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The Ciba Foundation

G| The Ciba Foundation was opened in 1949 to promote inter~
()] national cooperation in medical and chemical research. It owes
Q/ its existence to the generosity of CIBA Ltd, Basle (now CIBA-
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 sct 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 three or four shorter study
groups, all of which are published in book form. Many other scientific
meetings are held, organized cither by the Foundation or by other groups
in need of a meeting place. Accommodation is also provided for scientists
visiting London, whether or not they arc 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 broadest sense, these activities are well summed up by the
motto of the Ciba Foundation: Consocient Gentes—Ilet the peoples come
together.
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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 of the giants of endocrinology 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 of a century are suddenly
being brought into fresh 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 100 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

I



2 J. C. BECK

‘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 1931, 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. Thisis 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, sometimes 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 of the
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 first 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 1930’s, F. H. A. Marshall invited Folley to contribute a
chapter on lactation for a treatise on the physiology of reproduction. Ata
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 observa-
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 thelatter. In thelate 1950’s the group developed a sensitive and specific
method for estimating oxytocin, the milk ¢jection 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
(1970).

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 from
1946 to 1951 and was Chairman from 1951 to 1956. He attended to the
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affairs of the Journal of Endocrinology 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
of Pregnancy, 1950; and Mammalian Germ Cells, 1952). It was through the
aid of the Foundation that his classic monograph Recherches récentes sur la
physiologie et la biochimie de la sécrétion lactée was translated into English
(The Physiology and Biochemistry of Lactation, 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). This was
an attempt to prevent further confusion by the use of different 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



6 J. C. BECK

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. 400402 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

CuHoH Hao L1

Hormone Research Laboratory, University of California, 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 HORMONE

HGH was isolated and characterized (Li and Papkoff 1956; Li 19574)
fifteen years ago and is a protein of molecular weight 21 500 (Li and Starman
1964) and isoelectric point pH 4-9 (Li 19574). Some physicochemical
properties of HGH are presented in TableI. It consists of a single polypeptide

TABLE I

SOME PHYSICOCHEMICAL PROPERTIES OfF HGH, ovINE PROLACTIN AND HCS

Properties HGH Ovine prolactin HCS
Molecular weight 2I 500 23 300 21 600
Isoelectric point, pH 49 57
Sedimentation coefficient, sy, 2-18 2-19
Diffusion coefficient, Dy % 107 8-88 8-44
[«}® (o- 1M-acetic acid) —39° ~41°
Ellipticity [6], at 221 nm —19 700 — 21 400 —16 700
a-Helix content, percentage 55 55 45
pK, of tyrosine residues 10-8 I1°2 10°9
E{} at277 nm 0'931 0894 0-822

chain with one tryptophan residue and two disulphide bridges (Li and

Papkoff 1956; Li 19574). 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. 1. This proposed structure has
7
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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 disulphidc bridges are
formed by residues §3~164 and residues 181-188. In addition, the amino
acid residues in HGH are 190 instcad of 188; Gln is at position 29 instcad of
Glu; Asn is at 47 instead of Asp, Gln at position 49 instead of Glu, Gln at
position 9o instead of Glu and Gln at position 121 instead of Glu. In the
carlier publication (Li, Dixon and Liu 1969), the proline (position 130) and
glycine (position 132) residucs were incorrectly positioned, having been
shown in reversed order. Fig. 2 presents the corrected amino acid sequence
of the HGH moleccule.

As already mentioned, HGH has two disulphide bridges. Recent studies
(Dixon and Li 1966; Bewley, Brovetto-Cruz and Li 1969) on the reduced-
alkylated hormone revealed that the disulphide bonds in this molecule are
not nccessary for the manifestation of biological activity, nor are they
requircd for the formation of the secondary and tertiary structure.
Howecver, investigation of the relative rates of proteolysis by trypsin
indicated that the presence of these bonds docs serve to stabilize the
molecular architecture against perturbing forces. The carbamido-
methylated derivative is digested about 1-5 times as fast as the native
hormone, while the carboxymethylated product, under identical con-
ditions, is digested at 2+ 5-3 times the rate of the native hormone. It is of
intercst to notc that while both derivatives appear to retain lactogenic
activity, only the carbamidomethylated product retains growth-promoting
potency (scc Table II).

Recently, the synthesis of a protein possessing growth-promoting and
lactogenic activities has been achieved (Li and Yamashiro 1970). This
synthesis was accomplished by the solid-phase method (Merrificld 1963)
and the product was shown to have approximately 10 per cent growth-
promoting potency and § per cent lactogenic activity in comparison with
that of the native hormone.

OVINE PITUITARY LACTOGENIC HORMONE

Ovinc prolactin has been isolated in highly purificd form by various
investigators (White, Catchpole and Long 1937; White, Bonsucss and
Long 1942; Li, Lyons and Evans 19404, 1941; Cole and Li 1955). It is a
protein of molecular weight 23 300 (Li, Cole and Coval 1957) and iso-
electric pointat pH 5- 7 (Li, Lyons and Evans 1940b). It consists of a single
polypeptide chain (Li 19570; Li and Cummins 1958) with two tryptophan

* Niall (1971) also reported that the tryptophan residuc is at position 85.
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residues and three disulphide bridges (Li 1949). Table I (p. 7) sunmarizes
some physicochemical propertics of ovine prolactin.

There are seven tyrosine residues in prolactin. One of thesc 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 lactogenic activity was observed,
as shown in Table III. Nitro-prolactin cross-reacts completely with the

Tasrr 111
LACTOGENIC ACTIVITY OF NITRO-PROLACTIN
Dry mucosal weight (mg) for dose (1g)

I ]

Preparation 1 4
Prolactin 18-36+4-77 36-43%8.53
Nitro-prolactin 14°76+ 3-8 37:26+9-92

Assayed by the pigeon local crop test; expressed as mean+
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). Howecver, spectrophotoimetric titrations and
rates of tryptic digestion indicated that nitration produced significant
conformational changes in the protein molecule. Apparently, the bio-
logical and immunological propertics 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
clucidated, as shown in Fig. 4 (Li et al. 1969, 1970). It isa protein consisting
of 198 amino acids with threonine at the amino terminus and half-cystine
at the carboxyl end. The threc disulphide bridges are formed between
residues 4 and 11, between residues 190 and 198 and between $8 and 173.
The two tryptophan residues are in positions 9o and 149 and the seven
methionine residues are in positions 24, 36, §3, 81, 104, 129 and 131.

HUMAN CHORIONIC SOMATOMAMMOTROPIN

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



Fi16. 3. AnQuchterlony diffusion pattern showing cross-reaction between
nitro-prolactin (NQ,-MH) and rabbit antiscrum to ovine prolactin (MH).

(facing page 12)
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Fi1G. 4. The amino acid sequence of ovine prolactin,
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HCS is a protein* of molecular 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). TableI (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

TasBLE IV
BIOLOGICAL ACTIVITIES OF HCS
Rat tibia test Pigeon local crop assay
" Total dose Tibia width*  Dose Dry mucosal weight** '
Hormone (u9) (i) (8) (mg)

HCS 100 21349 (s) 2 1I1-142°0(s)
200 22746 (s) 8 22:743°6(s)

HGH 20 220%4(s) 2 11-3%2-3 (5)
40 2435 (s) 8 23-1+8-4(s)

® Mean+ standard deviation (number of rats); in comparison with the activity of HGH, HCS has
12-8 per cent potency with a 95 per cent confidence limit of 10-17 per cent.

** Mean+ standard deviation (number of crop sacs); in comparison with the activity of HGH, HCS
has 84 per cent potency with a 95 per cent confidence limit of §7-122 per cent.
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1 1 | ] 1
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FiG. 5. Precipitin curves of HCS and HGH with rabbit antiserum to HCS.
* Qur 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, Siena, Italy.



CHEMISTRY OF LACTOGENIC HORMONES IS

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 ef al. 1966), the rabbit antiserum to HCS cross-reacts with
HGH in Ouchterlony diffusion experiments but does not give a continuous
andidentical line. This difference in antigenic sites between HCS and HGH
is clearly shown by the precipitin curves, as illustrated in Fig. s.

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 30 positions showing differences contain 19 highly

TaBLE V
DIFFERENCES OF RESIDUE POSITIONS IN THE HGH AND HCS STRUCTURES
Residue position* HGH HCS
-2 Phe-Pro Val-Gln
4 Ile Val

12 Asn His

16 Arg Gln

20 Leu Ala

25 Phe e

34 Ala Thr

39 Glu Asp

46—49 Gln-Asn-Pro-Gln His-Asp-Ser-Glu

52 Leu Phe

56 Glu Asp

64 Arg Met

73 Gln Glu

83 Gln Glu

90 Gln Arg

95 Val Met

99 Ser Asn

103-104 Gly-Ala Asp-Thr

106 Asn Asp
109 Val Asp
111 Asp His
132 Pro Arg
138 Phe Leu
152 Asp His
178 e Met

* For HGH, see Fig. 2; 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 30 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 Alay, in HCS
is the only one that requires a minimum of two base changes. This givesa
total of only 31 base differences in the 570 nucleotides which code for these
two hormonal proteins.

CIRCULAR 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
19714, b). Although the spectra of HGH and prolactin show considerable
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Fic. 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
29onm. Thisasymmetry 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 prolactin
between 288 and 310 nm produces a weak negative band with a maximum
at 201-292 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+ § 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 29onm. The two peaksat 279 and 284+ s nm are probably
duelargely 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 this 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 OVINE PROLACTIN, HCS anp 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 homologous 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, so 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 from 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 difficult 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 youssay, difficult to purify. Itsspecific activity, as one purifies
it, never gets as high as that of highly purified ovine and bovine prolactin,
and this 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 ?

Frantz: 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 growth-
promoting activity (unlike the monomer), so my feeling is that the mono-
mer is the one with high growth-promoting activity by the tibia test.

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

Li: I can only judge from 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: Weused gel filtration for estimating the molecular weight, and weare
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: T have been working with Dr Paul Licht in Berkeley on growth
hormone and prolactin in different vertebrate species. We are using a
gtowth test in the Californian toad (Bufo boreas) which measures the in~
crease in body length of the animals. We found that ovine and bovine
prolactin are about s per cent as active as ovine or bovine growth hormones.
Porcine prolactin and HPL from 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 lactogenic
activity because of the structural similarity, with approximately so 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 sM-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. Itlooks 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 comparison
with that of HGH.

Turkington: 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.

Turkington: 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: Wehave not done this. The circular dichroism spectrum is somewhat
difficult 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 chotionic 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 of the tryptic peptides of HPL in homologous positions
with those of HGH further suggested a remarkable similarity in the amino
acid sequences of the two hormones. At the carboxyl-terminal end of HPL,
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 Niall 1967). We now report the complete
amino acid sequence of HPL (Sherwood et al. 19714) 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.

MATERIALS AND METHODS

Partially purified HPL was kindly supplied by Drs Paul H. Bell and
Chatles Breuer of Lederle Laboratories. This material was further 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 finding 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 this 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 (2 per cent ratio
of enzyme to substrate) at 37°C in 0- 2M-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 peptidefractions 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
from paper with 10 per cent acetic acid followed by 2 per cent ammonium
hydroxide and then hydrolysed with 6N-hydrochloric acid for 22 hours at
110°C in a sealed, evacuated dessicator flushed with nitrogen (Hirs, Stein
and Moore 1954). The hydrolysates were analysed on a Beckman 121
automatic amino acid analyser equipped for high sensitivity analysis
(o- o1 M with an accuracy of 3 per cent).

Chymotrypsin. Purified HPL (860 mg) was oxidized with performic acid
(in the ratio 9o per cent formic acid/10 per cent hydrogen peroxide) for
2 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
o+ 2M-ammonium bicarbonate (pH 8.4) with a~chymotrypsin (Worthing-
ton, twice recrystallized) at 37°C for two hours (Canfield 1963 ; Canfield
and Anfinsen 1963a). After lyophilization, the mixture of peptides was
separated on a column of Dowex 50-X2 (160x 2- 5 cm) at 55°C with a
four-bottle gradient elution system of pyridine acetate as follows: s00 ml
each of pyridine acetate pH 2- 8 (o-2M), pH 3-4 (0- 4M), pH 4- 5 (0- 6m)
and pH s-so (1-oM). The column was then eluted with 3M-pyridine
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acetate buffer (pH s- 5) followed by 3m-pyridine. The effluent fractions
were analysed after alkaline hydrolysis and purified as above.

Pepsin. Three hundred mg of native HPL were dissolved in so ml of
0-01N-HCI 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 s and the digest was then lyophilized. The digest was subjected
to ion exchange chromatography on Dowex 50-X2 (60 1- 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, P14-1 and Pi4-2, 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 100 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-50 (200 x 2- 5 cm)
using o- 1sM-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. 1). The largest peptide
(Cs), which contained two half-cystine residues, was rechromatographed
on Sephadex G-50 and then oxidized with performicacid. The two peptide
fragments CsA and CsB were separated on a smaller column of Sephadex
G-50 (65x 2 cm) in o-2M-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 50 (0-o1m)
to pH 7-0 (0- 33M).
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Fic. 1. Elution pattern of peptides from cyanogen bromide cleavage of
HPL on Sephadex G-50 in 0- 1 sM-acetic acid. Fractions were analysed
for optical density at 280 nm and at $70 nm after alkaline hydrolysis
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Fic. 2. Separation of C5A and CsB on Sephadex G-5o after cleavage
of the disulphide bond of Cs with performic acid. The column was
developed with 0- 2M-ammonium formate buffer (pH 2- 8).
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Edman degradation

Sequential degradation of individual peptides was done by a modification
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 (0-025 to o-0s pmoles) was
dissolved in o- 2 ml of pyridine and 15ul of phenylisothiocyanate. After
blowing with nitrogen, the reaction mixture was incubated at 37°C for
one hour and dried down. Trifluoroacetic acid (o- 2 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-HCI 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 6N-HCI.

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 6N~
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 from 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 TableI). The only peptide notidenti~
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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TaBLE [
TRYPTIC PEPTIDES OF HUMAN PLACENTAL LACTOGEN
Peptide Sequence
T18C Val, Gln, Thr, Val, Pro, Leu, Ser, Arg
T26 Leu, Phe, Asp, His, Ala, Met, Leu, Gln, Ala, His, Arg
Ti8 Ala, His, Gln, Leu, Ala, lle, Asp, Thr, Tyr, Gln, Glu, Phe, Glu, Glu, Thr, Tyr,
Le, Pro, Lys
T7B Asp, Glx, Lys
Ti2 Tyr, Ser, Phe, Leu, His, Asp, Ser, Glx, Thr, Ser, Phe, Cys, Phe, Ser, Asx, Ser,

lle, Pro, Thr, Pro, Ser, Asx, Met, Glx, Glx, Thr, Glx, Lys

Ti7A Ser, Asx, Leu, Glx, Leu, Leu, Arg

Ta24 le, Ser, Leu, Leu, Leu, lle, Glx, Ser, Trp, Leu, Glx, Pro, Val, Arg

Ti4 Phe, Leu, Arg

Ti3B Ser, Met, Phe, Ala, Asx, Asx, Leu, Val, Tyr, Asx, Thr, Ser, Asx, Asx, Asx, Ser,
Tyr, His, Leu, Leu, Lys

TSA Asx, Leu, Glx, Glx, Gly, Ille, Glx, Thr, Leu, Met, Gly, Arg
ToB Leu, Glx, Asx, Gly, Ser, Arg, Arg

T16C Thr, Gly, Glx, lle, Leu, Lys

T7A Glx, Thr, Tyr, Ser, Lys

T20D Phe, Asx, Thr, Asx, Ser, His, Asx, His, Asx, Ala, Leu, Leu, Lys
T16A Asx, Tyr, Gly, Leu, Leu, Tyr, Cys, Phe, Arg

T12D Lys

Ti4A Asx, Met, Asx, Lys, Val, Glx, Thr, Phe, Leu, Arg

T13C Met, Val, Gln, Cys, Arg

TsA Ser, Val, Glu, Gly, Ser, Cys, Gly, Phe

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 II, 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 G-25, P14 was oxidized with performic acid
and separated into two peptides on high voltage electrophoresis: P14-1
(composition Asp,, Thry, Sery, Proy, 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 fragments on
Sephadex G-so (Fig. 1), a small amount of unreacted hormone appeared
at the void volume, followed by two major fractions absorbing at 280 nm
(Cs and C7) and two fractions (C8 and Co) detectable only after alkaline
hydrolysis. The first two peaks were rechromatographed on Sephadex
G-s50. After performic oxidation and rechromatography on Sephadex
G-50, 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).

Tasig 1II

CYANOGEN BROMIDE PEPTIDES OF HPL

Amino acid C8 CsA CsA CsB CsB CoAg4 CoBz2 Totdl
Lysine o 2 I 1 4 I o 9
Histidine I 3 o I 2 o o 7
Arginine I I 3 [ 4 I I 11
Tryptophan o o I o o o o I
Aspartic acid I s 1 7 7 1 o 22
Threonine I 4 1 2 3 I [ 12
Serine I 6 4 2 3 o 2 18
Glutamic acid I 8 6 3 3 I 2 24
Proline 1 3 1 o o o o s
Half-cystine o 1 o o I o 2 4
Glycine o o o 1 4 o 2 7
Alanine 1 3 o I 1 o o 6
Valine 2 [ I I [ X 2 7
Methionine* I 1 I 1 I I o 6
Isoleucine o 3 2 1 1 o o) 7
Leucine 2 3 8 s 6 I [ 25
Tyrosine [ 3 [ 2 3 [ [ 8
Phenylalanine I 4 I I 2 I I 11

Total 14 50 31 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 IIl. 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, C7B,
CsB, CoA4 and CoBz2, beginning at the amino terminus (Fig. 3, Table II).



STRUCTURE OF HPL 37

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 II). The individual details of all peptides and their overlaps are
shown.

PLACENTAL LACTOGEN

S—S§ [SSI

e csa M V™ 5B "boad comz
(14) (50) (31) (29) 45) 9y (12)

GROWTH HORMONE

s—s [ssl
M M M—
(14) (10) (45) (21)

Fic. 3. Diagrammatic model indicating the sites of cyanogen bromide
cleavage at methionine residues (M) in HPL 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 of the 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
(Gray 1967).

The tryptophan-containing tryptic peptide T24 was identified by Ehrlich
staining (Canfield and Anfinsen 1963b) and by appropriate spectrophoto-
metric techniques. Peptic peptide P9B which contained tryptophan was
cleaved at the tryptophan residue with N-bromosuccinimide (Rama-
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chandran and Witkop 1967) producing two fragments P9A1 (Leu, Ile, Glx,
Ser) and PgAz (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. Cs 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

@é@@@@$®®®®$®®@@$@
d

Fic. 4. The amino acid sequence of HPL based on the overlapping

peptides from tryptic, chymotryptic, peptic and cyanogen bromide

cleavage and Edman degradation ateach 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. 19714). 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 IT 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 ef 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 190 residues in the two hormones are identical, accounting for
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).
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Tasie V
AMINO AcID compoSITIONs oF HPL anp HGH

Amino acid HPL HGH
Lysine 9 9
Histidine 7 3
Arginine 1I 11
Tryptophan I 1
Aspartic acid 22 20
Threonine 12 10
Serine 18 18
Glutamic acid 24 26
Proline 5 8
Half-cystine 4 4
Glycine 7 8
Alanine 6 7
Valine 7 7
Methionine 6 3
Isoleucine 7 8
Leucine 25 26
Tyrosine 8 8
Phenylalanine 11 13

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); 2650 (5), s1-75 (3); 76-100 (3);
101-125 (5); 126-150 (2); 151-175 (1), and 176-190 (1). Of the 27
substitutions, all but three are highly favoured or favoured substitutions
(Dayhoff 1969) (Table VI). The three non-favoured substitutions are at

TasLe VI
AMINO ACID SUBSTITUTIONS IN HPL
Number of
substitutions Position
Non-favoured 3 1, 20%, 132
Acceptable 3 103, 109%, 11T ,I52
(7-20 x chance)
Favoured s 2, 48, 52, 90, 138
(21-39 x chance)
Highly favoured 15 4, 12, 16, 25, 29, 34, 39, 46, 6, 64, 95, 99, 104,
(40 x chance) 107*, 178

* Substitution requiring more than a single base change.

positions 1, 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
atalkaline 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 «-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-
Cruzand 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 our
laboratory indicated (1) 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 (Sherwood 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 human pituitary prolactin
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 1o0o-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
thata 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 from 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 ?

Sherwood: Both Dr Li and I find 190 amino acids. Dr Niall 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: 1 find the existence of cyanogen bromide fragments of
HPL and HGH with full activity in an in vitro 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 fragment 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 0 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 100-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 1 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 so 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 2 per cent activity was retained. However,
DrR. 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. Idid not
present the final determination of all of the amides. Firstly, we have not
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 vitro 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 vitro and in vivo (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 testand a local pigeon crop assay (Forsyth
and Folley 1970). One preparation, HSss1F, 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: 1 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 specificities 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: 1 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 clarify 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 Niall
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 25 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 tribute 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
information 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 finding 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 this 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. Mammary-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: 1 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.

Frantz: We have done some work on that too and we find that most
growth hormone preparations assay out at about s0-70 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 3050 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.

Sherwood: 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 (p. 24) that the dimer and monomer
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-
promoting 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 6m-
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 until we reach concentrations 10 ocoo-
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 of the term ‘prolactin-
like’ activity. The activity as tested should be defined, for example pigeon
crop activity or ‘lactogenic’ activity. ‘Prolactin-like’ activity is confusing
when applied to preparations exhibiting low pigeon crop activity but high
lactogenic activity.
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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 vivo and the in vitro
synthesis of prolactin.

It is well established that the incubation in vitro 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. 1. During the first hour of
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Fic. 1. The in vitro synthesis and release of prolactin and growth hormone.
Anterior pituitary glands from female rats were incubated with 10 #Ci
[4,5-*H]leucine in Medium 199 containing bicarbonate at 37°C under9s
per cent Og—5 per cent COy. 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.
LACTO.—3 53



S4 ROBERT M. MACLEOD AND JOYCE E. LEHMEYER

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 vitro, 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 novo
protein synthesis (Table I). Actinomycin D, however, was without effect

TasLe 1

EFFECT OF ANTIBIOTICS ON THE IN VITRO INCORPORATION OF [4,5-*H]LEUCINE INTO
PROLACTIN AND GROWTH HORMONE BY THE PITUITARY GLAND

Treatment of incubated Prolactin Growth hormone
gland c.p.m. per g gland c.p.m. per mg gland
Control 2770+ 20 1283 +78
Puromyecin (100 p.g) 18+ 8 27+ 3
Actinomycin D (1 pg) 2222+ 38 1518+ 67

In the controls, two pituitary glands from female rats were incubated in 1-4 ml of Medium 199
containing 10 uCi [4,5-*H]leucine for 7hours. Puromycin and actinomycin were present inthe exper-
imental cultures during the 7-hour culture period. The values are means + 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 vitro 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 radioactive
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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Fi16. 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-Ringer phosphate buffer for 7 hours, as
described in Fig. 1.
within 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 Cat*+ and K+ did not further reduce the
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FiG. 3. The effect of removal of cations from buffers on prolactin synthe-

sis. The methods of incubation and detection of labelled hormones are

described in Figs. 1 and 2. The incubation medium was Krebs-Ringer

phosphate buffer or Krebs-Ringer bicarbonate buffer, with K+, Mg++or
Cat+ 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
II). Conversely, increasing the potassium concentration five-fold did not

Tasig Il

EFFECT OF INCREASING THE CATION CONCENTRATION ON THE SYNTHESIS AND RELEASE OF
PITUITARY GLAND HORMONES

Prolactin Growth hormone
c.p-m. per mg gland c.p.m. per mg gland
Culture medium 'Pituitary Medium  Pituitary  Medium )
Control: Medium 199 456+ 36 1978+309 1293+137 227+39
Medium 199+21 mm K+ 766+ 163 1914+ 186 1274+1I9 7II+70%
Medium 199+ §-1 mm Cat+ 495+ 110 3338+ 77*% 1330+ S4 305%s8

Medium199+21mMK*Y +5-1mMCatt 836+ $8% 3000+ 153% 14584200 783:+42%

Pituitary glands from female rats were incubated in Medium 199 containing 10 «Ci [4,s-*H]leucine.
The indicated cation concentrations were obtained by using the chloride salts. Meansts.z.m.
* P<o-or.

influence prolactin production but caused a three~fold 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
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Fic. 4. The incorporation of [4,5-®H]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. 1.

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 731s5a decreased the in vitro
biosynthesis of prolactin by ss5—70 per cent. Similarly, the pituitary tumour
StWs, which secretes primarily growth hormone but detectable amounts
of prolactin as well, also decreased the in wvitro 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 vitro synthesized only 17 per cent as much prolactin as did
glands of intact animals (Table III). A combination of ovariectomy and

TasLe III

EFFECT OF PITUITARY TUMOURS ON THE IN VITRO SYNTHESIS OF PROLACTIN BY PITUITARY
GLANDS FROM SPAYED AND ADRENALECTOMIZED RATS

Prolactin
Experimental animals c.p.m. per mg gland

Intact control 8770+ 330
Spayed control 1480+ 356
Spayed MtTW s 93+ 25
Spayed StWs S16+ 124
Spayed and adrenalectomized control 728+ 39
Spayed and adrenalectomized 73152 145+ 37

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

adrenalectomy further decreased prolactin production. When the pituitary
tumours were transplanted into these surgically altered animals and the in
vitro production of prolactin 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

Tasie IV
THE EFFECT OF OESTROGEN ON THE IN VITRO SYNTHESIS OF PROLACTIN BY THE PITUITARY
GLAND
Prolactin
“Total c. p.m. per Percentag?

Treatment of rats mg gland change
Femuale control 4627+ 288 —
Female control + 100 pg polyoestradiol phosphate 7446 £ 256 +61
Male control 660
Male control + 200 pg polyoestradiol phosphate 140§ + 111
Female MtTW 778115
Female MtTW s+ 100 g polyoestradiol phosphate 4071+ 388 + 425
Female StW 1731+ 128
Female StW s+ 100 pg polyoestradiol phosphate 20221167 +69
Female 73152 1447
Female 73153+ 200 p1g polyoestradiol phosphate 7147 +375

Rats bearing pituitary tumours for 8 weeks were injected subcutaneously with oestrogen one week
before sacrifice. Pituitary glands were incubated with 10 £Ci [4,5~*H]leucine for 7 hours, as previously
described.

pituitary tumour hormones 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

TABLEV

EFFECT OF CATECHOLAMINES AND METABOLITES ON THE INCORPORATION OF [4,5—8H]LEUCINB
INTO PROLACTIN BY THE PITUITARY GLAND

Prolactin
c.p.m. per mg gland

Compound added to culture medium Pituitary Medium
1. Control 396+ 60 3283 +247
2. 1-Adrenaline 335t st 386+ 44
3. D-Adrenaline 380+ 84 §38+ 3§
4. 1-Noradrenaline 489+ 185 325+ 21
5. DL-Metanephrine 425+ 15 4175+ 369
6. D1-3,4-Dihydroxymandelic acid 450+ 17 3454 + 446
7. pL-3-Methy), 4-hydroxymandelic acid 381+ 6 3710+ 217

Compounds 2—4: 2X 10~°M.

Compounds §-7: 2x 10-5M.

Pituitary glands of female rats were cultured for 7 hours in the presence of 10 £Ci [4,5-*H]leucine as
previously described. Means & s.B.M.

prolactin production by pituitary glands (MacLeod 1969; MacLeod,
Fontham and Lehmeyer 1970; Birge et al. 1970). Table V shows that
2 % 10~ 8M-adrenaline or noradrenaline caused a 90 to 95 per cent decrease
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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 1078M-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 10~®M-noradrenaline also decreased the release of
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FiG. 5. The effect of dopamine on the incorporation of [4,s-*H]leucine

into prolactin i vitro. The incubation procedure is described in Fig. 1.

Dopamine hydrochloride (DA) was added at a concentration of 10~%m

and aliquots of the incubation medium were removed for analysis after
1, 2, 3 and 4 hours of incubation. C, control culture.

labelled prolactin and produced an accumulation of labelled hormone within
the tissue. Subsequently, total prolactin synthesis was decreased approxi-
mately 5o 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
Golgi. 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 10-"mM-noradrenaline
increased prolactin release by 20 per cent, the result was not statistically
significant (Table VI). Several other biological amines tested, such as

TasLe VI

EFFECT OF THE CONCENTRATION OF NORADRENALINE IN VITRO ON THE
RELBASE OF PROLACTIN BY THE PITUITARY GLAND

Release of prolactin as percentage of

control
Control 100 (N.S.)
‘With noradrenaline:
2 X 107%M 110 (N.S.)
2X107™™M 120 (N.S.)
1X10°%M 30 P<o-001
2 X 107%M 8§ P<o-001

Pituitary glands from female rats were incubated in 1+ 4 ml Medium 199 containing 10 1.Ci[4,5-*H}-
leucine and noradrenaline for 7 hours, as previously described.

cadaverine, putrescine, spermidine, s-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 10-5M-noradrenaline caused a detectable inhibition of prolactin release
as early as 30 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 10-5M-noradrenaline for 15 minutes,
then transferred to fresh medium without noradrenaline and re-incubated
for various periods of time from 30 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



Fic. 6. Electron micrographs of mammatrophs from a control pituitary,

A and a pituitary incubated for 2 hours with noradrenaline, 8. In the

latter the rough endoplasmic reticulum (RER) and the Golgi system

(GO) are moderately but distinctly dilated. The ground substance of
the cytoplasin is denser in the control mammatroph. x 13 300.

(facing page 62)
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TasrLe VII
EARLY EFFECT OF NORADRENALINE ON THE RELEASE OF PROLACTIN BY THE PITUITARY GLAND
IN VITRO
Prolactin
Incubation period ’ Total Percentage '
hours c.p.m. per mg gland change
2 248
4 1898
Noradrenaline added: “Theoretical Observed
4°$ 2380 2179 —8
5°0 2680 2299 —14
55 3000 2329 —22
60 3400 2287 —-33

Pituitary glands from female rats were incubated in 3-0 ml Medium 199 containing 25 uCi [4,5-*H]-
leucine for 4 hours. Noradrenaline (10-%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

Control
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Fig. 7. Pituitary glands from female rats were pre-incubated in Medium

199 containing [4,5-3H]leucine and noradrenaline (NE) for 180 minutes.

The tissue was rinsed and re-incubated 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 240-minute
period.

immediately and at a rate comparable to that in control glands (Fig. 7).
These results suggest that the catecholamine is either very loosely 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 vitro was next studied. Pituitary glands from female rats were incubated

O controt 1075 M NE Bl ooom e

Effect of Norepinephrine on the Total Amount of Radioactive Prolactin Released
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Fr1G. 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.

1-Noradrenaline bitartrate was present in concentrations of 10-%M or

2x10~%M. The lower part of the figure illustrates the effect of nor-

adrenaline on therate of release of radioactive prolactin into the medium.

The percentages in the upper part show the effect 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 30 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 10-%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 10-®M-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
10~8M-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 (2x 10-®M) 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 vitro addition of noradrenaline is transient in nature and that no per-
manent effects on hormone release occur. The fact that the pituitary gland
contains sufficient 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 vitro 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 mgfkg body weight of reserpine, the tranquillizer produced a 1oo per
cent increase in the in vitro 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 «-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 vivo. 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 vitro.
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The data presented in Table VIII show, once again, that the addition in
vitro of 2x 10~8m-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.

Taste VIII

EFFECT OF PERPHENAZINE, OESTRADIOL OR RESERPINE ON THE IN VITRO
INCORPORATION OF [4,5-*HJLEUCINE INTO PROLACTIN IN THE PRESENCE
OF NORADRENALINE

Prolactin
c.p.m. per mg gland
Group Pituitary Medium

Female rats:

Control 7814 123 27194 167

2 x 10-%M-noradrenaline 1284 1 166 404+ 16

Perphenazine 16091 150 2243 1 141

Perphenazine + noradrenaline 2032+ 99 2280+ $I

Oestradiol 1113+ 72 2482+ 182

Oestradiol + noradrenaline 1604 + 146 892+t 115§

Reserpine 706+ 81 34641248

Reserpine + noradrenaline 1783 + 372 9s+ 33
Male rats:

Control 225+ 3 454t 36

2 X 10~8M-noradrenaline 345t 95 13+ 13

Perphenazine 1300+ 199 24371 36

Perphenazine+ noradrenaline 1150t §7 1998 + 108

Treatments: § mgfkg perphenazine injected daily for s days; 200 pug polyoestradiol phosphate
injected s 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 vivo 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.
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F16. 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. 1).

Noradrenaline (NE) was present at the concentrations indicated. The

concentration of pyridoxal phosphate (PLP) was 5 x 10~5M. The bars

represent the amount of radioactive 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 Jeucine. Although male rats synthesize relatively
small amounts of prolactin it vitro, discrete bilateral lesions in the ventro-
medial hypothalamic nucleus (VMH) significantly increased the in vitro
synthesis and release of prolactin (Table IX). When the VMH was in-
completely destroyed, or when a portion of the arcuate nucleus (AHA) was
destroyed, no effect on prolactin production was observed. It is evident
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TaBLe IX

INFLUENCE OF BRAIN LESIONS ON THE IN VITRO INCORPORATION OF [4,5-*H]LEUCINE INTO
PROLACTIN AND GROWTH HORMONE IN PITUITARY GLANDS OF MALE RATS

Growth hormone

Prolactinin A \
Operation medium Gland Medium Total
Control (10) s8s+ 40 3305+218 1569+ 105 4874
Bilateral lesion in VMH (7) 956+ 76 199§+ 127 1266+ 106 3261
Partial lesion in VMH (4) 630% 75 2267+221 1281+ 73 3548
Lesions in VMH+ AHA (4) s87+127 1085 + 212 819+ 65 1904
Lesion in AHA (1) 647 2278 1698 3976

Three weeks after placement of lesions, the pituitary glands were incubated as previously described.
Number of animals are in parentheses. Values are c.p.m. per mg gland.

VMH, ventromedial hypothalamic nucleus.

AHA, arcuate nucleus.

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

Taswe X

EFFECT OF ADMINISTRATION OF PERPHENAZINE AND RESERPINE ON THE SUBSEQUENT IN VITRO
INCORPORATION OF [4,5-*H]LBUCINE INTO PROLACTIN BY THE PITUITARY GLAND

Prolactin
Number c.p.m. per mg gland

Treatment of rats of flasks " Pituitary Medium
Control (no tumour, no drug) 3 340+ $8 3123+ 94
No tumour + perphenazine 3 1197+ 194% 5466+ 47*
MtTWs 8 110+ 91% 1552+ 155**
MtTW s+ perphenazine 3 897 £ 216% $371 £ 676%
MtTW s +reserpine 4 317+ §S $865 £ 150%*

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

* P< 0-01 vs. non-tumour-bearing control.

** P< 0-0§ 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)



PROLACTIN REGULATION 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 of o- 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
0 w Gland

7

cpm X 103/mg Pituitary

.
§
§§

Control Ergotamine Control Ergotamine Control Ergocor- Ergocryp-
0.05 mg daily 0.2 mg daily nine tine
02 mg 02 mg
daily  daily

F1c. 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 tumours inhibited further tumour growth. Fig. 11
illustrates the effect of ergotamine injection on the growth of the StW's
and 731sa 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
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FiG. 11. The effect of ergotamine on the growth of transplanted pituitary
tumours. Female Buffalo strain rats bearing the prolactin and ACTH-
secreting tumour 731 sa were injected subcutaneously daily witho- o5 mg
ergotamine tartrate. Wistar-Furth females bearing the prolactin and
growth hormone-secreting tumour StW s received o-2 mg ergotamine
tartrate daily. Corresponding control animals were not injected.

ergotamine or ergocornine into rats with these tumours reversed the in situ
effects of the hormone on liver and spleen weights and also reversed the
effect of the ACTH-secreting tumour 73152 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 XII). The drugs did not completely inhibit the
secretion of hormones by the tumours, however, since the mammary
glands of the treated tumour-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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TasLe XI

EFFECT OF ERGOTAMINE AND ERGOCORNINE INJECTIONS ON TISSUE WEIGHTS OF FEMALE RATS
BEARING PITUITARY TUMOURS

71

Pituitary Pituitary
gland tumonr Liver Spleen Adrenals
Treatment of animals g g g g mg
Control 881 — §'s1+0'32 062010 SI1t 4
StWs 6:60  23-8+6:7 12:75+117 1-44t0°77 53+ 3
StWs-+o0- 2 mg ergotamine
tartrate® 8-21 10-4+2-6 6-84+0'29 0-62%t0'02 §7+ I
73153 . 772 12:7+3°4 9-951+0°74 - 176 1 24
7315a-+0°05 mg ergotamine
tartrate** 855 1-9+0-3 7-90%o0-22 —_ 69+ §
StWs 685 7'1+1°2 11-98+0°44 1-33+0°36 58+ 2
StWs+0-2 mg ergocornine
maleate* 7:30 23402 8-40+0°24 0-57+0'02 8% 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.

TasLe XII

EBFFECT OF ADMINISTRATION OF ERGOT DERIVATIVES ON THE IN VITRO SYNTHESIS OF PROLACTIN
BY PITUITARY GLANDS OF FEMALE RATS BEARING PITUITARY TUMOURS

Pituitary Total
Treatment of animals gland Medium synthesis
Control 425114  54809+473 5914
73153 19+ 19 2374+177 2393
731s5a-+ergotamine tartrate* 185+ 61 35861943 3771
Control 1230+ 124 4838+ 241 6068
MtTWs-S 131+ 47 1720% 23 1851
MtTWs-S + ergotamine
tartrate** §S1t104 3223210 3774
MtTWs-S 182+ 18  2566+393 2748
MtTWs-S + ergocornine
maleate** 326+ 182 16484213 1974

* 0-0§ mg injected subcutaneously daily for 13 days.
** o-20 mg injected subcutaneously daily for 7 days.
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FiG. 12. The effect of ergot derivatives in vitro 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 [4,5-8H]leucine in Medium 199. The incubation time was 7 hours.

DISCUSSION

The pioneering work of Meites, Nicoll and Talwalker (1963) and Pasteels
(1961) demonstrated that pituitary glands synthesized large quantities of
prolactinwhen removed from the inhibitory influence of the hypothalamus.
Investigations in our laboratory have shown that the pituitary glands of
female rats are capable of de 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 of a dopamin-
ergic mechanism in the hypothalamus inhibiting prolactin production.
There is a consensus of opinion among investigators that a prolactin-
inhibiting 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, Mical and Porter (1971) who were unable to decrease plasma
prolactin levels in male rats by infusing catecholamines into the pituitary
gland. Since recent work (Neill 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 ef 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 inhibited 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
tumours 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 thathormone 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
vitro 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. Catecholamines 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
inhibited 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.

Acknowledgements

This investigation was supported in part by United States Public Health Service grant
CA-07535 from the National Cancer Institute. R.M.M. is a USPHS Research Career
Development Awardee.

The authors thank several pharmaceutical companies for donating the drugs used: Schering
Corporation (perphenazine), CIBA Ltd. (reserpine), and Sandoz Pharmaceuticals (ergot
derivatives).

REFERENCES

Birgg, C. A., Jacoss, L. S., Hammer, C. T. and DAvcHADAY, W. H. (1970} Endocrinology
86, 120-130.

Carr, K. and Morear, B. (1967) Endocrinology 80, 324~328.

Curn, C. L., MiNacucst, H. and Mattss, J. (1967) Proc. Soc. Exp. Biol. & Med. 126, 317-
325.

Corpora, J. A., Leonarpy, R. G., LippMANN, W, PERRINE, ]. W. and RINGLER, 1. (1965)
Endocrmology 77, 485-490.

Fuxe, K. and Hogeet, T. (1969) In Frontiers in Neuroendocrinology, pp. 47-96, ed. Ganong,
W. F. and Martini, L. New York: Oxford University Press.

Gey, K. F. and Burkarp, W. P. (1960) Ann. N.Y. Acad. Sci. 166, 213-224.

KaMssry, I A., Micar, R. S. and PORTER, J. C. (1971) Endocrinology 88, 1012-1020.

KANEMATSU, S. and SAWYER, C. H. (1963) Proc. Soc. Exp. Biol. & Med. 113, 967-969.

Kocy, Y., Lu, K. H. and METEs, J. (1970) Endocrinology 87, 673-675.

Lu, K. H., AMEnoMOR], Y., CHEN, C. L. and MEITES, . ()’ 1970) Endocrinology 87, 667-672.

MACLEOD R. M. (1969) Endocrmology 85, 016-923.

MacLeop, R. M. (1970) Proc. Soc. Exp. Biol. & Med. 133, 339-341.

MacLzop, R. M. and ABap, A. (1968) Endocrinology 83, 799-806.

MacLeop, R. M., ABap, A. and E1pson, L. L. (1969) Endocrinology 84, 1475-1483.

MacLeop, R. M., ALLEN, M. S. and HOLLANDER, V. P.(1964) Endocrinology 75, 249~258.



76 DISCUSSION

MacLeop, R. M., Bass, M. B., Buxton, E. P., Denr, J. N. and Benson, Jr, D. G. (1966)
Endocrinology 78, 267-276.
MacLeop, R. M., FontaaMm, E. H. and Lenmever, J. E. (1970) Neuroendocrinology 6,

283-204.
MacLzop, R. M., Smrte, M, C. and DEWTrT, G. W. (1966) Endocrinology 79, 1149~1156.
Marres, ]., NicoLt, C. S. and TALWALKER, P. K. (1963) In Advances in Neuroendocrinology,
pp- 238-277, ed. Nalbandov, A. V. Urbana, Ill.: University of Illinois Press.
Nacasawa, H. and MEtEs, J. (1970) Proc. Soc. Exp. Biol. & Med. 135, 469-472.
NziLL, ]. D. (1970) Endocrinology 87, 1192-1197.
PaRrsoNSs, J. A. (1969) Am. J. Physiol. 217, 1599-1603.
Pastezts, J. L. (1961) C.R. Hebd. Séance Acad. Sci., Sér. D 253, 2140-2142.
VAN MAANEN, J. H. and SMELIK, P. G. (1968) Neurcendocrinology 3, 177-186.
Wuttke, W., CasszL, E. and Mertss, J. (1971) Endocrinology 88, 737-741.
Yoxoro, K., FurtH, J. and HARAN-GHERA, N. (1961) Cancer Res. 21, 178-186.

DISCUSSION

Sherwood: 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: 1 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 purify them?

MacLeod: At first we put it through a Sephadex column to eliminate
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 vivo and in vitro 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 of protein 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 antiseruni.

MacLeod: 1 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 off.
These bands have been assayed for biological activity, however, by Jones
and co-workers (1965).

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

MacLeod: 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 thesc 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.

Pasteels: 1 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. However,
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: 1 agree completely with this possibility. We are uncertain
whether the catecholamines act directly to inhibit the release of prolactin
or whether they modify 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 thathypothalamic catecholamines stimulate the release of prolactin-
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 i vitro 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 vitro (Koch, Luand Meites 1970). Drs Kamberi,
Mical 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 were detected in the portal
circulation, so there isa 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, Mical 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 significantly 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 10-® 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~ and 103 M, and this is presumably one of the major mechan-
isms through which many of the hormones act in 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 of catecholamine 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 inhibitory 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.

Spellacy: 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.

MacLeod: 1 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 fn 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 of prolactin 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.

Pasteels: 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: 1 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). Anincrease in PIF activity would of course 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 the§ act directly.

MacLeod: 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
1-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 ?

MacLeod: The absence of portal plasma containing hypothalamic
catecholamines would remove the chronic inhibitory 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 s0-80 ng/ml of prolactin, measured some
months after stalk section. I think Dr Turkington’s values were even
higher?

Turkington: 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).
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Tars 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.

83
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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,
[BH]monkey 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 i 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 myself have 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

Tasie I
PROCEDURE FOR INCUBATION OF PLACENTAL TISSUE
A. Placental tissue incubated in Krebs-Ringer bicarbonate buffer with 1-[4,5-*H]leucine.

B. Aliquots of medium or tissue extract analysed for:
(r) Trichloroacetic acid precipitable proteins—?H-labelled proteins.
(2) Anti-HPL precipitable proteins—[*H]JHPL.
(@) Small molecular weight component.
(b) Large molecular weight component.
(3) Protein—Lowry estimation.
(4) HPL—radioimmunoassay.

c. Gel filtration on Sephadex G-100; same analysis as in B,

from different sections of the placenta was divided into many fragments
and rinsed briefly in Krebs-Ringer bicarbonate buffer; o5 g tissue was
incubated in 5 ml of buffer containing 200 mg per cent of glucose, penicillin,
streptomycin and 5 . Ci of 1-[4,5-3H]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 O, and 5 per cent CO,. The
incubation medium was replaced with fresh medium at four-hour and
subsequently at 24-hour intervals. At the end of each 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 were
homogenized in o- 1M-NH,HCO, buffer and centrifuged at 60 coox 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 (1) 3H-labelled proteins (trichloroacetic acid precipitable
proteins) (2) [BH]HPL (3H-labelled proteins precipitated by antiserum to
HPL), (3) total proteins (method of Lowry) and (4) HPL (measured by
double antibody radioimmunoassay). The same analyses were made of
fractions after gel filtration of the incubation medium and tissue super-
natant on Sephadex G-1o00.



PROLACTIN AND HPL SYNTHESIS 85

Using these methods we studied the synthesis and release of human
placental proteins and HPL in eight placentas obtained at term. Theamount
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 [BHJHPL 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 [BH|HPL to
3H-labelled proteins was considerably greater in the medium (range 23~
ss per cent), as shown in Table II. In two of the placentas studied, tissue

Tasir I1

[BHJHPL As A PERCENTAGE OF TOTAL ®H-LABELLED PROTEIN AFTER
INCUBATION OF PLACENTAL TISSUB

Incubation medium Tissue extract
Experiment no. at 24 hours at 24 hours
Yo %
1 6 2
2 8 4
3 10 3
4 12 2
5 23 3
6 39°4 4
7 45 22
8 55 34

In each case the mean was calculated from 3 to 6 incubation flasks, 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 III shows that protein and HPL

Taste III
[BHJHPL As A PERCENTAGE OF TOTAL *H-LABELLED PROTEIN IN FIVE DIFFERENT AREAS OF THE
PLACENTA
Incubation medium Tissue
Site no. 4 hours 24 hours i 7 hours 24 hours
1* 2t 1 2 1 2 1 2
1 41 26 59 33 10 I$ 6-0 9:0
2 42 35 50 47 13 19 9°0 130
3 43 35 40 23 21 50 80
4 18 48 34 s 14 80 80
5 18 31 43 11 13 50 13°0

@ Experiment I.
‘+ Experiment 2.

LACTO.—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 G-100 of the tissue supernatant and incuba-
tion media, aliquots of each fraction were precipitated with antiserum to

mg -
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F1G. 1. The distribution of radioactive proteins precipitated by antiserum

to HPL after gel filtration of a placental tissue extract (pper) and incuba-

tion medium (lower). The incubation time was 24 hours. Note that in

the media the elution volumes of [SHJHPL and HPL (measured by

radioimmunoassay) are identical whereas in the tissue [*HJHPL emerges
mainly with the void volume.
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HPL to determine the elution volume of the ®H-labelled proteins pre-
cipitated (Fig. 1). We expected to find that the elution volumes of the
HPL standard and of radioactive proteins precipitated by anti-HPL were
identical. While this was true in the case of proteins in the medium

%
100
20
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70

60
MEDIUM
50
404

30

20

TISSUE SUPERNATANT

36 24 a8 T2 96 120 168
INCUBATION TIME (HRS.)

FiG. 2. The small molecular weight species of HPL([*HJHPL) is expressed
as a percentage of all the radioactive proteins precipitated by anti-HPL
in the incubation medium and tissue supernatant at different times of
incubation in six experiments (A-F). The continuous and interrupted
lines indicate the results in the medium and tissue respectively. The
medium and tissue proteins were fractionated in the same way as shown
in Fig. 1 and 3H-labelled proteins in aliquots of each fraction were
precipitated with anti-HPL.

during the early incubation period, in the tissue most of the 3H-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 6M-guanidine HCI, 8m-urea, ribo-
nucleaseand trypsin. When[3H]HPL of small molecular weight isincubated
with placental tissue and homogenized and the proteins are fractionated
upon Sephadex, the elution volume of [*BHJHPL 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
[BH]HPL in the medium was ten to 300 times greater than that of tissue
[BH]HPL. 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 purify 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 i 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 i vivo, 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 first 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

Medium
accumulated
counts

34 LABELLED PROTEINS {(cpm xI0 %/g tissue)

° 24 48 72 96 20
INCUBATION TIME (hrs)

Fic. 3. The incorporation of [®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 fractionated and precipitated with anti-
serum to HPL. The stippled areas indicate the 3H-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
isastriking increase in the release of 3H-labelled protein into the medium.

shows the results of one such experiment, where the ®H-labelled proteins
and [*H]HPL in the tissue and medium are plotted against time, and Fig. 4
shows the percentage ratio of [P(H|HPL to 3H-labelled proteins at each
stage of incubation. Between 72 and 120 hours the [P(H]HPL as a percen-
tage of 3H-labelled proteins increases from § to 25 per cent. Therefore
both in vive 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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@0r

Per cent of *HHPL to *H Lobelled Proteins

Incubation ﬂmo/ Hrs

FiG. 4. The percentage ratio of [PH]HPL to H-labelled proteins in the

60 000 x g tissue supernatant, the 60 0oo 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
[SH]HPL 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 so wCi/ml 1-[4,5-*H]leucine. A flow-sheet outlining
the analyses is given in Table IV and a more complete description of the

TaBLEIV

PROCEDURE FOR ANALYSIS OF TISSUES AND MEDIA AFTER INCUBATION OF PITUITARY GLANDS IN
KRrEBS-RINGER BICARBONATE BUFFER

A. Medium or tissue extract:
(1) Trichloroacetic acid precipitable protein—®H-labelled protein.
(2) Anti-HGH precipitable protein—[3H]JHGH or [*H]MGH.
(3) Anti-ovine prolactin precipitable protein—[*H]human prolactin or [*H]monkey
prolactin.
(4) Protein—fluorometric estimation.
(5) HGH or MGH—radioimmunoassay.
(6) Human or monkey prolactin——radioimmunoassay.
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
RADIOACTIVE PROTEINS IN FOETAL MONKEY PITUITARY INCUBATED IN VITRO
Incubation media Tissue
r A \ ——
4 hours 24 hours 24 hours
Monkey Monkey Monkey Monkey Monkey Monkey
no. 1* no. 2**  po, 1 no. 2 no. 1 no. 2
3H-labelled proteins
x r0® c.p.m.} 19°5 5'8 2500 97'0 620'0 637°0
[*HIMGH x 10% c.p.m. 05 o015 63:8 17°2 909 673
[*H]human prolactin
x 102 c.p.m. 12°2 14 102°2 344 121'3  120°§
Percentage ratio [P HIMGH/
3H-labelled protein 26 27 25'0 18-0 14 0 11°0

Percentage ratio [*H]monkey
prolactin/®H-labelled protein 630 250 410 350 190 190

* Foetus alive in pregnant monkey no, 1.
** Foetus dead in pregnant monkey no. 2.
1 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 [®H]prolactin contained in the extract
of the two pituitary tissues are very similar, but the release into the medium
of [*H]growth hormone and especially [®H]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 [*H]prolactin peak (tube 28) emerges
slightly ahead of the [*H]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 3 . 6
sf ‘H-Proteins
20 5
Proteins .
'Y H-Prolactin
el 16 / : / 63% “ E
= \ fy N
x 12 a, ¢! 33
3 [ ]\
| . ,.‘ ° P
£ }
Q &
oj/

5 20 25 30 35 40
Tube No. (78ml/ fraction)

Fi6. 5. Gel filtration of the incubation media from experiments on

monkey pituitary glands outlined in Table V. The distribution of 3H-

labelled proteins and proteins is shown together with the distribution of

3H-labelled proteins precipitated by anti-HGH (*H-MGH) and anti-

ovine prolactin (*H-prolactin). Note the slightly smaller elution volume
of H-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, BHJHGH and [*H]prolactin after gel filtration of the 24-hour
media from incubated pituitaries in two experiments. Table VI sum-

24 HR INCUBATION MEDIA OF
PITUITARY GLAND - GALACTORRHEA
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Fic. 6. Gel filtration of the 24-hour incubation media of the pituitaries

from a patient with galactorrhoea and from one with acromegaly. Note

the difference in the amount of 3H-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

200-fold more 3H-labelled proteins than antiserum to growth hormone
~
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TABLE VI

IMMUNOPRECIPITATION OF 3H-LABELLED PROTEINS WITH ANTISERA TO SHEEP PROLACTIN AND
HGH in 24-HOUR INCUBATION MEDIUM

Percentage of 3H-labelled proteins precipitated by

Origin of Pituitary Anti-HGH Anti-ovine prolactin
Acromegaly 63 2
Galactorrhoea, case I 2 63
Galactorrhoea, case 2 3% 95
Normal female 9 28
Normal male 37 12

The incubation medium was fractionated on Sephadex G-100 and immunoprecipitation studies
were confined to aliquots of the radioactive protein peak, Ve/Vo 1-8-2-2.

* In the 4-hour incubation medium o-5 per cent and 99 per cent of the 3H-labelled proteins were
precipitated by anti-HGH and anti~ovine prolactin respectively.

did; whereas in the patient with acromegaly the reverse was true. The
ratio of [*H]prolactin to [*H]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.
HPL-Sepharose 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

TasLe VII
IMMUNOADSORPTION OF RADIOACTIVE TRACERS BY AFFINITY CHROMATOGRAPHY
Percentage of tracer adsorbed by

I3 I3 ) N
Anti-HPL Anti-ovine prolactin

Sepharose Sepharose
[**JHGH 91 s
181]gvine prolactin 15 93
[*31]}monkey prolactin 8 82
[**Jhuman prolactin — 8s

adsorbed almost exclusively only one tracer. - Incubation media from
cultured pituitary glands from pregnant monkeys were passed through
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Diluted ’ontisero to HPL

COLUMN 1.

Sephorose - coupled HPL
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of monkey proloctin  free of MGH

Fic. 7. Sheep antisera to HPL were pooled, diluted 1/3 with water and
passed through a Sepharose column to which o- 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 VIIL. Itisapparent that with a single passage of the media through the

TAsLE VIII

IMMUNOADSORPTION OF MGH AND MONKEY PROLACTIN IN PITUITARY INCUBATION MEDIA
BY SEPHAROSE ANTI-HPL cOLUMNS

Monkey 3H-labelled 3H-monkey
Protein  MGH prolactin  proteins  [PHJMGH  prolactin
wg wg ug cpm.x1o-tcpm.x 107t c.pm.x 1074
Medium applied 2700 680 990 1576 388 411
Unadsorbed 1724 <I-0 840 981 8 323
Fluted with NaSCN 945 892% 58 331 204 3
Percentage unadsorbedt 64 <0°0$§ 85 62 2 79
Percentage elutedt 3$ 131 6 21 76 07
Percentage losst I o 9 17 22 21

T:ke media from several cultures were pooled after the incubation of pituitary glands from pregnant
monkeys,

* The MGH content was analysed on two separate occasions.

+ Inthese three rows the units under the column headings do not apply—the values are percentages.

Sepharose anti-HPL column more than g9 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 [PHJMGH and 8o per cent of the [*H]-
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monkey prolactin in the media were not adsorbed by the Sepharose 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 1 pg/mg of MGH or less than 1 m u./mg protein of growth hor-
mone, hence the absolute ratio of prolactin to growth hormone was
greater than 13 0oo. 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 13!-labelled sheep prolactin and in incubation media of pregnant
monkey pituitaries the antisera precipitated the same percentage of
8H-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 13-labelled prolactin was used
as tracer instead of 13l[-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 131I-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
1o0oo ng/ml. HGH cross-reacts only when the concentration exceeds
I g 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.
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FiG. 8. A radicimmunoassay for prolactin. The sensitivity of theassayis

2-0 ng/ml. HGH and HPL do not inhibit the binding of the tracer

[!3]monkey prolactin (MPr) at concentrations of 1 pg and 10 pg/ml
respectively.

The assay has been used to measure prolactin in pituitary incubation
media, in eluates obtained after gel electrophoresis of pituitary fractions and
finally 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. s, the prolactin content in a pool of the tubes
containing prolactin (tubes 22 to 31) is 163 ug. In seven human pituitary
glands obtained at autopsy and homogenized with o-1M-NH,HCO;, the
prolactin content ranged between 0-20 and 075 ug/mg wet weight and in
the 24-hour incubation media of human pituitaries obtained at hypo-
physectomy, it was approximately o*30 ug/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 Ry of prolactin is o-58,
compared to an Ry, of 0°47 for the major component of HGH at pH 4-3.
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Fic. 9. The distribution of *H-labelled human prolactin (3H-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 Ry of human prolactin and
[®HJhuman 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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TasLe IX

SERUM PROLACTIN VALUES IN MONKEYS AND HUMANS MEASURED BY RADIOIMMUNOASSAY

Serum prolactin
Number of ng/ml
subjects Mean Range
Children 36 11 0-17
Adults (males) 42 10 0-28
Menstrual cycle 9
Follicular 10 4-2-21
Luteal 11 4°9-42
Acromegaly 13 16 326
Galactorrhoea 21 100 12-1800
Idiopathic hypopituitary 14 10 0-32
Pregnancy
First trimester 24 2$ 7-47
Second trimester 96 50 6-350
Third trimester 102 134 36-600
Term 19 207 44-600
Postpartum (6 weeks) 2§ 10 o-14
Newborn
Cord blood 19 258 120-500
One week 7 192 40—-400
Nursing mother
1-3 weeks
Before suckling 6 14 8-20
30 min after 259 175~400
60 min after 133 75§-200
3-s days
Before suckling 2 130 120-140
30 min after 230 200-260
60 min after 185 180-190
Insulin (10 patients) No response
(2 patients) Maximum increment of 20 ng/ml
Arginine (6 patients) No response
Anaesthesia and surgery
Human subjects 4 6-150
Pregnant monkeys 6 30-1000
Non-pregnant monkeys 4 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
of any 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
(<o-spg/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. 19714). Finally, during surgery in pregnantand 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 serumn

TasLe X
AFFINITY CHROMATOGRAPHY OF SERA ON SEPHAROSE COLUMNS
Serum concentration (ng/ml)

Before After After
Clinical status chromatography ~ Anti-HPL Anti-ovine prolactin

Pregnancy (30 wks) HPL 6000 10 —
Prolactin 120 129 7

Galactorrhoea (pituitary HGH 1 I <I
tumour) Prolactin 160 — s
Gigantism (pituitary HGH 480 10 300
tumour) Prolactin 190 140 o

samples in order to demonstrate unequivocally that growth hormone or
placental lactogen, and prolactin can be adsorbed selectively from serumn
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 vitro, 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. If we 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
t-[*H]leucine. Immunoprecipitation studies were made on the tissue
supernatant and incubation media using antiserum to HPL to precipitate
[BH]JHPL. Two species of [PHJHPL 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 [PH]JHPL pre-
dominated whereas in the media the smaller molecular weight species
was the principal component. In the media [PH]JHPL formed between 10
and so per cent of the trichloroacetic acid precipitable proteins compared
to s 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 of HPL invivo (1g per day).
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Human and monkey pituitary glands were incubated in vitro 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 [*H]growth hormone and
[®H]prolactin respectively. [3H]growth hormone was not precipitated by
anti-prolactin. In human pituitary glands[3H]prolactin formed between 12
and 8o per cent of the 3H-labelled proteins released into the medium and
[®H]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 identify 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 vitro and in vivo.
During pregnancy in humans, the amounts of serum HPL and human
prolactin increased progressively to reach mean concentrations of 8 pug/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 (> soo ng/ml). 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
disease.
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DISCUSSION

Spellacy: 1 was interested in the rise of HPL levels with prolonged incu-
bation of human placental tissue. Have you looked at this 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 this 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, bur 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 [3H]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 [*H]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 care 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 30 mg per day; the rhesus monkey ex-
cretes about 30 p.g, 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.
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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.

Frantz: 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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Frantz: 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?

Frantz: We have tested 2 pg/ml of preparation HS1103C. Since we get
a maximal response at 50 ng, the abolition of the response at 2000 ng/ml
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.

Frantz: 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 (20-401.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.

Pasteels: 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
post partum. Perhaps this 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



DISCUSSION 107

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.

Friesen: These considerations concerned us too. There are three lines of
evidence for thinking that the level of 10 ng/ml of prolactin is valid. The
first 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-HPL-Sepharose,
itisunchanged. The second line of evidence is that when the sera of patients
are examined before and after surgical hypophysectomy for diabetes or
mammary cancer the blood prolactin after hypophysectomy is always zero.
Thirdly, and this 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 1-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 (see p. 172) we haveneverencountered detectable
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 of stress, in a series of pregnant monkeys that we operated
upon, the foetus being removed, the initial serum prolactin concentrations
were all rather low, less than 20 ng/ml 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 ng/ml). Two to
six weeks later the same animals were re-operated upon and their levels
after anaesthesia but before surgery were again elevated (200 ng/ml). In
human subjects undergoing a variety of surgical procedures the initial
serum prolactin levels are already high even before anaesthesia (30-70
ng/ml). One patient developed galactorrhoea after surgery, which is a
rather rare occurrence, and her blood prolactin rose to 70 ng/ml from a
preoperative level of 10 ng/ml.

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—o0 * 40 ng/mg/24 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?
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Friesen: From some of the data on monkey prolactin we can infer a maxi-
mal estimate of half-life, and in some individuals itis 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 1§ 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 so per cent.

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

MacLeod: We looked at the question of degradation quite carefully and
in the whole-tissue incubations we obtained 100 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 0- 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 100 pg 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 so ug per gland. We haven’t noticed
any marked sex difference in prolactin content, but there is some variation
from gland to gland (20-100 p1.g).

Sherwood: Were any differences noted in women before and after the
menopause, since this may be rele