the hypothalamic catecholamines, and that 
stalk-sectioning derepresses the‘ pituitary prolactin cells and prolactin 
synthesis is initiated. 

Friesen: Does your scheme allow for a releasing factor as well ? 
MacLeod: We have no evidence that there is a prolactin-releasing factor. 
Nicoll: Dr Friesen, I believe you have some data on serum prolactin 

levels in women after pituitary stalk section ? 
Friesen: Our highest levels were 50-80 ng/ml ofprolactin, measured some 

months after stalk section. I think Dr Turkington’s values were even 
higher ? 

Ttrrkington: Our range for this was about 40-500 ng/ml. 
Nicoll: Dr Greenwood, could you clarify your data with Dr Bryant and 

Dr Denamur on prolactin levels in sheep after stalk section ? 
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Greenwood: We finally resolved this problem. It’s very simple. Origin- 
ally in 1967 we were looking for high levels based on the assumption that 
there would be a flood of prolactin after stalk section, so we were setting 
up the assay at about 4 or 8 ng/ml, and didn’t find it, except in one sheep 
which turned out to be an incomplete section. Our expectation was wrong 
because most of the sheep pituitary infarcts after stalk section. Dr Denamur 
has operated on five or six more sheep and applied a more sensitive radio- 
immunoassay and found those amounts of prolactin in plasma which he 
and Dr Short require to maintain the corpus luteum. The joint data are 
to be published (Bryant et al. 1971). 

REFERENCES 

BIRGE, C. A., JACOBS, L. S., HAMMER, C. T. and DAUCHADAY, W. H. (1970) Endocrinology 

BRYANT, G. D., GREENWOOD, F. C., KA”, G., MARTINET, J. and DENAMUR, R. (1971) 

JONES, A. E., FISHER, J. N., LEWIS, U. J. and VANDBRLAAN, W. P. (1965) Endocrinology 76, 

KAMBERI, I. A., MICAL, R. S. and PORTER, J. C. (1970) Fed. Proc. Fed. Am. SOL. Exp. Bid.  

KOCH, Y., Lu, K. H. and MEITEs, J. (1970) Endocrinology 87,673675. 
Lu, K. H., AMENOMOW, Y., C m ,  C. L. and MEITIS, . (1970) Endocrinology 87,667672. 
Lu, K. H., KOCH, Y. and MEITEs, J. (1971)Endocrinoigy @, 229-233. 
MEITBS, J. (1970) In Hypophysiotropic Horrnones ofthe Hypothalamus: Assay and Chemistry, 

PORTER, J. C., GOLDMAN, B. D. and WILBER, J. F. (1970) In Hypophysiotro ic Hormones af’the 
othalamus: Assay and Chemistry, pp. 282-297, ed. Meites, J. Baiimore: Williams 

86,120. 

J. Endocrinol. in press. 

578-583. 

29.3 78 (abst. 751). 

p. 145, ed. Meites, J. Baltimore: Williams and Wilkins. 

SWBARINGEN, K. C. (1971) Endocrinology in press. 
VOCT, M. (1g54)j. Physiol. (Lond.) 123,451-481. 
WUTTKB, W., CASSELL, E. and MHTES, J. (1971) Endocrinology 88,737-741. 



THE SYNTHESIS AND SECRETION OF 
PLACENTAL LACTOGEN AND PITUITARY PROLACTIN 
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MrCill University Chic ,  Royal Victoria Hospital, Montreal 

THIS paper presents experiments conducted in our laboratory on the 
biosynthesis and secretion of proteins in vitro by placental and pituitary 
tissue. These studies have been selected to demonstrate the usefulness of 
this experimental approach in searching for mechanisms which control 
the synthesis and secretion of placental and pituitary hormones. In the 
pituitary incubation experiments which will be outlined, we used many 
of the same techniques as in our earlier studies on placental hormone 
synthesis, but in this case the object of the experiment was to determine 
whether the pituitary gland in primates, as in other species, synthesizes and 
secretes growth hormone and prolactin independently. 

In the studies on the placenta, human placental lactogen (HPL) was 
identified as one of the principal radioactive proteins in the incubation 
medium, where it accounted for as much as 60 per cent of the trichloro- 
acetic acid precipitable proteins in some experiments (Friesen, Suwa and 
Pare 1969; Suwa and Friesen 19694 b). When we incubated human and 
monkey pituitaries in the same manner, we consistently found a single large 
radioactive protein peak after gel filtration of the incubation media 
(Friesen, Guyda and Hardy 1970). To our surprise we found that a much 
larger percentage of the radioactive proteins in this fraction was precipi- 
tated by antiserum to sheep prolactin than by antiserum to human placental 
lactogen or growth hormone (Friesen and Guyda 1971; Friesen, Guyda 
and Hwang 1971). As a result of these and other observations we inferred 
that primate pituitaries, like pituitaries of other species, synthesize and 
secrete two hormones, growth hormone and prolactin; that the two 
hormones can be distinguished immunologically; and that primate pro- 
lactin is immunologically related to prolactin from other species. These 
hypotheses have been tested experimentally and the data we present here 
provide unequivocal evidence for the existence of human and monkey 
prolactin separate and distinct from growth hormone. 
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PLACENTAL LACTOGEN SYNTHESIS IN VITRO 

The studies on the synthesis of HPL in vitro were initiated after we had 
observed that when [3H]leucine was injected into the monkey placenta, 
[3H]m~nkey placental lactogen had the highest specific activity of any 
proteins which we identified (Friesen 1968). Therefore we were interested 
to see whether we could demonstrate HPL synthesis in vitro and finally 
whether we could elucidate some of the mechanisms which control the 
synthesis of HPL. The studies initiated by Dr S .  Suwa and myselfhave been 
reported in some detail (Suwa and Friesen 19694 b) and I will simply 
review some of their highlights. 

The methods used are summarized in Table I. Fresh placental tissue 

TABLE I 
PROCEDURE POR INCUBATION OF PLACENTAL TISSUB 

A. Placental tissue incubated in Krebs-Ringer bicarbonate buffer with ~-[4,s-~H]leucine. 
B. Aliquots of medium or tissue extract analysed for: 

(I) Trichloroacetic acid precipitable proteins-aH-labelled proteins. 
(2) Anti-HPL precipitable protein~-[~H]HPL. 

(a) Small molecular weight component. 
(b) Large molecular weight component. 

(3) Protein-Lowry estimation. 
(4) HPL-radioimmunoassay. 

c. Gel filtration on Sephadex GIOO; same analysis as in B. 

from different sections of the placenta was divided into many fragments 
and rinsed briefly in Krebs-Ringer bicarbonate buffer; 0.5 g tissue was 
incubated in 5 ml ofbuffer containing zoo mg per cent ofglucose, penicillin, 
streptomycin and 5 pCi of ~-[4,5-~H]leucine (5.5 Ci/mmole, New England 
Nuclear Corporation). The cultures were incubated in a Dubnoff incuba- 
tor at 37°C in an atmosphere of 95 per cent 0, and 5 per cent CO,. The 
incubation medium was replaced with fresh medium at four-hour and 
subsequently at z4-hour intervals. At the end ofeach incubation period the 
medium was centrifuged immediately at 3000 rev/min at 4°C for ten 
minutes and the clear supernatant was kept frozen. Tissue fragments w'ere 
homogenized in 0- IM-NH~HCO, buffer and centrifuged at 60 ooo :< g 
for 30 minutes to obtain a supernatant and pellet which were frozen 
for subsequent analysis. Aliquots of the tissue supernatant and medium 
were analysed for (I) 3H-labelled proteins (trichloroacetic acid precipitable 
proteins) (2) [3H]HPL (3H-labelled proteins precipitated by antiserum to 
HPL), (3) total proteins (method of Lowry) and (4) HPL (measured by 
double antibody radioinimunoassay). The same analyses were made of 
fractions after gel filtration of the incubation medium and tissue super- 
natant on Sephadex G-100. 
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Using these methods we studied the synthesis and release of human 
placentalproteins and HPL in eight placentas obtained at  term. The amount 
of proteins and 3H-labelled proteins released into the medium was fairly 
constant among different placentas, whereas the release of HPL varied to a 
considerably greater extent. The percentage ratio of [3H]HPL to 3H- 
labelled proteins in the medium of four placentas was between 6 and 12 

per cent, which was considerably higher than in the tissue, where it was 
2-4 per cent, indicating a preferential release of HPL. However, in an 
additional four placentas studied, the percentage ratio of [3H]HPL to 
3H-labelled proteins was considerably greater in the medium (range 23- 

5 5  per cent), as shown in Table 11. In two of the placentas studied, tissue 

TABLE II 
[SH'JHPL AS A PBRCBNTAGE OF TOTAL s H - ~ ~ ~ ~  PROTEIN AFTER 

INCUBATION OF PLACENTAL TISSWR 

Incubation medium Tissue extract 
Experiment no. at 24 hours at 24 hours 

% % 
6 
8 
I0 
12 

23 
39'4 
45 
55 

2 

4 
3 

3 
4 

3'4 

2 

2'2 

In each case the mean was calculated from 3 to 6 incubation Basks, containing 10 to 20 fragments of 
placental tissue. 

fragments taken from different parts of the placenta were incubated separ- 
ately to see whether HPL synthesis was uniform throughout the placenta or 
whether certain areas of the placenta synthesized proportionately more or 
less HPL relative to other proteins. Table I11 shows that protein and HPL 

TABLB 111 

raH'JHPL AS A PRRCENTAGB OF TOTAL 'H-LABELLED PROTEIN IN FIVE DIFPBRBNT ARRAS OP THB 
PLACENTA 

Incubation medium Tissue 
, I , 

Site no. 4 hours 24 hours 4 hours 24 hours 
1* 2t  1 2 1 2 1 2 

I 41 26 59 33 I0 15 6.0 9.0 
2 42 35 50 47 13 rg 9.0 13.0 

3 43 35 40 23 21 5 . 0  8 . 0  
4 18 48 34 I5 14 8 . 0  8 . 0  
5 18 31 43 I1 13 5 . 0  13.0 

Experiment I. 
t Experiment 2. 

ucro.-4 
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synthesis in five different areas of the placenta was very similar. These 
studies suggested that no specialized areas for HPL synthesis exist and 
that the rate of HPL synthesis is fairly homogeneous throughout the 
placenta. 

After filtration on Sephadex GIOO of the tissue supernatant and incuba- 
tion media, aliquots of each fraction were precipitated with antiserum to 

Elution Volume (mi)  

FIG. I. The distribution ofradioactive proteins precipitated by antiserum 
to HPL after gel filtration ofa placental tissue extract (upper) and incuba- 
tion medium (lower). The incubation time was 24 hours. Note that in 
the media the elution volumes of [sH]HPL and HPL (measured by 
radioimmunoassay) are identical whereas in the tissue [aH]HPL emerges 

mainly with the void volume. 
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during the early incubation period, in the tissue most of the SH-labelled 
proteins precipitated by anti-HPL serum appeared in the void volume. 
With more prolonged incubation times the proportion of large to small 
molecular weight proteins precipitated by anti-HPL in the medium also 
increased, as shown in Fig. 2. 
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The nature of the large molecular weight proteins precipitated by anti- 
HPL remains unclear. We have been unable to convert the large molecular 
weight fraction into a small molecular weight HPL by a variety of pro- 
cedures including treatment with 6~-guanidine HC1, 8M-urea, ribo- 
nucleaseand trypsin. When[3H]HPLofsmallmolecular weight is incubated 
with placental tissue and homogenized and the proteins are fractionated 
upon Sephadex, the elution volume of [3H]HPL remains the same, showing 
that HPL is not simply adsorbed to a large molecular weight protein or 
other tissue component. 

The specific activities of 3H-labelled proteins in the tissue and medium 
after 24 hours of incubation were the same whereas the specific activity of 
[3H]HPL in the medium was ten to 300 times greater than that of tissue 
PHIHPL. These results suggest that HPL in the tissue is present in at least 
two pools, of which one turns over rapidly and the second is a more stable 
tissue HPL pool which is released only slowly. 

Using the same methods we are now exploring the biosynthesis of HPL 
in placental tissue obtained early in pregnancy and also from women with 
a variety of disease states which may be associated with abnormal placental 
function. The groups to be studied include patients with diabetes, hyper- 
tension, eclampsia and foetal malnutrition. We are also studying HPL 
synthesis using a cell-free system to see whether we can obtain evidence for 
the synthesis of a large molecular weight species of HPL. Using affinity 
chromatography with anti-HPL it should be possible to purifjr this com- 
ponent and to determine its chemical structure. 

As yet no factors have been shown to regulate HPL synthesis and secre- 
tion, although it has been suggested that placental mass in some way 
controls HPL secretion (Josimovich 1969). This deduction was based on 
studies in which a correlation between placental weight and HPL concen- 
trations was found. However, this suggestion is not especially helpful in 
providing an understanding of the exact mechanism by which the syncytio- 
trophoblast regulates the synthesis and secretion of HPL. Furthermore, in 
our studies on placental lactogen synthesis in vitro, we observed very wide 
variations in the relative rate of HPL synthesis after correcting for differen- 
ces in the weight of the placental fragments incubated. If the studies of 
HPL synthesis in vitro have any relevance to HPL secretion in v i m ,  one 
may justifiably speculate about the existence of intracellular mechanisms 
which regulate HPL synthesis. In addition it is possible that extracellular 
factors may influence the secretion of HPL. Unfortunately at present we 
have almost no knowledge of any homeostatic mechanisms which regulate 
the endocrine function of the placenta. 

The &st exciting suggestion that a control mechanism exists may be 
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inferred from the preliminary observations of Tyson, Austin and Farinholt 
(1971)~ who reported that with prolonged fasting, HPL concentrations 
increased by 30 per cent. The signal which triggers the presumed increased 
rate of secretion of HPL has not yet been identified. However, we have 
observed that with prolonged incubation of placental fragments in vitro 
there is a sudden increase in the HPL released into the medium. Fig. 3 

I Medium f 

INCUBATION TIME (hrs) 

FIG. 3. The incorporation ~f[~H]leucine into proteins by placental tissue 
during a 120-hour incubation period. The incubation medium was 
replaced at 24-hour intervals and the placental tissue was homogenized, 
extracted and aliquots were tiactionated and precipitated with anti- 
serum to HPL. The stippled areas indicate the 8H-labelled proteins 
precipitated by anti-HPL. For the medium the cumulative counts in 
protein are indicated. It is apparent that between 72 and 120 hours there 
is a striking increase in the release of 3H-labelled protein into the medium. 

shows the results of one such experiment, where the 3H-labelled proteins 
and [3H]HPL in the tissue and medium are plotted against time, and Fig. 4 
shows the percentage ratio of [3H]HPL to 3H-labelled proteins at  each 
stage of incubation. Between 72 and 120 hours the t3H]HPL as a percen- 
tage of 3H-labelled proteins increases from 5 to 25 per cent. Therefore 
both in vivo and in vitro we have some evidence that a regulatory mechan- 
ism exists which in some, as yet ill-defined, manner controls HPL synthesis 
and secretion. 
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FIG. 4. The percentage ratio of [sH]HPL to SH-labelled proteins in the 
60 000 x g tissue supernatant, the 60 ooo x g tissue pellet and the incuba- 
tion medium. The number above each 24-hour point indicates the 
number of samples analysed. A striking increase in the percentage of 

[WIHPL is apparent in the last 48-hour period. 

THE BIOSYNTHESIS OF PRIMATE GROWTH HORMONE AND PROLACTIN 

Pituitary fragments from monkey or humans were incubated in the 
same manner as outlined for the placenta with the exception that the 
medium contained 50 pCi/ml ~-[4,5-~H]leucine. A flow-sheet outlining 
the analyses is given in Table IV and a more complete description of the 

TABLE IV 
PROCBDURB POR ANALYSIS OP TISSUES AND MEDIA AFTER INCUBATION OP PITUITARY GLANDS IN 

m B S - R I N G E R  BICARBONATE BUPrmR 

A. Medium or tissue extract : 
(I) Trichloroacetic acid precipitable protein--SH-labelled protein. 
(2) Anti-HGH precipitable pr~tein-[~H]HGH or [sH]MGH. 
(3) Anti-ovine prolactin precipitable protein-[-Swhuman prolactin or [aH]monlrey 

(4) Protein-fluorometric estimation. 
( 5 )  HGH or MGH-radioimmunoassay. 
(6) Human or monkey prolactin-radioimmunoassay. 

prolactin. 

B. Gel filtration of tissue or medium. 
c. Electrophoresis of fractions from B. 
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methods has been documented elsewhere (Friesen, Guyda and Hardy 1970). 
After the incubation, radioactive proteins were precipitated by trichloro- 
acetic acid and immunoprecipitation studies were made on aliquots of the 
tissue and medium using antiserum to ovine prolactin and antiserum to 
HGH to precipitate radioactive prolactin and radioactive growth hormone 
respectively. Growth hormone and prolactin in the tissue extracts or media 
were measured by radioimmunoassay and total protein was measured by 
fluorometric analysis. 

Table V summarizes two studies on monkey pituitary glands obtained 

TABLE V 

RADXOACTIVB PROTEINS IN FOETAL MONKEY PITUITARY INCUBATED IN V I T R O  

Incubation media Tissue 
, - 

4 hours 24 hours 24 hours 
Monkey Monkey Monkey Monkey Monkey Monkey 
no. I* no. z** no. J no. 2 no. I no. 1 

8H-labelled proteins 
x 108c.p.m.t 

[SWMGHx xo8 c.p.m. 
[8ahuman prolactin 

Percentage ratio [3WMGH/ 

Percentage ratio [8H]monkey 

x 108 c.p.m. 

8H-labelled protein 

pr~lactin/~H-labelled protein 

19'5 5 - 8  250.0 97.0 620.0 637.0 
0 . 5  0 . 1 5  63.8 17.2 90.9 67.3 

12.2 1.4 102.2 34.4 121.3 120.5 

2.6 2.7 25.0 18.0 14.0 11.0 

63.0 25.0 41.0 35.0 19.0 19.0 

* Foetus alive in pregnant monkey no. I .  

** Foetus dead in pregnant monkey no. 2. 
t c.p.m./mg wet weight pituitary. 

from pregnant monkeys. One had a macerated dead foetus, but in the 
second the foetus was alive. It is apparent that the amount of radioactive 
protein released into the incubation media by the pituitary from the 
monkey with the dead foetus was considerably less than that released by the 
pituitary from the monkey with the live foetus. The difference is almost 
wholly accounted for by the increased amounts of radioactive protein 
precipitated by antiserum to prolactin. At 24 hours the 3H-labelled 
proteins, [3H]growth hormone and [3H]prolactin contained in the extract 
of the two pituitary tissues are very similar, but the release into the medium 
of [3H]growth hormone and especially [3H]prolactin is considerably 
greater in the second pituitary. The total amount of protein released into 
the medium by this pituitary is also considerably greater at both 4 and 24 
hours. After gel filtration of the combined media from both experiments 
the distribution of 3H-labelled proteins, [3H]prolactin and [3H]growth 
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hormone was determined (Fig. 5) .  There is a single radioactive protein 
peak which coincides with a protein peak emerging with a ratio of elution 
volume to void volume of 2.0. The [3H]prolactin peak (tube 28) emerges 
slightly ahead of the [3H]growth hormone peak (tube 29) and the latter is 
coincident with the growth hormone peak measured by radioimmuno- 
assay. Sixty-three per cent of the 3H-labelled proteins in tubes 22 to 32 

24 

20 

16 

\ 
3 12 (4 

2 9 
0 .- 

F 

$ 4  

\ 8  
F 

Tube No. f ZBml/fraction) 

FIG. 5 .  Gel fdtration of the incubation media from experiments on 
monkey pituitary glands outlined in Table V. The distribution of aH- 
labelled proteins and proteins is shown together with the distribution of 
3H-labelled proteins precipitated by anti-HGH (3H-MGH) and anti- 
ovine prolactin (3H-prolactin). Note the slightly smaller elution volume 

of 3H-prolactin compared to sH-MGH. 

were precipitated by antiserum to ovine prolactin and only 28 per cent by 
antiserum to growth hormone. We concluded from studies of this type 
in monkeys, that growth hormone and prolactin are separate hormones 
which are synthesized independently and can be distinguished immuno- 
logically, and that monkey and sheep prolactin share a common antigenic 
determinant which is absent from monkey and human growth 
hormone. 

The same type of studies were performed with normal human pituitary 
glands (from both male and female subjects) and pituitary adenomas from 
a patient with acromegaly and two patients with galactorrhoea (Hwang 
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et al. 1971b; Friesen et al. 1971). Fig. 6 shows the distribution of 3H-labelled 
proteins, PHIHGH and [3H]prolactin after gel filtration of the a4-hour 
media from incubated pituitaries in two experiments. Table VI sum- 

2 4  HR INCUBATION MEDIA OF 
PITUITARY OLAND - GALACTORRHEA 

n 

(2% 'H .PROTEI N S )  

35 40 45 50 
TUBE NO. ( 5 0  ml/TUEEl 

250 

200 5 
I 

3 
150 2 

100 

50 

\ + 
c 

2 4  HR INCUBATION MEDIA OF 

PITUITARY OLAND - ACROMEGALY 

-250 
60-  

t 

m 
3 
c -  
\ 

I 

35 40 45 50 
T U B E  NO. ( 4 . 5  ml  TUBE) 

FIG. 6. Gel filtration of the aq-hour incubation media of the pituitaries 
from a patient with galactorrhoea and from one with acromegaly. Note 
the difference in the amount of *H-labelled proteins precipitated by anti- 

HGH and anti-ovine prolactin in the two media. 

marizes the results of immunoprecipitation studies with antiserum to 
sheep prolactin and antiserum to HGH. In the two patients with 
galactorrhoea, antiserum to sheep prolactin precipitated 30-fold and 
zoo-fold more 3H-labelled proteins than antiserum to growth hormone 

4* 
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TABLE VI 
IMMUNOPRECIPITATION OF a H - ~ ~ ~  PROTEINS WITH ANTISBRA TO SHBBP PROLACTIN AND 

HGH in 24-1iou~ INCUBATION MEDIUM 
Percentage of*H-fabelled proteins precipitated by 

Origin of Pituitary Anti-HGH Anti-ovine prolactin 

Acromegaly 63 
Galactorrhoea, case I 2 

Galactorrhoea, case 2 I3* 
Normal female 9 
N o d  male 37 

2 

63 
95 
28 
I2  

The incubation medium was fractionated on Sephadex G r o o  and immunoprecipitation studies 

*In the 4-horn incubation medium 0.5 per cent and 99 per cent of the rH-labdled proteins were 
were confined to aliquots of the radioactive protein peak, Ve/Vo I -8-2.2. 

precipitated by anti-HGH and anti-ovine prolactin respectively. 

did; whereas in the patient with acromegaly the reverse was true. The 
ratio of [SH]prolactin to [SH]growth hormone varied by a factor greater 
than 1000 in the pituitary incubation media in these three patients, suggest- 
ing that the two pituitary hormones are synthesized separately. 

THE PURIFICATION OF PRIMATE PROLACTIN 

Because primate prolactin and growth hormone appeared to be immuno- 
logically distinguishable, we reasoned that the application of affinity 
chromatography using anti-HPL antibodies coupled to Sepharose should 
be helpful in the separation of primate prolactin and growth hormone. 
HPLSepharose columns were prepared as outlined previously (Guyda 
and Friesen 1971). Specific antibodies to HPL were obtained and they in 
turn were coupled to Sepharose as shown schematically in Fig. 7. Sephar- 
ose anti-ovine prolactin columns were prepared in the same manner. 
The specificity and binding capacity of each column was tested by de- 
termining the immunoadsorption of labelled and unlabelled HGH or 
sheep prolactin on each column. Table VII shows that each column 

TABLE VII 
IMMIJNOADSORPTION OP RADIOACTNB TRACERS BY MPINITY CHROMATOGRAPHY 

Percentage of tracer adsorbed by 

Anti-HPL Anti-ovine prolactin 
Sepharose Sepharose 

[WIHGH 91 5 
[1alI]ovine prolactin 15 93 
[l*lI]monkey prolactin 8 82 

85 [1*1I]human prolactin - 

adsorbed almost exclusively only one tracer. . Incubation media from 
cultured pituitary glands from pregnant monkeys were passed through 
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Diluted antisera to H P L  

COLUMN I :  
Sephorose - coupled HPL 
odsorbs specific ontibody 

Monkey pituitory medio 
ond tissue after 
GEL filtrotion 

I 
Unodsorbed sera Eluted ontibody COLUMN 11: 
discorded dialyzed ond concentroted Sephorose - coupled 

with ultra filtrotion - ontibody to HPL 
adsorbs M G H  

Eluted M G H  free Unodsorbed monkey prolactin 
of monkey prolactin free of M G H  

FIG. 7. Sheep antisera to HPL were pooled, diluted 1/3 with water and 
passed through a Sepharose column to which 0' 5 g of HPL had been 
coupled. Anti-HPL antibodies were adsorbed and all other proteins 
passed through unretarded. The column was washed and specific anti- 
HPL antibodies were eluted with sodium thiocyanate. The antibodies 
were dialysed, concentrated and coupled to Sepharose. Human or 
monkey pituitary tissue was passed through the Sepharose columns to 
remove growth hormone; prolactin was not adsorbed. The same 
method was employed to couple anti-ovine prolactin antibodies to 
Sepharose which in turn could be used to bind primate prolactin. 

Sepharose anti-HPL columns. The results of one experiment are shown in 
Table VIII. It is apparent that with a single passage of the media through the 

TABLE VIII 
IMMUNOADSORF'TION OF MGH AND MONKEY PROLACTIN IN PITUITARY INCUBATION MBDIA 

BY SBPHAROSB ANTI-HPL COLUMNS 

Monkey 8H-labelled W - m o d e  y 

vg pg pg c.p.m. x lo-4c.p.m. x lo-' c.p.m. x 10-4 

Protein MGH prolactin proteins [WJMGH prolactin 

Medium applied 2700 680 990 1576 388 41 1 

ElutedwithNaSCN 945 892* 58 331 294 3 

Percentage unadsorbedt 64 <o*os 85 62 2 79 
Percentage elutedt 35 131 6 21 76 0.7 
Percentage loss? I 0 9 17 22 21 

Unadsorbed I724 < I ' O  840 981 8 323 

The media from several cultures were pooled after the incubation ofpituitary glands from pregnant 

* The MGH content was analysed on two separate occasions. 
t Inthese threerows theunitsunder thecolumn headingsdonotapply-thevaluesarepercentages. 

monkeys 

Sepharose anti-HPL column more than 99 per cent of monkey growth 
hormone (MGH) and less than 15 per cent of monkey prolactin was re- 
moved. Only 2 per cent of the [SH]MGH and 80 per cent of the [9H]- 
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monkey prolactin in the media were not adsorbed by the Sephar&e anti- 
HPL column. It is apparent that the loss of 3H-labelled proteins is greater 
than the loss calculated from estimates of recovery based on radioimmuno- 
assay measurements. Despite the virtual absence of growth hormone from 
the pituitary fractions after immunoadsorption by anti-HPL, the potency 
of prolactin measured by the pigeon crop sac assay increased in six experi- 
ments. One fraction had a prolactin potency of 13 i.u./mg, but contained 
less than I pg/mg of MGH or less than I m u./mg protein of growth hor- 
mone, hence the absolute ratio of prolactin to growth hormone was 
greater than 13 000. In similar studies we have consistently obtained a 
complete separation of the two hormones. Therefore, affinity chromato- 
graphy with Sepharose coupled to antibodies to HPL provides the first 
reliable method for obtaining primate pituitary prolactin preparations 
free of growth hormone. 

RADIOIMMUNOASSAY FOR HUMAN AND MONKEY PROLACTIN 

Two rabbits were immunized with 300 pg of these growth hormone- 
depleted pituitary fractions containing prolactin. The antisera obtained 
bound 1311-labelled sheep prolactin and in incubation media of pregnant 
monkey pituitaries the antisera precipitated the same percentage of 
3H-labelled proteins as antiserum to sheep prolactin did (Friesen, Guyda 
and Hwang 1971). Hence we concluded that the antisera contained anti- 
bodies against primate prolactin. Using one of the antisera we developed 
a radioimmunoassay for primate prolactin which distinguished between 
primate growth hormone and prolactin (Guyda, Hwang and Friesen 1971). 
Unfortunately the assay was not sensitive enough to measure circulating 
levels of serum prolactin. However, the sensitivity of the assay was im- 
proved greatly when monkey or human 1311-labelled prolactin was used 
as tracer instead of 1311-labelled sheep prolactin (Hwang, Guyda and 
Friesen 1971).  The primate prolactin tracer was purified by affinity 
chromatography using columns of Sepharose coupled to anti-ovine 
prolactin. More than 80 per cent of the primate prolactin tracer was 
bound by anti-ovine or monkey prolactin sera and less than 10 per cent 
by anti-HGH serum. The same result was obtained when the primate 
prolactin tracer was passed through Sepharose columns to which anti- 
bodies to HPL or prolactin had been coupled (Table VII). In the homolo- 
gous radioimmunoassay for primate prolactin, we have used antisera to 
human or monkey prolactin and human or monkey 1311-labelled prolactin. 
The assay was standardized using a pool of postpartum serum in which 
prolactin had been measured by bioassay by Dr A. Frantz of Columbia 
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University, using a pregnant mouse mammary gland assay (Frantz and 
Kleinberg 1970). Fig. 8 shows that the sensitivity of our assay was 2 ng/ml 
and that HGH and HPL fail to cross-react in the assay at a concentration of 
1000 ng/ml. HGH cross-reacts only when the concentration exceeds 
I pg ml and greater amounts of HGH inhibit the binding of the tracer in 
a manner identical to that of prolactin, suggesting that HGH is contamin- 
ated to a minor extent with prolactin. 

std. 

I 
I 10 I00 I000 

Protein or proloctin concentrotion (ng / rn l )  

FIG. 8. A radioimmunoassay for prolactin. The sensitivity of theassay is 
2 .0  ng/ml. HGH and HPL do not inhibit the binding of the tracer 
[131I]monkey prolactin (MPr) at concentrations of I pg and SO p g / d  

respectively. 

The assay has been used to measure prolactin in pituitary incubation 
media, in eluates obtained after gel electrophoresis of pituitary fractions and 
frnally in serum samples. A few interesting results obtained with the assay 
will be summarized briefly. In the incubation media of the monkey 
pituitaries shown in Fig. 5 ,  the prolactin content in a pool of the tubes 
containing prolactin (tubes 22 to 31) is 163 pg. In seven human pituitary 
glands obtained at autopsy and homogenized with o-IM-NH~HCO,, the 
prolactin content ranged between 0.20 and 0.75 pg/mg wet weight and in 
the 24-hour incubation media of human pituitaries obtained at hypo- 
physectomy, it was approximately 0.30 tJ.g/mg wet weight. Fig. 9 shows 
the electrophoretic distribution of human prolactin in eluates obtained 
after polyacrylamide gel electrophoresis of media from cultures from a case 
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of pituitary adenoma with galactorrhoea. The Rp of prolactin is 0.58, 
compared to an RF of 0.47 for the major component of HGH at pH 4' 3. 

FIG. 9. The distribution of sH-labelled human prolactin (sH-HPr), 
human prolactin (HPr) and HGH in eluates obtained after acrylamide 
gel electrophoresis of HGH and human prolactin at pH 4 . 3  and 8 - 3 .  
There is a clear separation of HGH and human prolactin at pH 4-  3 but 
almost no separation at pH 8 - 3, although the RF of human prolactin and 

[*H]human prolactin is slightly less than that of HGH at pH 8 . 3 .  

Table IX summarizes serum prolactin measurements made in patients 
and also in monkeys. Virtually all the subjects examined including children 
have detectable levels of prolactin. In patients with galactorrhoea, prolactin 
levels ranged from 12 to 1800 ng/ml whereas in acromegalics, prolactin 
levels were 'normal' with the exception of one young patient. One of the 
most surprising findings was that prolactin was detectable in many idio- 
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TABU IX 

SERUM PROLACTIN VALUES IN MONKEYS AND HUMANS MEASURED BY RADIOIMMUNOASSAY 

Children 
Adults (males) 
Menstrual cycle 

Follicular 
Luteal 

Acromegaly 
Galactorrhoea 
Idiopathic hypopituitary 
pr%-cy 

First trimester 
Second trimester 
Third trimester 
Term 

Postpartum (6 weeks) 
Newborn 

Cord blood 
One week 

Nursing mother 
1-3 wceks 

Before suckling 
30 min afier 
60 min after 

Before suckling 
30 min after 
60 min after 

Insulin (10 patients) 

3-5 days 

(2 patients) 

Number of 
subjects 

36 
42 
9 

13 

I4 

24 
96 

I9 
25 

I9 
7 

21 

102 

6 

2 

No rl 
Maxi 

Serum prolactin 
nslml 

lonse 

Range 
0-17 
0-28 

4-2-21 
4'9-42 
3-26 
12-1800 

0-32 

7-47 
6-39 
36-600 
44- 
0-14 

120-500 

40-400 

8-20 

175-400 
75-200 

120-140 
200-260 
180-190 

im increment of 20 n g / d  
Arg&e (6 patikts) No response 
Aruesthesia and surgery 

Human subjects 
Pregnant monkeys 
Non-pregnant monkeys 4 

6-150 
30-1000 
2-60 

pathic hypopituitary patients, whereas after hypophysectomy for diabetic 
retinopathy or mammary cancer, serum prolactin was undetectable. 

In the normal menstrual cycle we have found no convincing evidence 
ofany change in serum prolactin at any point in the cycle although the mean 
serum prolactin concentration was higher in the second half. During 
pregnancy there is a progressive increase in serum prolactin reaching a mean 
concentration at term of 200 ng/ml. The levels of prolactin in foetal 
serum were equal to those found in the mother's sera. In amniotic fluid 
they were ten-fold greater than those in the mother. These results are 
very different from HPL concentrations, which are high in the mother 
(mean 4 pg/ml) but low in the foetus (< 100 ng/ml) and amniotic fluid 
(< 0-  5 pg/ml). In the neonatal period serum prolactin begins to decline 
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immediately after birth, reaching concentrations which are usually less 
than 20 ng/ml by four to six weeks. In the mother, abrupt increases in 
serum prolactin occur 30 minutes after the onset of nursing (Hwang et 
al. 1971~). Finally, during surgery in pregnant and non-pregnant monkeys, 
sudden dramatic increases in serum prolactin have been observed (Friesen 
1971) without any corresponding increase in serum placental lactogen. 
In man elevated prolactin levels have also been noted during surgery. 

Table X shows that affinity chromatography can be applied to serum 

TABU X 
ArmNITY CHROMATOGRAPHY OP SERA ON SBPHABOSB COLUMNS 

Serum concentration (nglml) 

Before 

Pregnancy (30 wks) HPL 6000 
Prolactin I20 

tumour) Prolactin I 60 

Gigantism (pituitary HGH 480 
tumour) Prolactin 190 

Clinical status chromatography 

Galactorrhoea (pituitary HGH I 

After After 
Anti-HPL Anti-ovine prolactin 

- I0 

129 7 
I < I  

5 

I0 300 
140 0 

- 

samples in order to demonstrate unequivocally that growth hormone or 
placental lactogen, and prolactin can be adsorbed selectively from serum 
samples of patients by antibodies to placental lactogen and ovine prolactin 
respectively. 

DISCUSSION 

The studies which have been outlined on placental lactogen synthesis 
demonstrate that placental tissue can synthesize HPL at widely differing 
rates. The fundamental question, however, remains unanswered; namely, 
what factors determine the rate of HPL synthesis at any given time? Two 
radioactive proteins of widely differing molecular weight in placental 
tissue extracts are precipitated by antiserum to HPL. The smaller molecular 
weight species undoubtedly is HPL, but at this point we do not know the 
nature or significance of the large molecular weight component. After the 
incubation of pituitary glands, antiserum to HGH also precipitated 
radioactive proteins which emerged in the void volume (Friesen, Guyda 
and Hardy 1970). However, even with extended incubation periods the 
large molecular weight component was never released into the medium, 
whereas in the placenta the large molecular weight species predominated 
in the media in some experiments. As yet we have no good evidence for a 
precursor-product relationship between the two species, and therefore 
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it is premature to refer to the large molecular weight species as a pro- 
hormone. Evidence has also been reported for a large molecular weight 
species of growth hormone in the rat pituitary (Frohman and Buret 1970). 

The data we have presented can leave no doubt that the pituitary gland 
of primates, in the non-pregnant and pregnant states, synthesizes and 
secretes growth hormone and prolactin independently both in vivo and in 
vitro. There are three reasons why it has been possible to identify primate 
prolactin so readily in vitro. In the first place there is an immunological 
cross-reaction between sheep and human prolactin. Secondly, the pool 
size of prolactin and growth hormone in the pituitary differs by at least a 
factor of 100. Thirdly, the hypothalamic control of prolactin and growth 
hormone differ; in the former the predominant control is one of tonic 
inhibition, whereas in the latter a positive signal, GRF, is required for the 
release of growth hormone. Hence in virro, growth hormone release is 
inhibited and prolactin release is enhanced. The last two factors therefore 
favour the rapid synthesis and release of prolactin, and this accounts for the 
fact that at an early period in the incubation, radioactive prolactin pre- 
dominates and its specific activity is several orders of magnitude higher 
than that of growth hormone. 

Now that prolactin has been identified as a separate human pituitary 
hormone, we are attempting to devise suitable methods to purify it from 
acetone-dried human pituitary powder. Ifwe are successful it will be most 
interesting to compare the chemistry of pituitary and placental lactogens 
and to determine the biological effect of human prolactin. These studies 
should help to clarify the physiological role of prolactin in man. 

SUMMARY 

The biosynthesis of placental lactogen has been studied by incubating 
placental tissue fragments in Krebs-Ringer bicarbonate buffer containing 
~-[~H]leucine. Inimunoprecipitation studies were made on the tissue 
supernatant and incubation media using antiserum to HPL to precipitate 
[SH]HPL. Two species of [3H]HPL of widely differing molecular weight 
were noted after gel filtration of the tissue supernatant and the incubation 
media. In the tissue the large molecular weight species of [3H]HPL pre- 
dominated whereas in the media the smaller molecular weight species 
was the principal component. In the media [3H]HPL formed between 10 
and 50 per cent of the trichloroacetic acid precipitable proteins compared 
to 5 and 20 per cent in the tissue. These studies demonstrated that [3H]- 
HPL is one of the principal proteins synthesized and secreted in vitro, and 
are consistent with the very high production rate ofHPL invivo (I gperday). 
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Human and monkey pituitary glands were incubated in uitro in the same 
manner as placental tissue. The biosynthesis and secretion of growth 
hormone and prolactin were studied by immunoprecipitation of incu- 
bation media and tissue extracts with antiserum to HPL or HGH and 
antiserum to ovine prolactin to precipitate [SH]growth hormone and 
[ 3H]prolactin respectively. [SH]growth hormone was not precipitated by 
anti-prolactin. In human pituitary glands [SH]prolactin formed between 12 

and 80 per cent of the SH-labelled proteins released into the medium and 
[SH] prolactin was also the principal radioactive protein identified in the 
incubation medium of pituitaries from pregnant and lactating monkeys. 
As a result of these studies, we were able to identifjr and separate primate 
prolactin from growth hormone using affinity chromatography and to set 
up a specific radioimmunoassay for primate prolactin with which we have 
studied the synthesis and secretion of primate prolactin in uitro and in uiuo. 
During pregnancy in humans, the amounts of serum HPL and human 
prolactin increased progressively to reach mean concentrations of 8 pg/ml 
and 200 ng/ml respectively. In monkeys no consistent increase in prolactin 
was observed during pregnancy, but in samples obtained during surgery 
the prolactin concentrations were remarkably high (> 500 nglml). The 
elevated concentrations appear to be related to a stress-induced release of 
prolactin. 

In summary, our experiments on the biosynthesis of placental lactogen 
led to similar studies in the pituitary, which resulted in the eventual 
separation of primate growth hormone from prolactin and culminated in 
the development of a specific radioimmunoassay for primate prolactin 
which has been used to study the prolactin concentration in health and 
d' isease. 
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DISCUSSION 

Spellacy: I was interested in the rise of HPL levels with prolonged incu- 
bation of human placental tissue. Have you looked at t h i s  in terms of the 
decreasing amount of glucose present in the medium and could you reverse 
this rise in HPL by adding glucose ? 

Friesen: We haven’t done t h i s  systematically. I think Dr Swanson 
Beck had some evidence that HPL secretion is related to the glucose con- 
centration of the medium. 

Swanson Beck: We have not made systematic studies on the exact 
relationship between glucose concentration and HPL secretion, since we 
have not measured the hormonal output of many of our cultures (Hou, 
Ewen and Beck 1968), but it appears that the uptake of glucose rises over 
the first two or three days when the HPL output is falling rapidly: glucose 
consumption then reaches a peak and falls gradually, but HPL output 
continues at a very low level. 

Could I go back to the question of the validity of tissue maintained in a 
culture medium ? We have maintained normal human mid-pregnancy 
placental villi in organ culture with Medium 199 and we have noted 
remarkable changes in the morphology of this tissue. Within one to six 
hours mitotic figures become very numerous in the cytotrophoblast cells, 
which at this time actively incorporate [SH]leucine into their cytoplasm. 
By two or three days, the cytotrophoblast forms an almost continuous 
layer underneath the syncytiotrophoblast, which at this time shows no 
uptake of [SH]leucine (Ewen, Beck and Green 1971). Thus, it seems that in 
cultured tissue the roles of the cytotrophoblast and the syncytiotrophoblast 
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are reversed, so I want to put back to you the question: is it possible that 
this cytopathology, if one could call it that, could be at least in part respon- 
sible for the high molecular weight HPL that you have detected ? 

Friesen: The large molecular weight HPL is present early on, within 
three or four hours of culturing, so I don’t think its presence is due to 
incubation conditions. I think it’s there in all circumstances. 

Meites: I’d like to point out some differences between prolactin secretion 
in animals as compared to women. One difference is that during oestrous 
cycles in the rat, cow and sheep, a pronounced peak of prolactin is reached 
on the afternoon of pro-oestrus, prior to ovulation. I wonder whether 
you have tried collecting frequent blood samples to see whether you can 
detect such a peak before ovulation, during the menstrual cycle ? Secondly, 
in regard to pregnancy, we reported in the rat that blood prolactin as 
measured by radioimmunoassay (Amenomori , Chen and Meites 1970) 
remains very low throughout pregnancy, and shows no increase until the 
very end of pregnancy, the last day or so. I don’t know of any comparable 
studies of blood prolactin during pregnancy in other species. Pituitary 
studies in the rabbit and guinea pig (Meites and Turner 1948) also showed 
low prolactin levels until the end of pregnancy. 

Friesen: The conclusions which I stated on the menstrual cycle were 
based on daily blood samples from ten women throughout the menstrual 
cycle, giving a total of 300 samples. There are some small minor peaks, 
but we found it impossible to correlate these minor variations in prolactin 
throughout the cycle with the mid-cycle peak of LH. We only measured 
it daily, and perhaps we ought to look more carefully around the LH peak. 

I totally agree that there are species differences in prolactin elevation 
during pregnancy, even among primates, because in the rhesus monkey 
we find no systematic elevation of prolactin in pregnancy, as we do in the 
human. 

Beck: Would you ciare to hypothesize why you think that is? 
Friesen: I wonder whether it is related to the very striking differences in 

oestrogen metabolism at term in the two species. In the human the average 
excretion of oestrogen at term is 3 0  mg per day; the rhesus monkey ex- 
cretes about 30 pg, so even allowing for differences in body size there is a 
very big difference in oestrogen metabolism, and something we would like 
to do is to see whether the administration of oestrogen to the rhesus 
monkey causes an elevation of serum prolactin. We have studied one male 
monkey to whom we gave very large amounts of oestrogen, 10 mg 
oestradiol polyphosphate per week for six weeks, and then removed the 
pituitary and incubated it in the presence of radioactive leucine. ‘The 
pituitary from this male behaved the same as one from a pregnant monkey. 



D I S C U S S I O N  10s 

Approximately 80 per cent of the radioactive protein released into the 
medium in the first four hours of incubation was prolactin, compared with 
about 20 per cent in the normal male. So I think the basic difference is 
probably due to oestrogen. 

Sherwood: The possible effect of oestrogen is interesting, particularly 
since Dr Frantz and Dr Rabkin (1965) described oestrogen-potentiated 
release of growth hormone in man. In lower forms, oestrogen stimulates 
prolactin primarily. Have you added oestrogen to incubated pituitary 
tumours or normal glands to see whether hormone production was 
affected ? 

Friesen: We tried only once and the results were equivocal. We did 
try to see whether, as Dr MacLeod has reported, noradrenaline would 
inhibit the release of prolactin in vitro. The changes we observed with 
noradrenaline in this regard were not very consistent. 

Fruntz: Have you studied the effect of glucose on prolactin secretion ? 
Friesen: We have only looked at human prolactin concentrations after 

giving glucose orally, but we observed no systematic effect on serum pro- 
lactin levels. 

Greenwood: A point to Dr Meites. We haven’t looked in the human 
menstrual cycle for a pattern in human prolactin. Certainly in the sheep, 
in collaboration with Dr J. R. Goding and Dr I. Cummins, sampling at 
half-hourly intervals and then five-minute intervals over the LH peak 
we found prolactin surges as the LH peak declined. Undoubtedly a fuller 
study in the human needs to be done on the same lines. 

Li:  Dr Friesen, I enjoyed your paper very much; you have convinced me 
there is a primate prolactin ! How much work have you done so far on the 
normal pituitary ? 

Friesen: By now we have studied about twelve normal human pituitaries 
removed by transphenoidal hypophysectomy by Dr Jules Hardy of the 
Notre Dame Hospital, Montreal. These pituitaries were incubated as 
described in my paper. We have been able to demonstrate the synthesis 
of prolactin in each instance. 

Li: Did I understand that the human growth hormone has no lactogenic 
activity ? 

Friesen: No. I would expect to find some intrinsic lactogenic activity 
in growth hormone. We want to take HGH that was absorbed by the 
anti-HPL-Sepharose column, elute it and compare the lactogenic activity 
present before and after absorption, to see whether there is a difference in 
the intrinsic prolactin activity. 

Li:  Have you any chemical data on your purified monkey prolactin ? 
Friesen: No. 
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Fruntz: We find that highly purified human growth hormone prepara- 
tions (from Dr Wilhelmi) all appear to have high intrinsic prolactin activity 
which can be completely neutralized with anti-growth hormone antiserum. 
The same antiserum is completely ineffective in neutralizing prolactin 
activity in the serum of patients with postpartum lactation or with galactor- 
rhoea, which suggests that that activity is not due to growth hormone. 

Friesen: What concentrations of HGH did you test? 
Fruntz: We have tested 2 pg/ml of preparation HSIIO~C. Since we get 

a maximal response at 50 ng, the abolition of the response at 2000 nglml 
seems to us significant. 

Friesen: Our estimate is that there is about one part of human prolactin 
per 500 of HGH so you will probably have to test at a concentration 500 

times that at which you obtain a minimal response in your bioassay. 
Fruntx: Yes; that would only give us about 4 ng, and that would perhaps 

be a little too low to detect. 
Friesen: It’s just at the limit of sensitivity of your assay. It would be very 

interesting and important to do this. 
Forsyth: I think that the lactogenic activity of human growth hormone 

as shown in bioassays must be an intrinsic property. In the rabbit, the 
activity is so high (20-40 i.u./mg) that if it were due to some small prolactin 
contamination, the specific activity of human prolactin in the system 
would be fantastically high. 

Pusteels: On species differences, I am not surprised by what Dr Friesen 
found in the monkey in comparison to the human pituitary. With Dr 
Nicoll we are studying pituitaries of rhesus monkeys and of humans using 
differential staining of the prolactin cells and immunofluorescence. In 
male monkeys or in adult females, not pregnant and not lactating, there 
were quite a lot of well-developed prolactin cells filled with secretory 
material, and in humans there were not, except during pregnancy and 
postpartum. Perhaps t h i s  was the result of stress, because one never knows 
exactly how the monkeys were, whether they were pregnant before they 
were caught (in some we found evidence of a recent abortion), or if they 
were stressed by being kept in the laboratory. It might not be a true species 
difference, therefore. 

Turkington: Following up Dr. Pasteels’ point, in view of the fact that by 
a large number of criteria the prolactin-secreting cells in the normal human 
pituitary seem to be about one per cent of the number of acidophils which 
are secreting growth hormone, I wonder if this is consistent with Dr 
Friesen’s findings that the serum concentration of prolactin is around 
10 ng/ml in normal humans, male or female? This is very much the same 
concentration as growth hormone, and one would expect that the two 
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hormones would have similar half-lives in the serum. The only way to 
account for this would be that prolactin is secreted at  perhaps a hundred 
times the rate of growth hormone. 

Frieren: These considerations concerned us too. There are three lines of 
evidence for thinking that the level of 10 n g / d  of prolactin is valid. The 
fmt is that if we pass the sera through the anti-ovine prolactin-Sepharose 
column, measuring prolactin before and after, the level is always zero 
afterwards. If we do the same experiment with an anti-HPGSepharose, 
it is unchanged. The second line of evidence is that when the sera ofpatients 
are examined before and after surgical hypophysectomy for diabetes or 
mammary cancer the blood prolactin after hypophysectomy is always zero. 
Thirdly, and t h i s  is the best evidence, when L-dopa is given to patients with 
Parkinson’s disease, the levels initially are about 10 ng/ml of prolactin; 
within three hours, in eight out of ten patients, the levels had declined to 
zero. I think that dopamine or L-dopa in those individuals has shut off 
prolactin, just as Dr MacLeod found in the rat. I think your suggestion is 
quite right that the prolactin-secreting cells are synthesizing prolactin at  a 
tremendous rate, which is why we find kinetic evidence for a rapid synthe- 
sis of prolactin, compared to the other hormones in the anterior pituitary. 

Turkington; These hormones are defined operationally, in terms of 
immunological cross-reactivity. Have you any other criteria ? 

Friesen: In six studies where we did bioassays using the pigeon crop sac 
assay and immunoassay (Guyda and Friesen 1971) the difference in potency 
estimates usually was a factor of two; the immunoassay generally under- 
estimates the biological activity by a factor of about two. So that is an 
independent way of looking at it. 

Turkington: By bioassay (seep. 172) we haveneverencountereddetectable 
prolactin in people whom we would call normal, and so I wonder whether 
this is a methodological discrepancy or not ? 

Friesen: I agree that this is an important issue that can only be resolved 
by assaying the same samples in two different laboratories. For the samples 
that were assayed by you from patients after pituitary stalk section and 
were also sent to us, our immunoassay results generally were considerably 
lower than yours, by a factor of five to ten; so I’m puzzled why you can’t 
detect prolactin in normal people. At low levels our estimates are higher 
than yours, yet at high levels our estimates are lower. There appears to be 
an interesting difference here, which may be due to inherent differences 
in the assay. 

On the question ofstress, in a series ofpregnant monkeys that we operated 
upon, the foetus being removed, the initial serum prolactin concentrations 
were all rather low, less than 20 n g / d  usually. Before surgery was begun 
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but after Nembutal anaesthesia, there was an increase in prolactin. The 
highest concentration we found was 1000 ng/ml: a remarkable amount. 
During surgery the level fell, and during the next few days, samples taken 
in the unanaesthetized state were again low (less than 20 nglml). Two to 
six weeks later the same animals were re-operated upon and their levels 
after anaesthesia but before surgery were again elevated (zoo ng/ml). In 
human subjects undergoing a variety of surgical procedures the initial 
serum prolactin levels are already high even before anaesthesia (30-70 
nglml). One patient developed galactorrhoea after surgery, which is a 
rather rare occurrence, and her blood prolactin rose to 70 n g / d  from a 
preoperative level of 10 nglml. 

Frantz: Do you interpret the results to indicate that removal of the foetus 
itself produced any change in circulating prolactin or do you interpret the 
results merely as stress ? 

Friesen: I think the data are too limited to conclude that removing the 
foetus had an effect, other than that due to stress. 

Nicoll: Regarding the discrepancy between the small number and in- 
active appearance of human prolactin cells in hypophyses taken at autopsy 
and the apparently high synthetic rate in vitro, the patients from whom the 
glands were obtained were presumably emotionally stressed in preparation 
for surgery, and they also had some pathology, which may have had an 
influence on pituitary function. 

Friesen: We must bear in mind that the rate of secretion as demonstrated 
in vitro is probably favoured. First of all, any hypothalamic inhibition has 
been removed, and secondly, there probably is a preferential release of 
prolactin. The chemical amount of prolactin released is really not very 
large-o.40 ng/mg/z4 hours; the amount of growth hormone in our 
incubation media varies from twenty to a hundred times that of prolactin. 
The rapid synthesis of prolactin is shown by the rapid incorporation of 
labelled leucine into prolactin. If we had looked at chemical amounts of 
prolactin in the media, I don’t think we would have been able to demon- 
strate so clearly the existence of a separate primate prolactin. 

Greenwood: Certainly as far as we are concerned, human prolactin 
functions like sheep prolactin. Both hormones respond to the same three 
major stimuli of stress, phenothiazines and suckling. We have recently 
found a discrepancy in the half-lives of endogenous and exogenous sheep 
prolactin. The exogenous half-life is about 20 minutes (Bryant et al. 1968) 
whereas the endogenous half-life is not greater than seven minutes. The 
fall in plasma human prolactin is consistent with a half-life of about four 
or five minutes. Have you any data on the half-life of human prolactin in 
plasma ? 



DISCUSSION I09 

Friesen: From some of the data on monkey prolactin we can infer a maxi- 
mal estimate of half-life, and in some individuals it is as short as ten minutes, 
but it‘s hard to get a situation where you can shut off prolactin secretion. 

Turkington: We made one observation on a patient who had hypo- 
physectomy for a prolactin-secreting tumour and whose serum prolactin 
subsequently fell to zero. Her prolactin activity disappeared with a half- 
life between 12 and 15 minutes. 

Greenwood: Dr Friesen, have you any evidence in your short-term 
pituitary incubations of degradation? Dr Stanley Ellis says that the 
pituitary contains a number of enzymes which will degrade peptide 
hormones down to amino acids. Have you evidence of partially synthe- 
sized prolactin ? We have been trying to study this in cell-free systems and 
all we found was that ribosomes have a very high capacity for adsorbing 
prolactin non-specifically . Would ribosome-adsorbed material be readily 
pulled out by your extraction procedure ? 

Friesen: We haven’t studied that point. The reason I doubt that there is 
much degradation is that in the pituitary from a patient with galactorrhoea, 
after 24 hours in culture half the total protein was prolactin, so that is a 
maximal estimate of degradation of 50 per cent. 

Greenwood: In our foetal pituitary cultures degradation can’t be very 
high otherwise we would not be able to find prolactin ! 

MucLeod: We looked at the question of degradation quite carefully and 
in the whole-tissue incubations we obtained IOO per cent recovery of 
added prolactin-there was no degradation at all. 

Wilhelmi: If the cells are intact, proteolytic activity is nearly nil in pit- 
uitary cell cultures. If you freeze and thaw, rupturing the cells, disintegra- 
tion begins. Prolactin is likely to go very quickly; Stanley Ellis, using 
frozen and thawed beef pituitary gland, found that the first hormonal 
activity to disappear was prolactin. Robert W. Bates also made the same 
observation. 

Greenwood: Has Dr Friesen or anyone else an estimate of the prolactin 
content of fresh frozen or acetone-dried human pituitaries? I want to 
know whether it’s worth proceeding with tissue culture as a source of 
isolation or whether somebody is going to isolate prolactin from ten 
thousand pituitaries. 

Friesen; Of 10 g of acetone-dried powder, we estimate that o * 09 per 
cent was prolactin, or 0.9 mg per g. I think it’s somewhat higher in 
frozen pituitary glands. 

Wilhelmi: Ten g of acetone powder would be equivalent to about a 
hundred human pituitaries. Our figure would be close to Dr Friesen’s 
figure, approximately 40 to IOO tJ.g per g of fresh tissue. 
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Meites: Are these glands from children, men, pregnant women, lac- 
tating women, or which state? This must make a big difference. 

Wilhelmi: With fresh glands from lactating women the concentration 
becomes five to ten times higher. 

Friesen: I agree. The yields of prolactin that we obtained from pitui- 
taries removed at surgery from cases of diabetic retinopathy or mammary 
cancer have been approximately 50 pg per gland. We haven’t noticed 
any marked sex difference in prolactin content, but there is some variation 
from gland to gland (20-100 pg). 

sherwood: Were any differences noted in women before and after the 
menopause, since this may be relevant to the breast cancer problem? 
Most of the glands were presumably postmenopausal specimens. 

Friesen: We haven’t looked carefully, but we had at least a dozen samples 
from postmenopausal women and the levels are the same as those in 
premenopausal women. Patients with breast cancer (ten subjects) have 
the same concentrations as other adults. 
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MOLECULAR BIOLOGICAL ASPECTS OF PROLACTIN 

ROGER W. TURKINGTON 

Department ?f Medicine, University of Wisconsin, Madison 

IT is the task of the mammary gland to develop and secrete an extra- 
cellular fluid of highly specialized composition at discrete periods in the 
life of the adult mammal and in response to specific physiological signals. 
The complex and relatively rapid processes of mammary growth and 
development depend upon responses to a variety of hormones which 
culminate in the formation of a new population of secretory cells, the 
mammary alveolar cells. Prolactin both participates in the regulation of 
alveolar cell differentiation and induces the secretory milk proteins after 
parturition. The mechanisms by which prolactin governs glandular 
development and exocrine function can only be understood in terms of 
specific molecular interactions which regulate gene activity and protein 
synthesis. 

Studies in our laboratory on the mechanism of action of prolactin have 
utilized organ cultures of mouse mammary gland. Tissues from a highly 
inbred strain of mice have been studied at precise time points in pregnancy 
by culture on chemically defined medium. Specific hormones have been 
added to the medium at appropriate time points and at known concentra- 
tions. The effects ofprolactin reported here can be obtained at physiological 
concentrations of prolactin, as will be shown later (pp. 169-184). Such a 
highly controlled system has permitted analysis of regulatory events 
throughout the cell cycle during hormonally induced cell proliferation, 
and has permitted detection of early perturbations in the pattern of cellular 
regulation in response to a specific hormonal signal. 

The diagram shown in Fig. I summarizes the sequence ofhormone action 
and cellular transition in the mammary organ culture system. Insulin can 
act to induce mammary epithelial stem cells to divide during the culture 
period (Turkington and Topper 1967; Stockdale and Topper 1966; 
Turkington 1968~). Although the action of insulin has been studied 
primarily, a number of other humoral factors can induce cell division 
(Turkington 1971~). Epithelial-epidermal growth factor (EGF) (Turking- 
ton 1968~) is a highly potent molecule in this respect, although its species 
distribution appears to be largely limited to rodents (Turkington, Males and 
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Cohen 1971). Preparations of growth hormone also stimulate mammary 
epithelial cells to divide (Turkington 1968a), as does a newly discovered 
protein in serum (Majumder and Turkington 1971a). Prolactin or human 
placental lactogen (Turkington and Topper 1966; Turkington 1968b) 
induce the milk proteins only in daughter cells formed in uitro. This 

Insulin, 
Epithelial g rowth  factor, 
Growth hormone, Pro lac t in ,  
Serum growth factor Hydrocortisone Chorionic somatomammotrophin 

Insulin 

FIG. I .  General scheme of the sequence of hormone actions and cellular 
transitions during mammary epithelial cell differentiation in viho. 

Chorionic somatomammotrophin = placental lactogen. 

process requires a period of pre-treatment with hydrocortisone or another 
active adrenal cortical hormone (Turkington, Juergens and Topper 1967). 
However, as will be mentioned below, a number of the early actions of 
prolactin can occur in cells not pre-treated with hydrocortisone. Stimula- 
tion of the rates of total nuclear and ribosomal RNA synthesis and the 
induction of the milk proteins requires the synergistic action of insulin. 
Although a number of other polypeptides can substitute for insulin to 
induce cell proliferation, none of these can replace the requirement for 
insulin’s synergistic actions on the newly formed alveolar cells (Turkington 
19694. Despite the relatively large number of hormones to which the 
mammary cells respond, it has been possible to dissect out the actions of 
prolactin by using cultured cells. 

INITIAL ACTION OF PROLACTIN : BINDING TO CELL MEMBRANE RECEPTORS 

Our early interest in the molecular events regulated by prolactin was 
focused on the stimulation of milk protein synthesis (Turkington, Juergens 
and Topper 1965 ; Turkington et a!. 1968). To discern the sequence of the 
large number of regulatory events which preceded this effect, however, it 
was essential to ask what molecular interaction occurred initially in the 



MOLECULAR BIOLOGY OF PROLACTIN 113 

stimulation of the target cell. In attempts to identify this molecule it was 
found that specific prolactin receptor activity resides in preparations of 
mammary plasma membranes (Turkington 1971b). The binding reaction 
between prolactin and the receptor activity was assayed by using [1261]- 
prolactin of very high specific activity and plasma membranes of high 
purity prepared by a modification of the method of Neville (1968) from 
lactational mammary gland. After a period of incubation of the mem- 
branes with [126I]prolactin the mixture was sedimented by centrifugation 
and the radioactivity in the membrane fraction was counted. As shown in 
Fig. 2, approximately 30 per cent of the [1251]prolactin was bound in a 

O L H  

V 

U n N 

2.5 25 250 
Unlabeled Hormone, ng/ml 

FIG. 2. Competitive displacement of [la61]prolactin (ovine) from mouse 
mammary epithelial plasma membranes by prolactin (ovine). Bovine 
TSH, ovine LH and ovine FSH failed to compete with ['*~I]prolactin 

for binding at these concentrations. 

typical experiment. This binding was specific for prolactin since only 
prolactin, but not the other pituitary glycopeptides LH, FSH or TSH, could 
displace [125I]prolactin from the binding sites on the membranes. This 
binding reaction was relatively specific for plasma membranes prepared 
from mammary gland. The rate of binding was relatively rapid, with 
nearly maximal values for binding observed after incubation at oo or 
30°C for 5 minutes. The [1251]prolactin was found to retain 70-90 per cent 
of the biological activity of native prolactin as tested in the [32P]casein 
assay (see pp. 169-184). 
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STIMULATION OF NUCLEAR TRANSCRIPTION BY ACTIVATION OF THE PLASMA 

MEMBRANE 

To determine whether such interaction of prolactin with the superficial 
surface structures of the cell membrane could lead to a stimulation of 
intracellular activity, prolactin covalently bonded to beads of Sepharose 
was allowed to interact with isolated mammary epithelial cells. The 
reaction between ovine prolactin and cyanogen bromide-activated 
Sepharose beads was carried out at pH 6.0 to permit binding of a minimal 
number of amine groups in the prolactin peptide chain. Unreacted 
prolactin which may have been adsorbed to the Sepharose beads was 
removed by washing with 6~-guanidine hydrochloride and alkaline 
bicarbonate buffer, and was not detected in the final washings by the 
[SaPIcasein assay for prolactin. The isolated mammary cells were derived 
from explants incubated with insulin and hydrocortisone for 72 hours. 
As shown in Table I, the Sepharose-prolactin stimulated the rate of 

TABU I 
STIMULATION OP ISOLATBD MhMMABY CELLS BY 

SEPHAROSE-PROLACTIN 

Nuclear [WIRNA 
System c.p.nt.Jioo mg tissue 

Control 2754 
Prolactin 8539 
Sepharose-prolactin 850s 

synthesis of rapidly labelled nuclear RNA to the same degree as did native 
prolactin. Since the Sepharose beads were 5-10 times larger than the 
epithelial cells by microscopic comparison, it seems that the coupled 
hormone effected the stimulation of RNA synthesis without being able 
to enter the cells. These results do not exclude the possibility that the 
native hormone may enter the cell under normal conditions, or that 
proteolytic activity in the culture may have released biologically active 
peptides for cellular entry. However, no such soluble prolactin activity 
could be recovered from the culture medium after centrifugal separation of 
the cells and Sepharose beads (Turkington 1970~). Although these studies 
provide evidence for prolactin receptor activity in mammary cell mem- 
branes, little is known yet about the chemical nature of such activity or its 
organization in the membrane structure. 

INDUCTION OF THE MILK PROTBINS : SEQUENCE OF EVENTS 

As indicated in the diagram in Fig. I (p. I I ~ ) ,  the epithelial cells both 
proliferate and differentiate during the period of culture. Only a single 
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cell division occurs in vitro, and after 72 hours cell division ceases (Lock- 
wood, Stockdale and Topper 1967; Turkington 1968~). The epithelial 
cell population then contains a large number of daughter cells in the G, 
phase of the cell cycle that can respond to prolactin. A characteristic 
sequence of biochemical changes occurs after the addition of prolactin 
to the cdture medium of explants pre-treated for more than 72 hours with 
insulin and hydrocortisone. As shown in Fig. 3,  an early effect is an in- 

GALACTOSYL . 
600 TRANSFERAK 

6 500 z 

[L !E 
2000 -.A 

z b 

z 
[3 !$ u 400 
0 

I- 
$ 300 1500 $ 

> 
0 

V 

1000 g 

E 

2 

8 
a 200 

5 

100 500 f i  
I 
3 

0 12 24 36 48 

HOURS AFTER ADDITION OF PROLACTIN 

FIG. 3. Sequence of molecular events in the induction ofmilk proteins 
by prolah. Mouse mammary explants were incubated with insulin 
and hydrocortisone for g6 hours prior to the addition of prolactin to the 

medium. 

creased rate of synthesis of rapidly labelled nuclear RNA (Turkington 
197ob). The activity of DNA-dependent RNA polymerase, as assayed in 
isolated cell nuclei, is also stimulated (Turkington and Ward 1969). The 
rate of phosphorylation of histones, primarily the F2a2 and F2b fractions, 
is increased, as is the rate of phosphorylation of certain non-histone nuclear 
proteins (Turkington and Riddle 1969). Following hs period of increased 
biosynthetic activity at the chromosomal level the milk proteins are 
synthesized. During the first three days of culture the rate of synthesis of 
casein by the differentiated epithelial cells decreases as these cells lose their 
highly differentiated functions (Turkington, Lockwood and Topper 
1967; Turkington 1968b). The synthesis of specific casein phospho- 
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proteins (e.g. casein band 3 in Fig. 3) is undetectable until prolactin is 
added to the medium. Experiments with inhibitors of cell proliferation, 
such as colchicine, have demonstrated that the changes in macromolecular 
synthesis shown in Fig. 3 occur in the cells formed in uitro, and that casein 
synthesis is initiated in these cells from an apparently ‘zero baseline’. 
Subsequently the enzymic activity of the lactose synthetase system is 
stimulated (Turkington et al. 1968; Turkington and Hill 1969). This 
system consists of a galactosyltransferase which can transfer galactose 
from UDP-galactose to N-acetylglucosamine or to glucose; and a- 
lactalbumin, which interacts with the galactosyltransferase to ‘specify’ 
transfer primarily to glucose for the formation of lactose (Brew, Vanaman 
and Hill 1968). The increased formation of [32P]casein or [14C]casein and 
the increased activity of lactose synthetase are prevented by actinomycin D, 
mitomycin C or cycloheximide, indicating that these effects of prolactin 
stimulation require concomitant synthesis of RNA and protein. The 
observations that the formation of the milk proteins was preceded by a 
stimulation oftranscription (Fig. 3) and that synthesis of RNA was necessary 
to mediate the induction of the milk proteins led to a series of investigations 
on the regulation of transcription and the nature of the RNA products 
transcribed in response to prolactin stimulation. 

INDUCTION OP CYCLIC AMP-ACTIVATED PROTEIN KINASB AND CYCLIC 

AMP-BINDING PROTEIN 

Mammary epithelial cells contain two protein phosphokinase isoen- 
zymes, which have been termed kinase I and kinase 11. Kinase I1 requires 
cyclic AMP for maximal activity, while the activity of kinase I is not 
altered by cyclic nucleotides (Majumder and Turkington 19716, c). These 
enzymes are found together in the cytosol with a protein that exhibits a 
high affinity for cyclic AMP. The specificity of the binding reaction for 
cyclic AMP is high, and other cyclic nucleotides compete for h s  binding 
site only at concentrations which are several orders of magnitude greater. 
As shown in Fig. 4 ~ ,  the kinases and the cyclic AMP-binding protein are 
found to sediment together after partial purification from the cytosol 
fraction. After passage of these proteins through a DEAE-cellulose ion 
exchange column the binding activity is largely removed, and the kinase 
activities sediment with lower sedimentation constants. These observations 
suggest that in the cytosol these proteins exist together as a complex. 
Although the kinases exhibit the greatest substrate specificity toward 
histones, the proteins with which this protein complex interacts under 
physiological conditions are as yet unknown. 
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As shown in Fig. 5 ,  increases in the intracellular concentrations of the 
cyclic AMP-activated protein kinase and the cyclic AMP-binding protein 
occur rapidly and coordinately in response to the addition of prolactin. 
These increases are prevented by actinomycin D and cycloheximide, a 
result consistent with the conclusion that prolactin induces the formation of 

M O L E C U L A R  B I O L O G Y  OF P R O L A C T I N  

Top Fraction k n b u  BorroM 

FIG. 4. Sedimentation profiles of protein kinase activity and cyclic 
AMP-binding protein in isokinetic sucrose density gradients: B, afta 
partial purification from the cytosol by ammonium sulphate precipita- 
tion; A, after further purification of the kinases by DEAE-cellulose 

chromatography. 

new protein molecules and does not merely activate the pre-existing 
proteins. This inductive process occurs as early as the increased rate of 
incorporation of [3H]uridine into rapidly labelled nuclear RNA. How- 
ever, half-maximal induced levels of the kinase and cyclic AMP-binding 
protein are observed 3 0  minutes after addition of prolactin, and maximal 
levels are observed at four hours. Stimulation of rapidly labelled RNA 
continues beyond this time point. The phosphorylation of specific nuclear 
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proteins is stimulated following the induction of the protein kinases, a 
result which is consistent with the possibility that phosphorylation of these 
proteins may be dependent in part upon the formation of the protein 
kinases. Prolactin, unlike several other pituitary polypeptide hormones, 
does not activate adenyl cyclase activity in the cell membranes of its target 
cell (Majumder and Turkington 1971c). Furthermore, cyclic AMP in the 
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culture medium cannot replace the action of prolactin or exert an additive 
effect with rate-limiting concentrations of prolactin for the induction of 
casein. These observations suggest that prolactin acts through a navel 
regulatory mechanism. The binding of prolactin to its membrane re- 
ceptor(s) does not cause an activation of adenyl cyclase for the increased 
rate of formation of cyclic AMP. Rather, the proteins with which cyclic 
AMP interacts appear to be rate-limiting, since these are rapidly induced by 
the hormone. 
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THE PRODUCTS OF PROLACTIN-STIMULATED TRANSCRIPTION 

1 I 9  

Approximately 98 per cent of the RNA which becomes labelled by 
exposure of the explants for 20 minutes to medium containing [3H]uridine 
is found in the nucleus (Turkington 197ob). Analysis of t h i s  RNA by 
centrifugation in an isokinetic sucrose gradient indicates that it is composed 
ofpeaks of45S and 32s RNA as well as some heavier, heterodisperse RNA 
which may extend to the region of 100s (Fig. 6A). The 45s and 32s 
peaks have a high guanine and cytosine content, while the heterodisperse 
RNA is DNA-like in its base composition. ‘Chase’ experiments of the 

FIG. 6. Sucrose density gradient sedimentation profiles of rapidly 
labelled RNA in mammary explants incubated for 88 hours with insulin 
and hydrocortisone. A, control. In B the medium contained prolactin 
during the 72-88 hour period. The labelling time with [*Hluridine 

(8 pCi/ml) was 20 minutes in each case. 

labelled RNA on non-isotopic medium containing actinomycin D during 
a p-minute period subsequent to labelling indicate that the DNA-like 
RNA turns over nearly completely, and the 45s and 32s peaks are con- 
verted to 28s and 18s ribosomal RNA. Synthesis of these two classes of 
RNA, the heterodisperse DNA-like RNA and the pre-ribosomal RNA, is 
stimulated by prolactin (Fig. 6B). The increased rate of labelling of RNA 
does not reflect merely a change in the concentration of isotopic precursor 
available, since the specific activity of [3H]uridine triphosphate, the 
immediate precursor of RNA, is not significantly altered. 

Figure 7 shows the sucrose gradient profiles of [3H]RNA labelled for 
four hours in mammary explants cultured in medium containing various 
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added hormones. After culture for 24 hours with insulin the rate of syn-  
thesis in peaks of 28S, 18s and 4-5s ribosomal RNA is markedly stimulated. 
The combination of insulin and hydrocortisone does not further increase 
the rate ofribosomal RNA synthesis. After 72 hours ofculture the addition 

FIG. 7. Sucrose density gradient sedimentation profiles of ribosomal 
RNA in mouse mammary explants incubated with various hormones. 
A, 24-hour incubation. Control, 0-0. Insulin, 0-0. B, 72-hour 
incubation with insulin and hydrocortisone, then 25-hour incubation 
with or without the addition of prolactin. Control, 0-0. Prolactin, 

0-0. 

of prolactin for 20 hours results in a further marked increase in the rates 
of labelling of the ribosomal RNA’s. 

The rapidly labelled, heterodisperse, DNA-like nuclear RNA has been 
further characterized by DNA-RNA hybridization-competition experi- 
ments (Turkington 1970~). As shown in Fig. 8, rapidly labelled RNA 
recovered from highly purified nuclei of differentiated (lactational) tissue 
hybridized to homologous DNA,  and the competitive displacement of 
label by unlabelled nuclear RNA from lactational tissue was complete, 
indicating the similarity of the labelled and unlabelled populations of RNA. 
The nuclear RNA prepared from undifferentiated (virginal) mammary 
epithelial cells competed incompletely with the lactational RNA, indicating 
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the presence of species or sequences of RNA in the differentiated cells which 
were not detectable in the undifferentiated cells. These results were 
verified in reversed labelling experiments and with competitive hybridiza- 
tion using double labels. These results provide evidence to support the 
concept that new loci on the mouse genome are transcribed as mouse 
mammary cells differentiate. However, it is not known whether the 

I 2 4 6 8 

FIG. 8. The competition of unlabelled nuclear RNA from undiffer- 
entiated (virginal) cells or differentiated (lactational) mam- 
mary cells in the hybndmtlon of lactational mammary [8H]RNA with 
homologous DNA. Control hybridization (100 per cent) was 1100 

c.p.m. above background. 

.ug COMPETING RNA/fig C3nIRNA 

hormones directly participate in the ‘derepression’ of these loci, or whether 
they merely permit expression of the derepressed genes by their actions at 
other sites for regulation of RNA and protein synthesis. 

It is well accepted that polysomes are the site of protein synthesis. To 
determine how prolactin induces specific m& proteins it was of interest, 
therefore, to examine the effect of prolactin on the formation of poly- 
somes. Fig. 9~ shows the sucrose gradient profile of ribosomes isolated 
from mammary explants incubated with insulin and hydrocortisone for 
72 hours. The largest peak near the top of the gradient is the monomer 
ribosomal peak with a sedimentation value of approximately 80s. The 
peaks which sediment nearer the bottom each represent a larger number of 
ribosomes aggregated in polysomes. The profile in Fig. 9~ represents the 
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polysomes derived from an amount of explant tissue equal to that used in 
Fig. 9~ and obtained 16 hours after the addition of prolactin. Prolactin 
stimulates the formation of ribosomes and the aggregation of these ribo- 
somes into polysomes. It was shown that the increase in area under the 
polysome profile occurred only with mammary epithelial cells formed 
in uitro and pre-treated with insulin and hydrocortisone. Experiments in 
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FIG. 9. Polysomal profiles derived from mouse mammary epithelial 
cell preparations after treatment with insulin and hydrocortisone for 72 
hours (A). In B, prolactin was added and the explants were cultured for 

an additional a4 hours prior to assay. 

which the ribosomes were labelled with [SH]uridine before prolactin was 
added demonstrated that the prolactin-induced ribosomal RNA was 
processed into the ribosomes which then entered the pool of polysonies 
formed in response to the addition of prolactin (Turkington and Riddle 
1970). To determine whether the population of polysomes induced by 
prolactin was qualitatively different from the preexisting polysomes the 
time course of synthesis of a specific casein polypeptide was correlated with 
polysome formation. As shown in Fig. 10, the synthesis of casein band 3 is 
undetectable in the explant population after 96 hours of incubation. After 
the addition of prolactin there was a lag period of four hours, after which 
the synthesis ofcasein band 3 was initiated in association with the appearance 
of new polysomes in the cell. The rate of synthesis of t h i s  casein poly- 
peptide continued to increase in parallel with the increase in total poly- 
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somes. This evidence indicates that the synthesis of casein band 3 is depen- 
dent upon the formation of prolactin-induced polysomes, and suggests 
that these polysomes represent new expression of a specific gene, since they 
presumably contain the messenger RNA for a polypeptide that was not 
synthesized at a detectable rate in the unstimulated post-mitotic cells. 

In addition to messenger RNA and ribosomal RNA's a h r d  general 
type of RNA is required for the assembly of polypeptides : transfer RNA's. 

I I I I I I 

4 8 12 16 20 24 
Hours After Addition of Prolactin 

FIG. 10. Time course of the effect of prolactin on total polysomes and 
rate ofincorporation of into casein. Mouse mammary explants were 
incubated on medium containing insulin and hydrocortisone for 90 

hours, at which time prolactin was added to the medium. 

Transfer RNA has been measured in these studies as material which 
absorbs at 260 nm and migrates in polyacrylamide gels as 4s RNA; and as 
RNA which has amino-acid acceptor activity in the presence of amino 
acyl synthetase enzymes. During development of the mammary gland in 
pregnamy the cellular content of transfer RNA increases more than Io-fold 
(Turkington and Riddle 19%). Although the content of low molecular 
weight RNA also increases in the epithelial cells, the increment which is 
transfer RNA is disproportionately larger at  each developmental point. 
Studies on the hormonal regulation of transfer RNA in explants indicate 
that insulin, hydrocortisone and prolactin are required to stimulate the for- 
mation of transfer RNA in the epithelial cells formed in uitro (Turkington 
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1969b). The assembly of the transfer RNA’s is completed by methylation 
of specific bases in the preformed polynucleotide chain. A number of 
transfer RNA methylases exhibiting specificity for particular bases and for 
transfer RNA from different biological sources have been described 
(Hurwitz, Gold and Anders 1964; Srinivasan and Borek 1964) and seven 
such enzymes have been identified in mouse mammary epithelial cells 
(Turkington 1969b). Synchronous increases in transfer RNA and transfer 
RNA-methylating enzymes are observed throughout the period of 
mammary gland development, and no further increase occurs after 
parturition. The enzymes which methylate transfer RNA are coordinately 
induced in vitro by the actions of prolactin and insulin, and this induction 
does not require the action of hydrocortisone. Since no new base-specific 
enzymes appear and the ratios ofthe methylating enzymes remain relatively 
constant, it is unlikely that altered patterns of transfer RNA methylation 
are required for the hormone-induced differentiation of mammary cells. 

GENERAL SCHEME OF THE ACTION OP PROLACTIN 

These studies on the action of prolacfin illustrate several major steps 
through which this hormone’s regulation of the mammary alveolar cell is 
mediated. These steps are: 

I. Interaction of prolactin with the cell membrane receptor(s). 
2. Translation of the altered state of the membrane into an intracellular 

signal to the nucleus. 
3.  Altered intranuclear transcription which is coordinated to provide 

the ribosomal, transfer and messenger RNA’s required for synthesis 
of milk proteins and other mammary enzymes. 

4. Synthesis of the milk proteins and other inducible proteins, and 
secretion of the milk products. 

These steps are summarized in the diagram shown in Fig. 11. While 
evidence exists for highly specific binding activity for prolactin in the cell 
membrane, little information is available on the structural characteristics 
of the receptor and how it is organized into the membrane, possibly to 
affect other membrane functions. The mechanism by which a perturbation 
of the state of the plasma membrane could influence the nucleus is the 
weakest link in our knowledge of prolactin’s action. It is likely that the 
cyclic AMP-binding protein and protein kinases participate in this process, 
and the way in which this could occur is currently under investigation. The 
mammary cell acts partly as an information-processing device. Its state 
at any one moment depends upon the spread of environmental signals 
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through its regulatory mechanisms, and its responses to the processed 
information are those which are permitted by its state of cell differentiation. 
The single stimulus provided by prolactin in the environment could be 
processed in several ways. It is possible that a number of receptor types 
exist which could, by having differing affrnities for prolactin, provide the 
cell with information about the concentration of the hormone in the 
extracellular fluid. The presence of this single chemical (prolactin) could 
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FIG. I I.  Propose- .cheme c : response of the mammary alvec-z cell 
to prolactin, showing: hormone sensing; the processing of hormonal 
‘information’ in the cytoplasm and nucleus; and the transcription of 
multiple classes of RNA for the synthesis of specific milk proteins and 

other induced proteins in the cytoplasm. 

lead to alterations in the intracellular concentrations of several com- 
pounds through altered cell permeability and altered rates of metabolic 
conversions, thereby resulting in an amplification of the chemical signal. 
Translation of the transduced signal to the RNA sequences of nuclear 
RNA could then provide intranuclear signals required to activate trans- 
cription on the genes for ribosomal RNA, transfer RNA and messenger 
RNA. It is possible that the action of prolactin could be amplified further 
through the process of gene amplification (Brown and Dawid 1968) 
although there is no direct evidence for this mechanism in mammalian 
cells. A number of other factors regulate protein synthesis at  the trans- 
lational level. Although translational effects do not appear to be of major 

5* 
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importance in these in uitro studies, this does not exclude the possibility that 
translation may be regulated by prolactin during maintained lactation in 
uiuo. It is possible that the propagation of the prolactin signal in the 
cytoplasm of mammary cells may require macromolecular aggregates as 
highly organized as those which serve the passage of electrons in the 
mitochondrion. If so, it is possible that further studies on the effect of 
prolactin on mammary cells will lead to a new dimension in our concepts 
of cell function. 

SUMMARY 

The mechanism of action of prolactin has been studied in mouse mani- 
mary explants which have been cultured previously in chemically defined 
medium containing insulin and hydrocortisone. Addition to the medium 
of physiological amounts of prolactin results in a characteristic sequence of 
molecular events. Prolactin interacts with cell membrane receptors, arid 
the synthesis of rapidly labelled nuclear RNA is then stimulated. This 
RNA consists of 45s and 32s pre-ribosomal RNA’s and heterodisperse 
DNA-like RNA species. RNA-DNA hybridization-competition studies 
have demonstrated the presence of RNA sequences in these DNA-like 
RNA’s which are not detectable in undifferentiated epithelial cells. The 
pre-ribosomal RNA is processed, and a new population of polysomes then 
enters the cytoplasm. The synthesis of specific casein polypeptides is 
initiated at this time, indicating the presence of casein mRNA in the new 
polysome population. Formation of transfer RNA is also stimulated. 
This increased transcriptive activity in response to prolactin is associated 
with an increase in chromosomal protein phosphorylation, and is preceded 
by the induction of specific cyclic AMP-activated protein kinases and a 
cyclic AMP-binding protein. The subsequent synthesis of milk proteins 
thus occurs as the result of a large number of steps which involve hormone 
sensing, information processing (initial responses to the hormonal signals) 
and transcriptional and translational read-outs (sequential inductive 
processes determined by cell differentiation). 
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DISCUSSION 

Sherwood: These are very elegant experiments. I was interested in the 
competitive displacement of 12%labelled prolactin from the membrane 
receptors by unlabelled prolactin. Following up my earlier discussion 
of common sequences in different proteins possibly activating a prolactin 
effect (p. 48), have you tried HGH or HPL in your system and do they 
displace prolactin from the cell membrane ? 

Ttrrkington: We have done a few experiments with some human growth 
hormone preparations, and they seem to contain prolactin-like activity 
in terms of being able to compete with prolactin for binding. The relative 
activities seem to be the same as we find with these preparations in the 
organ culture system in terms of their relative abilities to induce synthesis 
of casein. But this doesn’t resolve the question of whether biologically 
active homologous sequences in the polypeptide are responsible for that 
effect or contamination of the preparations with prolactin. 
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Sherwood: It does suggest, however, that they are binding to the same site ? 
Ttrrkington: Yes, it suggests that possibility. 
Beck: Does HPL do the same ? 
Ttrrkington: HPL seems to compete very well for binding and to be 

highly active in the organ culture system as well. 
Denamtrr: In 1967, 1968 and 1969 we published studies of the action of 

prolactin on mammary ribosomes from rabbits (Denamur and Gaye 1967; 
Gaye and Denamur 1968, 1969). Prolactin is able not only to increase the 
number of polyribosomes in each cell, and especially those bound to the 
membranes of the endoplasmic reticulum, but also to modify the sedimen- 
tation profile of the polyribosomes and their ability (per pg of polysomal 
RNA) to synthesize proteins. We recently showed that the bound poly- 
ribosomes synthesize the milk proteins, whereas the free polyribosomes 
are not able to synthesize these types ofproteins (Gaye and Denamur 1970). 
So our results are comparable to yours, but we have shown that there is a 
very important difference between bound and free polyribosomes as 
regards their ability to synthesize milk proteins. 

Turkington: These are very interesting studies and they go several steps 
beyond the evidence that I described. This represents a very important 
aspects of the hormone’s action in terms of the binding of polyribosonies 
to the membranes, and allowing them to have a potentially increased level 
of biosynthetic activity. 

Denamur: You showed several years ago (Turkington and Hill 1969) 
that progesterone inhibits a-lactalbumin synthesis. Do you know the 
mechanism of this action ? 

Ttrrkington: We haven’t studied that mechanism any further. I would 
assume that it probably involves binding to the progesterone receptor in 
the alveolar cells. Since we found that progesterone inhibited the rate of 
ribosomal RNA synthesis, and since you have also shown that progesterone 
can inhibit the formation of polysomes, it seems to have an inhibitory 
action at the transcriptional level. This is a very interesting effect, since the 
steroid-receptor complex apparently has an inhibitory effect in this cell 
type whereas in other cell types it has a stimulatory effect. 

Greenwood: As a general comment, I don’t think much of the specificity 
of the mammary gland receptor site if it can’t tell the difference between 
growth hormone, prolactin and HPL! Would it be possible to show 
whether the stem cell might be able to distinguish between growth hor- 
mone and prolactin? In other words, could prolactin bind to the ‘stem 
cell’ and cause differentiation or induction of its own receptor ? 

Ttrrkington: This is a very fundamental relationship, because when a cell 
differentiates and becomes one of the cells in the body which, perhaps 
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uniquely, can respond to prolactin, it must utilize information encoded on 
its DNA to form a highly specific protein in its cell membrane. Whether 
the hormone can actually evoke its own receptor in a cell is avery interesting 
question. The only evidence which bears on this is in another system, the 
chick oviduct, in which oestradiol has been shown to induce the progester- 
one receptor. It may be that insulin or hydrocortisone is inducing the 
prolactin receptor in these cells. I think it unlikely that hydrocortisone is 
inducing it since we can observe prolactin-dependent changes in a cell 
which has not been treated with hydrocortisone. For example, the in- 
duction of the cyclic AMP-binding protein does not require pretreatment 
with hydrocortisone. But what the sequence of events is in terms of 
forming the receptor is probably quite important. 

Greenwood: What I had in mind also is that we have somehow to pro- 
duce a target tissue for prolactin other than the mammary gland, to explain 
the obvious role of prolactin in neutralizing a stress stimulus, since pro- 
lactin increases in the circulation in response to stress. Presumably it has a 
physiological role, as growth hormone does, in neutralizing the stress 
stimulus. I can’t believe that the mammary gland is its only target tissue, 
although it has been shown that in a chronically stressed female rat, in 
which there is high prolactin, the mammary glands develop. In other 
words, mammary hyperplasia in females presumably is caused by chronic 
stress ! 

Fruntz: We may be able to resolve this question of the metabolic action 
of prolactin on the body at large by further study on the distribution of 
receptor sites. For example, if we can identifjr some other tissue that has the 
prolactin receptor, that may be presumptive evidence that it may also 
respond to prolactin. 

Beck: Dr Turkington, have you really responded to Dr Greenwood’s 
challenge? He is very disturbed about a common receptor for three 
hormones ! 

Turkington: We find that in the mouse organ culture system, HPL is 
nearly as potent as ovine pituitary prolactin, and that human growth 
hormone has 10-20 per cent of the potency of ovine pituitary prolactin at  
physiological concentrations, and that these hormones seem to compete 
in the same way for the receptor site, in the sense that human growth 
hormone has 10-20 per cent of the a h i t y  for the receptor site that HPL 
or ovine pituitary prolactin has. In that sense, the biological responses and 
the binding to the receptors seem to be parallel. 

Friesen: Have you any information on the nature of kinases I and 11; 
have any attempts been made to purifjr them, and have you used your 
Sepharose-prolactin to purify the receptor site ? Is this a soluble system ? 
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Turkington: It’s not a soluble system. It is fragments of cell mem- 
brane, and we do the assay by sedimenting the membranes by 
centrifugation. 

Friesen: Have you attempted to solubilize the membrane fragments ? 
Turkington: Yes, but without success. We have partly purified the 

kinases to about moo-fold and characterized their substrate specrficity 
and other properties. They have the highest substrate specificity for his- 
tones, but they also phosphorylate some of the non-histone nuclear 
proteins, casein and phosvitin and they are found in the cytosol in a complcx 
together with the cyclic AMP-binding protein. And it appears that the 
cyclic AMP-binding protein is not a subunit of the enzymes because it 
can be dissociated from the enzymes and kinase 11 will retain activation by 
cyclic AMP. Cyclic AMP binds both to kinase I1 and to the cyclic AMP- 
binding protein. 

MucLeod: Your system is a unique one, and you would have an oppor- 
tunity to study the mode of action of many of the hormones that you have 
in your cultures, in particular their specific effects on the cyclic AMP 
system. 

Turkington: Yes. Our evidence is that prolactin does not activate the 
adenyl cyclase of isolated cell membranes and if we incubate the cells with 
cyclic AMP or dibutyryl cyclic AMP, either by itself, or in combination 
with rate-limiting amounts of prolactin, we see no biological activity of 
cyclic AMP. We see a rather different kind of mechanism, in that pro- 
lactin does not increase the intracellular concentration of cyclic AMP as 
part of its early action. That apparently is not rate-limiting. What it does 
is to induce larger amounts of the protein with which cyclic AMP 
interacts. 

MacLeod: Can this be accomplished in the absence ofthe other hormones, 
such as insulin or oestradiol ? 

Turkington: The kinases require insulin also for their induction, but not 
hydrocortisone, and the cyclic AMP-binding protein requires no hormones 
apart from prolactin. 

Prop: In collaboration with Dr Th. M. Konijn, who has an elegant 
system for estimating cyclic AMP (Konijn 1970), we are investigating 
whether prolactin alone and/or in combination with other hormones that 
cause lobulo-alveolar growth or milk production in vitro causes an in- 
crease in cyclic AMP in organ cultures of mouse mammary glands. These 
glands are from seven-week-old virgin CBA mice and are cultured 
according to our method, using whole glands (Prop 1961). Our results so 
far indicate no considerable increase in cyclic AMP, which agrees with 
Dr Turkington’s results. 
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Pasteels: To come back to the question of prolactin secretion during 
stress, it should be recalled that from the results of Neil1 (1970), prolactin 
discharge during stress occurs mainly in female rats. I have discussed that 
with Dr Nicoll, and he has a very satisfactory explanation. 

Nicoll: The explanation is really speculation that perhaps one of the 
things prolactin does during prolonged stress is to have either an ‘anti- 
gonadal’ or an ‘anti-gonadotropic’ effect. In rats it would induce pseudo- 
pregnancy, and this would ensure that the female doesn’t become pregnant 
while in a stressful situation. Another possibility concerns osmoregulation. 
Throughout the vertebrates prolactin seems to be involved in salt and water 
balance, and there is evidence that t h i s  may also be true in mammals. 
Perhaps in a stressful situation, the hormone is participating along with the 
adrenal cortical steroids in osmoregulation. 

Short: I am surprised to hear you describe prolactin as ‘anti-gonadal’ ! 
Nicoll: I’m not denying that prolactin has gonadotropic effects, and I 

realize that ‘anti-gonadal’ or ‘anti-gonadotropic’ are rather poor terms. 
I am referring to the widespread effect that prolactin has among many 
vertebrates in bringing about physiological changes which block follicular 
development. For instance in the rat, prolactin can act as an anti-fertility 
agent by maintaining the animals in a pseudopregnant condition. This 
may also be true in other animals. There is evidence in some birds that 
prolactin inhibits gonadotropin secretion, possibly at the hypothalamic 
level. 

Pmp: One should be careful not to draw conclusions too rashly about 
the complete identity of the effects of prolactin and the prolactin-like 
effects of human growth hormone and placental lactogen. In experiments 
in which we stimulate lobulo-alveolar growth in virgin CBA mammary 
glands in organ culture (Prop 1961) we find that the maximal possible 
response to these latter hormones is less than the maximal possible response 
to sheep or mouse prolactin. Moreover, in experiments soon to be pub- 
lished we found that in mammary gland cultures derived from different 
mouse strains a completely prolactin-free bovine growth hormone gives 
a prolactin-like effect, but the maximally obtainable effect is much less 
than with prolactin and differs in different mouse strains. This indicates 
that the mechanism triggered by growth hormone differs from that 
triggered by prolactin. Looking for lobulo-alveolar growth ofcourse is not 
the same as looking for stimulation of milk secretion, but both processes 
have in common that they require insulin and prolactin or prolactin-like 
substances, although the steroid hormones required are different. It is the 
steroids that determine whether lobulo-alveolar growth or milk produc- 
tion will occur. 
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Turkington: Our experience has been that our preparations of HPL are 
80-90 per cent as effective as ovine prolactin over all concentrations of 
each hormone when compared on a mass basis. This might be somewhat 
less on a molar basis. This is my experience in terms of the morphology 
of the induced secretion, and of the induction of casein and lactose 
synthetase. 

Denamur : Is there any similarity between the phosphokinases you 
described and those dependent on insulin and involved in the production of 
casein (Voytovich, Owens and Topper 1969) ? 

Turkington: I think the enzymic activity that Dr Topper postulated 
could be the same. The difference in our experiments is that we have iso- 
lated an enzyme whereas he was simply looking at the rate of phosphory- 
lation of casein under a variety of culture conditions. 

Sherwood: The interaction of steroid and prolactin in lactogenesis is of 
great interest. Dr Meites and others have shown that in the rabbit, for 
example, one can induce lactation during pregnancy by administering 
either prolactin (or related compounds) or cortisone. How do you under- 
stand this interaction ? Are there critical concentrations of either hormone 
which when present prevent the other from triggering the lactogenic 
response ? 

Turkington: The in vitro explant model provides no adequate explanation 
at present for why lactogenesis is initiated in vivo, and so I have no good 
answer for that. 

Meites: I’m not sure I understand it either, but it could be that in general 
lactation is not initiated during pregnancy because of a deficiency of pro- 
lactin or adrenal cortical hormones or both. In some species, such as 
rats and mice, you can give prolactin during pregnancy without obtaining 
initiation of lactation, but if you give adrenal cortical hormones, you 
initiate lactation. In the rabbit, either hormone will induce lactation during 
gestation, and the two together work best. We have also initiated lac- 
tation in cows in the first third or half of pregnancy by giving just a few 
injections of an adrenal cortical hormone (Meites 1966). 

This also brings up the question of why there isn’t enough circulating 
prolactin or adrenal cortical hormones to initiate lactation during preg- 
nancy. The protein transcortin is present in plasma in large amounts and 
presumably binds to adrenal cortical hormones to prevent a sufficient 
amount of biologically active adrenal cortical hormones from acting on 
the mammary gland. There is also the idea that both Dr Folley and I>r 
Cowie and ourselves (Folley 1956; Meites and Turner 1948) postulated, 
that the combined action of progesterone and oestrogen during pregnancy 
inhibits the stimulating action of oestrogen alone on prolactin secretion. 
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There is the additional factor of the direct action of the steroid hormones 
on the mammary gland, which tends to prevent prolactin and adrenal 
cortical hormones from initiating lactation. For example, you can initiate 
lactation with either prolactin or cortisone in the pregnant rabbit, but 
lactation can be initiated in the non-pregnant rabbit with much smaller 
doses of either hormone, simply because there isn’t the combined action 
of the two steroid hormones on the mammary gland. At parturition the 
two sex steroid hormones decline and prolactin and ACTH-adrenal 
cortical hormones increase, initiating lactation. 

Cowie: Initiation of lactation has been examined carefully only in the 
pregnant rat. Dr N. J. Kuhn (1969a, b) showed that about 30 hours before 
parturition there is a change in the steroidogenic activity of the ovaries 
resulting in a fall in the level ofprogesterone in the blood which is associated 
with the initiation of milk secretion. But it must differ in different species, 
because in ruminants there is much secretory activity in the mammary 
gland at the beginning of the last third of pregnancy which is not associated 
with a fall in the level of blood progesterone and some quite different 
mechanism is evidently concerned in initiating milk secretion. 

Greenwood: The beauty of Dr Turkington’s story is that it brings 
together all areas and mechanisms of action of hormones except for one 
thing. There’s no necessity, on this hypothesis, for prolactin ever to enter 
a cell. Is there any evidence, in fact, that prolactin localizes within, rather 
than on the outside of the target tissue? One thinks of the thymus, where 
cortisol is present in the thymus, but that cortisol is not active; it’s the 
cortisol bound to the receptor which is delivered to the nucleus. It is 
suggested that the function of cortisol is to present a particular protein 
to the nucleus (cf. Munck 1971). 

Turkington: I know of no convincing evidence that prolactin gets into 
the cell, but our studies don’t exclude the possibility. Our evidence 
suggests that it does not have to get into the cell to be active. That pattern 
of polypeptide hormone action is consistent with the evidence for insulin 
and glucagon acting on specific receptor activities on liver cell membranes, 
and ACTH acting on adrenal cell membranes. This pattern seems to be 
different from the pattern for steroid hormones which have specific 
cytosol receptors, which require that the hormone enter the cell and 
react with the cytosol receptors. 

Forsyth: I’m not entirely convinced by the experiments in which you 
bound insulin and prolactin to Sepharose. I’m not sure that the right 
control experiments have been done in this system. With Dr T. E. Bar- 
man at N.I.R.D. we tried to do this type of experiment and although we 
couldn’t find any prolactin activity in the washings of columns of prolactin 

b 
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bound to Sepharose, we have so far been unable to convince ourselves 
that prolactin isn’t coming off under the conditions of incubation. 

Turkington: We have not been able to find free prolactin activity in the 
incubation medium, after the incubation period. We centrifuged down 
the cells and Sepharose beads and then tested the medium for prolactin 
activity, and have not detected any. One might argue here that the 
hormone went into the cell, or was degraded soon after either it came off 
the Sepharose bead to which it was adsorbed or when an enzyme released 
it from the Sepharose. Those are reservations about the conclusion of the 
experiment, although the evidence is against such possibilities. 

Beck: Have you tried to dissociate the hormone from the Sepharose 
after it has induced activity, and recovered it ? 

Turkington: No, we haven’t. 
Friesen: When a hormone bound to Sepharose produces an effect, the 

conclusion which is usually drawn is that the hormone acts at the mem- 
brane and need not penetrate the cell to exert its action. However, a 
critical ‘consideration is whether any hormone has been dissociated from 
the Sepharose and is exerting the biological effect. In the case of the mam- 
mary gland, have you attempted to see whether the minimal effective 
concentration of HPL coupled to Sepharose is the same as that of HPL in 
solution, and whether increasing concentrations of HPL and HPG 
Sepharose exert comparable effects? If the same concentrations of HPL 
and HPL-Sepharose produced identical responses, one would think the 
effect would have to be exerted at the membrane level or else postulate 
that all the HPL-Sepharose had been dissociated. 

Turkington: We haven’t done that experiment. I think it would be 
interesting and could possibly further shore up our conclusions. 
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and the Presbyterian Hospital, New York 

DESPITE a considerable amount of physiological evidence favouring the 
existence of a separate prolactin in man, recognition of this hormone has 
been delayed in part because of the lack of a suitably sensitive and specific 
bioassay. While a great deal of valuable work has been done with the 
pigeon crop sac assay, it has been evident that a still more sensitive assay, 
applicable to plasma without preliminary extraction, and employing a 
mammalian end organ, would be desirable. Several years ago we became 
interested in using mid-pregnant mouse breast tissue in organ culture for the 
measurement of prolactin, and we found this system was capable of 
detecting the hormone at concentrations considerably below what had 
previously been reported (Kleinberg and Frantz 1969). The addition of 
normal human male plasma to the medium increased the sensitivity still 
further, and one year ago we reported a bioassay for prolactin based on this 
system, with a sensitivity of 5 ng/ml of ovine prolactin or somewhat 
better, which was capable of detecting the hormone in unextracted human 
plasma. Elevated levels of prolactin activity, with low immunoassayable 
growth hormone, were found in postpartum subjects, in patients with 
galactorrhoea, and in normal subjects after treatment with various tran- 
quillizing drugs; in none of these could prolactin activity be neutralized 
with anti-human growth hormone antiserum. By contrast, elevated levels 
ofprolactin activity with high growth hormone were found in acromegalic 
patients and in normal subjects after insulin-induced hypoglycaemia ; the 
prolactin in these plasmas could be largely or completely neutralized with 
anti-human growth hormone antiserum (Frantz and Kleinberg 1970). 
In the present report we extend these observations and present additional 
physiological and immunological data. 

ASSAY 

The assay, which we have recently described in detail (Kleinberg and 
Frantz 1g71), is based on the response of the breast tissue of Swiss albino 
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mice of a local strain, bred in our own laboratory. Animals are sacrificed 
by ether anaesthesia on the eighth or ninth day of pregnancy. Breast 
tissues are cut into small pieces and incubated for four days under 95 per 
cent oxygen and 5 per cent carbon dioxide in synthetic Medium 199. This 
is a system which has been studied by a number of investigators for many 
years (Elias 1957; Topper 1968; Turkington 1968)~ but it had not previously 
been used for assay purposes or found capable of responding to such low 
concentrations of prolactin. An important finding has been the beneficial 
effects on this system of human plasma, which enhances the viability of 
the tissues and increases their sensitivity to prolactin. We routinely add 
plasma at 3 0  per cent concentration to all incubation dishes; in those 
containing prolactin standards or other purified substances, the plasma 
used is taken from a large pool of normal human male plasma which 
contains no detectable prolactin activity. When human plasma specimens 
are being tested they are usually run at 10 and 30 per cent concentrations, 
partly or completely replacing the pooled male plasma. The end-point 
is histological. A negative response, seen in the absence ofprolactin (Fig. I), 

is characterized by tubules which are empty and devoid of secretory 
material. A strongly positive response, shown in Fig. 2, has lumina nearly 
all of which are filled with dark red staining secretory material. Grading 
is done on an arbitrary scale of o to 4+ , based on the amount of secretory 
material present. Each tissue fragment in a dish is assigned a grade and 
the resulting score for each dish is a mean of these grades. In practice 
grading is not hard, and the results of different observers are in excellent 
agreement. Although individual inspection and scoring of each sample 
is somewhat time-consuming, we feel that it affords a valuable control 
on the assay. In spite of the most careful technique, one occasionally 
encounters necrosis, which may affect a few or many of the dishes in a given 
assay. We have had experience with a very few human sera which, either 
because of something inherently toxic in the plasma or because of some 
toxic substance acquired in the process of collecting the specimen, regularly 
produced necrosis in every assay in which they were run. These effects 
are unusual but they would be missed if the microscopic appearance of the 
cultures were not visually inspected. Ovine prolactin standards are run in 
each assay at doses of 0, I, 2, 5 ,  10, 20 and 50 ng/ml. When these results 
are plotted together a standard curve of the form shown in Fig. 3 is ob- 
tained, which represents the combined experience of 44 assays. Five 
ng/ml can be defrnitely distinguished from o in most assays, and this is 
what we usually consider the sensitivity of our assay, but in a certain number 
of incubations the effective sensitivity is somewhat better, or approximately 
2 ng/ml. When human plasma to be tested is present in 3 0  per cent concen- 



FIG. I .  Mouse breast tissue after incubation in absence of prolactin. 
x 215. 

FIG. 2. Mouse breast tissue after incubation in presence of prolactin at 
50 ng/ml. Note presence of darkly staining intraluminal secretory 

material. x 215. 

(facing page 138) 
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tration the effective sensitivity of the assay therefore becomes approximately 
15 n g / d  of ovine equivalents, or approximately 0.42 m i.u./d. 

The routine addition of normal human male plasma significantly 
improves the sensitivity of the assay, permitting the detection of prolactin 
at  levels approximately one-half to one-quarter of those that can be 

4.0 a 

3.0 - w 
K 
0 
0 
u) 

0 I 2 5 10 20 50 rnpg/ml 
0.028 0.056 0.14 0.28 0.56 1.40 m W m l  

PROLACTIN (OVINE) 
FIG. 3. Standard curve of bioassay, representing combined experience 

of 44 assays. Vertical bars indicate standard error of the mean. 

detected in its absence. The precise reason for thls improvement is not 
clear. It does not seem to us wholly explainable by a possibly significant, 
though undetectable, level of prolactin in the pooled male plasma which 
we add. The precise timing of the duration of pregnancy in these animals is 
important. We use tissues a little earlier in pregnancy than have been used 
by most other investigators and find that if the animals are more than nine 
days pregnant at the time the tissues are harvested, the control dish in the 
standard curve will generally have evidence of secretory activity and be 
graded as positive. This reduces the slope of the curve and degrades the 
sensitivity of the assay; we do not consider assays where t h i s  effect occurs 
suitable for use. On the other hand, if animals are used at times earlier 
than the eighth day of pregnancy, the tissues are much less sensitive to 
prolactin and positive responses may not be seen even at 50 ng/ml. 

The specificity of the assay is very high. A number of pituitary and 
non-pituitary hormones have been tried in this system (Table I) with 
negative results. Oestrogen neither causes a positive response by itself 
nor alters the response to added prolactin. The only hormones which we 
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have ever found to give positive responses have been ovine or other 
prolactins, human growth hormone, and human placental lactogen. We 
have not made extensive tests on the potency of placental lactogen, but 
a highly purified preparation supplied to us by Dr Hugh Niall had approxi- 
mately one-third of the activity of ovine prolactin. Human growth 

TABU I 

Honnone Concentration 
SPECIFICITY OP BIOASSAY 

TSH (bovine) 
ACTH (porcine) 
Growth hormone (bovine) 
Oxytocin (synthetic) 
Vasopressin flysine) 
Oestradiol-17p 
Oestradiol-17p 
Oestradiol-17p 
Progesterone 
Human chorionic gonadotrc 
Testosterone 
Human placental lactogen 

Response 
0 
0 
0 

0 
0 

0 

0 
0 
0 

0 
0 

positive 

hormone is a potent lactogenic agent in this assay. We have t ied several 
highly purified preparations and they have consistently shown activity of 
the order of 50-80 per cent by weight of that of ovine prolactin. The 
precision of the assay depends upon the number of determinations one 
does. We consider it important to assay each sample at two different dose 
levels in at least two separate assays. Under these conditions, for samples not 
at  the threshold of sensitivity of the assay, the mean of all determinations 
will show a coefficient ofvariation of25-3 5 per cent. Single determinations 
at  one dose level are inherently imprecise. 

RESULTS ON HUMAN PLASMA 

Fig. 4 gives an overall picture of the results we have achieved with 
human plasma measurements in a variety of conditions. In normal men and 
women, of whom we have studied over 50 to date, we have generally been 
unable to detect prolactin activity. This means that levels are less than 
15 ng/ml ovine equivalents or 0.42 m i.u./ml. In a very few individuals 
we have obtained positive responses at or below this level in unusually 
sensitive assays. In some of these cases it has seemed that the levels of 
endogenous growth hormone, which were also measured, might have been 
sufficient to account for the prolactin effect observed. It seems to us that 
prolactin may very well circulate in normal plasma at levels not far below 
the sensitivity of our current assay, although all we are able to say is that 
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we cannot detect it. It is worth pointing out that the routine use of pooled 
normal male plasma makes it impossible for us by defrnition to detect 
prolactin in large numbers ofnormal males. The accurate determination of 
normal levels of prolactin will probably be a task for radioimmunoassay, 
rather than a bioassay. 

As shown in Fig. 4, we have examined plasmas from a number of nursing 
mothers. All have had detectable prolactin activity, ranging from 0- 56 to 
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FIG. 4. Human plasma prolactin concentrations in various conditions. 
Values are expressed in terms of NIH-S8 ovine prolactin standard, for 

which I mg=28 i.u. 

10’ 8 m i.u./ml. Some of these patients are listed in Table 11, together with 
their growth hormone levels as determined by radioimmunoassay (Frantz 
and Rabkin 1964). Prolactin is expressed both as m i.u./ml and ng/ml of 
ovine equivalents. As can be seen, the growth hormone levels are far too 
low to account for the prolactin activity measured in these subjects’ 
plasmas. We also have evidence in a limited number of patients of a rise 
in prolactin due to suckling, with levels climbing two- to four-fold during 
the nursing period. 

There are a number of conditions of abnormal lactation in whichwe have 
observed high levels of prolactin. Some of the highest, ranging up to 28 
m i.u./ml, have been encountered in patients with pituitary tumours. Of 
these, chromophobe adenomas have yielded the highest levels, but we 
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PROLACTIN ACTIVITY IN PLASMAS OF NURSING MOTHBRS 

Subject 

A.R. 
R.H. 
U.G. 
H.L. 
G.W. 
S.R. 
B.H. 
G.B. 
U. J. 
B.W. 
M.S. 
M.P. 
S.S. 
M.H. 

M a  
Total range 

Days Humangrowth hormone Prolactin activity 

post purtum w l m l  Ljc-i@ 
I 
I 
I 

3 
3 
3 
3 
3 
3 
4 
5 
6 
6 

30 

0.7 
3 '6 
2-8  

<0.3 

1.8 

1'0 

2.8 

1'0 
2'1 

2' I 
1'0 

0.3 

0.3 
c o - 3  

2.5 
2.3 
3'4 

10.8 
4'5 

2.7 
2'1 

2'0 
1 '2  

1'4 
2'7 
0.56 
2'5 
1'4 

89 
82 

386 
160 
75 
96 
71 
43 
50 
96 

89 
50 

I21 

20 

1-41 2.86 I02 
( < O*  3-3 *6) (0-5610-8) (20-386) 

* In terms of ovine prolactin, NIH-SE standard: I mg=28 i.u. 

have also seen elevated prolactin with craniopharyngiomas and with other 
lesions affecting the hypothalamic-pituitary axis. In some of these patients 
with intracranial lesions and high prolactin, galactorrhoea was present and 
prolactin was measured for this reason. As we have looked, however, we 
have found high prolactin levels in an increasing number of patients 
without galactorrhoea. In patients with galactorrhoea who do not have 

Patient 
C.G. 
A.E. 
M.S. 
A.M. 

D.V. 
M.M. 
T.B. 
A. J. 
M.S. 

TABLE III 
PROLACTIN DURING CHRONIC TRANQUnLIZING DRUG THERAPY 

Dose HGH 
Sex Drug (time in weeks) mgldav nslml 

M Perphenazine (I) 24 3'3 

M ChIorpromazine (4) 2000 0 . 5  
M Chlorpromazine (4) I500 3'7 
M Chlorpromazine (8) 2000 0.4 
F Imipramine (4) 150 1'1 

F Fluphenazine (2) 6 c 0 . 3  
F Perphenazine (78) I2 0 . 3  

F Perphenazine (12) + I2 0.3 
amitriptyiine (12) I00 

M Haloperidol (I) 4'5 0 .3  

Prolactin 
m i.u,/nd 

0.42 
3.1 
0.42 
2'1 

1'7 
0.56 
0.84 
o* 56 
1'7 

known intracranial lesions, the highest prolactin levels have been found 
chiefly in those on tranquillizing drugs or various other medications. 

We have also encountered a rather large number of patients with 
galactorrhoea in whom prolactin was unmeasurably low-that is, less 
than 0.4 m i.u./nd. In most of these patients the galactorrhoea has been 
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of the idiopathic type, that is, not associated with intracranial pathology, 
drugs or other obvious causes, and most of these patients have continued 
to menstruate at regular intervals. It is our impression that galactorrhoea 
occurring in association with normal menses is far more common than is 
generally clinically recognized. The relatively low concentrations of pro- 
lactin we have observed in most of these patients are additional evidence 
that they have a lesser degree ofhypothalamic or pituitary disturbance than 
those patients whose galactorrhoea is associated with amenorrhoea, in 
whom prolactin levels are generally higher. 

In Table III are shown the results of prolactin determinations in a series 
of nine patients who were receiving tranquillizing drugs in high doses for 
psychiatric purposes. None of these patients had any endocrine abnor- 
mality prior to treatment. The drugs were mostly phenothiazine deriva- 
tives except for imipramine, which is closely related chemically, and 
haloperidol, a butyrophenone derivative. Growth hormone levels were 
much too low to account for the prolactin activity observed. Only two 
of these patients had galactorrhoea. 

Acute as well as chronic administration of chlorpromazine will cause 
marked elevation of prolactin in humans. Table IV shows the results in 
seven normal volunteers, five men and two women, who were given 
intramuscular chlorpromazine in a single dose ranging from 12.5 to 
50 mg. Within half an hour of injection, prolactin had risen to detectable 
levels in four of these subjects, and by two hours it was detectable in all. 
Levels ranged up to 3 * o m i.u./ml, and they tended to remain elevated for 
the whole six-hour period covered in Table IV. In three of four subjects 

TABU N 
CHLORPBOMAZINB STIMULATION TESTS 

P l m  prolactin m i.u./ml 

Subject 

a. 
3. 
4. 
5. 
6. 
7. 

I. 

Sex ‘0 hours 
M N.D.* 
M N.D. 
M N.D. 
M N.D. 
M N.D. 
F N.D. 
F N.D. 

4 hour I- hour z hours 
1.6 2.4 1.5 
0.86 - 0.46 
0.74 0.57 0.50 
1.2 0.61 0.67 
N.D. N.D. 0.63 
- N.D. 2 . 5  

N.D. 1.9 1.3 

3 hours 4 hours 5 hours 6 hours 
0.94 0.67 0.84 1’2 

0.43 - 
0.88 1.3 3.0 1.9 

0.75 0 .55  - 

- - 

- 
- N.D. - 0.52 

1.0 N.D. N.D. 0.76 
1‘0 1’1 - - 

MCU-l N.D. 0.81 1.00 1-08 0.95 0.69 0.99 1-10 

* N.D., not detected (<0.4 m.i.u./I ml). 

tested at 24 hours, prolactin was undetectable. These experiments indicate 
that despite the apparently small population of prolactin-secreting cells 
noted in the normal human pituitary, these cells can accomplish release 
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and perhaps synthesis of prolactin within a very short period of time after 
appropriate stimulation, in men as well as in women. 

The elevated prolactin levels so far discussed have all been associated 
with low or normal levels of immunoassayable growth hormone. As we 
have previously reported (Frantz and Kleinberg 1g70), high levels of 
radioimmunoassayable activity are also associated with elevated prolactin 
activity. Fourteen normal subjects were tested for growth hormone and 
prolactin both before and after insulin-induced hypoglycaemia (Fig. 5 ) .  
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FIG. 5. Bioassayable plasma prolactin activity and immunoassayable 
growth hormone during insulin tolerance tests in normal individuals. 
Open circles represent levels at start of test; closed circles are levels one 
hour after intravenous insulin. Preincubation with anti-growth 
hormone serum abolished or greatly reduced the prolactin activity of all 
samples tested, indicating that the prolactin effect is largely attributable 

to growth hormone. 

Prolactin was undetectable at the beginning of the test but rose concomi- 
tantly with growth hormone to become detectable in all subjects at levels 
ranging from 0.42 to 1.4 m i.u./ml (IS to 50 ng/ml ovine equivalents). 
Growth hormone in these subjects also rose, reaching peak levels between 
16 and so ng/ml. The prolactin activity of these samples could be greatly 
reduced or abolished by preincubation with anti-human growth hormone 
serum, under conditions which did not lower the prolactin activity in 
plasma from nursing mothers, as we shall discuss below. These results 
indicated to us two things: first, that radioimmunoassayable growth 
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hormone as it circulates in blood, like the material extracted from human 
pituitaries, possesses intrinsic lactogenic activity. Second, since in some 
post-hypoglycaemic plasma, prolactin activity could still be detected at low 
levels even after neutralization with anti-growth hormone, it seemed 
possible that in at least some patients hypoglycaemia had stimulated the 
release of prolactin as well as that of growth hormone. The magnitude of 
such prolactin release, however, in those cases where it occurred, would 
seem to be rather small. 

14.00 5 0 0 -  

3 0 0 -  

5.60 2 0 0 -  

150- 

0.42 15 

0 '56 (15 zO> 

10 15 20 30 50 70 100 150 300 

GROWTH HORMONE mpg/ml 

FIG. 6.  Bioassayable plasma prolactin activity and immunoassayable 
growth hormone in patients with acromegaly. 

We have also previously reported (Frantz and Kleinberg 1970) measure- 
ments of plasma prolactin activity in 16 acromegabc subjects (Fig. 6). 
Growth hormone ranged from 13 to 180 ng/ml, and prolactin activity was 
detectable in all these subjects with concentrations Gom 0.4 to 11 m i.u./ 
ml(15 to 400 ng/ml ovine equivalents). Much of the bioassayable activity 
appeared to be due to growth hormone itself, but in some patients neutral- 
ization studies, which we mention below, indicated that prolactin was 
being hypersecreted together with growth hormone. 

NEUTRALIZATION STUDIES WITH ANTISERA 

The finding last year that seems to us to offer the best proof of the 
existence of a separate human prolactin was the complete inability of a 
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potent anti-human growth hormone serum to effect any neutralization of 
the lactogenic activity of patients with high prolactin but low growth hor- 
mone in their plasma (Frantz and Kleinberg 1970; Kleinberg and Frantz 
1971). This antiserum, prepared in a rabbit against a highly purified 
Wilhelmi preparation of human growth hormone (HS 61zA), was capable 
of binding 60 per cent of trace amounts of 1Wlabelled growth hormone 
at a dilution of I in 150 ooo and more than 95 per cent at a dilution of I in 

HGH GALACTORRHEA POST-PARTUM ACROMEGALY 
LACTATION 
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Antisorum Antiserum Acliv/ty with 

FIG. 7. Neutralization studies with anti-human growth hormone. 
Open bars represent original prolactin activity in sample, designated as 
IOO per cent. Shaded bars represent the percentage of activity remaining 
after preincubation with anti-growth hormone serum. Growth 
hormone concentrations are shown. The mean prolactin level for the 
galactorrhoea group was 2.4 m i.u./ml, and for postpartum subjects was 
2.6 mi.u./ml. No significant neutralization was noted in any of the 
samples fiom these two groups. The prolactin activity of human 
growth hormone added to normal male plasma, in amounts up to 
2000 n g / d  (subsequently bioassayed at 30 per cent concentration), was 

abolished by antiserum. 

1000. In the experiments shown in Fig. 7 the antiserum was used at I in 
10 concentration, 0- I ml of antiserum being preincubated for z hours with 
0-  g ml of plasma before the mixture was bioassayed in the usual manner. 
Parallel incubations of plasma without antiserum or with normal rabbit 
serum were always made and the two samples were always bioassayed 
together at several dilutions in the same assay. The prolactin effect of 
large amounts of human growth hormone, up to 2000 ng/ml, added to 
normal human male plasma was completely neutralized in h s  manner. 
Since this plasma like our others was bioassayed at 3 0  per cent concentration 
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in the incubation medium with the mouse breast, the final concentration 
at the time of assay was 600 nglml. Under identical conditions of pre- 
incubation, the plasmas of five patients with galactorrhoea and four patients 
with postpartum lactation showed no signlficant neutralization of pro- 
lactin activity, as illustrated in Fig. 7. These were all samples containing 
high prolactin and low growth hormone. The results on two individual 
patients with acromegaly, shown at the right of Fig. 7, seem to us represen- 
tative of a somewhat larger group of acromegalic subjects that we have 
studied. They indicate in one case complete, and in the other case partial, 
neutralization of prolactin activity after incubation with anti-human 
growth hormone antiserum. It appears therefore that in some but not all 
acromegalic patients excessive secretion of prolactin as well as growth 
hormone may occur. It should be noted in connection with the anti- 
human growth hormone studies that Peake and co-workers (1969) studied 
a human chromophobe adenoma extract which contained low growth 
hormone and high pigeon crop sac-stimulating material which could not 
be neutralized with anti-HGH antiserum. Dr Pasteels and his colleagues 
had previously obtained immunological, as well as biological, evidence, 
from cultures of human foetal pituitaries, pointing to the existence of a 
separate human prolactin (Pasteels, Brauman and Brauman 1965). 

Turning to studies with ovine prolactin, it seemed desirable to confirm 
by biological neutralization what Herbert and Hayashida (1970) had first 
shown by immunofluorescent methods, namely that anti-ovine prolactin 
will react with primate prolactin. Table V shows that incubation with 

TABLE V 
NEUTRALIZATION OF PROLACTIN ACTIVITY IN HUMAN PLASMA WITH ANTI-OVINB PROLAACTIN 

Prolactin Growth Prolactin after 
mi.u./ml hormone incubation wilh 

Patient Sex DiagnosL (Mean 4 S.E. M.) 
B. J. F galactorrhoea : chromo- 

phobe adenoma 
E.F. F galactorrhoea: hypo- 

thalamic glioma 
M.O. F galactorrhoea: chromo- 

phobe adenoma 
L. J. M galactorrhoea : possible 

oestrogen withdrawal 
A.C. F galactorrhoea: idiopathic 
J.W. F galactorrhoea: idiopathic 
H.L. F 3 dayspostpartum 
E.R. F 2 days postpartum 
L.F. F 3 days postpartum 
G.W. F 2 days postpartum 
C.P. F 4 days postpartum 
M.S. F 3 dayspostpartum 
*Less than 0.4 m i.u./ml. 

3'9fI'O 

3 * 6  4 0.7 

3 ' 5 4 1 ' 0  

2 . 2 4 0 ' 9  
2 . 1 4 0 . 4  
0 . 5  

10.843'1 
4 . 6 4  1 - 3  
4 - 0 4 0 . 5  
3'440'8 
2 . 8 4 1 . 2  
1 . 1 f o . 3  

anti-ovine prolactin 

undetectable* 

undetectable 

undetectable 

undetectable 
undetectable 
undetectable 
undetectable 
undetectable 
undetectable 
undetectable 
undetectable 
undetectable 
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anti-ovine prolactin, prepared against the highly purified NIH-S8 
standard, under conditions similar to those we used with anti-growth 
hormone, completely abolished the prolactin activity in the plasma of six 
patients with galactorrhoea and six nursing mothers, all of whom had high 
prolactin and low growth hormone. This result was not unexpected, and 
it further confirms the close immunological similarity that must exist 
between ovine and human prolactin. More unexpected, however, were 
the findings shown in Table VI, depicting the results of testing a highly 
purified human growth hormone standard (HS 1103C) for prolactin 
activity before and after preincubation with anti-ovine prolactin. It can 
be seen that significant neutralization of the prolactin activity of this 
preparation occurred, with amounts up to 50 ng/ml showing no detectable 
activity after exposure to antiserum. One explanation of these fmdings, 
which seems to us unlikely although we do not have data to rule it out, 
would be that the ovine prolactin used for immunization contained some 
ovinc growth hormone, against which some antibodies were also raised, 
and which exhibited cross-reaction with human growth hormone s d i -  
cient to cause some neutralization of the latter’s biological prolactin 
activity. A more likely explanation of these fmdings seems to us that they 
tend to reflect in an immunological way the structural similarity between 
ovine prolactin and human growth hormone first noted by Bewley and 

TABU VI 
BFFBCT OP INCUBATION WITH ANTI-OVINB PROLACTIN ON PROLACTIN 

ACTIVITY OF HUMAN GROWTH HOBMONB 

Prolactin activity 
dter imbation with 

Growth hormone Prolactin activity anti-ovine prolactin 
nslml ng/ml* ng/ml* 
1000 > 50 > 50 
200 > 50 8 

50 33 f 7 (s.B.M.) < 5  
20 16k3 < 5  
I0 9f4 < S  

* In terms of ovine prolactin, NIH-S8 standard: I mg= a8 i.u. 

Li (1g70), and further emphasized by Niall and his collaborators (1971) 
when they compared ovine prolactin to Niall’s proposed revised structure 
for human growth hormone. In the converse experiment, that of assaying 
ovine prolactin before and after exposure to anti-human growth hormone, 
we have failed to see any neutralization of the prolactin by the anti-HGH. 
These latter results would indicate that the antigenic determinants against 
which t h i s  antiserum is directed are not present in the ovine prolactin 
molecule. 



P R O L A C T I N  BIOASSAY I49 

Finally, we too have been working on a radioimniunoassay, and have 
approached it by way of pituitary glands obtained from nursing baboons. 
Four of these animals obtained during the postpartum period have been 
further stimulated with daily injections of large doses of perphenazine for 
two weeks. They were then sacrificed and their pituitaries incubated in 
organ culture. Under these conditions very large quantities of prolactin, 
up to several hundred microgrammes of ovine equivalents/ml/day, are 
liberated into the incubation medium. Growth hormone in the medium 
is very much lower than this, one-tenth as much or less, and the media are 
therefore suitable sources ofprolactin both for immunization and for radio- 
iodination. Further purification of the radioiodinated material is necessary, 
by starch gel electrophoresis, affrnity chromatography or other means, but 
is facilitated by the fact that very high losses can be accepted at this stage 
in the interest ofobtaining a highly purified material. The antisera we have 
obtained show binding of lSII-labelled ovine as well as baboon prolactin 
at concentrations in the range of I : 10 om, with specific displacement by 
ovine, baboon and human prolactin at varying levels ofsensitivity. Correla- 
tion of radioimmunoassay with bioassay data, a project on which we have 
just begun, may well yield interesting additional information on the physio- 
logy of prolactin secretion. 
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SUMMARY 

A sensitive in uitro bioassay for prolactin has been developed, based on the 
secretory response in organ culture of breast tissue from pregnant mice. 
Sensitivity is 5 ng/ml(o. 14 m i.u./nd) or somewhat better for ovine pro- 
lactin. Unextracted human plasma can be satisfactorily assayed at 3 ~ 5 0  
per cent concentrations in the incubation medium. Plasma prolactin activity 
is less than 0.42 m i.u./ml in normal men and women. Growth hormone as 
it circulates in blood is lactogenic, but this effect may be neutralized by 
anti-growth hormone antiserum added to the plasma under test. Elevated 
plasma prolactin activity, ranging from 0- 56 to 10- 8 m i.u./ml, has been 
found in all of 15 nursing mothers tested 1-30 days post parturn. High 
prolactin activity (0.42 to greater than 28 m i.u./ml) has been found in the 
majority of over 3 0  patients with galactorrhoea of various causes, the 
highest levels being found in patients with pituitary tumours. Acute 
rises in prolactin activity, up to 2- 5 m i.u./ml, occurred in all of seven 
normal subjects (five males, two females), Q to 2 hours after the intra- 

L A m . 4  
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muscular injection of chlorpromazine. Sustained oral administration of 
phenothiazine derivatives and certain other tranquillizers is associated 
with chronically elevated plasma prolactin activity, with or without 
galactorrhoea. Immunoassayable growth hormone in these subjects, as 
in the nursing mothers and in those with galactorrhoea, was not 
elevated. Antisera to human growth hormone, capable of completely 
neutralizing the prolactin activity of large amounts of growth hormone 
added to the incubation medium, produced no significant neutralization 
of prolactin activity in any of these subjects’ plasma. Anti-ovine prolactin, 
on the other hand, under identical conditions of preincubation, completely 
abolished the prolactin activity in the plasma of all of these subjects so far 
tested. 
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USE OF A RABBIT MAMMARY GLAND ORGAN CULTURE 
SYSTEM TO DETECT LACTOGENIC ACTIVITY IN BLOOD 

ISABEL A. FORSYTH 

National Institutefor Research in Dairying, ShinJeld, Reading 

THE development of radioimmunoassay methods has made possible the 
measurement of pituitary prolactin levels in the plasma of a number of 
species, in various physiological states. However, since the sites on the 
prolactin molecule responsible for biological and immunological activity 
may differ, it is desirable that where possible some measurements are made 
by both radioimmunoassay and bioassay on the same plasma samples. 
None of the classical methods for the assay of prolactin activity has proved 
entirely suitable for detection ofthe hormone in plasma. All are insufficient- 
ly sensitive or are subject to interference from non-specific factors. These 
considerations led us, early in 1968, to use a rabbit mammary gland organ 
culture system for the detection of lactogenic activity in the plasma of 
goats at parturition (Brumby and Forsyth 1969), following reports of 
high levels of circulating pituitary prolactin, measured by radioimmuno- 
assay, at t h i s  time (Bryant, Greenwood and Linzell 1968). A direct com- 
parison of the bioassay method with radioimmunoassay for prolactin has 
now been undertaken in lactating goats. In addition the method has led to 
most interesting findings about the nature of human prolactin and of the 
lactogenically active hormones circulating in the pregnant goat; it 
provides evidence of a human prolactin immunologically distinct from 
human growth hormone (HGH) (Forsyth 1970; Forsyth and Myres 1971) 
and of a placental lactogenic hormone circulating in the goat from mid- 
pregnancy to term. 

The conclusions depend very largely on the opportunity to compare the 
bioassay results with those of a radioimmunoassay, for HGH in human 
plasma and for pituitary prolactin in goat plasma. I am therefore indebted 
to Dr A. D. Wright and Professor Russell Fraser and to Dr G. M. Besser 
and Professor J. Landon by whose courtesy the radioimmunoassays for 
HGH were performed and to Dr H. L. Buttle for permission to quote his 
unpublished work on prolactin levels in the goat during pregnancy and 
lactation. 
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THE BIOASSAY METHOD 

A series of papers from Professor H. A. Bern’s laboratory established the 
ability of the mouse mammary gland to show a lactogenic response to 
prolactin when maintained under suitable conditions on a synthetic medium 
in vitro (Elias 1957, 1959; Rivera and Bern 1961; Rivera 1964). Similar 
responses were later reported for a number of other species, including the 
rabbit, which showed a marked sensitivity to the hormone (Barnawell 
1965). It is this in uitro lactogenic response which forms the basis of the 
assay, and a similar method using mouse mammary gland has recently 
been described by Frantz and Kleinberg (1970). Forsyth and Myres (1971) 
give full details of the in uitro rabbit assay. In brief, pseudopregnancy is 
induced in virgin female Dutch rabbits, about six months old, by a single 
intravenous injection of human chorionic gonadotropin. On the 11th day 
of pseudopregnancy, when development of lobulo-alveolar mammary 
tissue has occurred, the animal is killed and explants about I mm3 are 
prepared from its mammary glands. The explants are maintained at 
37°C in an atmosphere of 95 per cent 0 2 : s  per cent CO,  on synthetic 
Medium 199 containing insulin (5 pg/ml) and corticosterone (I pg/ml) in 
all cultures. The standards used are ovine prolactin (NIH-P-S-6, zs i.u./ 
mg) or HGH (NIH-GH-HS~I~A). Plasma samples are added to the med- 
ium, usually at a concentration of 10 per cent, and an assay is possible using 
as little as o* 5 ml of plasma which requires no pretreatment. The medium 
is changed on day 3 and cultures terminated on day 5 .  Explants are then 
prepared for histological examination and a blind-test assessment of 
secretory response is made on serial sections, stained with haematoxylin 
and eosin. A 1-4 + grading system is used, based on that of Barnawell 
(1965). In any one assay, eight explants, contained in two culture dishes, 
receive the same treatment and grades shown are based on the mean res- 
ponse of eight explants. When comparisons are made between samples 
in a series, for example from one goat at intervals during pregnancy, or 
during a suckling episode, all samples are examined together in the same 
bioassay (see Figs. 2 and 3). Tests of significance are carried out using the 
Mann-Witney U-test (Siege1 1956). 

Specificity ofthe lactogenic response 

Tests of specificity have been made using the following hormones: 
human luteinizing hormone, human follicle-stimulating hormone, human 
thyroid-stimulating hormone, human adrenocorticotropic hormone, 
human chorionic gonadotropin, oxytocin, vasopressin, oestradiol and 
progesterone. None of these hormones, alone or in various combinations, 
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produced any lactogenic response, nor did they modify the response to 
prolactin. The only hormones found able to stimulate the rabbit mammary 
gland to secrete in vitro have been prolactin itself and the human hormones, 
HGH and human placental lactogen, both of which show prolactin-like 
activity in other assay systems (see Forsyth and Folley 1970). The sensitivity 
to these hormones varies from assay to assay, but a positive response is often 
obtained to a dose of 10 n g / d  while 50 ng/ml regularly has significant 
lactogenic effect. 

The results of Barnawell (1965) indicate that rabbit mammary gland 
does not give a secretory response to bovine GH in vitro, the responses 
obtained to high doses being due to prolactin contamination of the bovine 
GH preparation. All these findings are consistent with observations on the 
rabbit in uiuo (Bradley and Clarke 1956; Chadwick 1963 ; Cowie, Hartmann 
and Turvey 1969). 

ASSAY OP HUMAN PLASMA SAMPLES 

Fig. I illustrates the results of an assay in which the lactogenic activity 
of various doses of HGH in the presence of 10 per cent pooled male plasma 
was assessed and compared with that produced by six plasma samples 
added to the medium at 10 per cent. Two of the plasma samples were 
from premenopausal, non-pregnant women, two from women breast- 
feeding their babies on the fifth and seventh postpartum days and two from 
women with amenorrhoea and galactorrhoea, one of whom (E.A.) had 
a pituitary tumour. It will be seen that positive lactogenic responses were 
obtained to HGH at concentrations of 50 and IOO ng/ml and to the plasma 
samples from women lactating, either normally post parturn or in ab- 
normal lactation. The male plasma and the samples from premenopausal, 
non-pregnant women produced no response. The levels of HGH in the 
plasma samples have been measured for me by radioimmunoassay tech- 
niques and these values are also shown (*), the amount of HGH in the 
culture medium resulting from addition of plasma being 10 per cent of 
these values. Thus, the HGH level in the medium was in all cases less than 
I per cent of that required to give the positive lactogenic responses ob- 
served. Moreover, the higher HGH concentrations do not necessarily 
correspond with positive responses. 

From evidence of this kind we have concluded (Forsyth and Myres 
1971) that during lactation human plasma contains a hormone which does 
not cross-react immunologically with HGH and has the biological charac- 
teristics of a prolactin. Using mouse mammary gland in vitro, Frantz and 
Kleinberg (1970) have obtained similar results. 
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The conclusion is supported by the results of an experiment in which 
rabbit antiserum to HGH was also included in the medium. It abolished 
the response to 50 ng/ml HGH but did not significantly affect the response 
to plasma from a woman with galactorrhoea (Forsyth and Myres 1971). 

Plasma samples from a total of 84 people have now been examined 

Explants  before 

I n s u l i n  + 

male 
t o r t  i cos terone 

HCtl (ng/ml)  + 
102 male plasma 

c u l t u r e  

plasma 

Prc-menopausal , 
non-pregnant 

L a c t a t i n g  {I 
Calactorrhoao 

H I4 .S .  

t4.s. 

N'. S . 

I 

I 1 1 1  I I I 
1 1 2  3 4 

b a n  secretory grade 

( p l u s  scale) 

FIG. I. Lactogenic activity of HGH compared with that of 10 per cent 
plasma from six women and a pool of male plasma. Mean responses of 
eight explants. 

*Plasma HGH (ng/ml) measured by radioimmunoassay. N.S., not sig- 
nificantly different from response to culture with insulin +cortico- 
sterone alone, P> 0' I. All other responses were signsficant, P<O.OOI. 

(Forsyth and Myres 1971; Forsyth et al. 1971; Edwards, Forsyth and 
Besser 1971). In 26 control subjects, not known to have any endocrino- 
pathy, no plasma lactogenic activity could be detected. This group of 
control subjects consisted of one girl of seven years, five premenopausal, 
non-pregnant women in the age range 20-25 years, 19 women past the 
menopause, aged 55-81 years, and one male of 67 years. All had HGH 
levels within the normal range (less than 11 nglml). 
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Of 18 women breast-feeding their babies in early lactation, 12 showed 
detectable lactogenic activity in their plasma and all had HGH levels below 
7 ng/ml. Nine patients have been examined who showed abnormal breast 
development without evidence of secretion. These were one girl of 19 
with massive breast hypertrophy, and a boy of five years and seven adult 
men with gynaecomastia. None showed detectable plasma lactogenic 
activity. By contrast one male and 14 of 19 female patients with galactor- 
rhoea showed significant lactogenic activity. The three female patients 
known to have pituitary tumours all showed very marked plasma lacto- 
genic activity. In all these patients HGHlevels werewithin thenormal range. 

Lactogenic activity has been detected in the plasma of six patients with 
acromegaly. In this case their high plasma concentrations of HGH could be 
responsible for the activity observed. However, in at least one case, a girl 
of 20 with the added symptoms of amenorrhoea and galactorrhoea, it does 
seem that lactogenically active material not cross-reacting with HGH may 
also be present. 

One of the female patients with galactorrhoea was found to be hypo- 
thyroid (Edwards, Forsyth and Besser 1971). A syndrome of galactor- 
rhoea associated with primary hypothyroidism has been described (see 
Kinch, Plunkett and Devlin 1969) and it is of particular interest that assays 
of plasma from five further patients with primary hypothyroidism, but 
without evidence of galactorrhoea, have shown two of them to have 
detectable lactogenic activity in their plasma. 

ASSAY OP PLASMA PROM PREGNANT AND LACTATING GOATS 

Plasma samples have been taken from the jugular vein of five primi- 
parous goats in mid-October, during the anoestruni, then at first oestrus 
8-52 days later, on the following morning after mating, and at three-week 
intervals throughout pregnancy to term. Samples were also taken from 
the same goats during a single suckling episode after overnight separation 
of the kids, between the I Ith and 15th days of lactation. Six multiparous 
goats, five of which were simultaneously lactating, were also sampled at 
three-week intervals during the second half of pregnancy and one non- 
pregnant lactating goat was similarly sampled over the same time period. 
Bioassays for lactogenic activity have been carried out on many of these 
samples and in all cases the standards contained 10 per cent plasma from a 
castrated male goat. Information is also available on the plasma prolactin 
levels, as measured by a double antibody radioimmunoassay method using 
ovine prolactin as antigen (H. L. Buttle, unpublished), for all the samples 
from primiparous goats and for samples from three multiparous animals. 
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The e$ect of suckling on plasma prolactin levels in the goat 

Fig. 2 illustrates the results of a bioassay of nine samples taken from goat 
404 during suckling. Lactogenic activity was detected in all samples, the 
highest activity being present in the last sample, taken ten minutes after the 

Explsnts b e f o r e  c u l t u r e  

Ovine p r o l a c t i n  (ng/nll) 

+ 10% plasma from a 

c a s t r a t e d  male p a t  {; 200 

5 00 

5 min b e f o r e  suck l ing  73': 

r:" : 
I min 20 s 

1 min 45 5 

2 min 15 s 

2 min 40 s 1 3 m i n  50 s 

Suck 1 i ng  

10 m i n  a f t e r  r e m v a l  o f  
k i d s  ! 193;' 1 

1 1 2  
I 

3 4 

Mean secre tory  grade 

(plus scale) 

FIG. 2. Bioassay of plasma from goat 404 during suckling on day 15 of 
lactation. Mean responses of eight explants. 

*Plasma prolactin (ng/ml) measured by radioimmunoassay. 
All responses were significantly different from response to culture in the absence of 

prolactin, P<o.oor. 

removal of the kids. Comparing these results with the values for pituitary 
prolactin indicated by radioimmunoassay, it will be seen that the bioassay 
indicates a higher prolactin level in the last sample but that in general there 
is a reasonable agreement between the two methods. In three other goats 
rather similar results were obtained. The pituitary prolactin levels from 
five minutes before suckling to the removal of the kids were below or 
close to the limits of the bioassay, in the range 34-250 ng/ml plasma 
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(3'4-25 nglml medium). The highest concentrations (260, szo and s23 
ng/ml) were again found in the final sample ten minutes after removal of 
the kids and were all detected by the bioassay. In one goat (399) high 
and rather constant levels of prolactin (370-520 ng/ml) were detected 
throughout the suckling episode by both methods. Stimulation of pro- 
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1 Ovine p r o l a c t i n  (ng/ml) 

+ 10% plasma from a 

CastrJted male goat  
200 

4 1  o e s t r u s  

Day o f  

I I I 
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14.5.  

I 

I 
I I 

I I I I 1 
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1 

I 
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I 1 
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I I I I  I J I 

1 1 2  3 4 
I 

k a n  s e c r e t o r y  grade 

( p l u s  sca le)  

FIG. 3. Bioassay of plasma &om goat 404 during first pregnancy. Mean 
responses of eight explants. 

*Plasma prolactin (ng/ml) measured by radioimmunoassay. 
N.S., not significantly different from response to culture in the absence of prolactin, 

Pz 0. I. All other responses were significant, P <  0.001. 

lactin secretion by suckling has been reported by other workers (for 
references see Cowie and Tindal 1971). 

Plasma lactogenic activity and prolactin levels in primiparous goats 

Fig. 3 gives details of the bioassay and radioimmunoassay of plasma from 
goat 404 at intervals during pregnancy and the results on all five primi- 
parous goats studied are summarized in Table I. In goat 404, plasma 

6* 
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prolactin levels as measured by radioimmunoassay remained extreiiiely 
low until shortly before term. The sample taken at 148 days, on the 
morning of parturition, contained 150 ng/ml prolactin, but the previous 
sample, taken at 127 days of pregnancy, contained only 1 . 2  ng/ml; the 
highest level detected earlier in pregnancy was only 15 ng/ml at 43 days. 
By contrast, the lactogenic activity in plasma was already marked in the 
sample taken at 64 days of pregnancy when pituitary prolactin was less 
than 0 .9  ng/ml (Fig. 3). The lactogenic activity detected in the samples 

TABLE I 
BIOASSAY AND RADIOWUNOASSAY OF JUGULAR VEIN SAMPLBS PROM PIVB GOATS AT INTERVALS 

DUBPlG THBIIl PKRST PREGNANCY 

Lucfogenic activity in plasma of 
individual goats measured by bioassay Plasmaprolactin level (ng/ml, 

Coat no. measured by radioimmuno- 
I 3 assay) 

Plasma sample 380 390 397 399 404 Meanf S.D. 
I. Anoestrus 
2. Atoestrus 
3. 
4. 
5. 
6. Pregnancy,day 
7. 
8. 
9. 

10. 
I I. Post parturn 

- o + -  - 
0 0 -  + 0 

I -  0 0 -  - 
0 0 

0 0 -  - 
22 0 -  - 
43 - 
64 + - - o +  
85 - + o + +  

106 + - - + +  
127 - + + -  - 
-148 + - - + +  

- + + -  - 
Lactogenic activity: -, not examitled; 0, no activity detected, <IOO n g / d  ovine prokctin 

equivalents; +, activity detected, 2 100 ng/ml ovine prolactin equivalents. 

taken at 64,85 and 106 days of pregnancy corresponded to a prolactin level 
in the plasma somewhere between 100 and 500 ng/ml. Table I shows 
that significant lactogenic activity had been detected in the plasma of four 
of the five goats by 85 days of pregnancy. 

In goat 397, slight lactogenic activity was detected by bioassay in sample 
I ,  taken 52 days before oestrus, while in goat 399, sample 2, taken a t  
oestrus, was lactogenic. These responses correspond with the highest 
prolactin levels detected by radioimmunoassay at these times (44 ng(m1 
and 130  ng/ml respectively). In all goats prolactin levels were higher at 
oestrus than on the following morning, day I of pregnancy. 

Plasma lactogenic activity in multiparous goats 

Six goats in their second or subsequent pregnancy were sampled at 
three-week intervals, the first sample being taken between days 69 and 87 
of pregnancy and the last sample within 24 hours post parturn, in most 
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cases w i h  one hour. In five of the six goats all samples were positive. 
In one goat the sample taken at I I I days was negative though the samples 
taken both before, at 69 and go days, and the samples taken later, were 
positive. 

Unfortunately, the majority of the samples taken from multiparous 
goats had been used for other purposes before it was possible to obtain 
radioimmunoassay results on them. However, this has been possible for 
two multiparous pregnant goats and for one goat (I 16) which proved not 
to be pregnant. The results are presented in Table 11. It will be seen that 

TABLE I1 

BIOASSAY AND RADIOIMMUNOASSAY OF JUGULAR VEIN SAMPLBS PROM ONE NON-PREGNANT AND 
TWO MULTIPAROUS GOATS 

Goat no. 
I 16 

277 

351 

Sampling 
date 

13.1.69 
3.2.69 

24.2.69 
17.3.69 
21.3.69 
3.4.69 

16. I .69 
6.2.69 

28.2.69 
23.3.69 

15.1.69 
5.2.69 

26.2.69 
2 I .3.69 
23.3.69 

Day ?f 
pregnancy 
- 
- 
- 
- 
- 
- 

84 
10s 
127 

35 minpostpartuni 

84 
105 
I 26 
I49 

23 h post parturn 

Total 
inilk yield 

(kg1 
4'9 
3.6 
4'3 
6 .2  
2 '3  
0 

4'4 
4'6 
4'6 
3 '1  

0 
0 

0 
0 
- 

Plasma 
prolacfin 

level* 

44 
330 
75 

320 
127 
5 0 0  

82 
95 

3 00 

I9 

(nglml) 

I00 

< I 0  
< I0 
3 20 
260 

Mean 
secrefory 
grade 
1 . 6  
3 '1  
1 . 6  
2.6 

3'2 
2'2 

2'0 
2'1 

2'1 
2'4 

2.6 
2.7 
2.8 
3 ' 0  
2 .9  

pt 
0.368 N.S. 

0.368 N.S. 
<0'001 

<0'00I 
<0'00I 
<0'00I 

< 0'001 
<0'00I 
< 0'001 
<O'OOI 

<O'OOI 
<0'00I 
<0'00I 
<O'OOI 
<O'OOI 

* Measured by radioimmunoassay. 
t Significance of responses compared with explants cultured in the absence of prolactin. 
N.S., not significant. 

for the non-pregnant goat there is reasonable consistency between the 
immunoassay and bioassay results. In goat 351 which had ceased to give 
milk before sampling began, marked lactogenic activity is evident from 
the first sampling day, day 84 of pregnancy, although the level of prolactin 
measured by radioimmunoassay was low until the 149th day, the day before 
parturition. Goat 277 was lactating throughout pregnancy and shows 
much higher levels of radioimmunoassayable prolactin than any of the 
other goats studied, levels which could in this case be just high enough to 
account for the lactogenic activity observed. However, the mean secretory 
grade is lower postpartum than on day 127 of pregnancy, despite an increase 
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in plasma prolactin level from IOO to 300 ng/ml, and this may be of sig- 
nificance. The final sample was taken only 3 5 minutes postpartum but the 
half-life of protein hormones in plasma is generally quite short. For 
example, estimates ranging from 15 to 3 0  minutes have been obtained for 
HPL (see Forsyth 1967). 

Co-culture ofgoatfoetal and placental tissues with mouse mammary gland 

Comparison of the data obtained by bioassay and radioimmunoassay 
on plasma samples from pregnant and lactating goats suggests a fair 
measure of agreement between the two methods in the lactating goat, but 
reveals a far greater biological activity during the second half of pregnancy 
than can be wholly accounted for by material cross-reacting with antisera 

TABLB III 
CO-CULTURB OP MID-PREGNANT MOUSB MAMMARY GLAND WITH FOBTAL AND PLACBNTAL TISSUB 

OF THB GOAT 

Percentage of cultures in which 
lactogenic activity wm: 

Tissues tested Number ofcultures* detected 
Foetal skin 6 0 
Foetal small intestine a 0 
Amnion 4 0 
Allanto-chorion 6 0 
Uterine endometrium I 2  0 
‘Maternal’ cotyledon 7 29 
‘Foetal‘ cotyledon 7 86 
Cotyledon (maternal+ foetal) 17 I00 

* In each culture the tissue tested was combined with four mammary gland cxplants. 

prepared against purified ovine pituitary prolactin. It thus seems possible 
that the goat placenta produces a lactogenically active hormone. Foetal 
and placental tissues have, therefore, been examined by co-culturing 
them, on Medium 199 containing insulin and corticosterone, with explants 
of mammary gland from mid-pregnant strain A mice. This strain of 
mice is known to show a lactogenic response to prolactin but not to non- 
primate growth hormone in vitro (see Rivera, Forsyth and Folley 1967). 
Cultures were continued for four days and at the end of this time all tissues 
were examined histologically. 

The foetal and placental tissues were taken from seven goats killed on 
days 80, go, 111 (2), 120, 126 and 140 of pregnancy respectively. Four of 
the goats were in their first pregnancy. Essentially similar results were 
obtained in all cases and these are summarized in Table 111. The only tissue 
examined in the presence of which mouse mammary gland explants were 
induced to secrete was the cotyledon. Activity was unaffected by two 
medium changes, at approximately six hours and 21 hours after the 
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cultures had been set up. This, together with the good survival of all the 
tissues in culture, suggests that the active material may have been con- 
tinuously secreted. 

It is not yet possible to say which component of the cotyledon is res- 
ponsible. Complete separation of maternal and foetal cotyledon is not 
feasible, but some explants could be identified which contained a pre- 
ponderance ofmaternal or foetal tissue and these are designated as ‘maternal’ 
cotyledon and ‘foetal’ cotyledon in Table 111. The detection of lactogenic 
activity in a high proportion of cultures with mainly foetal tissue may indi- 
cate t h i s  as the site of synthesis. 

DISCUSSION 

Human prolactin 
Purified preparations of HGH have frequently been found to show the 

biological activities of a prolactin in addition to their growth-promoting 
abilities (Lyons, Li and Johnson 1960; Chadwick, Folley and Gemzell 
1961; Peckham et al. 1968; Forsyth and Folley 1970). The synthesis 
recently achieved by Li and Yamashiro (1970) adds certainty to the view 
that prolactin-like activity is intrinsic to the HGH molecule. Never- 
theless, radioimmunoassay of HGH in normal lactation and galactorrhoea 
has shown that its concentration in plasma in the fasting state and its 
response to stimuli such as arginine or insulin infusion is not significantly 
different from that in non-lactating women (Board 1968; Spellacy, 
Carlson and Schade 1968; Benjamin, Casper and Kolodny 1969; Spellacy, 
Buhi and Birk 1970). The sexual ateliotic dwarfs studied by Rimoin and 
co-workers (1968) show normal mammary development and lactation 
although HGH cannot be detected in their plasma by a radioimmuno- 
assay method. 

Several other lines of evidence have suggested that a human prolactin 
distinct from HGH is secreted (for reviews see Forsyth 1969; Pasteels 1969; 
Boot 1970; Forsyth and Folley 1970). In pregnancy and lactation changes 
in the acidophil cell population of the human pituitary have been noted 
(Pasteels 1963 ; Herlant and Pasteels 1967; Goluboff and Ezrin 1969). Cells 
which are thought to be prolactin-secreting become numerous at these 
times but are otherwise scarce, though they have also been detected in a 
pituitary adenoma associated with galactorrhoea (Herlant and Pasteels 
1967; Linquette et al. 1967). Similarly, studies by Peake and co-workers 
(19%) of a pituitary tumour associated with galactorrhoea have led them 
to conclude that the tumour was secreting prolactin but very little HGH. 
Herbert and Hayashida (1970) have used antibody to sheep prolactin in an 
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indirect immunofluorescence method to detect prolactin-containing cells 
in the normal monkey adenohypophysis. 

The experiments of Pasteels and co-workers (see Pasteels 1963, 1969) 
involving culture of human pituitaries have shown that HGH production, 
as measured immunologically, declined quite rapidly in vitro, while pigeon 
crop-stimulating activity detected in the culture medium rose. The 
pattern could be reversed by addition of hypothalamic extracts. Essentially 
similar results have been obtained by Nicoll and co-workers, using monkey 
pituitaries (Nicoll et al. 1970; Channing et al. 1970). 

The pigeon has frequently been used in attempts to measure prolactin 
activity in extracts of human blood, but in general with rather equivocal 
results (see Meites and Nicoll 1966; Forsyth 1967). Interference by non- 
specific factors has always been a great problem in the identification and 
measurement of the response, and the efficacy of the extraction method 
(Sulman 1956) adopted by several authors (Simkin and Goodart 1960; 
Pasteels 1969) has been questioned (Kurcz et al. 1969). 

An alternative method devised by Bates has enabled elevated prolactin 
activity to be demonstrated in the plasma of six of seven patients with 
galactorrhoea (Canfield and Bates 1965) and in eight women post parturn, 
but not in acromegalics, unless their HGH levels exceeded 400 nglml 
(Roth, Gorden and Bates 1968). 

Use of mammary gland organ culture, as described by ourselves (Forsyth 
1970; Forsyth and Myres 1971) and Frantz and Kleinberg (1g70), enables 
prolactin activity to be detected in unextracted human plasma and 
distinguished from activity due to HGH, both by simultaneous measure- 
ment of HGH levels in the samples and by incorporation of antisera to 
HGH into the culture medium. Using this method we have been unable to 
detect prolactin activity in 26 control subjects and in nine subjects with 
abnormal breast development without secretion, but have detected it in 
12 of 18 women breast-feeding their babies in the early puerperium and in 
15 of 20 subjects with abnormal lactation of diverse aetiology. 

It is, for a number of reasons, difficult to put values on the prolactin 
levels observed. In most cases samples have been assayed at only one dilu- 
tion so no test of regression or parallelism with standards is possible. The 
subjective scale used to score the responses cannot be considered linear, 
and the use of parametric statistics is inappropriate. However, if com- 
parison with sheep prolactin standards has any validity, it is clear that 
human prolactin levels are very high in some cases. In a female patient 
with galactorrhoea associated with a pituitary tumour, a level of 2 &ml 
plasma was estimated in a &point assay. Similarly, in a woman breast- 
feeding on the seventh day of lactation the level estimated was 0.5 pg/ml. 
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Isolation of primate prolactin has proved an extremely difficult problem. 
It may be that the prolactin content of the pituitary is very low, except 
during pregnancy and lactation, but polyacrylamide gel electrophoresis 
has failed to identifj. a separate prolactin band even in pituitaries from 
women dying at this time (Nicholson 1970). By contrast, gel electrophor- 
esis of a prolactin-secreting pituitary tumour revealed a band with the same 
electrophoretic mobility as haemoglobin which was tentatively identified 
as prolactin (Peake et al. 1969). However, no prolactin activity could be 
found in the haemoglobin band of a pituitary Gom a woman 24 weeks 
pregnant (Nicholson 1970). 

Recent experiments by Friesen, Guyda and Hardy (1970) provide 
evidence of very rapid synthesis of small amounts of prolactin by human 
pituitaries in vitro. This material is very similar to HGH in molecular 
weight, isoelectric point and solubility. It does not cross-react with HGH 
and much of the other evidence outlined above points to this as a required 
feature of a primate prolactin molecule. Exploitation of this characteristic 
may soon lead to the isolation of primate prolactin (Guyda and Friesen 
1971). 

Placental lactogen in thegoat 
The human placenta secretes a material (human placental lactogen, 

HPL) which partially cross-reacts with antiserum to HGH and which 
combines prolactin-like activity with some of the biological characteristics 
of a growth hormone (see Josimovich and MacLaren 1962; Kaplan and 
Grumbach 1964; Forsyth 1967; Selenkow et a!. 1969). Similar material is 
present in the monkey placenta (Grant, Kaplan and Grumbach 1970). 
Prolactin-like activity has also been demonstrated in the placenta of the rat 
(Ray et al. 1955; Matthies 1967, 1968; Cohen and Gala 1969; Shani et al. 
1970) and the mouse (Cerruti and Lyons 1960; Kohmoto and Bern 1970). 
A haemagglutination - inhibition method has been used to demonstrate 
material cross-reacting with HPL in placental fractions of the monkey, 
rat, dog, pig, horse, sheep, rabbit and cow (Gusdon et al. 1970). 

The present experiments suggest that the circulation of the pregnant goat 
from mid-pregnancy to term contains appreciable quantities of a lacto- 
genically active material which is not detected by a radioimmunoassay for 
pituitary prolactin. Co-culture experiments indicate that this material 
is secreted by the cotyledon. It is not yet possible to say which cells are 
responsible but there is some suggestion that the foetal component is 
involved. 

This material was detected in the circulation of two goats at 64 days of 
pregnancy. The earliest co-culture experiments were carried out with tissue 
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from a goat on the 80th day of pregnancy, so I do not yet know at what 
stage of pregnancy this material is first secreted. In humans, HPL has been 
detected in the foetus as early as 12 days (Beck 1970). It is, however, 
interesting to note that in the goat, the mid-pregnancy appearance of 
appreciable quantities of lactogenic activity in the circulation coincides 
with the time when there is an acceleration of mammary proliferation 
(Cowie 1971). Hypophysectomy results in abortion in the goat at all 
stages of pregnancy (Cowie et al. 1963). This suggests that the placental 
material does not have any appreciable luteotropic effect. Any possible 
metabolic role will require further investigation, as will the relationship 
between the placental lactogen and pituitary prolactin. The very low 
levels of the latter in primiparous goats may be noted and it is possible that 
the circulating placental lactogen exerts some central feedback effect 
depressing pituitary prolactin production, in the same way that HPL may 
be involved in suppressing HGH release during pregnancy (e.g. Spellacy 
and Buhl 1969). Any such relationship may be modified in goats simul- 
taneously pregnant and lactating. 

Attempts to isolate the goat placental lactogen are now in progress. 

CONCLUSIONS 

Further evidence has been presented to support the view that the human 
pituitary does secrete a prolactin distinct from HGH and that this material 
is present in the circulation in quite large quantities in lactation. It has 
also been shown that during the second half of pregnancy the circulation of 
the goat contains appreciable quantities of a lactogenically active material 
apparently originating from the placenta. 

Gel filtration studies have indicated that both these materials have 
molecular weights in the region of 20 ooo (Forsyth and Myres 1971; 
Andrews and Forsyth, unpublished). This approximate molecular weight 
seems to be common to all the pituitary prolactins and pituitary growth 
hormones which have been examined (e.g. Andrews 1966) and to human 
placental lactogen (Andrews 1969). Studies of hormone structure are 
revealing interesting similarities. Thus, for example, some common 
amino acid sequences have been noted between ovine prolactin and HGH 
(Bewley and Li 1970), between HGH and bovine GH (Santom6, Dellacha 
and Paladini 1968 ; Fellows and Rogol1969) and between HGH and HPL 
(Sherwood 1969; see also Niall 1971). Overlap in biological activity 
among these different hormones, which has frequently been noted (see 
Bern and Nicoll 1968; Forsyth and Folley 1970), becomes readily ex- 
plicable on this basis. This, together with the recognition of placental 
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lactogens in an increasing number of species, leads to the concept that the 
pituitary and placenta secrete a family of related hormones with important 
effects both on the mammary gland and on the general metabolism of the 
mammal. 

SUMMARY 

The secretory response of rabbit lobulo-alveolar mammary tissue in vitro 
has been used to bioassay lactogenic activity in the plasma of man and goats. 
(I) In man, prolactin activity distinct from radioimmunoactive growth 
hormone has been demonstrated in the plasma of 12 of 18 women breast- 
feeding in the early puerperium, in one male and 14 females of 20 patients 
with galactorrhoea of diverse aetiology, but not in 26 control subjects 
without known endocrinopathy or in nine subjects with simple gynae- 
comastia. (2) In primiparous goats, prolactin bioassay and radioimmuno- 
assay gave similar results for plasma samples taken during a suckling 
episode post partum. However, during the second half of pregnancy, 
plasma lactogenic activity, unaccounted for by low levels of immuno- 
reactive pituitary prolactin, was demonstrated by bioassay. Co-cultures 
of goat foetal and placental tissues with mammary gland of mid-pregnant 
mice suggest that this activity is due to a lactogenic hormone secreted by 
some part of the cotyledon. 
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MEASUREMENT OF PROLACTIN ACTIVITY IN HUMAN 
SERUM BY THE INDUCTION OF SPECIFIC MILK 

PROTEINS IN VITRO: RESULTS IN VARIOUS CLINICAL 
DISORDERS 

ROGER W. TURKINGTON 

Department of Medicine, University of Wisconsin, Mudison 

THE studies reviewed earlier (pp. I I 1-127) have characterized a sequence 
of molecular reactions which occur in cultured mammary epithelial cells 
after stimulation with prolactin. Multiple classes of RNA molecules are 
transcribed and subsequently participate in the synthesis of casein and lactose 
synthetase, and the formation of these proteins depends upon prolactin 
with a high degree of hormonal specificity. The synthesis of the milk 
proteins in the induced state represents go per cent of the protein synthesis 
in these cells (Lockwood, Turkington and Topper 1966) so that the induced 
rate of milk protein biosynthesis represents a substantial amplification of the 
original hormonal signal. It has been possible, therefore, to utilize the 
induction of specific milk proteins in organ cultures of mouse mammary 
gland as a sensitive and specific bioassay for prolactin activity in human 
serum, Several features of this assay and the results it has yielded in clinical 
studies are reviewed here. 

CHARACTERISTICS OP THE MOUSE MAMMARY GLAND IN VITRO BIOASSAY: 

INDUCTION OF MILK PROTEINS 

The stirnulatory effect of prolactin on the induction of [32P]casein or 
lactose synthetase is not proportional to prolactin concentration in the 
5-500 n g / d  range when the prolactin is added to chemically defmed 
Medium 199. As shown in Fig. I, human serum albumin at a concentration 
of I per cent acts to correct this effect, probably by preventing adsorption 
of the hormone to the culture dishes during the 48-hour period of incuba- 
tion. Serum (final concentration, 50 per cent) has an additional effect of 
making the response linear with respect to the log concentration of pro- 
lactin, perhaps by some beneficial effect on the explants. A similar dose- 
response relationship has been obtained with the induction of N-acetyl- 
lactosamine synthetase (the galactosyl transferase of lactose synthetase) 
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(Fig. 2). Lowenstein and co-workers (1971) have also used hs reaction to 
measure prolactin activity in human serum. In our studies the induction 
of a-lactalbumin as measured enzymically in the lactose synthetase reaction 

0 5 50 500 5000 
Prolactin, n g h l  

FIG. I. Synthesis of [8'P]casein by mouse mammary explants incubated 
for 48 hours in various media containing various concentdons of ovine 
prolactin. Each point represents the incorporation of (25 pCi/ml) 
during the 44-48 hour period. (Reproduced by permission of the pub- 

lishers of thelournal of Clinical Endocrinology and Metabolism.) 

has yielded erratic results, perhaps because this small polypeptide readily 
leaves the extracellular spaces of the explants and cannot be recovered 
from the medium. The [82P]casein exists in micellar aggregates of 8,-9 
million daltons (Baldwin 1970) and does not leave the explants during the 
time periods studied in our experiments. We have chosen the [S2P]casein 
response in preference to the prolactin-induced increase in N-acetyl- 
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lactosamine synthetase activity. This is primarily because the ["Plcasein 
assay offers greater precision, as indicated by the data plotted in Fig. 2 

(Turkington 1971a). 
The hormonal specificity of the induction of [3aP]casein is high for 

prolactin. At concentrations in the physiological or clinical ranges, only 
human placental lactogen (HPL) and growth hormone (HGH) gave positive 

Prolactin, n g h l  

FIG. 2. Rates of [~~]czceinsynthesis and activity of N-acetyl-lactosamine 
synthetase in explants incubated for 48 hours in the standard incubation 
medium containing various concentrations of ovine prolactin ( 3 0 . 3  
i.u./mg). (Reproduced by permission of the publishers of thejournal of 

Clinical Endocrinology and Metabolism.) 

responses, and no hormones were found to be inhibitory to the action of 
prolactin (Turkington 1971~). As shown in Fig. 3, HPL was nearly as 
potent as prolactin when compared by mass. Thus, in the absence of 
pituitary prolactin the mammary gland in vitro assay can serve as a sensitive 
assay for HPL. It has also been possible to prepare antisera to HPL to 
determine its contribution to the observed 'prolactin' activity of a given 
serum sample (Turkington 1971c). The 'prolactin' activity of human 
growth hormone preparations becomes significant at  concentrations of 
growth hormone above 10-20 ng/ml, but is negligible at  concentrations 
below t h i s  level. This complication has been avoided by selecting sera 
known to contain growth hormone at 10 ng/ml or less, or by treating the 
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sera with anti-human growth hormone prior to assay. Such antisera have 
been found not to reduce the values for prolactin activity observed in 
serum having high prolactin activity and low or undetectable serum growth 
hormone as determined by radioimmunoassay. In our laboratory the 
culture medium has been made to contain 50 per cent human serum derived 
from normal blood donors. This serum component of the medium i s  
partially or completely replaced in each assay dish by the serum to be 

Hormone Concentration, ng/ml 

FIG. 3. Rates of [8”P]casein synthesis in mammary explants incubated for 
48 hours with various concentrations of ovine prolactin (0) or human 
placental lactogen (0). (Reproduced by permission of the publishers of 

theJourna1 of Clinical Endocrinology and Metabolism.) 

assayed. The activity which is measured, therefore, is that which exceeds 
the activity present in pooled donor serum. In assays in which serum 
samples from a large number of apparently healthy controls have been 
individually tested we have not detected prolactin activity by this tech- 
nique. Prolactin activity has been found in all patients with clinically 
significant galactorrhoea and in all patients treated with the drugs shown 
in Figs. 7 and 8. The sensitivity of the assay (lowest concentration of pro- 
lactin which can be reliably detected) has been determined by serial dilution 
of human and ovine standards to be 2 ng (0.06 m i.u.) per ml of serum. 

The variation within assays and between assays has been quite satisfactory 
in our laboratory. In serum samples with elevated prolactin levels the 
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standard deviation has been less than = ~ I O  per cent, and quite often has 
been ~ 6 - 7  per cent. This bioassay derives its high degree of precision 
from the fact that all determinations are performed with tissue from a single 
animal, the hormonal treatment is carried out under carefully controlled 
conditions in uitro, and the end-point is an isotopically labelled protein 
which can be assayed with a high degree of precision. It does require 
expertise in organ culture and at present would not appear to yield itself 
easily to automation or the performance of several hundred assays, as can 
be achieved with radioimmunoassays. However, it can be completed in 
three days as opposed to the 7-10 days required for most radioimmuno- 
assays, and it yields values which represent biological activity rather than 
merely immunoreactivity . It is possible that polypeptide hormones in 
serum may be inactivated but yet retain their immunological reactivities. 
It may therefore be more relevant to determine the concentration of 
biologically active material, if one wants to relate its actions to the patterns 
of regulation observed under physiological or pathological conditions. 

IDENTIFICATION OP THE HUMAN PROLACTIN MOLECULE 

In the course of these studies it became evident that the prolactin activity 
in human sera varied independently of the growth hormone concentration 
as determined by radioimmunoassay. It was also found that the prolactin 
activity in the serum of patients with the Forbes-Albright syndrome stimu- 
lated [32P]casein synthesis to yield a dose-response curve which was parallel 
to that of ovine prolactin standards (Turkington 1 9 7 1 ~ ) ~  and such sera 
ofien contained little or no immunoreactive growth hormone. This 
result did not constitute proof of the existence of a human prolactin 
separate from the growth hormone molecule. It did, however, support 
the proposition that human serum prolactin activity could be assayed 
using ovine prolactin as a standard. Direct identification of the human 
prolactin molecule was achieved by physical separation of the biologically 
active molecule from immunoreactive growth hormone by polyacryl- 
amide gel electrophoresis (Chrambach, Bridson and Turkington 1971). 
This technique demonstrated that the prolactin activity in the serum of a 
patient with the Forbes-Albright syndrome was a single, homogeneous 
protein which was distinct in its molecular weight and net charge from the 
dominant HGH-B. Fig. 4 is the Ferguson plot showing the logarithm of 
the relative mobilities of prolactin activity from a Forbes-Albright patient 
and from a woman lactating post partum. The values are plotted against 
the gel concentration (%T) (Rodbard and Chrambach 1971). The statis- 
tical analysis of the results obtained indicated that the prolactin molecule 
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from the patient with a pituitary tumour was identical by polyacrylamide 
gel electrophoresis to that from the normal, lactating woman. The 
Ferguson plots for human prolactin and HGH-B were not parallel. The 
molecular weight at pH 7' 8 of human prolactin was found to be 17 200 

as compared to 20 800 for HGH-B. The molecular net charges (valence) 

I 
5 10 15 vq- 

FIG. 4. Ferguson plots of human prolactin in serum from a postpartum 
lactating woman (0) or from a male patient with a pituitary tumour and 
galactorrhoea (A) and ofhuman growth hormone (- - - - -). Therelative 
mobilities of human prolactin and human growth hormone are plotted 
at different gel concentrations (% T) and are shown to be distinctly 

different with > 99 per cent confidence limits. 

of the two molecules under the experimental conditions used were - 2.82 
net protons per molecule of prolactin and -I- 85 net protons for HGH-B 
(pH 7.8). These studies provided the first direct identification of human 
prolactin as a homogeneous protein distinct from HGH, and formed a firm 
basis for the conclusion that the biologically active material in human 
serum which was detected by the mammary gland in vitro assay was in fact 
a distinct prolactin molecule. 

EFFECT OF PITUITARY STALK SECTION ON PROLACTIN SECRETION IN MAN 

A large number of experimental studies indicate that the synthesis and 
secretion of prolactin in mammals is chronically inhibited by the hypo- 
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thalamus, and that prolactin secretion can be initiated when the influence 
of the hypothalamus is removed. This regulatory relationship of the 
hypothalamus to the pituitary has been demonstrated by the placement of 
specific hypothalamic lesions, pituitary transplantation, organ culture of 
pituitary tissue, administration of certain central nervous system 
depressant drugs, and pituitary stalk section (Meites and Nicoll 1966). 
Although the effects of drugs on the secretion of prolactin in the human 
probably depend upon an effect on the hypothalamus, these agents do not 
afford asdirect anopportunity to study hypothalamic regulation of prolactin 
secretion as does surgical section of the pituitary stalk. Such a procedure 
permits the study of prolactin secretion in the same patient before and after 
a specific experimental variable has been introduced, and can be contrasted 
with the effects produced by surgical hypophysectomy. In man this 
procedure is judged to be indicated in selected patients with metastatic 
breast carcinoma or severe diabetic retinopathy to obtain the therapeutic 
benefits reported by a number of clinics (Dugger, Van Wyk and Newsome 
1958; Ehni and Eckles 1959; Antony et al. 1969; Field et al. 1961). 

In the series of I 3 patients shown in Table I serum prolactin activity was 

TABU I 

BPFBCT OP PIl7JITARY STALK SECTION ON 
PROLACTIN SECIUTION IN I3  PATIENTS 

Serum prolactin 
Numberof , n g p  

7 

patients Preoperative Postoperative 

3 0 110-246 

8 - 42-508 
2 0 0 

measured at various intervals after pituitary stalk section for metastatic 
breast carcinoma or diabetic retinopathy (Turkington, Underwood and 
Van Wyk 1971). In five of these patients we had the opportunity to 
measure serum prolactin activity before stalk section also. In none of the 
sera obtained preoperatively from these patients or from unoperated 
patients with breast carcinoma or diabetic retinopathy, or from a patient 
with a chromophobe adenoma, was there detectable prolactin activity. 
Following pituitary stalk section there was markedly elevated prolactin 
activity in the sera of a majority of these patients. This secretion was 
evident by at least five days after stalk section, and was known to persist 
in one patient for at  least 12- 5 years. In one of the patients who did not 
secrete prolactin after stalk section it was concluded that the vascular 
insult of the surgical procedure resulted in the infarction of all pituitary 
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cells, since this patient had no detectable secretion of other pituitary hor- 
mones either. In the second patient who did not secrete detectable pro- 
lactin after the operation, the secretion of growth hormone after the 
induction of hypoglycaemia suggested that some vascular connection of 
the pituitary to the hypothalamus may have been re-established after the 
surgical procedure. Secretion of prolactin was not an essential feature of 
either remission or progression of the activity of breast carcinoma following 
pituitary stalk section in these patients. Their clinical courses appeared to 
represent primarily the growth patterns intrinsic to their individual car- 
cinoma cell phenotype, rather than a common response to the presence or 
absence of prolactin. All four patients with diabetic retinopathy ex- 
perienced objective arrested progression of their retinopathy and showed 
increased prolactin secretion. However, additional studies will be required 
to evaluate any functional role which prolactin may play in the activities 
of these disease processes. These studies demonstrate that pituitary stalk 
section in man, as in other mammals studied, usually converts the pituitary 
gland into a primarily prolactin-secreting organ. The results are consistent 
with the belief that the human hypothalamus regulates pituitary prolacein 
secretion primarily through an inhibitory mechanism. 

SECRETION OP PROLACTIN BY PATIENTS WITH HYPOTHALAMIC AND PITUITARY 

TUMOURS 

We have also assayed the prolactin activities in the sera of a limited 
number of patients with tumours of the hypothalamus or pituitary. 
Elevated prolactin levels have been found in patients with craniopharyn- 
gioma, ectopic pinealoma, chromophobic pituitary adenoma and baso- 
philic-chromophobic pituitary adenoma, and in some patients with an 
eosinophilic pituitary adenoma (Turkington 1971b). Fig. 5 shows the 
values obtained in patients with the Forbes-Albright syndrome secondary 
to a chromophobic adenoma. The values are shown before and after 
surgical removal of the tumour. In three of these nine patients serum 
prolactin declined to undetectable levels as determined by the in vitro 
[SQIcasein assay, but in the majority of the patients in this series significant 
amounts of prolactin continued to be secreted following the operation. 
This residual secretory function may represent autonomously secreting 
residual tumour cells, or the activity of non-neoplastic pituitary cells 
which were removed from or continued to be separated from the inhibitory 
influence of the hypothalamus. In one patient in whom the secretion of 
prolactin was completely terminated by surgical removal of a chromo- 
phobe adenoma we measured the rate of disappearance of the biologically 
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active form of prolactin from the serum. As shown in Fig. 6 a serum 
prolactin concentration of 210 ng/ml was observed in this patient before 
her tumour was removed. After removal of the tumour the prolactin 
concentration declined exponentially with a half-life of approximately 
15 minutes. The rate of disappearance of prolactin activity then decreased 
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FIG. 5 .  Serum prolactin levels in patients with a pituitary chromophobe 
adenoma and galactorrhoea before and after surgical removal of the 

tumour. Females, 0. Male, 0.  

markedly. This second phase of disappearance of the hormone may 
represent an effect of the entry of prolactin from extravascular spaces into 
the intravascular compartment, the release of prolactin from infarcted 
pituitary cells, as well as depressed hypothalamic inhibitory function 
during the post-operative recovery period. The apparent half-life of 
biologically active prolactin during the period of rapid decline is similar to 
the half-lives of other polypeptide hormones as determined by their 
residual serum immunoreactivities (Berson 1968). 
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FIG. 6. Time course of the change in serum prolactin activity in a patient 
with a chromophobe adenoma after surgical removal of the tumour. 

EFFBCTS OF DRUGS ON THE SECRETION OP PROLACTIN 

Galactorrhoea has long been recognized as a complication of therapy 
with certain drugs (Sulman 197oa; Winnik and Sulman 1956; Platt and 
Sears 1956). Among these, the phenothiazines and their derivatives, 
a-methyl dopa and reserpine have been clearly implicated in the aetiolog y 
of galactorrhoea in a significant number of patients. Because these agents 
are widely used in medical practice, it was of interest to measure the serum 
prolactin levels in groups of patients treated with these drugs. Fig. 7 
summarizes the values obtained in 60 psychiatric patients treated with a 
single phenothiazine or a phenothiazine congener for 2-6 weeks. The 
patients were selected consecutively to include ten patients in each group. 
All treated patients in this series were found to have markedly elevated 
serum prolactin levels. No attempt was made to compare the potencies 
of these agents in stimulating prolactin secretion on a dose-response basis. 
The highest serum prolactin levels were observed in those patients treated 
with perphenazine and fluphenazine, while lower mean values were 
observed in patients treated with the tricyclic compounds imipramine and 
amitriptyline. The untreated psychiatric patients and those treated with a 
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variety of other drugs were found to have serum prolactin levels of < 2 ng/ 
ml. A striking feature of the phenothiazine-induced secretion of prolactin 
was the prolonged duration of secretion which was observed after the 
cessation of therapy. Serum prolactin levels declined slowly and did not 
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FIG. 7. Serum prolactin levels in psychiatric patients treated chronically 
with variou phenothiazine or mcyclic drugs. Females, 0. Males, 0. 

reach normal values for 10-15 days in many patients (Turkington 1971c). 
The possibility that a patient may have ingested tranquillizing medications 
even one to two weeks previously must therefore be carefully considered 
in evaluating an elevated value for serum prolactin. 

The effect of chronic treatment with a-methyl dopa or reserpine on 
prolactin secretion is shown in Fig. 8. Each ofthese agents induced markedly 
elevated serum prolactin levels in all patients studied. 

PROLACTIN LEVELS IN PATIENTS WITH GYNAECOhUiSTIA 

Gynaecomastia has traditionally been considered a sign of endocrine 
imbalance. Although disorders of the adrenal cortex or testis and of oestro- 
gen metabolism have been clearly implicated in its aetiology in some 
patients, in a large number of patients the pathogenesis of gynaecomastia 
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remains unclear. Since the normal mammary tissue can respond to the 
pituitary maminotropic hormone it has been postulated by several investi- 
gators that increased prolactin stimulation may lead to growth of the male 
breast (Sulman 1g7ob; Paulsen 1968). It was of interest, therefore, to 
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FIG. 8. Serum prolactin levels in hypertensive patients treated chroni- 
cally with reserpine or a-methyl dopa. Females, 0. Males, 0. 

measure serum prolactin in patients with gynaecomastia associated with 
various clinical conditions. Table I1 lists 27 such patients. Although each 
category contains a relatively small number of patients, it is clear that an 
elevated serum level of prolactin is not a general requirement for the 
development of gynaecomastia. Increased serum prolactin activity has 
been observed in patients with gynaecomastia who were also treated with 
phenothiazines or reserpine (Turkington 1971d). However, the elevated 
prolactin levels in these patients may be regarded as an associated finding 
and unrelated to the aetiology of the gynaecomastia. These conclusions 
are consistent with previous experimental results on cultured mouse mam- 
mary cells, which indicated that prolactin does not affect the rate of 
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mammary epithelial cell proliferation in vitro (Turkington 1968). Thus it 
would appear that the clinical investigation of the origin of gynaecomastia 
in patients presenting with this condition should be directed primarily 
toward the detection of altered patterns of oestrogen metabolism or 

TAB= I1 
PROLACTIN ACTIVITIES IN SERA FROM 2s PATIENTS WITH GYNABCOMASTIA ASSOCIATBD 

WITH VARIOUS CONDITIONS 

Associated condition 
Adolescence 
Bronchogenic carcinoma 
Hepatic cirrhosis 
Traumatic paraplegia 
Idiopathic hypergonadotropuric 

hypogonadism 
Klinefelter’s syndrome 
Chronic azotaemia, maintenance 

haemodial ysis 
Digitalis therapy 
Thyrotoxicosis 
Hypothyroidism 
Chlorpromazine therapy 

Number of Serum prolactin 
patients activity m i.u./ml 

4 
4 
4 
I 

2 
I 

~ 0 . 0 6  
<0.06 

<0.06 
i 0 . 0 6  

I ‘70-5‘80 

other factors which may condition the sensitivity of the mammary tissue 
to oestrogens. 

BIOASSAY OF HUMAN PLACENTAL LACTOGEN 

Fig. 9 shows the serum levels of human placental lactogen measured in 
25 patients at various stages of pregnancy. The culture media containing 
the sera were pretreated with sufficient anti-ovine prolactin antiserum to 
neutralize the pituitary prolactin activity of a human serum standard over 
the range 0-1000 ng/ml. A relatively small proportion of the initial 
activity of the samples in the latter half of gestation was removed by this 
procedure, suggesting that low amounts of pituitary prolactin may be 
present in the serum during pregnancy. The values for human placental 
lactogen were determined by comparison with the activity of a purified 
standard preparation (see Fig. 3). During gestation the maternal venous 
serum level increases steadily to a maximum value of approximately 
5 pg/ml. These values for biologically active hormone are somewhat less 
than the serum concentrations reported for immunologically reactive 
HPL in pregnancy serum (Beck, Parker and Daughaday 1965; Saxena, 
Emerson and Selenkow 1969; Spellacy 1972). Although these results 
suggest that some biologically inactive material may be assayed by the 
radioimmunoassay, evaluation of this possibility will require that HPL is 
assayed by both techniques on the same individual serum samples. 

LACTO.-7 
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Our experience with the in uitro [32P]casein bioassay for prolactin activity 
indicates that it has a number of features which would appear tb make it 
useful for future clinical studies. It has been illuminating for us to observe 
how it has united two diverse areas of interest, molecular biology (see 
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FIG. 9. Serum concentrations of human placental lactogen at various 
stages of pregnancy as determined by the [a*P]casein in vitro bioassay. 

pp. I I 1-127) and clinical neuroendocrinology. The mouse mammary 
gland has pointed out to us that prolactin is an interesting material which 
can serve to relay changes in the state of the central nervous system to a 
target cell for the regulation of multi-molecular cell membrane aggregates 
and the activities of specific genes. 

SUMMARY 

The induction of [32P]casein or N-acetyl-lactosamine synthetase in mouse 
mammary explants has been utilized as a highly sensitive and specific 
bioassay system for prolactin activity in human serum. The sensitivity of 
the [32P]casein assay was 2 ng/ml for prolactin or human placental lactogen. 
The rate of induction of specific milk proteins was proportional to the log 
concentration of ovine prolactin over the range 2-1000 ng/ml, and dilutions 
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of human serum containing prolactin activity paralleled this activity over 
the same activity range. The within assay and between assay precision of 
the [32P]casein determination was represented by a standard deviation of 
less than 5 10 per cent. This assay was used to identify, for the first time, 
the human prolactin molecule, and to separate it from growth hormone 
and characterize the physical properties of human prolactin by poly- 
acrylamide gel electrophoresis. Serum prolactin levels were found to be 
elevated in patients with galactorrhoea, pituitary stalk section, pituitary 
turnours, and during treatment with certain drugs, but not generally in 
patients with gynaecomastia. The half-life of human prolactin in serum 
after the removal of a prolactin-secreting tumour was found to be approxi- 
mately 15 minutes. This assay appears to yield meaningful clinical data 
on the serum concentration of biologically active human prolactin and 
should be a useful tool for future clinical research. 
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DISCUSSION 

Pasteels: I would like to ask the three speakers who have described their 
bioassay systems about specificity control. Dr Frantz has shown that 
Progesterone alone is not active in his mammary gland system, but have any 
ofyou tried the simultaneous administration ofprogesterone and prolactin ? 
I wonder whether the presence of some progesterone in the plasma samples 
might interfere with the lactogenic activity. 

Franfx: That’s a very good question. We have not been aware of such 
an effect of progesterone, but we haven’t done enough experiments to 
give a definite answer. We have studied the question more carefully with 
regard to oestrogens. Oestradiol, when added to the medium in con- 
centrations ranging from o * 5 n g / d  to 2 - 5 Pglrnl, neither inhibited nor 
enhanced the effect of ovine prolactin at multiple dose levels; it similarly 
had no effect on the prolactin activity of plasma samples from any of ten 
patients. 

Ttrrkitzgton: We have added up to I pg/ml progesterone simultaneously 
with prolactin and this does not interfere with the known amount of 
prolactin in the medium when measured with the casein assay. It does 
interfere with the amount of a-lactalbumin activity in the tissue but we 
have not used that as a standard response. We have tested all the known 
hormones at concentrations that would be encountered in the clinical 
range (say two to five times above physiological concentrations) and have 
not found that any of these interfere with the known amount of prolactin 
in the medium. 

Forsyth: We have only looked at one progesterone concentration 
(0 * 5 pg/ml) and at this concentration there was no effect on the response 
to prolactin observed histologically (Forsyth and Myres 1971). 

Prop: We found (unpublished observation) that the addition of only 
2 ng/ml ofprogesterone completely blocks the production of milk proteins 
in mammary glands from 6-7 week-old CBA virgin mice cultured with the 
hormones insulin, prolactin and hydrocortisone. The milk proteins were 
determined immunologically. It should be kept in mind that at the start 
of these experiments the mammary glands are not lactating nor preparing 
for lactation, so that they start secretory activity from the resting state. 
Without the addition of progesterone, however, these immature glands 
which have not yet developed an alveolar system show histologically 
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vacuolization in the cells of the end buds and a secretion in the ducts that 
contains milk proteins. 

Greenwood: Do you still see milk being produced, when progesterone is 
present ? 

Prop: No! Histologically we don’t see any milk if progesterone is 
added. 

Meites: I have wondered about the effects of adrenal cortical steroids. 
None of tlie three speakers described the effect of holding prolactin levels 
constant in the culture system and determining the effects of different 
doses of adrenal cortical steroids on initiation of lactation. Presumably 
adrenal cortical steroids are present in the blood. 

Frantx: The amount of adrenal steroids that we routinely use in the 
incubation medium is far in excess of what would be encountered even in 
patients with the most severe Cushing’s disease. We have increased the 
concentrations of adrenal steroids over four-fold ranges to see whether 
this increased the sensitivity of the assay, and we found no effect of in- 
creasing the cortisol concentrations from 20 to 80 ng/ml in the assay on the 
response to prolactin. 

Forsyth: We regularly use corticosterone at I pg/ml in the medium. We 
tried adding cortisol as well at  various concentrations, and found no effect. 

Turkington: We studied all the structural permutations of the adrenal 
cortical steroid ring to determine which structures are biologically 
active, and cortisol is one of those with most activity. We studied these 
steroids over wide concentration ranges and cortisol at ‘physiological’ 
concentrations has nearly ‘maximal’ activity. We have also added cortisol 
to all assays at very high concentrations, a thousand times above physio- 
logical concentrations, so that any change in the amount of endogenous 
cortisol in the serum could not influence the result. So I don’t think that 
steroids do influence the activity of prolactin in the assay. 

Friesen: In the pituitary stalk-sectioned patients, did you notice any 
difference in the clinical response of the mammary cancer in patients with 
high or low prolactin levels ? Secondly, did any of those with high con- 
centrations of prolactin have galactorrhoea ? 

Turkington: There was no correlation of the clinical course of these 
patients with the presence or absence of serum prolactin. One patient with 
no prolactin activity had a very good remission; another patient with no 
prolactin activity showed no response to surgery. In the patients with very 
elevated prolactin activity, there was also a variable clinical response; some 
had a good response and others had not. Our limited evidence seemed to 
indicate that the subsequent clinical course is not primarily a function of 
whether prolactin is present but more a function of the phenotype of the 
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particular carcinoma. I can’t make any general statements about depen- 
dence or independence of prolactin in this particular cancer. 

None of our patients had galactorrhoea, but all those with mammary 
cancer had previously been oophorectomized and we know that the 
response of the mammary gland is conditioned by oestrogenic hormones. 
A number had had unilateral or bilateral mastectomy which would pre- 
clude any galactorrhoea. Of the two women with diabetic retinopathy, 
neither had galactorrhoea, even though their serum prolactin concen- 
trations were very high. I should add that in all patients with clinically 
significant galactorrhoea we have never failed to detect elevated serum 
prolactin. The two diabetic patients therefore did not show a correlation 
between the response of the mammary gland in the patient and the 
bioassay result. I don’t know why these patients did not have galactorrhoea, 
except that they had severe diabetes. 

Fruntz: We encountered high concentrations of prolactin in the absence 
of galactorrhoea in the patients receiving tranquillizing drugs. Only two 
out of nine patients had galactorrhoea although all had markedly elevated 
amounts of prolactin. 

Turkington: We also found high prolactin in the phenothiazine-treated 
group without galactorrhoea. 

MucLeod: Could Dr Turkington or Dr Frantz give us some perspective 
on the importance of oestrogens in the regulation of prolactin secretion ? 
I am very interested in Dr Frantz’s observations that chlorpromazine given 
to mule patients increased the serum concentration of prolactin and I wonder 
if he thinks that chlorpromazine is acting through another mechanism, as 
compared to the direct oestrogenic action, to affect the synthesis and release 
of prolactin ? And I wonder if any of Dr Turkington’s patients who under- 
went pituitary-stalk section for diabetic retinopathy were males and if their 
prolactin levels increased after surgery ? 

Ttrrkington: Two were males, and their serum prolactin levels increased 
after surgery. 

Fruntz: The question of oestrogens as agents causing mammary hyper- 
plasia is a very interesting one. Some years ago Lyons, Li and Johnson 
(1958) observed in an extended series of studies that oestrogens were com- 
pletely ineffective in producing mammary development in rats in the 
absence of the pituitary or without the simultaneous administration of 
growth hormone and prolactin. To my knowledge this study has never 
been done in man. We have studied two hypopituitary men who were 
shown to have no immunoassayable growth hormone after stimulation, to 
whom we gave oestrogens in large amounts, 5 mg of ethinyl oestradiol per 
day, and did serial breast biopsies. We had evidence of some degree of 
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stimulation of ductal growth with oestrogens alone in these patients. 
However, this was before we were able to measure prolactin and we don’t 
know what the state of endogenous prolactin in these patients may have 
been. I would assume that chlorpromazine is probably acting directly on 
the hypothalamic-pituitary axis causing release of prolactin, and it is this 
which causes the occasional gynaecomastia and lactation in some patients 
who are being treated with this drug. 

Beck: Did your patients have the idiopathic type of hypopituitarism ? 
Fruntz: No. Both had pituitary tumours, removed by surgery. 
Turkington: I want to modify this picture a little. We have tested many 

patients with gynaecomastia from different causes and associated clinical 
conditions and we have never detected elevated prolactin concentrations 
in any of them. Furthermore, we have never seen any effect of prolactin in 
vitro on the rate of DNA synthesis in normal mouse mammary tissue, so I 
would conclude that prolactin is not a growth-promoting substance for 
the normal mammary gland, nor for a number of experimental mammary 
cancers, in vitro at least. In addition to the requirement you point out, that 
the pituitary must be present for oestrogens to have any effect, we also 
have to keep in mind that normal mammary cells have cytosol receptor 
proteins which bind oestradiol and therefore that presumably these cells 
are targets for oestradiol. We have also found that oestradiol profoundly 
regulates the rate of growth of mammary cells in organ culture; at very 
low concentrations (IO-12~) oestradiol can be very inhibitory, and at the 
concentrations found in the adult ( IO-10~) it can permit maximal rates 
of growth. 

Fruntz: There are also studies by Talwalker and Meites (1961) and Meites 
(1965) which indicated that in hypophysectomized, gonadectomized and 
adrenalectomized rats, prolactin and growth hormone alone were capable 
of causing lobulo-alveolar development. 

Cowie: From the experiments of Lyons, Li and Johnson (1958) and of 
Nandi (1959) there is no question but that prolactin and growth hormone 
are involved in mammary growth in uivo, in both rats and mice, growth 
hormone being required for duct growth while both hormones are essential 
for the extensive formation of alveolar structures. 

Meites: It has also been shown by Dilley and Nandi (1968) that in the 
presence of insulin, prolactin alone can induce lobulo-alveolar growth 
in vitro in mammary tissue from the rat. I think there’s no question about 
the direct action of prolactin on the mammary gland. 

Turkington: ‘Lobulo-alveolar growth‘ is in fact a contradiction in terms, 
because lobulo-alveolar development depends on two things : cell pro- 
liferation and cell differentiation. In our studies prolactin is required for 
lobulo-alveolar development, in order to cause differentiation of the 
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cells, but it has no effect on cell division. The insulin in the medium causes 
the cells to divide. 

Meites: I must disagree, because one can take a gland containing only 
a few ducts and branches, and obtain growth of alveoli and lobules in vitro 
with prolactin (provided that insulin is present). 

Turkington: That’s primarily cell differentiation, not merely ‘growth‘. 
Nicoll: Dr Turkington, have you tested prolactin in combination with 

oestrogen and progesterone in vitro? Do you find that prolactin is not a 
proliferative agent in these conditions ? 

Turkington: Oestrogen profoundly modifies the rate of cell division. 
By itself it has no effect but in the presence of a growth-stimulating sub- 
stance, such as insulin, oestradiol modifies the rate at which the cells grow, 
and depending on its concentration it can permit maximal rates of growth 
or be profoundly inhibitory. 

Nicoll: However, your conclusion of the ineffectiveness of prolactin as a 
growth-promoting agent appears to assume that the cells have not been 
exposed to prolactin. When they are taken from intact animals they may 
have been exposed to some pituitary prolactin, and certainly to some 
placental prolactin if tissue from pregnant mice is used. 

Turkington: That’s an inevitable condition of the in vitro studies. We 
can’t exclude the possibility that some prolactin was necessary at some time, 
but the main regulation of the rate of growth of the epithelial cells is 
through the rate at which they can initiate DNA synthesis and subsequently 
divide, and exogenous prolactin has no influence on that process 
in vitro. 

Friesen: Dr Turkington, wouldn’t you like to restrict your view of the 
role of prolactin to the in vitro situation, or do you think it is a general 
phenomenon? Certainly in the rabbit there is no question that prolactin 
can cause proliferation of breast tissue in viuo. 

Forsyth: In Dr Meites’ in vivo study (Talwalker and Meites 1961), larger 
doses of prolactin and growth hormone were needed to give lobulo- 
alveolar development in rats in the absence of steroids than in their presence, 
so it would seem that dosage must be considered in deciding whether or not 
a hormone can produce a particular effect. 

Turkington: A11 I can say from my studies is that in the rat and mouse, 
prolactin has no effect in vitro on the rate of cell division. There are reports 
of a slight increase in the rate of incorporation of tritiated thymidine into 
DNA in the rat mammary gland in organ cultures, but those studies did not 
allow for the increase of about 10 per cent in the intracellular concentra- 
tion of tritiated thymidine in the presence of prolactin. The I or z per cent 
increase in the rate of DNA labelling which was observed is explained by 
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the increased intracellular concentration of the precursor and not by any 
change in the mitotic index. 

Prop: Ten years ago I published experiments (Prop 1961~) on organ 
cultures of whole mammary glands from virgin B.CBA (F, hybrids, 
C57BLx CBA) mice, in which the stimulation of [3H]thymidine in- 
corporation by prolactin was demonstrated. In a medium containing 
insulin, progesterone and hydrocortisone the [3H]thymidine incorporation 
on the fourth day was negligible (< I per cent), whereas addition of pro- 
lactin to this medium together with the above hormones caused lobulo- 
alveolar growth with a histologically determined increase in cell number 
and very intense [SHIthymidine incorporation in the nuclei (60-90 per 
cent of all nuclei in the end buds were labelled after 18 hours of exposure 
to labelled thymidine). The incorporation of thymidine starts before the 
fourth day but most experiments were done adding [3H]thymidine on the 
fourth day and fixing the cultures on the fifth. 

Turkington: I have done the same study, measuring the rate of incorpora- 
tion of [3H]thymidine into DNA, and also looking at the mitotic indices 
and the labelling index, with and without insulin. We made these obser- 
vations every four to eight hours for two weeks and found no difference 
in the presence of prolactin. The point is that we can now examine the 
interaction of a hormone with a cell more critically and define growth in 
molecular terms, rather than relying on the ambiguous criterion of in- 
crease in tissue mass. Our in vitro studies have certainly given us the 
insight that prolactin acts on the alveolar cell to induce secretory activity 
in it, and to cause the cell to hypertrophy. We have also found that this is a 
cell which does not divide. 

Cowie: How did you get an alveolar cell in the first instance ? Prolactin 
is necessary to produce alveoli ! 

Turkington: No; prolactin is not a sufficient stimulus in vitro to form the 
alveolar cell. 

Cowie: Then you probably need prolactin plus growth hormone, 
depending on the species. 

Turkington: We tested all these hormone combinations. We start with 
a simple duct, taking a mammary gland in any physiological state, either 
during pregnancy, or before pregnancy, or in a virgin preadolescent or 
adolescent mouse, and the changes are the same. The alveolar cells are 
formed in response to the hormones insulin and hydrocortisone. Once the 
alveolar cell is formed, it responds to prolactin by making milk, and we 
can’t detect any activity of prolactin in the culture until that particular cell 
type is formed. Various factors cause the cells to multiply and to form new 
prolactin-responsive cells. This type of analysis allows us only to look at 

7* 
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one cell cycle, and to look at a cell population where there are probably 
maximal rates of cell division, so it is a very limited point of view; we don’t 
see the kind of effects one might see in an animal over many days. We 
can only speak about what happens to mouse mammary cells in organ 
culture over a few days in chemically defined medium, and that allows 
us to dissect out some of the actions of prolactin that normally occur in the 
animal, but they cannot be extrapolated to say that that is the only thing 
prolactin does in the whole animal. It’s conceivable that it acts on the liver 
to induce a factor which causes the mammary gland to grow, or acts in- 
directly in some other way, but we can’t consider those factors in our in 
uitro situation. 

The most critical factor determining growth is the rate at which a cell 
initiates DNA synthesis; that is, how long the GI phase of the cell cycle is. 
We frnd that all mitogenic agents shorten this phase and that the stem cell 
very rapidly initiates DNA synthesis, replicates its chromosomes and 
subsequently divides. We detect no effect of prolactin on that process. 
It might have an effect in the intact animal. 

Meites: But you are excluding all the earlier evidence that prolactin 
increases DNA in mammary tissue. Dr Denamur has done a lot of this work. 

Denarntrr: Using biochemical methods, we measured the DNA content 
of whole mammary glands during pseudopregnancy or pregnancy in the 
rabbit (Denamur 1963). This parameter increases slowly up to the twen- 
tieth day of pregnancy and then the rate of increase becomes rapid. The 
daily injection of small doses of prolactin (12.5 i.u. twice daily) induces 
lactogenesis (assessed histologically and by lactose production) even at the 
beginning of pregnancy or pseudopregnancy, but also immediately causes 
a very important increase in the DNA content. After only five days of 
prolactin injections it is possible to obtain the same amount of DNA on day 
19 as that normally found on day 30 of pregnancy. The results are quali- 
tatively identical in hypophysectomized, adrenalectomized and ovariecto- 
mized rabbits. Therefore, it seems clear that prolactin can induce DNA 
synthesis. Recently Norgren (1967a, b, 1968) also found that large doses 
of insulin were not able to provoke mammogenesis in rabbits. 

Turkington: DNA synthesis occurs in our organ cultures with insulin, 
but I think it is unlikely to be the physiological mediator of this kind of 
growth during pregnancy. I believe your data and I think they are very 
interesting, and they certainly provide convincing evidence that the 
secretion of prolactin is associated with mammary gland growth, but I 
don’t think they show that prolactin interacts with the mammary cells 
themselves, and is the mediator for cell growth; it could interact with some 
other organ. 
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Cowie:  Returning to in vitro studies, Rivera (1964)~ Ichinose and Nandi 
(1966) and Singh, DeOme and Bern (1970) all agree that prolactin and 
growth hormone are necessary in the medium for the cellular proliferation 
and histological organization required for the formation of lobules of 
alveoli in mammary explants. Indeed most in vitro studies on the require- 
ments for mammary growth are in good agreement with the in viva 
studies on triply-operated rats and mice (Lyons, Li and Johnson 1958; 
Nandi 1959). During lobulo-alveolar development, moreover, cellular 
proliferation is intense (Bresciani 1971). 

Sherwood: When Dr Turkington adds prolactin alone he gets no effect 
in vitro. 

Fruntz: How about direct intramammary injections of prolactin ? 
Don’t you see greater effects than from systemic injections ? 

Greenwood: There’s no difference between a localized effect and a 
systemic effect, is there ? 

Cowie:  There is an effect of local (intraductal) injection of prolactin in 
the mammary gland of the pseudopregnant rabbit, which disproves a 
systemic effect. The responses, both mammogenic and lactogenic, are 
limited to the injected sector of the mammary gland. Early signs of the 
responses may be detected after a couple of days. 

MucLeod: This is different from what Dr Turkington described after a 
matter of hours. 

Turkington: We have cultured these glands for as long as two weeks. 
Meites: This effect of local injection is one of the most striking demon- 

strations of the ability of prolactin to increase cell growth, and was demon- 
strated first by Dr Lyons in 1941 (see Lyons 1958). He showed that an 
injection of a small amount of prolactin into one of the ducts in a nipple 
of the rabbit caused localized lactation only in the segment of the gland 
drained by that duct. We (Meites and Turner 1948) and the Reading 
laboratory (Folley 1956) confirmed this. There was a large increase in the 
number of cells in this sector, as first described by Lyons in 1941 ; this was 
not only an increase in differentiation. This local growth and lactation 
demonstrates that prolactin acts locally without intercession of the liver 
or kidney. If prolactin were acting through a systemic route, you would 
get generalized lactation and growth throughout the mammary gland. 

Greenwood: Dr Turkington could argue that in that situation you already 
have insulin, which he is regarding as a growth hormone. You are adding 
prolactin, in local, non-physiological excess, at one spot in an animal which 
has already been exposed to prolactin; it also has its own insulin and adrenal 
steroids. I think that’s the same situation as he has in vitro. 

Meites: h s u h  is not a growth hormone for the mammary gland. It’s 
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necessary for the maintenance of the structural integrity of the gland but 
it doesn’t induce growth. 

Greenwood: But a complex of hormones is required; they are all neces- 
sary, and when you do the intraductal injection you are just adding an 
excess of the last one. 

Meites: Youcan take a similar preparation to that used by Dr Turkington, 
namely mammary tissue from rats, containing only ducts, culture it, add 
insulin to maintain the integrity of the gland, and there is no growth. 
When you also add prolactin there is good proliferation of alveoli and 
lobules (Dilley and Nandi 1968). How can you avoid concluding that 
prolactin is a growth hormone for the mammary gland, on the basis of the 
large increase in cell number, and increase in cell differentiation ? 

Turkington: We now have more objective criteria for determining 
numbers of cells than counting them under the microscope, cutting through 
one plane. I’ve done h s  enough to realize that it can be treacherous. 

Meites: Apparently you are unwilling to accept the earlier data of 
Dr Denamur, C. W. Turner, H. Tucker and others on the stimulatory 
effect of prolactin on DNA synthesis. 

Turkington: There are two relevant points here. Firstly, the prolactin 
concentration is very high during lactation, and secondly, there’s really 
no DNA synthesis during lactation at all. 

Meites: I doubt that anyone would agree with you who has reported 
DNA synthesis during lactation. 

Wilhelmi: All the experiments with intraductal injection of prolactin 
are interesting in that they are being done in an intact animal, with an 
endocrine status that is essentially complete, and this means, if you admit 
the possibility of the permissive actions and preparatory effects of all the 
other hormones, that a local increase in prolactin concentration might 
initiate changes that Dr Turkington wouldn’t necessarily see in a much 
simpler system endocrinologically-a much more meagre system if you 
like. So you are both in quite a clear sense correct, but one must be con- 
scious of the interpretation. 

Turkington: Yes. I am not convinced that these workers have demon- 
strated growth from the local injection, but there’s no question that the 
induction of secretion is a consequence of the local injection. 

A o p :  In drawing general conclusions from tissue culture work one 
should always be aware that slight, seemingly insignificant differences in 
technique can modify the results considerably. This must be the reason for 
the results that led Dr Turkington to conclude that prolactin has nothing 
to do with stimulation of DNA synthesis, whereas my results described 
earlier @. 189) show the contrary. Since prolactin was the sole variable in 
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my experiments the only conclusion from them can be that under suitable 
conditions prolactin does stimulate DNA synthesis in organ culture. This 
conclusion is amplified by the experiments mentioned by Dr Meites. 
Failure to reproduce this effect using a different culture system only means 
that this system is inadequate for the purpose of showing prolactin stimu- 
lation of DNA synthesis. In my experience, Medium 199 is a reasonably 
good medium for obtaining milk production in organ cultures, but it is 
a rather bad medium for lobulo-alveolar development, at  the basis of 
which lies DNA synthesis. Our medium contains 5 per cent human serum 
from young men and o 5 per cent lactalbumin hydrolysate in Hank’s 
balanced saline, and h s  makes an excellent medium for the purpose. 
The use of different media may be one reason for the discrepancies between 
Dr Turkington’s results and mine. 

There is a further point. Our experiments were done with whole 
mammary glands (Prop 1961b). Thus wounding of the duct system of the 
glands is avoided. I have found wounding to be a stimulus for DNA 
synthesis as potent as the addition of prolactin, and the cells under this 
wounding stimulus generally cease to react to hormones. And thirdly, the 
reactivity of the mammary gland to hormones in uitro changes with the 
age ofthe donor (Prop 1966) and also with the hormonal status ofthe donor 
just before explantation (Ichinose and Nandi 1964). Thus glands with a 
different history may react differently. 

Turkington: We have recently partially purified a protein from mouse 
and human serum which causes mouse mammary cells to divide. This 
factor is not insulin or prolactin, or any of the other known polypeptide 
hormones. I would certainly agree that if you have serum present, of this 
kind, at least, you would get cell division as a result of this factor. I am 
surprised that culturing these explants with insulin gives less than I per 
cent of the cells labelled. We routinely find at least 70 per cent. 

Prop: This high percentage may be due to a wound-healing reaction. 
Miss S. E. A. M. Hendrix and I (Prop and Hendrix 1965) have found that 
insulin causes up to 6 per cent of mitoses arrested by colchicine over 18 
hours. In the presence of hydrocortisone or corticosterone the number of 
[SH] thymidine-labelled cells falls to extremely low levels (< I per cent; 
Prop 1961a). Wounding, however, is an extremely potent trigger for 
DNA synthesis; so at the inevitably wounded surface of the cultures we 
find intensive labelling with [sH]thymidine that is not influenced by 
hormones. 

Turkington: This percentage of labelling occurs with or without all 
concentrations of progesterone and hydrocortisone in our cultures. 

Bryant: I understand that prolactin increases sulphation factor. Does 
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sulphation factor affect any of the assay systems that have been described ? 
Beck: Ovine prolactin added in vitro has no effect on the sulphation 

factor assay, in our experience. 
Greenwood: Human growth hormone and maybe human prolactin 

seem to ‘target’ the liver to produce sulphation factor, which not only acts 
on cartilage but has other targets. It seems to me that the hormones may act 
directly on the breast, or certainly human prolactin does, but the other 
metabolic effects of prolactin and growth hormone may be mediated 
through the sulphation factors. 

Friesen: What is the evidence that ovine prolactin enhances sulphation 
factor ? 

Greenwood: Dr W. H. Daughaday has a case in whom growth hormone 
was low and prolactin was high after the removal of a craniopharyngioma. 
The patient grew rapidly after operation. 

Sherwood: Dr Daughaday suggested that prolactin was stimulating 
growth but he didn’t assay sulphation factor in such patients. 

Friesen: He didn’t have preoperative levels of sulphation factor either. 
We have seen patients with high prolactin levels and no growth hormone, 
measured by immunoassay, who are not growing. 

Greenwood: I thought he had a situation of high sulphation factor 
activity in hypopituitary dwarfs with demonstrable plasma prolactin but 
low growth hormone. 

Friesen: This was one case. To make the deduction with confidence one 
has to show that there is no sulphation factor preoperatively when pro- 
lactin levels are low and that sulphation factor is present postoperatively 
when prolactin levels are high. I believe Dr Daughaday didn’t have this 
information. 

Greenwood: What interests me by extrapolation is whether sulphation 
factor, induced by growth hormone or prolactin, targets the breast as well 
as other tissues. Because if so, we are going to have a lot of receptors on 
the breast-for sulphation factors, growth hormone, and prolactin. 

Turkington: We have observed some receptor-like activity for prolactin 
in liver cell membranes. I don’t know what its specificity is or whether it 
represents some cross-reactivity to the intrinsic growth hormone receptor, 
but it is possible that prolactin could interact with the liver cells. 

Frantz: Have you looked at other tissues besides the liver for receptor 
site activity, such as spleen and kidney ? 

Ttrrkington: Yes, and it seems to be relatively specific for mammary 
cells, though as I say we have run into this problem in the liver cell. 

Spellacy: Dr Forsyth, you obtained a curious positive prolactin assay at 
oestrus in one ofyour goats. Since in women both the basal and stimulated 
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growth hormone concentration in blood is increased in the preovulatory 
period and since you find a cross-reaction of your assay with growth 
hormone, did you look specifically at  growth hormone levels ? 

Forsyth: Barnawell (1965) has looked at the effect of bovine growth 
hormone on the rabbit mammary gland in vitro and found that the 
responses he obtained at high doses (about 5 pg/ml) could be accounted for 
by prolactin contamination of the bovine growth hormone preparation. 
Our limited experience is similar. Also, bovine growth hormone is not 
lactogenic when injected intraductally into the rabbit mammary gland 
(Bradley and Clarke 1956), and we have confirmed this many times. 

Li: Has anyone any information on prolactin activity in the plasma of 
breast cancer patients? Secondly, Dr Frantz, what was the prolactin 
activity in HCS (HPL) in your system? And fmally, has anyone correlated 
these in vitro assays with the pigeon crop sac assay? 

Fruntx: Dr Forsyth has made correlations on the rabbit intraductal 
mammary assay with the pigeon crop sac assay on preparations from Dr  
Wilhelmi. Our activity for HPL is about 30-50 per cent of that of ovine 
prolactin by weight in our assay. There is a slight discrepancy here, and 
also with regard to the prolactin potency of human growth hormone, 
between Dr Turkington’s results and our own. In the few plasmas from 
breast cancer patients that we have looked at, we have detected no prolactin 
activity. 
Li: Does this suggest that prolactin is not important in breast cancer ? 
Fruntz: No, because a more sensitive assay might possibly reveal sig- 

nificant differences between normal individuals and those with breast 
cancer. 

Forsyth: We have detected elevated prolactin levels in one of six patients 
with advanced breast cancer but we don’t yet know what the significance 
of this finding is. 

Friesen: We have examined about a dozen patients and prolactin levels 
were within normal limits. 

Greenwood: Dr Forsyth, we have detected ‘ovine placental lactogen’ as a 
cross-reaction in our anti-ovine prolactin assay. In the later stages of 
pregnancy, were you picking up a ‘caprine placental lactogen’ ? In your 
radioimmunoassay, does goat pregnancy plasma dilute like standard 
prolactin ? 

Forsyth: We haven’t detected any cross-reaction between ovine pro- 
lactin and the goat placental lactogen. 

Greenwood: So as far as you are concerned the plasma prolactin in sheep 
pregnancy is authentic ovine prolactin ? 

Forsyth: Yes. 
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Bryant: But this was done in the goat; we found the cross-reaction in the 

Friesen: Were you able to neutralize the biological activity with either 

Forsyth: We haven’t tried t h i s  yet. 
Herlunt: Dr Frantz, I think your adenoma with high levels of prolactin 

was not a true chromophobe adenoma. It is very difficult to distinguish 
between chromophobe adenoma and functional adenoma, because in the 
latter the granules are very sparse. 

Fruntz: This tissue was subjected to routine histological studies only, and 
not to any special stains which might have detected more clearly the pres- 
ence of prolactin-secreting cells. 

sheep. It is also important which antiserum you are using. 

anti-HPL or anti-ovine prolactin ? 
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THE CONCENTRATIONS OF HUMAN PROLACTIN IN 
PLASMA MEASURED BY RADIOIMMUNOASSAY: 

EXPERIMENTAL. AND PHYSIOLOGICAL MODIFICATIONS 

GILLIAN D. BRYANT AND FREDERICK C. GREENWOOD 

Department of Biochemistry and Biophysics, University ofHawaii, Honolulu 

OUR interest in human prolactin stemmed from its possible role, with 
growth hormone, in the aetiology and maintenance of human breast 
cancer. This led to two attempts, which wejudged unsuccessful, to develop 
radioimmunoassays for human prolactin in plasma (Stephenson and 
Greenwood 1967; Stephenson and Greenwood 1969). 

The successful outcome of the third attempt is inherent in the title and is 
due to the generous gift by Professor J. L. Pasteels of a sample of human 
prolactin isolated from the media of foetal pituitaries in culture. Pre- 
liminary (Bryant et al. 1g71a) and more detailed reports (Bryant et al. 
1g71b) have been made on the development of a radioimmunoassay, albeit 
imprecise, for Pasteels human prolactin and its application to plasma. 
These papers presented evidence, in the guarded jargon of radioimmuno- 
assay, that human plasma contained material which was immunologically 
distinguishable from human growth hormone but indistinguishable from a 
human prolactin preparation isolated by Professor Pasteels and his col- 
leagues from the media of human foetal pituitaries in culture. 

Evidence for the specificity of the radioimmunoassay was obtained from 
radioimmunological studies using the Pasteels antigen, labelled and 
unlabelled, antiserum to the human prolactin sample, labelled human 
growth hormone (HGH) and human placental lactogen (HPL), and 
antisera to these unlabelled peptides. Specificity of plasma measurements 
was sought by applying the radioimmunoassay to plasmas obtained from 
subjects treated with phenothiazines and from lactating women during 
suckling. These latter stimuli had been previously shown to cause a 
marked release of prolactin in the sheep and goat (Bryant, Connan and 
Greenwood 1968; Bryant, Linzell and Greenwood 1970). 

This paper extends the preliminary measurements in plasma to further 
adduce specificity of the radioimmunoassay for human prolactin. An 
interdependent study of the release of human prolactin, and a number of 
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other peptide hormones, into the culture media of human foetal pituitary 
and human pituitary tumour tissues is reported in this volume (Siler, 
Morgenstern and Greenwood 1972). It may be noted that developments in 
the biological, immunological and radioimmunological identification of a 
human and monkey prolactin have been sufficiently rapid and continuous 
to outdate reviews not yet published (Bryant and Greenwood 1971; 
Greenwood et al. 1971). 

MATERIALS AND METHODS 

Details of the radioimmunoassay for human prolactin, growth hormone 
and placental lactogen are given elsewhere (Bryant et al. 1971b). Results 
for plasma prolactin given here are expressed in terms of Pasteels human 
prolactin in ng/ml plasma. It may be noted that a stock plasma from a 
patient with a pituitary tumour with a high biological activity has been 
distributed by Dr Griff Ross, National Cancer Institute, Bethesda, to 
ourselves and others.* We shall subsequently report values in terms of this 
stock plasma until we obtain a well-characterized sample of human pro- 
lactin from our tissue culture studies. Supplementary information on the 
radioimmunoassay for human prolactin : 

Chromatoeleclrophoretic and incubation damage. Chromatoelectrophoresis 
of the labelled human prolactin obtained on routine radioiodination has 
invariably yielded a value for ‘damaged’ peptide of 20-30 per cent. Since 
this does not increase further during incubation and is not reflected in the 
maximum binding of the label to antiserum it seems likely that some part 
of the apparent damaged material is an unreactive impurity. It may be 
noted that immunoreactive growth hormone is detectable as a o I per 
cent contaminant of the unlabelled human prolactin. 

Storage ofunlabelled hormone. Aliquots of antigen stored at -20°C in 
o -01 ml ofphosphate buffer (0 -05 M, pH 7 4) at a concentration of I mg/ml 
were used for radioiodinations. Over a six-week period similar yields of 
reaction and damage were obtained but maximum binding to antiserum 
progressively decreased. 

Quality of antiserum. On the usual criterion the limited antiserum 
available would be considered virtually unusable for radioimmunoassay, 
because of its poor maximum binding and slope. The imprecision and 
lack of sensitivity of the assay is somewhat offset by the high concentration 
of prolactin in plasma. Immunization to prolactin produced in our own 
foetal pituitary tissue cultures is in progress. 

* see also pp. 396400. 
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RESULTS 

Plasma prolactin levels in lactation 

Plasma samples were taken by repeated venepuncture or by an indwelling 
catheter at six weeks post parturn in 13 subjects in established lactation. 
These subjects were all volunteers with laboratory or nursing experience. 
A resting sample was taken before breast-feeding. The infants were not 

B.E 
FIG. I. Prolactin levels in lactation. A sample was taken by repeated 
venepuncture or by an indwelling catheter inserted before breast feeding. 
The infant was allowed to suckle between 5 and 10 minutes on each 
breast and a blood sample taken at 5 and 20 minutes after completion of 
suckling. Prolactin (HP) levels are expressed in terms of ng/ml of the 

Pasteels human prolactin. 

fed for at least four hours before each experiment to ensure maximum 
suckling. The infants were allowed to suckle between 5 and 10 minutes on 
each breast and a sample was taken five minutes after completion of 
suckling. A further sample was then taken 20 minutes after suckling 
(Fig. I). Ten subjects showed increased levels of prolactin five minutes after 
suckling and of these four showed a further increase by 20 minutes. Four 
subjects showed a definite decline at 20 minutes after suckling. In only one 
subject did prolactin show a decline five minutes after suckling. From 
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experiments in sheep and goats it would seem that a prolactin peak would 
be expected between 2 and 10 minutes after suckling. 

More frequent sampling is required to establish peak levels but it is 
apparent that like endogenous ovine prolactin, the half-life of human 
prolactin is less than ten minutes. The maximum levels obtained were 
approximately 2000 ng/ml, which is likely to be a gross overestimate and 
to reflect the low percentage purity of the standard available. 

Plasma growth hormone concentrations in this series of plasmas did not 
exceed 8 ng/ml, undetectable in the Pasteels prolactin-anti-prolactin 
system. 

Plasma prolactin levels in patients treated with phenothiazines 

Six patients for whom phenothiazine therapy was indicated were 
studied before and 60 minutes after receiving 5 mg of a fluphenazine 
preparation by mouth. The results (Fig. 2) suggest that in at least three 
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FIG. 2. Prolactin (HP) levels in patients treated with phenothiazines. 
Six patients for whom phenothiazine treatment was indicated were 
treated with 5 mg of a fluphenazine preparation by mouth. Samples 
were collected by venepuncture prior to the drug and 60 minutes after 

injection. 

subjects the drug caused a marked increase in plasma prolactin. It is 
apparent that a more intensive study with multiple sampling after an 
intravenous dose is required. 
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Plasma prolactin levels in patients with galactorrhoea 

Plasma samples were kindly supplied by Dr B. W. Webster, Toronto 
General Hospital, from glucose tolerance tests on a patient presenting with 
acromegaly and galactorrhoea, the latter of some four years’ duration, the 
former, by history of acral change, sweating and decreased libido, of about 
two years’ duration. Glucose tolerance tests were made both before and 
three weeks after surgical removal of the tumour and plasma growth 
hormone and prolactin were measured (Fig. 3). Growth hormone levels 

PRE OR POST OF! . 

FIG. 3. Prolactin levels during glucose tolerance tests in a patient with 
acromegaly and galactorrhoea. Glucose tolerance tests were made on the 
patient before and after operation for removal of a pituitary tumour. 

HGH, x - - - - x ; human prolactin (HP), 0-0. 

show a general decline rather than absence after hypophysectomy. The 
prolactin levels prior to the operation rose after glucose at go minutes 
and declined by 120 minutes. However, after hypophysectomy the 
prolactin response to glucose was much faster and of a greater magnitude, 
reaching post-suckling levels by 60 minutes. It is apparent that on two 
criteria much pituitary tissue remained after operation. 

The same patient was given an insulin tolerance test before removal of the 
tumour (Fig. 4). Prolactin poured out into the blood by 3 0  minutes, with 
a peak value of 8000 ng/ml. The significance and reproducibility of the 
prolactin response to glucose and insulin must await further studies. 
Prolactin release is a sensitive index of stress in the sheep and goat but 
insulin abolished prolactin secretion in these ruminants. Our interpretation 
at the present time is that human prolactin also rises in response to stress and 
may also rise after glucose only when there is an element of stress in the 
test. 
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A second patient of Dr Webster's with a pituitary tumour and galactor- 
rhoea was studied. The prolactin response to intravenous oxytocin is 
shown in Fig. 5 .  A modest peak level of 165 ng/ml was reached 45 minutes 
after the injection. Growth hormone levels throughout this experiment 

Rc. 4. Prolactin levels during an insulin tolerance test made before 
operation in a patient with acromegaly and galactorrhoea. HGH, 
expressed as ng/ml, x - - - - x ; human prolactin (HP), expressed as 

y g / d  0-0. 

were all I* o or < I- o ng/ml. By comparison with the levels after suckling 
and phenothiazine stimulation, this is a very modest rise of prolactin and 
could represent a mild stress effect. This is further suggested by the results 
after an intravenous injection of hypertonic saline solution (Fig. 5). This 
caused a massive release of prolactin at 50 minutes. The growth hormone 
levels on these samples showed a marginal increase at 10 minutes to 3 . 0  
ng/ml, reaching a peak of 4' o ng/ml at 20 minutes and then declining to 
< I- o ng/ml at 40 minutes. Parallel studies in the goat and sheep after 
intravenous hypertonic saline show a marked release of prolactin. Non- 
specific stress or a specific release have not yet been distinguished. 
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Plasma prolactin levels in normal subjects on oral glucose 
Four healthy middle-aged subjects were given an oral glucose tolerance 

test and the samples assayed for growth hormone and prolactin (Fig. 6). 
One subject showed evident signs of distress during the test and a massive 
release of prolactin at 60 minutes was observed, whereas the others showed 
either a fall or a very small rise. The large rise is of simdar magnitude and 
time scale to that shown by the patient in Fig. 3 before removal of the 

TIME- MI NUTES 

FIG. 5. Prolactin levels in a patient with galactorrhoea. Lefi: Prolactin 
response to intravenous oxytocin before removal ofthe tumour. Growth 
hormone levels throughout this experiment were all I -0  or < I '0 ng/ml. 
Right: Prolactin response to intravenous hypertonic saline solution. 
Growth hormone levels in these samples showed a marginal increase 
at 10 minutes to 3.0 ng/ml, reaching a peak at 20 minutes of4-o ng/ml 

and then declining to I '0 ng/ml at 40 minutes. 

tumour. It seems evident that, as in the ruminant (Bryant, Linzell and 
Greenwood 1g70), prolactin secretion is stimulated by stress in man. Like 
human growth hormone, ACTH, cortisol and the catecholamines, it 
would seem that prolactin plays some role in glucose homeostasis. 

Attempted correlation of biological and radioimmunoassay 

Dr A. G. Frantz of Columbia University kindly provided ten plasma 
samples bioassayed by the method of Frantz and Kleinberg (1970) against 
ovine prolactin (NIH-P-Sd). Samples were taken from patients with 
galactorrhoea or healthy postpartum women, sent coded and radio- 
immunoassayed using Pasteels human prolactin as standard. Results are 
presented as ranking of the ten plasmas by bioassay and the ranking obtained 
by radioimmunoassay (Table I). The latter gave consistently higher values 
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and the scales have been adjusted to allow for the evident difference in 
standards. The standard deviation of the bioassay results allowed some 
samples to be ranked in more than one range. The radioimmunoassay 
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FIG. 6. Plasma prolactin levels in normal subjects on oral glucose. Four 
healthy middleaged subjects were given an oral glucose tolerance test 
and the samples assayed for prolactin. Prolactin (HP) is expressed as 

ng/ml Pasteels human prolactin. 

results are of unknown precision and a repeat assay confused rather than 
clarified the ranking. The results here are the best possible interpretation 

TABLB I 
ATTEMPTID CORRELATION OP BIOLOGICAL AND RADIOIMMUNOLOGICAL ASSAYS OF HUMAN 

PROLACTIN IN PLASMA 

Bioassay 0-50* 50-100 100-150 150-200 200 

Ranking of plasmas 1-10 I J.3.4 5.6 6.7t.8.9 7t.9 g.Iot 
Radioimmunoassa y ~ O - I O O * *  100-150 150-250 200 300 

7 t  Ranking of plasmas 1-10 1 . 2 . 3 . 4 . I O t  5 6.8.9 - 

* Bioassay (Frantz and Kleinberg 1970), expressed as n g / d  ovine prolactin. 
** Radioimmunoassay (Bryant et al. 1971), expressed as n g / d  Pasteels human prolactin. 
t Anomalies. 

and show two obvious anomalies (plasmas 7 and 10). The results may be 
regarded as encouraging if we regard the radioimmunoassay as imprecise 
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but showing specificity for the material measured in the biological assay. 
In neither assay can the results be ascribed to plasma growth hormone. 

H U M A N  PROLACTIN RADIOIMMUNOASSAY 

DISCUSSION 

The results reported provide additional evidence that the radioimmuno- 
assay developed for Pasteels human prolactin measures some material in 
human plasma which is without doubt not human growth hormone but 
which physiological and experimental manipulation of its concentrations 
show could fulfil the role of a human prolactin. Like better-characterized 
prolactins, the human hormone responds vigorously to the stimuli of 
stress, suckling and phenothiazine. Unlike the prolactins of sheep and 
goat, injection of insulin stimulates secretion rather than suppresses it and 
we find this not surprising in view of the importance of fatty acid rather 
than glucose in the ruminant. Its presence in plasma without a prior or 
concurrent secretion of immunoreactive growth hormone make it un- 
likely that we are measuring metabolically altered endogenous growth 
hormone. Undoubtedly the standard is not homogeneous and the anti- 
serum currently available is both heterogeneous and of low affinity. Even 
in the present state the assay is probably as precise and as sensitive as the 
biological assay, less subject to interference by high growth hormone 
levels and easier to carry out as a routine. The results amply confirm the 
extensive studies of Professor J. L. Pasteels and his colleagues showing that 
the foetal pituitary in culture releases a prolactin distinct from a growth 
hormone. Our results simply show the presence of h s  material in those 
plasmas expected on other grounds to contain a human prolactin. 

It is customary, and more evident than usual in this work, to conclude 
that more work is necessary to confirm and extend our findings. A bulk 
extraction is under way, as described in the companion paper (p. 207), with 
the production ofhigher affinity antisera and the amino acid sequence ofthe 
purified peptide as endpoints. Concurrent routine assays will be used to 
confirm and extend the present studies on the stimuli causing a prolactin 
release in the human. 

SUMMARY 

Further evidence for the specificity of a radioimmunoassay for prolactin 
in human plasma is presented. Measurements made after suckling, pheno- 
thiazine treatment and stress show that these stimuli, as in animals, cause a 
marked release of human prolactin. Simultaneous measurements of ten 
plasmas were made by the biological assay of Frantz and Kleinberg and by 
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the present radioimmunoassay. The results suggest that the same material, 
human prolactin, is measured and that t h i s  material is unrelated to human 
growth hormone levels. 
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THE RELEASE OF PROLACTIN AND OTHER PEPTIDE 
HORMONES FROM HUMAN ANTERIOR PITUITARY 

TISSUE CULTURES 

THERESA M. SEER, L. L. MORGENSTEXN* AND F. C. GREENWOOD 

Department ofBiochemistry and Biophysics, University OfHawaii and 
Department $Obstetrics and Gynecology,* Tripler General Hospital, Honolttllr 

OUR interest in measuring peptide hormones released into the culture 
media by foetal anterior pituitary tissue stemmed from the observation of 
Pasteels and his colleagues (Pasteels, Brauman and Brauman 1963 ; Pasteels 
19%) that human growth hormone and human prolactin could be separately 
identlfied in such media. Concurrent radioimmunoassay studies on a 
Pasteels human prolactin preparation and an antiserum to this material 
have been reported (Bryant et al. 1971), culminating in the development ofa 
radioimmunoassay and its application to human plasma (Bryant and 
Greenwood 1972). The human prolactin material initially available for 
radioiodination and for use as standard was in short supply and the antiserum 
was shown to limit the sensitivity and precision of the radioimmunoassay. 
Since radioimmunoassay requires a few nanogrammes of labelled antigen 
it was considered desirable to label culture media and choose a protein 
fraction on the basis of two criteria-the adsorption of labelled peptide 
hormones to paper and the ability of labelled prolactin to bind to the 
Pasteels anti-human prolactin antiserum. 

A bulk preparation of human prolactin from foetal pituitaries in culture 
would allow morevigorous attempts to generate a higher affinity antiserum, 
and permit a more sensitive and precise radioimmunoassay than is at  present 
possible. A greater supply of prolactin would also allow its characterization 
by bioassay, physicochemical and homogeneity studies including studies 
of the amino acid sequence-the ultimate test of the separate identity of a 
human prolactin. From the inter- and intramolecular homologies of 
human growth hormone, human placental lactogen and ovine prolactin 
(Niall et al. 1971) it seems likely that the human prolactin will resemble 
human growth hormone, being a single chain peptide with about zoo 
amino acids and 2-3 disulphide bridges. 

Since the bulk preparation required many foetal pituitaries in culture 
for long periods of time with frequent changes of medium, it was decided 

207 

LACTOGENIC HORMONES 
Edited by G. E. W. WOLSTENHOLME and JULIE KNIGHT 

Copyright 0 1972 Ciba Foundation 



208 

to obtain information in addition to the release of human prolactin. A 
study of the other peptide hormones, FSH, LH, HGH, TSH and ACTH, 
was undertaken as a function of time in culture and as a function of the age 
of the foetus when the pituitary was removed and placed in culture. Since 
these experiments are continuing, this paper will be in the form of a pro- 
gress report. 

Abbreviations. Human prolactin (HP) refers here to material isolated 
from or measured in media from foetal anterior pituitary tissue or adult 
pituitary tumour tissue, capable of reacting with an antiserum (anti-PHP) 
to a human prolactin (PHP) isolated by Professor J. L. Pasteels. 

THERESA M. SILER e t  a!. 

MATERIALS AND METHODS 

Tissue cultures 

The results are based on 39 human foetal pituitaries obtained within one 
hour of death of the foetus. The anterior lobe was dissected and cut into 
explants of approximately o - 5 mm3 which were immediately placed in 
3-5 culture dishes. The culture medium ( I .  o ml per dish) was as described 
by Pasteels (1969): 80 per cent Medium 199, 10 per cent chick embryo 
extract, 10 per cent rabbit serum plus streptomycin, penicillin, myco- 
statin and oestrogen. The cultures were incubated in an atmosphere of 
5 per cent CO, and 95 per cent 0, at 37°C and the medium was renewed 
twice weekly. The medium was collected at  each change and stored at 
-zo°C until assayed for the pituitary hormones or used for the isolation 
and characterization of human prolactin. 

Tissue from two human pituitary tumours from galactorrhoea patients 
was kindly supplied by Dr B. W. Webster, Toronto General Hospital. 
The tissue was cut into small pieces and sent at room temperature in 20 ml 
of culture medium. Upon arrival in Honolulu (approximately 12 hours 
later) the tissue pieces were placed in culture under the conditions described. 

Radioimmunoassays 

HGH and HP were measured according to the methods described by 
Bryant and co-workers (1971). Radioimmunoassays for TSH were done 
in Dr B. W. Webster’s laboratory. FSH and LH levels were assayed by a 
modification of the double antibody method recommended by Dr W. D. 
Ode11 in the reagent kit obtained from the National Pituitary Agency. 
Some LH assays were measured by a solid-phase procedure using the anti- 
serum and coating procedure provided by Dr R. A. Donald, Medical Unit, 
The Princess Margaret Hospital, Christchurch. ACTH was measured 
according to the method of Landon and Greenwood (1968) as modified 
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by Dr Lesley Rees. The antibody used was raised to synthetic 1-24 ACTH 
and cross-reacts completely with or-MSH and at approximately I per cent 
with P-MSH. A more detailed account of the assays used with the tissue 
culture media will be published elsewhere. In each case suitable controls 
of complete tissue culture medium have been studied and the specificity 
of the assays established. 

Isolation and radioiodination of human prolactin from tissue culture medium 
The incubation medium from foetal pituitary 4 from days 3639 was 

assayed for HGH and a 3-ml sample was fractionated on Sephadex G 7 5  
(55 x I cm) in o - o ~ M - P O , ~  buffer, pH 7 06. The protein eluted corres- 
ponding to a molecular weight of approximately 20 000 was concentrated 
and radioiodinated (Hunter and Greenwood 1962). After purification on 
Sephadex G 7 5  the two fractions with the least chromatoelectrophoretic 
damage were chromatographed on DEAE Sephadex, A-50 ( I O X  I cm) 
at pH 8.4, in O * O ~ M - B O , ~  with a salt gradient of o-o*3o~-NaCl. The 
eluates were anal ysed by chromatoelectrophoresis and reacted with anti- 
serum to Pasteels human prolactin (anti-PHP). A fraction was used as the 
label with anti-PHP for a radioimmunoassay of standard PHP, of plasma 
from normal subjects before and after receiving fluophenazine, and of a 
lactation plasma sample. 

After 37 days in culture a pituitary tumour (TI) was incubated in protein- 
free Medium 199 for 10 hours. After incubation the medium was con- 
centrated and purified on a Sephadex G 7 5  column (55 x I cm) in 0 . 0 5 ~ -  

PO,% buffer, pH 7 - 6 and eluates corresponding to a molecular weight 
greater than 15 ooo were collected and concentrated. (a) The concentrate 
(0 * I ml) was radioiodinated and purified on a Biogel P-30 column (220 x 
0 . 9  cm) in O - O ~ M - B O , ~  buffer, pH 8 '4. The labelled proteins were 
analysed by chromatoelectrophoresis and a fiaction (T1-1) was reacted 
with anti-PHP and anti-HGH. (b) The concentrate (1 .0  ml) was further 
purified on a Sephadex G75 column (53 x I cm) in o - o ~ M - P O , ~  buffer, 
pH 7.4. The ODaao was measured and the protein concentration calcu- 
lated against a standard preparation ofovine prolactin (NIH-PS-6). Fraction 
12 (Tl-z) was stored in microcaps for routine radioiodination and the 
HP immunoactivity was measured. 

RESULTS 

Release ofHGH and human prolactin in selected cultures 
HGH was measured in 35 ofthe pituitaries in culture for up to 323 days 

in culture. The amount released in the medium in the first five days in 
culture may be greater than 2 pglpituitarylday. In the frrst four weeks of 
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culture the HGH concentrations gradually declined to a basal level of 
approximately 2 nglpituitarylday. Small fluctuations appeared in the 
following few weeks but after ten weeks in culture HGH continued at the 
basal level. Small amounts of HGH were present in the pituitaries of 
foetuses of 5,6,8 and 10 weeks of gestation and its presence in some cultures 
could still be detected after three and a half weeks in culture. 

Studies on the release of prolactin have been completed for 15 pituitary 
cultures. All the cultures had a high concentration in the first two weeks in 
culture. The amount of HP then declined but gradually increased in the 
following months. Fig. I shows the release of HGH and HP into the 

HUMAN FETAL PITUITARY CULTURE 

38 WEEKS, d", NO. 4 

FIG. I .  Release of human prolactin (Hp) and HGH into the culture 
medium by pituitary tissue taken fiom a human male foetus at 38 weeks 
of gestation. The amount of HGH and Hp released with increasing 

time in culture is shown. 

medium from a normal male foetal pituitary in culture. As with the HGH, 
a fluctuating pattern of release of prolactin is noted during this period. 
In cultures older than six months the release of HP is always more than 
I pglpituitarylday. Pituitaries from foetuses of 5 ,  8 and 10 weeks of 
gestation contained HP when first cultured. An analysis ofthe total amount 
of HGH and HP released in relation to the age and sex of the pituitary has 
not been completed. 

Release of FSH, LH, TSH and ACTH-MSH 
FSH was measured in 36 foetal pituitary cultures and was always present 

in the first change of medium. It then decreased to amounts below 30 
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m i.u./pituitary/day in cultures from male foetuses. In the female FSH 
is released for 6-20 days. It may be noted that FSH has been detected in 
foetal pituitary cultures obtained at only eight and ten weeks of gestation. 
One pituitary had a secondary increase of FSH after six weeks in culture 
and then the concentration decreased again in the following three weeks 
(Fig. 2). A few other instances of FSH being detected after its initial release 
have also been noted. 

LH was studied in 23 pituitary cultures. Its release did not always parallel 
the FSH release. One pituitary released LH over three months in culture 
(Fig. 2). Other pituitaries showed sporadic release of LH afier its initial 

HUMAN FETAL PITUITARY CULTURE 

21 WEEKS, 9, N( 
LH 
FSH 

I -\ L 

1. 12 

“ I  

100 
DAYS IN CULTURE 75  

FIG. 2. Relare of LH and FSH into the culture medium by pituitary 
tissue taken from a human female foetus at 21 weeks of gestation. The 
amount of LH and FSH released is shown with increasing time in 

culture. 

release. All pituitaries studied except the cultures from a five and an 
eight and a half-week foetus initially had detectable LH, although one 
pituitary culture from a six-week foetus has released large quantities of 
LH throughout the 20 days of culture thus far studied. The sex of the early 
foetuses is now being determined by histological studies of the gonads. 

TSH was measured in the first few weeks in culture from five pituitaries 
over a span of three months in culture. The results showed that TSH was 
released in the first 28 days in culture, except in a five and an eight-week 
foetal pituitary culture where it was less than 2 pu./pituitary/day. 14 700 
pu. of TSHlpituitarylday were released from a hydrocephalic, @-week 
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gestation age. Table I gives the release of FSH, LH and TSH into the 
culture medium from pituitary 4. This pattern is representative of a male 
pituitary removed at term and then cultured. 

TMLE I 
RELBASB OF FSH, LH AND TSH IN THB CULTURE MBDIUM PROM A NORMAL MhLB PITUITARY 

WITH INCREASING TIMB IN CULTLIRE 

Days in FSH LH TSH 
culture m i.u./pituitary/day t i t  i.u./pituitary/day p u./pituitary/day 

(0) 0-3 38.4 (I)* 31s (I)* 

- (0) 

(0) 

3-7 < 12.5 (I) <31 (1) 

(0) 

7-10 <16 .6  (I) < 4 I  (1) 

10-24 <I2 .5  (4) < 3  (4) 
18 .2  ( I )  

(0) 

24-28 < 12.5 (I)  < 9 ' 4  (1) 

(0) 

35-38 <16-6  (I) <4I  (1) 

38-52 <IZ*S (4) <3I  (4) 
< 6  (1) 

(0) 

9-57  < I 0  ( I )  <so (1) 
57-71 <IZ*S (4) <so (4) 
71-75 <I2*5 (I)  <so (1) <7'5 (1) 
75-08 <IZ.S (4) <so (4) - (0) 

< 7 ' 5  (1) 

(0) 

08-92 <7'8  (1) <so (1) 
92-106 < 7'8  (4) <so (4) 

106-109 <7 '8  (1) <20 ( I )  <9'2 (1) 

- 

- 
- 

- 28-3s < I 2 ' 5  (2) < 3 I  (2) 
6 . 1  (I) 
- 

- 

- 

Number of estimations. 

The radioimmunoassay of ACTH also detects a and fl-MSH and the 
latter are likely to be secreted in tissue culture since, like prolactin, they 
appear to be normally under inhibition by a hypothalamic inhibiting 
factor. A scattergram from 34 pituitaries in culture was completed. 
Initial amounts averaged 5 pglpituitarylday and these levels gradually 
decreased and then increased to values of 1-7 pg/pituitary/day by 20 days 
in culture. Marked fluctuation was evident after six months in culture. 

Release ofpeptide hormonesfrom a human pituitary tumour in culturc 

A pituitary tumour from a male with galactorrhoea was cultured and its 
peptide hormone release studied. Fig. 3 illustrates the release of HGH and 
HP with time in culture. FSH and LH were undetectable. Initially the 
amount ofHP released was more than 10 pglpituitarylday. In the following 
three weeks there was a sharp drop in HP release which fluctuated there- 
after between 0 . 5  and 3 pg/tumour/day. HGH levels dropped below 
10 ng/tumour/day by the third week of culture. 

Isolation and radioiodination of human prolactin from tissue culture medium 

The HGH concentration in the medium from the foetal pituitary 
culture used for the isolation and labelling of HP was 10 ng/ml; therefore, 
the total HGH content of the 3 ml used for purification was 3 0  ng. The 
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radioiodinated protein following purification on Sephadex G-75 yielded 
four fiactions (4, 5 ,  6 and 7) with a chromatoelectrophoretic ‘damage’ of 
respectively 48.8, 65-5 ,  69.0, and 65.0 per cent. After DEAE-Sephadex 
chromatography of fractions 4 and there were two areas of labelled 
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FIG. 3 .  Release of HP and HGH into the culture medium from a 
pituitary tumom (TI) taken from a 24-year-old male with galactorrhoea. 
The amount of HP and HGH released is shown with increasing time in 

culture. 

protein which bound to anti-PHP serum. The chromatoelectrophoretic 
‘damage’ of these pools (4 and 6) was 35 and 13 per cent. The binding of 
pool 4 to anti-PHP serum was inhibited by plasma from two normal 
women, a normal man and a lactating woman (Fig. 4). Plasma taken from 
the normal women after receiving I - 2 nig fluphenazine intramuscularly 
caused a three to four-fold increase in the inhibition of binding of labelled 
tissue culture medium prolactin to anti-PHP serum. The concentration of 
HP in the plasma from a lactating woman was the highest of the samples 
measured. 

The concentrate obtained from the pituitary tumour culture had a 
protein concentration estimated to be 8 .2  mg/ml. A sample of this 

ucr0.-8 
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PHP NG/Mt. 

\\RE J-POST 

' \LACTATION 

PLASMA DILUTION 

FIG. 4. The detection of plasma prolactin using radioactively labelled 
HP from foetal pituitary culture 4 and anti-PHP. The prolactin 
immunoactivity of PHP (std.) and of plasma samples &om two females 
(T and3 and one male (F) before and after receiving I ' 2  mg fluphena- 
zinc intramuscularly, and of a lactation sample, was measured by radio- 
immunoassay, as percentage inhibition of binding of labelled HP to 

anti-PHP. 

material when labelled and purified gave protein fractions whose chromato- 
electrophoretic 'damage' ranged from 10 to 60 per cent. A fraction with 
15 per cent 'damage' (T1-1) was used to react with anti-PHP. Binding of 
the labelled tumour prolactin ranged from 3 3  to 15 per cent (Fig. 5 ) .  

I 

112500 l l lOpC0 1/4OpoO 81 

ANTISERA DILUTION 

FIG. 5. Titration ofprotein fraction TI-I against anti-PHP. B. binding. 
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The concentrate was purified further on a Sephadex G75 column and 
12 pg of a fraction (T1-2) was radioiodinated. A fraction with 10 per cent 
'damage' was obtained after iodination. This fraction binds to anti-PHP 
serum and the binding was inhibited by plasma from a lactating woman. 
The potency of the fraction was compared in terms of weight with the 
Pasteels standard (PHI?) (Fig. 6). The fraction was found to have 10 per cent 
of the immunoactivity of this standard. 

, I131-PHP/ ANTI- PHP , 

FIG. 6.  Antigenic relationship of tumour prolactin and PHP. A purified 
protein fraction (T+) fiom the culture medium of a pituitary tumour 
(T,) was compared to the standard PHP for inhibition of binding of 

labelled PHP to anti-PHP. 

DISCUSSION 

The results presented confirm the observation by Pasteels and his 
colleagues of the continued release of a human prolactin and a diminished 
secretion of growth hormone when the human anterior pituitary from a 
foetus is held in long-term tissue culture. Our complementary studies 
show the existence of this prolactin material in plasma and permit its 
provisional identification as the human prolactin. The amino acid sequence 
of the prolactin molecule when purified and its homologies and heterol- 
ogies with respect to human growth hormone would provide additional 
evidence. 

The release of the peptide hormones measured here from the foetal 
pituitary cultures also supports the current concept that the synthesis and 
release of pituitary hormones are under the control of the hypothalamic 
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releasing and inhibiting factors. The early decrease in FSH, LH, HGH and 
TSH release on culturing suggests that these hormones are dependent on 
extrapituitary factors for continued synthesis and release. The addition 
of hypothalamic extract and TRH (kindly supplied by Dr M. S .  Anderson, 
Scientific Division, Abbott Laboratory) to the medium and the effect on 
hormone release is under study. The low amounts of HGH present 
throughout the culture period may represent a basal secretion of this 
hormone or a cross-reaction of HP in the labelled HGH/anti-HGH system. 
The intermittent appearance of FSH and LH would suggest either the 
fortuitous survival of some of the cells secreting these hormones in culture 
or that release of these hormones is below the present level of sensitivity. 
However, histological studies have shown that somatotrophs and gonado- 
trophs may persist for up to two and a half years in culture (Pasteels 19693. 
The continued release of ACTH/MSH from cultures cannot be dissected 
out with the present antiserum. The identification of MSH-producing 
basophils in culture, their increase in number and activity in excess oxygen 
(Hermanus, Pasteels and Herlant 1964) and their release from hypothalamic 
restraint in culture make it likely that the ACTH/MSH immunoactivity is 
predominantly MSH. Likewise, the pattern of release of prolactin is 
consistent with an initial depletion of a pituitary store and then the per- 
sistence of a number of cells which can continue to synthesize and release 
prolactin free from hypothalamic restraint and stimulation. We are now 
studying pituitary tissue cultured in conjunction with foetal hypothalamic 
extracts in order to obtain further evidence that the material is prolactin, by 
its response to hypothalamic prolactin-inhibiting factor. 

The presence of these hormones as early as 5 ,6 ,8  and 10 weeks of gesta- 
tion gives new data in the field of pituitary differentiation. The early 
presence of FSH and LH suggests that the foetal pituitary may play an 
early role in foetal sex differentiation. 

The gentle isolation and radioiodination of material, not growth 
hormone, from foetal and tumour pituitary cultures, its reaction with 
Pasteels antiserum and the inhibition of this reaction by plasma containing 
immunoreactive Pasteels human prolactin, provide more evidence that the 
Pasteels material is not an isolation artifact. It also affords a useful source 
of a labelled peptide for routine radioimmunoassays. The antigenic 
identity of Pasteels human prolactin and the human tumour prolactin has 
been indicated. It is possible that the final fraction, certainly free of growth 
hormone, obtained from the tumour media after a pulse of protein-free 
medium, contains peptide of similar size to prolactin released by the 
tumour and is responsible for the low specific immunoactivity of this 
fraction. 
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SUMMARY 

The release of prolactin, growth hormone, FSH, LH, TSH and ACTH- 
MSH by human foetal adenohypophysial tissue maintained in culture for 
up to eight months has been studied. Release of hormones from pituitary 
tissue was demonstrated as early as five weeks of gestation. Human pro- 
lactin obtained from the culture media of the foetal pituitaries and from 
media of adult pituitary tumour tissue in culture has been used in a radio- 
immunoassay for human prolactin. 
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DISCUSSION 

Ttrrkington: Some of the blood prolactin levels in your subjects before 
phenothiazine treatment were fairly substantial, in the 100 ng range. Were 
you confident that they were not stressed ? We have run into the problem 
of stress also; we have seen patients increase their serum prolactin concen- 
trations up to several thousand nanogrammes. 

Greenwood: I would agree that after a single venepuncture the chances of 
being stressed are very high. 

Frantz: Do you measure human growth hormone during the glucose 
tolerance test, and does that show a similar rise in situations where there 
seems to be high stress ? 

Bryant: We have measured this and there was no rise in growth hormone 
above 8 ng/ml. 
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Greenwood: But I was the subject, and I can only get up to 10 ng/ml of 
HGH after two hours of exercise in the fasting state. 

Friesen: What was the maximum binding of your 1311-labelled ‘prolac- 
tin’ tracer with anti-ovine prolactin ? 

Bryant: It was ten per cent in either case. The maximum binding with 
the homologous system is something like 2s per cent. 

Friesen: Were your data expressed in terms of the Pasteels standard? 
If so, what sort of correction must be made in terms of Dr Frantz’s bio- 
assay results ? 

Greenwood: These results were on the Pasteels standard. I would like 
to wait to answer the second question until we all assay say Dr Griff Ross’s 
plasma stock and start expressing our results in terms of that. Roughly 
speaking we have to divide our values by ten, because we are well up in 
Dr Frantz’s ranges. 

Friesen: The amount of prolactin found in your plasma after stress 
would imply that your pituitary has an especially large amount of pro- 
lactin ! To reach and maintain a prolactin concentration of 1000-2000 ng/ 
ml for an hour your pituitary would have to secrete at least 10 mg of 
prolactin. 

Turkington: I also generate that amount of biologically active material 
in plasma after stress. 

Sherwood: One wonders about the function of so much prolactin in male 
subjects ! 

Friesen: I don’t understand these fantastic amounts of prolactin detected 
by bioassay when surgical or post-mortem pituitary tissue contains so 
little prolactin. Even in monkeys or in humans after surgical hypophysec- 
tomy we never found more than IOO pg per pituitary. 

Nicoll: Perhaps prolactin is highly susceptible to the action of pituitary 
proteases. 

Greenwood: I think there is a problem there, but the even bigger problem 
is that one will now have to measure plasma cortisol every time one does a 
prolactin estimation. I am sure that human prolactin is going to be as 
sensitive as ACTH to stress. 

Friesen: I don’t quarrel with the response to stress; it’s the magnitude of 
the response that puzzles me. 

Wilhelrni: The apparent magnitude of the response is a function of the 
purity of the standard preparation. It now seems that we are very close 
to the point at which a good reference preparation containing human 
prolactin, presumably a postpartum serum, will be a highly desirable thing 
to share around. 

Greenwood: Dr Griff Ross at the National Institutes of Health has a large 
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amount of plasma from a patient with galactorrhoea. Dr Turkington has 
assayed this. 

Turkington: We obtained a value of 660 ng of ovine equivalent prolactin 
and 3-4 ng of immunoreactive human growth hormone. 

Beck: A supply of a standard preparation is a very critical thing at  this 
time for those involved in measuring prolactin by either bioassay or 
immunoassa y .* 

Sherwood: Dr Greenwood, your organ cultures included serum to 
maintain viability. How were you able to purify hormone from the tissue 
culture medium in the presence of serum proteins ? 

Greenwood: To make human prolactin in situ for radioiodination the 
foetal pituitaries are cultured in a medium containing chick embryo extract 
and rabbit serum. However the pituitary tumour is incubated in protein- 
free Medium 199 for six to eight hours. We can produce enough to use for 
radioimmunoassay after radioiodination. I might add that t h i s  approach 
has become academic as we have increased our stock of purified, unlabelled 
prolactin from bulk isolations. 

Spellucy: I am interested in the high prolactin levels that you found in 
the foetus and Dr Friesen’s high levels in the neonate; could you speculate 
on prolactin’s function in the foetus and neonate ? Is this also a response to 
high circulating oestrogen levels within the foetal compartment, as has 
been speculated on for growth hormone, or is there a specific function, 
other than breast development and breast secretion, for this hormone ? 

Greenwood: We know it targets the breast in combination with other 
hormones when present, but the breast must be only one of its targets. As 
I said before, I don’t like having a hormone secreted in stress which has no 
physiological effect. We have wondered whether this is an inappropriate 
reaction, and that there isn’t any target tissue in the body at that time which 
is accepting prolactin, so that it is biologically inactive. I can’t believe that, 
because growth hormone released in stress has been shown to affect carbo- 
hydrate tolerance and hence to be physiologically active (Conn et a!. 
1954; Landon and Greenwood 1969). I think it is a question of trying to 
identify target tissues for prolactin other than the mammary gland. In 
the foetus the levels simply reflect the pituitary cells that Dr Herlant and 
Dr Pasteels have identified; what the role is, I haven’t any idea. 

Pusteels: We have evidence of prolactin cells in the hypophysis of human 
neonates (by differential staining). At this period oflife there is a transitory 
mammary stimulation. However, we do not know whether this prolactin 
secretion has any important physiological significance or not. 

* For further discussion of standard preparations, see General Discussion, pp. 3g6-400. 
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Beck: In lower vertebrates there is evidence for a role in salt and water 
metabolism, as Dr Nicoll will be describing (pp. 304-306). 

Meites: What about the breast growth and lactation that occur in new- 
born babies? Dr Lyons (1937) showed that newborns had levels of pra- 
lactin in their urine which he could detect by the local pigeon crop test. 
If oestrogens from the mother cross the placenta, they could stimulate 
prolactin secretion by the foetal pituitary, and this could be responsible 
for the breast development and secretion that occurs. Prolactin from the 
mother may also act on the foetal breast. The prolactin in the urine of the 
babies appears only for a few days after birth. 

May I ask Dr Greenwood to clarify the question of oxytocin and pro- 
lactin release? At various times he has reported that oxytocin stimulates 
prolactin secretion in goats and sheep, but at a recent Workshop on Pro- 
lactin (at the National Institutes of Health, January 1971) he appeared to 
take it all back! 

Greenwood: This is because it is not simply a yes-no situation. If you 
inject sheep or goats with oxytocin using the carotid artery you can some- 
times get a pulse of prolactin in the jugular vein, and we have recently 
obtained the same effect in man. The magnitudes of the responses obtained 
are nothing in comparison with the suckling stimulus, so the answer is not 
that suckling is producing oxytocin which causes the release of prolactin. 
All our data can be interpreted in terms of suckling producing oxytocin 
and also producing prolactin. The direct effect of intravenous oxytocin on 
prolactin is a non-specific one. 

Beck: While we are talking about interpretation of data, how convincing 
is the evidence that an infusion of hypertonic saline raised the levels of 
prolactin ? 

Nicoll: A word of caution should be given about effects with hypertonic 
saline. Some of my neurophysiological colleagues emphasize that rela- 
tively small infusions of hypertonic saline can cause massive discharge of 
neurons in the brain. This could presumably cause non-specific discharge 
of pituitary hormones. 

Friesen: Has Dr Forsyth or Dr Bryant looked at serum prolactin levels 
in the newborn or the foetus in either the goat or the sheep, and were the 
levels elevated ? And what about prolactin in the rat foetus, Dr Meites ? 

Bryant: When we first developed the ovine assay we did random samples 
in sheep; among these were a few over parturition. We also took blood 
samples from the lambs and they were elevated; however they were much 
lower than in the mother, but she had extremely high levels at parturition. 

Nicoll: Do you think prolactin could be a foetal growth hormone? 
Bryant: It is the stress of being born, perhaps ! 
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Sherwood: Growth hormone secretion is elevated during the neonatal 
period. 

Forsyth: Dr H. L. Buttle has some results on prolactin concentrations 
in pregnant sheep and their foetuses from 80 days to just before term 
(D. A. Nixon and H. L. Buttle, personal communication). Maternal pro- 
lactin levels were similar to those in the pregnant goat, remaining quite 
low until just before parturition. In the foetus significant prolactin 
concentrations were found only within 12 days of delivery and were always 
lower than those in the mother. 

Meites: We examined prepubertal prolactin levels in male and female 
rats in the pituitary and in the blood and they are very low before the 
onset of puberty (Voogt, Chen and Meites 1970). They rise markedly 
when oestrogen starts to be secreted. We have not looked at the foetus. 

Frantz: Dr Forsyth and Dr Bryant have found that prolactin concen- 
trations do not rise during pregnancy in either sheep or goats; they increase 
only at the time of parturition. It would be interesting to look at this in 
cows, because it is common in dairying to maintain cows in a state of 
lactation while they are pregnant, and there’s no reason to believe that 
lactation decreases the ability of cows to become pregnant. Presumably a 
cow can be kept in continual lactation right through pregnancy, parturi- 
tion and the next pregnancy. I would be interested to know if the con- 
centrations of prolactin in a lactating pregnant cow are different from those 
in a non-lactating pregnant cow. 

Greenwood: Dr W. D. Ode11 and his colleagues have studied bovine 
prolactin levels by radioimmunoassay (personal communication). They 
may have the data that Dr Frantz seeks. However, the difficulties in getting 
non-stressed levels in the cow are the same as in the sheep and goat. 

Forsyth: Dr Buttle and I have measured prolactin by both radioimmuno- 
assay and bioassay in only two multiparous pregnant goats, one of which 
had stopped lactating and the other was lactating right up to term in the 
subsequent pregnancy. The animal that was lactating had higher plasma 
prolactin levels, measured by radioimmunoassay, than either the non- 
lactating multiparous goat or any of the primiparous goats we have 
studied (see p. I 59). 

Meites: We measured prolactin in the pituitaries of pregnant lactating 
rabbits (Meites and Turner 1948). If you reduce the young of postpartum 
rabbits to about two per mother, they continue to lactate and will become 
pregnant if you breed them on the day of parturition. The prolactin 
levels in the pituitary are just as high as in postpartum animals that are 
lactating and not pregnant. These are pituitary values, but prolactin 
pituitary values often correspond to serum values under many conditions. 

a* 
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Frank:  In fact the correspondence is much better for prolactin than for 
growth hormone; is that correct? 

Friesen: In our experience in man, we find no good correlation between 
pituitary content and serum concentrations of prolactin for the pituitaries 
that were studied after surgical hypophysectomy. 

Meites: In the rat under many conditions-pregnancy, lactation, 
ovariectomy, oestrogen administration-the two go together very well. 
Not under every condition, of course, particularly under acute stimu- 
lation (suckling). 

Frantz: I think it’s possible, although this cannot be tested, that there 
might be a correlation between acute depletion of pituitary prolactin in 
man and the rise in plasma levels; the kind of thing that has not always 
been shown for growth hormone in rats and other animals. 
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IMMUNOASSAY OF HUMAN PLACENTAL LACTOGEN: 
PHYSIOLOGICAL STUDIES IN NORMAL AND 

ABNORMAL PREGNANCY 

WILLIAM N. SPELLACY 

Department of Obstetrics and Gynecology, University of Miami Medical School, 
Florida 

IN 1962 Josimovich and MacLaren noted that human retroplacental 
blood contained a protein which was in~munologically similar to human 
growth hormone and had the biological activity of both growth hormone 
and prolactin. This protein hormone, human placental lactogen (HPL), 
has since been isolated and purified. Subsequent investigations have in- 
cluded studies of the chemistry and synthesis of HPL, its biological activity 
and function, and variations in the concentrations of circulating hormone in 
normal and abnormal pregnancies (Spellacy 1969). It is this latter problem 
which has been a prime concern in our laboratory and the purpose of this 
paper is to describe a method of assay for HPL and the results of measure- 
ments of HPL in normal and abnormal pregnancies. 

IMMUNOASSAY 

A purified HPL protein was obtained and mixed with complete Freund's 
adjuvant and rabbits were injected subcutaneously at weekly intervals. 
After four injections the animals were bled from the ear artery and the 
antiserum was frozen at -2oOC. The gamma globulin fraction of the serum 
was later separated using 18 per cent sodium sulphate and then resuspended 
in 0. IM-sodium carbonate. The HPL antibody was then chemically 
coupled to cyanogen-activated G25 Sephadex as described by Wide, 
Ax& and Porath (1967) and the Sephadex-HPL antibody complex ( S -  
HPL) was washed. A more highly purified HPL preparation* was labelled 
with 1311 using the method of Greenwood, Hunter and Glover (1963). 
The labelled protein was placed over a GIOO Sephadex column (60 x I cm) 
using o-o7~-barbitone buffer at pH 8.6. Three protein peaks were 

* The HPL used as a standard in these assays was Purified Placental Protein Lot 438-7C- 
12s which was kindly supplied by Dr Paul H. Bell of the Lederle Research Laboratories of 
Pearl River, New York. 
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separated by this procedure, as shown in Fig. I .  A test of the immuno- 
logical reactivity of each peak was made, measuring the ability of HPL 
antibody to bind with the labelled protein. As can be seen from Fig. I, the 
third peak consistently gave the highest immunological binding (64.3 
per cent). This third fraction was used as the tracer ([1311]HPL) in the 
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FIG. I .  The purification of [1*lI]HPL on a second GIOO Sephadex 
column gives three distinct peaks. The immunological reactivity of 
each peak is given as the percentage binding to antibody and the third 

peak contains the most reactive protein (64.3 per cent). 

assay. The S-HPL was then diluted to a concentration which would bind 
50 per cent of the [Ig1I]HPL during four hours of incubation with con- 
tinuous shaking. The S-HPL was usually diluted to I :400 or I : 500. The 
assay involved the addition of standards or unknown serum, labelled 
[131I]HPL and S-HPL. In each assay of fifty duplicate serum samples, 
there was a standard curve varying from 0- 5 to 50 pg of HPL per ml and 
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high and low control sera for quality control. The mixture was placed 
on a shaker and incubated for four hours and then centrifuged for five 
minutes at 2000 rev./min. The supernatant was discarded and the Sepha- 
dex precipitate was counted in a well-type gamma counter. A typical 
standard curve is shown in Fig. 2. An increase in the serum HPL would 

HPL CONCENTRATION ( ~ l m l )  

FIG. 2. Typical standard curve for HPL using the Sephadex solid-phase 
radioimmunoassay . 

compete for the antibody binding sites with [lslI]HPL and ultimately 
displace the [lSII]HPL from the S-HPL; thus the time to reach a certain 
number of counts would be longer. 

The solid-phase radioimmunoassay provides a rapid assay system where 
one technician can obtain the results on IOO serum samples in one day. 
The sensitivity of the assay expressed as the smallest amount of hormone 
which can be distinguished from no hormone is 0.05 yg/ml. The co- 
efficient of variation is 7.2 per cent and the accuracy of the method as 
tested by experiments on the recovery of HPL added to male serum is 
93-107 per cent between I and 50 pg/ml. 
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CONTROLLING FACTORS FOR HPL 

The first studies were designed to try to discover what factors controlled 
the levels of HPL in maternal serum so that physiological studies could be 
undertaken in both normal and abnormal pregnancies. It was found that 
the concentration of HPL was unaffected by the time of day, sex of the 
foetus, presence of congenital anomalies in the foetus or maternal haemo- 
globin concentration (Spellacy, Carlson and Birk 1966; Spellacy et a/. 

Since it has been shown that serum prostaglandin levels are elevated 
during pregnancy (Karim 1968), and also that prostaglandin can alter the 
secretion of human growth hormone (MacLeod and Lehmeyer 1970) 
the effects of these substances on the serum levels of HPL were studied. 
Term pregnant women were placed on bed-rest and an indwelling catheter 
was placed in the antecubital vein of each arm. One of the catheters was 
connected to an infusion pump for delivery ofthe test substance. The other 
catheter was kept open with heparinized saline and was used for the 
withdrawal of blood. Since the prostaglandin solutions would cause 
uterine contractions which might alter the level of HPL, a control group 
was included who received oxytocin and they, too, had uterine contrac- 
tions during the infusions. During the first sixty minutes, the women 
received only a saline infusion and after this baseline was established, 
infusion of the test substance was begun and the dosage was increased at 
specified time intervals. Eight serial blood samples were drawn during 
the five-hour infusion. A total of forty-two women were studied. There 
were sixteen who received prostaglandin F, (2 .5 to 20 pgglminute), six 
who received prostaglandin E, ( 0 . 3  to 2 - 4  pg/minute)* and twenty who 
received oxytocin (0 .5  to 4 mU/minute). The results of these studies are 
shown in Table I and Fig. 3.  It can be seen that there were no significant 
changes in the maternal levels of HPL with any of the three drug infusions. 

The next area of control to be investigated was the effects of eating on 
HPL. Since HPL has some biological activity related to growth hormone 
and may, therefore, be involved in metabolism, and since the major 
metabolic fuel for the foetus is the glucose crossing the placental barrier 
by facilitated diffusion, the effects of varying concentrations of glucose 
on the maternal level of HPL were studied. Blood samples were drawn in a 
fasting resting state and then the maternal blood glucose concentration 
was acutely altered by either the intravenous injection of 25 g of glucose 
as a 50 per cent solution (N=27), or the intravenous injection of insulin 

I97 IU). 

* The prostaglandin solutions were generously supplied by the Upjohn Pharmaceutical 
Company of Kalamazoo, Michigan. 
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TABU I 

INTRAVENOUS INFUSIONS OF PROSTAGLANDIN Fa, or E, OR OXYTOCIN 
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STATISTICAL STUDIES OF SERUM LEVELS OP HUMAN PLACENTAL LACTOGBN IN RESPONSE TO 

Serum HPL 
&?lml 

Control 
Titne in r-----..-, 

Drug infused rrrinutes: o 30 60 

Prostaglandin F,, 
(N= 16) Mean 8.4 7.3 7 . 4  

S.D. 1'7 1 . 8  1 . 6  
1 
p _ _ _  

(N=6) Mean 8 . 4  7 . 7  8 .4  
S.D. 2 . 8  2 . 1  2 ' 1  

r 
p - _ _  

Oxytocin(N=20) Mean 8 . 4  8 . 4  8.3 

1 _ _ _  
p - - _  

_ _ _  

Prostaglandin E, 

_ _ _  

S.D. 2 ' 2  2'7 2'2 

N.S., not significant. 

Drug 
I 

90 120 180 240 300 

8 . 1  8 .3  7 . 9  7 .7  8 . 2  
1 ' 9  2.0 1 ' 5  1'9 1 ' 9  
1.798 1.947 1.422 0.607 1 . 1 1 1  
N.S. N.S. N.S. N.S. N.S. 

8 . 2  7 . 7  7 .6  8 . 1  8 . 5  
1.4 2.6 2 . 2  2 . 3  2 . 3  
0.293 1 ,951  1.785 0.769 0 . 3 5 2  
N.S. N.S. N.S. N.S. N.S. 

8.8 8 . 3  8 . 1  8.3 8 .7  
2.4 2.4  2 . 6  1 . 9  2 ' 2  

1 . 5 2 9  0.401 0.218 0 .171  1.259 
N.S. N.S. N.S. N.S. N.S. 
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FIG. 3. The mean HPL levels during the intravenous infusion of prosta- 
glandins F,, or E, or oxytocin in 42 term pregnant women. 

(0-1-0- 3 unitslkg) to create a period of hypoglycaemia (N= 23). Serial 
blood samples were drawn during these glucose changes and it was found 
that the serum concentration of HPL changed significantly in a pattern 
which was opposite to that of the glucose change. Thus, when the blood 
glucose rose from 8 I * I f I - 9 to 243 * 7 f 4. o mg per cent the serum HPL 
fell from 7 .4fo-4  to 6.9fo.4 p g / d  (t=3-214; P < 0.01). Conversely, 
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when the blood glucose fell from 75 - 6 f I - 9 to 41 * 8 f 2.2 mg per cent the 
serum HPL rose from 6 .8 fo -5  to 7*7fo*5 p g / d  (t=2-876; P< 0.01) 
(Spellacy et al. 1971~). These findings have been supported by similar 
work with hyperglycaemia by Burt, Leake and Rhyne (1970) and with the 
hypoglycaemia of starvation by Tyson, Austin and Farinholt (1971). It 
would appear then that the level of metabolites reaching the placental- 
foetal unit regulates in part the concentration of HPL found in the maternal 
serum. The usefulness of this might be that if placental-foetal hypo- 
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FIG. 4. Correlation of placental weight and serum HPL levels 7-28 days 
before delivery (N= 69). 

glycaemia triggers in some manner the release of a lipolytic factor (HPL) 
so that maternal fat catabolism occurs, then maternal glucose utilization is 
decreased. This allows for more maternal glucose to become available to 
the placental-foetal unit. 

The relationship of the placental-foetal mass to the circulating level of 
HPL was also investigated. Serum was serially drawn from normally 
pregnant women. At the time of delivery the placenta was preserved and 
the umbilical cord, membranes and blood clots were removed and it was 
weighed. The neonate was also weighed and correlations were then made 
between the serum HPL level 7-28 days before delivery and these two 
weights. In Fig. 4 the placental weight-HPL results and the regression line 
for 69 subjects are shown. It can be seen that there is a significant relation- 
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ship between the variables (correlation coefficient r =  0.36; P< 0-002). 
Since the infant weight is usually directly related to the placental weight, 
it is not surprising to see from the data in Fig. 5 that there is also a significant 
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FIG. 5. Correlation of infant birth weight and serum HPL levels 7-28 

days before delivery (N=69).  

relationship between infant weight and serum HPL (r=o.30; P <  0.01). 
The second important factor regulating HPL levels then appears to be the 
functioning placental mass. 

NORMAL PREGNANCY 

The levels of HPL were determined in normal pregnant women, and 
these can be seen in Fig. 6. There were 377 samples from 204 women. 
The hormone is detectable early in gestation (five weeks). The mean 
curve rises progressively until about 34-36 weeks of gestation and then it 
slowly decreases. Also plotted on the graph are the results from 13 twin 
gestations, and it can be seen that these are generally elevated, which is not 
surprising since the placental mass was also greater. There is an asym- 
metrical distribution ofvalues around the mean curve in the last trimester so 
it is meaningless to describe the standard deviations. It should be noted, 
however, that there are very few low values (c 4 pg/ml) in late pregnancy 
(after 30 weeks). With the assay and standards used, low values were 
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considered abnormal and potentially indicative of placental failure of 
hormone production and perhaps indicative of foetal danger. Thus, this 
low area has been termed the abnormal foetal danger (FD) zone and it will 
be discussed later in relation to the late-pregnancy complications. 

ABNORMAL PREGNANCY 

The abnormal pregnancies are divided into three major groups : placental 
tumours; first half of pregnancy problems (abortion); and second half of 
pregnancy problems. 

Placental tumours 
The levels of HPL in women with hydatidiform mole and choriocar- 

cinoma tumours are very low in relation to the mass of trophoblastic tissue 
present and also to the levels of chorionic gonadotropin (HCG) which are 
reached. Thus, the mean HPL concentration in I I women with hydatidi- 
form mole was o.o66fo*0088 pg/ml and for eight women with chorio- 
carcinoma it was o.o77fo*oo33 pg/ml. This finding suggests that the 
tumour cell is primitive in its protein synthetic mechanisms, as is the early 
villus trophoblast type of normal pregnancy, since it produces HCG 
rather than HPL. The discrepancy between these two hormones in a patient 
with a large uterus may be clinically helpful in differentiating between the 
conditions of multiple gestation and placental trophoblastic tumour. 

Abortion 
Serial blood samples have been drawn routinely from women in weeks 

5 to 20 of gestation. The normal pattern of HPL is shown in Fig. 6. The 
woman who has vaginal bleeding in early pregnancy may demonstrate 
one of two patterns, as seen in Fig. 7. The normal HPL levels (L.W.) 
indicate that the placenta is alive and functioning and the pregnancy may 
or may not abort. The low levels (M.C.) indicate that the placenta is no 
longer functioning properly and that an abortion will probably occur soon. 
Thus, the measurement of serum HPL levels in the early pregnant woman 
who has bleeding may be a useful prognostic aid to the physician. 

Lute pregnancy complications 
Extensive studies have been done on women with pregnancy complica- 

tions which have proved to be of high risk to the foetus. Three of these 
are blood factor (Rh) sensitization, diabetes mellitus and hypertensive 
toxaemia. The levels of HPL in the Rh-sensitized or diabetic pregnant 
woman were similar to those of normal pregnancy, although on occasion 
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if the placenta was excessively large the values were high. No relationship 
was found between the occurrence of foetal or neonatal death and the HPL 
values. When the hypertensive group was studied, it became clear that 
abnormally low values were often encountered. Indeed, in an original 
group of656 samples from 239 women 12 per cent ofthe values were in the 
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FIG. 6.  Levels of serum HPL in normally pregnant women with the 
mean curve €or the data also drawn. In addition, the values for I 3 twin 

pregnancies are also shown. 

FD zone (22.5 per cent of the women). Generally, the higher the maternal 
blood pressure, the lower were the HF'L values (Spellacy et al. 1971b). In 
addition, most of the foetal deaths occurred in those women who had low 
(FD zone) HPL values (Spellacy, Teoh and Buhi 1970). Three examples 
from this group ofsubjects with FD zone values are shown in Fig. 8. 

Case 1 : M.C. was a 41-year-old gravida 12, para 9-2-0-7* Negro female 
whose expected date of confinement was 27/5/69. She had had hyper- 
tension for several years. During the current pregnancy her blood pressures 
* Full-term infants-premature infants-abortions-surviving children. 
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FIG. 7. HPL levels in women with threatened abortion. The low flat 
curve is a poor prognostic sign. 

WEEKS OF GESTATION 

FIG. 8. Serial HPL values in three women with toxaemia. The manage- 
ment and outcome of the cases were: *, spontaneous labour, infant 
survived; **, induced labour, infant survived; ***, foetal death in utero. 
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ranged from 135/90 to 180/120 mmHg and she was treated with sodium 
restriction, diuretics, barbiturates and antihypertensives. Her laboratory 
studies included a negative urine albumin, and a blood type 0 Rh positive, 
negative serology, serum creatinine 0- 7 mg per cent and a fasting blood 
glucose of 75 mg per cent. The serial values of HPL are shown in Fig. 8. 
Although these values were in the FD zone for a brief period, they soon 
rose above it to a normal zone. She spontaneously ruptured membranes 
on 1/5/69 and after three hours of labour, delivered a 2353 g normal male 
infant over a midline episiotomy using pudendal block anaesthesia. The 
one and five-minute APGAR scores were 5 and 8 respectively. The 
placenta weighed 652 g. The patient had an uneventful postpartum course 
and she was discharged home with her infant on 5/5/69. Her blood 
pressure six months later was 160/105 mmHg. 

Case 2: E.J. was a 39-year-old Negro female gravida 5 ,  para 2-2-0-4 
whose expected date of confinement was 30/8/68. The patient had had 
hypertension in her last pregnancy in 1965. Her blood pressures during the 
current pregnancy ranged between 140/9o and 17o/104 mmHg, and she 
was treated with sodium restriction, diuretics, barbiturates and anti- 
hypertensives. Her laboratory studies included a urine albumin of one 
plus, and a blood type B Rh positive, negative serology, serum creatinine 
0- 9 per cent and a fasting blood glucose of 70 mg per cent. Distal femoral 
epiphyses were not seen on a foetogram and the pelvis was of normal size 
by X-ray pelvimetry measurements. The serial serum HPL values are 
shown in Fig. 8. Her values persisted in the FD zone. On 28/8/68 labour 
was induced with an intravenous infusion of oxytocin and after 2 hours 
25 minutes she spontaneously delivered a 2934 g normal male infant while 
using nitrous oxide and oxygen anaesthesia. The one and five-minute 
APGAR scores were 9 and 10 respectively. The placenta weighed 482 g. 
On the sixth postpartum day an abdominal tuba1 ligation was performed. 
The patient had an uneventful postoperative course and was discharged 
with her infant on 7/9/68. 

Case 3: M.G. was a 39-year-old Negro female gravida 17, para 12-0-4-12 
whose expected date of confinement was 27/1/68. She had essential hyper- 
tension diagnosed four years before her pregnancy. During the current 
pregnancy her blood pressures ranged from I 30/90 to 1901 13 5 mmHg and 
she was treated with low sodium diet, diuretics and barbiturates. Her 
urine was free of albumin and her blood studies showed a blood type 
0 Rh positive, negative serology, serum creatinine 0- 8 mg per cent, blood 
urea nitrogen of 12 mg per cent and a fasting blood glucose of 80 mg per 
cent. Serial amnioscopy studies were normal. Normal foetal heart tones 
were heard on 201 10168 but not afterwards. The serial HPL values while 
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the foetus was alive are shown in Fig. 8 and it can be seen that they remained 
in the FD zone. After the foetal death the HPL values fell even lower but 
they are not shown on the graph. On 27/10/68 the patient spontaneously 
began labour and after 2 hours 58 minutes she spontaneously delivered a 
macerated 1930 g male infant and a 250 g placenta containing many small 
infarcts. On the third postpartum day an abdominal tuba1 ligation was 
performed. The patient had an uneventful postoperative course and she 
was discharged home on 5/11/68. Her blood pressure one year later was 
148/1oommHg. 

These data seem to be well correlated with the morphometric studies of 
the placenta. Aherne and Dunnill (1966) have shown that the placental 
volume is significantly reduced with maternal hypertension. Since placen- 
tal mass and HPL levels are correlated, the findings of low HPL levels in 
some women with complicating hypertension is not surprising. The 
clinical usefulness of this information seems to be in the fact that serial 
measurements of HPL appear to be a method to detect the woman who 
has a deficient functioning placental mass. It would appear from the foetal 
death data that it is in this group of women that most of the foetal deaths 
occur. Thus, instead of giving intensive care to all pregnant women with 
the complication of hypertension and thus diluting our resources, we could 
select a much smaller group (- 22- 5 per cent) on the basis of HPL values in 
the FD zone and these women could then receive other biochemical and 
biophysical studies of the foetal-placental status. Whether such screening 
and management can reduce perinatal mortality by detecting cases for early 
delivery is still unknown but it is currently under study. 

SUMMARY 

In order to study blood human placental lactogen (HPL) concentrations, 
an immunoassay system had to be developed. A purified sample of HPL 
was labelled with 1311, rabbit antibodies to HPL were chemically coupled 
to Sephadex, and a solid-phase assay was developed. This assay has proved 
to be rapid, sensitive, precise and reproducible. 

Studies were made of several possible controlling factors for HPL levels 
in maternal blood. The correlation coefficient between the serum HPL 
concentration and the placental and foetal mass was significant. The 
concentrations of HPL were inversely related to the circulating maternal 
blood glucose levels. The levels were unaffected by the time of day, foetal 
sex or the presence of congenital anomalies. The intravenous infusion of 
prostaglandin E, or F, did not alter HPL levels. 

The studies of abnarmal pregnancies were in three areas : placental 
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tumours, problems during weeks 1-20 (abortion), and problems from week 
20 until the end of pregnancy. Whereas the chorionic gonadotropin levels 
are high with trophoblast tumours, the HPL levels were very low. In 
normal pregnancy there is a progressive rise in the mean HPL level until 
approximately 34-36 weeks and then there is a gradual decline. During 
the first half of pregnancy, despite vaginal bleeding, a normal rising 
concentration of HPL indicated a favourable outcome. In late pregnancy 
the disease complications of Rh factor blood sensitization, anaemia or 
diabetes mellitus did not alter the HPL pattern. Maternal hypertension 
did significantly lower the level of HPL in direct proportion to the amount 
of blood pressure elevation. The prognosis for the foetus appears to be 
predictable from the HPL pattern. A low HPL value indicates a failing 
placenta and may result in foetal distress or death. 
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DISCUSSION 

Friesen: I would like to congratulate Dr Spellacy on this fascinating work, 
and especially on having the courage to undertake a controlled study. 
This sort of study is very badly needed, as many obstetricians are already 
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using HPL as an index of placental function and being guided in their 
practice of obstetrics by serum HPL levels. 

Fruntx: How does HPL compare with other indices ofplacental function ? 
Spellacy: We have measured oestriol in many of these women. From 

an obstetrical viewpoint oestriol is helpful in people with hypertensive 
toxaemia. It is not a good index of rhesus incompatibility or with certain 
diabetic mothers. Although oestriol is presumably an index of many links 
on a long chain, including the foetus and placenta and maternal kidneys, 
it doesn’t seem to work that way. When we compare HPL to oestriol, 
it agrees very favourably in the hypertensive group. The advantage of 
HPL is that you don’t have to collect a 24-hour sample of urine and you 
can run IOO samples in four hours. 

Turkington: Have you found cross-reactivity of your anti-HPL to ovine 
prolactin ? 

Spellucy: We haven’t looked at that. 
Greenwood: What standard were you using ? 
Spellacy: We used Purified Placental Protein Lot 438-7G125 from 

Lederle. It’s a 90-95 per cent pure preparation. We have compared this 
to the new NIH standard preparation, and immunologically it is almost 
identical. 

Cotes: The interim standard 70/144 (Bangham and Cotes 1971) being 
distributed from the Division of Biological Standards, National Institute 
for Medical Research, London, is derived from Lederle’s Purified Placental 
Protein (Batch E-12 lot 1359) estimated by Dr P. H. Bell to be approxi- 
mately 75 per cent pure. Bearing in mind the possibility that there may be 
dimers as well as contaminants in the various preparations of HPL available 
at present, it would be helpful to have some discussion of what sort of 
preparation would be suitable for provision as a common standard. This 
would be of value in the comparison of data obtained in different centres 
which use the HPL assay as a routine guide to the management ofpregnancy. 

Wilhelmi: The Lederle material sent to Dr Bangham at the National 
Institute for Medical Research is a less pure Lederle preparation, different 
from the one NIH is distributing. The latter is 95 per cent pure, which 
would make it almost indistinguishable from the 90-95 per cent pure 
material, as Dr Spellacy says. 

Sherwood: We have not found any difference in the immunological 
activity of dimer and monomer. 

Greenwood: Do they label as well ? 
Sherwood: I have not studied them systematically for this property. 
Greenwood: From Dr Spellacy’s iodination curves, it looks as though you 

are putting the monomer in the actual assay. 
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Li:  For the standard, I would rather use the monomer; there could be 
differences that we haven’t detected yet. From Dr Spellacy’s curve he has 
polymer, dimer and monomer. The monomer will have some growth- 
promoting activity as well as lactogenic activity. 

Greenwood: In fact Dr Spellacy answered my question in his presentation. 
If I read his Sephadex GIOO column correctly, he finds that the polymer 
and the dimer bind less well to his antibody than the monomer. 

Nicoll: Is there any evidence that the ovarian steroids modify HPL 
secretion in vivo or in vitro ? There is good evidence that they can change 
adenohypophysial prolactin secretion. 

Spellacy : We have given acute injections of oestrogens and progesterone 
to pregnant women and have not seen any change in HPL, within a 24- 
hour period. 

Greenwood: Dr Lauritzen has reported that injecting dehydroepiandro- 
sterone into pregnant women produced a fall in HCG (Lauritzen 1971). 

MacLeod: The fall in HPL near term is very interesting. I have never 
understood the relatively late increase in plasma prolactin as pregnancy 
approaches term. Some of us are intrigued by the idea of the auto-feed- 
back mechanism, whereby plasma prolactin inhibits its own secretion : 
I just wonder if HPL inhibits the pituitary gland from synthesizing and 
releasing prolactin ? 

Spellacy: The only data on pituitary prolactin that I am aware of are 
those Dr Friesen presented here (pp. 96-100). He showed aprogressive rise 
of prolactin in pregnancy which is similar to the curve for HPL except 
during the last four or five weeks. Since both prolactin and HPL are rising 
there does not appear to be any feedback interplay. 

Fruntz: Didn’t Dr Friesen find that in monkeys there’s no rise in pro- 
lactin in pregnancy, whereas monkey placental lactogen follows the same 
curve as the human ? 

Friesen: Yes. 
Swanson Beck: Have you studied circulating levels of HPL in mothers of 

anencephalic foetuses ? Are they normal ? 
Spellucy: The group of women with infants having congenital abnor- 

malities included eight anencephalics, and the HPL levels were normal 
in those mothers. 

Turkington: I was also interested in the mean rise and fall of HPL that 
you found. Have you followed single individuals as well, to substantiate 
this ? 

Spellacy: Yes, and generally they follow the same pattern as the group. 
Turkington: We have also measured a few patients throughout pregnancy 

in terms of biological activity of HPL and a significant proportion fell 
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below 4 pg/ml during the last trimester, which would be quite a bit below 
the immunoreactivity values. In order to compare them one would have 
to assay the same sample by both techniques. The difference could be 
methodological, but it suggests the question of whether some of the 
material which is immunoreactive may be biologically inactive. 

Spellacy: I think the mean curve is interesting too, because it relates to 
what we have known for a long time, that the placenta reaches its peak 
function at a time generally before delivery and then it begins to age. 
If you follow the curve out too far, into the post-maturity period beyond 
43 weeks’ gestation, there is commonly such a loss of reserve that foetal 
mortality begins to rise significantly. Secondly, I think it is very hard to 
compare different levels from different laboratories until we have a 
common standard. We have not done bioassay work but it is interesting 
that this may give different results. 

Greerzwood: Professor J. Landon at St Bartholomew’s Hospital has 
automated an HPL assay and is doing a similar prospective study. We 
just use a four-hour charcoal assay; we don’t have the numbers to play 
with. But if you are following a pregnant woman, what time-scale do you 
recommend: sampling at weekly intervals for three weeks, or sampling 
say Monday, Tuesday and Wednesday and assay on Wednesday ? 

Spellmy: I work in a hospital with more than 400 deliveries a month, 
and most of the women with clinically recognizable high-risk problems 
come to a central clinic. Before they are seen by a physician they go through 
the laboratory to have a blood sample drawn. If they have an even- 
numbered hospital chart, the senior resident will receive the HPL values 
from that visit. If they have an odd-numbered chart they serve as a control 
group and he never finds out about the HPL results. The women are 
usually seen at one to two-week intervals but if their HPL value becomes 
low, they are seen more frequently. We also have a test of foetal lung 
maturity, measuring certain amniotic fluid phospholipids. If the HPL test 
indicates a failing placenta and if the amniotic fluid indicates that the 
respiratory tract ofthe foetus is mature so that it can carry on respiration in a 
nursery, we deliver the infant. Whether this approach will be successful 
in lowering perinatal mortality remains to be proved. 

Beck: You showed minor changes with respect to glucose and insulin 
hypoglycaenlia. Have you looked at any of the other circulating metabo- 
lites that might influence this, such as free fatty acids, P-hydroxybutyrate, 
acetoacetate, or amino acids ? 

Spellacy : Only a few. Ifwe infuse arginine the HPL level does not change. 
Meites: Dr Spellacy, what do you consider to be the biological role of 

HPL in pregnancy ? 
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Spellucy: Therc may be many functions for this protein. It may prepare 
the breasts for nursing. It may serve as a regulator of maternal lipid 
metabolism and thus allow the maternal glucose to be spared for foetal 
use. It may aid in salt and water regulation. A final answer must await 
further experimentation. 

Friesen: How do you interpret the fluctuations in HPL that you occa- 
sionally see in the same patient? How do you relate that to functional 
placental mass? In some instances, there was more than a 50 per cent 
change in a one-week period; surely placental mass doesn’t change by 50 

per cent in one week ? 
Spellucy : I don’t believe that this represents interassay variation, since 

it occurs even if we take all the samples from a given patient and study 
them in the same assay. It may indicate that there are other regulatory 
mechanisms controlling the secretion of HPL besides the placental mass. 
This is why I was curious about your in vitro incubation of placenta where, 
when time was extended, the HPL levels rose. Could it be that the tissue 
was using up all the available glucose and then it made more HPL ? 

Friesen: We have not investigated this. 
Frantz: Is there any evidence that HPL levels change in sleep ? 
Spellucy: We studied the effect of position and sleep, because when 

one goes into bed in the lateral position the uterine blood flow increases and 
during sleep there are bursts of growth hormone release. These factors do 
not seem to affect HPL. 

Sherwood: The main factor in patients with toxaemia seems to be reduced 
blood flow to the placenta. 

Beck: Would you accept that interpretation, as an obstetrician ? 
Spellucy : I would interpret the low HPL values as indicating a decreased 

functional placental mass which may or may not be related to uterine 
blood flow. For example, some placental area may infarct and not secrete 
HPL and yet the uterine blood flow remains unchanged. 

Greenwood: Have you ever separated a pregnancy plasma on Sephadex 
G-zoo ? Does the endogenous HPL obey the 21 ooo molecular weight ? 

Friesen: We have done that experiment and it comes out at the same 
elution volume as our standard does, with an elution volume/void volume 
ratio of two, which is the same as Dr Li finds with his monomer. I can’t 
quite understand this difference between Dr Li’s results and our own. 
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MORPHOLOGY OF PROLACTIN SECRETION 

J. L. PASTEBLS 

Laboratoires d’histologie et de minoscopie klectronique, Facultt! de 
Midecine et de Pharmacie, Universitb Libre de Bruxeks 

IT is generally agreed, on the basis of a considerable body of evidence, 
that the anterior hypophysis functions as a multiple endocrine gland. Each 
of its hormones is secreted by specific cells, dispersed among those which 
secrete the other hormones. This concept is supported by the differential 
staining of various categories of cells and by electron microscopy. Circum- 
stantial evidence for their specific function was first derived fiom the 
careful study of numerous physiological or experimental conditions 
(reviewed by Herlant 1964). Later on, the use of immunofluorescence 
techniques demonstrated clearly the presence of one single hormone in 
each functional category of cells. It was shown that the ‘granules’ charac- 
terizing the hypophysial cells are in fact secretory material, representing the 
hormone itself (reviewed by Herlant and Pasteels 1967). Still more recently, 
the functional specificity of cells belonging to the pars distalis has been 
assessed by radioautographic studies (Goluboff et 02. 1970). 

My aim in this paper is to correlate the results of these various morpho- 
logical techniques in the specific case of prolactin secretion, with the 
intention of evaluating their usefulness in endocrinological work. 

DIFFERENTIAL STAINING 

Techniques proposed 

The older distinction between ‘acidophilic’, ‘basophilic’ and ‘chromo- 
phobic’ cells is obsolete. In fact, the so-called ‘basophilic’ cells are 
not truly basophilic, but contain glycoprotein material. ‘ Acidophils’ are 
cells secreting simple proteins : growth hormone, prolactin and ACTH. 
When present in sufficient amounts, their secretory material can be stained 
by acid dyes such as eosin, erythrosin or orange G. But very active cells 
are degranulated : their secretion leaves the cell without significant storage. 
Moreover, in such cells the ribosomes are numerous enough to account for 
a true cytoplasmic basophilia. As for the ‘chromophobes’, their description 
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resulted mainly from a lack of proper identification of the secretory 
material in partly degranulated cells. Only undifferentiated cells might be 
considered as true chromophobes. But when very sensitive techniques are 
applied to the hypophysis, such as electron microscopy or immuno- 
fluorescence, it becomes exceedingly diflicult to find hypophysial glandular 
cells completely devoid of secretory granules (even in the foetus). Thus, 
the so-called ‘chromophobes’ were in fact a confusing mixture of very 
active, degranulated cells and of resting cells. For all these reasons it is 
apparent that the proper method of identitjring a functional category of 
hypophysial cells should be based only upon the properties of their secretory 
material (i.e. the hormone that they contain) rather than on other cyto- 
logical features (such as cell shape, size or cytoplasmic organelles). The 
latter vary depending upon the functional conditions of the cell. Some 
earlier attempts (Cleveland and Wolfe 1932; Dawson 1946) provided 
valuable results in this regard but they are now superseded by more 
specific and reliable techniques. To our knowledge, at least three different 
staining procedures provide a clear identification of prolactin cells : 

Herlant’s tetrachrome staining (Herlant 1960; Herlant and Pasteels 1967). 
Methasol blue-PAS-orange G (Herlant and Grignon 1961 ; Dubois 

Brookes’ stain (Brookes 1968; Goluboff and Ezrin 1969). 
In our laboratory we regularly use Herlant’s tetrachrome and methasol 

and Herlant 1968). 

blue-PAS-orange G. 

Herlant’s tetrachrome staining 

The differential staining of serous cells (those which secrete simple 
proteins; Herlant 1964) is based upon competition between erythrosin and 
orange G in acid solutions, with subsequent differentiation in aqueous and 
ethanol solutions of phosphomolybdic acid. The glycoprotein-secreting 
cells are stained with aniline blue. Prolactin cells are stained bright red by 
erythrosin whereas somatotrophs appear orange-yellow. The secretory 
material of corticotrophs is weakly erythrosinophilic, but cannot be con- 
fused with prolactin granules, because ACTH granules are smaller and 
scarcer (this is the reason why corticotrophs have long been considered 
to be ‘chromophobes’ or ‘basophils’). Herlant’s tetrachrome staining 
provides a valid; although empirical identification of prolactin granules. 
The differential staining mechanism is probably based upon discrete 
differences in the isoelectric points of growth hormone, ACTH and 
prolactin. Successful results have been obtained in the hypophysis of every 
vertebrate studied so far (for details of the technique see Herlant and 
Pasteels 1967). 
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Methasol blue-PAS-orange G 

The PAS-positive material of gl ycoprotein-secreting cells is stained 
purple by this procedure. Owing to their specific affinity for methasol 
blue the somatotrophs appear bluish-green. It has been pointed out by 
Racadot (1963b) that prolactin granules are slightly PAS positive (this 
reaction can result from the staining of their lipoprotein membrane as well 
as from properties of prolactin itself). This is why they appear reddish 
orange with this technique. They are stained intensely by orange G and 
slightly by PAS. They contrast satisfactorily with the corticotrophs, which 
are nearly chromophobic with sparse and thin orange-yellow secretory 
granules. A detailed description of this technique can be found in Dubois 
and Herlant (1968). 

Discussion ofresults 

Empiricism 
An absolute standardization of the differential staining techniques can 

never be achieved, for obvious reasons. First, different batches of staining 
material, even with the same trademark, are far from identical. Second, 
the solutions themselves change with time. As can be inferred from its 
dark colour, a ‘good’ solution of phosphomolybdic acid does not contain 
only water and phosphomolybdic acid. 

Failure to obtain satisfactory results comes mainly from the use of 
inappropriate histological fixation, such as Bouin’s fluid or even formalin 
alone. One should use Bouin-Hollande sublimate or, for the hypophysis 
of man and large mammals, Helly’s mixture (see Herlant and Pasteels 
1967). Even in such optimal conditions a worker experimenting with new 
reagents has to proceed by trial and error before obtaining good results. 
However, once the appropriate conditions are found, the results are quite 
reproducible and reliable. One should then continue to use these familiar 
solutions even if they become dirty-looking ; they will provide constant 
results for weeks or months. Moreover, it should be pointed out that when 
‘good’ differential staining is not achieved, it is obvious to the experienced 
cytologist because of the poor tinctorial quality of the preparation. Accor- 
dingly, failures should not give misleading results and categories of cells 
should not be confused with one another. 

Reliability and specifcity f o r  prolactin 
Once a suitable procedure is found its results are completely reliable. 

This is clearly shown by the concordant results obtained by different 
workers in different laboratories. In the rat, we have been able to assess the 
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specificity of Herlant’s tetrachrome stain in various physiological and 
experimental conditions : pregnancy ; lactation ; administration of reser- 
pine, oestradiol, progesterone and androgen ; pituitary grafts and tissue 
culture. Not only was specific identification of prolactin cells possible 
in every case, but the accumulation of erythrosinophilic granules w i h  
prolactin cells provided a fair estimate of the hormone content of the 
hypophysis (Pasteels 19634 6). We made use of Grosvenor and Turner’s 
controlled lactation experiments. By bioassays Grosvenor and Turner 
(1958) demonstrated that when a female rat was separated from her litter 
for ten hours on the sixth day post partum, pituitary prolactin content 
reached a maximal value. When the pups were returned to their mother, 
half an hour of suckling was enough to deplete the anterior hypophysis of 
most of its prolactin. We did the same experiment, in order to study its 
morphological equivalent. In the same conditions we observed a signlficant 
depletion of the erythrosinophilic granules from the prolactin cells (Fig. I). 

When the same experiment was done on the 21st day of the lactation 
period, no significant depletion of bioassayable prolactin occurred. Once 
again, there is good agreement between assays and morphology, for we 
observed no reduction of the secretory material in the prolactin cells. 

In the human we obtained evidence for the secretion of a separate 
prolactin, distinct from human growth hormone, from the study of tissue 
cultures of the anterior hypophysis (Pasteels 1962,1963~; Pasteels, Brauman 
and Brauman 1963). Prolactin cells could be identified in the hypophyses 
of pregnant women (Pasteels 19634 b ;  Herlant and Pasteels 1967) and in 
prolactin-secreting tumours (Herlant et al. 1965). 

Earlier, a satisfactory identification of prolactin cells was derived from 
accurate descriptions of the cyclic changes in the hypophysis of the bat 
(Herlant 1953, 1956), the cat (Herlant and Racadot 1957) and the mole 
(Herlant 1959). Results were first obtained using the Cleveland-Wolfe 
staining method and were confirmed later with Herlant’s tetrachrome. 

Similar work provided suggestive evidence of prolactin cells in the rat 
(Herlant and Pasteels 1959; Pasteels and Herlant 1962). With the tech- 
niques mentioned here, prolactin cells were unequivocally demonstrated 
by various authors, working in different laboratories, in the hypophyses of 
numerous mammals: the badger (Herlant and Canivenc 1g6o), Galemys 
pyrenaicus (Peyre and Herlant 1961), pig (Bugnon 1963; Bugnon and 
Racadot 1963), sheep (Racadot 19634, rabbit, guinea pig (Racadot 1963b), 
hamster (Girod, Dubois and Cure 1964), monkey (Macanrs irus) (Girod 
1964, hedgehog (Girod, Dubois and Cur6 1965), dog (Carlon 1967) and 
cattle (Dubois and Herlant 1968). In fact, no mammal was found which 
did not exhibit conspicuous erythrosinophilic or orange-staining (by the 



FIG. I .  Details of the anterior lobe of the hypophysis of lactating rats, 
killed on the sixth day port partum Herlant’s tetrachrome stain. (a) The 
hypertrophied prolactin cells are filled with erythrosinophilic granules 
when the female is separated from the pups for 10 hours. (b)  The lac- 
tating rat had been previously separated from the pups and was then 
allowed to nurse them for 3 0  minutes before being killed. The prolactin 
cells are depleted of their granular material. This is in good agreement 

with the prolactin release which occurs in such circumstances. 



Fig. 2. Antero-ventral part of the hypophysis of an adult female rhesus 
monkey. Herlant’s tetrachrome stain. The prolactin cells are recogniz- 
able on this photograph by the dark staining oftheir cytoplasm (arrows). 
Their distribution among the other pituitary cells is not uniform. Large 
clusters of prolactin cells may be observed in addition to an irregular 

scattering of small clusters and individual cells. 



FIG. 3. Iktail ofthe anterior hypophysis o f a  pregnant woman (seventh 
month). (a) Tetrachrome stain. The tiunierous prolactin cells are 
rccognizablc by the dark staining of their cytoplasm, in contrast to the 
pale somatotrophs (arrows). (6) Bcforc tetrachrome staining the same 
section was processed for inimunofluorescence, using antibodies to 
NIH ovine prolactiti. Coniparc to (a). The erythrosiiiophilic cells arc 

fluorcscciit whereas soinatotrophs (arrows) are riot. 



FIG. 4. Part of the cytoplasm of a prolactin cell. Short-tcrnm (18 hour) 
organ culture of rat hypophysis. Large graiiules (LG), typical of pro- 
lactin cells, arc identical to those observed in tlic hypophysis irz ritr4, 
but numerous small granules (SG) appear in response to the organ 
culture conditions. W e  bclieve they are a specific feature of highly 
active cells, where the rclcase of the hormone (as a consequencc of 
suppression of hypothalamic prolactin-inhibiting factor) becomes too 

rapid to allow the storage of large secretory granules. 



FIG. 5 .  Iktail  of a hypertrophied prolactin cell takcii 0 1 1  thc scvcnth 
day of mechanically induced pseudoprcgnancy. E, ergastoplasin; 
M, mitochondrion; N, nucleus; G, scgrcgation of secretory graiiulcs 
within the Golgi arca. Compare the prolactin graiiules (irrcgular shape) 

to those of the ricighbouring somatotroph (S). 



Fic. 6(n). Massive exocytosis of prolactin granules in an ocstrus rat 
killed by ether anaesthesia. E, released granules ; P, perisinusoidal 
spacc; V, blood vessel; G, iiew graiiules undergo segregation within the 

Golgi vacuoles. The iieighbouriiig cell, above, is a gonadotroph. 



FIG. 6 (6). Schematic drawing ofthe apical membrane of the cell shown 
in (a). The released granules are stained black. 



FIG. 7. Ilestruction of uiireleascd prolactin granules by lysosonics in 
thc hypophysis of a pscudoprcgnant rat treated previously with crgo- 
rorninc. I11 lysosomc LI, the partly destroyed secretory granulcs can still 

hc rccognizcd. Lysosoines L2 and L3 appear as ‘dense bodies’. 
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methasol blue technique) prolactin cells in its adenohypophysis during 
pregnancy or lactation. 

With the same histological techniques, prolactin cells have been des- 
cribed in the hypophyses of birds : duck (Tixier-Vidal, Herlant and Benoit 
1962; Gourdji 1970), pigeon and quail (Gourdji 1970), and possibly in the 
turtle (Herlant and Grignon 1961), in amphibians (Pasteels and Herlant 
1960; van Oordt 1963) and in teleost fish (Olivereau and Ball 1964, 1966; 
Mattheij and Sprangers 1969). 

Possibility of making cell counts 

A first approach could be to count all the cells within a well-defined 
area of a histological section. In our opinion, this cannot provide satis- 
factory results. The distribution of prolactin cells in the anterior hypo- 
physis is not uniform. Large clusters of prolactin cells occur in specific 
regions of the hypophysis (in primates they are localized in the antero- 
ventral part of the pars distalis; in other mammals their localization differs) 
and irregular scatterings of other prolactin cells occur among the remaining 
part ofthe anterior lobe (Fig. 2). To obtain a statistically valid estimate ofthe 
proportion of prolactin cells within a single section, one would therefore 
have to count every cell in this section. 

Fortunately, an ingenious technique was devised by Chalkley to prevent 
bias from counting too many cells in a restricted area (Chalkley 1943-1944). 
Chalkley made use of a microscopic eye-piece which is marked with a few 
dots. Fields in the section are chosen randomly and only the cells under the 
dots are counted. In this laboratory, Desclin (1961) improved Chalkley’s 
technique by the use of a special microscope (Reichert ‘Lanameter’). 
The picture is projected at high magnlfication on the opaque glass screen 
of t h i s  instrument. A transparent sheet with 25 points distributed at random 
is placed over the projected image and the coincidence of the points with 
tissue components is noted. Desclin developed this method for the histo- 
metric study of the submandibular glands in mice but we found it very 
convenient for counting anterior pituitary cells. What it actually measures 
is the percentage of the total area of a section occupied by the various 
categories of hypophysial cells. The results thus depend both on the 
number of differentiated prolactin cells and on their functional hyper- 
trophy, and should therefore correlate with the hormone content of the 
hypophysis. In collaboration with C. S .  Nicoll, P. Varavhudi, F. Ectors, 
P. Gausset and A. Danguy we are making regular use of this technique in 
the study of prolactin secretion in rhesus monkey pituitaries. Our first 
results are that identifiable erythrosinophilic prolactin cells represent o per 
cent (less than 1/2ooo) of anterior pituitary cells in infant monkeys. In 
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adult males and lion-lactating fcmales, prolactin cells range froin 2 * 5 to 
11. I per cent (in the mediosagittal sections: the richest in prolactin cells). 
In lactating females, there are 18. o to 32. o per cent of prolactin cells. In 
contrast to this variation, the percentage of somatotrophs remains constant 
in the various categories of animals. This is further evidence for the exis- 
tence of separate prolactin cells in primates. 

Conclusion : specifc advantages of dgerential staining ofprolactin cells in endo- 
crinological studies 

Even with the help of cell counts the differential staining of prolactin 
cells cannot be expected to supplant the results of modern assays of the 
hormone in the hypophysis, but it provides supplementary data. The 
hormone content of a cell depends on its synthesis, storage and release. 
Morphological techniques remainrvaluable because they can distinguish 
between atrophic resting cells and degranulated hyperactive cells (both 
with moderate hormone content). In the latter case, the enlargement ofthe 
whole cytoplasm, of the ergastoplasm and Golgi apparatus, is easily seen 
even with ordinary microscopy. With Herlant’s tetrachrome stain, 
erythrosinophilic secretory material, ergastoplasm (stained bluish by 
alizarin and aniline blue) and the Golgi area (unstained, contrasting with the 
remaining cytoplasm) can be observed in hypertrophied prolactin cells, 
along with neighbouring cells responsible for other endocrine functions. 
In this respect, differential staining provides more information than 
immunofluorescence. As will be described, electron microscopy gives an 
even more accurate picture of prolactin secretion, but this technique also 
has its drawbacks, deriving principally Gom the sampling of the small 
parts of the anterior lobe chosen for electron microscopy. Differential 
staining procedures remain invaluable for the general screening of the 
anterior hypophysis prior to electron microscopy, and also for analysing 
the glands of a larger number of experimental animals. 

IMMUNOFLUORBSCENCE 

Immunofluorescence techniques provide conclusive evidence of the 
presence of endogenous prolactin within anterior pituitary cells, provided 
that highly specific immune sera can be obtained. Fortunately some parts 
of the prolactin molecules from different species appear to be similar, for 
antibodies to ovine prolactin cross-react with endogenous prolactin of 
numerous mammals : ox (Rumke and Ladiges 1965 ; Nayak, McGarry and 
Beck 1968; Dubois 1g71), pig (Nayak, McGarry and Beck 1968), cat 
(Emmart, Spicer and Bates 1963), rabbit (Shiino and Rennels 1966), rat 
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(Emmart et a/. 1963; R u d e  and Ladiges 1965; Shiino and Rennels 1966), 
mouse (Riimke and Ladiges 1965) and monkey (Herbert and Hayashida 
1970). Antibodies to ovine prolactin have even been used successfully to 
localize prolactin in the hypophysis of a fish (Emmart 1969). By the use of 
immune sera to growth hormone it was confirmed that prolactin and 
somatotropin are secreted by different acidophilic cells. 

From our experience we can conclude that immunofluorescence is an 
extremely sensitive means of localizing even small amounts of endogenous 
hormone. Positive results are obtained for several hormones in the hypo- 
physis of the foetus or of the newborn (Herlant and Pasteels 1967), when 
differential staining showed no or little evidence of secretory granules. 
But it cannot provide useful information on the amount of hormone 
present within pituitary cells, especially when Coons’ indirect procedure 
(Coons, Leduc and Conolly 1955) is applied. The intensity of the fluores- 
cence reaction depends on optimal concentrations of both antigen and 
antibodies. With a weak or diluted immune serum, reacting on cells 
containing little secretory material, a bright fluorescence can be observed. 

Another limitation of immunofluorescence is that it gives no information 
on the secretion of other hormones by neighbouring pituitary cells. How- 
ever, the simultaneous use oftwo different immune sera has been proposed. 
The antibodies to one hormone are labelled with rhodamine (red fluores- 
cence), while the antibodies to another hormone are processed by the 
indirect fluorescent antibody technique, with fluorescein isothiocyanate 
labelling (green fluorescence). By this procedure Shiino and Rennels 
(1966) were able to demonstrate beautifully the localization of prolactin 
and growth hormone in separate cells of the same section of the rabbit 
anterior pituitary. Nevertheless one could hardly hope to do simul- 
taneous differential fluorescent staining of the cells responsible for the 
secretion of each of the anterior pituitary hormones. For the best results 
immunofluorescence should be combined with subsequent differential 
staining. We have previously reported (Robyn et a!. 1964; Herlant and 
Pasteels 1967) that immunofluorescence can give excellent results on 
hypophyses fixed with Bouin-Hollande sublimate or Helly’s mixture, 
provided that the tissue is thoroughly rinsed in water before dehydration 
and paraffin embedding. The sections are photographed for immuno- 
fluorescence. They are then differentially stained, and a comparison of the 
results of both techniques can thus be made on the same cells. 

Immunofluorescence is also an especially interesting tool for differen- 
tiating hormones whose existence as separate entities remains uncertain. 
This is the case for prolactin and growth hormone in the human. We have 
shown previously that antibodies to human growth hormone did not 
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localize on erythrosinophilic cells of the hypophysis of pregnant women 
(Herlant and Pasteels 1967)~ nor on those of organ cultures of foetal pitui- 
taries (Pasteels 1969). This was confirmed by Herbert and Hayashida 
(1970)~ using Brookes’ differential staining, for prolactin cells in the 
hypophysis of pregnant monkeys. Moreover, Herbert and Hayashida 
demonstrated that specific antibodies to ovine prolactin did not localize 
on somatotrophs, but provided a positive fluorescence on ‘carminophils’ 
(the equivalent of our erythrosinophils). 

We are now using this technique regularly in further studies to differ- 
entiate prolactin and growth hormone in primate pituitaries. In collabora- 
tive experiments with C. S. Nicoll, P. Varavhudi, F. Ectors, P. Gausset and 
A. Danguy, we are making a systematic study of the hypophysis of infant, 
adult non-lactating and lactating rhesus monkeys, and of human hypo- 
physes in equivalent conditions, with the help of immunofluorescence and 
differential staining. So far three rabbits have been immunized with human 
growth hormone (Raben), and six rabbits with ovine prolactin. No cross- 
reaction could be demonstrated between human growth hormone and 
ovine prolactin by the Ouchterlony agar diffusion technique. In both 
human and monkey, somatotrophs fluoresce with antibodies to human 
growth hormone (by the Coons indirect technique). They do not react 
to antibodies to prolactin. In both human and monkey, erythrosinophilic 
prolactin cells, hypertrophied during the postpartum period, fluoresce with 
antibodies to ovine prolactin but not to human growth hormone (Fig. 3). 
Prolactin and growth hormone are thus different molecdes secreted by 
different cells in primates as well as in other mammals. 

ELECTRON MICROSCOPY 

The pioneer work of Rinehart and Farquhar (1953; Farquhar and 
Rinehart, 1g54a, b) has been followed by numerous studies of the anterior 
hypophysis by electron microscopy. Owing to the recent progress in this 
technique it has become a very efficient tool for endocrinological work, 
especially for the study of prolactin secretion. 

Material and methods 
We prefer the glutaraldehyde-osmium double fixation procedure, as 

described by Grkgoire (1963), with Epon embedding. Sections are cut 
with diamond knives (Dupont de Nemours, angle 41-43’) on an LKB 
ultramicrotome. The sections are double stained with uranyl acetate and 
lead citrate (Reynolds 1963). Siemens Elmiskop I microscopes are used, 
preferably at rather low magnification (direct: 5000 to IOOOO, with a 
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subsequent three-fold magnification of the photographs). This magnifi- 
cation enables the various categories of pituitary cells to be distinguished 
most clearly and is sufficient for assessing their functional condition. 

Results and discussion 

Identification ofprolactin cells 
So far no satisfactory differential ‘staining’ of prolactin cells has been 

achieved with the electron microscope, as it has been with light microscopy. 
It might be possible to develop an equivalent of immunofluorescence, 
labelling antibodies with ferritin (De Petris and Karlsbad 1965) or peroxi- 
dase (Avrameas and Bouteille 1968), but the use of such techniques is 
greatly hmdered by the fact that in properly preserved hypophyses the 
secretory granules remain enclosed by a membrane impenetrable to foreign 
proteins. 

Fortunately, prolactin cells can be recognized by their very distinctive 
morphological features. First, the lamellar, often concentric pattern of the 
rough endoplasmic reticulum is typical of cells secreting growth hormone 
or prolactin. Second, in numerous species, it has been pointed out that 
prolactin granules can be distinguished from somatotropin granules by their 
larger size. This was shown in the rat (Hedinger and Farquhar 1957; 
Hymer, McShan and Christiansen 1961; Rennels 1962; Pasteels 19634 b ;  
Petrovic 1963 ; Pantic and Genbacev 1969; Zambrano and Deis 1970)~ in 
man (Pasteels 1963a,b; Foncin 1966; Peake et al. 1969; Salazar et al. 1969), 
hamster (Petrovic 1963 ; Girod, Cur6 and Dubois 1964, hedgehog (Girod, 
Dubois and Cur6 1965) and guinea pig (Petrovic 1963). By contrast in the 
mole (Herlant and Klastersky 1961; Herlant 1963, 1964) and mouse 
(Barnes 1962) prolactin granules appear to be smaller than growth hor- 
mone granules. It should be stressed that such secretory granules reach their 
maximal size only when the storage of the hormone is sufficient. We 
found that in tissue or organ culture of rat hypophyses, when prolactin 
cells are in a highly active condition, their prolactin granules are small 
(Fig. 4). An even more reliable feature for recognizing prolactin cells is 
the extreme polymorphism of their secretory granules. Within the same 
cell they vary considerably in size and in shape. Unlike what is observed 
in other pituitary cells, prolactin granules often become elongated, oval, 
triangular or of even more irregular shape (Fig. 5 ) .  This feature was ob- 
served in all the species mentioned above with the exception of the hedge- 
hog. It was also confirmed in birds (Tixier-Vidal and Picart 1967; Gourdji 

Although the distinctive features of prolactin cells vary according to 
1970). 
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species and to their functional condition, they are characteristic enough to 
be recognized in all the animals studied. 

Functional study 
No technique can provide more accurate data on the function of prolac- 

tin cells than electron microscopy. Within the same section the synthesis 
of the hormone, its segregation into secretory granules and its release, 
storage or destruction can be ascertained simultaneously. 

Synthesis. A conspicuous ergastoplasm is evidence of synthesis of this 
protein hormone. The rough cisternae of the endoplasmic reticulum are 
then filled with amorphous material, as described in other protein-secreting 
cells, such as in the pancreas (Tashiro et al. 1966). Evidence for this function 
of the ergastoplasm in prolactin secretion was obtained in radioautographic 
experiments by Tixier-Vidal and Picart (1967). 

Segregation. In most glandular cells secreting protein the amorphous 
material synthesized in the ergastoplasm is transferred to the cisterns of the 
Golgi system. There it may be chemically transformed (especially in the 
case of glycoprotein secretion). More generally, it is concentrated into 
secretory granules, coated with a membrane coming from the Golgi 
vesicle itself (Farquhar and Wellings 1957; Car0 1961 ; Zeigel and Dalton 
1962). Conclusive evidence for this mechanism was provided by radio- 
autographic studies by Car0 (1961) on the pancreas and by Tixier- 
Vidal and Picart (1967) on prolactin secretion by the hypophysis in organ 
culture. 

In highly active prolactin cells, a hypertrophied Golgi system with 
concentration ofgranules within its cisternae (Fig. 5 )  may thus be considered 
a reliable criterion for enhanced glandular secretion. We observed it in 
pseudopregnant and lactating rats, and also in cultures of rat and human 
hypophyses. 

Release ofhormone. The release of prolactin granules can also be clearly 
demonstrated by electron microscopy. It was described by Sano (1962) 
in lactating mice and by us (Pasteels 19634 during controlled lactation in the 
rat, following Grosvenor and Turner’s (1958) experimental schedule. 
This enabled us to conclude that prolactin was released in large amounts by 
the hypophysis when the animals were killed for electron microscopy. 

The secretory granules are driven to the cell membrane, probably by 
some active mechanism involving cytoplasmic microtubules (see Ras- 
mussen 1970). The lipoprotein membrane of the granule (supplied by the 
Golgi system) coalesces with the cell membrane. A hole appears in the 
centre of the area of coalescence so that the hormone can be discharged 
outside the cell, into the perisinusoidal space, without breaking the integ- 
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rity of the plasma membrane. Once outside the cell, prolactin, now devoid 
of a membrane coating, quickly dissolves and penetrates the blood vessels 
by pinocytosis. The study of this exocytotic process seems ideally suited for 
experiments on prolactin release. However, one should be careful in 
work on living animals; it was recently shown by Neil1 (1970) using 
radioimmunoassay that the stress of ether anaesthesia is sufficient to induce 
substantial discharge of prolactin. We can confirm t h i s  from electron 
microscopy (Fig. 6). 

Storage. When the release ofprolactin is inhibited (or not stimulated) the 
secretory granules accumulate in the cytoplasm of the prolactin cells. A 
cell heavily loaded with secretory material is a resting cell. This is clearly 
demonstrated in lactating rats separated for some hours &om their litters 
(Pasteels, 1963a, b). It seems that in such conditions the synthesis of hor- 
mone becomes inhibited by some ‘ultra-short’ feedback mechanism, for 
heavily loaded prolactin cells show little evidence of ergastoplasm and 
Golgi function. 

Destruction of excess secretory material. A clear ‘description of lysosomal 
function in the regulation of the secretory process in prolactin cells was 
provided by Smith and Farquhar (1966). In postpartum rats separated 
fiom their litters for several days, they found that the excess secretory 
granules, as well as mitochondria and ribosomes, were enclosed and 
digested within lysosomal vesicles. Such lytic bodies are easily recognizable 
in the electron microscope. They appear first as vacuoles containing partly 
destroyed secretory granules and later as ‘dense bodies’ (Fig. 7). They are 
responsible for the return of prolactin cells to the resting condition when 
the release of hormone is inhibited for a period. We obtained evidence of 
t h i s  mechanism in pseudopregnant rats and in organ cultures of rat hypo- 
physes treated with ergocornine. 

Use ofelectron microscopy in the study ofprolactin secretion : inhibition ofsecretion 
by ergocornine 

Ergocornine methane sulphonate is a potent inhibitor of prolactin 
secretion in the whole animal. It might act in one of two ways, either by a 
direct effect on prolactin cells (Zeilmaker and Carlsen 1962) or by an action 
on the hypothalamus (Lindner and Shelesnyak 1967). To explore these 
alternatives we made studies of the hypophysis in organ culture, where it is 
removed fiom hypothalamic control. We found that ergocornine methane 
sulphonate (10 p g / d  culture medium) or its analogue 2-bromo-a- 
ergocryptine (1-5 pg/ml) significantly inhibited the release of prolactin by 
the cultures. Prolactin was assayed on the pigeon crop gland (Pasteels and 
Ectors 1970; Pasteels et al. 1971). The cultures were exainined morpho- 
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logically in order to ascertain that the inhibition of prolactin secretion was 
not due to destruction ofthe cultures. In control cultures there was evidence 
of very active synthesis of prolactin, of its segregation into secretory gran- 
ules, and of immediate release of the hormone, without significant storage. 
In cultures treated for four or 18 hours with ergocornine no evidence of 
prolactin secretion was found. Storage of the hormone within the cells 
was pronounced. This was confirmed by their higher prolactin content, 
as measured by bioassay. Destruction of the granules within lysosomal 
vesicles was observed. However, the ergastoplasm was still in a highly 
active condition, and new granules were found in the Golgi cisternae. From 
this electron microscopic study we can conclude that the immediate effect 
of ergocornine on prolactin cells is to inhibit the hormone’s release, without 
directly interfering with its synthesis. 

CONCLUSIONS 

The morphological study of prolactin secretion is not only interesting in 
itself, but it is also a very effective tool for physiological experiments. 
Each of the three main techniques-differential staining, immuno- 
fluorescence and electron microscop y-has its own advantages and short- 
comings, which have been discussed here. 

Electron microscopy should be combined with light microscopy 
(differential staining) to control the sampling of the material studied. It 
will then provide valuable information on synthesis, concentration in 
granules, storage or intracellular destruction of prolactin. The immuno- 
fluorescence procedures are especially helpful in validating the results of 
differential staining and in specific immunological work, such as the study 
of primate prolactin and growth hormone. 

SUMMARY 

Prolactin cells can be recognized as a separate category of acidophilic 
cells by several differential staining procedures. The results of two recent 
techniques, Herlant’s tetrachrome and methasol blue-PAS-orange C;, 
are shown. They provide a clear identification of prolactin cells in the 
hypophysis of every mammal studied so far, including man. After such 
differential staining, quantitative results may be expected from cell counts, 
or better, from the measurement of the total area of prolactin cells within 
a section of the pituitary gland, and an improvement of Chalkley’s method 
is described. Evidence that acidophilic granules of prolactin cells are the 
hormone itself comes from the study of various physiological conditions 
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and also from immunofluorescence studies. New results are presented 
of the study of the hypophysis of monkeys (made with C. S .  Nicoll) and of 
pregnant women, using the immunofluorescence of prolactin cells and 
somatotrophs. 

Prolactin cells can be recognized in the electron microscope indepen- 
dently of the staining procedures mentioned, owing to the irregular shape 
of their secretory granules and, when storage of the hormone is significant, 
owing to the large size of the granules. Electron microscopy is the only 
technique simultaneously providing evidence of synthesis of the hormone, 
its segregation in secretory granules, and their storage and release or 
destruction by lysosomes. 
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SECRETION OF PROLACTIN AND GROWTH HORMONE 
BY ADENOHYPOPHYSES OF RHESUS MONKEYS IN 
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THE question of the existence of prolactin as a separate hormonal entity 
of the pars distalis of primates has been reviewed by a number of authors in 
recent years (Forsyth 1969; Lyons 1969; Pasteels 1969; Nicoll et a!. 1970; 
Sherwood 1971 ; and see other papers in this volume). Accordingly, all the 
pertinent literature will not be reviewed again here. 

All attempts to isolate human prolactin free of growth hormone activity 
have been unsuccessful, and all preparations of primate growth hormone 
have prolactin activity, including synthetic human growth hormone 
(HGH) (Li and Yamashiro 1970). Accordingly, it has been suggested that 
prolactin does not exist as such in man and HGH alone regulates the 
physiological processes which are controlled by both hormones in other 
species (Bewley and Li 1970). This state of affairs is somewhat disquieting 
because prolactin has been isolated from the adenohypophyses of several 
mammalian species and shown to be a hormonal principle distinct from 
growth hormdne. Furthermore, recent work indicates that prolactin and 
growth hormone are chemically distinct molecular species in the adeno- 
hypophyses of non-mammalian vertebrates, including chondrichthyeans, 
teleosts, amphibians, reptiles and birds (Nicoll and Nichols 1971 ; Nicoll 
and Licht 1971; Nicoll, Licht and Clarke 1971). Accordingly, if humans 
and other primates did not have prolactin as part of their ‘pituitary 
equipment’ they would indeed be exceptional among the various verte- 
brate groups. 

Despite the unsuccessful attempts by biochemists to isolate a homo- 
geneous protein from primate pituitary glands which can be unequivocally 
labelled prolactin, several fractions have been prepared which have high 
prolactin activity relative to growth hormone (Lyons 1969; Tashjian, 
Levine and Wilhelmi 1965; Freeman and Wilhelmi 1969). It remains 
uncertain, however, whether this represents partial separation of pro- 
lactin fiom growth hormone or whether the fractions with different ratios 
of somatotropic to prolactin activities merely represent altered forms 
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of a single hormonal species. Guyda and Friesen (1971) claim to have 
separated monkey prolactin from monkey growth hormone by affinity 
chromatography. 

In vitro studies have provided physiological evidence that prolactin, as 
measured by bioassay, and growth hormone, as measured by radioimmuno- 
assay, can be secreted independently by the pituitary glands of humans 
(Pasteels, Brauman and Brauman 1963) and monkeys (Nicoll et al. 1970; 
Channing et al. 1970). These physiological results are supported by clinical 
evidence from various sources. For example, acromegalic subjects with 
high circulating growth hormone titres do not have high serum prolactin 
levels, as determined by bioassay (Roth, Gorden and Bates 1968). In 
addition, blood growth hormone levels are not elevated in lactating women 
(Board 1968; Benjamin, Casper and Kalodny 1969; Spellacy, Buhi and 
Birk 1970). The fact that ateliotic dwarfwomen can successfully lactate 
after normal pregnancy without detectable plasma growth hormone 
provides particularly cbgent evidence that prolactin and growth hormone 
are separate entities in humans (Rimoin et al. 1968). 

Various objections can be raised to these clinical and physiological 
findings. For example, it could be asserted that a basic growth hormone- 
prolactin molecule of primate adenohypophyses can be secreted in different 
forms. In some cases the molecule could have relatively more lactogenic 
than growth activity, and vice versa Accordingly, definitive proof of the 
existence of a primate prolactin requires its isolation and chemical charac- 
terization and the demonstration that it is distinct, physically, chemically 
and biologically, from primate growth hormone. This paper includes 
data which show that in the rhesus monkey, considerable progress has been 
made towards this end. 

MBTHODS 

In order to substantiate and extend our previous work on the secretion of 
prolactin and growth hormone in vitro by adenohypophyses of rhesus 
monkeys (Nicoll et al. 1970) we have cultured the glands of adult male and 
female animals, and oflactating females and their infants. An organ culture 
procedure was used to study the secretory activity of these glands and to 
obtain a large quantity of medium for separation of their secretory products. 
Samples of the medium were processed by polyacrylamide disc gel electro- 
phoresis (Nicoll et al. 1969; 7 per cent gel, pH 9.5, tris-glycine system) 
throughout the duration of the cultures to monitor the progress of the 
experiments and to obtain information on the proteins secreted by the 
explants. In addition, fresh tissue collected from the animals immediately 



FIG. I .  1)isc electrophoretic colurims of adenohypophysial tissuc from 
rhcsus monkeys coniparcd with highly purified RhGH (Peckham 1967). 
The growth hormotie (GH), presumptive prolactin (I’L) and albumin 

(ALU) batids are indicatcd. 
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after death was processed by disc gel electrophoresis to obtain information 
on the protein patterns of the rhesus monkey adenohypophyses in different 
physiological conditions. The concentrations of prolactin and growth 
hormone in the tissue and medium samples were estimated by densito- 
metry (Nicoll et al. 1969), using a standard curve prepared with ovine 
prolactin (NIH P-S-8) to convert the optical density readings to pg 
equivalents. It should be emphasized, however, that the homogeneity of 
the prolactin and growth hormone bands of the disc electrophoretic 
columns has not yet been verified, owing to inadequate availability of 
material. Hence, the estimated levels of both hormones in the tissue and 
medium samples must be viewed as tentative. 

RESULTS 

The protein patterns obtained with adenohypophyses of the four types 
of monkeys are shown in Fig. I, together with a gel column containing 
homogeneous rhesus monkey growth hormone (RhGH) prepared by 
Dr W. D. Peckham (1967). It can be seen that all four glands contain a 
protein with the same mobility as the RhGH. The fastest migrating 
prominent protein in all four columns of adenohypophysial tissue corres- 
ponds to serum albumin, as determined by comparing the electrophoretic 
patterns of the pituitaries with monkey serum. The glands of the adult 
male and of the lactating and non-lactating females contain a prominent 
protein which migrates just in front of the growth hormone. This protein 
has been tentatively identified as rhesus monkey prolactin on the basis of 
several lines of evidence. It appears from Fig. I that its concentration in the 
adenohypophysis of the adult male* and female is about the same, whereas 
it is virtually absent from the glands of the infants. However, it is particu- 
larly prominent in the adenohypophysis of the lactating female. The 
preparation of RhGH shows a faint band running just ahead of the major 
component and its mobility corresponds to that of the presumptive rhesus 
prolactin in the tissue preparations. This may be deamidated growth 
hormone (Lewis, Chewer and Hopkins 1g70), because it is not apparent 
when the protein is electrophoresed in an acidic (pH 3 - 8) acrylamide 
system (Peckham 1967). 

Additional data which support the presumption that this protein is 
rhesus prolactin are shown in Fig. z where the concentrations of growth 
hormone and prolactin in the different glands are presented. The infant 
glands contained substantially more growth hormone than the glands of 

* This particular male monkey adenohypophysis had an atypically high concentration of 
prolactin. 
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any of the adult monkeys and all of the latter had about the same concen- 
tration of growth hormone. Furthermore, the infant adenohypophyses 
contained about as much prolactin as the glands of the adult males and both 
had less than the glands of the adult females. The adenohypophyses of the 
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FIG. 2. Concentrations of prolactin and growth hormone in adeno- 
hypophyses of rhesus monkeys as estimated densitometrically from disc 
electrophoretic columns. Data on the infants were obtained from two 
pools of adenohypophysial fragments of three and nine glands. Five 
adult male and five adult female glands and adenohypophyses from 
seven lactating females were used for the other estimates. The data are 

presented as means f S.B.M. 

lactating females contained about twice as much presumptive prolactin a s  
the pituitaries of the adult females. 

These densitometric estimates of the concentrations of prolactin in the 
adenohypophyses of rhesus monkeys are consistent with differences 
reported to occur in the adenohypophyses of rats of different age, sex and 
reproductive condition (Minaguchi, Clemens and Meites 1968 ; Voogt, 
Chen and Meites 1970; Meites and Turner 1950; C. T. McKennee and 
C. S. Nicoll, unpublished observations). The densitometric estimate of the 
concentration of growth hormone in the glands of the adult monkeys of 
both sexes of about 8 pg/mg is in good agreement with the results of 
W. D. Peckham (personal communication) who found about 9.0 to 9.5 
pg/mg in pooled adult glands, measured by immunoassay. 



FIG. 3 .  Disc electrophoretic coluiiins of niedium samples collected at  
ditfcrciit intervals during 24 days of culture of ail adcnoliypopliysis from 
R lactating rhcsus monkey coinpared with highly purified RhGH 
(Pcckham 1967). Tlic growth hormone (GH) and primary and secoii- 
dary prolactin (PL-I' and PL-z", respectively) and the albumiii (ALB) 
bands arc indicated. Note that thc aliqiiots ofinedium were not uniform. 

(facing page 260) 
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The presumptive rhesus prolactin band has been isolated from medium 
derived from organ cultures of adenohypophyses of lactating female 
rhesus monkeys by sucrose density gradient electrophoresis followed by 
Sephadex GIOO chromatography with subsequent isolation by poly- 
acrylamide gel electrophoresis at pH 3 * 8. The protein isolated by these 
procedures had more than 8000 i.u. of prolactin (crop sac assay) per mg of 
radioimmunoassayable growth hormone (Peckham and Nicoll 1971). 
Accordingly, there is good reason to believe that this protein, which mi- 
grates just in front of RhGH in the pH 9 * 5 disc electrophoretic system, is 
authentic rhesus prolactin. This conclusion is substantiated by the physio- 
logical data described below. Nagy, Kurcz and Baranyai (1968) have also 
identified the same protein band as rhesus prolactin. 

Secretion ofprolactin andgrowth hormone by adenohypophyses ofrhesus monkeys 
in organ culture 

The adenohypophyses of five adult male and five adult female rhesus 
monkeys were incubated in organ culture for 12 days and the medium was 
changed at different intervals, ranging from one to three days. The glands 
of nine lactating females and their infants were similarly processed but the 
duration of culture was extended to 24 days. Aliquots of the medium from 
each culture, taken at each collection interval, were processed by a disc 
electrophoretic procedure to estimate the concentration of prolactin and 
growth hormone contained therein. The wet weight of the explants was 
determined at the end of incubation. Medium 199, containing insulin 
(I pg/ml), penicillin (25 U/ml) and streptomycin (2s pg/ml), was used and 
the cultures were incubated at 35°C in an atmosphere of 5 per cent C 0 2  in 

0 2 .  
The protein patterns obtained with medium samples from a culture of a 

gland from a lactating female are shown in Fig. 3, together with a column 
of purified RhGH (Peckham 1967). 

Growth hormone was present as a faint band in all the medium samples 
taken throughout the 24 days of incubation. The albumin band, which is 
conspicuous in the first medium sample (days 0-1 of incubation), dis- 
appeared by the third incubation interval (days 3-5). Prolactin was present 
as a prominent band in all the medium samples collected throughout the 
course of the experiment. It should be noted that the columns shown in Fig. 
3 represent aliquots of medium of different volume at the different incu- 
bation intervals. Accordingly, the columns are not directly comparable 
from one time to another. An additional protein band, running between 
prolactin and albumin, is evident in all the medium samples. This was 
seen in the samples taken from all the pituitary cultures and it is present, 
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but less conspicuous, in the electrophoretic columns of the adenohypo- 
physial tissue shown in Fig. I .  This protein may be deamidated prolactin 
(Lewis, Cheever and Hopkins 1970) because its occurrence and concentra- 
tion is closely related to the level of the primary prolactin band in the gel 
columns, and not to the amount of growth hormone. Accordingly, this 
protein is considered to be a secondary prolactin band and the amount of it 
in each medium sample was estimated densitometrically and added to the 
estimated amount of the primary prolactin band. 

The amounts of prolactin and growth hormone secreted by the adeno- 
hypophyses of the adult male and female monkeys are shown in Fig. 4. 

Days of cultura 

FIG. 4. Accumulated amounts of prolactin (PL) and growth hormone 
(GH) secreted by adenohypophyses of adult male and female rhesus 
monkeys during IZ days in organ culture. Densitometric estimates 
from disc electrophoretic columns. Vertical bars repllesent S.B.M. 

The glands of both sexes secreted growth hormone at a fairly steady rate, 
and in comparable amounts throughout the 12 days of incubation. The 
male glands secreted slightly less prolactin than growth hormone, on the 
average, during all incubation intervals and the profile of prolactin 
secretion was not appreciably different from that of growth hormone. 
The female pituitaries secreted slightly more prolactin than growth 
hormone until about the eighth day of incubation. Thereafter, they 
secreted substantially more prolactin than growth hormone. 

Presenting the data on prolactin and growth hormone secretion as 
average accumulated levels at the different incubation times obscures 
differences in the relative amounts of each hormone secreted by individual 
glands in the different incubation intervals. In a number of instances, 
substantially more prolactin than growth hormone was secreted by 
individual male pituitaries at different culture intervals, and the converse 
of h s  was also seen. The same phenomenon was observed with the female 
pituitaries during the first week of incubation. 
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The results obtained with the glands of the lactating females and their 
infants are shown in Fig. 5 .  After the third day the glands of the mothers 

I I I I I 

20 25 
Days of culture 

FIG. 5 .  Accumulated amounts of prolactin (PL) and growth hormone 
(GH) secreted by adenohypophyses of 9 lactating female&$?) and9 infant 
(INF) rhesus monkeys during 24 days in organ culture. Densitometric 
estimates from disc electrophoretic columns. Vertical bars represent 

S.B.M. 

secreted significantly more growth hormone per mg wet weight of tissue 
than did those of their infants. However, by the 24th day of culture, this 
amounted to an increment in growth hormone secretion of only about 
30 per cent above that of the glands of the infants. By the 12th day of 
culture, the glands of the lactators secreted about the same amount of 
growth hormone as did the adenohypophyses of either the adult males or 
non-lactating females over the same culture period (Fig. 3). 

The adenohypophyses of the infant monkeys secreted surprisingly 
large amounts of prolactin in vitro. By the 12th day of incubation, they 
had secreted as much prolactin as did the glands of the adult non-lactating 
females and 65 per cent more than did the adult male adenohypophyses 
during the same period. Although the rate of prolactin secretion by the 
infant glands decreased after about the tenth day ofculture, it continued at a 
fairly constant rate up to the 24th day. 

The most striking feature of the data presented in Fig. 5 is the secretory 
performance of the adenohypophyses of the lactating females. By the 
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12th day ofculture, these glands secreted more than twice as much prolactin 
as did the glands of either the infants or the adult non-lactating females 
and more than three times as much as did the male adenohypophyses over 
the same culture period. However, the unusually high capacity of the 
glands of lactating females to secrete prolactin was sustained for only about 
the first ten days of culture. Thereafter, the secretion rate was comparable 
with that ofthe infant glands during the same period, and with the secretion 
profiles obtained with the pituitaries of the adult male and female monkeys 
during the first 12 days of incubation (Fig. 3). 

DISCUSSION 

The results of these experiments clearly indicate that prolactin and 
growth hormone of the rhesus monkey adenohypophysis are discrete 
chemical entities which are separable by disc electrophoresis and that they 
are secreted independently of one another in vitro. Recent work indicates 
that they are also secreted independently in vivo (Nicoll et al. 1971). No 
appreciable difference was obtained between the amounts of growth 
hormone secreted by the adenohypophyses of the adult monkeys and the 
lactating females. However, the glands of the latter secreted substantially 
more prolactin than did those of the other groups. This is consistent with 
results previously obtained with adenohypophyses from lactating and 
non-lactating rats (Meites, Kahn and Nicoll 1961). 

The concentrations of prolactin and growth hormone in the adenohypo- 
physes of these monkeys are comparable to those we have previously 
found in the glands of immature, adult and lactating female rats (un- 
published). In addition, the levels of prolactin in the glands of the adult 
males and females are comparable to those of a number of other mammalian 
species (Nicoll and Licht 1971). However, the concentration of growth 
hormone in the adult monkey glands, including the lactators, is less than 
half of that found in the glands of several common laboratory animals 
(Nicoll and Licht 1971). The significance of this is unknown. 

An estimate of the relative degree of autonomy of prolactin and growth 
hormone secretion by the adenohypophyses of these different monkey 
groups can be obtained by expressing the amount of hormone secreted 
in vitro during a given time span as a function of the amount present in the 
tissue at the beginning of the culture. Fig. 6 shows the amounts of prolactin 
and growth hormone secreted by the glands of the monkeys used in these 
experiments during the first three days of culture, expressed as a percentage 
of the initial gland content. This time period was selected to allow the 
results with the monkeys to be compared with other mammalian species, 
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also shown in Fig. 6.  When expressed in this manner, the data are essentially 
an expression of the autonomous turnover rate of the hormones. 

It is evident from Fig. 6 that the infant monkey glands have a relatively 
high autonomous turnover rate for prolactin and a low one for growth 
hormone. This is due to the combined effect of their relatively high growth 

Prolactin 
&51 Growth Hormona 

,lNF 6 ? LAOl  ? I I 6 ? ,o,A 
Mouse ' Hamster Rabbit Rhasus Monkeys Rat 

FIG. 6. Autonomous turnover rate of prolactin and growth hormone 
by adenohypophyses of rhesus monkeys and other mammalian species 

in organ culture. INF, infant; LACT, lactating. 

hormone concentration and prolactin secretion rate, and to their low pro- 
lactin concentration and growth hormone secretion rate. The pituitaries 
of the lactating female monkeys also showed a very high autonomous 
turnover rate for prolactin in uitro. The glands of the adult male and female 
monkeys and of the lactating females had an unusually high rate of growth 
hormone turnover in comparison with the other mammalian species. 
Only the male and female rat pituitaries showed a growth hormone 
turnover rate independent of hypothalamic influence which approached 
that of the adult monkeys. It appears that although there is nothing unique 
about the capacity of the rhesus monkey adenohypophysis to secrete 
prolactin autonomously in uitro, the gland of this primate does have an 
unusually high capacity to secrete growth hormone independently of 
hypothalamic influence. 

The electrophoretic mobility characteristics of the prolactins and 
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somatotropins of a number of mammalian and non-mammalian verte- 
brate species in the alkaline (PH 9.5) disc electrophoresis system have now 
been determined (Nicoll and Nichols 1971 ; Nicoll and Licht 1971 ; Nicoll, 
Licht and Clarke 1971). In all species studied, prolactii was found to be a 
rapidly migrating protein (Rp value of 0.5 or greater) whereas growth 
hormone had low electrophoretic mobility (RF less than 0.5). The RF 
value of the RhGH in this system is 0.5 and that of rhesus prolactin is 
0- 57. In all the other vertebrate species examined, the two hormones were 
much more clearly separated. This suggests that RhGH and rhesus pro- 
lactin may be structurally more similar than are the prolactins and somato- 
tropins of the other vertebrates examined. This would be consistent with 
the high degree of overlapping activity in primate growth hormone or 
prolactin preparations. 

Three recent reports suggest that human prolactin may be unusual in its 
electrophoretic characteristics on polyacrylamide gel. Peake and co- 
workers (1969) have studied a protein from a prolactin-rich human pit- 
uitary tmour  and Gala (1971) reported on the proteins secreted by a 
human pituitary in organ culture. They found that the presumptive pro- 
lactin migrated behind HGH in the alkaline disc gel electrophoretic system. 
Friesen, Guyda and Hardy (1970) studied protein synthesis in incubated 
human pituitaries and found that the incorporation of labelled amino 
acids was much higher in a protein which migrated behind HGH, than it 
was in the HGH itself. These reports suggest that human prolactin is 
indeed exceptional electrophoretically, inasmuch as we have found no 
other species in which prolactin migrated behind growth hormone (Nicoll 
and Licht 1971). 

The experiments reported here show that the adenohypophyses of 
lactating monkeys, when placed in organ culture, secrete large quantities 
of prolactin into the medium for an extended period. This appears to be a 
very useful approach for harvesting reasonable quantities of primate 
prolactin. 

SUMMARY 

The adenohypophyses of adult male and female rhesus monkeys, and of 
lactating mothers and their infants, were incubated in organ culture for 
12 or 24 days. The proteins secreted into the medium were separated by 
polyacrylamide disc gel electrophoresis and the amounts contained therein 
were quantified by densitometry. The rhesus growth hormone in the 
medium was identified by comparing the columns with ones containing 
purified rhesus growth hormone (from Dr W. D. Peckham). Rhesus pro- 
lactin was identified by several criteria, including isolating the suspected 
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protein and denionstrating that it had high prolactin activity and virtually 
no growth hormone activity. 

The adenohypophyses of all four types of monkeys secreted comparable 
amounts of growth hormone in vitro. However, the glands of the lactating 
females secreted much more prolactin than did those of the adult male or 
females or the infants. Aspects of these findings are discussed and it is 
suggested that culture of adenohypophyses fiom lactating females may 
be a useful way of isolating primate prolactin. 
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TISSUE CULTURE OF HUMAN HYPOPHYSES : 
EVIDENCE OF A SPECIFIC PROLACTIN IN MAN 

J. L. PASTEELS 

Luboratoires d'histologie et de minoscopie klectronique, Facultd de Mkdecine et de Pharmacie, 
Universitd Libre de Bnrxelles 

THE discovery of the inherent prolactin-like activities of human growth 
hormone (HGH) ten years ago led to serious controversies about the 
existence of human prolactin as a separate molecule (Chadwick, Folley 
and Germell1961 ; Ferguson and Wallace 1961 ; Forsyth 1964,1969,1970; 
Forsyth, Folley and Chadwick 1965; Wilhelmi 1964; Lyons 1969; Pasteels 
19694. At the same time, it was found that rat pituitaries in tissue or organ 
culture secrete large amounts of prolactin (Meites, Kahn and Nicoll1961; 
Pasteels 1961~). Evidence for inhibitory hypothalamic control of prolactin 
secretion was obtained by culturing pituitary and hypothalamic tissue 
together (Pasteels 1961b; Danon, Dikstein and Sulman 1963) or by adding 
hypothalamic extracts to the culture medium of pituitary tissue (Pasteels 
1962u, 1963 ; Talwalker, Ratner and Meites 1963). 

We felt that similar culture experiments on human hypophyses would 
be valuable. One would expect that when the human anterior lobe is 
removed from the influence of the hypothalamus, its prolactin secretion 
will increase, while the release of HGH will decrease, as in the rat. This 
approach should be helpful in making a distinction between HGH and 
prolactin. 

TISSUE CULTURE 

In a first set of experiments pituitary tissue was cultured by the hanging 
drop technique in a medium containing 25 per cent horse serum, 5 per cent 
chick embryonic extract and 70 per cent Tyrode solution (Pasteels 1963). 
From the hypophyses of three adult men (aged 56, 59 and 76 years), 128 
cultures were prepared. From the whole anterior lobe of five foetuses, 
173 cultures were obtained. The foetuses were from 3 to 7 months of 
gestation. In the first study, we found that adult or foetal hypophyses 
secreted increasing amounts of a pigeon crop gland-stimulating material 
(Pasteels 1962b). In a subsequent experiment, a comparison was made 
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between the prolactin activity measured by the crop sac assay and growth 
hormone levels, estimated by complement fixation. A dramatic decline 
in HGH secretion was observed, in striking contrast to the increase in 
pigeon crop gland-stimulating activity (Pasteels, Brauman and Brauman 
1963 ; Brauman, Brauman and Pasteels 1964). Moreover, adding hypo- 
thalamic extracts significantly inhibited the prolactin activity, while 
increasing the release of HGH twofold (Pasteels 1963). 

Morphological controls showed that only the erytlirosinophilic cells 
multiply in these conditions of tissue culture. The somatotrophs had 
disappeared by the end of the second week of culture (without hypo- 
thalamic extract). Accordingly a gradual selection of erythrosinophils 
occurred, leading to an apparently pure culture of prolactin cells. Un- 
fortunately, such cultures could not be maintained in good condition for 
more than six weeks. 

LONG-TERM ORGAN CULTURES 

Organ cultures of the hypophyses of human neonates or foetuses were 
then made, in order to obtain more prolactin. Procedures were used which 
allow the pituitaries to remain in a healthy state for a longer period without 
much proliferation (this could be responsible for mutations, giving abnor- 
mal hypophysial cells). So far, explants of the whole hypophyses of 46 
humans have been cultivated in such conditions for periods ranging from a 
few weeks to 30 months. The details of the technique have been described 
previously (Pasteels 1969b). 

Morphology 
Pituitary organ cultures of humans are very similar to grafts of the rat 

hypophysis made under the kidney capsule (Courier et al. 1961). As 
pointed out by Petrovic (1963), the anterior lobe maintains its hetero- 
geneous structure as well as its organotypic character. We used differential 
staining and immunofluorescence on our material. Somatotrophs were 
identified by an immune serum to HGH (Raben) and atrophic gonado- 
trophs by antibodies to human chorionic gonadotropin. Both these cell 
types were still present in hypophyses cultivated for more than two years 
(Pasteels 1969b). More recently, we have been able to confirm this by 
electron microscopy (unpublished results). However, such cells are poorly 
developed. The cultures are composed primarily of highly active prolactin 
cells, as shown by differential staining and electron microscopy (Fig. I ;  

cf. my paper on the morphology of prolactin secretion, this volume, 
pp. 241-255). 



FIG. I .  Electron micrograph of human prolactin cells from a hypophysis 
of a 7-month-old foetus, ~naintaincd in organ culturc for four wccks. 
N, nucleus; G, Golgi apparatus. As in othcr ~namnials, the human 
prolactin cclls arc charactcrizcd by thcir laniellar ergastoplasm (E) and 

the irregular shape of their secretory graiiulcs (g). 
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Evidence ofprolactin secretion 

(I) Pigeon crop gland assay 
The presence of prolactin in organ culture media was first demonstrated 

by our modification (Pasteels 1963) of Lyons and Page's pigeon crop gland 
assay. However, the organ cultures also secrete some HGH, as shown by 
immunoassays (Pasteels, Brauinan and Braunian 1965) and by the tibia 
test on hypophysectomized rats (Pasteels 1969b). It was therefore necessary 
to distinguish whether the pigeon crop gland stimulation resulted from 
HGH or from prolactin. Two experiments were done for this purpose. 

Neutralization of growth hormone with an anti-HGH serum. Samples of 
organ culture medium containing the hypophysial secretion were divided 
into two equal parts. One half was incubated with antibodies to HGH 
(for details of the procedure see Pasteels 1967). The second half was used 
as a control. No significant difference in pigeon crop gland-stimulating 
activity was observed when the two fractions were injected on the two 
sides of the crop in the same pigeon (Table I). 

TBLE I 

ASSAY OP PROLACTIN ACTMTY IN ORGAN CULTURB MEDIA OP HUMAN HYPOPHYSBS 

Diameter of stimulated area ofpigeon crop sac gland 
mm 

Medium incubated with 
\ 

Experiment Control medium antibodies to HGH P 
I 3 I '83 f I .08 31 ' SO+ 0.99 N.S. 

2 26.33 fo .80  27.0 k1-24 N.S. 
(n = 6) (n=6) 

(n=6) (n=6) 

Destruction ofgrowth hormone by heating in neutral solution. Growth hor- 
mone is destroyed by heating in neutral solution, while prolactin is not 
(Geschwind and Li 1954). We made use of this finding. Samples of organ 
culture medium were divided into two equal parts. One half was used as a 
control, without heating. The second one was boiled for 20 minutes at 
pH 7-2. This neutralized most of the HGH activity (measured by increased 
body weight of hypophysectomized immature rats and by the tibia test 
for growth hormone) but did not impair the pigeon crop gland-stimulating 
activity (Table 11). 

( 2 )  Mammogenic stimulation in hypophysectomized rats 
The same 3 0  immature hypophysectomized rats that had been used for 

the assay of growth hormone in the culture medium provided evidence of 
mammary gland-stimulating activity. Mammary growth was especially 
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conspicuous in the animals injected with untreated medium. Even after 
destroying HGH by heating, we observed an obvious budding ofmammary 
alveoli. It is well known that growth hormone and prolactin have syner- 
gistic actions on the mammary gland (Forsyth 1964). From these results 

TABLE I1 
COMPARISON OP THE HGH AND PROLACTIN ACTIVITY OP ORGAN CULTURE MBDIA WlTH AND 

WITHOUT PRBVIOUS HEATING IN NEUTRAL SOLUTION 

Increase of body weight in immature hypophysectomized rats (g) : 

- 0 . 8 2  -0.77 4-2'71 

Untreated Heated medium Control medium 

foe36 k0.65 fo.80 
(n= 10) (n = 10) (n= 10) 

N.S. 

, 
P < O ~ O O I  

Tibia testfor growth hormone (width ofthe cartilage in pm) : 
Untreated Heated medium Control medium 

1 3 1 . 3  170-2 218.1 
f 6 . 7  f S . 2  f 4 . 6  
(n= 10) (n= 10) (n= 10) 

P < O . O O I  
I 

P < O * O O I  
d 

Diameter ofthe pigeon crop gland stimulated area (mm) : 
Heated medium Control medium 

57-73 57'45 
k0'94 f0.91 
( n = I i )  (n=II)  

N.S. 

it may be concluded that organ cultures of human hypophyses secrete 
some HGH, and a distinct human prolactin. 

First attempts to purify human prolactinfrom the cultures 
Large amounts of organ culture media containing the secretion of the 

hypophyses were first processed by our modification of Simkin and 
Goodart's (1960) acid-acetone precipitation for prolactin. We have shown 
that the recovery of prolactin activity is excellent with this technique. 
We compared the pigeon crop gland-stimulating activity of the original 
pool of unextracted medium and the acid-acetone precipitate diluted to its 
initial volume. No significant difference was observed (Pasteels 1967). 

The soluble material was then dialysed for 36 hours against distilled 
water and lyophilized. Further purification was attempted by chromato- 
graphy on a Sephadex G200 column, on DEAE cellulose, or by prepara- 
tive electrophoresis (Robyn and Pasteels, unpublished results). The 
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purified fractions were assayed on the pigeon crop gland, with reference to 
NIH-OP-S-6 ovine prolactin. 

The original acid-acetone precipitate, after dialysis and lyophilization, 
had a prolactin activity of 0 . 3 0  i.u./mg (95 per cent confidence limits: 
0*18-0*46). This material was then purified by zone electrophoresis on 
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FIG. 2. Assa of the prolactin activity of an extract prepared &om organ 
culture mcdIum of human hypophysis compared with NIH-OP-S-6 
ovine prolactin. The specific activity of the semi-purified human 

prolactin preparation was 2.95 i.u./mg (range I * 9 2 - 4 * 5 ~ ) .  

horizontal ‘Pevicon’ blocks (Pevicon, Phosphatbolaget, Uppsala, Sweden) 
with veronal buffer pH 8.6, ionic strength 0 . 0 5 .  The electrophoresis was 
continued for 20 hours at 3 50-400 V and about I 5 mA in a cold room. The 
Pevicon block was then cut into segments I cm wide. Each segment was 
eluted with 5 ml distilled water and the protein concentration of each 
fraction was estimated by spectrophotometry, reading at 780 nm. 
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Seventy per cent ofthe prolactin activity was recovered in a ‘prealburrun’ 
fraction, with a specific activity of 2.95 i.u./mg of prolactin (range 1.92- 
4.55) (Fig. 2) .  With this material, a clean response of the pigeon crop gland 
was observed, with typical ‘ridging’ of the epithelium and without in- 
flammatory reactions. 

The fact that a crude prealbumin electrophoretic fraction has a specific 
prolactin activity equivalent to that of purified HGH is further evidence 
for the existence of a specific prolactin in the human. It seems likely that 
the presence of some highly active prolactin in the prealbumin fraction 
accounts for the results described here. 

Comparison with prolactin activity of human blood 
Our experiments on tissue or organ culture of human hypophyses 

provide evidence for the secretion ofa pigeon crop gland- and rat mammary 
gland-stimulating substance distinct from HGH. However, it could be 
objected that this ‘prolactin secretion’ is an artifact of culture, without 
physiological equivalent in normal humans. Such an objection would be 
far-fetched, for it is known that other mammalian hypophyses secrete 
prolactin in culture. Nevertheless, we tried to demonstrate an immuno- 
logical correspondence between prolactin secreted by the cultures and the 
prolactin activity of human blood. 

For this purpose we immunized rabbits with medium from the organ 
culture of human hypophyses. The immune sera thus obtained are not 
immunologically specific. They contain antibodies to the horse serum 
and the chicken embryo extract present, in addition to the hormone in the 
culture medium. However, the primary human material injected into 
the rabbits is prolactin. Such immune sera proved to be effective in neutra- 
lizing the pigeon crop gland-stimulating activity of the culture medium, 
even when absorbed by horse serum and embryonic extract. We called 
them ‘antiprolactin’ I and 11. Both antiprolactin I and antiprolactin I1 sera 
were shown to neutralize the prolactin activity of human blood, collected 
either postpartum or in women suffering from amenorrhoea-galactorrhoea. 
As a control, we used potent immune sera to HGH (Raben). They did not 
neutralize the prolactin activity of culture media or of human blood. 
The details of these experiments have been reported previously (Pasteels 

Strong criticisms have been made of the use of the pigeon crop gland 
local assay (as in our experiments) to measure prolactin activity in hurnan 
blood (Bahn and Bates 1956). We admit that even after acetone extraction 
following Simkin and Goodart’s procedure (Simkin and Goodart 1960; 
Pasteels 1967) the prolactin response of the crop could be partly confused 

1967, 1969a). 
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with a non-specific inflammatory reaction. Such a technique is definitely 
not proposed for clinical use. In our neutralization experiments, however, 
the inhibition of the crop gland stimulation by antibodies to prolactin 
demonstrates that the crop reaction was specific for prolactin. 

More recently (Bryant et a!. 1971) our human prolactin preparation and 
its antiserum have been used to develop a radioimmunoassay for prolactin 
in human plasma. Human plasma samples were found to contain a material 
immunologically similar to the prolactin fraction isolated from the organ 
cultures of foetal pituitaries. No cross-reaction was found with HGH or 
placental lactogen. The plasma prolactin content was shown to be in- 
creased in a lactating woman and after the injection of a phenothiazine. 

DISCUSSION 

Our initial findings on the secretion of a specific prolactin, distinct from 
growth hormone, by cultures of human hypophyses, have been confirmed 
by Nicoll and co-workers (1970) in the monkey, and possibly by Friesen, 
Guyda and Hardy (1970) in short-term incubation of human pituitaries. 
They also agree with recent clinical findings showing that in normal or 
pathological cases HGH is not secreted in sufficient amounts to account for 
mammary gland stimulation (Rimoin et al. 1968; Board 1968; Spellacy, 
Carlson and Schade 1968; Benjamin, Casper and Kolodny 1969; Peake 
et al. 1969; Frantz and Kleinberg 1970). We believe that the existence of a 
separate primate prolactin has now been well demonstrated. 

However, prolactin still eludes chemical extraction from human hypo- 
physes. We have already proposed a morphological explanation for this. 
In hypophyses from non-pregnant and non-lactating women or from men, 
prolactin cells are exceptionally few and small by comparison with the 
hypophyses of other mammals. This conclusion was based on the study 
of individual hypophyses by differential staining (Pasteels 1963, 19694. 
Recent studies with immunofluorescence, using antibodies to NIH ovine 
prolactin on human hypophyses, have confirmed this conclusion. 

It is obvious that extraction of human prolactin should be started from 
a material containing significant amounts of the hormone, such as the 
hypophyses of pregnant or postpartum women, or from cultures of human 
pituitaries. Such material is not readily available. 

CONCLUSION 

Experiments with tissue or organ culture of human hypophyses provide 
convincing evidence for the existence of a human prolactin, distinct from 
human growth hormone. 
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SUMMARY 

The fact that when mammalian hypophyses are removed from hypo- 
thalamic control, they secrete increasing amounts of prolactin while their 
other endocrine functions are reduced, provides an exceptional oppor- 
tunity to identifjr human prolactin as a separate entity, distinct from human 
growth hormone. 

In a first set of experiments we have shown that human hypophyses in 
tissue culture secreted a pigeon crop gland-stimulating hormone, whereas 
the release of growth hormone (assayed immunologically) decreased with 
time in culture. When rabbits were immunized against this prolactin 
secreted in vitro the immune sera neutralized the prolactin activity of human 
blood, collected post parturn or from cases of amenorrhoea-galactorrhoea. 

In our latest experiments we have succeeded in obtaining organ cultures 
of human hypophyses which survived for two to three years. Their 
prolactin activity has been assayed on the pigeon crop gland and also on 
the mammary glands of hypophysectomized rats. Comparisons have 
been made with the bioassay of growth hormone in the same animals. 
These results are discussed with reference to confirmatory evidence of 
other authors and also to clinical and histological findings suggesting that 
human prolactin exists as a separate hormone. 
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DISCUSSION 

Swanson Beck: Dr Pasteels, you say that your immunofluorescence 
staining system is giving specific localization of prolactin in the erythro- 
sinophilic cells. What evidence do you have of the serological specificity 
of this reaction ? 

Pasteels: We prepared antibodies to ovine prolactin (as was done by 
Herbert and Hayashida 1970) and we hoped to find some cross-reaction 
between the immune sera thus obtained and Raben's human growth 
hormone, to be able to neutralize the antibodies to growth hormone by 

IAm.--Io 
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absorption with HGH, and thus to obtain only antibodies to prolactin. 
Unfortunately, from the six rabbits that we immunized, none showed 
cross-reaction with human growth hormone, and we found no cross- 
reaction between several rabbit immune sera to human growth hormone 
and the ovine prolactin used. At the present time the specificity of the 
antibodies has been assessed only on Ouchterlony plates and with immuno- 
electrophoresis. We know that such techniques are not very sensitive and 
we hope to achieve a still better demonstration of the specificity of the 
immune sera by radioimmunoassay ; this is being done now. But we don’t 
think it will change the results; clearly, the antibodies to human growth 
hormone are reacting with one kind of ‘acidophil’ and antibodies to ovine 
prolactin are reacting with different cells that undergo hypertrophy 
during pregnancy and lactation. 

Swanson Beck: But it could be that your immune serum also contains 
an antibody to some other unidentified constituent of ovine prolactin. 
How then can you be certain that you are staining prolactin in the erythro- 
sinophilic cells ? 

Pusteels: This constituent would have to be specific for pregnancy and 
lactation cells. I believe that this is rather far-fetched. 

Fruntz: We tested our anti-ovine prolactin against human growth 
hormone not only in bioassay, where we demonstrated some degree of 
neutralization, but also by double diffusion in agar gel, and were unable 
(as were Herbert and Hayashida 1970) to show any precipitin line. We did 
find, however, that when we labelled human growth hormone and 
submitted it to the antiserum to ovine prolactin in high concentrations, the 
antiserum did bind the label; about 30-40 per cent binding. 

Greenwood: Dr Pasteels, have you used your antiserum to human 
prolactin in fluorescence studies in the human pituitary ? 

Pusteels: I have tried but it is too weak. For fluorescence you need high 
concentrations of antibodies, much more than for radioimmunoassay. 

Greenwood: On theoretical grounds I would have argued the converse, 
that for a radioimmunoassay one would need a better antiserum, because 
in immunofluorescence there is essentially a solid phase with a tissue-fixed 
antigen and the reaction is ‘amplified’ by the fluorescent second 
antibody. 

Swanson Beck: This is so. On the other hand, a fluorochrome dye is not 
nearly as efficient a label as a radioactive isotope: therefore a relatively 
large quantity of antibody must be attached before it can be detected with 
the immunofluorescence technique. 

Greenwood: What about site amplification ? 
Swanson Beck: This might give four-fold amplification with the indirect 
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technique. A further problem is that the staining reaction is generally done 
on fixed tissue and my impression is that there is considerable loss ofantigen 
in histologically fixed tissue. 

Pusteels: We have tried both procedures on the same pituitaries. In 
fixed tissue you have to remove the formalin before paraffin embedding. 
This is the critical point. If you do that by thorough rinsing after fixation 
you get practically the same result as on frozen material. We used the two 
halves of the same pituitary and found no difference in immunofluorescence 
between the fixed and unfixed halves. 

Bryant: Dr Pasteels, do you see many lysosomes in your pituitary cul- 
tures ? I wondered whether we are getting maximum secretion in culture 
or whether prolactin is being destroyed by lysosomes ? 

Pusteels: There can be lysosomes in any culture, because once the cells are 
being starved they start to digest their own components by means of lyso- 
somes, to remain alive. This is a general biological mechanism. We did 
find lysosomes in long-term cultures, but we don't think this has any special 
significance for the problem of prolactin, because it could be the result of 
too much delay in changing the culturc medium and so on. On the other 
hand, we saw lysosomes in short-term incubation experiments, as a response 
to ergocornine treatment: in those conditions we think they might be 
significant in relation to prolactin. 

Sherwood: From your electron micrographs it looks as if you think the 
secretory process is similar to the one Lacy (1970) believes is present in the 
p-cell (that is, emmiocytosis, with the release of granules). 

Pusteels: Exocytosis has already been frequently described for prolactin 
release (see Sano 1962; Pastecls 1963). I didn't stress this, therefore. I 
showed examples of this mcchanisrn to illustrate that electron microscopy 
can be an eacient tool in endocrinology. 

Sherwood: Dr Mackod's observations on calcium and the idea that 
calcium is involved in microtubular function and granule ejection would 
fit here as well. 

Pasteels: Yes. There are quite a lot of experiments on tissues other than 
the hypophysis on the role of microtubules, such as the Lacy experiments. 
I have no evidence yet for such a mechanism for secretion of prolactin. 
We see some microtubules in electron micrographs but probably this is 
a very general cytological feature after glutaraldehyde fixation. 

Sherwood: Have you added colchicine to any tissues? Colchicine is 
known to inhibit microtubular function. 

Pusteels: No. 
Nicoll: We added colchicine and vinblastine to incubated rat pituitary 

glands and observed stimulation of early release of prolactin ; subsequently 
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no effect was noted. This doesn’t support the suggestion that micro- 
tubules participate in the exocytic process. 

Turkington: A feature of prolactin secretion which has impressed all of 
us who are measuring its concentration in plasma is how rapidly it can be 
secreted, and at very high levels for long periods of time, in women who 
are not pregnant or lactating and in males. Presumably in these people 
only a small percentage of the pituitary cells are prolactin cells, and I 
wonder if one can account for this huge outpouring of prolactin from such a 
small number of cells, or whether one must assume that some of the other 
cells also participate in prolactin synthesis. 

Pasteels: This has never been satisfactorily demonstrated. Using im- 
munofluorescence or electron microscopy after applying labelled antibody, 
as in the recent experiments of Nakane (1g71), it’s impossible to show that 
one pituitary cell is secreting a second hormone. In previous work (Pasteels 
1963) we obtained tissue cultures that apparently contained only prolactin 
cells, and then after giving hypothalamic extracts we obtained evidence 
of PAS-positive cells that were probably secreting gonadotropins or TSH. 
We described t h i s  as a change of prolactin cells to another endocrine 
function, but we were unable to confirm this in other experimental con- 
ditions, so we cannot even ascertain whether a specific pituitary cell can 
change its function. However, one should not be surprised that those few 
prolactin cells, containing not very much secretory material, can release 
large quantities of prolactin. I think it’s a question of turnover rates and 
that when you see a lot of prolactin cells filled with secretory material they 
are very often in a static condition, as probably are the somatotrophs. 
So it may not be surprising that a large amount of prolactin is released in 
comparison with growth hormone, at a time when the content of the 
somatotrophs is high. 

Friesen: Dr Pasteels, what is the number of prolactin cells compared to 
the number of FSH, LH or TSH cells, in the non-pregnant female or male 
pituitary gland ? 

Pasteels: We cannot make absolute cell counts because in order to do so 
one must be able to identify every cell, and with differential staining one 
sees a lot of so-called ‘undifferentiated cells’ that apparently don’t contain 
secretory material. If you then submit the same section to immuio- 
fluorescence you can recognize more differentiated cells. Even in foetal 
pituitaries (we did this on human foetuses by electron microscopy) practi- 
cally all the cells contain some secretory material: so there are no real 
‘chromophobes’. What we have done (as I described in my paper, p. 245) 
is to estimate the area of a pituitary section occupied by prolactin cells, 
because the Chalkley procedure takes into account the number of cells 
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and also their degree of hypertrophy. Using this method we found in 
adult male and non-lactating female monkeys a count ranging from 2. 5 
to 11- o per cent. In lactating females it ranged from 18 to 32 per cent. 

Friesen: How did that compare with the percentage of thyrotrophs or 
gonadotrophs ? 

Pusteels: We didn’t count those cells on the same sections, so I cannot 
make an exact comparison. 

Herlunt: I think there are many prolactin cells which are impossible to 
recognize in the non-pregnant pituitary, because their granulations are 
too sparse. 

Greenwood: Our foetal pituitaries seem to be producing about I pg 
each of prolactin a day, whereas Dr Nicoll’s monkey pituitaries seem to be 
producing about 20 pg/mg; his best one produced 80 pg/mg cumulatively 
after 2s days. We  don’t weigh our glands in order to keep things sterile, 
so it‘s not easy to equate the yields. 

Frantx: Dr Nicoll was using a completely synthetic medium for incuba- 
tion, with only insulin added. Dr Pasteels, did you add foetal calf serum or 
some other protein to your media ? 

Pusteels: For short incubations (less than two days) we use synthetic 
Medium 199, but for long experiments (more than two days in culture) we 
need to have 10 per cent of serum present. We use rabbit serum since 
rabbits are being used for the production of the immune sera: it does not 
lead to the production of too many antibodies. We also need to include 
chick embryo extract, for survival of the cultures, in these very long-term 
cultures where we want to obtain the largest amounts of prolactin. The 
limiting factor being the supply of human hypophyses, we try to keep these 
as long as possible in a healthy condition. 

Ttrrkington: I was very interested in Dr Nicoll’s electrophoretic analyses 
of growth hormone and prolactin. It looked to me that your rhesus 
monkey growth hormone standard always showed a band moving 
ahead of the main band. I wonder whether that material is also part of the 
prolactin you are measuring ? 

Nicoll: That concerned me also, but Dr Peckham pointed out that this 
band is not evident when the material is run on an acid acrylamide system. 
Accordingly, he believes that it is deamidated growth hormone. There is 
probably a minor amount of this deamidated growth hormone in the 
primary prolactin band of our culture medium samples. 

Turkington: There is the question of whether you are not getting a 
growth hormone species in that band that has say a hundred times the 
specific activity of the other growth hormone species. That is a very 
theoretical objection but I was wondering if you had analysed the prolactin 

6 
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band further by radioimmunoreactivity to an anti-growth hormone 
antiserum ? 

Nicoll: We haven’t done that. However, as you suggested, that is a 
highly conjectural question. 

Friesen: In our preparations of monkey prolactin derived from incuba- 
tion media we have also seen two bands which had the same mobility as 
HGH. We were never convinced that prolactin was confined to one or 
other of the two components. On starch gel electrophoresis (of culture 
media from either pregnant or lactating monkey glands) we invariably 
saw the same two bands, both containing a lot of radioactive protein. 
After absorption with antibody to growth hormone there were still 
two radioactive proteins which remained. If we measured prolactin 
in the eluates from the two bands we always found some prolactin 
in both. Have you done any incubation studies using radioactive amino 
acids to see whether you could identify which band contained most 
of the radioactivity, because that band, I believe, would represent 
prolactin ? 

Nicoll: We have not done any incorporation studies, but we are not in 
disagreement because we feel that the two prominent bands that are present 
in the crude medium are two forms of prolactin, and this would agree with 
your results. The upper (slower-migrating) one was isolated by Dr 
Peckham and when it was run on the acidic system the front-running 
band was no longer present. Ths suggests that in the medium the faster- 
migrating protein is a deamidated form of prolactin. 

Friesen: When you ran the electrophoresis at an alkaline pH, did prolac- 
tin move ahead of growth hormone ? 

Nicoll: Yes, and it also does at an acidic pH, but the secondary prolactin 
band is not apparent in the acidic electrophoretic system. 

Friesen: We found an interesting difference there between monkey and 
human prolactin. It appears that human prolactin moves ahead of growth 
hormone toward the cathode at an acid pH, but not at an alkaline pH. 

Nicoll: Bill Peckham and I have obtained the same results with human 
prolactin. 

Greenwood: During the purification of medium from tissue cultures of 
foetal pituitaries we find two areas on a gradient of DEAE Sephadex, and 
we find immunoactivity in both. Professor Li, how easy is it to deamidate 
a molecule which might exist called human prolactin ? Our purifications 
are done directly on tissue culture media, so there is minimal chemical 
manipulation. The molecules have been secreted into the medium, and 
they have been in Medium 199 with insulin. 

Nicoll: The medium which we use is stored frozen on dry ice and it is 
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later concentrated by ultrafiltration. It becomes alkaline (pH about 8 -  5 )  
during ultrafiltration. It is not lyophilized. 

Li: For deamidation you need a pH of about I Z  or 13. 
Sherwood: Lewis and Cheever (1965) obtained clear-cut deamidation 

of ovine prolactin at pH 8-9 and we have confirmed this for HPL with 
measurements of ammonia release (Handwerger, Catousse and Sherwood 

Nicoll: During culturing the pH is maintained at 7.4 (by an atmosphere 
of95 per cent 0, and 5 per cent CO,). Then the medium is removed and the 
pH rises to 8 . 5 .  It is then frozen and during ultrafiltration the pH is around 
8 . 5 ,  so we feel that it is in these alkaline conditions that deamidation occurs. 

Li: It is also possible that the second band might be due to polymerization. 
Wilhelmi: Ifit were a polymer it would run more slowly on the gel. 
Turkington : We have isolated human prolactin by electrophoresis and 

have characterized it on polyacrylamide gels. We find that human pro- 
lactin migrates at alkaline pH ahead of human growth hormone, at all gel 
concentrations. 

1970). 

Nicoll: Could it be modified growth hormone ? 
Turkington: No, because we showed that it had no immunoreactivity 

against anti-growth hormone antisera and very high biological prolactin 
activity (by the 32P-casein assay). It couldn’t have anything less than 500 

times the specific activity of human growth hormone, so it’s unreasonable 
to think that it’s a modified growth hormone. 

Friesen: What was the source of the material? 
Turkington: We have isolated it from serum of a patient with a pituitary 

tumour and shown that the molecule is identical to the circulating pro- 
lactin which is released in a lactating female, by electrophoretic characteri- 
zation. 

Meites: I noticed a couple of apparent discrepancies in the presentations 
of Dr Pasteels and Dr Nicoll. In his earlier work with human foetal 
pituitaries, Dr Pasteels observed after a few days almost complete dis- 
appearance of growth hormone and a continuation of prolactin secretion. 
In the work that Dr Nicoll has described here on monkey pituitaries 
(and there may be a species difference), growth hormone and prolactin 
release showed parallel patterns. 

Secondly, Dr Pasteels reported on the lack of effect of lactation (and 
I’m not sure whether you mean suckling or just postpartum lactation 
without considering the suckling interval) on the growth hormone con- 
tent of the pituitary. Both Grosvenor, Krulich and McCann (1968) and 
we (Sar and Meites 1969) found that suckling significantly depletes the 
rat pituitary of growth hormone. 
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Pasteels: On the first point, I showed our old results of tissue culture 
experiments to indicate the difference between the two conditions of 
culture. The first results were obtained in conditions where prolactin cells 
were proliferating in the cultures and this is probably why they secreted 
more and more prolactin with time. In those specific conditions, the 
other pituitary cells were dying and this probably accounts for the sig- 
nificant decrease of growth hormone production. But in organ culture, 
undertaken to preserve the pituitary in a better state, we see evidence of 
growth hormone secretion by radioimmunoassay and by immuno- 
fluorescence, even after two years in culture. I can’t say whether prolactin 
paralleled growth hormone, as Dr Nicoll finds in monkeys. I can only 
say that in pooled medium some growth hormone was present. In such 
long experiments we don’t follow the secretion from week to week. 
There were some cells containing growth hormone, as shown by immuno- 
fluorescence. This is an important point, because hypothalamic factors 
were probably present in very low amounts, as we had only 10 per cent 
normal rabbit serum present. It is interesting to know that in such con- 
ditions the cells are able to function rather autonomously. I believe the 
discrepancy between Dr Nicoll’s results and mine is probably due to the 
technique of tissue culture. 

On the other point, in lactating rats submitted to suckling there could 
be some degranulation of somatotrophs, but it was not important enough 
to be shown by differential staining. All I can say is that there was a striking 
degranulation of prolactin cells whereas the somatotrophs appeared 
unchanged, but that doesn’t mean there was absolutely no release of growth 
hormone. We didn’t actually measure growth hormone. 

Nicoll: The fact that the prolactin and growth hormone secretion by the 
adult male and female monkeys was so similar was surprising to us also, 
because we expected a greater divergence on the basis of our in vitro work 
with rats, rabbits, guinea pigs, hamsters and other species. It appears that 
the capacity of adult male and female monkeys to secrete prolactin in 
organ culture is not very unusual in comparison to other mammals but 
that they have an unusually high capacity to secrete growth hormone over 
an extended period. 

Regarding growth hormone depletion in response to suckling in rats, 
we looked at this also, using acrylamide electrophoresis to measure pro- 
lactin and growth hormone in the adenohypophysis. We obtained a very 
pronounced and rapid depletion of prolactin from the gland in response 
to suckling and no change in growth hormone. 

Li: What is the specific activity of your isolated monkey prolactin ? 
Nicoll: I can’t give you that figure yet in units per mg protein. We have 
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been interested in getting the preparation as free of growth hormone as 
possible, and now that we know how to do this we shall try to isolate a 
highly purified preparation and determine its specific activity. 

Li:  I would like to comment on Dr Pasteels’ heating experiment. You 
can heat human growth hormone in neutral solution for 20 minutes in a 
boiling water bath without loss of either lactogenic or growth-promoting 
activity. However, animal growth hormone loses activity, whereas 
animal prolactin retains its activity after boiling. 

Greenwood: This is what worried us, because we knew that Dr Pasteels 
had done this and we also knew that heating may or may not modify 
immunological activity. 

Friesen: Dr Nicoll, how much protein is secreted into the media from 
your pituitaries? We observed that both the pregnant and the lactating 
monkey pituitary secrete two to three times as much protein as pituitaries 
from males. Prolactin and growth hormone don’t account for this major 
difference. So I think there may be still another pregnancy or lactation- 
related protein secreted by these pituitaries. 

Sherwood: I am not sure one can really say that. In our extensive ex- 
perience with another endocrine system, the parathyroid gland in organ 
culture, only one hormone is produced by the gland, yet we find a number 
of other labelled proteins in the culture medium (Sherwood, Rodman and 
Lundberg 1970). I have no idea what they are, but I doubt they are hor- 
mones. They might be other proteins present in secretory granules, for 
example. 

Friesen: After gel filtration most of these proteins emerge with the same 
elution volume as growth hormone and prolactin. The radioactive 
proteins can almost totally be accounted for by the two hormones, but not 
the proteins, so it seems to be a storage form of protein which isn’t turning 
over rapidly. 

Nicoll: I do not have this kind of measurement on the total protein 
levels which could be equated with the amounts of prolactin and growth 
hormone. 

Greenwood: I want to take up Dr Turkington’s point about the tumour 
material, because if we fractionate, I think we get a family of peptides of 
similar charge and size but which are not all prolactin, and hence the 
specific immunoactivity is lower than expected. It took me back to when 
we extracted ectopic ACTH-producing tumours, using a classical pituitary 
fractionation. We got a homogeneous peak on the column but there was 
only 10 per cent biological activity there. 

Ttrrkington: Our source of prolactin was serum, which was not treated 
in any way but was simply electrophoresed. The protein behaves as a 
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honiogeneous protein at all gel concentrations and two alkaline pH’s 
(8.2 and 10). But I agree that this doesn’t rule out the possibility that there 
are other forms. 

Cotes: Going back to Dr Friesen’s point that there may be storage forms 
of protein in the pituitary gland, it would be attractive to speculate that 
there is a precursor of prolactin in the gland. This could account for Dr 
Greenwood’s high figures for the amount of prolactin secreted by the 
normal human subject in response to phenothiazine. In the lactating subject 
the prolactin content of the gland may be greater than normal, so it is 
not surprising that immediately after suckling he found that more pro- 
lactin appears in the plasma than is present in the normal gland. But in the 
normal subject, one hour after an oral dose of phenothiazine, Dr Green- 
wood found that the plasma contained approximately ten times the normal 
gland content of prolactin. This is rapid synthesis of prolactin. 

Greenwood: I would only mention here Professor Herlant’s earlier 
remark that there may well be prolactin cells there that we can’t recognize. 
That leaves it wide open ! 

Nicoll: The point about the histological appearance of the gland and the 
possible discrepancies with its hormone content are well illustrated by 
data of Dr Pasteels on some of the monkey glands we sent to him. Infant 
glands contain about the same number of identifiable growth hormone 
cells as the adult glands but they contain substantially more growth 
hormone, as measured by electrophoresis-densitometry, so that although 
cell counts and hormonal content are sometimes closely related, this is not 
always so. 
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IMMUNOFLUORESCENCE STUDIES ON THE 
ADENOHYPOPHYSIS IN PREGNANCY 

J. SWANSON BECK 

Department of Pathology. The University, Aber&en* 

THE immunofluorescence method is disarmingly simple, at least at the 
technical level. In theory, proteins ofan immune serum are conjugated with 
a fluorochrome and the resulting conjugate is used as a histological stain: 
the procedures are technically simple and do not require expensive 
apparatus (Beck 1971). In practice, however, the interpretation of obser- 
vations with t h i s  technique can be considered valid only when there is very 
rigorous control of both the serological reaction and the cytological 
localization of staining. It is therefore pertinent to start by considering the 
criteria I have adopted for establishing serological specificity and cytological 
localization, before presenting the results of my immunofluorescence 
staining experiments on the adenohypophysis in pregnancy. 

SEROLOGICAL SPECIFICITY OF IMMUNOFLUORESCENCE STAINING 

The immunofluorescence technique can be performed in several different 
ways. (a) Direct technique, in which the globulin fraction from the immune 
serum is combined with a fluorochrome and the conjugate is directly applied 
to the tissue. (b) Indirect technique, in which the tissue is treated with the 
antiserum and the attached immunoglobulin is then stained with the 
appropriate anti-immunoglobulin conjugate. (c) Anti-complement system, 
in which the tissue is treated with heat-inactivated antiserum and fresh 
guinea-pig serum and later is stained with fluorescein-conjugated antiserum 
to guinea-pig complement components. 

The indirect technique is generally the method of choice since it is 
versatile and reliable. Monospecific anti-immunoglobulin antisera can 
be readily prepared for this technique and any non-specific staining proper- 
ties of the corresponding conjugates can be easily removed: furthermore, 
it avoids the necessity of conjugating individual anti-hormone antisera 
with the attendant dangers of loss of titre and introduction of unpredictable 
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non-specific staining effects. Many variations of this technique have been 
proposed: the methods that I have found satisfactory have been described 
previously (Beck et al. 1966,1969). It must be remembered that both stages 
of the indirect immunofluorescence technique are serological reactions and 
consequently they must be controlled with equal care. 

The immunofluorescence technique is used as a histochemical staining 
method for cytological localization of hormones on the tacit assumption 
that it will have the high degree ofspecificity ofthe corresponding antibody 
in the immune serum. It is therefore important to realize the potential 
fallacies with this method so that precautions can be taken to prevent 
misinterpretation of results. Apart from tinctorial staining of tissue by free 
fluorochrome dyes in the conjugate solution, which is readily avoided, 
irrelevant or non-specific staining can result in two main ways (Beck and 
Currie 1967). (a) Irrelevant immunofluorescence staining. The immuno- 
globulin fraction of an immune serum will contain specific antibodies 
against the immunizing antigen and possibly also antibodies against other 
antigens that contaminate the preparation used in immunization. This 
fiaction will also contain many other antibodies reflecting the previous 
immunological experience of the animal and various ‘natural’ antibodies, 
such as those of the Forssman system. (b) Non-immunological staining by 
conjugated serum proteins. Non-specific staining of this type generally 
results when the net charge on the labelled protein molecules is opposite 
to that of a tissue component: this is usually caused by over-labelling the 
serum proteins and this non-specific property can often be removed fiom 
the conjugate by absorption with tissue powders. Rarely it can result 
from other highly specific, but non-immunological protein-protein 
interactions. 

Selection of antisera for immunofEuorescence staining 

Ideally, isolated high-avidity monospecific antibody should be used in the 
immunofluorescence technique, but this is not at present practicable. 
Instead, the best compromise available to most workers is to use high- 
titre antisera that appear to be monospecific when tested with other 
immunological techniques. 

However, it must be realized that for many hormones the only prepara- 
tions available as immunogens are of doubtful purity. When this is so, the 
usual practice is to remove contaminating antibodies to other antigens by 
appropriate absorptions before undertaking immunofluorescence staining 
experiments. As an additional precaution, it is advisable to immunize 
animals with hormone preparations extracted by a1 ternative methods, when 
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these are available, to demonstrate that the resultant antisera give a similar 
localization of immunofluorescence staining. 

When this stage has been reached it is important to demonstrate that all 
high-titre antisera stain tissues known to contain the corresponding 
antigen or any cross-reacting antigen, and that non-immune sera or antisera 
to totally different antigens will not stain the hormone under study. It is, 
however, equally important to show that the potent anti-hormone 
antisera will never stain tissues that do not synthesize or store the hormone 
under investigation. When a number of antisera are available it will 
usually be found that the intensity of the immunofluorescence reaction 
will roughly parallel the titre of the serum in some other immunological 
system, but high-avidity antisera usually give better immunofluorescence 
staining than their titre would suggest. 

Absorption experiments 
When an antiserum is absorbed with the optimum quantity of the 

corresponding antigen, it will lose completely its staining capacity in the 
corresponding immunofluorescence system. If it is absorbed with a closely 
related antigen with which it cross-reacts its staining reaction will be 
diminished in the specific reaction and completely lost in the cross-reaction. 
If, however, the antiserum is absorbed with a completely unrelated antigen, 
there will be no specific absorption of the antibody. 

Experiments of this type with similar quantities of the different antigens 
are essential for establishing the serological specificity of immunofluores- 
cence staining. Since many hormone preparations are impure it is valuable 
to be able to demonstrate that preparations extracted by alternative 
methods give similar results in these absorption experiments, in order 
to eliminate the possibility that immunofluorescence staining has been 
caused by highly immunogenic contaminants of particular antigen prep- 
arations. 

Nature of sero log ica 1 factor 
It is important to demonstrate that the active factor in the serum is an 

immunoglobulin, since it is highly improbable that any reaction will be 
immunological if it is determined by any other serum protein. Further- 
more, it is preferable that the specific antibody in the antiserum is pre- 
dominantly in the 7Sy (IgGtype) fraction, since such antibodies are more 
stable and penetrate the tissue sections more readily than the 19s (IgM- 
type) macroglobulin antibodies. 

The ‘blocking’ test of inhibition of immunofluorescence staining by 
pretreatment with an unconjugated antiserum of the same specificity is of 
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only limited value in establishing the specificity of immunofluorescence 
staining. Clearly it is meaningless when performed with unconjugated 
and conjugated samples of the same serum. 

State ofantigen in tissue sections 
In cryostat sections the tissue antigen is preserved as nearly as possible 

to its native condition, and so from the serological point ofview this would 
appear to be the best method for preparing tissue for immunofluorescence 
studies. It must, however, be remembered that antisera are usually pre- 
pared by immunizing animals with a purified hormone extract and that 
t h i s  immunogen may be modified or even partly denatured during the 
extraction process. Thus even under the apparently ideal conditions of 
cryostat sections, complete concordance need not necessarily be seen 
between native tissue antigen and the corresponding antibody. Experi- 
ments can, however, be performed on unfixed cryostat sections to show 
that the tissue antigen has solubility and stability characteristics similar 
to the known properties of the hormone under consideration. Such 
experiments have a limited value in corroborating the serological specificity 
of immunofluorescence staining. 

Unfixed cryostat sections are not very suitable for cytological localiza- 
tion of immunofluorescence staining (see below) and, consequently, 
immunofluorescence investigations are often attempted on fixed tissue. 
The effect of histological furation on the antigenicity of the polypeptide 
hormones has not been studied in depth, but it appears probable that it 
results in loss of some antigenic determinants: it is remotely possible that 
histological fixation might uncover hidden antigenic determinants or even 
create new ones. 

CYTOLOGICAL LOCALIZATION OF IMMUNOPLUORESCBNCB STAINING 

The cellular site and distribution of immunofluorescence staining must 
be compared with that of other established tinctorial staining techniques, 
so that it can be localized in terms of the known cytology of the tissue. 
Comparisons of this type are particularly difficult in the adenohypophysis, 
which is composed of a heterogeneous mixture of different cell types. 

The simplest, but least satisfactory, approach is to study an adenoma that 
is known from conventional histological studies to be composed exclusively 
or largely of one cell type. Cryostat or fixed sections can be used in these 
investigations, but the results can be of only limited value since the cells are 
neoplastic and t h i s  method will never be suitable for discriminating 
cytological investigation. 
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An alternative method is to mount pairs of consecutive sections on 
separate slides so that the contiguous surfaces of the sections are uppermost; 
in this way the majority of cells will be present in both sections, but they 
will be arranged in a ‘mirror-image’ distribution. One of the sections is 
then stained with the immunofluorescence method and the other with a 
conventional histological method. For technical reasons, this approach can 
be used only with paraffi sections of fixed tissue. It has the great advan- 
tage that the histological staining characteristics of the tissue are not in- 
fluenced by the immunofluorescence technique, but the method is laborious 
and interpretation is difficult when a cell is divided unequally between the 
sections. This is not a very good technique for cytological localization of 
immunofluorescence staining. 

The most satisfactory method in my hands has been to stain fixed sections 
with the immunofluorescence technique and record the distribution of this 
staining in recognizable areas photographically. The sections are then 
stained with the periodic acid-Schiff (PAS)-orange G method to localize 
the immunofluorescence staining under the light microscope. We have 
shown with contiguous pairs of ‘mirror-image’ sections of adult human 
adenohypophysis that sections prestained with the immunofluorescence 
method showed slightly less intense staining and somewhat poorer 
colour contrast than in the directly stained section : however, prestain- 
ing with the immunofluorescence method did not alter the nature of the 
PASAorange G staining and the final product was perfectly adequate 
for microscopic examination and cell identification (Beck et al. 1966). 
This method can be used to establish the cytological localization of 
immunofluorescence staining in a large number of cells in fixed 
sections. In our hands, re-staining of unfixed cryostat sections has been 
unsatisfactory. 

Whichever method is used to compare the cytological localization of 
immunofluorescence staining with that of another staining technique, a 
substantial number of cells must be studied before valid conclusions can be 
drawn on the cell types that contain the antigen. Furthermore, it is impor- 
tant to use a sensitive immunofluorescence staining technique so that cells 
with scanty antigen content will be detected, since it is not enough merely 
to identify cells with abundant antigen in their cytoplasm. A possible 
cause of confusion in cytological localization studies on tissue sections of 
adenohypophysis is immunofluorescence staining in a portion of the cyto- 
plasm of a cell of one type that overlies or is underlain by a portion of the 
cytoplasm of a cell of another type : statistically this situation would not be 
expected frequently and an error of interpretation can be avoided only by 
taking great care in the microscopical examination. 
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IMMUNOFLUORESCENCE STAINING OF ADENOHYPOPHYSBS FROM PRBGNANT 

AND PARTURIENT WOMEN WITH ANTISBRA TO HUMAN GROWTH HORMONE 

AND HUMAN PLACENTAL LACTOGBN 

The antisera used in these studies were raised in goats immunized with 
the Raben preparation of human growth hormone (HGH) or the Friesen 
preparation of human placental lactogen (HPL). A fluorescein conjugate 
of the immunoglobulin fraction of rabbit anti-goat-immunoglobulin 
serum was used in the second stage of the immunofluorescence staining. 
In previously reported studies we have assessed the validity of immuno- 

fluorescence staining of paraffin sections of formaldehyde-fixed normal 
adult human adenohypophysis with these antisera on the criteria outlined 
earlier. We concluded that the anti-HGH antiserum was demonstrating 
the HGH antigen in the tissue, but in the absence of a purified preparation 
of human prolactin, we could not eliminate the possibility that this system 
might be tracing both HGH and human prolactin (Beck et al. 1966). The 
antiserum to HPL gave immunologically specific staining of HPL in 
placental syncytiotrophoblast and appeared to cross-react immuno- 
logically with HGH in sections of the normal adult human adenohypophy- 
sis (Beck et al. 1969). 

Dr 0. A. Haugen and I have stained paraffin sections of formaldehyde- 
fixed pituitary glands of six pregnant and parturient women, none of 
whom had any apparent endocrinological defect, with this immuno- 
fluorescence technique (Haugen and Beck 1969). Because of shortage of 
tissue, we were unable to repeat the specificity control experiments on 
sections of these pituitary glands and so we were forced to accept that the 
specificity of immunofluorescence staining with these antisera would be 
similar to that previously demonstrated on sections of normal adult human 
adenohypophysis: we do not think that this was an unwarranted assunip- 
tion. After immunofluorescence staining, the sections were stained with 
the PAS-orange G method. In the adenohypophyses, little difficulty was 
encountered in recognizing classical acidophil and mucoid cells : ‘pregnancy 
cells’ were distinguished from chromophobe cells mainly on the basis of 
the larger more open nuclei, often with prominent nucleoli, and the more 
abundant cytoplasm of the ‘pregnancy cells’, which also usually contained 
a few faintly orange Gpositive granules in their cytoplasm. 

We  found little difference between the individual cell counts on adeno- 
hypophyses from four pregnant women dying after 3 I weeks’ gestation and 
two parturient women who died within 14 hours of delivery at term 
(Haugen and Beck 1969). Consequently we grouped the counts on all the 
glands together. The findings in the pregnant and parturient women are 
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compared with previous findings on normal non-pregnant adults in Table I. 
Bearing in mind the not inconsiderable sampling errors of our technique, it 
appears that the immunofluorescence staining reactions of orange G 
positive acidophil cells, PAS-positive mucoid cells and chromophobe cells 

TABLB I 

RELATION BBTWBBN PAS-ORANGE G AND IMMUNOFZUORESCBNCB STAINING IN THB HUMAN 
ADBNOHYPOPHYSIS 

Percentage of these cells staining with given antiserum 
in adenohypophysisjom 

Reaction ofcells to , 7 

PAS-orange G Normal adults Pregnant and parturient women 
staining , \ ,  1 

Anti-HGH Anti-HPL Anti-HGH Anti-HPL 
Orange Gpositive 97.6 98.4 98.8 98.4 
PAS-positive 3’2 2’1 1.6 3’2 
Chcomophobes 5 ’0  6.3 11.6 7’8 
‘Pregnancy cells’ - - 1’9 3‘7 

The data are taken from Beck and co-workers (1966, 1969) and Haugen and Beck (1969). 

are not materially different from those of the corresponding cell types in 
the adenohypophyses of adult non-pregnant patients without evidence of 
endocrine defect. Only a very small proportion of ‘pregnancy cells’ were 
stained with either anti-HGH serum or anti-HPL serum (I - g and 3 * 7 per 
cent respectively). It is probable that the differences in the findings with 
these two antisera are not meaningful. There can be no doubt that the 
staining reactions of ‘pregnancy cells’ are completely different from those 
of orange Gpositive acidophil cells. 

In view of the previous investigations on the specificity of the immuno- 
fluorescence systems, it can be deduced that very few of the ‘pregnancy 
cells’ contain the human growth hormone antigen. The significance of the 
immunofluorescence staining of the orange Gpositive acidophil cells in the 
adenohypophysis of pregnant and parturient women is not so clear, but it 
is probable that the human growth hormone antigen is being localized 
in these cells by the direct immunological reaction of the anti-HGH anti- 
serum and an immunological cross-reaction with the anti-HPL antiserum. 
It is not possible from our experiments to make any deductions on the 
localization of human prolactin, if such a hormone exists, since we cannot 
be sure that the anti-HGH antiserum is not contaminated with anti- 
human prolactin antibody, nor that the anti-HGH and the anti-HPL 
antibodies do not cross-react with human prolactin. 

It has recently been claimed that prolactin can be localized in the carmino- 
phi1 cells that are particularly numerous in the adenohypophysis of the 
pregnant and lactating monkey (Herbert and Hayashida 1970)~ but in- 
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adequate evidence of the serological specificity of this immunofluorescence 
staining was given to establish this localization conclusively. 

SUMMARY 

The criteria for establishing the serological specificity of immuno- 
fluorescence staining and for its cytological localization are discussed. 

Sections of the adenohypophyses of six pregnant and parturient women 
were stained by the indirect immunofluorescence technique with character- 
ized antisera to the Raben preparation of human growth hormone and the 
Friesen preparation of human placental lactogen. Very few of the ‘preg- 
nancy cells’ were stained with either antiserum. The relative numbers of 
acidophil, mucoid and chromophobe cells staining with these antisera in 
the adenohypophyses of pregnant and parturient women were similar to 
those of the corresponding cells in non-pregnant individuals. 
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DISCUSSION 

Friesen: Dr Beck, did you suggest that HPL only partially inhibits the 
immunofluorescence localization of anti-HGH ? 

Swanson Beck: In these experiments we used comparable weights of 
antigens to absorb different aliquots of the antisera (Beck et al. 1966, 1969). 
With the anti-HGH antisera, the Raben HGH preparation absorbed the 
activity completely, whereas the HPL preparation that you gave me did 
not absorb the activity completely, but it greatly diminished the intensity 
of staining of acidophil cells. With the anti-HPL serum, HPL absorbed 
completely, whereas HGH gave partial absorption only. 

Friesen: If you increased the amount used for the blocking studies, did 
HPL completely inhibit the localization of anti-HGH serum? 

Swanson Beck: We didn’t go beyond 16 mg HPL per ml antiserum. 
Meites: Have you made any quantitative or semi-quantitative estimates 

of growth hormone and prolactin during pregnancy in the six cases ? 
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Swanson Beck: We did not attempt to quantify the intracellular content 
of the antigens. We did not attempt to estimate the fluorescence emission, 
since there are too many variables in the immunofluorescence technique, 
and it is not possible to control the ratio of antigen to antibody in this 
situation. The acidophil cells did not appear to fluoresce more brightly 
in the adenohypophyses of pregnant women than in the glands of non- 
pregnant women. 

Ttrrkington: I have often wondered what the chemical composition of 
the secretory granules is in the adenohypophysis. Are they more than pure 
hormone ? 

Greenwood: Both Kwa and McShan’s groups have isolated and studied 
granule preparations (Kwa et al. 1965 ; McShan 1965). 

Swanson Beck: I think growth hormone is probably located in the cyto- 
plasm as well as the granules, since immunofluorescence staining gives an 
almost uniform appearance within the cell cytoplasm and is not usually 
restricted to the granules, although occasionally it can be granular. I 
wonder whether the diffuse staining indicates newly synthesized hormone 
in the endoplasmic reticulum. 

Sherwood: In the @-cell it is believed that the enzyme which converts 
proinsulin to insulin is in the granule (Lacy 1970). 

Wilhelmi: Recently we had occasion to assay some bovine pituitary 
granule preparations from Dr Frank LaBella. The bioassay seemed to 
suggest that they consisted of as much as 25 per cent of growth hormone. 
The specific activities were about halfa unit per mg ofgranules (dry weight). 

Turkington: If you disaggregated these granules and put them on a gel, 
would you get a number of bands ? 

Wilhelmi: We didn’t try that, but I suspect you would. 
Pasteels: We have done some studies on the localization of gonado- 

tropins and there was a good correlation between the granular content and 
immunofluorescence, especially in the highly active cells where the 
granules are located at the apical pole of the cells. Only this part of the cell 
fluoresced. There was no staining of the whole cytoplasm. 

Turkington: Isn’t the peroxidase-conjugated anti-hormone antibody 
localized primarily in the granule ? 

Pasteels: Nakane (1971) has recently found with electron microscopy 
that some hormone was present within the cisternae of the endoplasmic 
reticulum, and also within the Golgi area where the granules are concen- 
trated, and of course in secretory granules, but apparently not in the 
hyaloplasm. 

Friesen: The granules obtained from the posterior lobe definitely consist 
of more than vasopressin; there are other proteins present as well, such as 
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neurophysin. In catecholamine-containing granules from the adrenal 
medulla there is a lot of protein also. So at least in two other secretory 
granules there seem to be other components present in addition to the 
hormone. 

Ttrrkington: But those are all very low molecular weight hormones. 
Greenwood: There must be some hormone elsewhere than in the storage 

granules, even if it is only in passage from the ribosomes to the storage 
granule. We have been looking for immunoreactive prolactin in sub- 
cellular fractions, because presumably at some stage there should be 
enough there for immunogenic activity, but we haven’t been successful. 
There is a marked non-specific adsorption of prolactin to ribosomes. 

Swanson Beck: There is another situation, the syncytiotrophoblast, where 
substantial quantities of a polypeptide hormone (HPL) are present in the 
cytoplasm in the absence of granules. In our peroxidase-labelled antibody 
experiments (D. Sharp, unpublished) we have localized HPL to the 
cytoplasm between the cisternae of the syncytiotrophoblast. 

Wilhelmi: In the work of LaBella and Brown (1959) and of Hymer and 
McShan (1963) in which the granule fractions were separated from the 
various other components of the cells, the final high-speed supernatant 
always contained a significant amount of every single hormone in the 
gland, especially growth hormone. 

Sherwood: Disruption of the granules may account for a lot of free 
hormone during isolation. The question is whether it is an artifact or not. 

Wilhelmi: Yes, it might be an unanswerable question. I’ve never seen 
a procedure which failed to reveal some free hormone. 

Sherwood: We have been doing this kind of work on the parathyroids 
and find most ofthe hormone in the cytosol or in the polysome fraction. 

Herlunt: Dr Swanson Beck, why do you stain your preparations with 
PAS-orange G ?  It is not a technique to be recommended for acidophil 
cells. 

Swanson Beck: Because we felt that we could get reasonably reproducible 
results in our re-stained preparations. Sections that had been stained with 
the immunofluorescence method always stained less intensely than control 
sections that had not been so treated. We could obtain useable preparations 
with the PAS-orange G method, but unfortunately, in our hands, your 
elegant tinctorial staining methods were not very reproducible. 
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ON THE ACTIONS OF PROLACTIN AMONG THE 
VERTEBRATES : IS THERE A COMMON DENOMINATOR ? 

CHARLES S. NICOLL AND HOWARD A. BERN 

Departments of Physiology-Anatomy and Zoology and Cancer Research Genetics Laboratory, 
University of Calijimia, Berkeley 

THE importance of prolactin in vertebrate physiology has become 
appreciated only within the last few years (see Bern and Nicoll 1968, 
19694 b ;  Ball 1969; Mazzi 1969). Previously, prolactin was largely 
regarded as the mammotropic hormone, or as the maternal-behaviour 
hormone, or even solely as a gonadotropin (luteotropin), by endocrinolo- 
gists generally. However, since the review by Riddle in 1963, in which he 
emphasized that prolactin should be regarded as a hormone of metabolic 
as well as of reproductive significance, it has become abundantly clear that 
the hormone plays a significant role in various aspects of ‘vertebrate fwlction 
and organization’ (Riddle 1963). In essence, prolactin is a ‘broad-spectrum’ 
hormone, uniquely versatile. 

Unlike the other adenohypophysial hormones, prolactin did not become 
specialized early in vertebrate phylogeny for the regulation of a single 
physiological process. As examples, prolactin is necessary for gonadal 
function in some rodents; it favours an aquatic existence in amphibians; 
it may be a growth factor in some larval amphibians and adult reptiles; it is 
essential for egg incubation in birds; and it is of major significance in 
water and electrolyte metabolism in some teleosts. Thus, prolactin serves 
to control processes which are peculiar to the physiological ecology of 
various vertebrate groups (classes, orders, families, and even lesser taxa). 

The latest compilation of the numerous actions of prolactin is presented 
in Table I*. Eighty-two different reported actions are known to us, in May 

*Note added in proof: 
Two papers on cyclostonies and one on elasmobranchs contain information supplemental 

to Table I. S. Falkmer and A. J. Matty (Cm. 6 Comp. Endocrinol. 6, 334-346, 1966) report a 
‘pinkish discoloration of the skin’ after administration of prolactin to hagfish. Immuno- 
histochemical studies make it appear unlikely that the cyclostome adenohypophysis secretes 
prolactin, however (G. Aler, G. Bage and B. Fernholm, Gen. 6. Comp. Endocrinol. 16, 
498-503, rg71).P.PayanandJ. Maetz(Gen. GComp.Endocrinof. 16,535-554,1971) found that 
prolactin (and ACTH) restored normal branchial permeability to water in hypophysecto- 
mized elasmobranchs. According to H. Schultheiss, W. Hanke and J. Maetz (personal com- 
munication), prolactin has a similar effect in regard to skin permeability to water in hypo- 
physectomized young Xenopus tadpoles. Hocker has studied avian responses to prolactin 
in detail (cf. W. Hocker, S. Darda, D. Petutschnigk and A. Gramlich, Endokrinologie 57, 
364-382,1971). 
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1971. Although all cannot be considered to be confirmed functions of the 
hormone, and some of the different targets may represent components of 
the same functional response, well over half of them are of apparent 
physiological significance. 

In view of the manifold actions of prolactin among the vertebrates, the 
question logically arises of whether there is any common denominator 
underlying its numerous physiological effects, which could allow the 
emergence of some unifying concept. At present no such common 
denominator is obvious. However, it is possible to classify the numerous 
actions into one or more of several different categories. 

REPRODUCTION 

The most obvious, and historically the best-known, category of prolac- 
tin actions consists of effects related to reproduction (Table 11). About 
38 per cent of the reported actions can be listed in this category. This 
group includes the commonly known mammalian actions of the hormone in 
promoting mammary development and lactation and in stimulating 
secretion of progesterone from the ovaries of certain species of rodents. 
Additional reproduction-related actions of prolactin, less well known to 
endocrinologists, are also found in mammals, including effects on male 
gonads and sex accessories. 

Among birds, parental behaviour, pigeon crop ‘milk‘ production and 
the formation of the incubation patch are perhaps the most widely known 
of prolactin’s influences on reproductive processes. However, as indicated 
in Table 11, several other reproductive actions are evident in this class. 

Among reptiles, prolactin has been examined for possible physiological 
effects only by a few investigators. Consequently, the only action related to 
reproduction reported so far in this class is a gonadotropin-blocking effect. 

Several actions claimed for prolactin in amphibians are concerned with 
reproduction, including the migration of certain salamanders to the 
aquatic habitat where they reproduce. Many of the physiological and 
biochemical changes accompanying this water drive are dependent on pro- 
lactin. Actions on two reproductive organs, the oviduct and cloaca1 glands, 
are also claimed, and there are reports that prolactin can have anti-sperm- 
atogenic activity in salamanders. 

Among teleosts, several actions of prolactin are related to reproduction. 
In certain cichlids and catfishes, prolactin stimulates secretion of mucus 
by cutaneous and buccal gland cells, and this may be used to nourish the 
young. Accordingly, it is referred to as ‘milk‘ in those species which form 
it in abundance. In the Indian catfish, Heteropnetrstes fossilis, prolactin is 
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reported to synergize with androgens in stimulating secretion by the 
seminal vesicles. Other reproductive actions of prolactin are found among 
the teleosts, including a gonadotropic effect and influences on parental 
behaviour and on the brood pouch of the seahorse. 

A number of the reproductive actions of prolactin have homologous, 
or at least analogous actions in different vertebrate classes. For example, 
the hormone stimulates cutaneous ‘milk‘ secretion in certain teleosts 
(Symphysodon discus and other teleosts), crop ‘milk‘ production in colum- 
bids and mammary secretion in mammals: all materials used for nurtur- 
ing the young. The hormone stimulates development of male sex accessory 
organs in rodents, catfish and urodeles. It is implicated in parental be- 
haviour in teleosts, birds and mammals, and it has a gonadotropic action 
on the ovaries of some mammals and a teleost. 

OSMORBGULATION 

A second category of prolactin actions among vertebrates consists of 
effects of the hormone on water and electrolyte metabolism (Table 111). 
About 25 per cent of the actions listed in Table I are in this category. The 
first indications that prolactin may have a function in osmoregulation 
among vertebrates came from studies on euryhaline teleosts. It was found 
that certain species could not survive in fresh water after hypophysectoniy 
unless they were given prolactin replacement in the form of injections or a 
pituitary transplant. The osmoregulatory role of prolactin in fish has 
received considerable attention since these early observations (cf. Ball 
1969). The list given in Table I11 clearly indicates that multiple sites of 
action are involved in the osmoregulatory function of the hormone in 
fishes. The numerous effects include changes in gill permeability and 
enzyme activity, in addition to changes in the structure and function of the 
gut, kidney and bladder. Prolactin stimulation of mucus secretion at  
various body sites may also be of significance in the overall turnover of 
water and ions. 

Although prolactin is of osmoregulatory significance in certain teleosts, 
no reports have appeared on its possible roles in other fish groups (i.e., 
chondrichthyeans, ganoids, dipnoans, Latimeria). The only report on the 
action of prolactin in cyclostomes indicates a possible involvement in 
osmoregulation in the hagfish. 

Several reports indicate that prolactin may be concerned in osmoregula- 
tion in amphibians. These include effects on skin mucus gland secretion 
accompanying water drive and associated blood electrolyte changes. The 
hormone’s ability to restore the low plasma sodium levels ofhypophysecto- 
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mized newts to normal is clearly analogous to its effects on euryhaline 
teleosts. The stimulatory action of prolactin on sodium transport across the 
anuran urinary bladder is also analogous to its effect on the flounder bladder. 

The possible role of prolactin in osmoregulation in reptiles, birds and 
mammals has only recently been considered. In the hypophysectomized 
lizard (Dipsosaurus dorsulis), prolactin is reported to lower the elevated 
plasma sodium levels to normal. In the domestic duck, it stimulates 
secretion by the nasal or orbital salt gland, which is concerned with salt 
elimination. 

We have included the lactogenic action of prolactin in the osmoregula- 
tory category, because lactation involves the movement of large quantities 
of water and electrolytes from the extracellular fluid compartment, thus 
providing an osmoregulatory stress, particularly in small mammals. 
Prolactin is reported to have a renotropic action in rats and salt-retaining 
effects in rats and in cats. These last studies suggest a possible osmoregula- 
tory function of prolactin in mammals. Although the hormone may not 
be of major significance in this regard in non-lactating animals, it may be of 
considerable importance during lactation when the mechanisms which 
maintain water and electrolyte balance are severely taxed. 

These considerations also raise the possibility that placental prolactin 
may have an important function in osmoregulation during pregnancy, 
for both the mother and the developing foetus. Certain disorders of water 
and electrolyte balance in gestation are conceivably due to excess or 
deficiency in placental prolactin or to hypersensitivity to the hormone. 
Human placental lactogen may stimulate aldosterone secretion (Melby 
et a!. 1966). 

The available data on the osmoregulatory role of prolactin in reptiles, 
birds and mammals are meagre, and scant information exists on amphibians. 
Nevertheless, the results at hand suggest that in freshwater teleosts, amn- 
phibians and mammals, prolactin is concerned with preventing loss of 
sodium chloride. Thus, it acts to prevent a reduction in the plasma levels 
of t h i s  electrolyte. In reptiles and birds, it may have the opposite action 
since it lowers plasma sodium in hypophysectomized Dipsosuunrs and 
stimulates secretion by the salt-excreting glands of ducks. It will be 
interesting to learn whether the homologous salt-excreting glands of 
reptiles and the rectal salt glands of chondrichthyeans are similarly respon- 
sive to prolactin. 

GROWTH 

Table IV shows the actions of prolactin which involve growth pronio- 
tion. Fifty-two per cent ofprolactin’s actions can be listed in this category. 
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These include stimulation of general body growth (and overgrowth) in 
reptiles, birds, mammals and amphibians, and actions on several specific 
target cells and tissues. Prolactin also has a variety of metabolic actions 
similar to those of growth hormone preparations. These include effects 
on lipid metabolism and a hyperglycaemic-diabetogenic action in several 
vertebrate classes. Effects of ovine prolactin on blood urea levels, on 
nitrogen balance and on glucose, fatty acid and calcium metabolism have 
been reported in man. 

INTEGUMENT 

An additional category of prolactin actions consists of effects of the hor- 
mone on integumentary or ectodermal structures. These are shown in 
Table V and comprise about 25 per cent of the actions of the hormone listed 
in Table I. The hormone has effects on integumentary structures in all 
classes of vertebrates examined. These include actions on the mammary 
gland and on the brood patch of birds, epidermal sloughing in reptiles, 
skin changes associated with water drive in amphibians, and a variety 
of actions in teleosts involving osmoregulation and mucus production. 
Effects on cutaneous pigment cells are reported in teleosts and am- 
phibians. 

SYNERGISM WITH STEROIDS 

A final category of actions of prolactin among the vertebrates includes 
those which involve synergism with steroid hormones, or actions on organs 
which are also influenced by steroids. These actions are listed in Table VI. 
About 36 per cent of the activities of prolactin can be put into t h i s  category. 
One of the most recent reports of prolactin synergism with sex steroids 
concerns vaginal mucification in rats (Kennedy and Armstrong 1971). 
Here one can recall the stimulation of mucus cells in teleost ectodermal 
structures, which does not so far appear to involve steroids. Farnsworth 
(1970) has pointed out that prolactin increases androgen binding by human 
prostate tissue in uitro-a possible explanation for its synergistic action with 
steroids. Dorfman (1971) has suggested that the synergism between 
prolactin and androgen may involve increases in intracellular levels of 
certain enzymes, such as sulphatases and/or glucuronidase. These enzymes 
may convert inactive esterified androgens to an active form in the target 
tissue. The work of Evans (1962)~ which showed that prolactin activates 
p-glucuronidase activity in homogenates of rat and mouse testes, supports 
this proposal. 
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IS THERE A COMMON THEME UNDERLYING THE ACTIONS OF PROLACTIN? 

From t h i s  categorization of the effects of prolactin it is evident that the 
dominant action of the hormone among vertebrates consists of influences 
related to growth and metabolism. Accordingly, th is  broad, general 
influence could be considered as the unitjllng theme to explain most of the 
actions of prolactin. However, it should be emphasized that most experi- 
mental studies are based on the use of mammalian hormonal preparations 
(largely ovine or bovine). Hence, the growth-promoting and metabolic 
effects of mammalian prolactin in many vertebrate species may be of no 
physiological significance, unless it is established that the animal's own 
prolactin has similar effects. Available evidence indicates that mammalian 
growth hormones and prolactins are structurally similar (Bewley and Li 
1970; Aloj and Edelhoch 1970; Fellows, Hurley and Brady 1970), and 
their biological properties show considerable overlap, especially those 
derived &om primate pituitaries. Recent studies have shown that prolactin 
and growth hormone do exist as separate molecular entities in the pituitaries 
of teleosts, amphibians, reptiles and birds, as well as mammals (Nicoll and 
Nichols 1971; Nicoll and Licht 1971; Nicoll, Licht and Clarke 1971). It 
was found also that the prolactins of several vertebrate species have sig- 
nificant somatotropic activity in the toad growth test of Zipser, Licht and 
Bern (1969). These include the prolactins of two turtles, of ovine and 
bovine glands, and of the toad Bufi marinus. However, it is not known to 
what extent the prolactins of any of these animals are somatotropic or of 
metabolic significance in the species of origin. 

Several of the reproductive actions of prolactin have been known for 
about four decades now. Accordingly, it is not surprising that this category 
should contain about a third of the total number of actions reported for 
the hormone. Although reproduction (including parental care) is a sig- 
nificant common theme of many of the actions of prolactin, it cannot be 
considered the dominant one. The majority of the actions of prolactin are 
patently unrelated to reproduction. 

Effects of the hormone on water and electrolyte balance have only 
recently been appreciated ; osmoregulatory research is the most rapidly 
expanding area of prolactin physiology. Thus, this category already 
contains about a quarter of the listed actions of the hormone. Within 
another decade, the significance of the hormone in osmoregulation may 
become even greater. 

It is noteworthy that of the 82 actions of prolactin listed in Table I, only 
one of them clearly belongs to all the various groupings listed in Tables I1 
to VI. The stimulation of mammary development and lactation involves 
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growth of an integument-derived, reproductive structure requiring 
synergism with steroids for both proliferation and secretion ; its secretory 
activity depends on massive fluid movements, producing osmoregulatory 
problems for the organism. Prolactin exemplifies its full spectrum of 
activity by its influence on the mammary gland, which provides a focal 
organ for the study of prolactin action at  the cellular and subcellular level (cf. 
Denamur 1969; Topper 1970; see also Turkington, this volumd, p. 111). 

If one is interested in a hdamental action of prolactin at  the biochemical 
level which might account ultimately for the wide variety ofresponses seen, 
an examination of its role in ion and water movements, and on membrane 
permeability, could be rewarding. Changes in intracellular ionic concen- 
trations can influence protein synthesis (cf. Hendler 1969) and also enzyme 
activation. The hormones so vital in initiating and supporting milk secretion 
-prolactin and corticosteroids-are the same hormones which appear to 
regulate water and ion movements in a variety of other organs, including 
the intestine of teleost fishes (Utida and Hirano 1971). It no longer stretches 
the imagination to propose that mechanisms of significance in hor- 
mone-regulated water and salt transport in the gut, gill and urinary bladder 
of fishes, the bladder of anurans and the salt gland of birds may have much 
in common with those occurring in the mammary gland of mammals. 

Despite t h i s  discussion, there is no compelling evidence at t h i s  juncture 
to select any of the several categories ofprolactin action as being ofprimary 
significance in ‘vertebrate function and organization’ (Riddle 1963). It 
seems advisable to reserve judgment on this matter for a later date, when 
the role of prolactin in the physiology of a wider and more representative 
variety of species has been demonstrated. We suggest that it is most 
expedient at the present time simply to consider prolactin as that hormone 
of the pituitary gland which has been used by vertebrates to regulate a 
variety of physiological processes which are peculiar to certain groups. 
Prolactin is thus the ‘jack-of-all-trades’ of the pituitary gland, a versatile 
hormone that did not become specialized to subserve any single function or 
group of functions. Inasmuch as prolactin did not become committed 
early in vertebrate phylogeny to the regulation of a single physiological 
process, or even of a single category of processes, it was available for the 
control of ‘emerging’ physiological mechanisms important in adaptation 
to various ecological niches. Accordingly, prolactin may have contributed 
significantly to the diversification of vertebrates. 

SUMMARY 

The numerous physiological actions claimed for prolactin among the 
vertebrates are listed and considered in terms of possible underlying 
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themes which might unify them. No single common denominator is 
obvious. However, most of the 82 different effects of prolactin can be 
classified into one or more of five categories of actions. Thus 52 per cent 
of all of the reported actions are related to growth, or somatotropin-like 
metabolic effects. About 38 per cent of prolactin actions are related to 
reproduction. A quarter of the listed actions of the hormone are con- 
cerned with water and electrolyte metabolism and 26 per cent of them 
involve effects on integumentary (ectodermal) structures. A final category 
concerns actions of prolactin which involve synergism with steroid 
hormones or effects on organs which are also influenced by steroids. 
Thty-six per cent of prolactin's actions can be listed in this category. 

The available data provide no compelling arguments for selecting any 
one of these categories as representing the major underlying theme of 
prolactin actions among the vertebrates. Additional data on other species 
may allow meaningful conclusions to be made on this matter in the hture. 
For the present, it seems most profitable to view prolactin as the pituitary 
hormone which is used to regulate physiological processes that are peculiar 
to different vertebrate groups. 
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DISCUSSION 

Sherwood: Most of us have had clinical experience with men with pro- 
static carcinoma receiving large doses of oestrogen or occasionally women 
with breast cancer who developed sodium retention and oedema. It would 
be interesting to know whether these effects were directly due to the 
oestrogen or were perhaps secondary, through an effect of prolactin. 

Greenwood: Among the 84 effects of prolactin, can one distinguish 
between primary and secondary actions? By analogy, insulin causes a 
release of growth hormone, which itself has a number of biological 
effects. If we didn’t know of the existence of growth hormone, we would 
say that insulin had these effects. I wonder if the number of effects of 
prolactin is artificially inflated in this way ? I can’t think of any hormone 
that acts in a vacuum when injected at high levels, without itself producing 
some reverberations in the endocrine system. 

Nicoll: This hasn’t been analysed in most cases. Some of the effects, like 
those in the hagfish on sodium balance, seem to involve adrenal cortical 
tissue. Prolactin is reported to have a corticotropic effect in teleosts and 
amphibians, as detected histologically. However, these and many of the 
other reported actions could be indirect. 

Denamur: Do you know any experiments that show an effect of prolactin 
on sodium reabsorption in mammalian tissue ? 

Nicoll: Lockett (1965) and Lockett and Nail (1965) have reported that 
prolactin reduces urinary sodium excretion in rats and cats. 

Friesen: The only suggestion we have had that prolactin has a role in 
I I* 
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sodium regulation is that aiiioiig patients with renal failurc, a surprising 
number have very high prolactin Ievels. We haven’t studied the effects of 
hypotonicity or hypertonicity in great detail, but in some patients studied 
following renal dialysis, a rise in prolactin occurs. 

Nicoll: What is the situation in eclampsia with regard to HPL? 
Spellucy: Watanabe and co-workers (1965) demonstrated that aldoster- 

one secretory rates were decreased in severe toxaemia. We  have found 
HPL levels to be low in severe toxaemia too. This raises the question of 
whether HPL and aldosterone secretion are related. In 1966, Melby and 
co-workers reported that HPL increased aldosterone secretion 3 0  per cent. 

Greenwood: This might be relevant to that problem. When measuring 
plasma prolactin in goats after intravenous hypertonic saline infusion, Dr 
N. E. Palumbo, our collaborator, made the serendipitous observation that 
in stress situations, the goat shows increases in serum glutamic-oxaloacetic 
transaniinase (SGOT). From the literature he then found that SGOT 
concentrations rise in psychic and physical stress in monkeys. We had 
been trying to monitor the stress element in our goat studies by plasma 
cortisol values, without much success. The SGOT and prolactin levels 
correlate beautifully in a psychically stressed goat. However, we can also 
get modest rises in SGOT without rises in prolactin, after isotonic saline 
infusions. In other words, the SGOT level appears to be a more sensitive 
indicator of stress than prolactin or cortisol. 

Frantz: I think this cannot be the case in man. SGOT is used as one ofthe 
prime indicators of myocardial infarction, and people with severe chest 
pain who are presumably exposed to all the stress of a threatened infarction 
either have rises if they have an infarction, or don’t if they don’t, but the 
stress may be quite similar psychically. 

Turkinggton: It seems to me that in biology, chemical interactions are of 
fundamental importance, and what really counts are covalent bonds, 
hydrogen bonding, hydrophobic bonding, and so on. So one can look 
at the spectrum ofhormonal effects not only in terms ofone ofthe reactants, 
the hormone, but also in terms of whatever molecules it interacts with. 
Since we don’t know all the species that might have prolactin or what that 
molecule might be, one of the other important variables is the retention 
through all the vertebrate phyla of molecules which can react with pro- 
lactin-that is, a prolactin receptor which could be modified in the course 
of evolution to have a greater or lesser affinity for prolactin, and also all the 
different kinds of differentiation of these reactive cells. One would expect 
a variety of responses of these various kinds of cells, depending on how 
reactive their prolactin receptors are and what kind of cell differentiation 
they have, so that they can respond to some permutation of that receptor. 
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Nicoll: Prolactin has widespread effects on water and electrolyte shifts 
across epithelial membranes. Do you feel that t h i s  may give a clue to a 
possible common mechanism of action ? Changes in intracellular electro- 
lytes can certainly alter protein synthesis. Do you feel that when prolactin 
interacts with its receptor, one of the effects may be to change Permeability 
to, or intracellular concentrations of, ions ? 

Trrrkington: That’s one of our working hypotheses, since we haven’t 
identified anything more specific about the cell membrane. One thing 
prolactin may do is to alter many general properties of the membrane in 
terms of permeability. That idea has to be substantiated by experiments. 

Short: It’s interesting that in our lifetime we have witnessed the elimina- 
tion of one of the actions of prolactin. Dr Nicoll referred to the important 
effect of prolactin on broodiness in chickens. The commercial poultry 
breeder has succecded in eliminating broodiness completely by intensive 
selection. If one is interested in the mechanisms of action of prolactin, it 
would be fascinating to compare these strains of commercial laying hens 
with primitive, unimproved birds that continue to go broody. 

Nicoll: There are indications that the non-brooding breeds of chickens 
have a lower prolactin concentration in their pituitary glands than the 
strains which do show this behaviour. In addition, it appears that the former 
may be refractory to prolactin injections. Accordingly, there may have been 
a dual change in the animals, through selection-both in the hormone levels 
and in the receptors. 

Forsyth: Drs J. Shani, B. J. A. Furr, B. S. Thomas and I did some experi- 
ments on cocks of a commercial non-brooding strain of fowl, trying to 
repeat the experiments of Nalbandov (1945). He found that prolactin was 
anti-gonadal and induced broody behaviour in the male. We could not 
demonstrate any effect of even very high doses (up to 80 i.u. per day for 
20 days) of ovine prolactin on the histological appearance of the testis, on 
plasma testosterone levels or on comb size, so it may be that disappearance 
of the response of the testis to prolactin and loss of broody behaviour are 
genetically linked. 

Herlant: As a new example of the effects of prolactin, we have observed 
in the male mole that during sexual activity, which is short but particularly 
intense in the mole, the prolactin cells are stimulated and hypertrophied, 
but afterwards they involute completely, when sexual activity reduces and 
ceases. 

Nicoll: This would go along with the results of studies on rodents and 
other species which indicate that prolactin is involved in the function of 
male reproductive organs (see p. 304). 

Cowie: What is the evidence for an effect of prolactin on maternal 



3 20 D I S C U S S I O N  

behaviour ? I have noticed in rats hypophysectomized during lactation 
that even when milk secretion is inhibited, the maternal behaviour seems 
quite normal; for example, these rats still retrieve their pups. 

Nicoll: This is a very controversial area which I believe remains unsettled. 
Meites: Dr M. X. Zarrow reported an interesting study in rabbits 

(Workshop on Prolactin, National Institutes of Health, January 1971). 
Rabbits characteristically at the end of pregnancy or pseudopregnancy 
build a nest; they pull out their hair and use it to make a downy lining. 
Zarrow showed that this behaviour could be induced in non-pregnant 
rabbits by giving a combination of oestrogen, progesterone and prolactin. 
He also showed that if you give ergocornine at the end of pregnancy or 
pseudopregnancy, this effect could be prevented in the rabbit. This 
indicates a role for prolactin in maternal behaviour. 

Dr Nicoll and Dr Bern deserve a great deal of credit for their very fine 
comparative studies on prolactin, but I wouldn’t underestimate the role of 
prolactin in mammary growth and lactation. After all, the existence of 
most mammalian species for a critical period after birth depends on milk 
secretion, and that’s not an unimportant function. 

Most of the comparative studies were made with mammalian prolactins, 
and they appear to have all these effects throughout the vertebrates, but 
the question is, do fish, amphibia and reptiles produce anything com- 
parable to mammalian prolactin ? Will fish prolactin induce mammary 
growth or lactation in mammals? What is the chemical relationship, if 
any, between fish prolactin and mammalian prolactin ? In other words, is 
there any justification for calling all these substances ‘prolactin’ ? 

Nicoll: The answer to this question depends on how one defines a 
hormone. Prolactin obtained its various names on the basis of its observed 
actions in mammals and pigeons. If the first work on the hormone had 
been done in certain teleosts, we would probably be calling it by a name 
which denotes its osmoregulatory actions. 

There is good evidence that the pituitary glands of every group of 
jawed vertebrates contain hormones which are homologous with virtually 
all the pituitary principles of mammals. The question then is, how do we 
establish homology? Cells with the same tinctorial properties as mammalian 
lactotrophs (carminophils or erythrosinophils) have been identified in the 
adenohypophyses of all classes of the jawed vertebrates. It has been 
demonstrated by Dr E. Emmart and her colleagues by immunofluorescent 
procedures that the prolactin cells of a teleost (Fundus heteroclitis) bind 
rabbit antiserum to ovine prolactin which is tagged with fluorescein. 
This suggests that the teleost prolactin has immunological determinants 
similar to the ovine hormone. It has also been demonstrated that fish 
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pituitaries contain principles with some of the biological activities of 
mammalian prolactins (e.g. osmoregulatory action in euryhaline species, 
eft water drive, cutaneous mucus secretion). Accordingly, there are 
anatomical, immunochemical and physiological reasons for homologizing 
a fish pituitary principle with mammalian prolactin. 

If one chooses to adopt a restricted definition of prolactin, and maintain 
that such a hormone must be active in mammals, then the adenohypophyses 
of vertebrates other than tetrapods would not have prolactins. However, 
this would be akin to asserting that fish pituitaries do not contain a growth 
hormone because teleostean pituitary preparations do not promote growth 
in the rat. This ignores the fact that it is possible to isolate a protein from 
the pituitary of teleosts which does promote growth in teleosts. If one 
wished to be even more restrictive in defining growth hormones, one could 
assert that growth hormones are those pituitary principles which promote 
growth in humans. According to this definition, the ovine and bovine 
pituitary factors which promote growth in the rat would not be growth 
hormones but some preparations of ovine prolactins would be. Such 
restricted definitions are obviously inadequate. Clearly, when several 
criteria ofhomology are satisfied, as is the case for vertebrate prolactins, we 
are justified in considering the hormonal principles as homologous. The 
question which you raised, Dr Meites, reflects the inadequacy of the term 
‘prolactin’ and the various other names which are applied to this hormone. 

Meites: Has any work been done on the extraction of prolactins from 
vertebrates such as fishes, and what effects do they produce in mammals ? 
You say they don’t produce mammary growth or lactation. They don’t 
produce epithelial growth in pigeon crop sacs and they have no luteo- 
tropic function. What effects do they have in mammals ? 

Nicoll: As far as I know, fish prolactins have no typical effect in mammals. 
Meites: Are we justified in calling them prolactins ? 
Denumur: According to Chadwick (1966), fish prolactin has a mammo- 

Nicoll: It’s not a typical mammotropic effect. 
Wilhelmi: We tried to isolate prolactin from fish pituitaries. The dia- 

culty was that the fish from which the glands were taken (hake and pollack) 
are marine teleosts living in conditions in which they don’t need prolactin 
very much. (Prolactin is apparently required for adaptation to fresh water, 
but not by fish that live in the sea all the time.) The concentration of hor- 
mone in the gland, so far as we could tell from some rather crude quanti- 
tative estimates using anti-ovine prolactin, by Dr Emily Emmart, is very 
low. I never had a fraction that gave good stimulation of the crop glands 
in the pigeon, so we couldn’t say that we could demonstrate any effect of 

tropic effect. 
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prolactin. I would prefer to reserve opinion on this until we have a source 
of fish pituitaries that would enable us to isolate a good prolactin prepara- 
tion. Incidentally, Dr Nicoll, have you vetted your various effects for the 
possibility that some of the preparations used may not have been good 
prolactins at all ? 

Nicoll: Almost all the effects that I listed have been reported with the 
recently available NIH preparations of prolactin. However, in most cases 
the ovine hormone was used. 

Meites: Dr Li has worked on this problem from a chemical point of 
view, There are chemical sidarities, aren’t there, between the different 
growth hormones, for example ? 

Li: You are really asking for a definition of a hormone. In my view, a 
‘growth hormone’ is for promoting body growth-whether of rat or 
fish or human growth. It promotes an increase in protein, and new tissue. 

Wilhelmi: If a substance produces growth in any animal it might be 
described as a growth hormone, but there are paradoxical effects and you 
must define the test animal. For example, if you inject prolactin in the 
plateau intact female rat, it produces growth. 

Li: Compared to the same dose of growth hormone, prolactin causes 
very little growth in plateau intact rats. Prolactin increases appetite and 
so does growth hormone, so Reisfeld and his colleagues (1961) said that 
prolactin promotes growth in hypophysectomized rats, but t h i s  is wrong. 

Wilhelmi: We have been unable to repeat this. In plateaued female rats 
it has been known for many years that without dietary restriction, in the 
presence of their own growth hormone, if you administer prolactin there is 
a good growth response in 15 days and you can even develop a dose- 
response curve. This has been shown by a number of people. The odd 
thing is that if you hypophysectomize the rat, you get no growth with 
prolactin, even with large doses (4 mglday), using homogeneous protein 
free of growth hormone. We’ve done this many times. I have never tested 
rats on restricted food intake, and I know that a critical way of differ- 
entiating the effects is just this. I would agree with you that an animal on a 
restricted food intake, say a young adult male rat, won’t gain weight. Ifyou 
give growth hormone he will gain weight, providing he has enough body 
fat to afford it. 

Beck: We can abolish the effects of growth hormone in man by restricting 
nitrogen intake, just as Dr Jane Russell showed she could abolish some of the 
actions of growth hormone in the rat by reducing nitrogen intake. 

Wilhelmi: You have to restrict it very severely. 
Li: This goes back in history, to the disagreement between Oscar Riddle 

and H. M. Evans. Riddle insisted that prolactin is a growth hormone. 
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We have tested this many times. On a restricted diet prolactin does not 
promote body growth in rats. 

MucLeod: But are we talking about increases in weight or in length? 
These are two entirely different things. Rats bearing pituitary tumours 
which secrete very large amounts ofprolactin may or may not gain weight, 
but they certainly don’t increase their bone length, so in those terms pro- 
lactin is not a growth hormone. 

Meites: Dr Beck probably has the best evidence for the growth-pro- 
moting effects of one type of prolactin (ovine), but I would tend to agree 
with Dr Li on the whole, because the type of growth obtained with prolac- 
tin in most mammalian species is extremely limited. Even by the most 
sensitive biological test for growth hormone, the tibia test, you can get only 
a very limited increase in tibial-cartilage width with prolactin, 60 pm or 
less, whereas you see tremendous increases with pituitary growth hormone. 

Cowie: Antibody production might be limiting the growth response 
when heterologous prolactins are used. Most studies have been done with 
sheep prolactin and if the recipient animal makes antibodies to it, these 
could neutralize the growth-promoting effect. We came up against this 
problem in using sheep prolactin as replacement therapy in rabbits hypo- 
physectomized during lactation ; antibodies are formed and the exogenous 
prolactin becomes less effective in maintaining milk secretion (Cowie, 
Hartmann and Turvey 1969). 

Greenwood: Dr Nicoll, do you regard these prolactin tissue receptors as 
both primitive and stable in an evolutionary sense ? As far as I can see, the 
ovine prolactin molecule binds to all receptors, from fish to mammals. 
Therefore there must be a sequence in the prolactin molecule of the 
recipient species which is similar to ovine prolactin; this may explain why 
anti-ovine prolactin serum is useful across the species board. 

Nicoll: The recent data on the primary structure ofprolactins and growth 
hormones indicate that they are very similar. This suggests that they 
probably arose from a common ancestral molecule. If we speculate on this 
precursor molecule, I think that it was most probably a prolactin, rather 
than a growth hormone. The available evidence indicates that foetal and 
neonatal mammals do not need a growth hormone to grow up to a certain 
point. There are other cases of vertebrates which do not need the adeno- 
hypophysis to grow normally, such as the guinea pig, or Ambystoma 
tigrinurn. Accordingly, the need for a growth hormone in early vertebrates 
is open to question. However, they probably needed a hormone like pro- 
lactin for osmoregulation because they were aquatic. Thus, prolactin was 
probably functioning as an osmorcgulatory hormone in early vertebrate 
history. 
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To speculate further, the primitive prolactin may have given rise to an 
isohormone which was slightly different, but still able to combine with the 
appropriate receptors and regulate the same physiological processes. By 
further modification, the isohormones became more different. In order 
for this isoprolactin to become an effective growth hormone, the receptors 
of these primitive prolactins in some tissues would also have to undergo 
some alteration to develop a higher affinity to the isoprolactin, and they 
must have become coupled with processes concerned with growth regu- 
lation. Assuming that extant prolactins and growth hormones arose by 
such a mechanism, the receptors, like the hormonal principles, are probably 
very similar in many cases. 

Since the prolactins and somatotropins of mammals are able to react 
with the receptors of fish and other 'lower' vertebrates, this indicates a 
certain degree of stability in both the receptors and the hormones. How- 
ever, fish prolactins are not fully active in the mammary gland or pigeon 
crop sac and fish growth hormone is essentially inactive in the rat (although 
it may be active in another mammalian species). Accordingly, some of the 
receptors and some of the hormones have changed with evolution. 

Greenwood: The human ought to have receptors which distinguish 
human prolactin from human growth hormone. 

Nicoll: Yes, but the evidence is that the human receptors aren't very 
good discriminators. However, ifthe receptor can discriminate adequately 
between both endogenous hormones within the normal physiological 
range, that is all that is required to achieve differential regulation of physio- 
logical processes. 
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HYPOTHALAMIC CONTROL OF PROLACTIN 
SECRETION 

JOSEPH MEITES 

Department of Physiology, Michigan State University, East Lansing, Michigan 

HYPOTHALAMIC INHIBITION 

UNDER most conditions, the mammalian hypothalamus has an 
inhibitory influence on the synthesis and release of prolactin. An early 
experiment by Everett (1954) showed that when the pituitary of female 
rats was removed from hypothalamic control by transplanting it under the 
kidney capsule, functional corpora lutea (indicative of prolactin action) 
were maintained for at least three months. The amount of prolactin 
released by the transplant was judged to be comparable to that produced 
during pseudopregnancy in the rat. More recent work by our laboratory 
(Chen et al. 1970) showed that when a single pituitary from a mature female 
rat was transplanted under the kidney capsule of a hypophysectomized 
mature female rat, the serum prolactin concentration, as measured by 
radioimmunoassay, was about as high as in oestrous rats for the first two 
weeks after transplantation, and then fell to levels slightly higher than in 
dioestrous rats for the remaining eight weeks of the experiment. Trans- 
plantation of two or four pituitaries resulted in correspondingly higher 
levels of serum prolactin (Fig. I). 

Bilateral lesions placed in the median eminence or anterior or posterior 
hypothalamus of ovariectomized rats, produced significant elevations in 
serum prolactin as compared to sham-lesioned controls (Chen et al. 1970) 
(Fig. 2). More recently, bilateral lesions placed in the median eminence of 
ovariectomized rats were observed to result in about a ten-fold rise in 
serum prolactin by the end of 3 0  minutes, and the concentration remained 
elevated for at least six months thereafter (Welsch et al. 1971). Presumably 
such lesions destroy areas of the hypothalamus which inhibit the release 
of prolactin. Similar lesions placed in these areas of the hypothalamus 
were found to initiate lactation in rabbits (Haun and Sawyer 1960) and rats 
(DeVoe, Ramirez and McCann 1966), and to induce pseudopregnancy in 
rats (Flerko and Bardos 1959). 

The culture in vitro of pituitary tissue from a variety of mammalian 
species demonstrated that the pituitary can synthesize and release prolactin 
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autonomously for prolonged periods of time (Meites, Kahn and Nicoll 
1961; Pasteels 1961; Meites, Nicoll and Talwalker 1963). Anterior 
pituitary tissue from rats, mice, rabbits, guinea pigs and monkeys released 
ten to 16 times more prolactin during a six-day period of culture than was 
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FIG. I. Serumprolactinconcentrations, measured by radioimmunoassay, 
in hypophysectomizedratswitho, I, 2 or4 anterior pituitary graftsunder 
the kidney capsule. All rats were ovariectomized except one group with 
one pituitary graft. These are compared with intact rats on the day of 
oestrus and with postpartum lactating rats immediately after being 
suckled by their young for 30 minutes. Oestradiol benzoate injections 
(I pg/day per rat) were begun at the end of the tenth week to demon- 
strate the direct effects of oestrogen on prolactin release. Vertical 
bars represent standard errors of the mean. (After Chen et al. 1970.) 

originally present in the fresh pituitary tissue (Nicoll and Meites 1962~). 
These and related studies provide ample evidence that the mammalian 
hypothalamus chronically depresses prolactin secretion, and that more 
prolactin is released when the pituitary is separated from the hypothalamus. 

Prolactin-inhibiting activity was demonstrated in hypothalamic extracts 
from a variety of species, including the rat, sheep, cow, pig and man 
(Meites 1966; Pasteels 1961; Talwalker, Ratner and Meites 1963; Schally 
et a2. 1965). The effects of rat hypothalamic extract on serum prolactin 
in rats are shown in Fig. 3. The presumed neurohormone was named 
'prolactin inhibiting factor' (PIF), since early evidence indicated that it 
inhibited both synthesis and release of prolactin (Meites, Kahn and Nicoll 
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FIG. 2. Serum prolactin concentrations measured by radioimmunoassay 
two weeks after placement of bilateral hypothalamic lesions in 
ovariectomized rats. CON = sham-operated controls, ME = median 
eminence lesions, AHA= anterior hypothalamic lesions, PHA= 
posterior hypothalamic lesions, A M Y  = amygdaloid lesions. Note 
that the A M Y  lesions had no effect on serum prolactin levels. (After 

Chen et aI.1970.) 
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FIG. 3. Effects of a single intraperitoneal injection of the equivalent 
of eight hypothalami extracted (HE) from rats compared with the 
effects of a similar amount of cerebral cortical extract (8 CCE). The 
extracts were injected at 10 a.m. on the morning of pro-oestrus and 
blood samples were removed 60 minutes and four hours later. Only 
the hypothalamic extract significantly reduced serum prolactin levels. 

(After Amenomori and Meites 1970.) 

1961 ; Talwalker, Ratner and Meites 1963). Chemical characterization 
ofPIF has not yet been reported, although it appears to be a small molecule. 
It has been separated from luteinizing hormone releasing factor (LRF) 
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(Schally et al. 1964), and apparently is produced in the medial basal hypo- 
thalamus (Meites 1966). 

Many agents that stimulate the release of prolactin apparently act by 
reducing the hypothalamic synthesis and release of PIF, whereas agents that 
inhibit prolactin release have the opposite effect on hypothalamic activity. 
Agents that decrease hypothalamic PIF content and increase the release of 
prolactin include the suckling stimulus ; the administration of reserpine, 
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Pent Time of proestrous day 
FIG. 4. Effects of a single intraperitoneal injection of sodium penta- 
barbitone (3 I * 5 mg/kg) given at I p.m. on the day of pro-oestrus on 
Serum prolactin concentrations. Note the initial rise in serum prolactin 
for 30 minutes and subsequent return to pre-injection levels. Blood 
samples were collected by heart puncture under light ether anaesthesia, 
and serum prolactin concentrations were the same as when blood was 
obtained by guillotining the rats. (Afier Wuttke and Meites 1970.) 

perphenazine, oestrogen, testosterone, progesterone, cortisol or Enovid; 
and several stresses and non-specific agents (see Meites and Nicoll 1966). 
Repeated injections of adrenaline and acetylcholine also reduce hypo- 
thalamic PIF content (Mittler and Meites 1967), but these effects may be 
non-specific in nature. A single injection of sodium pentobarbitone 
increased prolactin concentrations in serum in rats during the first 3 0  
minutes after injection by reducing hypothalamic PIF activity, and 
subsequently depressed prolactin release by directly inhibiting the pituitary 
(Fig. 4) (Wuttke and Meites 1970). 
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Agents that elicit significant increases in hypothalamic PIF activity, 
and decrease serum prolactin, include prolactin itself (Chen, Minaguchi and 
Meites 1967; Clemens and Meites 1968)~ ergot drugs (Wuttke, Cassell and 
Meites 1971)~ Ldopa and several monoamine oxidase inhibitors (Lu and 
Meites 1971). A single injection of dopamine into the third ventricle of 
male rats was also shown to increase PIF activity in the hypothalamo- 
pituitary portal blood (Kamberi, Mica1 and Porter 1970). 

HYPOTHALAMIC STIMULATION 

The possibility that the hypothalamus may promote the release of 
prolactin under some conditions was suggested by reports that oxytocin 
can induce prolactin release (Benson and Folley 1956). Since oxytocin 
is produced in hypothalamic nuclei and the nerve tracts carrying oxytocin 
to the posterior pituitary traverse the median eminence, it appeared 
reasonable to assume that some oxytocin may be released into the portal 
circulation and evoke prolactin release. The work of Benson and Folley 
(1956) was based on the demonstrated ability of injected oxytocin to retard 
involution of the mammary glands ofpostpartum mother rats after removal 
of their litters, a property also shared by prolactin. No actual blood or 
pituitary prolactin values were reported. Subsequent studies by other 
investigators failed to show that oxytocin increased proIactin reIease 
(Meites, Nicoll and Talwalker 1963 ; Pasteels 1968). More recently F. C. 
Greenwood reported (at the Prolactin Workshop, National Institutes of 
Health, Bethesda, January I 1-12, 1971) that oxytocin injections did not 
raise blood prolactin levels in sheep. Also, the effects of oxytocin on the 
mammary glands of postpartum unsuckled rats were found not to duplicate 
the effects of prolactin, although both hormones retarded mammary 
involution. It appears therefore that oxytocin is not a releaser ofprolactin. 

The first attempt to demonstrate prolactin-releasing activity in hypo- 
thalamic extracts was reported by our laboratory (Meites, Talwalker and 
Nicoll 1960). Injections of neutralized acid extracts of rat hypothalamus 
into oestrogen-primed rats initiated mammary secretion. However, 
initiation of lactation in rats cannot be considered an exclusive property 
of prolactin alone, since adrenal cortical hormones are also essential. Also, 
many non-specific or stressful agents can initiate mammary secretion in 
oestrogen-primed rats (Meites, Nicoll and Talwalker 1963). Several years 
later Mishkinsky, Khazen and Sulman (1968) confirmed our results and 
concluded that this suggested the presence of prolactin-releasing activity 
in hypothalamic extracts. However, it still remains to be proved that rat 
hypothalamic extracts contain a prolactin-releasing factor. 
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In vitro studies by Nicoll and co-workers (1970) suggested that crude rat 
hypothalamic extracts contained both prolactin-inhibiting and prolactin- 
releasing activities. Incubation of rat pituitary with hypothalamic extract 
inhibited prolactin release for the first four hours, but stimulated prolactin 
release for the following four to eight hours. Under somewhat different 
in vitro conditions, our laboratory (Meites 1970) failed to duplicate the 
results of Nicoll and co-workers (1970) and we observed only inhibition of 
prolactin release during an eight-hour period of incubation. 

Experiments with drugs have also suggested the possibility of the 
presence of prolactin-releasing activity in the hypothalamus. Schneider 
and Midgley (1970) reported that an injection of L-threodihydroxyphenyl- 
serine (DOPS) resulted in an increase in blood prolactin in rats. They also 
found that injections of blood from the DOPS-treated rats into untreated 
recipient rats increased serum prolactin concentrations. However, the 
possibility was not excluded that some of the drug remained in the blood 
injected into the recipient rats, or that they were merely eliminating PIF 
activity in the blood. In our laboratory, Lu (unpublished data) recently 
found that a single intraperitoneal injection of chlorpromazine into hypo- 
physectomized rats with a single pituitary transplant under the kidtley 
capsule increased serum prolactin although the increase was less than after 
an injection of chlorpromazine into intact rats with no pituitary transplant. 
Incubation of untreated pituitary tissue with blood from the chlorpro- 
mazine-treated rats resulted in increased prolactin release. However, it 
appears that this increase was due to removal of PIF activity, since the 
systemic blood of hypophysectomized rats was previously shown to contain 
PIF activity (Meites, Nicoll and Talwalker 1963 ; Sud, Clemens and Meites 
1970). Unequivocal evidence that the mammalian hypothalamus contains 
prolactin-releasing activity requires the demonstration that extracts of 
hypothalamic tissue can induce release of prolactin both in vivo and in vitro. 
A point of interest is the recent report by Tashjian, Barowsky and Jensen 
(1971) that synthetic thyrotropin-releasing factor can induce increased 
release of prolactin in vitro by pituitary cells obtained from rats with 
pituitary tumours. This raises the interesting possibility that factors other 
than PIF in the hypothalamus may help to regulate prolactin secretion. 

In contrast to mammals, there is general agreement that the avian 
hypothalamus contains prolactin-releasing rather than prolactin-inhibiting 
activity (see Meites and Nicoll1966). This has been demonstrated in hypo- 
thalamic extracts from the pigeon, tricoloured blackbird, Japanese quail, 
chicken and duck (Meites and Nicoll1966) and most recently in the turkey 
(Chen el al. 1968). An explanation for the apparent difference in hypo- 
thalamic regulation of prolactin secretion in mammals and birds is not at  
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hand. Agents such as oestrogciis, aiidrogens or reserpine stiiiiulate pro- 
lactin release when injected into mammals but have no effect on prolactin 
release in pigeons (unpublished observations). 

THE ROLE OF CATECHOLAMINES 

Catecholamines are present in relatively higher concentrations in the 
hypothalamus than in the rest of the brain (Vogt 1954), and there is con- 
siderable evidence that they are involved in the release of several anterior 
pituitary hormones (Coppola 1968; Fuxe and Hokfelt 1969; Wurtman 
1970). An adrenergic tonus is believed to stimulate LH and FSH release, 
but to inhibit prolactin release. Early experiments indicated that adminis- 
tration of adrenergic drugs induced LH release and ovulation, whereas 
anti-adrenergic drugs blocked these actions (Sawyer 1969). The injection 
of adrenaline and noradrenaline into rats and rabbits with developed 
mammary glands induced lactation, but anti-adrenergic drugs and non- 
specific agents also initiated lactation (see Meites, Nicoll and Talwalker 
1963). Blood prolactin concentrations could not be measured during 
these earlier years because of the unavailability of radioimmunoassays. 
Since lactation is not a specific reaction to prolactin alone but also requires 
the action of adrenal cortical hormones, these earlier observations on the 
effects of administered catecholamines are of uncertain significance. 

Recent work indicates that drugs that decrease hypothalamic cate- 
cholamines produce an increase in serum prolactin, whereas drugs that 
increase hypothalamic catecholamines elicit a reduction in serum prolactin 
(Lu et al. 1970; Lu and Meites 1971). A single intraperitoneal injection into 
female rats of drugs that reduce brain catecholamine levels, including 
reserpine, chlorpromazine, a-methyl-p-tyrosine, a-methyl-m-tyrosine, 
methyldopa or =amphetamine, produced many-fold increases in serum 
prolactin concentration by 3 0  minutes to four hours after injection (Fig. 5).  
Reserpine depletes the brain of catecholamines and prevents their re-uptake 
by nerve endings, chlorpromazine interferes with the action of cate- 
cholamines at receptor sites, the tyrosine analogues inhibit the conversion 
of tyrosine to L-dopa, and methyldopa inhibits the transformation of dopa 
into dopamine (Koelle 1970; Innes and Nickerson 1970). Amphetamine 
may interfere with receptor-site actions of catecholamines. 

A single intraperitoneal injection of drugs that increase hypothalamic 
catecholamines, including L-dopa, pargyline, iproniazid or Lilly compound 
I 5641, significantly decreased serum prolactin concentrations by 3 0  
minutes to two hours later (Fig. 6). L-Dopa is the immediate precursor of 
dopamine and the other three drugs inhibit the action of monoamine 
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oxidases, thereby depressing the metabolism of catecholamines and causing 
them to accumulate in the brain (Koelle 1970; Innes and Nickerson 1970). 
Each of these drugs increased hypothalamic PIF content (Lu and Meites, 
unpublished observations). 
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FIG. 5 .  Effects of single intraperitoneal injections of drugs that decrease 
hypothalamic catecholamines on serum prolactin concentrations. 
All injections were made at 10 a.m. on the morning of pro-oestrus and 
blood samples were collected for assay thereafter at the indicated time 
intervals. All drugs increased serum prolactin significantly. When 
the rats were killed at the end of blood collections, pituitary prolactin 
concentrations were sigdicantly reduced except in the rats given 
a-methyl-m-tyrosine, reflecting the pronounced release of prolactin 
from the pituitary by the drugs. (After Lu et al. 1970; Lu and Meites 

1971.) 

The catecholamines apparently act as neurotransmitters to effect the 
release of hypothalamic hypophysiotropic hormones (Coppola 1968 ; 
Fuxe and Hokfelt 19%; Kamberi, Mical and Porter 1970; Kamberi, 
Schneider and McCann 1970). The latter two groups of workers provided 
evidence that dopamine increases the release by the hypothalamus of LRF 
amd FSH-releasing factor (FSH-RF). Kamberi, Mical and Porter (1970) 
also reported that a single injection of dopamine into the third ventricle of 
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rats resulted in increased PIF activity in the portal blood and decreased 
prolactin in the systemic blood. Reserpine depresses hypothalamic cate- 
cholamine levels, decreases hypothalamic PIF content and increases blood 
prolactin concentration (Ratner, Talwalker and Meites 1965). The concept 
that hypothalamic catecholamines act to reduce the release of prolactin 

150 

% 
50 

(r 

PITUITARY 

loo------  ______.__ -I------- - - - - - - - - -  - - - - - - - - - - - I -  

Conhol Level' 

by increasing the release of PIF therefore appears to be correct. Whether 
dopamine is the principal catecholamine involved in this process, as 
indicated by Kamberi, Mical and Porter (1970) and Kamberi, Schneider 
and McCann (1g70), or whether all catecholamines act similarly, remains 
to be determined. 

Some doses of catecholamines were reported to inhibit directly the 
release of prolactin by rat pituitary tissue in vitro (MacLeod 1969; Birge 
et al. 1970). However, smaller doses of catecholamines were subsequently 
shown to increase prolactin release by the rat pituitary in vitro (Koch, Lu 
and Meites 1970). Catecholamines could not be detected in portal blood 
(Wurtman 1970), and failed to alter prolactin release in vivo when infused 
into portal vessels (Kamberi, Mical and Porter 1970). It appears doubtful, 
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therefore, that the direct effects of catecholamines on the release of pituitary 
prolactin observed in vitro are of physiological significance. 

INHIBITION OF PROLACTIN SECRETION BY PROLACTIN 

Recently several anterior pituitary hormones were demonstrated to 
inhibit their own secretion and this has been referred to as a ‘short feedback 
loop’ (Motta, Fraschini and Martini 1969). That prolactin may inhibit its 
own secretion by the pituitary was first hypothesized by our laboratory 
(Sgouris and Meites 1g53), and recent work appears to confirm this 
hypothesis. Thus transplantation into intact rats of prolactin-secreting 
pituitary tumours or normal pituitary tissue, injections of prolactin, or 
implantation of minute amounts of prolactin into the median eminence, 
all decreased the amounts of prolactin in the pituitary in situ (see Meites 
1970). Implants of prolactin into the median eminence of rats also lowered 
serum prolactin values (Voogt and Meites 1971). In addition, such implants 
induce rapid regression of the corpora lutea, terminate early pregnancy 
and pseudopregnancy, elicit atrophy of the mammary glands and depress 
milk secretion. 

Other hormones such as FSH, LH, ACTH or growth hormone each 
appear to inhibit selectively only their own secretion by the anterior 
pituitary, and have no effect on the secretion of other pituitary hormones 
(Motta, Fraschini and Martini 1969). However, prolactin implants into 
the median eminence produced an increase in the release of LH and FSH 
(Voogt, Clemens and Meites 1969; Voogt and Meites 1971). This resulted 
in the resumption of cycling in early pregnancy, in pseudopregnant or in 
postpartum lactating rats. In prepubertal female rats, injections of prolactin 
or implantation of minute amounts of prolactin into the median eminence 
at  21 days of age hastened the time of onset of puberty by about one week, 
from an average of about 38 to 3 1  days after birth (Clemens et a\. 1969; 
Voogt, Clemens and Meites 1969). 

The mechanisms of these actions by prolactin and their physiological 
significance remain to be determined. It has been shown that the hypo- 
thalamic content of PIF is increased in rats carrying pituitary tumour 
transplants or implants of prolactin in the median eminence (see Meites 
1970). This suggests that the inhibiting action of prolactin on prolactin 
secretion is exerted via the hypothalamus, although a possible direct action 
of prolactin on the pituitary cannot be completely ruled out. Fuxe and 
Hokfelt (1969) presented evidence that prolactin injections markedly 
activate the tubero-infundibular dopaminergic neurons in rats. This 
activation of dopamine in the hypothalamus could explain why PIF is 
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increased and prolactin release is decreased after implantation of prolactin 
in the median eminence. This would also explain why LH and FSH 
release are increased by the implant, since dopamine has been reported 
to increase the release into the portal vessels of LRF and FSH-RF (Kamberi, 
Mica1 and Porter 1970). Evidence has already been presented that adminis- 
tration of L-dopa results in a decrease in serum prolactin. More recently, 
we have shown that L-dopa increases PIF activity in the hypothalamus 
(Lu and Meites, unpublished). 

Whether prolactin really has a role in inhibiting its own secretion, or in 
stimulating the release of LH and FSH in normal physiological states, 
remains to be demonstrated. It has been reported that an implant of pro- 
lactin in the median eminence can inhibit the stimulatory action of small 
doses of oestrogen (Welsch et al. 1968) or of the suckling stimulus (Clemens 
and Meites 1968) on prolactin release. These and other observations suggest 
that prolactin probably does have a role in regulating its own secretion 
and perhaps that of FSH and LH as well. 

DIRECT ACTION OF SOME HORMONES AND DRUGS ON PITUITARY 

PROLACTIN RELEASE 

Although the hypothalamus appears to be the principal regulator of 
prolactin secretion, there is evidence that some agents can act directly on the 
pituitary to influence prolactin release. Oestrogen can stimulate the release 
ofprolactin by the pituitary in vitro (Nicoll and Meites 1962b). This steroid 
therefore acts both via the hypothalamus, by decreasing PIF activity, and 
directly on the pituitary to promote prolactin release. Thyroxine and tri- 
iodothyronine also can increase prolactin release by the pituitary in vitro 
(Nicoll and Meites 1963). The injection of thyroxine into rats does not 
change the hypothalamic PIF content (Chen and Meites 1970), suggesting 
that thyroid hormones promote the release of prolactin only by direct 
stimulation of the pituitary. 

Ergocornine increases hypothalamic PIF activity (Wuttke, Cassell and 
Meites 1971)~ but also can act directly on the pituitary to inhibit prolactin 
release (Lu and Meites 1971). Incubation of rat pituitary with ergocornine 
resulted in a significantly reduced release of prolactin but in increased 
accumulation of prolactin in the pituitary. Incubation of the pituitary 
with oestradiol increased prolactin release, but this effect was inhibited by 
ergocornine (Fig. 7). Injection ofergocornine into rats in vivo also inhibited 
the stimulatory action of oestrogen on prolactin release and prevented 
enlargement of the pituitary (Lu, Koch and Meites 1971). 

In addition to the above, sodium pentobarbitone was shown to directly 
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inhibit pituitary prolactin release in vitro (Wuttke, Gelato and Meites 1g71), 
and it is probable that this is the principal mechanism by which this drug 
inhibits the release of prolactin. Vasopressin, oxytocin and bradykinin 
had no effect on prolactin release in vitro (Meites, Nicoll and Talwalker 
1963). The possible direct effects of other drugs on prolactin release remain 
to be tested. 

cor 

n Medium 
Pituitary 

FIG. 7. Effects of incubating individual anterior pituitary halves 
from mature male rats in 2 ml of Medium 199 with ergocomine (ERG) 
or oestradiol (EST) or both for 12 hours. Prolactin was measured by 
radioimmunoassay. Note that both doses of ergocomine markedly 
inhibited prolactin release into the medium and increased prolactin 
concentration in the pituitary. All three doses of oestrogen signifi- 
cantly increased prolactin release with little effect on pituitary 
concentration. Ergocomine completely suppressed the stimulatory 
action of oestrogen on prolactin release. (After Lu, Koch and Meites 

1971.1 

SUMMARY 

The mammalian hypothalamus exerts an inhibitory influence on the 
synthesis and release of prolactin under most conditions. Hypothalamic 
extracts from many species depress prolactin release and are believed to 
contain a prolactin-inhibiting factor (PIF). Removal of hypothalamic 
connexions to the pituitary results in enhanced prolactin release. Stimuli 
that promote prolactin release decrease hypothalamic PIF activity, whereas 
agents that inhibit prolactin release increase hypothalamic PIF activity. 
Hypothalamic catecholamines are important in regulating prolactin 
secretion ; an increase in adrenergic tonus is associated with increased PIF 
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activity and reduced prolactin release, whereas a decrease in adrenergic 
tonus results in lower PIF activity and greater prolactin release. A prolactin- 
releasing factor may also be present in the hypothalamus, but this remains to 
be established. Although most stimuli act through the hypothalamus to 
influence prolactin secretion, some hormones and drugs can act directly 
on the pituitary to alter the release of prolactin. 
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DISCUSSION 

Sherwood: What is the state of purity of prolactin-inhibiting factor and 
what other information is available on its chemistry ? 

Meites: We know very little about its chemistry. It appears to be a small 
molecule, like the other hypothalamic factors; it goes through a semi- 
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permeable membrane. It is iiot destroyed by boiling. Beyond that, I can’t 
tell you very much. 

Greenwood: On the question of auto-feedback, when you transplanted 
one to four pituitaries under the kidney capsule of a hypophysectomized 
rat, there seemed to be a dose-response relationship, with increasing prolac- 
tin production, whereas one would expect an auto-feedback effect, if 
prolactin targets the hypothalamus, to cause an increase in PIF in the 
circulation ? 

Meites: We have speculated that the decline in serum prolactin levels 
that occurs in the first two weeks after pituitary transplantation may 
be due precisely to this mechanism, to the prolactin from the trans- 
planted pituitary acting back on the hypothalamus to increase release 
of hypothalamic PIF and to decrease secretion of prolactin. When 
several pituitaries are transplanted, autonomous prolactin production 
by the transplants appears to take precedence over any hypothalamic 
inhibition. 

Greenwood: Would you also extend that interpretation to the oestrogen 
treatment of hypophysectomized rats with transplanted pituitaries, where 
you found an increase in prolactin ? Is the oestrogen supposed to be acting 
on the isolated transplanted pituitary, or is it acting on the hypothalamus ? 

Meites: When Dr Nicoll was with us (Nicoll and Meites 1962) he 
showed that when rat anterior pituitary cultures were incubated with very 
small doses of oestradiol there was a significant increase in prolactin release, 
and we have recently confirmed this in short-term (12-hour) incubations 
(Lu, Koch and Meites 1971). So I don’t think there is any doubt that 
oestrogen can act directly on the pituitary. However, oestrogen has also 
been shown to decrease hypothalamic PIF activity (Ratner and Meites 
1964), and we believe therefore that oestrogen increases prolactin by a dual 
mechanism, by direct stimulation of the pituitary and by decreasing hypo- 
thalamic PIF activity. 

Greenwood: Does oestrogen act on PIF via hypothalamic catechol- 
amines ? 

Meites: The reported effects of oestrogens on catecholamines are contra- 
dictory. Some people have found that they increased catecholamine 
activity, but others have noted a decrease (see Martini and Meites 1971). 
The methods for measuring catecholamines are still far from perfect. 

Pasteels: We also have evidence for a dual action of oestradiol on the 
control of prolactin secretion. Labelled oestradiol is taken up simul- 
taneously by the hypothalamus, by two different areas, as shown by 
Stumpf (1968), and by anterior pituitary cells. We also showed that the 
implantation of oestradiol into the hypothalamus can stimulate prolactin 
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secretion, even when the iniplants are located in the anterior part of the 
hypothalamus, quite remote from the portal vessels (Pasteels and Ectors 
1971). But I would like to ask Dr Meites a question. He knows that I have 
good reason for wanting to believe in the existence of a specific PIF! 
However, I am puzzled by Dr MacLeod’s recent findings, and I would like 
your opinion on your earlier experiments (Ratner, Talwalker and Meites 
1965) on the influence of reserpine on the PIF of hypothalamic extracts, 
where you described it as an effect on PIF content. You showed an in- 
fluence on PIF activity, certainly, but can you speak of PIF content? Was 
this a crude hypothalamic extract, and what is known about its possible 
catecholamine content? In fact, could the effect on PIF be a result of 
catecholamine ? 

Meites: We are only just beginning to try to measure catecholamines in 
the hypothalamus. This is not easy to do, because they are present in nano- 
gramme quantities per gramme of tissue. So we don’t know how much 
catecholamine is present in the hypothalamic extract. Only one laboratory, 
so far as I am aware, has tried to measure catecholamines in the portal 
circulation (Porter, Goldman and Wilber 1970) and they were unable to 
detect catecholamines. Porter also injected catecholamines directly into a 
single portal vessel and observed no effect on prolactin release, which led 
him to conclude that the catecholamines had no direct effect on the pituitary. 
On the other hand, there is no question that when catecholamines are 
incubated in uitro with pituitary tissue in sufficiently large doses, they 
inhibit prolactin release, as Dr MacLeod and also Birge and co-workers 
(1970) have shown and as we have confirmed. But we also reported that 
much smaller doses of catecholamines incubated in uitro can stimulate 
prolactin release. For these reasons I believe that these are pharmacological 
rather than physiological effects. The evidence is much better for an action 
of catecholamines at the level of the hypothalamus, where they increase 
production and release of PIF. Of course we can’t rule out completely a 
direct action of catecholamines on the pituitary. 

Pasteels: For this reason I don’t entirely agree that you are measuring the 
influence of hypothalamic extracts on PIF content; it must be considered 
as an effect on prolactin-inhibitory activity so long as the substance PIF has 
not been extracted and purified. 

Meites: We remove the hypothalamus from rats, extract it with hydro- 
chloric acid, neutralize it and measure its effects in uitro on release of 
prolactin. We are measuring activity in the hypothalamic extract. 

MucLeod: This is then not a measure of the content of PIF. ‘Content’ 
implies an amount of a definite substance. 

Meites: You would like the biochemical evidence that there is a specific 
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PIF molecule. There was the same sort of debate many years ago about 
the anterior pituitary hormones, which were originally called factors or 
substances, and not until they were well differentiated chemically were 
some people prepared to agree that they were separate hormones. The 
same history is taking place with the hypothalamic factors, which I believe 
can properly be considered as hormones. But the ultimate proof will 
unquestionably be the demonstration that these exist as separate structural 
entities, like TRF (TRH). 

Frantz: Dr Meites, your experiments on the transplanted pituitary seem 
to show that this is not a very good way of studying prolactin control, 
because the pituitary continues to be responsive to hypothalamic influences 
even at a distant site, and the feedback mechanism evidently continues 
to operate. But this is very interesting because in this respect, prolactin 
appears to be different from the other pituitary hormones which more or 
less stop being secreted from the transplanted pituitary, evidently because 
the releasing factors don’t get out into the peripheral circulation in high 
enough concentrations to be effective. Might this mean that PIF is secreted 
in relatively larger amounts than the releasing factors for the other 
hormones ? 

Meites: We see this PIF activity only in hypophysectomired rats (with or 
without pituitary transplants) ; the releasing factors are also found only in 
hypophysectomized rats. When we destroy the median eminence of 
hypophysectomized rats (Sud, Clemens and Meites 1970) by extensive 
lesions, we see increased release of prolactin by the transplanted pituitary, 
presumably because PIF is no longer being released into the systemic 
circulation. 

Frantz: Have you evidence that in the hypophysectomized rat with a 
transplanted pituitary the feedback mechanism for gonadotropins con- 
tinues to operate ? 

Meites: Gonadotropins are secreted by the transplanted pituitary in the 
hypophysectomized rat in extremely small amounts. This is probably 
due to the presence of LRF and FSH-RF in the systemic circulation, but 
there is no evidence that the gonadotropins feed back on to the hypo- 
thalamus. If we remove the rat pituitary from its normal site and place it 
in a culture medium, in a few days release of all the hormones ceases, as far 
as we can determine by bioassay, with the exception of prolactin. This is 
believed to be due to lack of hypothalamic influence on the cultured 
pituitary. 

Fruntx: But Dr Greenwood’s studies (pp. 207-217) showed continued 
secretion of the other hormones (FSH, LH, TSH, ACTH-MSH and GH) 
by human foetal pituitaries. 

LAcTo.--I1 
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Greenwood: Our rcsults simply confirm Dr Pasteels’ cxtensivc observa- 
tions (cf. Pasteels 1969). 

Pusteels: It depends on the culture method. Petrovic (1963) showed that 
the electron microscopic appearance of a guinea pig pituitary cultured 
away from the hypothalamus was unchanged with regard to the various 
categories of pituitary cells; probably they were less active, but from this 
there appears to be some autonomous activity of the pituitary cells, sub- 
jected to further control by hypothalamic factors. 

Friesen: In partial reply to Dr Frantz’s comment about the detection of 
releasing factors in the systemic circulation, Dr Reichlin’s group has 
reported that LRF is present around the period of ovulation in the systemic 
circulation in women (Malacara, Seyler and Reichlin 1971). 

Denumur: We found differences in prolactin secretion between the sheep 
and the rat. For example, milking or suckling provoke, in the sheep as in 
the rat, significant increases in blood prolactin from a basal level of‘ 20 

n g / d  to several hundred n g / d  already three to five minutes after suckling 
has begun. But unlike the rat, the pituitary prolactin content does not 
change and even increases in the sheep. So in the ewe a few minutes after 
suckling has started there is an increase in the release and synthesis of 
prolactin (Kann, Sotliaroff and Denamur 1971). 

Cowie:  Dr Meites, have you studied pituitary transplants under the kidney 
capsule in other species and also catecholamines in other species ? 

Meites: Our studies have been confined mainly to the rat, although we 
did some studies in rabbits with tranquillizers. 

MucLeod: We have done some studies in the mouse and obtained very 
similar results to those reported by Dr Meites. 

Cowie:  I ask in connexion with pituitary transplants because we have 
tried implanting pieces of goat pituitary under the kidney capsule of the 
goat, and the tissue is simply absorbed, even pieces of the animal’s own 
pituitary. Also, my colleagues Shani, Knaggs and Tindal(1971) have been 
doing some preliminary studies on the effects of catecholamines on lactation 
in rabbits and their results do not quite fit in with your story in the rat in 
that lactation was not greatly depressed, so I wonder if species differences 
are involved. 

Meites: On the other hand, I was very interested to learn from Dr 
Friesen (p. 107) that L-dopa decreases serum prolactin levels in human 
subjects, just as we’ve shown in the rat. Apparently L-dopa increases brain 
catecholamine levels and increases PIF activity in both species. 

L i :  It is very difficult to do a complete hypophysectomy in the rat. In 
our experience, a small amount of gonadotropic hormone activity con- 
tinues after 60-100 days, because of small remnants of pituitary tissue. 
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That is why you still find a slight amount of gonadotropic activity. 
Dr I. I. Geschwind (unpublished work, 1958) in our laboratory trans- 
planted an animal’s pituitary under the kidney capsule, and he found no 
evidence of any gonadotropic hormones. However, growth hormone 
activity continued; the rate of growth matched very well with the normal 
animal. Presumably growth hormone releasing factor was not operating 
in this transplant, so apparently growth hormone can be released without 
the hypothalamus. This was also shown by Hertz (1959). 

Meites: We have also reported on this (Meites and Kragt 1964). 
Li: Do you agree that growth hormone release in a rat has dual control, 

by itself and by the hypothalamus ? 
Meites: Yes, to some extent. The hormone that is secreted in largest 

amounts next to prolactin by the isolated pituitary appears to be growth 
hormone, and we reported that a single pituitary transplant in a young 
hypophysectomized rat elicits about 45 per cent of normal growth (Meites 
and Kragt 1964). So apparently growth hormone continues to be pro- 
duced by the transplanted pituitary. On the other hand, when we incu- 
bated rat pituitary gland in uitro we could not detect growth hormone by 
the rat tibia test after the first three or four days of culture, suggesting that 
in uiuo there is still some growth hormone releasing factor acting on the 
transplanted pituitary whereas it isn’t present in the culture system. 
After eight days of culture, when no growth hormone detectable by the 
tibia test is being released, if we add a crude hypothalamic extract, large 
amounts of growth hormone are again released and apparently are being 
synthesized (Deuben and Meites 1965). 

Li: Releasing factors are evidently still operating in the hypophysecto- 
mized animal and in transplanted pituitary tissue. Why then are the re- 
leasing factors for the gonadotropic hormones less effective ? 

Meites: I’m not sure I know. They have been detected in hypophysecto- 
mized rats, and there are indications that they may be more effective on the 
gonads in male than in female rats. 

Nicoll: I should like to say something on behalf of a prolactin-releasing 
factor (PRF). In addition to the data we have published already, suggesting 
the existence of a PRF in rat hypothalami, evidence was reported at the 
Workshop on Prolactin (National Institutes of Health, January 1971) by 
several groups including R. Midgley’s, and by W. Wuttke and his co- 
workers, for a PRF in rats. The most significant report was that of Valverde 
and colleagues (see Valverde and Chieffo 1971) from Dr S. Reichlin’s 
laboratory. They have isolated a fraction from pig hypothalami which has 
prolactin-releasing activity in vivo. 

Dr Meites mentioned the effects of several drugs which reduce brain 
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catecholamines and cause pronounced increases in serum levels of prolactin 
and decreases in pituitary content. However, one drug, a-methyl-m- 
tyrosine, caused an increase in serum levels and an increase in pituitary levels. 
I wonder how that can be explained on the basis of one fictor ? 

Meites: This drug may be more effective in removing PIF activity. If 
the pituitary can synthesize and release prolactin autonomously I think that 
this in itself may be sufficient explanation. 

Nicoll: I don’t ! If you are eliminating PIF effects and getting release, 
all the drugs should have worked about the same way, if the result was 
entirely due to a change in PIF. 

MacLeod: There is an explanation for that. When you release the pit- 
uitary from the inhibitory influence of the hypothalamus, you have a 
simultaneous release of the preformed prolactin and increase in the rate of 
previously suppressed prolactin synthesis. Although I was surprised to see 
an increase in the prolactin content after only four hours, it could be due 
to an increase in synthesis of prolactin. 

Nicoll: I don’t agree. If you remove hypothalamic influence from the rat 
adenohypophysis by making hypothalamic lesions, transplanting the pitui- 
tary or placing the gland in vitro, the gland content falls and remains low. 
In all these circumstances, prolactin turnover is high. The gland appears 
to require the hypothalamic influence to maintain a high content of pro- 
lactin. Accordingly, removal of PIF control from the gland should not 
cause a simultaneous increase in prolactin concentration in the tissue and 
in the serum. 

We have data on the intrapituitary turnover of rat prolactin in viuo 
which are difficult to explain on the basis of one regulating factor, either 
stimulatory or inhibitory. These studies were done in my laboratory by 
Dr K. C. Swearingen. A report on some of them has already appeared 
(Nicoll and Swearingen 1970) and the remainder of the work is in press 
(Swearingen and Nicoll 1971). 

For these studies, rats were given an intravenous injection of 3H-labelled 
leucine. Their adenohypophyses were removed at different times after 
the leucine injection and the prolactin and growth hormone were separated 
by disc electrophoresis. The amounts of both hormones in the gel columns 
were estimated by densitometry and the radioactivity in both bands was 
measured by liquid scintillation techniques. 

The decline in specific activity of the labelled prolactin, in general, 
followed a double exponential function. At this juncture, we believe that 
the slow component of this decline is more closely related to the secretory 
activity of the gland than is the initial fast component. The data on the 
prolactin concentration in the glands of several experimental groups, and 
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on the rate constants of the decline in specific activity of prolactin in these 
groups, are shown in Table I. 

TABU I (Nicoll) 
PROLACTIN CONCENTRATIONS AND RATE CONSTANTS OF ITS TURNOVER IN RAT ADBNOKYPOPHYSES 

IN V l V O  

Erpnmental group 
Prolactin concenfration Rate constant 

pg/mg wet wekht k 
Untreatedmales 2 '0  

Reserpine-treated females 8.2  
Oatrogen and reserphu-treatai females 6.2 
Renal capsule han~plan~ of female adeno- 

Ocstrogen-treated females 5'0 

hypophyses in intact females 2 '4  

0'01 
0.05 
0.03 
0'1 

0'1 

The results show that the male glands have a small pool of prolactin 
which is turning over very slowly. The transplanted glands also have a 
small pool but it is turning over about ten times faster than the prolactin 
of the male rat. The adenohypophyses of the oestrogen- or reserpine- 
treated animals have large pools of prolactin which are turning over faster 
than those of the male glands but not as fast as in the transplants. If either 
treatment had simply removed PIF control from the adenohypophyses, 
the turnover rate should have been the same as in the transplanted glands 
and the size of the pools should have been small. A high turnover rate in the 
glands in situ equivalent to that observed in the transplants was obtained 
only with animals treated with oestrogen plus reserpine. This was accom- 
panied by a relatively large pool of prolactin. 

These results are more amenable to interpretation by a prolactin- 
stimulating factor and a prolactin-inhibiting factor than by a single regu- 
latory factor. If the prolactin-stimulating factor regulates the pool size 
of prolactin and the inhibitory factor controls its turnover rate (by con- 
trolling release), the results can be readily explained. The oestrogen 
presumably increased the pool size of prolactin by a direct effect on the 
adenohypophysis but it failed to raise the turnover rate to a level equiva- 
lent to that of a gland removed from control by the inhibitory factor (i.e. 
the transplanted adenohypophyses). Treatment with reserpine increased 
the content of prolactin in the gland while increasing the turnover rate 
only slightly. This may reflect an increase in secretion of a prolactin- 
stimulating factor with little change in the effect of the inhibitory factor on 
the adenohypophysis. 

Meites: These are very interesting data, but the final proof for the exis- 
tence of a PRF has to come ffom studies on the hypothalamus itself. It 
would be necessary to show that after you give reserpine, PRF activity is 
produced in hypothalamic extracts. We have given reserpine, chlor- 
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promazine and several other tranquillizing drugs to rats. We can eliminate 
PIF activity in hypothalamic extracts but so far haven’t been able to 
demonstrate PRF activity in the extracts. If you postulate the existence of a 
PRF in the hypothalamus, you have to show that it is present in the hypo- 
thalamus. 

Reichlin and his collaborators reported at the Prolactin Workshop 
(National Institutes of Health, January 1971) that porcine hypothalamic 
extract increased prolactin release in vivo in rats, as you said. But others, 
including Dr Schally and his co-workers (1967), have found that porcine 
hypothalamic extracts show PIF activity in vitro. We tested porcine 
hypothalamic extract in an in vitro study and found only PIF activity 
(unpublished results). 

What is the evidence that the hypothalamus is necessary for stimulation 
of prolactin release? In the pig has anyone sectioned the pituitary stalk 
or transplanted the pituitary or made median eminence lesions, to show 
that the pituitary requires hypothalamic stimulation, unllke every other 
mammalian species that has been studied ? 

Greenwood: I think it may be a poor refuge to think in terms of species 
specificity for the releasing hormones. What about toxicity ? 

Nicoll: The earlier work showing only inhibition was done with crude 
hypothalamic extracts, but Valverde and his associates are using fiactions 
purified by Sephadex chromatography. 

Greenwood: Dr Meites, in your median eminence lesions when you get 
a rapid five or ten minute rise in prolactin, couldn’t this be a stress stimulus 
per se to the hypothalamus ? 

Meites: Perhaps, but how then do you account for the observation that 
serum prolactin remains elevated for six months thereafter ? 

Greenwood: I agree that stress cannot explain the long-term effects. 
Nicoll: Dr W. Wuttke also reported evidence for PRF activity in rat 

hypothalami at the Prolactin Workshop. 
Meites: Dr Wuttke is interested in the question of PRF but I don’t think 

he would claim that its existence in mammals is proved. We are looking 
for this, of course ! 

Denamur: Do catecholamines have the same inhibitory action on pro- 
lactin secretion in birds ? 

Meites: We haven’t tried catecholamines in birds. We found that 
reserpine has no effect on the release of prolactin in pigeons (Kragt and 
Meites 1965). 

Greenwood: I am confused about the catecholamine story. Presumably 
blood catecholamines are not playing a role because they don’t cross the 
blood-brain barrier. What is the evidence that adrenaline is present and 



DISCUSSION 347 

synthesized in the hypothalamus? According to Dr Nicoll and Dr 
MacLeod there is no evidence that it is present or synthesized in the 
hypothalamus, so it can only be noradrenaline; is that right? 

Meites: There is some adrenaline in the hypothalamus, but more nor- 
adrenaline is found. The hypothalamus contains very little dopamine, 
but dopaminergic nerve endings are present in the median eminence. 

Greenwood: I was under the impression that the brain does not synthesize 
adrenaline. 

Sherwood: &Dopa is converted to dopamine and eventually to catechol- 
amines. 

Mahod: We find about 2.5 times as much noradrenaline as dopamine 
in the hypothalamus, but no demonstrable adrenaline. 
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PLASMA PROLACTIN ACTIVITY IN PATIENTS WITH 
GALACTORRHOEA AFTER TREATMENT WITH 

PSYCHOTROPIC DRUGS 
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IT is well documented that galactorrhoea can appear as a side-effect in 
patients treated with psychotropic drugs (Hooper, Welch and Shackelford 
1961 ; Kirchgraber 1963 ; Taubert, Haskins and Moszkowski 1966; Rees 
1967; Laos 1971). However, no systematic study has yet been made 
covering a large number of drugs on the one hand and investigating the 
nature of the secretion produced on the other. This paper describes pre- 
liminary data of this type obtained in the course of longitudinal studies on 
the effects of psychotropic drug administration generally on the endocrine 
status of male and female subjects. 

Two hundred female patients were treated by the neuroleptic agents 
(major tranquillizers) chlorpromazine (Largactil), levopromazine (Nozi- 
nan), promazine (Sparine), thioridazine (Melleril), trifluoperazine (Stela- 
zine), perphenazine (Trilafon), fluphenazine (Sevinol), tluopropazate 
(Dartalan), chlorprothixene (Truxal) and haloperidol (Aloperidin), and 
by the thymoleptic agents amitriptyline (Tryptizol) and imipramine 
(Tohanil), or by a combination of two of these. The number of patients 
treated with each drug and the daily dosage administered are shown in 
Table I. 

It can be seen that out ofa total of 200 cases under treatment galactorrhoea 
appeared in 101, or just over 50 per cent. No cases of galactorrhoea 
appeared after the administration of promazine or amitriptyline alone. 
Imipramine was not given alone. The combination of trifluoperazine and 
thioridazine appeared to be most active in this connexion, galactorrhoea 
being obtained in twenty out of the twenty-four cases treated, or over 80 
per cent. It should be stressed that copious galactorrhoea did not occur in 
all cases, but that mammary secretion appeared when the gland was 
‘milked’ by the investigating doctor. The amount secreted ranged gener- 
ally from 0 . 5  to 6.0 ml. Most of the patients were on long-term treatment 
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TABU I 

THE BFFBCTS OF ADMINISTBRING PSYCHOTROPIC DRUGS TO FBMALB SUBJECTS 

Daily dose Number ofcases Cases presenting 
Dug administered mg treated galactonhoea 

Chorpromazine 100-250 22 8 
Levopromazine 75-100 I3 3 
Promazine Ioo-ISO 4 0 
Thioridazine 100-250 28 I2 
Tduoperazine 8-18 12 8 
Pcrphcnazine I 6-24 6 4 
Huphenazinc 2-4 8 4 
Thiopropazate 30-so 8 4 

Haloperidol 4-14 I7 5 
Amitriptyline 75-100 3 0 
Trifluo &e+ thioridazinc (3-6) + (7s-100) 24 20 

Haloperidol+chlorprothixene (3-6)+(100-200) I0 7 
Thioridazine+imipramine (75-12s) +(75-100) 14 9 

Chlorprothkene 200-400 16 6 

ThionLe+halopcridol (75-12s) +(34 IS I1 

Totals 200 I01 

and in some of them the resulting galactorrhoea had been going on for over 
18 months. 

Generally speaking, larger daily dosages of the drugs were more apt to 
produce galactorrhoea than small ones; nevertheless in a few cases, espec- 
ially when chlorprothixene or thioridazine was administered, even a 
minimal dose caused substantial secretion. 

Fig. I shows the distribution of the patients with and without galactor- 
rhoea according to age. The greatest incidence occurs in the 35 to 40 age 
group. It should be stressed that Fig, I is a cumulative representation 
which includes all types of treatment and that detailed investigation of the 
data obtained with each drug separately may show a somewhat different 
age-distribution pattern. Nevertheless, there appears to be little doubt 
that galactorrhoea in women during treatment with psychotropic 
drugs is a phenomenon occurring mainly in the reproductive period, that 
is, between 20 and 45 years. A further interesting finding was that (Fig. 2) 
when all the subjects of reproductive age (137 individuals) were taken 
together, galactorrhoea appeared about twice as often (76 per cent) in 
women who had never lactated before as in those who had lactated pre- 
viously, after a pregnancy (40 per cent). A number of other correlations 
investigated, such as the influence of the presence of ovulatory cycle 
disturbances on the appearance of galactorrhoea, will be discussed in a 
further publication. 

In the same study 60 male patients were also treated with these drugs. 
Galactorrhoea appeared in six cases, or 10 per cent of the total. The 
treatment given to these six subjects is shown in Table 11. As far as we are 
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FIG. I. Percentage distribution according to age group of cases of gdactor- 
rhoea among 200 women treated with psychotropic drugs. 
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FIG. 2. Correlation of galactorrhoea following psychotropic drugs and 
previous lactation in women of reproductive age (137 cases). 
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Tmm I1 

TREATMENT OP SIX MALB SUBJBCTS IN WHOM GALACTORRHOBA DBVHLOPBD 

Age 
years 

20 
22 

40 
34 
23 
24 

Drug administered Daily dose 
mg 

Thioridazine 150 
Chlorpromazine I 0 0  

Haloperidol I0 

Chlorpromazine + haloperidol 75+4 

Trifluoperazine 18 

Thioridazine+ trifluoperazine 75-l-11 

aware, this is the first time that galactorrhoea, as opposed to gynaecomastia, 
has been reported in male patients after treatment with psychotropic 
drugs (Robinson 1957; Margolis and Gross 1967). 

An extensive immunoelectrophoretic analysis of the mammary fluid 
secreted by our cases was made and the results were compared with the 
immunoelectrophoretic pattern of normal milk, normal colostrum and 
blood serum. Fig. 3 shows, from top to bottom, a normal milk pattern, a 
normal colostrum pattern, a pattern of galactorrhoeic fluid from a female 
patient and a normal serum pattern. The galactorrhoeic secretion appears 
to take a midway position between the relatively simple milk pattern and 
the complex pattern of blood serum. A typical and apparently specific 
milk protein which has been named a% is also present in the galactorrhoeic 
secretion ; the corresponding immunoprecipitation line is also present in 
the secretion obtained from male patients (Fig. 4, whereas it appears to be 
lacking in normal serum. On the other hand the galactorrhoeic fluid showed 
a greater similarity to blood serum than to milk or colostrum in that its 
transferrin and acid al-glycoprotein contents were relatively high. A 
number of other qualitative and quantitative differences were found and 
will be described in detail in a subsequent paper. 

An initial investigation was made of the endocrinological background of 
galactorrhoea induced by psychotropic drugs. There is little doubt that 
the presence of oestrogens is a basic factor; this is indicated by the observa- 
tion thatgalactorrhoea of this type is more prevalent in women of reproduc- 
tive age (Fig. I). Nevertheless, in view of the fact that in many cases normal 
ovulatory cycles were present throughout, it can be assumed that the role 
of oestrogens and eventually of progesterone is mainly a permissive one. 
For this reason the measurement of the other principal hormonal factor in 
lactation, namely prolactin activity, was attempted in the plasma of some 
of the patients. This phase of the investigation was started relatively 
recently and so only preliminary data have been obtained. 

Prolactin was measured by means of the local pigeon crop assay pro- 
cedure including the so-called ‘corticosteroid shielding’ (Apostolakis 



FIG. 3 .  Iniinurioclcctropli~r(~graiils of (from top to bottom) normal 
milk, nornial colostruni, galactorrhocic fluid and normal scruni, in all 

cascs against an anti-human serum rabbit antiserum. 

FIG. 4. Iniiiiutioelectropherograins of (top thrcc) samples of galactor- 
rhoca fluid from nialc subjects and (bottom) normal human scrum, in all 
cases against an anti-human serum rabbit antiserum. The arrow indicates 

thc aZz globulin inimunoprecipitation line. 
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1968) which to a large extent prevents unspecific reactions. In some 
subjects blood plasma was extracted by the procedure described by Can- 
field and Bates (1965) ; in these cases the results obtained were multiplied by 
a factor of 2.5 because in our experience t h i s  method extracts only about 
40 per cent of the prolactin activity present in plasma. The data obtained 
are shown in Table III. A total of 17 determinations were made in 13 

TABU 111 

Name and Age Treatment Prolactin activity 
PLASMA PROLACIW ACTIVITY IN PAmNTS TRBATBD WITH PSYCHOTROPIC DRUGS 

I 

sex years %Mar 
Ba.(f) 30 Thioridazine (150) 

Thioridazine (I 50) + chlordiazepoxide 
(100) 

Wf) 45 Levopromazine (75) 

Za.(m) 21 Haloperidol (IS) 

Fr.(f) 36 Levopromazine (so) 
De.(f) 48 Haloperidol (10) 

58 Levopromazine (75)+haloperidol (IS) 
42 Thioproperazine (I) 
17 

Haloperidol( I 5 )  + chlordiazepoxide 
(104 

K=g.(f) 
SY.Q 
Mi.(f) Chlorpromazine (zoo) + haloperidol ( 5 )  
Karak.(f) 25 Chlorpromazine (300) 
As.(f) 36 Thioproperazine (20) 
Gi.(f) 41 Haloperidol (10) 

23 Haloperidol (10) 
39 Trifluoperaziue (30) Ch.(f) 

Ta.(f) 

* Treatment started at least one month previously. 

i.u.lioo ml 
3 ' 0  
3 '4  

21.8 
4' 9 
2.4 
5.8  

as -0  

1'9 
6.6 
13.6 
<0.5 
3 1 . 2  
15.6 
<0.5 

37'5 
2.6 
2.7 

patients. In all except two cases, measurable amounts of pro1 ctin activit] 
were found. It should be stressed that generally in non-pregnant and non- 
lactating women prolactin values above 0.5 i.u./ IOO ml are not found with 
the procedures employed by us. It is of especial interest to note that in 
cases Ba. and Za., whereas initially during treatment with thioridazine 
and haloperidol respectively a relatively low level of prolactin activity was 
present, later when chlordiazepoxide was added a substantial increase 
appeared, which was accompanied by an increase in the rate of mammary 
secretion. The significance of this observation is not clear at present. In 
the two cases with no measurable blood prolactin the dosage administered 
was also low; nevertheless galactorrhoea was present in both. No acro- 
megalic changes were observed in any of our patients, male or female. 

CONCLUSIONS AND SUMMARY 

The main conclusions to be drawn from these preliminary data are as 
follows : 
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(I) The administration of psychotropic drugs, especially the major 
tranquillizers (such as phenothiazine derivatives), appears to cause galac- 
torrhoea as a side-effect in an unexpectedly high percentage ofpatients. 
(2) This effect occurs most often in female patients of reproductive age 

who have never previously lactated. 
(3) The immunoelectrophoretic pattern of the fluid secreted in these 

cases has characteristics in common with those of both blood serum and 
milk or colostrum. 

(4) Abnormally high blood prolactin activity was found in most of the 
cases studied. A causal relationship between these high levels and the 
appearance of the galactorrhoea seems probable. 

REFERENCES 

APOSTOLAKIS, M. (1968) Vitum. 6 Horn. 26,197. 
CANFDXD, C. J. and BATES, R. W. (1965) New Engf.], Med. 273,897. 
HOOPBP, J. H., JR, WELCH, V. C. and SMCKELPORD, R. T. (1961)J. Am. Med. Ass. 178,506. 
K I R C H G ~ ,  D. (1963) Schweix. Arch. Neurof. 6 P chiut. 91,412. 

MARGOUS, I. B. and GROSS, C. G. (1967)J. Am. Med. As. IS,~.@. 
RBBS, W. D. (1967) Practitioner 198,835. 
ROBINSON, B. (1957) Med.]. Aurtr. a, 239. 
TAUBBPT, H. D., HASKINS, A. L. andMoszKowsm, E. F. (1966) Southem Med.]. 59, 1301. 

LAZOS, G. (1971) M.D. Thesis, University of Thess a? oniki, Greece. 

DISCUSSION* 

Spellacy : We have been interested in the syndrome of lactation in women 
using oral contraceptives, and in order to put this into proper perspective 
we looked at the incidence of lactation in women using mechanical 
contraception too. Breast secretion was present in 32.7 per cent of 52 
women who were multiparous and more than one year post partum and 
using an intrauterine device (Shevach and Spellacy 1971). This is clearly 
a common condition. Dr Apostolakis described lactation in 50 per cent, 
but one may have to discount 30-35 per cent as the normal occurrence and 
thus consider only the remaining 15-20 per cent as being drug induced. 
This then relates to the 10 per cent incidence he found in his male subjects 
taking similar drugs. The other point here is that when progestins are 
administered alone there is no change in the incidence of lactation al- 
though when an oestrogen plus a progestin is administered, as in the 
combination-type oral contraceptives, there appears to be a decreased 
incidence (19 per cent). There is also a decrease in the amount of secretion. 

* Dr Apostolakis was unable to be present at the meeting. Seep. 357 for his comments on 
this discussion. 
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Now that we have the assays to measure prolactin, we must redefine the 
condition of galactorrhoea or it will be difficult to interpret the data. 

Beck: One very crucial point about Dr Apostolakis’ paper is that the 
incidence of galactorrhoea in the group of women before initiation of 
therapy is unknown. 

Sherwood: Dr Spellacy, would there be any value, in women who have 
difficulty lactating afier pregnancy, in giving tranquillizers for a couple of 
days ? Admittedly the infants won’t be able to nurse during this time since 
the drugs are secreted in the milk. 

Spellucy: The answer to that would presuppose that women who have 
difficulty in nursing are deficient in prolactin, and I don’t know that that is 
established. I would hesitate to go to therapy before I knew the patho- 
physiology. 

Cowie: DrJ. Shani, Dr W. H. Broster and I have given these tranquillizers 
to lactating cows and have observed a marked depression in milk yields ! 

MucLeod: Is that because they stop eating ? 
Cowie: Partly. 
Greenwood: I think it’s also because cows are already hyperprolactinaemic 

animals, selectively bred for that trait. 
Cowie: These tranqdizers also depress milk yields in goats and in 

rabbits (J. Shani and A. T. Cowie, unpublished). 
Greenwood: Dr Frantz, were the values obtained by Dr Apostolakis in 

the pigeon crop assay for patients on tranquillizers comparable to those you 
obtain ? 

Frantz: Dr Apostolakis’ values are all quite a bit higher, about ten times, 
and this parallels other results reported with the pigeon crop sac assay after 
extraction, which tend to be somewhat higher than ours. 

Cotes: Dr Apostolakis’ figures were interesting in that, using a conversion 
factor of 30 i.u. by bioassay per mg of human prolactin, they were in good 
agreement with Dr Greenwood’s immunoassay figures for subjects after 
chlorpromazine. 

Greenwood: I would not like to do those calculations myself, Dr Cotes ! 
Our figures may be gross overestimates. Our standard may be only 
10-15 per cent prolactin and I don’t know the specific bioactivity of human 
prolactin. 

Turkington: We have measured serum prolactin in a series of a hundred 
patients treated with various psychotropic drugs, including many of those 
used by Dr Apostolakis, and in t h i s  group we did not find a single patient 
without elevated prolactin, in the range of 25-500 ng per ml. A low 
percentage of the female patients, about 20 per cent, were aware ofgalactor- 
rhoea. Whereas galactorrhoea may or may not occur, in our experience 
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prolactin is uniformly elevated in patients receiving therapeutic amounts 
of the tranquillizing drugs. The other thing that impressed us was 
the duration of the effect. We have seen a number of patients who had 
been chronically treated and then stopped, who have maintained 
elevated prolactin levels for as long as ten days or two weeks after the 
final dose. 

Fn'esen: We have studied prolactin levels in blood in about 20 patients 
on long-term therapy with tranquillizers and we found roughly the same 
as you did, except that the men generally had normal basal levels but showed 
an increase with their morning dose, whereas most of the patients with 
chronically elevated levels of blood prolactin were women. 

Meites: It has been demonstrated in laboratory animals (rats, mice and 
rabbits) that tranquillizers influence the secretion not only of prolactin but 
of other pituitary hormones as well (Meites 1970). Reserpine and chlor- 
promazine depress FSH and LH secretion; in fact, the evidence is quite 
good that reserpine depresses all the anterior pituitary hormones except 
prolactin. In respect to the long-acting effect of some of these drugs, a 
single injection of reserpine into an oestrogen-primed rabbit initiates 
lactation a week or ten days later and this lactation persists for many 
weeks (Meites 1g57), as it persists in other animals and in man. 

The other point is the interesting observation of Dr Apostolakis that 
lactation occurs more frequently in women of reproductive age than in 
postmenopausal women taking these psychotropic drugs. There is 
support for this in our work, in that when chlorpromazine or reserpine 
or other tranquillizers are given to intact rats, they produce a much more 
pronounced elevation of serum prolactin than when given to ovari- 
ectomized rats. We do get a rise in prolactin in the latter but it's much less 
than in the intact rat or in ovariectomized rats primed with oestrogen 
(Lu and Meites, unpublished). 

MucLeod: Is it known whether patients undergoing this therapy have 
a higher incidence of mammary carcinoma ? 

Greenwood: I have been trying to find that information by asking breast 
cancer physicians if they have seen an exacerbation of breast carcinoma 
by phenorhiazines. Since no one seems to have any data on it at all, I 
think that a statement should be made that there are tranquillizing drugs 
which apparently do not cause release of prolactin and these would be 
the drugs of choice, rather than prescribing those known to increase 
prolactin. 

Beck: I have put this question to several cancer registries, and they do 
not have the information. 

Sherwood: Is there any information on two commonly used drugs, 
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digitalis and spironolactone, which are associated with gypaecomastia ? 
Do they increase prolactin secretion ? 

Friesen: Digitalis had no effect on serum prolactin, nor did aldactone or 
Aldomet (methyldopa) in six patients we studied. Some of these patients 
had severe gynaecomastia yet had no measurable serum prolactin. 

Frantz: That’s not what we found with Aldomet, in one person who 
had galactorrhoea, apparently as a consequence of taking t h i s  drug, and 
who had an elevated prolactin concentration of I -  7 m i.u./d. 

Meites: What happens to the menstrual cycIe of women treated with 
tranquillizers ? 

Beck: Dr Apostolakis reports no change in menstrual cyclicity in his 
group, but in my experience the cycle becomes very variable. 

Greenwood: In how many? I thought that amenorrhoea was a notable 
side-effect of tranquillizers. 

Beck: Amenorrhoea is a side-effect of psychosomatic disease, which is a 
difficult thing to evaluate when you add pharmacological agents to this. 

Wilhelmi: Dr Apostolakis found normal ovulatory cycles throughout ‘in 
many cases’, but the control is lacking because he did not have past histories. 

Short: While we are discussing inappropriate lactation it’s worth putting 
on record the fact that very ocaasionally normal fertile male goats will 
lactate; I know of one male stud goat that lactated quite heavily. 

Cowie: I have never seen this in male goats in our herd. They occasion- 
ally have large teats but if milked only a few drops of secretion are obtained. 

Cotes: While we are considering the various methods for assaying 
prolactin, I wonder whether it would help to make available a pool of 
plasma from subjects treated with phenothiazine drugs for distribution as 
an interim reference preparation. Measurements made in different 
laboratories could then be put on a directly comparable basis.* 

Comment added by Professor M. Apostolakis: 
In reply to Dr Spellacy’s remarks, it should be stressed that out of our 

total of 137 women in the reproductive period, 87 had had no previous 
pregnancies leading to lactation. Of these, 66 (75 per cent) presented 
psychotropic-drug galactorrhoea whereas of the remaining 50, who had 
had a previous lactation, psychotropic-drug galactorrhoea occurred in 20 

(40 per cent). It would appear therefore that actually psychotropit drug- 
induced galactorrhoea is more likely to occur in patients who have had 
no previous lactation. On the other hand I must admit that we do not have 
complete data on the appearance of galactorrhoea in the pretreatment 
period in many of our patients as most of them were chronic mental cases 

* See General Discussion, pp. 396-400. 
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who had been on and off psychotropic drugs for a long time. On the whole 
I would consider that Dr Spellacy’s figure of 30 per cent galactorrhoea as a 
normal, spontaneous occurrence is far too high for our group of patients, 
which includes 63 postmenopausal subjects; I would suggest about 15 
per cent as a fair figure and I would thus attribute 30-35 per cent of the 
galactorrhoea to the drugs. I further agree that we should try to measure 
the amount of galactorrhoea; we attempted to do so and in some cases 
succeeded, but in most cases the difliculties were insurmountable, the 
mental illness of the patients being an added complication. 

As far as menstrual activity is concerned, out of the total of 137 women 
of reproductive age, normal menstruation was present in 80 (58 per cent) 
and more specifically in 46 out of the 87 patients presenting galactorrhoea 
and in 34 out of the 50 patients without galactorrhoea. Menstrual irregu- 
larities and galactorrhoea were therefore not always associated but the two 
conditions very often coexisted. I would stress further that our group of 
female patients was relatively inhomogeneous, insofar as a variety of 
drugs were administered in different dosages and for unequal time periods. 
I indicated that this report was only a preliminary one and that more 
detailed studies under more controlled conditions are being planned. 

Finally, as to our absolute prolactin levels in plasma, I agree that they are 
somewhat higher than those reported by some other investigators. Never- 
theless a direct comparison ofsuch data is in my opinion not possible as long 
as a common assaying technique is not being used. What we are measuring 
is ‘pigeon crop-stimulating activity’ which perhaps, by definition, should 
not be considered equivalent to ‘prolactin’ as such; however I am not 
quite sure that anyone can claim to be measuring pure prolactin. I am 
sure we all agree that the various types of pigeon crop tests on the one hand 
and the prolactin radioimmunoassays on the other are not measuring 
exactly the same thing. In these circumstances and in view of the fact 
that similar discrepancies have been found when comparing gonadotropin 
bioassays and radioimmunoassays, I think the important point about the 
findings of the various groups at  present is the parallelism of the effects 
seen-that irrespective of whether the pigeon crop assay or radioimmuno- 
assay is used, increases or decreases in the level of whatever is being mea- 
sured occur concordantly. This suggests that we are all attacking the same 
problem, namely the measurement of prolactin, fairly successfully. I 
would agree that the final method of measurement which will give LIS 
‘absolute’ values will very probably be a radioimmunological one. This 
will come only when we are more sure of the chemical identity of human 
prolactin and it will therefore be possible for the prolactin radioimmuno- 
assay to grow out of its present Kinderkrunkheiten. 
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BIOLOGICAL EFFECTS OF NON-PRIMATE PROLACTIN 
AND HUMAN PLACENTAL. LACTOGEN 

E. E. MCGARRY AND J. C. BECK 

Division qfEndocrinolo y and Metabolism, McCill University Clinic, 
Roya B Victoria Hospital, Montreal 

THE multiplicity of metabolic effects associated with the administration 
of human growth hormone (HGH) in man has been reported from numer- 
ous centres (Beck et al. 1957; Beck et al. 1960; Henneman et al. 1960; 
Raben 1959; Elsair et al. 1964; Medical Research Council 1959; Luft et al. 
1958) and extensive reviews of the subject have been made (Raben 1962; 
Knobil and Hotchkiss 1964; Daughaday and Parker 1965; Najjar and 
Blizzard 1966), the most recent being by McGarry and Beck (1971). 
Because of the limited supply of HGH extensive investigation of its 
possible therapeutic usefulness in conditions other than growth failure has 
not been possible, and this task remains largely unaccomplished some 15 
years after the effects of primate growth hormones in monkey and man 
were first described. 

Thus, we and others (Blizzard et a!. 1966; Sonenberg et al. 1968) have 
sought a substitute pituitary preparation from a source other than primates. 
Such a substitute must, of course, produce at  least some of the crucial 
physiological actions in man that human somatotropin produces. The 
apparent difficulty in separating prolactin from growth hormone in chemi- 
cal fractionation of human pituitaries (Li 1962; Wilhelmi 1961) and the 
demonstration in animals of overlapping biological activity of these hor- 
mones (Barrett, Friesen and Astwood 1962; Butt 1962; Chadwick, Folley 
and Gemzell 1961; Ferguson and Wallace 1961; Lyons, Li and Johnson 
1961) prompted our first studies on the metabolic effects in man of various 
preparations of ovine prolactin. Data obtained by others (Bergenstall and 
Lipsett 1958; McCalister and Welbourn 1962; Knobil and Greep 1959; 
Sinkoff and DeBodo 1953; Reisfeld et al. 1961) suggested that sheep 
prolactin exerted some of the physiological actions of HGH in both 
animals and humans. We have reported that an ovine prolactin preparation 
has most of the metabolic actions of HGH in human subjects (McGarry 
and Beck 1962; Beck et al. 1964, 1965; McGarry, Rubinstein and Beck 
1968). Blizzard and his associates (1966) have also compared the effect of 
animal prolactins and HGH in hypopituitary subjects. 
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Ehrhardt first demonstrated prolactin-like activity in extracts of human 
placenta in 1936. In 1961, Fukushima prepared a placental extract which 
exhibited a growth hormone-like effect. Almost simultaneously other 
Japanese workers obtained evidence for prolactin-like activity in placental 
tissue (Kurosaki 1961 ; It0 and Higashi 1961 ; Higashi 1961). However, it 
was the report of Josimovich and MacLaren (1962) that aroused the most 
widespread interest. Their observation that the placenta and retroplacental 
blood contained a substance (placental lactogen, HPL) which reacted 
immunochemically with antiserum to HGH was rapidly confirmed by 
Kaplan and Grumbach (1964), who demonstrated its origin in the syncytio- 
trophoblast and designated the material ‘human chorionic growth hor- 
mone-prolactin’. The physiological role of this protein remains uncertain, 
and variable biological effects have been described both in animals and man. 
HPL clearly has somatotropic, luteotropic and lactogenic activities (Friesen 
1965; Josimovich and Mintz 1968). In addition, HGH and HPL show 
similarities in molecular weight and amino acid composition (Friesen 1965 ; 
Catt, Moffat and Niall 1967). These qualities led to our interest in the 
metabolic effects of t h i s  protein in man. 

We wish to present here some additional studies on the metabolic 
effects of ovine prolactins and bovine prolactin as well as some studies with 
HPL. 

MATERIALS AND METHODS 

Studies with prolactin have been made in 37 patients. Data on the post- 
pubertal hypopituitary patients and on the four patients with hypopara- 
thyroidism have already been published, as have some results on two of the 
diabetic patients and five of the prepubertal hypopituitary patients, and 
for the most part these data will not be included in this paper. Fifteen 
patients with prepubertal hypopituitarism received ovine prolactin (PLR) 
prepared by a modification of the method of Reisfeld and co-workers 
(1961). Two of these patients received NIH ovine prolactin (NIH-PL) 
and two patients received ovine prolactin (PLC) prepared by a modification 
of the method of Wallace and Ferguson (1961) for the extraction of growth 
hormone from human pituitaries. One patient received bovine prolactin 
and enzymically degraded bovine prolactin. All patients had, or subse- 
quently, received HGH while on balance study. Four patients with diabetic 
retinopathy, three of them having diabetes of the juvenile type, received 
PLR; three patients received it before and four after hypophysectomy. 
Four patients with bone marrow depression received PLR while on 
balance study for a 3-6 week period. Two patients with gonadal dysgenesis, 
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one patient with achondroplasia, one boy with growth retardation attribu- 
ted to a chromosomal defect (XY/XO), one patient with malabsorption 
syndrome and two asthmatic patients on steroid therapy also received PLR 
while on balance study. 

Five patients, ranging in age from 12 to 18 years, received human 
placental Iactogen (Purified Placental Protein-lot no. 716049 PPP-H, HG). 
Three had idiopathic hypopituitarism, one patient had hypopituitary 
dwarfism following the removal of a craniopharyngioma, and a sixth 
patient had gonadal dysgenesis. All had previously responded well to 
HGH as determined by a fall in the blood urea nitrogen (BUN) and 
hypercalciuria. 

All subjects were studied in the Clinical Research Centre at the Royal 
Victoria Hospital. Measurements were made of urine and stool nitrogen, 
calcium and phosphorus and urinary sodium and potassium. In some 
studies free fatty acids and triglycerides were measured at intervals through- 
out the study as well as urinary aldosterone excretion, 17-ketosteroids and 
17-hydroxycorticosteroids. In the four cases with bone marrow de- 
pression, plasma erythropoietin, incorporation of ssFe into erythrocytes 
and TI,, clearance time of 69Fe, red cell mass and plasma volume were 
measured. The effect of the prolactin preparations and HPL on carbo- 
hydrate tolerance was studied before and at intervals after a breakfast 
containing at least 50 g of carbohydrate. The analytical techniques have 
been described elsewhere (Beck et al. 1960). 

In the balance studies an equilibrium period on the final diet of at least 
five days preceded the beginning of the study. The control period which 
followed lasted in most patients for 12 days. 

Two plans of study were employed for HPL. The purpose of the 
first experimental design was to examine whether HPL would potentiate 
the action of HGH, since a potentiation of growth hormone effects had 
been described in animals (Josimovich 1965; Florini et al. 1966). The 
patients received 5 mg of HGH per day for a period of 12 days, the last six 
days of which they also received 50 mg of HPL. In the second design two 
individuals, both with hypopituitarism, received larger amounts of HPL. 
The first subject received 750 mg of HPL per day in divided doses for three 
days and the second patient received 500 mg of HPL for three days. 

Metabolic e$ects ofprolactin in prepubertal hypopituitary patients 

Fifteen hypopituitary patients received both HGH and PLR. In 12 of 
these patients adequate balance studies were achieved. Two patients 
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showed no response to either HGH or PLR. One of these patients has 
shown accelerated growth with no evidence of HGH in the serum as 
measured by radioimmunoassay. The second of these patients, a I 5-year- 
old male with all the clinical and laboratory characteristics of hypopituitary 
dwarfism, also failed to respond to HGH and PLR. Clinical data on the 
remaining ten patients are shown in Table I. The dose of HGH given was 

Patient 
J.D. 
J.Br. 
G.M. 
L.L. 
G.C. 
N.M. 
R.S. 
F.H. 
A.G. 
R.C. 

Sex 
M 
F 
F 
M 
M 
F 
M 
M 
M 
M 

Chronological 
age 

years 
10.5 

5 ' 5  
21 

I3 
14 
9 

I9 
18 
16 
I0 

Weght 
h 
24.6 
49'6 
11.8 
23'9 
32'7 
29'9 
27'2 
27'2 
61.8 
21.4 

Height 
age 
6 

3 
7 
8 
8 
8 
7 
I4 
5 

I2 

Bone Actiology 
age 
* C' 
17'St C 

5 ' 5  
6 I' 
8 .5  I 
7'5 C 

11'5 I 
- A8 
5 ' 5  C 

I4'5** I 

1 C= Craniopharyngioma. 
9 I= Idiopathic. 
a A= Chromophobe adenoma. * Bone age 9 at age 12. 
** Previous treatment with testosterone. 
t Previous treatment with oestrogens. 

for the most part 10 mg a day for four days. The dose of prolactin given was 
40 mg a day except where otherwise indicated. In some patients HGH or 
PLR was continued for a longer period and where this was done only the 
first four days have been used for the comparison of BUN, urine nitrogen 
and urine calcium. The interval between the discontinuation of one 
hormone and the beginning of the administration of the second hormone 
ranged from 14 days to two months except for patient A.G., in whom the 
interval was only eight days. In two patients administration of NIH-PL 
was immediately followed by administration of PLR. Data on this aspect 
of the study are not included in the comparison of HGH and PLR but are 
presented in detail subsequently. Two patients received PLC between the 
studies with HGH and PLR (G.C., R.C.). One patient (R.S.) received 
NIH-PL between the administration of HGH and PLR. 

The effect of HGH and PLR on the BUN is shown in Fig. I. It will be 
seen that comparable falls in BUN occurred with the two hormones. The 
mean control BUN for the HGH studies was 16.8, with a mean BUN on 
HGH of 10.2. The mean control BUN for the PLR studies was 15.9, 
whereas the mean BUN on PLR was 10.3. 
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The effect of HGH and PLR on urine nitrogen and nitrogen balance is 
shown in Table II. Six patients received 10 mg a day of HGH for four days, 

20 

BUN 18 

16 

M9X 14 

12 

10 

8 

6 

4 

C - 
a 

a .  
- 

a 

PLR - 

a 
* a .  a .... 

a 

FIG. I. The effect of giving HGH and PLR on BUN in hypopituitary 
dwarfs. Each dot represents the mean of several determinations in the 
control period (C) and the value obtained the fourth day of the HGH or 

PLR period. 

TABU I1 
MEAN DAILY URINE NITROGEN AND NITROGBN BALANCE BBPOBB AND DURING ADMINISTRATION 

OP HGH AND PLR IN HYPOPITUITABY PATIENTS 

c 

Patient 
J.D. 
J.Br. 
G.M. 
L.L. 
G.C. 
N.M. 
R.S. 
P.H. 
A.G. 
R.C. 

Control 

EKGiz 
8 8 
8.2  +0.7 
5-3 +6.3 
4'9 + I * 7  
7 - 8  +0*9 
9.6 -0.4 
8.3 -0.1 

8.4 + O . S  
11'2 +o*g 
12.1 -3.8 
7 '5 kO.0 

Control - 
Urine Balance 

8 8 
8.3 +0.2 
5'4 +6*3 
5'4 +0*7 
8.4 +O.I 
9'5 -0.4 
8.7 -0.3 
8.6 +0 .8  
11-o + I - ?  
10.4 -0.9 
6.7 +0.6 

PLR 

Urine Balance 
8 8 

6.9 + 2 - 0  
5.3 +6.a 
4'5 + I ' 7  
7'5 +I.O 
8 - 2  * 
8 . 1  * 
7'7 +0.9 
9.6 * a - 2  
9 - 8  -0.24 
6.3 -0-3** 

- 

* Incomplete stool collection. 
** PLR 10 mg per day. 

one patient (R.C.) received 10 mg a day of HGH for three days, whereas 
three patients (J.Br., L.L. and G.C.) received mg a day for four days. The 
control values for both HGH and PLR are for the most part comparable, 
with the exception of A.G. in whom the interval between the administra- 
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tion of the two hormones was only eight days. With the exception of 
J.Br. the absolute amount of nitrogen retained tended to vary with the 
age and weight of the patient. For example, G.M., aged five years and 
six months and weighing 11- 8 kg, retained only 0 .6  g of nitrogen in 
contrast to F.H., aged 18 years and weighing 27.2 kg, who retained 2.2 g 
of nitrogen, as did L.L., aged 1 3  and weighing 23.9 kg. In general the 
degree of nitrogen retention was less during the period on PLR than 
during the period on HGH. 

Table I11 shows the urine calcium and calcium balance for the same 

TABU 111 

OF HGH AND PLR IN HYPOPITUITARY PATIENTS 
MBAN DAILY URINARY CALCIUM AND CALCIUM BALANCE BBPOBB AND DURING ADMINISTRATION 

Control HGH Control PLR 7-m- 
Urine Balance Urine Balance Unne Balance Urine Balance 

Patient mg mg mg mg mg mg mi? mg 
J.D. 82 +95 127 + 97 

17 + I 3 0  

L.L. 54 +I70 140 + 3 1 5  

N.M. 143 +165 307 + I I ~  
R.S. 106 +I83 137 4-179 
F.H. 299 -10s 381 +I49 
A*G. 247 -473 3 0 0  +I84 
R.C. 46 +74 55 + O  

G.M. 26 +41 +41 52 + 24 
J.Br. 13 

G.C. 183 +192 276 -157 

-4 12s +263 
-96 31 -202 

+ 43 30 +I54 
-9 40 - 26 

+so 207 +366 
+257 212 * 
+275 76 +14o 
+206 219 + I I S  

-251 474 -671 - 214 53 ** 
Mean 120 I79 I01 I47 

* Incomplete stool collection. 
** PLR 10 mg per day. 

periods in these patients. In six patients the control value of urine calcium 
for the PLR period was lower than it was for the HGH period. In A.G. the 
HGH control was higher, perhaps again attributable to the fact that there 
was only an eight-day interval between the end of the HGH period and the 
first day of PLR. In two of three patients in whom the control values for 
urine calcium were comparable, the hypercalciuria was greater with PLR 
than with HGH. 

When the results of the changes in urine nitrogen and urine calcium are 
expressed as a percentage of control (Fig. 2), six of ten patients showed a 
greater degree of hypercalciuria with PLR, whereas only two of ten 
patients showed a greater degree of nitrogen retention with PLR. 

The effect on urine phosphorus and phosphorus balance was more 
marked with HGH than with PLR (Table IV). Only one patient, G.M., 
showed an increase in urine phosphorus while receiving HGH, one 
patient, J.D., showed no change, and the other eight patients all showed 
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modest or marked decreases in urine phosphorus while receiving HGH. In 
contrast, four patients showed an increase in urine phosphorus while 

300 

250 

C M R O L  

150 

100 

N X  loo 75 2 
CONTROL 

50 J D  JEr G M  L L  G C  NM R S  FH A G  R C  

FIG. 2. EAea of HGH and PLR on urine nitrogen and calcium; 100 per 
cent represents the mean value during the respective control periods. 
Open bars, HGH treatment period; shaded bars, PLR period. 

TABU IV 

TION OF HGH AND PLR IN HYPOPITUITARY PATIBNTS 
MEAN DAILY URINE PHOSPHORUS AND PHOSPHORUS BALANCE BBFOBB AND DURING ADMINISTRA- 

Control HGH Control PL.R 

mL? w mg mg mg mg mg m&? 

---- 
Patient Utine Balance Urine Balance Urine Balance Urine Balance 

J.D. +251 506 +357 507 +216 500 +294 
J.Br. 217 +217 191 +242 238 +396 199 +373 
G.M. 278 $160 306 +is9 297 +343 279 +359 
L.L. 420 +218 407 4-197 486 +43 443 + 88 
G.C. 647 +17o 462 +270 656 +1o3 404 +29s 
N.M. 871 -148 505 +230 604 +136 633 * 
R.S. 661 +157 531 +314 665 -13 724 +4 
F.H. 938 +w 810 +286 935 +77 897 +205 
A.G. I037 -580 959 +82 991 
R.C.** 450 +102 389 +354 443 +128 463 

Mean 603 507 581 454 

-IBS 10°1 -2g: 

* Incomplete stool collection. 
** PLR, 10 mg per day. 

receiving PLR. Only one patient showed a marked decrease in urine 
phosphorus on PLR compared to four patients with HGH. 

The changes in sodium and potassium excretion were more variable 
(Table V). Only four patients showed a decrease in urine potassium greater 
than 10 mEq/day whde receiving HGH, though none of them showed an 
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TABLE V 
MBAN URINARY SODIUM AND POTASSIUM BXCRETION BEPOBB AND 
DUBING HGH AND PLR ADMINISTBATION IN HYPOPITUITARY PATIENTS 

Control HGH Control PWZ ---- 
Na K Na K Na K Na K 
mg mg mg mg mg *g mg mL? 

J.D. 49 44 49 41 45 44 42 33 
J.Br. 54 28 42 27 45 38 45 29 
G.M. 5 s  41 52 38 49 41 49 38 
L.L. 55 54 34 48 50 54 45 55 
G.C. 75 75 62 60 60 71 70 69 
N.M. 62 59 38 47 56 47 57 55  
R.S. 67 62 35 51 66 61 86 65 
F.H. 82 84 64 61 96 79 92 78 
A.G. 71 81 67 76 76 81 90 76 
R.C. 65 42 58 34 71 45 70 43 
M a  63.5 57.0 5 0 - 1  48.3 62.2 56.1 64.6 54-1 

increase in urine potassium during this period. While receiving PLR only 
one patient showed a decrease of more than 10 mg per 24 hours and this 
patient is the one that showed one of the best responses in terms of nitrogen 
retention. Two patients had a modest increase in urine potassium while 
receiving PLR while the remainder showed little or no change. Six 
patients showed a very definite decrease in urine sodium while receiving 
HGH while in the remainder there was little or no change. No patient 
showed a significant decrease in urine sodium while receiving PLR. Two 
patients (R.S., A.G.) showed a definite increase in urine sodium during 
PLR administration. 

Carbohydrate tolerance 
Carbohydrate tolerance was measured at intervals following a breakEast 

containing at least 50 g of carbohydrate. Of 11 patients who had carbo- 
hydrate tolerance tests done while on HGH and also on PLR, ten showed 
varying degrees of carbohydrate intolerance with HGH. One patient 
showed no change. The degree of change in carbohydrate intolerance was 
not related to the anabolic response as determined by the fall in BUN and 
decrease in urine nitrogen. Six of the patients showed changes in carbo- 
hydrate tolerance with administration of prolactin. These changes for 
the most part were modest but two patients showed more marked changes 
with PLR than with HGH. 

“he efect ofPLR irr hypophysectomixed diabetic patients 

Three patients were studied before and four patients after hypophysec- 
tomy. We had previously reported a marked rise in blood and urine 
sugar occurring in two hypophysectomized juvenile diabetic patients with 
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PLR (Beck et al. 1964; McGarry et al. 1968). The results in patients with 
juvenile type diabetes were similar. Fig. 3 shows the effect of PLR before 
and after hypophysectomy on the fasting blood sugar, free fatty acids and 
triglycerides in one of these patients. Before hypophysectomy there was 

FIG. 3. Changesinducedby PLRinapatientwithjuvenile diabetesbefore 
and after hypophysectomy . 

little or no effect of PLR but after hypophysectomy there was a sharp rise 
in fasting blood sugar, free fatty acids and triglycerides. Similar but less 
marked changes occurred in a third patient with maturity onset diabetes. 

EJect of PLR in patients with bone marrow hypoplasia 
Four female patients with varying degrees of bone marrow hypoplasia 

received 40 mg of prolactin per day for three to six weeks. Two patients 
with chronic panhypoplasia showed an increase in incorporation of S9Fe in 
red cells; one patient showed an increase in the red cell mass of 140 ml while 
the second patient showed an increase in plasma iron turnover. The two 
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patients with acute panhypoplasia showed no response to prolactin. 
There was no increase in the excretion of erythropoietin in the urine of any 
of these patients. None of these patients showed any evidence of a meta- 
bolic effect of PLR as determined by balance study (J. H. Jepson, E. E. 
McGarry and L. Lowenstein, unpublished observations). 

Efect ofPLR in miscellaneous conditions 
Two patients with gonadal dysgenesis who were receiving PLR showed 

changes similar to those seen in the prepubertal hypopituitary subjects. 

R.S. d" 19yrr. HYPOPlTUlTARfSM 

H.A. 8 112yrr. 
B.A. I4 U 2 y n . .  HGH NH-PL PLR PUI HOH 

mg/d mgd ImMd mald 
5 10 50 ! SO 4 0  

I2 24 36 48 SO 72 84 96 108 120 
DAY Cf STUDY 

a 
TESTOSTERONE THERAFY 2 YEARS PRIOR TO STUDY 

FIG. 4. Effects of NU--PL and PLR compared to HGH in three hypo- 
pituitary patients. Balance data are plotted fiom a zero line which 
represents the mean balance for the initial IZ-da control period. Mean 
values of four-day periods are plotted for boti nitrogen balance and 

urine calcium. 

Two patients with severe asthma were studied while receiving corti- 
costeroid therapy. One was a postmenopausal female and the second was a 
prepubertal 18-year-old with growth retardation attributed to corti- 
costeroid therapy. Studies on these patients will be reported in detail 
elsewhere. Both patients showed a fall in BUN and a modest nitrogen 
retention and hypercalciuria. No metabolic changes as determined by 
complete balance studies occurred in one patient with achondroplasia, one 
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boy with growth retardation attributed to a chromosomal defect and one 
patient with adult onset malabsorption syndrome who received PLR. 

Comparison of other prolactin preparations with HGH and PLR 

PLC and NIH-PL are shown in Figs. 4, 5 and 6. 
The results of studies made while hypopituitary patients were receiving 

R.C. 6 10 yrr. HYPOPITUITARISM 

HGH PLC PLR H.A. 5 1/2 yrr. 

B.A. 5 1/2 yrs. mg/d mg/d mq/d 
10 40 102040 

N BAL. 

g/24 hr.. 

URINE Ca 

mg/24 hr. 

3 

0 .i I 

3 
n v 

I 1  I I I I I 1  

10 20 30 40 50 60 

DAY OF STUDY 

FIG. 5 .  Eff'ects of PLC and PLR preparations compared to HGH in three 
hypopituitary patients. Balance data are plotted fiom a zero line which 
represents the mean balance for the initial ~z-day control period. Mean 
values of four-day periods are plotted for both nitrogen balance and 

urine calcium. 

In R.S. (Fig. 4) NIH-PLLproduced a modest fall in the BUN when this 
preparation was given from days 37 to 40 inclusive. This fall in BUN was 
maintained when PLR was given from days 41 to 44 inclusive. The changes 
that occurred, however, were not as great as those induced by HGH given 
at both the beginning and end of the study. When PLR was given fiom 
days 76 to 78, however, a more marked fall in the BUN and a definite, 
though modest, nitrogen retention occurred. In this individual the 
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hypercalciuria was greater with HGH than with any of the prolactin 
preparations. In subject R.C. (Fig. 5 )  only modest hypercalciuria occurred 
with HGH and PLC. PLC produced no change in nitrogen balance but 

G.C. 6 14 yrr. 

n.A. 8 yrr. 

B.A. 8 v2 yrr. 

20 

10 

y124 hr. 

URINE C O  20 

mg/24 hi. '3 too 

HYPOPITUlTARlSM 

- 
I .  I .  d 

10 20 30 40 50 60 70 
DAY OF STUDY 

PLR 

3 .II I x) 40 

FIG. 6. Effects of PLC and PLR preparations compared to HGH in three 
hypopituitary patients. Balance data are plotted fiom a zero line which 
represents the mean balance for the initial Iz-day control period. Mean 
values of four-day periods are plotted for both nitrogen balance and 

urine calcium. 

a fall in the BUN did occur. PLR when given at a dose of 20 mg a day 
resulted in greater nitrogen retention than had occurred with HGH. 
However, this was not maintained to the same degree when the dose of 
PLR was increased to 40 mg a day. In G.C. (Fig. 6) PLC produced hypo- 
calciuria, which was, however, less than with HGH. A fall in the BUN 

TABLE VI 
CARBOHYDRATE TOLBRANCE TESTS IN R.S. 

Post 
Control HGH* control NIH-PL* PL.R(I)* PLR(z)* 

A.c. 68 83 69 76 73 66 

I .) hours 94 IOI 98 103 87 102 
2 hours 91 106 93 94 8s 90 
3 hours 73 I03 80 79 72 86 
4 hours 68 89 6s 7s 72 97 

45 minutes I23 16s 137 10s 136 160 

Post 
control HGH 
78 85 
117 IS7 
124 -- 
96 IIO 
86 98 
74 98 

* Done the last day of hormone administration. 
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occurred with PLC and there was also modest nitrogen retention. NIH- 
PL produced nitrogen retention and a fall in the BUN comparable to that 
which had occurred with PLR, and the degree of hypercalciuria was similar 
with both preparations. Carbohydrate tolerance tests in R.S. throughout 

TABLE VII 

COMPARISON OF THE METABOLIC EFFECT OF HGH WITH THE EFFECT OF HGH PLUS HPL 
N C a  Urine 

BUN balance balance C a  
mg % 8/24 hours rrlglzg hours ttg/24 hours 

C.T. Control 14 +2'24 +435 46 
HGH* 8 +4*00 + 583 I I2 

WL** + HGH* 6 +2.82 + so1 184 

days$-8 - +2.67 + 3 I  178 

J.B. Control 16 +0'74 + 106 I24 

HPL**+HGH* 14 +1.28 + I09 22 I 

N.McL. Control 17 -1.04 + 189 59 
HGH* I 1  t-0'71 + 3 5 5  98 
HPL**+HGH* I I  + 0 . 5 5  -t 171 I2 

S.S. Control I 1  + 3 ' 0 5  +411 I I 0  

HGH* 7 t-3 '50 + 264 169 
WL** + HGH* I0 +3 .10  + 443 198 

A.T. Control 16 4-0'07 + 140 82 
HGH* days 1-4 13 +2'04 + 49 160 

HPL** + HGH* 12.5 +2'02 + 29 204 

HGH* 7 +1'53 - 601 I 86 

* HGH, 5 Ing per day. 
** HPL, 50 nig per day. 

TABLE VIII 
COMPARISON OF EFFECT OF HGH WITH EFFECT OF HGH PLUS HPL ON 

SODIUM AND ALDOSTERONE EXCRETION 

Aldorterorre 
N a  balance excretion 

iiiEq/.q hours pg/q hours 

C.T. Control + 18 17 
HGH* + 37 23 
HPL** + HGH* f 5  5'6 

A.T. Control -0.2 9 
HGH* + 39 3'6 
HPL** + HGH* + 40 7'4 

J.B. Control +4'2 4'4 
HGH* +7'4 6.8 
HPL** + HGH* + 2.9 6.8 

N.McL. Control +O.I 8.4 
HGH* + I0  14.0 
WL** + HGH* + 2  2 5 . 5  

S . S .  Control + I0 3.8 
HGH* + 19 2'0 

HPL** + HGH* + 10 4'6 

HGH, 5 mg per day. 
** HPL, 50 mg per day. 

~acro.-13 
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the study are tabulated in Table VI. Only HGH and PLR given after a 
control period produced any degree of intolerance. 

Studies with human placental lactogen 

Results of the study 

N.McL. 

mg /24 hr. '' 

designed to determine whether the metabolic 

16 20 24 28 32 36 4 0  40 
DAY OF STUDY 

FIG. 7. Changes in serum phosphorus, phosphorus balance, calcium 
balance and urine calcium in a hypopituitary dwarf while receiving 
HGH (5 mg per day) and W L  in the amount indicated. Balance data 
are plotted from a zero line that represents the mean balance for the 

initial 12-day control period. 

effects of HGH would be potentiated by the addition of HPL are shown in 
Table VII. All individuals showed nitrogen retention and a fall in the BUN 
as well as hypercalciuria when receiving HGH alone. When HPL was 
added the fall in the BUN was maintained in four patients but there was no 
enhancement of nitrogen retention. Urine calcium excretion tended to be 
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greater on HGH plus HPL than on HGH alone. Changes in sodium balance 
and aldosterone excretion (Table VIII) were greater during the period with 
HGH alone. In only one patient did aldosterone excretion increase while 
on HGH, and a further increase occurred on HPL. 

N.McL. 

40- 

+ 20- 

0- 

20- 

40- 

60J 

No 
mEq/24 hr 

- 

'3 K 
mEq/24hr. 10 

0 

I I I 

I I I 

I '  

- 1 '  i I i I I  

16 20 24 28 32 36 40 44' 
DAY OF STUDY 

*T. 103.6. F 

FIG. 8.  Changes in BUN, nitrogen and electrolyte balance in a hypo- 
pituitary dwarf while receiving HGH (5  mg per day) and HPL in the 
amount indicated. Balance data are plotted from a zero line that 

represents the mean balance for the initial 12-day control period. 

Two individuals showed a slight rise in serum phosphorus progressively 
throughout the treatment while the remainder showed no change. Three 
individuals who showed a definite decrease in carbohydrate tolerance with 
HGH alone showed a slight enhancement of this intolerance on HGH plus 
HPL. There was no significant change in either fasting free fatty acids or 
triglycerides. In these five individuals there was no local or generalized 

I3* 
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reaction to the injection of HPL although there was a low-grade fever. 
The patients were asymptomatic, however. 

Two patients received HPL alone in high dose (N. McL., F.H.). One 
received 500 mg of HPL a day, the second received 750 mg of HPL a day. 
The results in the two patients were qualitatively and quantitatively similar. 
The results in patient N. McL. are shown in Figs. 7 , 8  and 9. Both patients 

N McL 

DAY L'F STUDY 

FIG. 9. Changes in sodium balance and aldosterone excretion in a 
hypopituitary dwarf while receiving HGH (s mg per day) and HPL in 

the amount indicated. 

showed a fall in the BUN and a modest nitrogen retention. Both patients 
developed hypercalciuria and both showed a marked increase in urine 
sodium on the first day of treatment followed by marked sodium retention 
on the second and third day. N.McL. showed an increase in aldosterone 
excretion the day before receiving HPL and this was maintained. The 
second patient showed no change in aldosterone excretion throughout 
the study. No change occurred in the urinary excretion of 17-ketosteroids 
or 17-hydroxycorticosteroids in either patient. There was no change in 
fasting free fatty acids or triglycerides. F.H. showed carbohydrate intoler- 
ance on the third day of HPL; N.McL. showed no change in carbohydrate 
tolerance. 
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Both patients complained of severe pain at the site of injection of HPL. 
There was no systemic reaction other than low-grade fever and no local 
redness or swelling. Similar reactions with this preparation of HPL have 
been reported by others (Shultz and Blizzard 1966; Grumbach et al. 1968). 

In one patient the effects of bovine prolactin (U-19988) and two enzy- 
mically degraded preparations of bovine prolactin (N-0103 and N-0102) 
were compared with the metabolic response to HGH in the same study 
(Table IX). The enzymically degraded preparation had a small effect on 

Them IX 
BPPECT OF BOVWB PROLACTIN AND DEGRADED BOVINE PROLACTINS IN A HYPOPITUITARY DWARF 

Control 
HGH 
Control 
U-19988, 2s mg twice daily 
Control 
N-0103,12-~ mg twice daily 
Control 
N-OIOZ, 12.5 mg twice daily 

BUN 
mg% N Ca P Na K 
16 8*9* 123** 756** 73** 65** 
12.5 6.7 139 632 62 46 
I2 10.4 116 869 97 62 
I 4  10.5 142 719 I01 68 
12.s 8-9 93 683 92 62 
10.5 9.1 132 794 IOI 79 
' 4  10.1 130 881 71 66 
I1 9'7 I37 682 83 64 

* g per 24 hours. 
** mg per 24 hours. 

the BUN but there was no appreciable decrease in urine nitrogen. Ad- 
ministration of bovine prolactin resulted in no change in the BUN nor the 
urine nitrogen. All three preparations resulted in a modest increase in urine 
calcium. 

DISCUSSION 

The results presented here confirm o w  previously published reports 
(McGarry and Beck 1962; Beck eta!. 1964,1965 ; McGarry, Rubinstein and 
Beck 1968) that many of the metabolic actions of PLR are qualitatively 
similar to those induced by HGH in man. There are quantitative differen- 
ces, in that while the fall in BUN was comparable, nitrogen retention was 
greater with HGH. With regard to the hypercalciuric effect, a comparison 
is more difficult since, in the majority of instances, the subjects excreted less 
calcium in the control period for PLR than in the control period for HGH. 
In all but one patient (G.M.) the HGH period preceded the PLR period. 
In our experience urine calcium is lower after HGH than in the control 
period and may remain decreased for an extended period. The intervals 
of continuous balance study between previous hormone administration and 
the administration of PLR were 24 days in R.S., G.C. and F.H. and 20 days 
in L.L., all of whom showed a lower calcium excretion in the eight-day 
period just before PLR than in the period before HGH. It is of interest 
that when R.S. received HGH again, 20 days after PLR, the urine calcium 
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excretion in the eight-day period preceding the second HGH period was 
similar to that seen before PLR administration and the hypercalciuria 
induced was more modest than with the initial course of HGH (Fig. 5). 
Changes in phosphorus, sodium and potassium excretion induced by 
HGH are not as consistent as are the changes in nitrogen. In the studies 
reported here, however, retention ofphosphorus occurred in seven patients 
with HGH, while only two of the eight patients in whom balance data are 
available for the PLR period showed definite phosphorus retention. HGH 
has a variable effect on sodium and potassium excretion, as has PLR. 

The effect of PLR on carbohydrate metabolism is most evident in the 
hypophysectomized subject, a finding also reported with HGH (Luft et al. 
1958; Pearson et al. 1960). Elevation of plasma free fatty acids and tri- 
glycerides occurred promptly in the hypophysectomized diabetic patients 
with PLR. Only minimal changes in plasma free fatty acids occurred in 
non-diabetic subjects with a dose ofPLR which evoked the other metabolic 
responses (Beck et al. 1964). 

PLR also increases inulin and PAH clearance in the hypopituitary patient 
to an extent similar to that seen when human growth hormone is given to 
such individuals (Beck et al. 1964). 

When PLR was given to patients with a variety of disorders, only 
patients with gonadal dysgenesis and those with allergic disorders on 
corticosteroid therapy showed any metabolic response, whereas endo- 
crinologically normal individuals showed no metabolic response, 
paralleling the response to HGH in similar patients (Beck et a!. 1965; 
McGarry and Beck 1969). 

The metabolic effects of other prolactin preparations (PLC, NIH-PL) 
were not as marked as those seen when PLR was given. Blizzard and co- 
workers (1966) reported minimal metabolic response to NIH-PL, although 
the results of these authors are not strictly comparable to those reported 
here since the interval between periods ofhormone administration was only 
six days. Metabolic activity may well be influenced by the method of 
preparation of prolactin. Hamid and co-workers (1965) found that PLR 
and PLC were similar to bovine growth hormone with respect to the 
effect on carbohydrate and fat metabolism in uitro. In contrast, a third 
prolactin preparation was insulin-like in the same system. Winegrad and 
co-workers (1959) also found an NIH preparation of ovine prolactin to 
have insulin-like activity in uitro. It is conceivable that various methods of 
preparation may mask, expose or destroy biological determinants of a 
protein hormone. Although little metabolic effect, except for slight 
hypercalciuria, was apparent when bovine prolactin or degraded bovine 
preparations were given to a hypopituitary patient, tryptic digests of 
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bovine growth hormone given to human subjects were found to have some 
of the metabolic properties of HGH (Sonenberg et af. 1968). 

In the studies with HPL, the addition of 50 mg a day of HPL to the 
existing dose of HGH did not enhance the anabolic effect. Although the 
urine calcium excretion tended to be greater on HGH plus HPL than on 
HGH alone, this could be entirely attributed to HGH since this occurs 
when HGH is continued beyond a four-day period. Similarly, the slight 
rise in serum phosphorus shown in two individuals as well as the decrease in 
carbohydrate tolerance that occurred during the HPL period could also 
have occurred with continuation of HGH alone. It is not surprising, per- 
haps, that no metabolic effect was discernible with this small dose of HPL 
since the rate of production of HPL in pregnant women has been 
estimated to be I g per day (Solomon and Friesen 1968; Kaplan et al. 
1968), in contrast to the estimated secretion rate of HGH which is in the 
order of I mg per day (Frantz, Killian and Holub 1969; Kowarski, Thomp- 
son and Blizzard 1970). 

When larger doses of HPL were used alone there was evidence of an 
anabolic effect, as determined by a fall in the BUN and a modest nitrogen 
retention. There was also some hypercalciuria. While the changes were 
not as marked as those seen when such patients received 5 mg of HGH a day, 
the dose used in these two individuals may be the equivalent of less than 
I mg of HGH a day. Similar results have been reported by Grumbach and 
co-workers (1968). 

Shultz and Blizzard (1966) found no nitrogen retention or hypercalciuria 
with zoo mg HPL per day. These authors also found that a similar dose of 
HPL did not augment the metabolic effects of HGH. 

Grumbach and co-workers (1968) reported a decrease in the rate of 
glucose disposal in a patient receiving 400 mg a day of HPL. These authors 
also found an enhanced insulin response to HPL which was greater than 
that seen with HGH given at a dose of z mg. In addition, HPL has been 
found to induce increased glycosuria and hyperglycaemia in two hypo- 
physectomized diabetic patients (Samaan et al. 1968). These authors also 
found an increased insulinogenic response in a stable diabetic following 
hypophysectomy. Beck and Daughaday (1967) also demonstrated im- 
pairment of glucose tolerance with Iz-hour infusions of HPL in physio- 
logical amounts in humans. 

Although our patients show no increase in fasting free fatty acids, 
HPL has been shown to cause a release in free fatty acids in the fasting 
individual (Grumbach et af. 1966). HPL in a dose of 100 mg daily for four 
days has been reported to stimulate aldosterone secretion in man (Melby 
et a!. 1966). Changes in aldosterone excretion with HGH appear to be 
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dose-related, in that increased aldosterone excretion occurred in patients 
receiving 10 mg per day of HGH but not consistently in patients receiving 
5 nig of HGH a day (Beck et al. 1965). That only one patient showed an 
increment in aldosterone excretion may also be a function of the relatively 
small dose of HPL. 

The immunological similarity of HGH and PLR is well established. 
Immunological similarities between HGH and enzymically degraded 
bovine growth hormone have also been reported (Laron et aI. 1964; 
Sonenberg et al. 1968). Murthy and McGarry (1971), studying antibodies 
induced in patients on long-term HGH therapy, found antibodies to HGH 
in three of 15 patients in low titre. Sera of I I  of 15 patients, however, 
bound [126I]porcine growth hormone (PGH) and sera from eight bound 
PLR in titres ranging up to I : 320 ooo and 51 200 respectively. The binding 
of PGH and PLR was shown to be due to a 7s IgG antibody. With the 
fluorescent antibody technique, none of the sera localized in cells of human 
pituitaries. All sera which bound [1261]PGH and [1251]PLR localized in 
somatotrophs and prolactin cells of porcine pituitaries (Marwaha and 
McGarry 1971) and evidence of separate antibody populations to each 
hormone was obtained. 

Earlier reports that HGH and HF'L display striking similarities in structure 
have already been mentioned (Catt, Moffat and Niall 1967; Friesen 1965). 
More recently Bewley and Li (1970), comparing the structure of ovine 
prolactin and HGH, have reported homologous amino acid sequences 
while Mills and co-workers (1970) have shown that ovine prolactin and 
porcine growth hormone show a high degree of identity of primary 
structure. Niall and co-workers (1971) have found that on a revised 
sequence for HGH, HPL and HGH as well as ovine prolactin display even 
more identity of amino acid sequence than was previously reported. 

Thus, in animals and man and in various in vitro systems, a variety of 
related polypeptide hormone preparations, intact or degraded, from various 
species display overlapping biological characteristics. They also show mu.ch 
chemical and immunological identity, supporting the suggestion that th.ey 
evolved from a parent molecule (Bewley and Li 1970; Niall et al. 1971). 
Minor differences in amino acid sequence, altering tertiary structure, may 
mask or expose biological activity which may be unmasked or destroyed 
by degradation in vitro or in v i m  

SUMMARY 

The results presented here extend and confirm our previous report that 
an ovine prolactin preparation (PLR) mimics many of the metabolic 
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eff’ects of HGH in man. These metabolic effects were not evident when 
ovine prolactin prepared by different methods was used. Human placental 
lactogen, given to patients on balance study, produces some of the effects 
seen when HGH is administered. These findings and recent reports of 
striking homologies, chemical and immunological, shared by HGH, HPL 
and non-primate prolactin and growth hormone preparations, support the 
concept that these polypeptide hormones evolved from a parent molecule. 
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DISCUSSION 

Nicok Can you compare the potencies of the ovine prolactin (PLR) 
and human placental lactogen (HPL) preparations in their metabolic 
parameters ? 

Beck: We gave five doses of 750 mg of HPL, which would be equivalent 
to roughly I mg of HGH since this material was a 70 per cent pure prepara- 
tion (it was the second HPL preparation of the Lederle Company). PLR 
was given in doses of 40 mg per day. The PLR was more potent than the 
HPL at these two particular doses; the degree of nitrogen retention, fall 
in BUN and hypercalciuria were all more marked on PLR than on 750 
mg of HPL. 

Nicoll: Does HPL cause real body growth ? 
Beck: We havenot done this experiment. The only data that are available 

are on patients in whom Grumbach has reported minimal growth (Burr, 
Grumbach and Kaplan 1967). 

Sherwood: Dr Blizzard also presented data on two hypopituitary dwarfs 
who failed to respond to HPL (Shultz and Blizzard 1966). 

Beck: We have done one study on the effects of ovine prolactin on 
growth. The amount of ovine prolactin was limited. We thought we 
had chosen the most suitable experimental subject with hypopituitarism 
that we could find, and although he was suitable he also taught us somedung 
which came up earlier in discussion, on the importance of food and par- 
ticularly nitrogen intake during the administration of growth-promoting 
agents (p. 322). Fig. I illustrates what happened. This patient received 
PLR for ten days preceded by an 18-day control period and with a 24-day 
post-control period on balance study. He was readmitted one month 
later and, using a similar protocol, received HGH for ten days. He was 
then given PLR for four days. The patient was then placed on 60 mg 
PLR a week and discharged. Because he failed to grow, the dose was 
increased to 120 mg per week, but he still did not grow. With the help 
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of a social service worker it was pointed out that this youngster's socio- 
economic environment was such that he was receiving inadequate dietary 
intake at home. He was therefore brought into hospital and put on the 

mNHYPOPITUITARISM 
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FIG. I .  (Beck). Study of effects of ovine prolactin on growth in a hypo- 
pituitary dwarf. 

Clinical Research Centre balance diet once more ; during this period his 
dietary intake including nitrogen intake was made the same as at the initial 
study in which a response occurred. There was a prompt resumption of 
linear growth. We then took him off the balance diet and let him eat as he 
pleased while still under observation in the ward, and his growth 
ceased. We introduced the same diet again which led to a prompt growth 
response. He was then discharged and allowed to go on to human growth 
hormone, because we were running out of the preparation of ovine pro- 
lactin. Again, on an inadequate diet at home, he failed to grow with HGH 
administration, as he had failed on PLR. 

Wilhelmi: How does the Reisfeld preparation of ovine prolactin com- 
pare in potency and other biological characteristics with the NIH prepara- 
tion ? 

Beck: This has been looked at by Dr K. Ferguson in only the crop sac 
assay, and they appear to have the same potency in that assay. 

Nicoll: We have confirmed that. 
Greenwood: How do you explain the three-week persistence of the effkct 

of growth hormone on calcium excretion ? I am interested in the question 
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of whether these hormones are continuously acting as stimuli or whether 
growth hormone is acting as a programmer, only necessary to initiate a 
response. This seems to be an authentic case of a hormone programme- 
a longer-term effect than is consistent with its half-life in plasma and its 
time of survival in tissue. 

Beck: We can’t explain it. We believe the hypercalciuria to be on two 
bases : (I) there is an increase in renal plasma flow and glomerular filtration 
rate, and therefore an increased filtered load of calcium. (2) In addition, 
though the data are not definitive in man, and could only be proved in 
animals by micropuncture studies, it appears that there is also increased 
tubular rejection of calcium. We know that the persistence of the de- 
creased urinary excretion of calcium long after the growth hormone 
injections cease is not associated with the maintenance of an elevated filtered 
load, since this disappears within four to seven days after the cessation of 
either HGH or PLR. The renal haemodynamics then return to those nor- 
mally seen in the hypopituitary subject. So we have no explanation why 
the patients may have a very definite reduction in urine calcium persisting 
for long periods of time, and may also have long periods of positive 
calcium balance. 

Wilhelmi: Does it bear any relation to the persistence ofsulphation factor ? 
Because this is an instance of what Dr Greenwood is talking about. 

Beck: We only have limited data about this, so we have to say we don’t 
know. In our hypopituitary subjects, we begin to see sulphation factor 
appear after a single injection of human growth hormone within the first 
12-24 hours and it may persist for up to five days. We have never followed 
it beyond this. 

Turkington: It has been shown that a degree of osteoporosis can develop 
in response to growth hormone, which represents endosteal resorption of 
bone. I wonder if this might contribute to the hypercalciuric effect of 
growth hormone and HPL. 

Beck: I think there’s no doubt that it does. Actually, the best radiographic 
examples of osteoporosis in textbooks of medicine are in acromegalic 
subjects. The possibility that you raise-that the hypocalciuria when 
you stop giving growth hormone or PLR, and the positive balance, 
are the result of the restoration of bone mass-is a very probable one, but 
we have not yet done the necessary dynamic studies to give a definitive 
answer. 

Fruntz: I think that the osteoporosis sometimes seen in acromegaly 
may result from the hypogonadism that can be associated with pituitary 
tumours. I don’t think all acromegalics are osteoporotic. 

Beck: It depends on the duration and intensity of the disease. Many of 
LACTO.-I~ 
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them have hypercalciuria; these are old observations that have been lying 
around in the medical journals for years and have not been remarked on 
(Scriver and Bryan 1935). 

Sherwood: One has to be careful about two factors in osteoporosis : one 
is diet and the other is immobilization. Dr William Harris has shown that 
dogs with immobilization osteoporosis respond to bovine growth hor- 
mone with bone growth. This is potentially one of the important areas 
for a clinical trial of growth hormone when it is available (Harris and 
Heaney 1969). 

Beck: Our subjects were not immobilized, and they were on a known 
calcium intake. 

Greenwood: Were there any eugonadal females in this series? With all 
these lactogenic hormones being given, I find it aesthetically unpleasing 
that there wasn’t a single target tissue in this series receptive to the lacto- 
genic activity of these three hormones ! 

Beck: There were eugonadal females among the adults with bone mar- 
row hypoplasia. However, they are not a fair sampling. Dr McGarry 
has noticed that some of the female hypopituitary dwarfs on long-term 
therapy with HGH (the Canadian MRC preparation) showed breast 
development. 
Li: A most interesting observation is the stimulation of the bone marrow 

and the production of red blood cells. How many cases have you studied 
now on t h i s  ? 

Beck: There are only four patients in this study. Dr Friesen and Joanne 
Jepson in our department looked at this with HPL, and Joanne Jepson 
looked at it with other preparations of ovine prolactin in mice (Jepson and 
Friesen 1968). 

Friesen: These studies were done in the polycythaemic mouse which is 
used as an assay for erythropoietin. Both prolactin and HPL stimulate 
erythropoietin production in the rat, and also cause increases in plasma 
volume. So these data are quite consistent with the findings in man. 

Beck: We also have information which suggests that HGH and perhaps 
PLR stimulate production of renin, and that the influence on aldosterone 
may be via the renin-angiotensin mechanism. 

Cotes: I don’t know if Dr Friesen’s frnding (Jepson and Friesen 1967, 
1968) of a stimulatory effect of HPL on erythropoiesis is a property of 
HPL or whether it might be attributable to the action ofanother constituent 
present in some, if not all, placental extracts. In my laboratory, using the 
appearance of radioactive iron in red cells of ex-hypoxic polycythaemic 
mice, we saw no erythropoietic effect after treatment with HPL alone in 
doses between 2-  5 and 20 mg. When HPL was administered with ery- 
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thropoietin, the effects were not significantly different from thosc seen 
with erythropoietin alone (Fig. I). 
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FIG. I. (Cotes). Effects of erythropoietin and human placental lactogen 
on erythropoiesis in polycythaemic mice. The appearance of 60Fe in the 
blood of ex-hypoxic polycythaemic female CBA mice 72 hours after the 
administration of an intravenous dose of 60Fe citrate is shown, as a per- 
centage of the dose given f S.E.M. Erythropoietin from human urine 
(calibrated in international units by bioassay: Cotes and Bangham 1966; 
Cotes 1971) and human placental lactogen (Lederle Purified Placental 
Protein, Batch E-12 Lot 1359) were each administered intraperitoneally 

as two doses 72 and 48 hours before the s°Fe. 

Turkington: Did you have an opportunity to measure liver function, 

Beck: We did, and all indicators remain unchanged. 
Li: When you inject the prolactin preparation are there any indications 

of antibody formation ? 
Beck: No patients developed antibodies to prolactin that were detectable 

by haemagglutination or by ring test. More recently, however, we have 
shown that many patients treated only with HGH develop 7s IgG which 
binds porcine growth hormone (Murthy and McGarry 1971) and, in 

for example by excretion of bromsulphonphthalein ? 
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some instances, PLR (Murthy and McGarry, submitted for publication). 
Since all patients in the present report received HGH as well as a prolactin 
preparation, we cannot attribute the detection of a [1261]PLR-binding 
IgG to administration of PLR. 

Li: Have you tried porcine prolactin ? 
Beck: We have not. 
Li: The bovine and ovine prolactin structures arc quite close, yet your 

observations with bovine prolactin differ from those with ovine. Was 
degraded bovine hormone also not active ? 

Beck: The degraded bovine and the native or intact bovine prolactin 
probably should be considered inactive in our studies. However, these 
preparations were given to one subject only, and the biological assay data 
on this particular prolactin preparation and on the enzymically degraded 
preparation were not very good, so we are uncertain whether the patient 
received comparable amounts. 

Fruntz: Were there any clinical problems with allergy or anaphylactic 
reactions ? 

Beck: None. 
Friesen: Dr Li, has the Italian preparation of HPL (Sclavo Institute, 

Siena) been used yet in man, and are they planning to make it available for 
clinical investigation ? 

Li: I don't think they have any cases treated with their preparation, but 
they are planning to produce a large quantity for this purpose. 

Friesen: They should be encouraged to do so, because a lot of clinical 
investigation remains to be done with good HPL preparations. 

Beck: It is of great importance that an adequate supply of HPL be made 
available for clinical study, because the information to date is really very 
limited. 

Li: Our experience with the Lederle material, given to me by Dr M. M. 
Grumbach, when compared on the tibia assay for growth-promoting 
activity with the Siena preparation, is that the Siena one appears more 
active. 

Fruntz: Dr Grumbach said that when HPL was given in an acid vehicle, 
it seemed to be more potent. Have you any information bearing on this ? 

Beck: No. When one looks at these data, one really wonders whether 
one can categorically state that pH plays a role. 

Li:  Dr Grumbach has mentioned to me that at a pH of 3 . 5  the HCS 
(HPL) may become monomer. 

Fruntz: Have you found in your studies of its effect on the rat tibia that 
injecting it in acid media makes it more effective? 

Li: We have not tried that. 
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GENERAL DISCUSSION 

LUTEOTROPIC ACTIVITY AND PROLACTIN 

Short: On the question of gonadotropic activity, prolactin has a very 
important action on the corpus luteum, and Dr Denamur and I have shown 
that if you hypophysectomize sheep which have previously been hyster- 
ectomized, then prolactin is essential for luteum maintenance ; you cannot 
maintain the corpus luteum with LH alone. However, LH has an important 
synergistic action, so that LH+ prolactin is more effective than prolactin 
alone (Denamur and Short 1972). The two hormones together therefore 
seem to make up the luteotropic complex in the sheep. 

I propose that we abandon the term ‘the luteotropic hormone’, especially 
when it is used synonymously with prolactin. The evidence from several 
species suggests that the corpus luteum requires more than one hormone 
for its maintenance. 

Wilhelmi: I would second these suggestions. 
Li: The luteotropic effect was first shown over 30 years ago in the rat by 

H. M. Evans, E. B. Astwood and their co-workers, but it has now been 
found that the most important factor in the luteotropic effect in the ovary 
is ICSH (or LH). So to some extent the main luteotropic hormone in the 
rat is ICSH, not prolactin; so I agree with Dr Short. 

Frantz: Dr Short, I wonder if you think the name ‘luteotropic’ hormone, 
or even ‘luteotropic complex’, is necessary in man, in view of the fact that 
in hypopituitary humans, pregnancy can be successfully induced with a 
combination of FSH and human chorionic gonadotropin (HCG) ? 

Short: I think that an important component of the luteotropic stimulus 
acts before the corpus luteum is formed; Dr Denamur has shown that you 
can hypophysectomize sheep soon after ovulation and the corpus luteum 
will continue to secrete for several days (Denamur, Martinet and Short 
1966), suggesting some long-term programming of the secretory activity 
of the cells which is initiated before ovulation takes place, as Channing 
(1970) has suggested. 

Frantz: In individuals who are completely hypopituitary, since neither 
human menopausal gonadotropin nor HCG has luteotropic activity, as 
far as I am aware, there could not have been that priming by a pituitary 
hormone. 

391 
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Short: Perhaps the gonadotropins that have been given to induce 
ovulation have themselves programmed the granulosa cells. 

Friesen: It is important to recognize that most idiopathic hypopituitary 
patients have normal circulating levels of prolactin, so that if prolactia has a 
permissive role, one cannot exclude a possible luteotropic function for 
human prolactin in the clinical situation described by Dr Frantz. In fact 
Dr W. F. Daughaday has reported one patient with hypopituitarism with 
a prolactin level of 500 ng/ml (at the Second International Symposium on 
Growth Hormone, 1971). 
Li: For a long time I thought that prolactin was the luteotropic agent, 

but now we have two lines of evidence that it is not. When the rat ovary 
was incubated in vitro with prolactin, we, as well as other workers, were 
not able to stimulate the production of progesterone. Secondly, one of my 
colleagues, Dr N. R. Moudgal (1969), injected a single dose of antiserum 
to ovine ICSH into rats on day 8 ofpregnancy. Pregnancy was interrupted 
in almost all cases. When he took pregnant rats at eight days and hypo- 
physectomized them, and then maintained with ICSH, they went to full 
term, but this could not be done with prolactin alone. So it is clear that 
prolactin is not luteotropic. But prolactin shows a minimal luteotropic 
property with ICSH, either permissive or synergistic. By itself prolactin 
has very little role in maintaining pregnancy, or in the production of 
progesterone in vitro by the isolated corpus luteum. 

Short: I think we are both seeing the same fence from different sides! 
Firstly, we shouldn’t expect a luteotropic hormone necessarily to stimulate 
the secretion of progesterone. It may just act by prolonging the life of 
the corpus luteum, and our evidence in sheep suggests that it acts in this 
way. The effect of an antiserum to LH terminating the life of corpora 
lutea in the rat is, I think, quite understandable. Certainly in the sheep 
you cannot maintain a fully functional corpus luteum with prolactin alone, 
in the absence of LH. And in pregnant rats, we have known for some time 
that the placenta secretes a prolactin-like hormone, so it is a diflicult 
situation to analyse. 

Meites: It should be said in defence of the luteotropic action of prolactin, 
Dr Li, that before day 8 ofpregnancy in the rat, prolactin is essential. Ifyou 
hypophysectomize a pregnant rat early in pregnancy, then pregnancy is 
terminated. We have shown (see Meites 1970) that if you inhibit prolactin 
secretion by implanting prolactin in the hypothalamus of rats early in 
pregnancy or pseudopregnancy, that terminates pregnancy or pseudo- 
pregnancy. In addition, we should be aware that prolactin may have a 
luteolytic as well as a luteotropic action. It has been pointed out by Malven 
(1965) and our laboratory (Piacsek and Meites 1967) in hypophysectomized 
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rats with corpora lutea that prolactin can induce the disappearance of the 
corpora lutea. As I shall show, the major action of prolactin during the 
oestrous cycle of the rat appears to be to induce luteolysis of the previous 
crop of corpora lutea (see p. 394). 

Spellacy: In support of Dr Frantz’s comment, Vande Wiele and co- 
workers (1970) have presented a case of a hypophysectomized woman 
whose corpora lutea function was normal with only FSH and LH replace- 
ment therapy, demonstrating that prolactin is probably unnecessary. 

Nicoll: Dr Short suggested earlier that the persistence of luteal function 
after hypophysectomy in sheep indicates that prolactin and perhaps LH 
have programmed the tissue to function for some time. Dr Turkington, 
have you tried adding prolactin to your in vitro mammary gland system 
and then removing it, to determine how long the biochemical effects 
persist after taking away the hormonal stimulus ? 

Turkington: We haven’t done that, partly because the durations of these 
responses differ very much. For example, some RNA’s might only last 
half an hour, whereas others, such as the transfer RNA’s, might persist 
for several days. I’m not sure that one could tell from the decay of the 
induced response when the hormone was acting, or stopped acting. 

Nicoll: We need to know the rate of change of these various parameters, 
particularly the final product (the rate of casein synthesis), in order to 
know how long it takes for the effect of prolactin to wear off after the 
hormonal stimulus is removed. You have a definite lag period in your 
induction of casein synthesis of about four hours. There is evidence from 
the toad bladder that you can expose the tissue to aldosterone and remove 
it, and the biochemical effects persist over an extended period in the ab- 
sence of the hormone. 

Greenwood: I asked Dr Beck this six years ago and the answer was that if 
you inject someone with growth hormone and then remove the hormone 
after say 24 hours, it’s as ifthe patient had never received growth hormone. 

Beck: I don’t think I’ve ever said that ! It depends which parameter you 
look at. If you look at calcium metabolism the effects of injected HGH 
seem to persist for long periods of time after HGH administration ceases, 
whereas the BUN for example promptly returns to the preinjection 
control value. 

Greenwood: Isn’t Dr Nicoll asking whether a short exposure of a tissue 
to a hormone can programme the tissue and hence produce effects long 
after the hormone is presumed to have gone-that is, some effect akin to 
differentiation ? 

Turkington: We studied the induction of the cyclic AMP-activated 
protein kinase, which is induced within minutes. When we induce it 

* 
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and then remove prolactin, the enzyme decays very slowly, over a period 
of hours. But I don’t see how that helps us to know when the hormones 
stop acting. 

Nicoll: On the basis of that one parameter (protein kinase), the latency 
of the effect is rather short. But for the synthesis of casein, which is one of 
the final steps in the sequence of events, the latency is quite long, over a 
period of several hours. 

Turkington: That is more a function of how the cell manages its metabo- 
lism, rather than the duration of a discrete stimulus. 

Nicoll: Yes, but it all ultimately depends on the initial stimulus. 

A LUTEOLYTIC FUNCTION FOR PROLACTIN 

Meites: We have evidence to suggest that prolactin has a luteolytic 
function during the oestrous cycle. Our assays of the three hormones, 
prolactin, FSH and LH during the oestrous cycle of the rat show that all 
three hormones reach a peak level on the afternoon of pro-oestrus, in 
agreement with the results of Gay, Midgley and Niswender (1970) and 
others. FSH and LH presumably have a function in stimulating ovulation 
and the formation of the corpus luteum. What is the function of prolactin ? 
Our evidence is that its function at this stage of the cycle is to induce luteo- 
lysis of the previous crop of corpora lutea. 

In our control rats, serum levels of prolactin on the afternoon of pro- 
oestrus rise steadily, reach a peak at about 5 p.m. and remain high until 
about 7 or 8 p.m. and then go down gradually. They are still higher on 
the day of oestrus than during the dioestrous phase. A single dose of 
ergocornine injected at I*  30 p.m. on the day of pro-oestrus completely 
prevents the rise in serum prolactin (Wuttke, Cassell and Meites 1971). 
In earlier experiments with Dr Nagasawa (Nagasawa and Meites 1970) 
we found that long-term injection of ergocornine did not interfere with 
the regularity of the cycle, but when we killed the rats they had very large 
ovaries full of corpora lutea. So we did a series of experiments in which we 
injected the rats with ergocornine for three days during one cycle, starting 
on the last day of dioestrus, and killed them on the next first day of di- 
oestrus. Other rats were similarly injected with ergocornine for three days, 
but on the afternoon of pro-oestrus we also gave a single injection of I mg 
af NIH ovine prolactin (28 i.u. per mg). The ovaries of the rats given 
ergocornine alone were heavier than the ovaries of the controls; in the 
rats given ergocornine and one injection of prolactin, the ovaries weighed 
the same as in saline-injected controls. The average number of corpora 
lutea showed a significant increase in rats injected with ergocornine alone, 
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and a normal number of corpora lutea in rats given ergocoriiine together 
with a single injection of prolactin. 

In another experiment we injected ergocornine daily for three oestrous 
cycles starting on the last day of dioestrus, and killed the rats on the first 
day of the next dioestrus. Other rats were given ergocornine every day 
during the three cycles but in addition received injections of NIH ovine 
prolactin (I mg) on the afternoon of pro-oestrus and on the day of oestrus; 
thus these rats received a total of six injections of I mg prolactin each 
during the three cycles. The ergocornine-treated rats had heavier ovaries 
than those treated with ergocornine for one cycle, and a significantly 
larger number of corpora lutea. Prolactin brought the ovaries essentially 
back to normal and prevented the increase in the number of corpora lutea. 
I believe these experiments show that prolactin has a luteolytic function 
during the oestrous cycle. 

It has been known for many years that if a rat has corpora lutea at the 
time of hypophysectomy, the corpora lutea will persist although they are 
non-functional. If one injects prolactin (Malven 1965) or transplants a 
pituitary (Piacsek and Meites 1967) into these hypophysectomized 
animals, the corpora lutea disappear. Presumably this is what prolactin 
does in the normal cycling rat to the old corpora from the previous cycle, 
and in this way prevents a gradual build-up of luteal tissue. Rats ovulate 
up to 15 or more follicles at one time and if you continue to give ergo- 
cornine for many cycles, an enormous number of corpora lutea appear in 
the ovaries. One doesn’t know what this would eventually do to ovarian 
function, but apparently prolactin prevents this from occurring. 

Short: These data certainly look very convincing. But the rise in prolac- 
tin secretion that one gets in sheep during pro-oestrus occurs after the 
corpus luteum has regressed. 

Friesen: Mathies and Lyons (1971) have shown the same thing with rat 
placental lactogen in the rat; extracts of placentas from the rat caused 
luteolysis of corpora lutea when given in large amounts. 

Greenwood; In the rat do you find prolactin throughout the whole of the 
cycle as we did in the sheep and goat, with a surging as the LH peak comes 
down ? 

Meites: Yes. In the rat we find a rise (from a basal level during dioestrus) 
on the morning of pro-oestrus; it reaches a peak on the afternoon of pro- 
oestrus and then declines, but it is still higher on the day of oestrus than on 
the days of dioestrus (Amenomori, Chen and Meites 1970). 

Bryant: Does the LH rise before prolactin ? 
Meites: On the contrary, prolactin starts to rise before LH (Wuttke and 

Meites 1970). The rise in LH in rats occurs only during a period of about 
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two hours, between 5 and 7 p.m., and if you miss it then you see no rise 
during the rest of the cycle. 

Sherwood: From the evidence you presented, Dr Meites, prolactin 
inhibits its own secretion but stimulates LH and FSH. The so-called 
positive feedback that triggers the LH surge could be mediated by pro- 
lactin. Is it possible that there is a sequence oestrogen, prolactin, LH? 

Meites: We have wondered about this, and it is true that prolactin 
increases before either LH or FSH in the rat, so that possibility cannot be 
ruled out. 

Greenwood: It'snotso in thesheep, I think. Oestrogen induces LH and then 
prolactin, provided initially the progesterone is low, so my reading is: high 
oestrogen, low progesterone, producing LH followed by prolactin release. 

Denamur: What is the mechanism inducing pseudopregnancy in the rat ? 
Meites: Prolactin is needed for pseudopregnancy but so is LH. If you 

stimulate the uterine cervix on the morning of oestrus, you get pseudo- 
pregnancy and soon afterwards there is a rise in prolactin and LH (W. 
Wuttke, M. Gelato and J. Meites, unpublished). If we give ergocornine 
we can prevent the rise in prolactin but not LH, but we still get pseudo- 
pregnancy. We conclude that one can obtain pseudopregnancy in the 
presence of very low levels of prolactin provided that there is an adequate 
amount of LH, and that the two hormones are both involved in the 
luteotropic process. Prolactin during pseudopregnancy is very low 
(20 ng/ml serum), even lower than during dioestrus. There is no question 
that some prolactin is necessary, because hypophysectomy, or a prolactin 
implant in the median eminence to shut off prolactin, or a large dsse of 
ergocornine, can terminate pseudopregnancy . 

Denamur: Are the corpora lutea from the previous cycle completely 
regressed at the beginning of pseudopregnancy ? 
' Meites: At the beginning of pseudopregnancy they have probably 
regressed, presumably as a result of the rise in prolactin on the afternoon 
of pro-oestrus. 

Spellacy: Dr Meites, is there any evidence that prolactin has any effect on 
prostaglandins ? 

Meites: I know of none. 

REFERENCE PREPARATIONS OP HUMAN PROLACTIN 

Beck: It is becoming critical that a reference standard preparation of 
human prolactin for both the biological and immunological assay systems 
be developed. I think Dr Wilhelmi is the most senior statesman on refer- 
ence standards ! 
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Wilhelmi: I think that the strict rule should be obeyed that if you arc 
assaying human prolactin, human material should be used as a reference 
standard, so that we need a suitable source of human prolactin. It seems 
to me that the bioassays being developed that are most useful are those like 
Dr Frantz’s and Dr Turkington’s. They are very sensitive assays, so one 
could almost use the same reference material for both the immunoassays 
and these more sensitive biological assays. One possibility would be to 
follow up Dr Greenwood’s suggestion (p. 218) that we approach Dr G. Ross 
to make it known, since he is willing to distribute this material, that there 
is available a human plasma containing a significant amount of prolactin 
activity, which could be used as a reference material. It could then be 
assayed by both systems and a small meeting could try to agree on a unit. 
When enough human prolactin has been isolated, then another kind of 
reference material can be provided. 

Cotes: I agree that like must be compared with like. A second important 
attribute of a standard is that it should be stable. If a standard is to be 
handled in more than a very small number of laboratories, it is unsatis- 
factory to have to send it as a frozen solution. Inevitably, some delays 
occur with air freight services. Thought should be given to the possibility 
of preparing a dried batch of serum; the stability of such a preparation can 
be tested more easily and it can be made available to a larger number of 
laboratories. 

Turkington: We have had the opportunity to assay sera that have been 
stored for progressively longer periods of time (one to five years) and we 
found that with storage of serum, its biological activity falls off progres- 
sively. Dr Ross’s material (plasma) has been frozen for a couple of years 
already, and there is a possibility that its immunoreactivity may be quite 
different fiom the remaining biological activity. But since there is the 
possibility that in the next year or two human prolactin will be available 
as a standard in a relatively pure form, it might be better to wait for that 
rather than to use serum that has been frozen. Alternatively, it would be 
feasible to prepare in large quantity a serum that has been freshly drawn, 
because such serum is not hard to come by. There are patients taking 
phenothiazines who have as much as 1000 ng/ml of prolactin activity or 
more in their serum, and it would be possible to get several litres of that 
over a short period of time. 

Bryant: We have found that ovine prolactin in serum decreases in 
immunoactivity over two or three years, stored frozen at -2ooC, without 
enzyme inhibitors. 

Friesen: Dr Ross’s plasma may be particularly bad as a standard if you 
find loss of biological activity with prolonged storage, because there may 
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be a marked dissociation between the immunoassay and bioassay in a 
sample that has been stored for a long time. A fresh sample would be 
better as a standard. 

Wilhelmi: I would agree with that. I didn’t know how old Dr Ross’s 
material was. 

Friesen: We found that serum left out inadvertently in the lab. for 
four days showed very little difference in immunological activity upon re- 
assay, so over a short period oftime the stability ofhuman prolactin appears 
good. 

Greenwood: Dr Bryant assayed some crucial human plasmas for prolactin 
in January 1970, and Dr Siler got the same results nine months later. 

There are already about ten groups that would like a standard preparation 
now. Dr Cotes has a good point, but it will take time for such a serum 
to be pooled, lyophilized and distributed. I think probably Dr Ross‘s 
plasma would do in the interval before a pituitary preparation becomes 
available. 

Dr Cotes, how soon could a standard plasma pool be made available? 
Cotes: There are large numbers of subjects taking phenothiazine drugs 

from whom it would be easy to get plasma or serum. Since the present 
number of interested laboratories is small, a batch of several hundred 
ampoules of serum would probably meet the interim need.* We should 
appreciate the collaboration of people in the group to make preliminary 
checks of the suitability of the serum. At this stage, an interim yardstick 
with some likelihood of its being stable and which could eventually be 
calibrated in terms of pure preparations would have big advantages. 

Beck: I think the advantages are very obvious. The problem then is how 
to aid Dr Cotes in securing an adequate supply of lyophilized samples. 

Cotes: Tell us first whether it should be serum or plasma. Secondly, is 
there any necessity for enzyme inhibitors to be added, or should people 
who are running either tissue culture systems or immunoassay systems add 
what they need themselves ? 

Frantz: I think no additives would be better for the bioassays, and serum 
is preferable because it’s easier to handle. 

Wilhelmi: Dr Turkington, do you know whether the serum activity 
stands up to lyophilization ? 

Turkington: No, we haven’t really studied that point. 
Forsyth: It does in partially purified fractions; I don’t know about whole 

serum. We have put human plasma through Sephadex GIOO columns, 
* A batch of some 300 ampoules each containing the frme-dried residue of I ml serum 

fiom subjects under treatment with phenothiazine has been prepared. Ampoules of this 
preparation (71-167) may be obtained on request to the Director, Division of Biological 
Standards, National Institute for Medical Research, Mill Hill, London N W 7  IAA, England. 
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lyophilized the fractions, and collected and assayed them in our in uitro 
bioassay (Forsyth and Myres 1971). We certainly recovered substantial 
activity, but because our assay is only semiquantitative I can’t estimate 
accurately losses on the column or in lyophilization. 

Bryant: I made up pools of lyophilized sheep plasma and sent it to various 
people who wanted high and low ovine prolactin standards. I assayed it 
before and after lyophilization and there was no difference. They found 
the same values after postage to various parts of the world. 

Beck: It will be critical to be certain that Dr Frantz’s and Dr Turkington’s 
biological assays are uninfluenced by lyophilization of plasma or serum. 
It will also be necessary for someone to measure the levels in serum from 
phenothiazine-treated subjects which Dr Cotes might acquire. 

Fruntz: I would be glad to do that. 
Friesen: We would be anxious to do that as well. 
Greenwood: We would like to do this, so you would have two bioassays 

at least and two radioimmunoassays. 
Friesen: It would also be important to have a pituitary prolactin extract 

as an interim preparation even if it is relatively crude, because there clearly 
is a suggestion of some difference between serum prolactin and pituitary 
prolactin. 

Sherwood: Do you have evidence of differences in the immunoreactivity 
of the crude pituitary extract and serum ? I have not detected any. 

Friesen: No; they are parallel in our immunoassay. These are differences 
in results between some of Dr Turkington’s bioassay data and ours. 
They may be due to differences in the assay rather than the preparation. 
But I think the possibility of a difference between serum and pituitary 
preparations is a real one until it can be ruled out. We could certainly 
provide a fair amount of pituitary material relatively free of growth hor- 
mone, because the latter may also produce effects in the bioassay. 

Turkington: I think that material would not be suitable for bioassay; it 
probably contains enzymes and other contaminants which might destroy 
the active materials during the incubation that’s necessary. 

Friesen: Have you ever re-assayed a preparation at the end of the assay ? 
How much of the material disappears during incubation ? 

Turkington: I’ve not done that experiment; I probably ought to. 
Greenwood: We did that with Dr Prop some years ago. Sheep prolactin 

was added to mouse mammary gland cultures, and after five days of 
incubation there was no loss of prolactin as measured by radioimmuno- 
assay, so there was no apparent uptake of the hormone by the tissue despite 
a histological response! In fact in a few instances I think we found more 
‘prolactin’ at the end than we started with. 
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Beck; Certainly if one looks at the membrane receptor studies on insulin, 
it seems tleiat this hormone can exert its biological action and then be 
removed in the same amount as was added. 

HUMAN PLACENTAL LACTOGEN : NOMENCLATURE 

Sherwood: I think it important that we come to some decision on the 
terminology of the placental hormone known both as human placental 
lactogen and also, since 1967, as human chorionic somatomammotropin 
(see Li et al. 1968). The editors of the endocrinological journals would also 
like us to decide. I feel strongly that we should keep the original name, 
human placental lactogen, for two reasons, one historical and the other 
physiological. John Josimovich would be the last person to insist on keeping 
his original name (Josimovich and MacLaren 1962)~ but we still don’t know 
for certain the major role of this hormone in pregnancy. We  know that it 
is a potent lactogenic hormone but we don’t know how important its 
growth-promoting activity is. There are very high concentrations of HPL 
in pregnancy, but from Dr John Beck’s data, ovine prolactin has much more 
somatotropic activity than HPL per unit weight. Although chemically 
it is very similar to growth hormone, I am reluctant at this time to call it 
a ‘somatotropin’. If new functions are found or the function redefined, 
the name might be changed again. We should therefore keep the original 
name until more data are available. 

Li: I was really the principal father of ‘human chorionic somatomammo- 
tropin’, in Siena in 1967, and I don’t want necessarily to defend it, but to 
clarify why the name was chosen. Of course hormone functions change 
all the time as our knowledge becomes wider, and we do not know what 
HCS does because it’s a new hormone, only purified (to some extent) in 
1962. I proposed this name because ‘human chorionic gonadotropin’ 
(HCG) had already been accepted as a name for that human placental 
hormone and it seemed consistent to have a series of terms for other 
placental hormones, as they are found: we can expect human chorionic 
melanotropin (HCM), human chorionic thyrotropin (HCT) and human 
chorionic lipotropin (HCL). The structure of this hormone is very close 
to human growth hormone (HGH); 160 of the 190 amino acids are the 
same. We don’t know what it does yet, but chemically it is very close to 
growth hormone, and the name reflects this. 

Greenwood: I’m standing in for Dr Grumbach here! Dr Friesen has 
shown that human prolactin rises in pregnancy and so we do not need to 
postulate a lactogenic function for HPL. Originally I liked Dr Josimo- 
vich‘s term; I then preferred Dr Friesen’s ‘human placental protein’. 
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We have at least advanced to the stage where we could call it ‘human 
placental hormone’. Until it is really pinned down I would prefer to go 
by history and priority and call it HPL. 

Friesen: I have always been non-committal about the terminology, 
except that I do like Josimovich‘s simple term. 

Frantz: I agree. And it’s much easier to use ! 
Ttrrkington: Dr Josimovich should certainly be given the credit; he 

discovered the hormone to a certain extent and named it in accordance 
with the knowledge available to him then. On the other hand, we have to 
recognize that we now have these two sets of hormones, pituitary hor- 
mones and placental, or chorionic hormones, and some consistency 
in naming the placental hormones would be in order. In that sense, the 
term ‘chorionic’ in the name seems appropriate. It seems to me that 
‘chorionic prolactin’ would designate a major activity of the hormone that 
has been clearly demonstrated. 

Wilhelmi: This discussion creates a problem for me, because I am distrib- 
uting this substance. One technical problem was how to get ‘human 
chorionic somatomammotropin’ on a small label ! As a (temporary) 
solution to the problem, the label now reads ‘human placental lactogen’, but 
this could be altered. However, the NIH material will go now to many 
people, a usage will be created, and unless a decision is taken now, at the 
start of distribution, that can be acted upon and will have a broad influence, 
usage will determine the name regardless of the editors of Endocrinology 
or any of us. So I seek your advice. 
Li: I think HCS has been extensively used in Europe. HPL is also used 

widely among many workers. Lederle has adopted the term Purified 
Placental Protein (Human). 

Greenwood: I agree with you that it’s chorionic, we know it’s human, 
but we do not know whether it’s a lactogenic or growth hormone or has 
some other function. 

Spellacy: It seems clear from the earlier discussions that you can’t talk 
about pituitary prolactin as a growth factor since it doesn’t produce 
growth, and the same logic can be applied to the placental hormone. The 
literature is very confusing now with four or five names being given to the 
placental hormone and it would be logical and simpler to go back to an 
old and appropriate term rather than create a new one. I believe that 
‘human placental lactogen’ should be the choice. 

Beck: This is in essence what Dr Wilhelmi through his distribution system 
is doing and I think it would be useful for editors as well as for many others 
that we advise him to do this, because his influence with respect to labelling 
onwhatpeople do in the next ten yearsisprobablygreaterthananyone else’s. 
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Forsyth: I have a prejudice in favour of human placental lactogen, but 
I can see a problem over contraction, because human pituitary prolactin 
may also be abbreviated to HPL. 

Li: The chief problem remains: what is the function of this hormone; 
what is a lactogen doing to the foetus, in the placenta ? The name human 
chorionic somatomammotropin gives an indication that the hormone 
increases as the size of the placenta increases, which suggest some connexion 
with the growth of the foetus. 

Meites: Personally, I would be in favour of giving Josimovich the priority 
and calling it ‘human placental lactogen’, since he did the initial work and 
most of the activity described is lactogenic. 

Beck: We appear to have a general consensus, except for C. H. Li 
abstaining, that HPL be retained until the physiological role ofthis hormone 
is determined. 
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CONCLUSIONS 

J. C. BECK 

In my introduction 1 pointed out that advances in technology and the 
advent of a new generation of creative younger scientists, building upon 
information acquired by their elders, have set the stage for a rapid advance 
in the area ofthe lactogenic hormones. I think that this meeting has demon- 
strated this phenomenon to an unusual degree. It is difficult and perhaps 
unnecessary to summarize the contents of the symposium; perhaps more 
appropriate would be the delineation of certain areas which deserve special 
attention in the future. During the discussion of the chemistry of the 
lactogenic hormones it became clear that a reevaluation was needed of the 
methods of bioassay for growth-promoting and lactogenic activities in 
routine use in laboratories concerned with the chemical aspects of the prob- 
lem. I fully recognize the problem of the small amounts of material 
available, but I also feel that there is a danger of being misled if only the 
tibia test and the pigeon crop sac are used to evaluate the biological activity 
of the hormone fragments obtained by cleavage or by subsequent synthesis, 
and I think this is an area where help is critically needed. 

Before moving on to another focal area, I should also like to urge Dr Li, 
Dr Sherwood and Dr Niall to examine together in detail their respective 
proposals for the structure of the lactogenic hermones. It is also clear that 
information on the three-dimensional structure of these molecules is 
critically needed and I hope that crystals of these hormones may soon 
be available for study by colleagues in X-ray crystallography. I suspect 
that those of you with chemical capabilities will rapidly begin, or more 
probably have already begun, the synthesis of fragments of the parent 
molecules. It would appear from the evidence presented in this symposium 
that these functions are probably located in different portions of the 
molecule with only slight or no overlap. The synthesis of a fragment with 
the biological activity of growth hormone would be an exciting and 
important achievement. 

Another areawhich has required attention andwasdiscussed(pp. 396400) 
is the need for a series of reference standards for both the bioassay and the 
immunoassay of the lactogenic hormones. This becomes crucial not only 
from the point of view of the obvious contribution it would make to the 
research aspects of t h i s  problem, but also when these findings are brought 
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into general clinical use. It is a t  the clinical level that there is enormous 
pressure, from the point of view of HPL and a reference preparation. In 
the same vein, I believe that it is important that those of us concerned with 
human pituitary collection and extraction programmes should modify our 
methods so that human prolactin, which undoubtedly seems to be here to 
stay, can be made available for future chemical and biological characteriza- 
tion. 

It also seems appropriate to mention for further discussion the question 
of whether the nomenclature currently in use for the lactogenic hormones 
is the ideal one or whether revision is justifiable, and again our discussion 
may be able to influence this point. I personally have had misgivings 
about the designation ‘human chorionic somatomammotropin’ (HCS), 
and our general consensus in favour of human placental lactogen (HPL) 
may help to resolve the situation. 

It also became clear during the meeting that knowledge about the 
control mechanisms for the synthesis and release of the lactogenic hormones 
is very primitive indeed, perhaps particularly with respect to the placental 
hormone, where at the moment there seem to be no appropriate data. 
The physiological role of HPL and prolactin in man requires much 
clarification, and this obviously remains a fertile area for future investiga- 
tion. 

I would be remiss if I didn’t express my concern about the use of normal 
male plasma or serum in the new and very elegant bioassay systems for 
prolactin. With the information that such serum has appreciable prolactin 
content, as measured by immunoassay, one wonders about the wisdom of 
this manoeuvre in further attempts to increase the sensitivity of the assays. 

In conclusion, I leave this symposium with great optimism. I had hoped 
for a good meeting, but had constantly been plagued by the question of its 
timing. However, the information presented has assured me that it was 
held at a highly appropriate time. The lactogenic hormones are clearly 
the new ‘thing’ in endocrinology, and with the many new investigators 
undoubtedly joining us in the race, the opportunities for small inter- 
disciplinary meetings such as this rapidly fade on the horizon. I believe 
this opportunity given by the Foundation to meet and to communicate 
with each other will serve as a source ofgreat strength in the futme develoy- 
ment of knowledge in this important area of endocrinology. 
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Abortion, human placental lactogen levels, 

Acetylcholie, effect on prolactin secretion, 

Achondro lasia, 370 

230 

328 

lactogenic activity, 155 
Acromega P y, 

A B enyl cyclase in prolactin release, 76 
solactin secretion, 92,98, 145, 147,258 

Adrenaline, 
effect on pituitary structure, 61 
effect on prolactin secretion, 62, 81, 328 

ACTH, release, 210,216 
Aldosterone, 

excretion, effect of human placental 

secretion, effect of prolactin, 379 
'a"tpgen* 375 

Alveolar cells, effect of prolactin, 187-189 
Amino acid sequences, 

human growth hormone, 7, 18, 19, 20, 

compared with human placental lac- 

human placental lactogen, 15,16,18,19, 

compared with growth hormone, 39, 

3 80 

togen, 48 

20, 33,343 35, 37.40,45 

40 
monkey placental lactogen, 48 
ovine prolactin, 12, 13, 18,19,20 
prolactin, 215,380 

Amino acid substitutions in human pla- 
cental lactogen, 41 

Amitriptyline, effect on prolactin levels, 
178.349 

Amphibians, prolactin action in, 302, 304, 
30% 317 

Androgen, synergism with prolactin, 308 
Asthma, 370 

Birds, prolactin action in, 302, 306, 308 
Blood, 

lactogenic activity, detection, I 5 1-167 
prolactin activity, a74 

effect of growth hormone, 3 86 
effect of prolactin, 369 

Bone marrow, 

Brainlesions,effect on prolactin andgrowth 

Brain turnours, prolactin levels, 141 
Breast, 

hormone synthesis, 68, 73 

as target organ for prolactin, 194,219 
effect of growth hormone, I IZ 
growth in neonates, 220 

prolactin action on, 124-126 
growth, 187-193 

steroid action on, I33 
stimulation, 

by lacenta, 48 
pro P actin secretion and, 271,275 

assay of prolactin, 137 
tissue from mid-pregnant mouse as 

Breast cancer, 317 
inhibition, 74 
prolactin activity, 110,185, 195 

tranquillizers and, 3 56 
following pituitary stalk section, 175 

Cadaverine, 62 
Calcium, 

effect on prolactin secretion, 55-56 

effect of growth hormone, 3 84 
effect of HGH and prolactin, 379 

effect of growth hormone, 393 
effect ofhuman placental lactogen, 374 
effect ofprolactin, 364,366,370,373 

effect of bovine growth hormone, 378 
effect of human placental lactogen, 375 
effect ofprolactin, 368,372,373, 378 

synthesis, 115, 116, 123 

excretion, 

metabolism, 

Carbohydrate metabolism, 

Casein, 

effect of prolactin, 169,393 
in Forbes-Albright syndrome, 173 

Catecholamines, 
effect on lactation, 342 
effect on prolactin secretion, 58-64, 73, 

in hypothalamus, 58, 65,73,78-79, 80- 

growth hormone binding to, 128,129 

78,331-334s 346 

81,340 
Cell membranes, 
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Cell membranes-continued 
human placental lactogen binding to, 

prolactin-binding sites, 112-113, 118, 

prolactin stimulation of, I 14 

127,128, IW 

124,127,128 

Chemistry of lactogenic hormones, 7-26 
Chickens, broodiness in, 3 19 
Chlorpromazine, 349 

effect on pituitary hormones, 346 
effect on prolactin secretion, 66,143,187, 

3309 331 
Chlorprothixine, 349 
Chromatography, affinity, 94 
Chymotrypsin, 

cleavage of human placental lactogen, 
28,40 

peptides from, 31,37 
Co-lactogens, 3 
Colchlcine, effect on prolactin secretion, 

Corpus luteum, effect ofprolactin, 391-396 
Cortisol, effect on prolactin activity, 185 
cyanogen bromide cleavage, 

of human placental lactogen, 29,40,45 

Cyclic AMP, activating protein kinase, 

Cyclic AMP-binding protein, 116, 130 
Cystine residues in lactogenic hormones, a3 

Deoxyribonucleic acid, 

279-280 

peptides from, 36 

116,130 

synthesis, 
during lactation, 192 
effect of prolactin, 190 

Deoxyribonucleic acid-RNA hybridiza- 
tion, 120 

Diabetes, 88 
hypophysectomy, effect ofprolactin, 368 
in pregnancy, human placental lactogen 

levels, 230 
retino athy in, 

pro f actin levels, 175, 186 
Dibutyryl cyclic AMP, 

andmechanismofaction ofprolactin, 130 
prolactin synthesis and, 76 

D;gitahs, 3 5 i  
Dimethylnaphthylene sulphonyl chloride, 

31 

disruption, 28 
in human growth hormone, 10,22 
in human placental lactogen, 15,m 

Disulphide bridges, 3 8 

Disdphide bridges-continued 

Dopa, effect on prolactin secretion, 34.2, 

Dopamine, effect on prolactin secretion, 60, 

in prolactin, 1z,23 

347 

65, 731 79, 107, 178, 3299 331, 332, 334, 
347 

Eating, effect on human placental lactogen 

Eclampsia, 88, 318 
Edman degradation, 

levels, 226 

of human placental lactogen, 3 I, 46 
peptides from, 37 

Electron microscopy of pituitary cells, 61, 

Ergot derivatives, 
248-252 

effect on prolactin secretion, 68-74 74, 
80,251,320,335,394 

Erythropoiesis, 
effect of prolactin and growth hormone, 

3 86 
Evolution, 

of prolactin, 299 et xi., 318, 320 
placental lactogens in, 48 

Fasting, effect on human placental lactogen 
synthesis, 89 

Fish, prolactin action in, 304,320 
Fluphenazine, 349 

effect on prolactin levels, 178 
Foetus, 

anencephalic, human placental lactogeii 

malnutrition, 88 
pituitary differentiation in, 216 
prolactin levels, gg, 219,281 

Folley, Sydney John, 1-5 
Folliclestimulating hormone, 

assay, 208 
release of, 210,216, 334 

Forbes-Albright syndrome, 
prolactin secretion in, 173, 176 

compbcating drug therapy, 178,186,350 
lactogenic activity in blood, 155 
a,% milk protein in, 352 
prolactin activity, 92, 98, 108, 10g, 141. 

147,148,161,178,185,201-202, 349- 
3 59 

in mothers, 237 

Galactorrhoea, 

with normal menses, I43 
Gastrin, pentapeptide, 45 
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Glucose, 
and human placental lactogen synthesis, 

effect on prolactin release, 105, a03 

155-161 

103,226-228 

Goats, pregnant and lactating, plasma assay, 

Gonadal dysgenesis, 370 
Growth, 

action of prolactin, 21, 23, 24, 306-308, 

effect of prolactin and HPL in hypo- 
321, 383 

pituitary dwarf, 383 
Growth hormone, 7,322 

activity, 4647,131 
amino acid sequences, compared with 

placental lactogen, 18-21, 39,40 
assay, 14 
effect on calcium metabolism, 3 84-3 85 
inhibition of action, 322 
in prepubertal hypopituitarism, 363 
lactogenic activity, intrinsic, 10,144-145, 

neutralization with anti-HGH serum, 271 
osteoporosis and, 385 
precursor, 80 
release, effect of ionic environment, 56 
secretion, 343 

151 etseq. 

by pituitary tumours, 70 
@ect of suckling, 284 
in lactation, 147-148,283 
stimulation, 205 

separation from prolactin, 94, 361 
stimulating mammary epithelial cells, 

structure, 7-10, 311, 323 
synthesis, site of, 101,295 

Growth hormone, bovine, 3 
activity compared with prolactin, a4 
effect on carbohydrate metabolism, 378 
effect on rabbit mammary gland, 195 
site of synthesis, 295 

activity, 49 

I12 

Growth hormone, human, 

compared with human placental lac- 

amino acid sequences, 7, 8,g, 18, 19,20, 

compared with human placental lac- 

antigenic sites, difference from human 

antisera, ustinprolactinbioassay, 146-147 
biological activities, I I 

togen, 23 

380 

togen, 48 

placental lactogen, 15 

;rowth hormone, human-continued 
chemistry of, 7-10 
circular dichroism spectra, 17 
competition for binding with prolactin, 

destruction, 271,285 
disulphide bridges, 22 
effkct on blood urea nitrogen, 393 
effect on bone marrow, 3 86 
effect on calcium metabolism, 393 
effect on cell growth, 23,191 
effect on liver, 194 
effect on mammary growth, I 87, I 88 
effect on renin production, 386 
immunofluorescence studies of hunian 

(pituitary, 292,294 
in uction of casein synthesis, 171 
lactogenic activity, 10, 48-19, 10s. 140, 

153-1’55 
levels, 140 

effect of steroids, 237 
following hypophysectomy, 201 
in lactation, 153, 15s 

I27 

oestrogen-potentiated release, 105 
physicochemical properties, 7 
plasma assay, 153-155 
prolactin activity, I, 106, 140, 146, 153, 

161 
radioimmunoassay, 46, I 53 
release, 

from pituitary tumour, 212 
from tissue culture, zog 

following hypoglycaemia, 176 
in pregnancy, 294 

structure, 7-10, 148 
compared with growth hormone and 

human placentallactogen, IS, 18-19, 

secretion, 

20-21 

tertiary, 25 
synthesis, 10, go 

Growth hormone, monkey, 
electrophoresis, a66, 281 
identification, 259 
immunoadsorption, 95 
secretion, 257-268,284 

amounts, 260,262,264 
during lactation, 263,264 
in infants, 265 
in organ culture, 261 
rates of, 262 

synfisis, 90-94 
prolactin activity, 257 
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Growth hormone, primate, 83 
Growth hormone, porcine, 380,387 
Growth hormone, ovine, 

activity compared with prolactin, 24 
Guanethidine, effect on prolactin produc- 

tion, 65 
Guanidine, human placental lactogen 

synthesis and, 88 
Gynaecomastia, prolactin levels in, 179- 

181,187 

Haloperidol, 349 
Histones, phosphorylation of, I 15 
Human chorionic somatomammotrotin 

(HCS) ; see Human placental lactogen 
(HPL) 

Human-growth hormone, 
see Growth Hormone, hirrnan 

Human placental lactogen (HPL), 
activity, 14, 131, 361-389 

compared with growth hormone, 23 

tertiary structure and, 4 
amino acid sequence, IS, 16, 18, 19, 20, 

compared with growth hormone, 
33, 34, 35, 37, 40945 

40,48 
amino acid substitutions in, 41 
antigenic sites compared with growth 

as index of placental function, 234,236 
binding to cell membrane, 127, 128,129 
bioassay, 14-15, 181-182 
biological role in pregnancy, 238 
chemistry, 12-17 
circular dichroism spectra, 17 
cleavage, 

hormone, 15 

by Edman degradation, 31, 37,46 
peptides from, 3 I 
with chymotrypsin, 28,37,40 
with cyanogen bromide, 29, 36, 40, 

with pepsin, 29,37,40 
with trypsin, 40 

45 

competition with prolactin, 127 
dimers, 49-50 
disulphide bridges, 22 

eclampsia and, 3 18 

effects, 
aldosterone excretion, 3 75 

blood urea nitrogen, 374, 376 
calcium balance, 374 
carbohydrate tolerance, 3 75 

Human placental lactogen-continued 
effects-tontinued 

growth, 24949,383 
phosphorus levels, 375 
sodium balance, 375 
with growth hormone, 374 

function, 4 , 2 7 3  1~400,402 
immunoassay ,223 -23 g 
immunological activity, 46 
induction of proteins by, 171 
inimunofluorescence studies, 292,294 
in pregnancy, 223-239 
levels, 

effect of eating, 226 
fluctuations in, 239 
following abortion, 230 
hypoglycaemia and, 227,228 
in abnormal pregnancy, 230-234 
in diabetic pregnancy, 230 
in hypoglycaemia, 23 8 
in normal pregnancy, 229-230 
in placental tumours, 230 
in Rh factor sensitization, 230 
in sleep, 239 
ovarian steroids and, 237 
regulation, 226-229 
relation to placental-foetal mass, 228 

molecular weight, 14,24 
nomenclature, 5-6, 25-26, 400-402, 

404 
potency, 383 
purification, a7  
radioimmunoassay, 47,223-225 
reduction and alkylation, 42, 46 
relation to prolactin, 18-21,43 
release, 216 
structure, 27-51. 400 

activity and, 45 
compared with growth hormone and 

prolactin, IS, 18-19,20-21 
synthesis, 93-89 

correlation with placental weight, 88 
effect of fasting, 89 
effect of glucose, 103 
effect of ovarian steroids, 237 
in vitro, 84 
rate, 86, r o o  
regulation, 88, roo 
sites of, 86,296 

tertiary structure, activity and, 4 
trypsin cleavage, 28 

Human prolactin, see under Prolactirt 
5-Hydroxytryptamine, 62 
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H y pergl y caemia, 

lactogen, 228 

Hypertension, 88 
H y pogl y caemia, 

and regulation of human placental 

effect of prolactin, 379 

effect on prolactin secretion, 145 
growth hormone secretion, 176 
human placental lactogen levels, a27,23 8 

Hypophysectomized rats, mammogenic 
stimulation, 271 

effects in pregnancy, 392 
growth hormone levels, 201 
serum prolactin levels following, 107 

Hypopituitarism, 
pre ubenal, effect ofprolactin, 362, 363 

Hypothalamic prolactin-inhibiting factor, 
58, see under Plofactin-inhibiting-factor 

Hypothalamus, 
catecholamine levels in, 58,65,73,78-79, 

80-81, 340 
controlling pituitary hormone release, 

215 
lesions, 

effect on prolactin production, 67, 73, 
325 

role in growth hormone synthesis, 101, 

284 
rolein prolactin secretion, 73,78,81,101, 

IO&I74* 176,2699 284,325-347 
tumours of, prolactin secretion, 176-178 

effect on prolactin levels, 178 

absorption experiments, 289 
cytological localization of staining, 290- 

inhibition, 289 
nature of serological factor, 289 
of prolactin cells, 246-248 
pituitary studies in pregnancy, 287-297 
selection ofantisera for staining, 288 
serological specificity, 287-288 
state of antigen in tissue sections, 279,290 

effect on prolactin secretion, 205 

stimulation of mammary gland stem 

H ypophyseaomy, 

pro P actin activity in, 99, 391.392 

Imipramine, 349 

Imunofluorescence, 277 

291 

Insulin, 

cells, 111, 187-188 
Insulin tolerance tests, 144 
Integument, prolactin action on, 308 

Krebs-Ringer buffers, pituitary gland 
incubation with, 54-55 

Lactalbumin, 
effect of oestrogens on activity, 184 
induction, 170 
inhibition of synthesis, 128 

DNA synthesis during, 192 
effect of catecholamines, 342 
effect of prolactin, 130,284 
growth hormone levels in, 155,263,283. 

Lactation, see also Suckling 

284 

initiation, 133  
interaction of steroid and prolactin, 132 
oral contraceptives and, 354 
plasma hormones in, I 53 
pregnancy and, 132 
prolactin activity during, 141, 14, 173, 

in monkey, 264 

I 

199.355 
in monkey, 263.264 

Lactogenic activity, 
bioassay, 152 
in acromegaly, 15s 
in galactorrhoea, 155 
in pregnant and lactating goats, 15s 

Lactogenic response, specificity of, I 52 

Lactose synthetase system, effect of pro- 
lactin, 116, 169 

Largactil, see Chforproniazine 
Levopromazine, 349 
Liver, 

effect of growth hormone on, 194 
effect of prolactin on, 194 
sulphation factor production, 194 

Luteinizing hormone, 
assay, 208 
release, 210,216 
secretion, 334 

Luteotropic activity, prolactin and, 391-396 
Luteotropic hormone, see Hunran placetitof 

Lysosomes, in pituitary tissue culture, 279 

Magnesium ion, effects on prolactin 

Mammary gland organ culture, I I I 

loctogevr 

synthesis, 55-56 

bioassay method, 152 

co-culture with foetal and placental goat 

detecting lactogenic activity, I 51-167 

of human growth hormone, 153 

tissue, 160 
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Mammatrophs (prolactin cells), structure, 
61,249-252 

Menopause, prolactin levels, I 10 

Menstrual cycle, 
effect oftranquillizers on, 357, 358 
serum prolactin in, 99 

Methionine residues in human placental 

Methyldopa, effect on prolactin secretion, 

Methyl tyrosine, effect on prolactin secre- 

Mid-pregnant mouse breast tissue, as bio- 

Milk proteins, 

lactogen, 40~42 

331 

tion, 331,344 

assay, 137 

effect of progesterone on production, I 84 
induction, 114-116 

measurement of prolactin activity by, 
169-196 

in galactorrhoea, 352 
synthesis, 112, 124. 128 

action of prolactin, 121 

Mik  secretion, role of prolactin, 312 
Monkey placental lactogen, 50 

amino acid composition, 48 
Mouse mammary gland bioassay, 169-173 

Nitrogen in urine, 
effect of human placental lactogen, 376 
effect of prolactin, 364 et seq. 

Nitro-prolactin, 12,25 
Nomenclature, p6,25-26,400-402,404 
Noradrenaline, 

effect on pituitary structure, 61 
effect on prolactin synthesis, 62, 63, 64, 

65, 80,81 

Oestradiol, effect on prolactin synthesis, 65 
Oestrogens, 

causing mammary hyperplasia, 186 
effect on prolactin activity, 59, 184, 188, 

metabolism, 104 
335.339 

Oral contraceptives, lactation and, 354 
Osmoregulation, action of prolactin in, 

Osteoporosis, 3 85 
Ovariectomy, effect on prolactin synthesis, 

Ovine prolactin, see under Prolaclift 
Oxytocin, 

304-3069 311,319 

58 

effect on prolactin release, 220, 329 
estimation, 4 

Pe sin, cleavage of human placental 

Peptides, 
Lctogen, 29,37,4o 

from cleavage of human placental 
lactogen, 3 I, 40 

tryptophan-containing, 37 

effect on prolactin synthesis, 65. 66, 68, 
Perphenazine, 349 

328 
pH, role in prolactin activity, 388 
Phenothiazine drugs, effect on prolactin 

secretion, 143, 178, 180, 186,200, 217 
Phosphorus, 

effect of human placental lactogen, 375 
effect of prolactin, 366 
excretion, 

effect of growth hormone, 378 
Pigeon local crop assay, 11,271 

criticism of, 274 
Pituitary, 

cells, 
counting, 245 
differential staining, 241-246 
electron microscopy, 248-252 
HerIant’s tetrachrome staining, 242, 

immunofluorescence, 246-248 
methasol blue-PAS-orange G staining, 

nomenclature, 241 
prolactin-secreting, 61,280,286 
staining, 277 et seq. 

=44 

243 

differentiation in foetus, 216 
effect of noradrenaline on fine structure, 

hormones, 
61 

degradation, IW 
control of release, 21 5 

absorption experiments, 289 
inhibition, 289 
in pregnancy, 287-2517 
nature of serological factor, 289 
selection of antisera, 288 
serological specificity, 287-288 
state of antigen, 290 
with antisera to HGH and HPL, 292- 

immunofluorescence studies, 

294 
incubation, 

in Krebs-Ringer buffers, 54-5 5 
with puromycin, 54 

production, 54 
ionic environment affecting prolactin 
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Pi tuit ar y-continrred 
morphology, 61,270 
prolactin content, 97,1og 
protein storage and synthesis, 266,286 
rhesus monkey, 

et seq. 
growth hormone and prolactin in, 258 

tissue culture experiments, 284 
lysosomes in, 279 
prolactin release from, 207-217 

prolactin levels following, 339, 341, 
transplantation, 

342 
stalk seaion, 

effect on prolactin synthesis, 81, 174- 
176, 185 

tissue culture, 269-286 
tumours, 

effect of ergot derivatives on, 70 
growth-hormone secreting, 70 
hormone release from, 212 

prolactin activity in, 57, 71, 92, 147, 
161,175-178,202 

StWs and 7315a, 70 

abnormal function, 88 
function, 23 8 

MtTW5.57 

Placenta, 

human placental lactogen as index of, 
236 

human placental lactogen in, 103 
incubation of tissue, 84 
lactogenic activity in, 12, see also irnder 

mammary-stimulating activity, 48 
release of proteins, 8s  
tumours of, 

human placental lactogen levels in, 230 
weight, relation to human placental 

lactogen levels, 88,228 
Placental-foetal mass, relation to human 

placental lactogen levels, 228 
Placental lactogens, in evolution, 48 
Placental lactogen, human see Hitman 

Placental lactogen, goat, 48, 163 
Placental lactogen, monkey (MPL), see 

Placental lactogen, ovine, I, 48, 50 

Placental lactogen, rat, 
effect on corpus luteum, 395 

Polyoestradiol phosphate, effect on pro- 
lactin production, 58 

Human placental lactogen 

placental lactogen 

Monkey placental lactogen 

Potassium, 
effect on prolactin synthesis, 5 5 ,  56 
excretion, 

effect of growth hormone, 3 78 
effect of prolactin, 367, 368 

Pregnancy, 
action of prolactin in, gg, 104, 132,221 
effect of hypophysectomy, 392 
human placental lactogen in, 223-239 
osmoregulation in, 

role of prolactin, 306 
pituitary iminunofluorescence studies in, 

287-297 
prostaglandin levels in, za6 

Progesterone, 
effect on rolactin activity, 184, 328 

inhibiting lactalbumin synthesis, 128 

action of, 77,131,133,299-324 
aldosterone secretion, 379 
anti-gonadal, I 3 I, 3 I 9 
blood urea and urine nitrogen, 364 rt 

bone marrow hypoplasia, 369 
broodiness in chickens, 3 rg 
calcium balance, 364, 366, 370, 372 
carbohydrate metabolism, 368, 372, 

casein synthesis, 393 
cell growth, 191 
common factor, 2g9,3 I 1-3 12 

growth, 194,306-308, 321.322 
in amphibians, 302, 304, 308 
in birds, 302,306, 308 
in fish, 304,320 
in hypophysectomized diabetic 

patients, 368 
in hypopituitarism, 391, 392 
in pituitary tumours, 175 
in reptiles, 302, 306,308 
in teleosts, 302, 304, 308, 312, 317, 

integument, 308 
inulin clearance, 3 78 
lactogenic, 12, 21, 49, 111 et seq., 151 

lactose synthetase system, 116 
maternal behaviour, 3 19-320 
mammary growth, 187-193 
mechanism, 111, 118 
milk secretion, 3 12 
osmoregulation, 304-306,3 I I, 3 19 

galactorr I! oea and, 352 

Prolactin, 3 

seq., 379 

3739 378 

3 20 

et seq., 306 
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Prolactin-continued 

action of--continued 
phosphorus excretion and balance, 

polysomes, 122 
potassium excretion, 367, 368 
pregnancy, 306 
primary and secondary, 3 17 

renin, 386 
reproduction, 3 02-3 04 
ribosomes, 128 
sexual activity, 3 19 
sodium metabolism, 306,317,367,368 
with steroids, 132 
amino acid, sequence, 215 
antibodies to, 277-278, 387 

366367 

puberty, 334 

assay, 162 
binding to cell membranc, 112-113, 127 
breast as target organ, 194,219 
cells secreting, 61, 241 et scq., 280, 286 

distinctive features, 249 
identification, 244,249 
counting, 245 
differential staining, 241-246 
functional study, zjo-zp 
release of hormone, 250 
reliability and specificity, 243 
segregation, 250 

cell-membrane binding, 124, 128 
comparativeendocrinology,2~9, 300,301 
comparison of preparations, 371 
competition with growth hormone, 127 
correlation between pituitary and plasma 

levels, 222 
definition, 321 
effect of one species on another, 321 
effect on cell division, I 88 
electrophoresis, 285 
heterogeneity of, 76 
hyperglycaemia and, 145, 379 
immunoassay, 278 
immunofluorescence, 277 
induction of milk proteins by, I 14-1 16 
in evolution, 299 et seq., 318, 323-324 
levels, 

during lactation, 130,141,144,355 
effect of phenothiazines, 178, 180,217 
following pituitary transplantation, 
339.341t342 

in foetus, gg, 219 
in galactorrhoea, 108, 141, 161 
in intracranial tumours, 141 

Prolactin-continued 
levels-continued 

IuteoPytic function, 394-396 
luteotropic activity, 391-394 
measurement, 91, 352 

mechanism of action, I I 1-126 
nitrophenylation of, 25 
pigeon crop gland assay, 12,271 

criticism, 274, 403 
precursor, 80 
radioimniunoassay, chromatoelectro- 

receptors, 194,219,318,323 
receptor-like activity in liver, 194 
receptor-site binding, 118 
release, 3 3 5-3 36 

cellular aspects, 250 
effect of oxytocin, 329 
regulation, 53-75 
role of adenyl cyclase, 76 

in pituitary tumours, 161,202 
in regnancy, 221 

by n d k  protein induction, 169-196 

phoretic and incubation damage, 198 

Ribonucleic acid synthesis stimulated by, 

secretion, see irrrihr Prolactin, release and 

separation from human growth hor- 

species differences, 10g 
stimulating rabbit manunary gland, 153 
stimulating ribosomes, 122 
storage, 251,252 
structure, 47, 311, 323 
synergism with steroids, 308-3 10 

synthesis, 3,4 

114,119 

Prolactin, synthesis 

mone, 94,361 

cellular aspects, 250 
destruction of excess material, 251 
effect of adrenaline, 62,81 
effect of calcium and magnesium, 55. 
5678 

effect ofcatecholamines, 58-64,73,78, 
331-334,346 

effect ofchlorpromazine, 66, 331 
effect ofdopa and dopamine, 60,65,73, 
79,819 3299 3319 3329 334,342,347 

effects of psychotropic drugs, 65-68, 

effect of ergot derivatives, 68-72, 74, 

effect of guanethidine, 65 
effect of hypothalamic lesions, 67, 73, 

143, 178-179$186,349-358 

80,320,335, 394 

32s 
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Prolactin-continued 
s y nthesis-continued 

effect of Krebs-Ringer buffers, 5 5  
effect ofmethyltyrosine, 331,344 
effect of noradrenaline, 62,63, 64,65, 

effect of oestrogens, 59,335 
effect of ovariectomy and adrenal- 

effect of perphenazine, 65,66,68 
effect of pituitary stalk section, 81,186 
effect of pituitary tuniours, 57,71 
effect of olyoestradiol phosphate, 58 

80,81 

ectomy, 58 

effect o P reserpine, 65, 68, 331, 333, 

effect of thyroi f hormones, 3 3 5 

340,345 
effect of steroids, 339 
effect of stress, 79,107,13 I 
effect of sucklin ,328 

effect on potassium, 5 5 ,  56 

in galactorrhoea, 92 
in pregnancy, 104 
inhibition, 2j1,326-329,334 
ionic environment affecting, 54 
iiior hology, 241-255 
re u ation, 53-75 

I741 325-347 

feedback, 334,339.396 

ro Y f  e of hypothalamus, 78,79,81,101, 

species differences, 104, 106,342 
target tissue for, 129 
tissue culture studies, 284 

lysosomes in, 279 
transcription and, 119-124 

346 

activity, 377 

Prolactin, birds, inhibition of secretion, 

Prolactin, bovine, 362 

compared with growth hormone, 24 
growth-promoting, 23 

compared with ovine, 23 
Prolactin, goat, 194-195,318 

cross-reactions, 195 
effect of suckling on levels, I 56 
levels, 

in multiparous animals, 158 
in primiparous animals, 157 

structure, 388 

Prolactin, human, 
activity, 

and breast cancer, 195, 356 
in alactorrhoea, 172,349-359 
in P actation, 173 

Prolactin, human-continued 
activity-continued 

in mammary rowth, 187,188 
on alveolar ce! growth, I89 
on casein induction, 169 
on DNA synthesis, 19 
on lactose synthetase, I@ 

antigens, 216 
antisera, 145-149 

specificity, 139 
variation in, 172 
with mid-pregnant mouse breast 

assay, 137-140,397 

tissue, 137-140 
bulk preparation, 207, 219 
cells secreting, 280 
compared with ovine, 108, 148 
content of pituitary, 97,109 
deamidation, 282-283 
during menstrual cycle, 99 
electrophoresis, 283 

electrophoretic mobility characteristics, 

half-life, 177 
identification of molecule, 173 
in hypopituitarism, gg 
in plasma, correlation of radioimt~uiio- 

isolation and radioiodination of, 209, 212, 

levels of, 140,280' 

compared with monkey, 282 

266 

logical and biological assay, 203 

257 

mcy, 99 

effect of drugs on, 143,349 
effect of hypertonic saline, 220 
effect ofphenothiazines, 143,186, ZOO, 

effect of pituitary stalk section, 185 
effect of reserpine, 178,180 
following hypophysectomy, 107 
in breast cancer, 110, 185 
in diabetic retinopathy, 186 
in galactorrhoea, 109, 185, 201-202, 

in fynaecomastia, 179-181 
in actation, ~ g g  
in neonate, 219 
in subjects on glucose, 203 

measurement, 358 
molecular weight, 174 

3 49 

352-353 



I N D E X  OF S U B J E C T S  41s 

Prolactin, human-contitrued 
neutralization studies with antisera, 145- 

plasma measurements, 197-206, 3 58 
purification, 272-273 
radioimmunoassay, 96-100, 149, 197- 

206,208 

correlation with biological assay, 203 

specificity, 197 
reference preparations, 218,396-400,~o~ 
relation to human placental lactogen, 43 
release, 

I49 

concentration, 210 

effect of glucose, 105 
effect of oxytocin, 220 

from pituitary tissue cultures, 207-217 
from pituitary tumour, 212 

secretion see urider release arrd syrrthesis 
serum content, 106 
serum measurements, 98, gg 
sex differences in content, IIO 
synthesis, go 

279-280 
effect of colchicine and vinblastine, 

effect of dopamine, 107 
effect of ituitary stalksection, 174-176 

effect of tranquillizing drugs, 143, 175 
evidence of, 271-272 
foetal, 281 
in acromegaly, 92,98, 145, 147,258 
in Forbes-Albright syndrome, 176 
in alactorrhoea, 98, 147 

in lactation, 148 
in pituitary tumours, 92, 147, 176-178 
mechanism, 279 
morphology, 270 
rate, 163 
role of hypothalamus, 108, 176,269 
studied by irz vitro bioassay, 137-150 

compared with blood activity, 274 
long-term, 270-275 

content of ituitary, 97 

electrophoresis, 282, 283 
electrophoretic mobility characteristics, 

265-266 
half-life, 10g 

immunoadsorption, 95 
radioimmunoassay, 96-100 

effect o P stress, 218 

in E ypothalamic tumours, 176-178 

tissue culture experiments, 269-286 

Prolactin, monkey, 105 

deamidate i ,262 

Prolactin, monkey-corrtinued 
secretion, 257468,284 

amounts, 262,264 
during lactation, 260,264 
in infants, 263, 265 
in organ culture, 261 

serum measurenient, 98, gg 

361-389 

activity, 49 

363 

Prolactin, non-primate, biological effects, 

Prolactin, ovine, 42,g2, 320 

in prepubertal hypopituitarisin, 362, 

coin ared with growth hormone, 24 

on growth, 23,323,383 
on b P ood urea, 308 

amino acid sequences, 12, 13, 18, 19,20 
antibodies to, 247, 248,277-278 
assay, 399 
circular dichroism spectra, 17 
compared with human, 108, 148 
deamidation, 283 
effect of oestrogens on bioassay, 184 
inmunological activity, 25, 397 
insulin-like activity, 378 
levels, 

in foetus and neonate, 230 

in pregnancy, 221 
luteolytic effect, 394 
neutralization with antisera, 147 
physicochemical properties, 10-12 

potency, 3 83 
comparisons, 3 83, 3 84 

reaction to anti-HPL antiserum, 236 
structure, 380, 389 

compared with bovine, 23 
compared with growth hormone and 

human placental lactogen, 18-19. 
20-21 

sulphation factor assay, 194 
Prolactin, porcine, disulphide groups, 23 
Prolactin, primate, 83 

isolation of, 163 
purification, 94-96 
synthesis, go 

in vitro, 257-268 
Prolactin, rabbit, levels in pregnancy, 221 

Prolactin, rat, 
effect of tranquillizers on, 356 
effect on cell division, 188 
levels, zx-zaz 
regulation of, 53 et seq., 325 et req. 
release, 333, 346 
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Prolactin, rat-continued 

Prolactin cells, structure, 61, 249-252 
Prolactin-inhibiting factor, 58, 73, 78-79, 

Prolactin-releasing factor, 81, 343, 346 
Prolactin-stimulating factor, 345 
Promazine, 349 
Prostaglandins, 

turnover, 344 

326-329,332,334,335,338,339,345 

and human placental lactogen levels, 226, 
227 

Prostatic carcinoma, 3 17 
Protein synthesis, 

in pituitary, 266 
site of, IZI  

induction of, 116,1zg-130,393-394 
Protein phosphokinase, 132 

Psychotropic drugs, galactorrhoea due to, 
rolactin activity, 14,349-359 

Pu g erty, onset, 334 
Putrescine, 62 

Rat tibia test, 11,23-24,272, 403 
Renin, effect of HGH and prolactin, 3 86 
Reproduction, action of prolactin, 302-304 
Reptiles, prolactin action in, 302, 306, 308 
Reserpine, 

effect on pituitary hormones, 3 56 
effect on prolactin levels, 65,68,178,180, 

Rhesus monkey, prolactin and growth 

Rh sensitization, human placental lactogen 

Ribonucleic acid, prolactin stimulation, 

3281 33193339340,345 

hormone secretion, 257-268,281 

levels, 230 

114, 117, 119, 123, 124 

Saline injection, 

Serum glutamic-oxaloacetic ttansaminase, 

Sexual activity, prolactin and, 319 
Sleep, human placental lactogen levels in, 

Sodium, balance, effect of human placental 

effect on prolactin levels, 220 

318 

239 

lactogen, 375 

effect of growth hormone, 378 
effect of prolactin, 306, 317, 367, 368 

excretion, 

Species specificity, 4 
Spermidine, 62 
Spironolactone, 3 57 

jpleno-hepatomegalia, 70 
Steroids, 

effect on prolactin activity, 184-185,328 
prolactin synergism with, 308-310 

Stress, effect on prolactin synthesis, 79,107, 
131,218 

Suckling, 4, see also Lactation 
effect on growth hormone, 284 
effect on prolactin levels, 141. 199,328 

Sulphation factor, 194.385 

releosts, prolactiti action in, 302, 304, 308, 

rhiopropazate, 349 
Thioridazine, 349 
TSH, 

3129 317,320 

assay, 208 
release, 210,216 

Thyrotropiii-releasing factor, 3 30 
Thyroxine, prolactin release and, 335 
Toxaemia of pregnancy, human placental 

Tranquikers, 
lactogen levels, 230 

breast cancer and, 356 
depressing milk yields, 3 5 5  
effect on menstrual cycle, 357, 358 
cffect on prolactin secretion, 142, I43 

Trifluoperazine, 349 
Trypsin, 

cleavage of human placental lactogcii, 
28, 40, 88 

peptides from, 3 I 
Tryptophan residue, 

in human growth hormone, 10 
in ovine prolactin, 10 

MtTWS Tumour, 57 
7315a Tumour, 57 
Tyrosine residues, in prolactin, 12 

Urea levels in blood, 
effect of prolactin, 308, 364 el seq., 379 
effects of human placental lactogen, 374, 

3 76 

Vaginal mucification, role of prolactin, 308 
Vaso ressin, 62 
vinb P astine, effect on prolactin secretion, 
279-280 

Water and electrolyte metabolism, role of 
prolactin, 304-306, 311, 319 
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